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Contributors vPREFACE

v

I enjoy seeing patients, as I think most endocrinologists do.  One of the things I believe
we enjoy most is seeing patients who provide challenges to us, so that we have to think
a little harder to find the diagnosis and to be creative in our disease management.  Going
to the literature and textbooks—often via the computer—to look up the latest informa-
tion, discussing cases with colleagues, reaching for help by way of telephone or email
from more distant colleagues with greater expertise, are part of what we do on an every-
day basis to provide the best care for our patients and also to provide intellectual stimu-
lation for ourselves.  This continued desire on our part to meet such challenging cases
head-on and to stimulate ourselves intellectually are the reasons I am confident readers
will like Challenging Cases in Endocrinology.

I have asked experts in their fields to provide for us accounts of those difficult cases
that have required of them extra effort and creative thinking in diagnosis and manage-
ment.  You will be able to follow with them how they did what they did, and why.  They
have also provided detailed, up-to-date, referenced discussions to put their cases into
context.  In this way, you will be able to bring much of this information into daily use in
your own practices, and the references we have provided will allow you to look up
additional material as needed.  As editor, I have read all of these cases and have personally
picked up information and a number of tips that I have already put to use in my own
practice.

This, therefore, is a book for the practicing endocrinologist, whether a fellow still in
training, a full-time clinician out in practice for 25 years, or a clinician/academic who
only sees patients one-half day per week.  You can take it on the airplane with you or read
a case at a time when you can fit it in.  Very few of the cases are straightforward and many
provide twists or turns—almost as if you were reading a novel.

I wish to thank the authors of these chapters for taking the time out of their busy
schedules to write up their cases and for sharing their clinical expertise with us.  I also
wish to thank Ms. Joella Ackerman for helping me keep things organized and helping
with the editing.  Mr. Paul Dolgert and the editorial and production staff at Humana Press
have been very supportive.  Finally, I would like to thank my family—Susan, Tamara,
Ethan, and Michael—who are used to seeing me at home working at the computer in the
evenings and on weekends, for supporting me in this endeavor.

Mark E. Molitch, MD
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From: Contemporary Endocrinology: Challenging Cases in Endocrinology
Edited by: M. E. Molitch © Humana Press Inc., Totowa, NJ

Pituitary Tumors1
Moises Mercado, MD and Mark E. Molitch, MD
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CASE #1: ADOLESCENT WITH A PROLACTINOMA

Case Description
A 27-yr-old woman initially presented to the emergency room in 1988 at age 16 with

increasing headaches and decreased visual acuity and was found to have a visual field
defect. She also had primary amenorrhea. A computed tomography (CT) scan showed a
2 × 3-cm suprasellar mass and she was admitted to the neurosurgery service. She was
operated on for what was thought then to be a craniopharyngioma. Her examination at
that time showed a modestly obese young girl of normal height with Tanner Stage IV
breast and pubic hair development. Preoperative laboratory results that were not avail-
able at the time of the surgery showed a serum PRL of 1270 ng/mL, a cortisol of 6.6 µg/
dL, a T4 of 4.8 µg/dL, a growth hormone (GH) of 1.4 ng/mL, a luteinizing hormone (LH)
of 3.8 mIU/mL, and a follicle-stimulating hormone (FSH) of 17.4 mIU/mL. Postopera-
tively, her PRL was 415 ng/mL and she was referred to the endocrine service where test-
ing showed panhypopituitarism. A postoperative MRI showed little change in the tumor
size. She was begun on l-thyroxine, prednisone, and bromocriptine.

Over the course of the next 2 yr, despite many attempts, the bromocriptine dose could
not be increased sufficiently to normalize PRL levels without causing severe nausea. The
highest dose she was able to tolerate was 10 mg/d with a resultant PRL of 95 ng/mL, but
because of nausea she rarely stayed on this dose. She tried intravaginal bromocriptine but
refused to take it regularly via this route and her PRL levels increased to over 600 ng/dL.
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Because of her psychological refusal to accept her illness and need for medication, as
well as the nausea that occurred on taking bromocriptine, she stopped all her medication
frequently for months at a time with failure to return for follow-up visits. She was also
tried on pergolide in doses up to 0.25 mg/d but her PRL remained over 100 ng/mL and
attempts to increase the dose resulted in nausea and stopping medication. Off medication,
her PRL would rise to levels in the 1600 ng/mL range. Her parents divorced shortly after
her surgery and were unable to provide adequate emotional support and direction. She
was advised to seek psychiatric counseling many times, but did not do so.

Despite the poor medication compliance, with intermittently quite high PRL levels,
periodic magnetic resonance imaging (MRI) scans showed no change in tumor size.
However, in 1995, after not being seen for 8 mo and off dopamine agonists during all that
time, her PRL was 7101 ng/mL and an MRI showed a considerable enlargement of the
residual tumor with suprasellar extension bowing the optic chiasm and she had a right
visual field defect. She underwent transsphenoidal surgery with improvement in her
visual fields and her postoperative PRL level was 1123 ng/mL. Postoperatively, she was
again noncompliant with bromocriptine and her other medications with a rise in PRL to
1838 ng/mL. In March 1997, she was started on cabergoline and experienced a stepwise
reduction in PRL levels with each stepwise increase in her cabergoline dose (see Table 1).
Finally, on a dose of 8 mg/wk, her PRL levels reached 38 ng/mL and an MRI showed a
marked decrease in the size of her residual tumor. However, despite near normalization of
her PRL levels, she remained amenorrheic and a dual X-ray absorptiometry study showed
that her bone mineral density at the lumbar spine was 74% of normal young women. In
July 1999, she was started for the first time on oral contraceptives for estrogen replace-
ment along with her 8 mg/wk of cabergoline. As of November 1999, she has missed two
return visits.

Discussion
This case illustrates a number of important features of the management of a patient

with a prolactinoma. First, is her initial presentation at age 16 with amenorrhea and a large
macroadenoma. Children and adolescents may present with growth arrest, pubertal delay,
or primary amenorrhea in addition to the more standard presentations of galactorrhea
and/or oligo/amenorrhea (1–4). In contrast to the tumor size distribution of patients in
adults, almost two-thirds of children with prolactinomas have large macroadenomas in
reported series, even allowing for possible selection bias because of reporting from neu-
rosurgical units. Furthermore, the percentage of patients resistant to dopamine agonists
may be higher than in adults, with Colao et al. (4) reporting that PRL levels were normalized
in only 10/26 children and adolescents taking bromocriptine, 5/15 taking quinagolide,
and 15/20 taking cabergoline. The reasons for the high percentage of large macroade-

Table 1
Stepwise Decrease in Prolactin Levels

with Stepwise Increase in Cabergoline Dose/Wk in Case 1

Date 11/13/96 5/5/97 8/4/97 12/15/97 3/30/98 7/20/98 10/7/98 11/16/98 4/12/99 7/9/99

PRL (ng/dL) 655 288 329 311 172 127 109 96 65 38
Dose (mg/wk) 0 0.5 0.5 1.0 2.0 3.0 4.0 6.0 8.0 8.0
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nomas and the relative resistance to dopamine agonists are not known, but it is tempting
to speculate that the tumor growth may be linked to resistance to endogenous dopamine.

Her initial referral to neurosurgery was unusual and was caused, in part, by her being
admitted to the neurosurgery service from the emergency room and then not waiting for
the results of hormone testing before going to surgery. Generally, most patients with pro-
lactinomas now do not have surgery; rather, they are treated with dopamine agonists, espe-
cially those with large tumors. In a compilation of data from 34 published series, it was
shown that 973/1321 (73.7%) microadenomas and 415/1279 (32.4%) macroadenomas
were reported as being curatively resected, i.e., having PRL levels normalized by 1–12 wk
following surgery (5). From these series, recurrence rates for microadenomas (114/544
= 21.0%) and macroadenomas (50/253 = 19.8%) are similar (5). Thus, the long-term sur-
gical cure rate for microadenomas is 58%, and that for macroadenomas is 26%, under-
standing that these numbers are derived from patients in whom the neurosurgeon thought
there was a possibility of cure. For patients with giant prolactinomas and those with
considerable cavernous sinus invasion, the chance for surgical cure is essentially zero.

Complications from transsphenoidal surgery for microadenomas are quite infrequent,
the mortality rate being 0.5–0.9%, and the major morbidity rate being about 1.5–6% (6,7).
Transient diabetes insipidus (DI) is quite common with transsphenoidal surgery for both
micro- and macroadenomas, but permanent DI occurs in only about 1% of surgeries on
macroadenomas (6,7). Hypopituitarism is common in patients with macroadenomas
prior to surgery as a result of mass effects, occurring in more than 50% of patients (6,7).
With surgery, both further worsening or improvement may occur (6,7). Surgery involv-
ing craniotomy is much more hazardous. It is clear that the less experienced the surgeon,
the greater the rate of complications (7).

In contrast, bromocriptine generally restores normal PRL levels in about 80–85% of
patients with prolactinomas of all sizes, usually with a reduction in tumor size. In a com-
pilation of several series with a total of 302 patients with macroadenomas, 76.8% had
some tumor size decrease in response to bromocriptine with periods of observation rang-
ing from 6 wk to more than 10 yr (5). Ten series quantitated their tumor size reductions
in a total of 112 patients; 45 (40.2%) had a >50% reduction in tumor size, 32 (28.6%) had
a 25–50% reduction in tumor size, 14 (12.5%) had a <25% reduction, and 21 (18.7%) had
no evidence of any reduction in tumor size (5).

Thus, it would have been expected that she would not be cured by surgery, and she was
not. Furthermore, it was expected that bromocriptine would cause her PRL levels to return
to normal with tumor shrinkage, but this also did not happen. Because of her resistance
to bromocriptine, she required high doses, which she could not tolerate and she became
noncompliant with therapy. One of the problems with intermittent therapy is that the
patient may restart again at the dose at which they stopped, probably a relatively high dose,
and get side effects immediately, whereas if they restarted at a low dose they might toler-
ate the drug better. As aforementioned, tumors in the pediatric population tend to be more
resistant to dopamine agonists.

She was also tried on intravaginal bromocriptine but was even more noncompliant
with this route of administration. Several years ago, Vermesh et al. (8) reported that sim-
ilar reductions in PRL levels are achieved with oral and intravaginal administration of
oral bromocriptine tablets. However, the drug effect lasts for up to 24 h with a single dose
administered intravaginally and gastrointestinal side effects are much less with the intra-
vaginal route (8). Women intolerant of oral bromocriptine with macroadenomas may
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respond well with tumor shrinkage to intravaginal bromocriptine (9). However, not all
are willing to try this route, and some who do, develop local vaginal irritation. She was
also tried on pergolide with results similar to those for bromocriptine, as could be pre-
dicted from earlier studies (10).

She finally responded to cabergoline, which is different from other dopamine agonists
in that it has a very long half-life and can be given orally once or twice weekly. The long
duration of action stems from its slow elimination from pituitary tissue (11), its high
affinity binding to pituitary dopamine receptors (12), and extensive enterohepatic recycl-
ing (13). A number of studies have now shown that cabergoline is at least as effective as,
and perhaps more effective, than bromocriptine in lowering PRL levels but with substan-
tially fewer side effects (14–20). Rare patients experience limiting nausea and vomiting
with cabergoline, and they may be treated with intravaginal cabergoline as well (15).

Several studies have assessed the effect of cabergoline on macroadenoma size (14–
20). A total of 130 patients in these series had their tumor size assessed in a semiquantita-
tive way in studies ranging from 3 to 24 mo duration of treatment with 25% experiencing
a >50% tumor size reduction, 47% experiencing a 25–50% reduction, 7% having a < 25%
reduction, and 21% having no change in tumor size. In a recent series of 27 patients who
had all been previously shown to be resistant to bromocriptine or quinagolide (CV205-
502), Colao et al. (20) showed that cabergoline was able to normalize PRL levels in 15
of 19 patients with macroadenomas and all 8 patients with microadenomas; tumor shrink-
age was documented in 9 of the 19 macroadenomas and 4 of the 8 microadenomas (20).

Thus, our patient was finally able to tolerate cabergoline in a dose sufficient to nor-
malize PRL levels. Most patients have a rapid fall in PRL with just modest doses of
dopamine agonist. However, a small percentage, perhaps <5%, experience small stepwise
reductions in PRL in response to stepwise increases in medication dose, as in our patient.
Although 3 mg/wk is the maximum dose recommended in the package insert, it should
be remembered that patients with Parkinson’s disease often take doses as high as 5–6 mg
daily (21) and, as long as the patient is not having adverse effects, I have no qualms in
increasing the dose as long as the PRL continues to come down.

Because of her loss of thyroid-stimulating hormone (TSH) and adrenocorticotropic
hormone (ACTH) functions, it was expected that she would not have return of function
of her gonadotropins even after the PRL was normalized. However, because of her resis-
tance to the dopamine agonists and the known effects of estrogen in decreasing dopamine
inhibition of lactotrophs (22), including the known effects of pregnancy in inducing
tumor-size increase (23), estrogens were withheld until it was felt that her tumor had been
brought under control with cabergoline. It should be mentioned, however, that in patients
with microadenomas and those with small macroadenomas, the administration of estro-
gens has not generally been reported to cause an increase in tumor size (24,25). However,
because of the previously demonstrated propensity of this young woman’s tumor to
grow, we were hesitant to start her on estrogen replacement until we felt her tumor size
had finally come under control with cabergoline.
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CASE #2: ACROMEGALY
WITH MINIMAL GROWTH HORMONE ELEVATION

Case Description

A 46-yr-old female sought medical attention because of generalized athralgias, head-
aches and excessive sweating of 2 yr duration. She also stated that for the past 7 yr she
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had been noticing a progressive increase in shoe size, as well as “swelling” of her hands
and coarsening of her facial features. One year before, she had been diagnosed with high
blood pressure and glucose intolerance, but did not follow any specific treatment for these
conditions. She had a positive family history of type 2 diabetes. She also complained of
occasional hot flushes but her menses were regular. She has had four uneventful term
pregnancies (the last one 15 yr ago), and none of her children had been macrosomic.

On physical examination, her blood pressure was 130/90 without postural changes,
pulse 85 and regular, temperature 36ºC, weight 80 Kg, and height 1.60 m. She appeared
older than her stated age. Her head examination was remarkable for prognathism and
macroglossia, as well as striking dental separation. A normal-sized nodular thyroid gland
was palpated. No adenopathy was found. More than 30 skin tags were counted over the
anterior neck and chest, and there was acanthosis nigricans in both axillae and posterior
neck. The cardiopulmonary examination was normal. The abdomen was obese but no
visceromegaly was encountered. Both hands and feet were bulky and large, but no signs
of synovitis were found. The CNS exam was nonfocal, including visual fields.

Laboratory evaluation showed normal BUN, creatinine, electrolytes, calcium, and
phosphorus with a fasting plasma glucose of 128 mg/dL. Colonoscopy revealed diver-
ticular disease but no polyps or bleeding lesions. Her electrocardiogram was remarkable
for evidence of left ventricular hypertrophy.

Hormonal work-up showed a PRL of 60 ng/mL, LH < 3 mIU/mL, FSH 10 mIU/mL,
cortisol 13 µg/dL, estradiol 7 pg/mL, TSH 1.8 mU/mL, free T4 0.4 ng/dL, T4 5.5 µg/dL,
and T3 70 ng/dL. Evaluation of the somatotropic axis was performed twice 1 mo apart
and showed GH suppression by a 100-g glucose load, but elevated insulin-like growth
factor 1 (IGF-1) measurements (see Table 2).

A pituitary MRI showed gland asymmetry with displacement of the pituitary stalk to
the right (see Fig. 1). A computerized visual field examination was normal. She was
started on 0.05 mg daily of levothyroxine. Because of the equivocal biochemical and
imaging data, the case was brought to the neuroendocrine tumor board. Upon reviewing
the MRI, it was felt that the pituitary gland asymmetry was a result of the presence of a
6–8-mm microadenoma that displaced the stalk to the right. It was decided to proceed

Table 2
GH Levels During an Oral Glucose

Tolerance Test and IGF-1 Levels in Case 2

December 1999       January 2000

GH Glucose GH Glucose
(ng/mL) (mg/dL) (ng/dL) (mg/dL)

0 min 1.9 126 3.5 117
30 min 1.9 183 2 151
60 min 1.7 233 1.4 224
90 min 1.3 235 1.2 205
120 min 1.3 192 1 218
IGF-1 (ng/mL)                       444*                      306*

*Age and sex adjusted normal 100–300 ng/mL.
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with a transsphenoidal exploration. A distinct microadenoma was found that immuno-
stained for PRL and GH.

Discussion
Acromegaly is a rare disease, with an estimated annual incidence of 2–3 per million,

that in more than 95% of the cases results from a GH-secreting pituitary adenoma (1,2).
Most endocrinologists are familiar with the clinical manifestations of the disease and
with the rather peculiar physical appearance of these patients (2,3). The diagnosis is usu-
ally confirmed by the demonstration of an elevated GH level that is not suppressed by
glucose loading and by the finding of an increased serum concentration of IGF-1 (2,4).
Almost all of these patients have an easily demonstrable pituitary adenoma, which in 60–
70% of the cases is larger than 1 cm (1,2).

What should be done when the clinical suspicion is not clearly confirmed by biochemi-
cal and imaging studies? Good medicine calls for a reconsideration of the clinical diag-
nosis. Severe hypothyroidism can cause coarsening of facial features because of edema,
macroglossia, and diastolic hypertension (5). Although this patient had evidence of mild
central hypothyroidism, her skin was moist, she had acanthosis nigricans and definite
acral enlargement not resulting from myxedema. Also, her glucose intolerance cannot be
explained by hypothyroidism, which in its severe form is accompanied by a tendency to
hypoglycemia (6). The absence of a clear-cut pituitary adenoma on the MRI in a patient
with the clinical features of acromegaly should raise the suspicion of ectopic GH-releas-
ing hormone (GHRH) secretion. Ectopic GHRH secretion is extremely rare and is usually
caused by carcinoid tumors and other neuroendocrine tumors of the pancreas and the pitu-
itary pathology is almost always hyperplasia rather than true adenoma (7). Recently, a well-
documented case of acromegaly caused by the ectopic secretion of GH by a lymphoma

Fig. 1. MRI scan in Case 2. The stalk appears to be deviated to the right. No clear adenoma is seen.
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has been reported (8). However, in ectopic GHRH secretion producing acromegaly, there
is always biochemical evidence of GH excess (7,8).

The only other entity in which acral enlargement coexists with glucose intolerance and
hypertension with normal GH and IGF-1 levels is acromegaloidism or pseudoacro-
megaly. Pseudoacromegaly can be considered a state of extreme but selective postrecep-
tor insulin resistance (9). In this condition, insulin-mediated glucose uptake is impaired
but the mitogenic and growth-promoting activities of this hormone are retained (9).
Patients with pseudoacromegaly are usually young, tall females with large hands and feet,
acanthosis nigricans, polycystic ovaries, and varying degrees of hyperandrogenism (9).
Molecular studies have shown that the insulin receptor (10) and GLUT-4 genes (11) are
normal. More recent studies have found an impaired activation of the IRS-I-associated
phosphoinositide 3-kinase in cultured fibroblasts from these patients (12).

Ten yr ago, the degree of GH suppression by glucose found in our patient would have
been considered “normal” (4). The latter, along with an almost normal IGF-1 value and
a borderline MRI with respect to the presence of an adenoma, would have raised a serious
suspicion of pseudoacromegaly. The patient had a normal fasting insulin value (data not
shown in the summary), which, in essence, rules out this condition. The development of
ultrasensitive GH assays has changed the way we look at GH secretory dynamics, par-
ticularly the degree of suppression that should be achieved with a glucose load. With a
glucose load, normal individuals should suppress their GH levels to about 0.25 ng/mL
in females and 0.075 ng/mL in males (13). Therefore, a GH suppression by glucose to
just 1 ng/mL should be considered abnormal. Indeed, a recent abstract by Dimaraki et al
coined the term “micromegaly” to describe five patients with active acromegaly and GH
suppression to less than 2 ng/mL, but with elevated age- and sex-adjusted IGF-1 levels (14).
IGF-1 was determined twice in our patient, the first time the result was clearly, though not
strikingly, above the normal range for age- and sex-matched controls; in the second mea-
surement, IGF-1 was at the upper limit of normal. Why there is such variation in the ratio
of GH to IGF-1 levels between individuals is not clear and aspects of GH binding to its
receptor and signal transduction have not been investigated in such patients. Finally, the
MRI was considered abnormal enough to merit transsphenoidal exploration. The patient
did have a GH-producing microadenoma, that cosynthesized PRL as well (a mammo-
somatotropic tumor). One month postoperatively, she has noticed a significant reduction
in the size of her hands and feet, a normalization of her blood pressure without antihyper-
tensive medications, and a normalization of her fasting blood glucose. She will undergo
full biochemical assessment of her somatotropic axis next month.
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CASE #3: 31-YR-OLD MAN
WITH HYPERTHYROIDISM AND HYPOKALEMIC

PERIODIC PARALYSIS AS A RESULT OF THYROTROPINOMA

Case Description
A 31-yr-old male was admitted to the hospital because of recurrent episodes of pro-

found lower limb weakness over the previous month. These episodes developed acutely,
without any apparent triggering event, and had made him fall on several occasions. On
a previous admission to the emergency room he had been given the diagnosis of hypo-
kalemic periodic paralysis and he improved with intravenous KCl administration. Upon
direct questioning, he reported a 5-mo history of weight loss (10 Kg), palpitations, dia-
phoresis, diarrhea, and increasing anxiety. On physical examination, his blood pressure
was 110/70, pulse 120 and regular, and temperature 37.5ºC. He appeared anxious with
a stare and his skin was moist and warm. There was lid-lag bilaterally but no proptosis
was found and extraocular muscles were normal. His neck examination showed a small
diffuse goiter with no bruits and no adenopathy. Deep tendon reflexes were brisk and he
had a fine distal tremor.

Initial laboratory evaluation was remarkable only for a serum potassium level of 2.7
mEq/L. Thyroid function tests (TFT) revealed a T3 of 534 ng/dL (normal 90–190), T4
24 µg/dL (normal 5–12), free T4 7.7 ng/dL (normal 0.7–2) and TSH 5.4 mU/L (normal
0.3–5). A radioiodine scan showed a diffusely enlarged thyroid gland with a homoge-
neous uptake of 40%. GH, PRL, LH, FSH, morning cortisol, and total testosterone levels
were all within normal limits.

Repeated testing showed apparently normal TSH levels in the presence of high circu-
lating T3 and T4 levels. The patient was treated with methimazole and propranolol and
his symptoms of hyperthyroidism improved; however, the TSH rose to 7.5 mU/L and his
free T4 remained elevated. Methimazole was discontinued and 3 wk later, dynamic tests
were performed. TSH levels did not change upon stimulation with 500 µg of TRH, nor could
they be suppressed with the administration of increasing doses of T3 (50 µg for 3 d, 100
µg for 3 d, 200 µg for 3 d). Chromatography of the patient’s serum revealed that approxi-
mately 75% of the TSH immunoreactivity eluted in the fraction that corresponds to the
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alpha subunit. Pituitary MRI revealed a right 4-mm hypointense lesion, with asymmetry
of the gland.

A diagnosis of inappropriate TSH secretion probably caused by a TSH-producing
pituitary microadenoma was established and the patient was started on gradually increas-
ing doses of bromocriptine (up to 10 mg/d). After 2 mo of medication, he was clinically
and biochemically (T3 190 ng/dL, T4 12 ng/dL, free T4 1.3 ng/dL, TSH 1.7 mU/L) euthy-
roid (see Fig. 2). Two months later he returned to the clinic with symptoms and signs
of hyperthyroidism, and testing showed free hyperthyroxinemia with a normal TSH
(see Fig. 2). Octreotide 100 mg TID subcutaneously was instituted with resolution of his
symptoms and improvement of his free T4 level (see Fig. 2). A few weeks later, he under-
went transsphenoidal surgery with resection of a 4-mm adenoma that immunostained
strongly for TSH-β and FSH-β, weakly for GH and LH-β, and negative for ACTH and PRL.
Postoperatively, his TFTs returned to normal and he became asymptomatic off all medi-
cations. Three years after surgery, the patient remains clinically euthyroid with normal
TFTs and potassium levels.

Discussion
This case is an example of inappropriate TSH secretion, i.e., a situation whereby free

hyperthyroxinemia occurs in the presence of a nonsuppressed TSH. In the differential
diagnosis of this situation, it first is important to document that the thyroid hormone
elevation is real and not caused by an elevated TBG, be it congenital or acquired (estrogen
therapy, pregnancy, hepatitis), a condition frequently referred to as “euthyroid hyperthy-
roxinemia” (1,2). People with euthyroid hyperthyroxinemia are clinically euthyroid and
have normal TSH and free T4 values. Thus, this is an indication for the measurement of
free thyroid hormone concentrations, which can presently be accomplished by commer-
cially available, two-step immunoassays, that separate a fraction of the free T4 pool from
the binding proteins before the T4 assay is performed (2).

The differential diagnosis of true inappropriate TSH secretion includes selective pitui-
tary resistance to thyroid hormones and TSH-secreting pituitary tumors (thyrotropino-

Fig. 2. TSH response to treatment in Case 3. Free T4 levels are shown by the bars and TSH levels
by the line. Treatments are shown on the abscissa. BC-Bromocriptine treatment.
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mas) (3). Whereas in the former condition some of the feedback regulatory mechanisms
are preserved, in the latter, a situation of autonomous TSH secretion prevails (3). In the
syndrome of selective pituitary resistance to thyroid hormone, TSH can be further stimu-
lated with TRH administration and suppressed upon ingestion of thyroid hormone (4).
In contrast, in TSH-secreting adenomas, the TSH level should not be modified by the
administration of either TRH or T3 (5,6). The results of dynamic testing in these circum-
stances should be interpreted with caution, however, as up to 30% of TSH-producing
adenomas respond to both TRH stimulation and T3 suppression (6). Another biochemi-
cal characteristic that aids in the differentiation of these two conditions is the measurement
of α-subunit (3,6). Because of abnormal protein processing mechanisms, TSH-secreting
adenomas produce an excess of α-subunit (6). In the case described, the α-subunit was
measured indirectly, separating the patient’s serum using molecular exclusion chroma-
tography and determining the proportion of TSH immunoreactivity that elutes in the
fraction that corresponds to the α-subunit. α-subunit levels can also be measured directly
in serum by specific immunoassays.

Patients with TSH-secreting pituitary adenomas usually present with symptoms and
signs of thyrotoxicosis and a diffuse goiter (3,6). Depending on the size and invasiveness
of the tumor, these patients may have visual field defects and significant headaches (3,6).
Most thyrotropinomas are macroadenomas and may be accompanied by clinical and bio-
chemical evidence of other pituitary hormone deficiencies (6). Although the clinical
features of hyperthyroidism are indistinguishable from those of Graves’ disease, patients
with TSH-secreting adenomas do not have any of the extrathyroidal manifestations of
autoimmune thyroid disease such as exophthalmos or pretibial myxedema. Unilateral
exophthalmos as a result of tumor invasion of the orbit has been reported, but thyroid acro-
pachy has not been found (7).

The case described in this chapter presented with thyrotoxicosis and well-documented
episodes of hypokalemic paralysis. Thyrotoxic, hypokalemic periodic paralysis is a con-
dition that occurs predominantly in Oriental and Latin-American male patients with hyper-
thyroid Graves’ disease (8,9). Although there are a few reports of hypokalemic paralysis
developing in patients with toxic multinodular goiter, there is only one other reported
case occurring in the setting of central hyperthyroidism (10).

The treatment of choice of thyrotropinomas is transsphenoidal surgery (11). Many
patients with this condition had previously undergone thyroid ablation with radioidine
(3,6). This is obviously inappropriate and has been associated with a higher incidence of
macroadenoma and tumor invasiveness (3). The patient described in this chapter had a
small microadenoma without chiasm compression, and therefore medical therapy was
initially attempted. His initial response to bromocriptine was quite good, although it did
not last long. His hyperthyroidism was then controlled, albeit incompletely, with octreo-
tide until he underwent successful transsphenoidal removal of the microadenoma. TSH-
secreting tumors respond to dopamine agonists rather poorly (6,12,13), whereas they
respond relatively well to somatostatin analogs both in terms of control of hyperthyroid-
ism and tumor-size reduction (6,13,14).

TSH-producing adenomas usually synthesize other hormones as well, most commonly,
PRL and GH, and more rarely, FSH β-subunit (6). The microadenoma in this patient was
a chromophobic tumor that strongly immunostained for TSH-β and FSH-β, and was
moderately positive for GH and LH-β. In most cases, the production of these other hor-
mones is not accompanied by the corresponding clinical syndrome, because the peptides
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are either defective or simply not secreted. Interestingly, positive TSH immunostaining
without clinical evidence of hyperthyroidism can be found in many clinically nonfunc-
tioning pituitary adenomas (15,16).
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CASE #4: 39-YR-OLD MAN
WITH A PITUITARY INCIDENTALOMA

Case Description
A 39-yr-old man presented to his physician because of facial herpes zoster and a related

Bell’s palsy. An MRI of the brain was normal except for the finding of an incidental
pituitary adenoma arising out of the sella with a size of 1.2 × 1.5 × 1.2 cm. He was referred
directly to a neurosurgeon who found that his PRL was 28.1 ng/mL, his FSH was 5.5 mIU/
mL, and his LH was 2.2 mIU/mL. He was scheduled for transsphenoidal resection of his
apparently nonfunctioning adenoma. At surgery, when his nasopharynx was sprayed with
a topical anesthetic prior to intubation, he had an anaphylactic reaction and suffered a
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cardiac arrest with a myocardial infarction. He subsequently had an uneventful recovery
and was rescheduled 6 mo later for surgery.

However, he wished a second opinion and was seen by us. His endocrine review of
systems was indeed negative, including normal sexual function. On examination, he was
a well-appearing man with a weight of 213 lbs, a height of 69", and a BP of 138/86 mmHg.
He had a partial paralysis of the left VII cranial nerve. There was mild abdominal obesity
and mild facial plethora but no true facial rounding and no increase in the dorsal or
supraclavicular fat pads. Hand and foot sizes appeared normal. Testes were of normal size
and consistency. Testing showed a free T4 of 1.2 ng/dL (0.7-1.5), a morning cortisol of
22 µg/dL, a cortisol after overnight dexamethasone suppression of 2 µg/dL, an IGF-1 that
was normal at 218 ng/dL, a testosterone of 352 ng/dL, and a PRL of 23.8 ng/dL. A PRL
measurement after a dilution of 1:100 with saline was approximately the same.

We repeated the MRI scan, now 6 mo after the first, and compared them side-by-side.
There was no change in tumor size and there was a clear 2–3-mm space between the tumor
and the optic chiasm. We have advised the patient to have repeat scans now at yearly inter-
vals and only have surgery if there is a clear increase in tumor size. He has seen his neuro-
surgeon again who wishes to operate now, as the chances of cure are greater now than
later, when the tumor gets bigger.

Discussion

This patient presents with a rather common clinical dilemma, what to do with the
patient with a pituitary “incidentaloma.” As radiologic techniques have become more
refined, we are now finding the clinical correlate of the observation that about 11% of
pituitaries examined at autopsy harbor pituitary adenomas that were not suspected during
life (1), although a number of other lesions can also be found (see Table 3). A similar
frequency of incidentalomas is found when pituitary views are done in subjects having
MRI scans for other reasons (2,3). In these series of autopsies and scans of normal sub-
jects, virtually all the adenomas were microadenomas (1). However, in five series of patients
with incidentalomas that have been reported (4–8), 94 of 152 patients had macroadeno-
mas, such as this patient had.

This patient was evaluated for both hormone under- and oversecretion, finding neither
to be present. Is this a worthwhile effort? In several series of patients with clinically
nonfunctioning adenomas (CNFAs) who were undergoing surgery, hypopituitarism was
present in about 50% (9–12). Furthermore, 52 of the 94 patients with macroadenomas
that were incidentalomas mentioned earlier had pituitary function testing and 9 were
reported as having hypopituitarism (4–8). Testing can be somewhat abbreviated, as clin-
ical suspicion is generally low, consisting of measurement of free T4, testosterone, and AM
cortisol levels. Should the cortisol have been borderline, e.g., 8–15 µg/dL, then further
testing with metyrapone, hypoglycemia, or low-dose (1 µg) ACTH would have been done.
He also had a quick screen for oversecretion with measurement of PRL, IGF-1, and an
AM cortisol after overnight 1 mg dexamethasone suppression. The worth of such mea-
surements in an asymptomatic patient has been questioned (13) but the tests are relatively
inexpensive compared to repeated scans and/or surgery and the yield is not that low. One
of the 18 incidentaloma patients studied by Reincke et al. (4) turned out to have a GH-
secreting adenoma and in another similar series 8/67 patients had prolactinomas. Further-
more, in a recent series of 32 patients with CNFAs operated for a variety of reasons,
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immunohistochemistry showed that three were silent lactotroph adenomas and one was
a silent corticotroph adenoma (14). It is not clear whether patients with “silent” somato-
troph and corticotroph adenomas with minimal clinical evidence of hormone oversecre-
tion are free from the increased risk for the more subtle cardiovascular, bone, oncological,
and possibly other adverse effects we usually associate with such tumors. Because of
these reasons, GH- and ACTH-secreting tumors with even minimal evidence of over-
secretion should probably be resected. Tumors causing hypopituitarism should also be
resected, as up to 40–50% of such patients can expect return of at least some pituitary
function postoperatively (9,15).

The patient was mildly hyperprolactinemic. But the level of hyperprolactinemia is
more indicative of stalk dysfunction with the tumor impairing the ability of dopamine to
reach the pituitary via the portal vessels rather than resulting from secretion by the tumor
(16–18). However, when two-site immunoradiometric assays (IRMA) or chemilumino-
metric (ICMA) assays are used, patients with very high PRL levels may appear to have
PRL levels that are normal or only moderately elevated, i.e., on the order of 30–200 ng/

Table 3
Lesions of the Sella Turcica and Parasellar Areas

Pituitary Adenomas Cell Rest Tumors
PRL-secreting Craniopharyngioma
GH-secreting Rathke’s cleft cyst
ACTH-secreting Epidermoid (cholesteatoma)
Gonadotropin-secreting Chordoma
TSH-secreting Lipoma
Nonsecreting Colloid cyst

Primitive germ-cell tumors Gliomas
Germinoma Optic glioma
Dermoid Oligodendroglioma
Teratoma Ependymoma
Atypical teratoma (dysgerminoma) Microglioma
Infundibuloma
Astrocytoma Metastatic cancer

Benign lesions
Meningioma Vascular aneurysms
Enchondroma
Hypothalamic hamartomas
Gangliocytomas
Myoblastomas

Granulomatous, infectious, inflammatory Miscellaneous
Abscess, bacterial and fungal Arachnoid cyst
Tuberculosis Empty sella syndrome
Sarcoidosis Mucocele (sphenoid)
Giant cell granuloma
Lymphocytic hypophysitis
Lymphocytic infundibulohypophysitis
Histiocytosis X (eosinophilic granuloma)
Echinococcal cyst

Reprinted with permission from ref. (1).
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mL, because of the “hook effect” (19,20). Thus, all patients with macroadenomas should
have their PRL run undiluted and also at 1:100 dilution to be sure the lesion is not a pro-
lactinoma. If this patient’s hyperprolactinemia had been causing symptoms, these could
easily be treated with a dopamine agonist.

However, this patient, as well as many others with incidental CNFAs did not have
hypopituitarism or evidence of oversecretion and his mild hyperprolactinemia was caus-
ing no symptoms or hypogonadism. Is surgery indicated? In the five series already cited
(4–8), of 58 patients with microadenomas followed for 2.7–8.0 yr, there was tumor
enlargement in only two patients. However, in these same series (4–8) of 94 patients with
macroadenomas, 19 experienced tumor enlargement and in four of these 19, the enlarge-
ment was caused by sudden hemorrhage into the tumor. Thus, this patient only has about
a 20% risk of tumor enlargement. Because of this and the fact that transsphenoidal sur-
gery is not without complications (21), we felt comfortable repeating his scans an inter-
vals, with the idea that surgery could be deferred and only done if there was evidence of
tumor enlargement. His history of anaphylaxis with cardiac arrest at the time of his prior
transsphenoidal surgery clearly influenced our advice to him.
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CASE #1: SARCOIDOSIS

Case Description
A 44-yr-old African-American woman presented with a 7-yr history of amenorrhea,

tiredness, unexplained fatigue, weakness, dry skin, and thinning of the hair. She remained
healthy until age 37, when she developed oligomenorrhea and thinning of axillary and
pubic hair, with loss of hair over the parietal area. Serum thyroid-stimulating hormone
(TSH) levels done on two separate occasions were reported to be “normal.” Three years
before her presentation, and at the age of 41, she was admitted to a hospital with headaches,
lethargy, and nausea. The diagnosis of obstructive hydrocephalus was made. She had an
emergency ventriculostomy, followed by a right-sided V-P shunt, which she continues to
have. Work-up at that time included a lumbar puncture (WBC = 6/mL, glucose = 64 mg/
dL, protein = 17 mg/dL, VDRL = nonreactive) and a MRI of brain without contrast, which
revealed an empty sella and postoperative changes. Other findings during that admission
included hyponatremia (Na = 122 mmol/L), normocytic anemia, and leukopenia (WBC
= 2500/µL, Hct = 33 %). A bone marrow biopsy revealed noncaseating granulomas. The
diagnoses of collagen vascular disease, not otherwise specified and the syndrome of
inappropriate antidiuretic hormone (SIADH) were made. She was discharged home on
oral sodium supplements (NaCl, 2 g/d), fluid restriction, and phenobarbital for seizure
prophylaxis. The latter was discontinued because of increasing lethargy.

She remained chronically unwell, with exacerbating illnesses requiring several hospi-
talizations. Six months prior to this evaluation, she was admitted to the hospital for abdom-
inal pain, nausea, vomiting, and weight loss of 15 lbs. Ultrasound of the gall bladder and
liver enzymes were normal. At that time, morning serum cortisol levels were measured
on two occasions and were in the “low-normal range” of 6 to 8 µg/dL.
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An outpatient endocrine consult was requested in view of the following thyroid func-
tion studies done at that time: a serum TSH of 0.94 mU/L, a total thyroxine level of 4.1
µg/dL (normal 5–11) and a calculated free thyroxine index of 4.0 (normal 5–11). Addi-
tional complaints included several years of history of dyspareunia and lack of libido.

In the clinic, she appeared tired and fatigued. Her exam was notable for a blood pressure
of 90/70, a heart rate of 75/min, and a weight of 122 lbs. (baseline approximately 140).
The thyroid was barely palpable. The skin was dry and there was sparse axillary and pubic
hair. She had normal eye motility, full visual fields, and normal fundi. Her neurologic exam
was remarkable for significant delay in the relaxation phase of the deep tendon reflexes.

Based on the past medical history and available clinical biochemical and pathological
data, the diagnosis of hypopituitarism secondary to neurosarcoidosis was entertained.
Additional studies were performed to assess pituitary function and confirm the etiology of
hypopituitarism. Studies included the following serum levels: total thyroxine of 2.1 µg/dL,
a free thyroxine index of 3 (normal 5–11), prolactin of 39 µg/L, an FSH of 1.1 IU/L, an LH
of 0.9 IU/L, an estradiol of <10 ng/L, a total testosterone of 11 ng/dL, an AM cortisol of
5.5 µg/dL, a total calcium of 8.8 mg/dL, an albumin of 3.8 gm/dL, a Na+ of 132 mmol/L,
a K+ of 4.2 mmol/L, and a normal ACE level.

A lumbar puncture revealed the following cerebrospinal fluid (CSF) data: WBC = 26/
mL (70% lymphocytes and 15% monocytes, RBC = 0/mL, protein of 270 mg/dL, a glucose
of 20 mg/dL, and negative stains and growth for bacteria, myobacteria, or fungi). Urinal-
ysis showed a specific gravity of 1.015. Pulmonary function tests and chest X-ray were
unremarkable. The electrocardiogram was reported as low voltage with sinus bradycar-
dia. MRI of the pituitary with contrast showed meningeal enhancement in the region of
the optic chiasm and a normal-appearing pituitary stalk. Neuroophthalmologic evalua-
tion revealed granulomas in the tarsal conjunctiva but no uveitis.

Dynamic studies of pituitary hormone secretion were done, as shown in the Fig. 1.
Briefly, they showed an elevated serum prolactin level on multiple occasions, associated
with partial hypopituitarism, with loss of gonadal, thyroidal, and adrenal functions. Anti-
diuretic hormone (ADH) secretion was considered to be normal. The pattern of response
to the administration of hypothalamic releasing hormones was consistent with deficiency
of hypothalamic releasing hormones. Thus, despite the presence of clinical hypothyroid-
ism and peripheral hypothyroxinemia, serum TSH levels were inappropriately in the
“normal” range and increased further after thyrotropin-releasing hormone (TRH) was
administered. The pattern of response to GnRH administration was similar and consistent
with partial deficiency of the latter hypothalamic releasing factor. The patient had partial
adrenocorticotropic hormone (ACTH) deficiency as evidenced by the subnormal rise in
serum cortisol following insulin-induced hypoglycemia (nadir glucose of 22 mg/dL).
The cortisol response to cortrosyn in this patient was considered “normal.” Such discor-
dance in cortisol responses is seen in 40–50% of patients with ACTH deficiency, particu-
larly when the latter is partial.

The diagnosis of neurosarcoidosis and hypothalamic hypopituitarism was made and
the patient was started on prednisone therapy (40 mg/d) as well as physiologic thyroid
hormone replacement. Two weeks later, she felt like ‘she was given a new life’. Premarin
and provera were subsequently added with further improvement in her well being.

She did relatively well over the years, requiring careful monitoring. Seven years after
the diagnosis was made, she developed cervical and brachial plexus neuritis, and was
given high-dose steroids. As a result of steroid therapy, she had hypertension, weight
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gain, and developed cataracts and avascular necrosis of the hip, requiring total hip replace-
ment. Currently, she is 54 yr old, doing very well with minimal neurologic sequale. She
is an active housewife and a baby sitter. She continues to be on prednisone (7.5 mg/d), thy-
roxine, and premarin as hormone replacement. Although she was documented to have
GH deficiency, she declined physiologic replacement therapy.

Discussion
This case illustrates many of the difficulties and problems encountered in establishing

the diagnosis of hypopituitarism and in defining its etiology. The long duration of symp-
toms and their “nonspecific nature” clearly contributed to the delay in diagnosis. The
patient had signs and symptoms of, at least, partial hypopituitarism 7 yr before her
presentation. In addition, she had histologic findings 3 yr before presentation that were
consistent with systemic sarcoidosis. At that time, she had anemia, hyponatremia, and
noncaseating granulomas on bone marrow biopsy. She also had clinical features sugges-
tive of adrenal insufficiency (tiredness, fatigue, hypotension, hyponatremia, loss of
axillary and pubic hair) as well as hypogonadism (amenorrhea and dyspareunia).

Repeated assessment of thyroid function using TSH as a marker expectedly revealed
normal values. The original thyroid function tests done a few months before endocrine
evaluation were interpreted to be consistent with euthyroid-sick syndrome. It was not
until the clinical and biochemical data were looked at together, that the diagnosis of
hypopituitarism was entertained.

Fig. 1. Dynamic testing of pituitary function in a patient with hypopituitarism is shown. The upper
graph shows evaluation of pituitary–adrenal function using cortrosyn stimulation test (250 µg, IV)
and insulin-induced hypoglycemia (nadir glucose of 22 mg/dL). The lower panel of the graph shows
the response to TRH administration in a patient with clinical and biochemical (low thyroxine)
features of hypothyroidism.
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Sarcoidosis is a multisystem granulomatous disorder of unknown etiology (1). Its
prevalence varies from 5–50/100,000 depending on the population studied. In the United
States, there is a 3.8-fold increased risk among African-Americans, with a slight female
preponderance. The peak incidence of sarcoidosis is in the fourth decade of life. There
seems to be a threefold higher incidence of family history of sarcoidosis among African-
Americans. It is interesting to note that the patient’s mother and sister had the disease.
In these respects, our patient’s presentation and background were typical.

Despite extensive epidemiological studies, there is incomplete understanding of the
etiology of this disease. Both a genetic/immunologic predisposition and an environmen-
tal trigger seem involved in the pathogenesis. The hallmark of the disease is the presence
of noncaseating granulomas. The clinical manifestations range in severity and in spectrum,
depending on the specific organs involved. Whereas some symptoms can also be related
to the products of granulomas such as vitamin D and the resulting hypercalcemia (1),
others are related to tissue and organ destruction such as the case with pulmonary manifes-
tations. The following organ systems (1) are involved in sarcoidosis: pulmonary (90%),
ocular (20%), dermatological (20%), reticuloendothelial (20%), gastrointestinal, sali-
vary and hepatic (20%), musculoskeletal (10%), cardiac (5%), and nervous system (5%).

In the CNS, sarcoidosis has a predilection to the base of the skull and manifests clin-
ically as cranial neuropathy (most commonly optic and facial nerves), lymphocytic men-
ingitis, hydrocephalus (obstructive and nonobstructive), hypothalamic dysfunction, and
hypopituitarism (2–5). The patient under discussion has most of these manifestations.

The diagnosis of sarcoidosis in general is established based on three criteria: a) the
recognition of the characteristic clinical findings; b) histologic evidence of noncaseating
granulomas; and c) ruling out other causes of granulomas, particularly tuberculosis (1).
In the case of CNS involvement, the search for extraneurological manifestations should
be undertaken, as these are present in 90% of patients and are easier to biopsy (2,3).
Lumbar puncture and gadolinium-enhanced MRI of brain are useful adjuncts in the diag-
nosis, especially in the absence of apparent systemic pathology (2,3). CSF abnormalities
are present in 80% of cases and most commonly include an elevated protein level and
increased lymphocytes. MRI abnormalities are also detected frequently. The most speci-
fic finding for hypothalamic involvement is pituitary stalk thickening and leptomeningeal
enhancement in the optic chiasm area. The latter helps to differentiate neurosarcoidosis
from hypothalamic disease resulting from other causes such as multiple sclerosis and
lymphocytic hypophysitis (2,3). Products of granulomas such as ACE levels and IL-2 are
nonspecific and depend on disease activity (2,3). However, the finding of an elevated
ACE level in the CSF fluid is indicative of active neurosarcoidosis.

The cause of hypopituitarism in neurosarcoidosis was demonstrated to be hypotha-
lamic insufficiency by dynamic endocrine testing (5). The general principles of testing
outlined in earlier studies remain the mainstay of the diagnosis, and were applied to our
patient. As shown in Fig. 1, the administration of TRH to our patient with clinical hypo-
thyroidism resulted in a delayed and sustained release of TSH that is typically described
in patients with tertiary or hypothalamic hypothyroidism. The latter pattern of response
is also seen in patients with pituitary stalk section or compression. It is not surprising to
note that such patients just as ours had mild hyperprolactinemia. Other dynamic studies
using other stimulatory hypothalamic factors or hormones such as CRH and GnRH (per-
formed on our patient, but not shown) can demonstrate the similar phenomena. In the
study by Stuart et al., 6 out of 10 patients with neurosarcoidosis had a normal LH rise
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(greater than three- to six-fold basal) following GnRH infusion, and a lack of response
after clomiphene citrate was observed in all 10 patients (5).

After establishing the diagnosis, management of patients with sarcoidosis requires
comprehensive and meticulous care. Attention to the details of specific organ involve-
ment and management of problems arising from the disease itself (e.g., hypopituitarism,
anemia), or as a complication of therapy (e.g., ulcer, weight gain, osteoporosis, fluid
retention, and so on), represent some of the challenges encountered. Patients with neu-
rosarcoidosis are often managed by multiple specialists with variable areas of interests
and expertise, who should regularly interact and communicate with each other.

Even with steroid therapy, recovery of hypothalamic function is extremely unusual
and, therefore, hypopituitarism necessitates permanent hormone replacement. Physi-
ologic steroid replacement is roughly the equivalent of 5 mg prednisone per day. Most
patients with neurosarcoidosis receive therapeutic doses of prednisone, and may there-
fore exhibit relative adrenal insufficiency at physiologic doses. Management of hypothy-
roidism is these patients is similar to that of patients with hypopituitarism, regardless of
its etiology and relies primarily on oral thyroxine. Sex hormone replacement is crucial
because of the high risk for osteoporosis. Similarly, GH therapy may be beneficial, but
was refused by our patient. Diabetes insipidus, when present, is usually central and would
respond well to oral or intranasal DDAVP. However, occasionally it may be partially
nephrogenic when hypercalcemia is a complicating feature.

Chronic steroid therapy requires as much monitoring as hypopituitarism itself. Our
patient developed cataracts, avascular necrosis of the hip, hypertension, and kidney
stones. She is on prophylactic therapy for peptic ulcer disease.
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CASE #2: HYPOPHYSITIS

Case Presentation
A 25-yr-old woman was referred to our institution for evaluation of increasing fatigue,

tiredness, sleepiness, decreased appetite, nausea, and a 5-kg weight loss over a 3-mo
period. The patient noted gradual loss of libido, a decrease in axillary and pubic hair over
the 2 mo preceding her evaluation. Six months before her visit, she underwent an eventful
vaginal delivery after a full-term uncomplicated pregnancy. Menses resumed several
weeks postpartum and remained regular since. The patient did not breastfeed her infant
and she was treated briefly with bromocriptine. The patient denied having headaches or
visual symptoms. Her past medical history was otherwise unremarkable. The family
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history revealed a mother with Grave’s disease and a maternal aunt with systemic lupus
erythematosus (SLE).

On physical examination, pertinent findings included a recumbent blood pressure of
116/74 mmHg, which decreased to 100/60 upon assuming upright posture. She appeared
tired, exhausted, and pale. The skin was not dry and the thyroid was not enlarged. Axillary
and pubic hair were diminished. There was no increased pigmentation over mucous mem-
branes or the skin. Eye exam revealed normal extraocular movement, pupillary reactions,
visual fields, and fundi. Deep tendon reflexes were normal.

Initial laboratory data revealed the following: Na+:127 mmol/L; K+: 4.0 mmol/L;
Cl−:101 mmol/L; HCO3

−: 28 mmol/L; BUN: 23 mg/dL, and a creatinine of 0.6 mg/dL.
The hematocrit was 33% and the WBC was 3800/µL.

Initial endocrine data included the following: Am cortisol of 0.6 µg/dL, which
increased to 3.5 µg/dL after IV cortrosyn (250 µg), a morning plasma ACTH level of <3
ng/L (10–52), DHEA-S of 5 µg/dL (50–400), free thyroxine of 0.8 ng/dL (0.6–1.5), a TSH
of 1.7 mU/L, a prolactin of 2.0 µg/L, an FSH of 10 mU/L, an LH of 11 mU/L, an estradiol
of 65 ng/L, a total testosterone of 15 ng/dL (10–70), and a free testosterone of 0.2 ng/dL
(0.2–7).

A magnetic resonance imaging scan (MRI) of the sella turcica showed an enhancing
sellar mass that extended into the suprasellar area, and was close to, but not in contact
with the optic chiasm or the cavernous sinus.

The diagnosis of adrenal insufficiency was clinically suspected and biochemically con-
firmed. The patient was started on physiologic hydrocortisone replacement therapy (20 mg
daily, in three divided doses), with prompt clinical improvement in symptoms. The treat-
ment was discontinued for 2 d a week later when pituitary dynamic studies were per-
formed. The results are illustrated in Table 1. Briefly, FSH and LH responses to GnRH
were normal. Similarly, serum TSH increased normally after TRH administration. In con-
trast, baseline serum prolactin levels were low and did not increase after stimulation with
TRH. Plasma cortisol and ACTH levels were low or undetectable and failed to increase
after insulin-induced hypoglycemia (Nadir glucose level of 25 mg/dL). In contrast, serum
GH levels increased appropriately after insulin-induced hypoglycemia.

Table 1
Pituitary Hormone Response to Dynamic Testing

At Presentation              38 Months After Biopsy

Dynamic test Baseline level Peak Baseline peak Level

Insulin-Induced Hypoglycemia*
GH (µg/L) 2 8.9 0.1 6.9
ACTH (ng/L) <3 3.1 <3 <3
Cortisol (µg/dL)   0.5 1.1 0.5 0.6

TRH Stimulation Test
TSH (mU/L) 1.2 8.2 1.7 9.9
Prolactin (µg/L) 2.1 1.9 1.3 1.4

GnRH- Stimulation Test
FSH (IU/L 3.5 11.8 4.9 12
LH (IU/L) 4.6  23.5 6.7 33

*Nadir glucose of 25 mg/dL
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Because of the unusual nature of mass, its proximity to the optic chiasm, and the endo-
crine data, biopsy of the mass was recommended. A transsphenoidal biopsy of the sellar
mass showed findings consistent with lymphocytic hypophysitis, with scattered normal
pituitary cells. Multiple sections throughout the specimen were immunostained and
showed cells staining positive for prolactin, TSH, FSH, LH, GH, but not for corticotro-
pin. The lymphocyte population consisted of a mixture of B and T cells. The B-cell
population was composed of a polyclonal mixture of cell types by immunohistochemical
staining for immunoglobulin heavy and light chains.

Postoperatively, corticotropin deficiency persisted and physiologic hydrocortisone
replacement therapy was continued. A repeat MRI scan of the sella performed 6 mo after
the biopsy showed no interval changes in the appearance of the pituitary mass. A MRI done
38 mo after the biopsy showed spontaneous resolution of the pituitary mass. Shortly
thereafter, pituitary dynamic studies were repeated and were unchanged (see Table 1).
Ten months later (i.e., 4 yr after initial presentation, she developed signs and symptoms
of primary hypothyroidism). She was found to have a goiter, an elevated serum TSH
level, as well as a positive antithyroid peroxidase antibody. Treatment with thyroxine
reversed all symptoms of hypothyroidism. Currently, she continues to do well, 6 yr after
the diagnosis of hypophysitis was made. She continues to have normal menses while
receiving chronic physiologic hydrocortisone and thyroxine replacement.

Discussion
The current case has many of the features that have been reported in most cases of

hypophysitis, particularly the temporal relationship to pregnancy. The pattern of pitu-
itary hormone losses (ACTH and prolactin) with sparing of the gonadotropins is also
typical of hypophysitis. The presence of a family history of autoimmune diseases and the
subsequent development of such a disease (Hashimoto’s thyroiditis) in our patient are
consistent features of patients with adenohypophysitis (1–3).

Lymphocytic hypophysitis is one of the recently appreciated entities that can cause
a pituitary mass and hypopituitarism. It is an inflammatory process, likely to be autoim-
mune in nature that involves the pituitary gland. Even though the inflammatory process
is diffuse, corticotrophs appear to be the most susceptible, whereas gonadotrophs are the
least affected by the inflammatory process. Thus, in patients with hypophysitis, ACTH
deficiency is the most commonly impaired axis, whereas gonadal function is often nor-
mal (1–3). Lactotrophs are often affected by the inflammatory process, as reflected by
the fact that serum prolactin levels are low in approximately one-half of the patients (1,2).
A variant of this disease entity involves predominantly the posterior lobe of the pituitary
and/or the stalk and, as expected, results in diabetes insipidus (4). Most patients with
hypophysitis or their relatives have other autoimmune illnesses such as Grave’s disease,
Hashimoto’s thyroiditis, vitiligo, lupus, and inflammatory arthritis (1,2).

A few of the reported cases have been noted to have serum antibodies against pituitary
tissue as well as other autoantibodies (1,2). The latter finding in addition to the described
histologic changes suggest that the disease is autoimmune in nature. In a study of sera
from patients with biopsy proven lymphocytic hypophysitis, Crock (5) found that 70%
had antibody to a 79-Kd cytosolic protein. Antibodies to the same antigen were seen in
some patients with Addison’s disease suggesting that the antigen is not restricted to the
pituitary (5).
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Precise diagnosis of this entity can only be made by biopsy. Definitive data on the
long-term natural history of the disease are sparse. This case and a few others reported
in the literature indicate that such patients can have spontaneous regression of the inflam-
matory process (1–3). The natural course of the disease as constructed by the various
presentations and manifestations suggest progressive fibrosis and loss of pituitary cells
after an initial episode of edema, inflammation, and associated mass lesion. Depending
on the stage of the disease at the time of diagnosis, patients may present with a large pitui-
tary mass lesion as a result of the inflammatory process or with an atrophic and fibrotic
gland. Although lymphocytic adenohypophysitis has been described in men and women
of all age groups, the typical patient is a young woman presenting during pregnancy or
within 1–2 yr after delivery. Despite the well-recognized tendency of gonadotropin secre-
tion in these patients to be spared, subsequent fertility was not well appreciated. A few
reports have indicated that such patients can get pregnant after the first episode of hypo-
physitis without unusual complications (3).

The diagnosis is often difficult without a biopsy because of the variable mode of pres-
entation and the lack of a serologic marker for the disease (1,2,6). A few clues to the
diagnosis include presentation during or within 2 yr after pregnancy in a woman who has
other autoimmune diseases. The pattern of pituitary hormone deficit can also be very
helpful in suspecting the diagnosis. ACTH and prolactin deficiencies associated with
normal gonadotropin secretion are very likely to be caused by hypophysitis because
impairment of pituitary-gonadal function is one of the earliest manifestation of hypopitu-
itarism caused by mass lesions or vascular necrosis. Surgery is sometimes necessary at the
time of first presentation especially in patients with mass lesions compressing the optic
apparatus. When the clinical presentation, radiological and endocrine manifestation are all
consistent with the diagnosis, tissue diagnosis may not be essential as long as the patient
is followed closely. Although some advocate high-dose glucocorticoid therapy, there are
no data to support  efficacy of such treatment (6). Hormone replacement therapy is the
main form of treatment and should thoroughly address individual needs.
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CASE #3: PITUITARY APOPLEXY

Case Presentation
A 46-yr-old man presented to the emergency room of a community hospital with a

6-h history of a sudden, severe, frontal headache that awakened him from sleep. He denied
having similar episodes or frequent headaches. Evaluation by the emergency room physi-
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cian was reported to have shown a temperature of 38.1ºC, a blood pressure of 150/80, and
a pulse of 99/min. He was described to have tenderness over the frontal and maxillary
sinuses. His neck was supple and the remainder of his physical exam was reported to be
unremarkable. He was discharged home on antibiotics and decongestants for presumed
acute sinusitis. He returned to the same emergency room the next morning with persistent
headaches and new onset of diplopia. He reported that he was unable to take the antibi-
otics he was previously prescribed because of nausea and vomiting. Evaluation by the
emergency room physician showed a temperature of 39.4º C, a blood pressure of 120/68
and a pulse of 110/min. He was suspected by the emergency room physician to have
meningitis and was transferred to our institution for further management.

On arrival to our institution, the patient appeared ill, but was alert and oriented, com-
plaining of headaches, diplopia, and photophobia. He reported to have been previously
healthy except for diminished libido and potency, for which he was prescribed Viagra®

for 1 yr. He denied having chronic headaches or visual symptoms. On examination, the
patient was slightly overweight with normal features. His vital signs were similar to those
obtained at the emergency room. He had ptosis of the right eye, right abducen palsy, as
well as bitemporal hemianopsia. Fundoscopic exam showed normal venous pulsation
and mild, bilateral temporal disk pallor. The patient had minimal tenderness over max-
illary and frontal sinuses, whereas his neck showed minimal stiffness. He was noted to
have a slight bilateral gynecomastia, without a nipple discharge. The rest of the physical
exam was negative.

After blood samples were drawn, iv fluids were administered. The patient had a non-
contrast CT scan in the emergency department that showed a 2-cm hyperintense sellar
mass with suprasellar extension. Following iv contrast, the mass became more intense.
The endocrine team was consulted when the presumptive diagnosis of pituitary tumor
apoplexy was made. Intravenous hydrocortisone (100 mg) was administered, a lumbar
puncture was done followed by wide spectrum antibiotic therapy. The patient was admit-
ted to the neurological intensive care unit for monitoring. Studies on the CSF specimens
showed 15 WBC/mL, mostly lymphocytes, a normal glucose of 79 mg/dL, and an ele-
vated protein concentration to 220 mg/dL. Cultures done on a CSF specimen showed no
bacterial growth.

Pertinent laboratory studies done on arrival showed normal values for electrolytes,
calcium, BUN, and creatinine. Total WBC was 15,500/µL with 75% neutrophils, 5%
bands, 5% basophils, and 10% lymphocytes. Endocrine studies on blood samples drawn
before therapeutic intervention showed the following: a serum cortisol of 6.5 µg/dL, a
plasma ACTH of 13 ng/L, a free T4 of 1.1 ng/dL (0.6–2.0), a serum TSH of 1.9 mU/L
(0.5–5.0), a free testosterone of 1 ng/dL (2.5–10), an FSH level of 0.7 mU/L (2–10), an
LH level of 0.2 mU/L (2–10), and a prolactin of 2 µg/L (4–18).

In the intensive care unit, the patient was monitored and continued on hydrocortisone
(25 mg IV, every 6 h), iv fluids and iv antibiotics. Clinical improvement was noted within
a few hours of admission such that he became afebrile and noted some relief from the
headaches. On repeated examinations, the third and sixth nerve-palsies were noted to
persist. Twenty-four hours after admission to the ICU, the patient had transsphenoidal
decompression of the necrotic tumor. Immunostaining of the resected tissue was limited
because of the extensive necrosis. However, available viable tumor tissue showed a few
prolactin-staining cells. Twenty-four hours after surgery, hydrocortisone therapy was
discontinued while the patient continued to be clinically monitored. Resolution of the
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headaches and improvement of eye motility were noted within 24 h of surgery. Plasma
ACTH and cortisol levels measured >36 h after hydrocortisone therapy was discontinued
were appropriately elevated (55 ng/L, 33 µg/dL, respectively), indicating normal pituitary–
adrenal function.

The patient continued to do well postoperatively and was discharged home on the
fourth postoperative day only on pseudoephedrine for congestion. At the time of dis-
charge, he had normal eye motility and visual fields. When tested 4 wk after discharge,
his pituitary function was considered normal, including a free testosterone of 6.9 ng/dL
(2.5–10), an AM cortisol of 27 µg/dL and a serum prolactin of 4.5 µg/L. A MRI scan done
6 mo after surgery showed no residual tumor. The patient continued to do well with
normal pituitary function and no recurrence of the tumor, 7 yr after surgery.

Discussion
This case illustrates many of the issues and difficulties encountered in the manage-

ment of patients with pituitary tumor apoplexy. Although the patient had a 1-yr history
of symptoms suggestive of hypogonadism, the pituitary adenoma was previously undiag-
nosed and apoplexy was the first manifestation of the tumor. This is seen in approxi-
mately 50% of patients with pituitary tumor apoplexy (1–3). It is likely that the patient
had a prolactin secreting pituitary adenoma although this could not be documented with
certainty. The low serum prolactin level seen at presentation does not necessarily argue
against the latter diagnosis. It is well known that serum prolactin levels decrease precipi-
tously in patients with prolactinomas, after complete adenomectomy (4), or after hemor-
rhagic infarction (5), as was the case in this patient.

Pituitary tumor apoplexy represents a rare clinical syndrome usually resulting from hemor-
rhagic infarction of an existing large adenoma. Although many precipitating factors are
known, most episodes occur spontaneously as was the case in this patient. Pituitary tumor
apoplexy is a clinical, rather than a pathological diagnosis. The term should be used only
when signs of compression of perisellar structures or meningeal irritation occur after
hemorrhagic infarction of an adenoma (1).

As illustrated by the current case, the diagnosis of pituitary tumor apoplexy can be
difficult and is frequently missed because, in addition to its relative rarity, the existence
of an adenoma is not often suspected at the time of ictus. The clinical manifestations at
the time of presentation consist of neurological and endocrinological signs and symp-
toms (1). The pathophysiology of the clinical manifestations of pituitary tumor apoplexy
can be divided into any combination of the following mechanisms:

1. Hemorrhagic infarction of the tumor leading to sudden increases in intrasellar pressure.
The latter results in compression of the normal pituitary tissue as well as its vascular blood
supply, leading to hypopituitarism, particularly acute adrenal insufficiency. In addition,
the increased intrasellar pressure contributes to the development of headaches which is
described as sudden in onset, severe and persistent in nature and bifrontal or occipital in
location.

2. Sudden increase in intrasellar contents leading to increased pressure on adjacent vascular
and neural structures, laterally, superiorly, and inferiorly.
a. Laterally, increased pressure leads to damage to cavernous sinus neural structures e.g.

cranial nerves III, IV, V, and VI. The patient under discussion has both third and sixth
nerve palsies that explain his clinical symptoms.
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b. Superiorly, increased pressure will lead to compression of the optic apparatus that can
present clinically as decreased visual acuity as well as visual field deficit as was demon-
strated in our patient.

c. Inferiorly, increased pressure can lead to CSF leak. The patient under discussion did
not have any evidence for a CSF leak.

3. Leakage of blood or necrotic tissue into the subarachnoid space; leading to signs and symp-
toms of chemical meningitis. The patient under discussion had a clinical picture con-
sistent with meningeal irritation, photophobia and fever associated with negative bacterial
cultures, a finding quite characteristic of patients with tumor apoplexy.

The diagnosis of pituitary tumor apoplexy can, at times, be difficult as it may mimic
a number of other intracranial illnesses (1). The two most important diseases that should
be considered are aneurysmal subarachnoid hemorrhage and bacterial meningitis. Imag-
ing studies are helpful in differentiating these illnesses.

Hypopituitarism often contributes to the morbidity and mortality of pituitary tumor
apoplexy. Impaired secretion of all anterior pituitary hormones may be seen after pitu-
itary tumor apoplexy. The most clinically important deficit is that of ACTH because it
leads to acute glucocorticoid insufficiency at a time of severe physical stress. In that
respect, the patient under discussion had what appeared to be a “normal “ serum cortisol
at a time when he was extremely stressed. Thus, he was presumed to have partial ACTH
deficiency even though his serum levels were in the so-called “normal range.” The vast
majority of patients present with at least partial hypopituitarism (1,2). It is important to
point out that many patients would be expected to have hypopituitarism even before the
apoplectic episode, because practically all have large tumors (1,2). Our patient had clin-
ical and biochemical features consistent with central hypogonadism at the time of presen-
tation. It was not clear whether the hypogonadism in this patient was caused by a presumed
long-standing hyperprolactinemia (not documented) or whether it was a component of
the state of hypopituitarism. Even though GH secretion was not tested at presentation,
it is more than likely that the patient had GH deficiency.

Management schemes for pituitary tumor apoplexy should address systemic, neuro-
logical, and endocrinological abnormalities. Patients presenting with clinical symptoms
consistent with apoplexy require immediate medical attention, thorough clinical evalu-
ation and continuous monitoring. Some of the most important interventions that must be
urgently addressed in a patient with suspected pituitary tumor apoplexy are corticoster-
oid replacement and vigorous supportive measures to ensure hemodynamic stability (1).

Once the diagnosis of pituitary tumor apoplexy is clinically suspected, routine blood
studies as well as additional blood samples should be drawn for subsequent determina-
tion of all pituitary hormone levels. Urgent imaging studies such as CT or MRI scan should
be obtained to confirm the diagnosis. Glucocorticoid deficiency, seen in the vast majority
of patients, results in significant morbidity, if left untreated. As was demonstrated in our
patient, once glucocorticoids are administered, clinical improvement is invariably noted
and hemodynamic stability is easier to maintain. The glucocorticoids are administered
in supraphysiological doses to serve not only as replacement for endogenous hormone
deficiency, but also to help control the effects of swelling on parasellar structures. We
recommend either 100 mg hydrocortisone administered intravenously every 6 h or 4–6
mg dexamethasone administered intravenously every 6 h as the initial choice of steroid
therapy.
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Documentation of any visual field defect is important and should be obtained if the
clinical condition permits. Analysis of CSF fluid is usually not necessary, unless the diag-
nosis of meningitis can not be safely excluded on clinical grounds. When the patient’s
physiological status is stabilized, the decision regarding the best method for reversing or
preventing further neurological compromise should be considered. Several reports have
documented that spontaneous neurological recovery is possible despite unilateral oph-
thalmoplegia and partial visual field defects. Thus, nonoperative, conservative medical
management of patients with pituitary tumor apoplexy has been recommended by some
(1–3,6). Even though improvement in neurological symptoms may be seen in patients
treated conservatively, worsening of pituitary function is usually seen in such patients.

Because some patients may deteriorate rapidly (1–3,6) and the effects of continued
compression on neural structures and endocrine function may be deleterious, we believe
that urgent decompression should be undertaken by an experienced neurosurgeon, unless
there are strong contraindications to surgical intervention. In view of the low morbidity
and mortality associated with transsphenoidal surgical decompression, this approach is
routinely used for the vast majority of patients.

Conservative medical therapy is a reasonable alternative option, particularly in areas
that lack expertise in this type of surgery. Similarly, patients who are poor surgical can-
didates and those who have strong contraindications for surgical intervention are treated
conservatively. This would involve supportive therapy, continued use of supraphysio-
logic doses of glucocorticoids for several weeks and hormone replacement. Improve-
ment in neurologic symptoms is often seen in the majority of patients treated conservatively
and at times to a similar degree to that seen in surgically treated patients. The role of con-
servative, medical therapy in the immediate management of patients with this disorder,
was recently investigated in a recent study by Maccagnan et al. (6). The authors con-
ducted a nonrandomized study on patients presenting with apoplexy and treated them all
with dexamethasone. Patients who failed to improve after 1 wk of dexamethasone were
surgically treated. The authors found that patients treated conservatively had a similar
neurologic and neuroophthalmologic improvement when compared to surgically treated
patients. However, it is obvious from the design of the study that surgically treated patients
had more severe symptoms at presentation. Despite that limitation, it is clear that conser-
vative therapy can be used in selected patients with minimal symptoms and those who
improve dramatically after glucocorticoid administration.

Surgical decompression does not always result in complete resection of these infarcted
macroadenomas, and routine postoperative radiological and endocrinological assess-
ment is mandatory. Depending on the type of tumor, additional forms of therapy can be
employed to control residual tumor growth.

Impairment in pituitary function may be reversed, in some patients, after surgery. There-
fore, patients undergoing surgery are routinely monitored in the intensive care unit for
several days after transsphenoidal decompression. We recommend that all patients should
be continued on glucocorticoid therapy until the second postoperative day, at which time
the dosage can be tapered or stopped abruptly. Once steroids are discontinued, serum
cortisol levels are measured twice a day, and the patient is carefully monitored for any
signs or symptoms of glucocorticoid deficiency (1). As demonstrated by the patient under
discussion, those with an intact pituitary-adrenal axis postoperatively will have high or
high-normal serum cortisol levels, and several levels should be >15 µg/dL. Patients with
equivocal (<10 µg/dL) or low (<5 µg/dL) levels should be restarted on physiologic
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glucocorticoid therapy, particularly if they had symptoms. These patients can be tested
later for further delineation of pituitary-adrenal function. In the authors’ experience,
most patients have high-normal serum cortisol levels within 24–36 h after discontinuing
glucocorticoid therapy. As an alternative approach to rapid discontinuation of glucocor-
ticoid therapy, steroids may be tapered slowly over several weeks, and then the patient’s
pituitary-adrenal axis should be tested. Although both approaches are reasonable, we
favor the former method because it avoids the confounding effects of longer steroid ther-
apy on evaluating the remaining pituitary function as well as the unnecessary use of medi-
cation with potential side effects.

The remainder of pituitary function should be assessed a few weeks after the episode.
In our patient, this was done 4 wk after surgery and showed normalization of adrenal and
gonadal functions. Growth hormone deficiency is the most commonly observed abnor-
mality in patients with pituitary macroadenomas with or without apoplexy (1,7). Current
evidence indicates that physiologic replacement with GH is clinically beneficial.
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CASE #4: METASTASIS TO PITUITARY

Case Presentation
A 55-yr-old man presented to the neurology service with, a 2-d history of diplopia and

headaches. Diplopia occurred primarily while the patient was looking sideways, although
it was also reported on looking up. He had been unable to drive because of the new symp-
toms. The headaches came on gradually and were predominantly frontal and throbbing
in nature. He had been previously healthy until approximately 2–3 mo prior to admission
when he noted progressive tiredness and fatigue for no apparent reason. On further ques-
tioning, he also complained about diminished libido and potency for 2–3 mo prior to the
onset of fatigue. He was reported by his wife to be more cold intolerant and to have started
snoring only a few weeks before his presentation. His appetite has diminished, although
the weight has not changed significantly. Two weeks prior to the hospital admission, the
patient noted increasing thirst, polyuria, and nocturia of 4–6 times every night. At that
time, he saw his primary physician who noted that a random glucose level was 195 mg/
dL, whereas the urinalysis was unremarkable. The patient was told to have “borderline
diabetes” and was advised to decrease carbohydrate and calorie intake. His symptoms
persisted despite strict adherence to the latter recommendations.
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The past medical history was significant for an episode of hemoptysis, 8 mo prior to
admission and was otherwise unremarkable. The latter episode resolved spontaneously
and the patient did not pursue further medical care. The patient was involved in an auto-
mobile accident 1 yr before the current presentation and apparently lost consciousness
for several hours because of a concussion. A CT scan of the head (with and without con-
trast) then was reported to be negative. The patient had a 45 pack/year history of cigarette
smoking and drinks only socially. The family history was remarkable for a father who
had type 2 diabetes mellitus, as well as hypertension.

On physical exam, the patient appeared well nourished, yet fatigued while the left eye
was covered with a patch to avoid diplopia. Vital signs were unremarkable as was the skin
exam. He had mild ptosis of the left eye, left abducens nerve palsy, and an 8 mm mini-
mally reactive left pupil. He also had upper-outer quadrianopsia in the left eye and normal
fundi. There was no gynecomastia and the genital exam was normal. Except for a delayed
relaxation phase of deep tendon reflexes, the rest of the exam was negative.

Initial laboratory studies revealed the following values; Na+: 147 mmol/L, K+: 4.8
mmol/L, Cl−: 95 mmol/L, HCO3−; 21 mmol/L, BUN:64 mg/dL, Creatinine: 1.8 mg/dL,
total Ca: 12.9 mg/dL, albumin 4.5 gm/dL, total protein 8.5 gm/dL, alkaline phosphatase
289 IU/L with normal AST and ALT, urine specific gravity of 1.002 with negative dip
stick for protein and glucose. A chest X-ray showed a 3-cm mass in the right upper lobe
of the lung. A bone scan showed multiple areas of increased activity in the spine as well
as the right femur. A CT scan of the head and a subsequent MRI scan demonstrated an
enhancing, large suprasellar mass invading the left cavernous sinus and compressing the
optic chiasm as well as the optic tracts. The sella turcica was not grossly enlarged. Review
of the CT scan done 1 yr ago when the patient had a concussion confirmed the negative
study, particularly in the suprasellar region.

Endocrine evaluation included the following: A free thyroxine of 0.45 ng/dL (0.6–2.0),
a TSH level of 1.4 mU/L, a serum prolactin level of 43 µg/L, an AM cortisol of 1.9 µg/dL,
a plasma ACTH of 11 ng/L, a total testosterone of 55 ng/dL (300–1000), a free testoster-
one of 0.7 ng/dL (2.5–10), an LH of 0.7 IU/L, and an FSH of 1.2 IU/L. Plasma PTH level
was 5 ng/L (10–55), whereas that of PTH-rP was 18 pmol/L (normal : <5).

The patient was given iv saline and dexamethasone (6 mg every 6 h) and phenytoin
for seizure prophylaxis. Oral thyroxine was started and then subcutaneous insulin was
added 2 d later when glycemic control worsened. Slight clinical improvement was noted
a few days later. Cranial irradiation was initiated after biopsy of the lung mass confirmed
lung malignancy. The patient refused further treatment of the lung cancer and died within
2 mo of diagnosis. Postmortem examination confirmed the diagnosis of metastatic lung
cancer to the bone, liver, as well as the suprasellar region.

Discussion
Although this was an unusually complicated clinical history, the diagnosis was not

difficult to make on admission. The patient presented with third and sixth cranial nerve
palsies as a result of tumor invasion into the cavernous sinus. In addition, the patient had
headaches, perhaps as a result of rapid increase in the size of the suprasellar mass. From
an endocrine standpoint, the patient also had clinical history suggestive of hypopituitar-
ism, diabetes mellitus, as well as partial diabetes insipidus. Diabetes insipidus appears to
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be both central (partial loss of ADH secretion) as well as nephrogenic (secondary to hyper-
calcemia). The increased serum calcium level in this patient, was predominantly humoral
in nature resulting from secretion of PTH-rP by the lung cancer, although osseous metasta-
sis could have been an additional contributing factor. Biopsy of the lung mass confirmed
the diagnosis of lung cancer. Thus, the patient presented with a newly discovered supra-
sellar mass associated with clinical and biochemical evidence for hypopituitarism and
diabetes insipidus. The mass was relatively fast growing, as it was not noted on a previous
CT scan done 1 yr earlier for a different reason. The findings of abnormal uptake in the
bones associated with the increased alkaline phosphatase and otherwise normal liver
function tests clearly suggest metastatic cancer. In view of the convincing nature of the
clinical history as well as the biochemical findings, a biopsy of the suprasellar mass was
not attempted. The presence of a relatively large suprasellar mass associated with normal-
size sella suggest a rapidly expanding mass, rather than a benign, slowly growing tumor.

The clinical setting in this patient was somewhat typical of metastatic disease to the
pituitary and suprasellar region (1–6). The rapid onset of symptoms and the associated
ocular dysmotility at presentation favored the diagnosis of metastatic cancer rather than
a pituitary adenoma. The large size of the suprasellar mass, particularly because it was
not detected a year earlier, provided further support for the presumptive diagnosis (4).
In this patient with osseous metastasis with a strong clinical history consistent with the
diagnosis, biopsy of the sellar lesion is not necessary. Biopsy may be necessary if there
were doubts about the diagnosis or if the patient had no known primary cancer (1–6).

Breast, prostate, lung, and gastrointestinal malignancies are the most common pri-
mary tumors that are documented to have metastasis to the pituitary and parasellar region.
Of the malignancies that metastasize to the pituitary, breast cancer appears to be the most
common, accounting for approximately 50%, while lung (20%), GI (5–10%) and pros-
tate (5–10%), and others representing the rest. It is estimated that up to 9% of patients
with metastatic breast cancer have pituitary and/or perisellar involvements (1–6). Other
areas of distant metastasis are often recognized before pituitary involvement can be
demonstrated.

Metastasis to the pituitary fossa is often not limited to the anterior lobe, as it commonly
involves the posterior lobe of the pituitary and the hypothalamus. Consequently, diabetes
insipidus is diagnosed in 35–70% of these patients (1–6). In contrast, diabetes insipidus is
seen in <5% of patients with pituitary adenomas or other benign growths in the region.
In fact, the most common cause of diabetes insipidus in patients with adenomas and even
those with benign growths in the perisellar region is secondary to surgical procedures.
Furthermore, and for the same reason, the hypopituitarism seen in patients with metasta-
tic cancer is associated with mild hyperprolactinemia. Similarly, patients with metastatic
tumors to the pituitary often (40–50%) present with cranial nerve palsies as a result of inva-
sion of the cavernous sinuses (1–6). A mass lesion is often, but not always, seen in such
patients, especially those with lymphoproliferative diseases. In patients with pituitary/
perisellar metastasis, the bony sella turcica is often eroded, although its size is usually
normal despite the presence of an intrasellar or suprasellar mass lesion (1,3,4).

Overall management of patients with metastasis depends to some degree on the type
of malignancy and extent of metastasis. Immediate management involves the use of large
doses of glucocorticoids (usually dexamethasone) and initiating external irradiation. In
addition, thyroxine replacement therapy should be initiated whenever the diagnosis of
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hypothyroidism is confirmed. Oral or intranasal DDAVP are the mainstay in the manage-
ment of diabetes insipidus, once confirmed. Other hormone replacement therapy (sex
steroids, GH) is not warranted until the overall prognosis is appreciated. Most patients
with metastatic cancer to the pituitary die within 3–6 mo (1–6).

Despite some of the distinctive features, it is, at times, difficult to differentiate meta-
static cancer to the pituitary from benign pituitary adenomas. Features that would favor
the diagnosis of metastatic tumor rather than an adenoma include: rapid onset of symp-
toms and progression over a short period of time, known history of a malignancy, cranial
nerve palsies, and the presence of diabetes insipidus. As discussed earlier, diabetes insip-
idus is very unusual in patients with pituitary adenomas who have not had surgery. Thus,
even in patients with no known malignancies, metastatic cancer should be seriously con-
sidered in the differential diagnosis of a pituitary mass, particularly in those presenting
with diabetes insipidus or ocular nerve palsies. Repeat imaging studies over several
weeks often shows progression of metastatic cancer.
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CASE #1: CHRONIC HYPONATREMIA
UNRESPONSIVE TO DEMECLOCYCLINE,

MINERALOCORTICOID, AND GLUCOCORTICOID THERAPY

Case Description
A 74-yr-old male first presented in 1990 for evaluation of recurrent syncope. He had

six episodes of syncope since 1979, and these were usually associated with stressful
events, recent alcohol intake, or rapid standing. Neurologic evaluation, including elec-
troencephalogram (EEG) and head computed tomography (CT), were unrevealing, and
he was diagnosed with vasovagal syncope. Subsequent cardiac evaluation with Holter
monitoring and tilt table testing also supported a diagnosis of vasovagal syncope. At his
initial presentation in 1990, he was found to have serum sodium = 130 mEq/L, potassium
= 4.1 mEq/L, blood urea nitrogen = 13 mg/dL, and serum creatinine = 1.1 mg/dL. On
review of his past medical records, it was apparent that his hyponatremia was long-
standing, with serum sodium concentrations ranging from 128–134 mEq/L over the past
20 yr. He was on no medications. Further evaluation revealed a random urine osmolality
of 717 mOsm/kg H2O and a urine sodium of 71 mEq/L when his serum sodium was 130
mEq/L. He had normal thyroid function and a normal cosyntropin stimulation with a
baseline cortisol level of 12.3 µg/dL and post-adrenocorticotropic hormone (ACTH)
cortisols of 28.5 µg/dL at 30 min and 33.6 µg/dL at 60 min. In addition, he had a supine



34 Wong and Verbalis

plasma renin activity (PRA) of 0.3 ng/mL/h (normal 0.2–2.3) and aldosterone of 36 ng/dL
(normal <16), and an upright PRA of 0.3 ng/mL/h (normal 1.3–4.0) and aldosterone of
57 ng/dL (normal 3–19). His 24-h urine aldosterone was 8.6 µg/TV and 24-h urine sodium
was 197 mEq/TV. He had a normal chest CT scan. An abdominal CT scan demonstrated
a 4.5-cm left renal cyst and normal adrenal glands.

In 1995, he was started on fludrocortisone 0.1 mg daily for a presumptive diagnosis
of hypoaldosteronism, but his serum sodium did not improve. However, he did feel
somewhat stronger with less frequent syncopal episodes. In 1996, he was found to have
an inappropriate plasma arginine vasopressin (AVP) level of 1.9 pg/mL with a concurrent
serum osmolality of 265 mOsm/kg H2O. He was started on demeclocycline 150 mg bid
for a diagnosis of SIADH, but still did not have any improvement in his serum sodium
concentration. He subsequently self-discontinued both the fludrocortisone and demeclo-
cycline, and noted no change in his symptoms. In March 1999, he was hospitalized for
another syncopal episode at which time his serum sodium was 131 mEq/L with a normal
serum potassium level. He was restarted on demeclocycline and fludrocortisone 0.1 mg
daily. By May 1999, the demeclocycline was increased to 300 mg tid and hydrocortisone
10 mg daily was added for presumed adrenal insufficiency.

In June 1999, he presented for a second opinion regarding his persistent hyponatremia
(serum sodium ranging from 129–131 mEq/L). He denied weight loss, salt craving, nausea,
emesis, polyuria, or polydipsia. His fluid intake was approximately 2.5 L/d. Past medical
history was notable for hypertension and obstructive sleep apnea. His medications included
fludrocotisone 0.1 mg daily, hydrocortisone 10 mg daily, demeclocycline 300 mg tid,
labetalol 100 mg qd, and hydralazine 25 mg tid. Physical examination revealed a blood
pressure of 148/66 mmHg and a pulse of 76 beats/min with no orthostatic changes. The
skin had no hyperpigmentation or vitiligo, cardiopulmonary examination was normal,
and there was no edema. Based on his history, exam, and laboratory data, he was pre-
sumptively diagnosed with the reset osmostat variant of SIADH. His hydrocortisone was
discontinued and demeclocycline gradually tapered off. Over the following three months,
his serum sodium remained in the range from 128–132 mEq/L on only fludrocortisone
0.1 mg daily.

He was then admitted for a standard water load test. The patient ingested 1514 mL (20 mL/
kg) of water over 30 min. Urine was collected hourly thereafter for 4 h for determinations
of volume and osmolality. The results are shown in Table 1. It should be apparent that the
entire water load was promptly excreted within 2 h, with a maximally dilute urine of 70
mOsm/kg H2O. Consequently, this was interpreted as a normal response, except for the
plasma sodium and osmolality levels. By 4 h, his plasma osmolality was 272 mOsm/kg
H2O and his serum sodium was 127 mEq/L, virtually identical to his starting values.

Discussion

Normally, plasma osmolality is maintained within narrow limits by osmotically regu-
lated AVP secretion and thirst. Despite large variations of water intake, the osmolality
of body fluids in a healthy individual is maintained within a relatively narrow range (275–
295 mOsm/kg H2O). This constancy is achieved through osmoreceptors located in the
anterior hypothalamus. In 1947, Verney first introduced the term “osmoreceptors” to
describe a collection of osmotically sensitive receptive elements that could influence the
release of AVP from the posterior pituitary gland (1). Both the thirst osmoreceptors and
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the osmoreceptors that regulate vasopressin secretion are located in or around the orga-
num vasculosum of the lamina terminalis and the anterior wall of the third ventricle.
Whether the thirst osmoreceptors are actually different cells than the vasopressin osmo-
receptors has not been determined.

The most sensitive stimulus for AVP release is an increase in plasma osmolality. There
are individual variations in the osmotic threshold, or set-point, for AVP release, probably
reflecting variations in the sensitivity of individual osmoreceptor cells. At all plasma
osmolalities below the set-point, plasma AVP is suppressed to low or undetectable levels.
Above this set-point, secretion of the hormone increases rapidly in direct proportion to
the increasing plasma osmolality. Therefore, with plasma hypoosomolality, AVP is sup-
pressed and urine osmolality should be maximally dilute, and with plasma hyperosmol-
ality, AVP levels rise and allow for maximal antidiuresis. In general, the osmotic threshold
for thirst is usually set approximately 5–10 mOsm/kg H2O above that for AVP release.
This has the effect of allowing the kidney to regulate body water homeostasis in response
to small changes in plasma osmolality, although thirst is only activated by larger and more
threatening perturbations.

The patient presented in this case was incorrectly diagnosed with hypoaldosteronism
and adrenal insufficiency, probably on the basis of his syncopal episodes, even though
he never had documented orthostatic changes suggesting hypovolemia. In fact, his hypo-
natremia met all of the classic criteria of Schwartz and Bartter (2) for a diagnosis of the
syndrome of inappropriate antidiuretic hormone secretion (SIADH): he had hypoosmo-
lar hyponatremia; he had an inappropriately concentrated urine despite the presence of
plasma hypotonicity; he was clinically euvolemic and this was supported by a high uri-
nary sodium concentration; and his thyroid, adrenal, and renal function were normal.
However, there are several different patterns of AVP secretion in patients with SIADH
(3). Most interesting among these is the reset osmostat pattern, in which AVP is secreted
appropriately to relative increases in plasma osmolality, but starting at an abnormally
low threshold for secretion. The distinguishing characteristic of the patient with the reset
osmostat variant of SIADH is the ability to excrete free water. Most patients with SIADH
will fail to maximally suppress AVP when plasma osmolality falls below the normal
osmotic threshold for AVP secretion, and as a result will demonstrate a marked impairment
in their ability to excrete an orally administered water load. In contrast, a patient with a reset
osmostat will be able to excrete a water load normally once the plasma osmolality falls

Table 1
Water Loading Test

Urine Urine Serum Plasma Serum
volume osmolality osmolality AVP sodium

Time (h) (mL) (mOsm/kg H20) (mOsm/kg H20) (pg/mL) (mEq/L)

0 545 270 2.6 127
1 580 70
2 1205 70 268 0.6 125
3 180 248
4 200 361 272 2.0 127
Total 2165
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below their threshold for AVP secretion, but this threshold will be lower than that of nor-
mal subjects.

The hallmark of the reset osmostat variant of SIADH is that the patient regulates his
or her plasma osmolality appropriately around a reduced set-point (4,5). There is a
downward resetting of the level of plasma osmolality at which osmoreceptors control
AVP secretion. AVP is normally responsive to osmotic influences, but the osmotic thresh-
old or set-point for AVP release is subnormal. Thus, water retention occurs above the
reset osmostat level although plasma osmolality is still below normal ranges. Nonethe-
less, AVP secretion can be suppressed and maximal urinary dilution and free water excre-
tion can occur if plasma osmolality is decreased to sufficiently low levels. In some cases,
the entire osmoregulatory system is reset, with the osmotic threshold for thirst also
reduced. Resetting of the AVP osmostat is a relatively common variant of SIADH, occur-
ring in 15–20% of studied cases (3), and has been found in association with a variety of
diseases, such as tuberculosis (5,6), malnutrition (5), gastric cancer (7), and encephalitis
(8). This variant is also seen in early pregnancy and occasionally in otherwise healthy
subjects (9,10), such as the patient presented here.

Michelis et al. described the first well-documented case of downward resetting of the
osmostat in 1974 (4). In 1976, DeFronzo et al. studied four patients with stable hypo-
natremia who regulated their serum osmolality at hypotonic levels and had normal
urinary diluting capacity (5). These patients were euvolemic and hypoosmolar and had
normal responses to a standard water load. Three had advanced pulmonary tuberculosis,
and one had severe malnutrition with alcoholic abuse. Treatment of the underlying dis-
ease resulted in correction of the hyponatremia in three patients. Besides fulfilling the cri-
teria for SIADH, patients with a reset osmostat must demonstrate normal diluting capacity,
which is defined as the ability to excrete more than 80% of a standard water load within
4 h and to decrease their urine osmolality to or less than 100 mOsm/kg H2O.

The mechanism underlying the reset osmostat variant of SIADH is still unclear. Reset-
ting of the osmotic threshold for AVP secretion has been well described with volume
depletion, and also has been shown to occur in various edema-forming states, presumably
as a result of decreases in effective arterial blood volume. However, most patients with a
reset osmostat are clinically euvolemic. It has been suggested that chronic hypoosmol-
ality itself may reset the intracellular threshold for osmoreceptor firing, but studies in
animals have not supported a major role for this mechanism since chronic hyponatremia
does not appear to significantly alter the osmotic threshold for AVP secretion (11). Per-
haps the best-known physiological example of a reset osmostat for AVP secretion is the
hypoosmolality and hyponatremia that occurs during pregnancy. Despite intensive stud-
ies over many years to identify potential hormonal factors that might be responsible for
this resetting, a single factor has not yet been identified (12), though recent studies have
indicated that the placental hormone relaxin causes a stimulation of AVP and oxytocin
secretion that closely resembles the reset osmostat pattern of AVP secretion (13,14).
Perhaps the most perplexing aspect of the reset osmostat pattern is its occurrence in
patients with tumors, which suggests that some of these cases represent tumor-stimulated
pituitary AVP secretion rather than paraneoplastic AVP secretion (3,7,15).

The hyponatremia of the reset osmostat variant of SIADH is characteristically asymp-
tomatic and fairly stable. In general, serum sodium levels are only mildly or moderately
decreased. In this case, unequivocal symptomatic hyponatremia had never been docu-
mented. Although the patient had frequent episodes of vasovagal syncope, there is no
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indication that this was related to his hyponatremia, since he had been hyponatremic for
a long time and his syncope was only intermittent. Furthermore, despite a very liberal
fluid intake, he had never been shown to decrease his serum sodium below 127 mEq/L.
This patient’s hyponatremia was therefore chronic, mild, and well-tolerated. Neither the
demeclocycline nor fludrocortisone impacted significantly on his serum sodium level,
because he would simply drink fluids to defend his new osmotic thresholds for thirst and
AVP secretion. In contrast, most patients with SIADH are able to normalize serum sodium
levels on demeclocycline by producing nephrogenic diabetes insipidus, and patients with
aldosterone deficiency should normalize serum sodium levels with mineralocorticoid
replacement to prevent urinary sodium wasting.

In this case, AVP is being secreted abnormally at low levels of serum sodium and
plasma osmolality, but it is secreted in a normal fashion relative to changes in plasma
osmolality. At some point of serum sodium and plasma osmolality, the AVP levels can
in fact be suppressed to near zero, allowing normal free water excretion. Based on the
water-load results, this patient’s threshold for AVP secretion is probably set around a
serum sodium of 125 mEq/L, because he was able to excrete a maximally dilute urine nor-
mally at this level; his threshold for thirst is probably set a bit higher at 128–130 mEq/L,
because this is what his resting sodium level is most of the time. This accounts for his sta-
bility over several decades. His ability to normally dilute his urine once he falls below
his reset set-point has protected him from experiencing more serious and symptomatic
degrees of hyponatremia. In general, no specific therapy is required for the patient with
a reset osmostat, and we do not advise treatment of such patients other than avoiding exces-
sive amounts of water intake over short periods of time, when they may overwhelm their
urinary diluting capacity and drop to lower, and more dangerous, levels of hyponatremia.
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CASE #2: HYPONATREMIA AND HYPOTENSION
FROM SIADH AND RENAL SALT WASTING

Case Description
A 65-yr-old man was diagnosed with small cell lung cancer in 1983 and subsequently

underwent chemotherapy and radiation of the thorax. In 1984, he also received prophy-
lactic whole brain irradiation consisting of 30 Gy (3000 rad) in 10 fractions. For 5 yr prior
to the current presentation, he was noted to have persistent hyponatremia. He was given
a diagnosis of SIADH and treated alternately with demeclocycline and fluid restriction.
During this time, he also had recurrent episodes of orthostatic hypotension, frequently
requiring hospitalization. Because urine sodium levels were always high during these
episodes, he was felt to have renal salt wasting and was treated with NaCl administration.

He was hospitalized again in July 1999 with hypotension and hyponatremia. Review
of systems was significant for pallor, loss of libido, and impotence since 1983. His only
medication was NaCl tablets. On physical examination, he had markedly hypopigmented
and finely wrinkled skin, pale areolae, absence of axillary hair, and small testes. He was
afebrile. His supine pulse and blood pressure were 90 bpm and 129/70 mmHg. Upon
sitting, his pulse rose to 100 bpm and blood pressure fell to 104/64 mmHg.

Laboratory evaluation included serum sodium = 123 mEq/L, potassium = 3.9 mEq/L,
blood urea nitrogen (BUN) = 11 mg/dL, creatinine = 1.0 mg/dL, plasma osmolality = 264
mOsm/kg H2O, urine osmolality = 254 mOsm/kg H2O, urine sodium = 100 mEq/L,
hemoglobin = 10.3 g/dL, and hematocrit = 30%. His FT4 level was 0.5 ng/dL (normal
range, 0.7–2.8 ng/dL) and TSH = 1.76 µlU/mL. An cosyntropin stimulation test revealed
a baseline cortisol level of 6.2 µg/dL with a 30-min post-ACTH cortisol level of 17.8 µg/
dL. His PRL level was 20.9 ng/mL (2.6–13.1 ng/mL), free testosterone <0.2 pg/mL
(10.8–24.6 pg/mL), and IGF-1 = 26.5 ng/mL (71–290 ng/mL).

Based on his physical exam and laboratory evaluation, a presumptive diagnosis of
panhypopituitarism was made. He was placed on a twice-maintenance dose of hydrocor-
tisone (40 mg qAM and 20 mg qPM), and his hypotension and hyponatremia resolved
within 48 h. He was discharged on maintenance hydrocortisone (20 mg qAM and 10 mg
qPM), levothyroxine, and a few weeks later he was started on testosterone replacement.

An MRI with gadolinium enhancement was consistent with an empty sella syndrome
(see Fig. 1). Subsequent dynamic pituitary function testing with 400 µg of TRH showed
a basal TSH of 0.51 µIU/mL, 15' = 0.42 µIU/mL, and 30' = 0.26 µIU/mL. Stimulation
testing with 100 µg of gonadotropin-releasing hormone (GnRH) showed a basal follicle
stimuating hormone (FSH) of 0.7 mIU/mL (normal range 1.27–19.26 mIU/mL), 15' = 0.6
mIU/mL and 30' = 0.8 mIU/mL. Basal LH was 0.44 mIU/mL (normal range 1.24–8.62
mIU/mL), 15' = 0.76 mIU/mL, and 30' = 0.34 mIU/mL.

Over the course of the next 7 mo, the patient dramatically improved on full hormone
replacement therapy. He noted increased energy level, strength, and libido. His blood
pressure remained stable. He developed increased facial and body hair, and his marked
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pallor improved. His serum sodium has remained in the normal range (137–139 mmol/L).
His free testosterone level was 11.3 pg/mL (7.0–24.5) on testosterone enanthate injec-
tions. Thyroid function tests showed a free T4 = 1.13 and thyroid-stimulating hormone
(TSH) = 0.014 on 0.1 mg of levothyroxine daily. His prolactin level has remained ele-
vated at 50.3 ng/mL (2.6–13.1 ng/mL). He has declined a trial of growth hormone replace-
ment therapy at this time.

Discussion
This case illustrates the importance of defining the underlying cause of hyponatremia

before assuming that all such cases represent the SIADH. Hyponatremia is a well-known
manifestation of primary adrenal insufficiency. Among 264 reported cases of primary
adrenal insufficiency, 88% demonstrated hyponatremia. Less frequently, hyponatremia
develops in patients with secondary adrenal insufficiency, e.g., in 28% of 47 reported
cases of isolated ACTH deficiency (1). Although hyponatremia may develop in either
primary or secondary adrenal insufficiency, the mechanisms for hyponatremia clearly
differ in each case. Patients with Addison’s disease have a solute depletion hyponatre-
mia. Destruction of the zona glomerulosa renders these patients mineralocorticoid defi-
cient. The lack of aldosterone results in renal salt wasting at the distal tubule. The negative
external sodium balance produces a decreased absolute extracellular fluid volume. Thus,
Addisonian patients clinically present with vascular collapse. They are hypotensive and
dehydrated because of volume contraction.

Fig. 1. Coronal section through the pituitary from a T1-weighted MR image following intravenous
gadolinium administration demonstrates an absence of pituitary tissue in the sella turcica character-
istic of the empty sella syndrome.
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In contrast, patients with secondary adrenal insufficiency have a dilutional hyponatre-
mia. Hyponatremia is not because of a lack of mineralocorticoid effect and renal sodium
wasting, but rather because of an inability to excrete water normally. These patients have
normal mineralocorticoid levels because aldosterone regulation still occurs via the renin-
angiotensin system. They do not present with hyperkalemia because aldosterone levels are
normal. Unlike the hyperpigmented Addisonian patient, the patient with secondary adre-
nal insufficiency appears hypopigmented, because ACTH is absent, rather than increased
as in primary adrenal insufficiency. In this case, it was possible to differentiate primary
from secondary adrenal insufficiency by the patient’s lack of hyperpigmentation and hyper-
kalemia. Nonetheless, patients with glucocorticoid deficiency often present with hypo-
natremia because of free water retention owing to inappropriately increased vasopressin
levels.

Just as hyponatremia occurs less often in patients with secondary adrenal insuffi-
ciency compared to those with primary adrenal insufficiency, so does hypotension occur
less frequently in those with secondary adrenal insufficiency. When hypotension does
occur, it is usually less severe than the hypotension in an Addisonian patient. Because
patients with secondary adrenal insufficiency are not mineralocorticoid deficient, their
hypotension is not a reflection of dehydration. With normal aldosterone levels, these
patients are not prone to salt and volume depletion. Instead, their hypotension reflects a
decreased vascular sensitivity to pressors. Hypocortisolism leads to decreased peripheral
vascular adrenergic tone by decreasing vascular sensitivity to norepinephrine and angio-
tensin II (2).

Besides hyponatremia and hypotension, patients with secondary adrenal insufficiency
can also exhibit high urine sodium levels. This patient’s urine sodium was 100 mEq/L. In
caring for a patient who presents with hypotension and hyponatremia, the physician may
be easily misled to believe that a high urine sodium level must represent renal salt wasting
in this setting. However, in this case, the high urine sodium level simply reflected an
appropriate natriuretic response by the kidney to a mild volume expansion from free water
retention. Thus, one cannot assume that a patient with orthostatic hypotension, hypo-
natremia, and a high urine sodium must have renal salt wasting. All these findings might
actually be attributable to glucocorticoid deficiency with secondary free water retention.

Animal and human studies have repeatedly documented that glucocorticoid deficiency
results in an inability to excrete a water load (3,4). Ikkos et al. studied 24 patients after
hypophysectomy and found that they could not excrete a water load 4 wk postoperatively
(5). A defect in water excretion is detectable in almost all patients with panhypopituitar-
ism. Normally, hyperosmolality stimulates vasopressin secretion in the supraoptic and
paraventricular nuclei of the hypothalamus. There are also several nonosmotic stimuli
for vasopressin that include hypotension, nausea, hypoglycemia, and hypoxia. Glucocor-
ticoid deficiency represents another nonosmotic stimulus for vasopressin secretion.
Oelkers demonstrated this nicely in a study of five women with hypopituitarism present-
ing with severe symptomatic hyponatremia (6). In these patients, plasma vasopressin
levels were inappropriately high in relation to plasma osmolality. After several months
of hydrocortisone therapy, their hyponatremia resolved, and a normal relation of plasma
vasopressin to plasma osmolality was reestablished. In patients with secondary adrenal
insufficiency, short-term glucocorticoid administration is often associated with prompt
restoration of normal kidney diluting ability and a water diuresis. A trial of glucocorti-
coid therapy was diagnostically helpful in this case, because the ACTH stimulation test
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resulted in a near normal response with a peak cortisol level of 17.8 µg/dL. Nonetheless,
the patient’s rapid correction of his hyponatremia and hypotension with just a twice-
maintenance dose of hydrocortisone strongly supported the diagnosis of secondary adre-
nal insufficiency.

As early as 1949, increased vasopressin was suggested as a factor in impaired ability
to excrete a water load in adrenal insufficiency. In 1967, Ahmed et al. found increased
plasma vasopressin levels in untreated patients with hypopituitarism (7). Within 3 h after
the administration of glucocorticoids, vasopressin levels decreased to within or slightly
above the range for normal controls, who were similarly dehydrated. Vasopressin levels
were increased in the absence of steroids and returned toward normal in their presence.

Increased vasopressin levels during cortisol deficiency have been well documented and
this is currently well accepted (3,4,7). However, there had been an ongoing debate regard-
ing the presence of a vasopressin-independent mechanism for hyponatremia in hypocor-
tisolism. Linas et al. studied mineralocorticoid replaced adrenalectomized Brattleboro
rats with central diabetes insipidus following a water load (8). They found no defect in
water excretion after 24 h of glucocorticoid deficiency, but after 14 d there was a signifi-
cant impairment in water excretion. This suggested a vasopressin-independent factor
causing abnormal water excretion after 14 d in these animals. The authors hypothesized
that decreased cardiac output and renal blood flow resulted in decreased distal fluid deliv-
ery, which might account for the defect in water excretion.

Patients with secondary adrenal insufficiency develop hyponatremia because of an
inability to excrete free water, which is most likely a consequence of both inappropriately
high vasopressin levels and possible direct renal effects. Glucocorticoids can increase
free water excretion by suppressing the release of vasopressin from the magnocellular
neurons of the neurohypophysis; in this case, glucocorticoid deficiency might result in
a loss of tonic inhibition of vasopressin secretion at the level of the hypothalamus. Alter-
natively, because vasopressin is cosecreted with corticotropin releasing hormone (CRH)
from the hypothalamic paraventricular nucleus to stimulate ACTH secretion, perhaps the
lack of suppression of vasopressin by hypoosmolality represents a loss of normal feedback
inhibition of these parvocellular neurons by cortisol. In addition, as noted earlier, there may
also be a direct renal effect of glucocorticoid deficiency that impairs free water clearance
by decreasing glomerular filtration rate (GFR) and volume delivered to the distal tubule.

This case is instructive not only from the standpoint of secondary adrenal insuffi-
ciency presenting with hyponatremia and hypotension, but also that of panhypopituitar-
ism presenting after prophylactic whole brain irradiation. Early reports suggested that the
normal pituitary gland was relatively radioresistant (9). However, in 1966 Tan et al.
reported the first case of radiation induced pituitary dwarfism (10). Since then, deficien-
cies of all anterior pituitary hormones have been documented after radiotherapy when the
hypothalamus and pituitary are included in the treatment field (11,12). This has been best
demonstrated in patients receiving radiotherapy for pituitary tumors (13,14), nasopha-
ryngeal carcinoma (15,16), and primary brain tumors (17,18).

Radiation can damage the pituitary gland directly or damage the hypothalamus or pitu-
itary stalk, leading to a defect in delivery of hypothalamic releasing factors to the pitu-
itary. The hypothalamus appears to be more radiosensitive than the pituitary and is more
commonly the site of damage, particularly following lower doses, e.g., <40 Gy irradiation
(19,20). However, at higher doses, there is evidence for both hypothalamic and anterior
pituitary damage.
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Deficiencies of all anterior pituitary hormones occur, but prolactin is the only hormone
that tends to be secreted at supranormal levels after cranial irradiation, again reflecting
hypothalamic damage, because disruption of hypothalamic dopaminergic inhibition of
prolactin secretion by the pituitary lactotrophs results in hyperprolactinemia. Mild increases
in prolactin are particularly common after cranial irradiation with doses exceeding 50 Gy
(17,19). In this case, our patient had persistent mild hyperprolactinemia supporting prob-
able radiation-induced hypothalamic damage.

There is evidence that the severity of radiation-induced tissue damage is correlated with
time after radiation, leading to a characteristic delay in the onset of radiation-induced
neuroendocrine dysfunction (20–22). Consequently, all patients treated with pituitary
radiation should be monitored regularly for early detection of pituitary gland failure.

In our review of the literature, there has been no other reported case of radiation-
induced hypopituitarism in a patient who received cranial irradiation for whole brain pro-
phylaxis. A conventional dose for prophylactic whole brain irradiation in patients with
small cell lung cancer is approximately 36 Gy in 20–25 fractions. A total dose of 36 Gy
may actually be less toxic than a total dose of 30 Gy if delivered in more fractions. Per-
haps one reason there has been no other case report of hypopituitarism occurring after
prophylactic cranial irradiation is because this patient received more toxic levels of radi-
ation. Another equally plausible reason is that given the prognosis of small cell carcinoma,
these patients usually do not survive long enough for hypopituitarism to become manifest.

Although hypopituitarism secondary to pituitary irradiation and hyponatremia as a pre-
senting manifestation of hypopituitarism are both well recognized (23), it is noteworthy
that this patient went undiagnosed for many years. This can be ascribed to many reasons:

1. A general lack of appreciation of the clinical manifestations of hypopituitarism in adults;
2. A continuing misconception that hyponatremia is only seen with primary adrenal insuffi-

ciency as a result of renal salt-wasting from aldosterone deficiency;
3. A previous diagnosis of small cell carcinoma of the lung, which is commonly associated

with SIADH and led to this incorrect diagnosis in this case;
4. The presence of orthostatic hypotension in combination with hyponatremia and a high

urine sodium concentration, which was incorrectly interpreted as being indicative of renal
salt wasting. Treatment with NaCl tablets was ineffective at abolishing the orthostatic hypo-
tension and correcting the hyponatremia, and the patient was unable to comply with a strict
fluid restriction because of exacerbation of his orthostatic symptoms. However, the ortho-
stasis in this patient was, in fact, because of cortisol insufficiency, rather than volume deple-
tion. He had a dilutional hyponatremia due to water retention with an appropriate natriuresis
for the degree of water retention present.

This case therefore emphasizes that it is essential to consider secondary adrenal insuf-
ficiency, as well as primary adrenal insufficiency, in the differential diagnosis of unex-
plained hyponatremia.
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CASE #3: POLYURIA AND POLYDIPSIA
IN A YOUNG WOMAN WITH AN ENHANCING INFUNDIBULAR MASS

Case Description
A previously well 18-yr-old female suddenly developed polyuria and polydipsia 6 mo

after an uncomplicated spontaneous vaginal delivery of her first child. She complained
of nocturia every 2 h and excessive thirst with ice-water craving. Six months later, she
was diagnosed with central diabetes insipidus. Her urine volume was 9 L/d. Urinary and
plasma osmolality were 62 and 300 mOsm/kg H2O, respectively, during ad libitum water
intake. Following overnight water deprivation, her serum sodium was 153 mEq/L, potas-
sium 4.7 mEq/L, and plasma arginine vasopressin level was <1.0 pg/ml. Treatment with
desmopressin (dDAVP) 10 µg intranasally twice a day resulted in marked improvement of
her symptoms.
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She had normal menstrual cycles postpartum while on oral contraceptives. However,
after discontinuing her oral contraceptives, her menses did not return. In addition, although
she only breastfed for 1 mo, she noted persistent galactorrhea afterward. Her prolactin
level was elevated to 28.5 ng/mL, and she was started on bromocriptine soon after the ini-
tiation of dDAVP. She had some improvement of her galactorrhea, but amenorrhea per-
sisted. She also noted a 40-lb weight gain over 1 yr, despite a decreased appetite. Her only
other complaint was episodic hot flashes.

Chest X-ray and serum angiotensin converting enzyme concentration were both normal.
Lumbar puncture with cerebrospinal fluid (CSF) analysis was also normal. A magnetic
resonance imaging (MRI) of the brain after 5 mo of dDAVP therapy disclosed a nodular
enlargement of the pituitary infundibulum measuring 7 × 6 × 7 mm, which enhanced
homogenously with gadolinium (see Fig. 2). A repeat MRI 2 mo later revealed persistent
enlargement of the infundibular mass, but with a suggestion of a slight decrease in the
size of the lesion.

She presented to our institution for a second opinion after 6 mo of treatment with
dDAVP and bromocriptine. On physical examination her blood pressure was 100/64 mmHg,
pulse was 100 bpm and regular. She was obese with a BMI of 38.4 kg/m2. Neuroophthal-
mologic evaluation was normal. The rest of her exam was unremarkable except for bilat-
eral expressible galactorrhea.

Fig. 2. Coronal section through the pituitary from a T1-weighted MR image following intravenous
gadolinium administration demonstrates an enhancing infundibular mass measuring 7 mm in width.
The optic chiasm, hypothalamus, and pituitary gland all appear to be normal.
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Laboratory evaluation revealed a FT4 = 0.85 ng/dL (normal range, 0.80–1.50 ng/dL)
and TSH = 0.95 µU/mL. Her estradiol level was 9 pg/mL, FSH = 4.3 mIU/mL, and LH
= 3.5 mIU/mL. Her prolactin level was 1.2 ng/mL (2.6–13.1 ng/mL) on bromocriptine.

Subsequent dynamic pituitary function testing with 400 µg of TRH revealed a basal
TSH of 1.06 µU/mL, 15' = 9.20 µU/mL, 30' = 9.98 µU/mL, 60' = 6.76 µU/mL, and 90' =
4.36 µU/mL. Stimulation testing with 100 µg of GnRH showed a basal FSH of 0.5 mIU/
mL, 30' = 4.7 mIU/mL and 60' = 7.0 mIU/mL. Basal LH was <0.2 mIU/mL, 30' = 5.41
mIU/mL and 60' = 4.84 mIU/mL. Insulin-induced hypoglycemia testing revealed ade-
quate plasma cortisol response, but impaired growth hormone response. She had a base-
line cortisol of 13.3 µg/dL, 45' = 16.6 µg/dL, 60' = 19.8 µg/dL, and 90' = 14.2 µg/dL. Basal
GH was <0.1 ng/mL, 30' = 0.1 ng/mL, and 60' = 0.2 ng/mL.

Based upon her clinical presentation, a presumptive diagnosis of lymphocytic infun-
dibuloneurohypophysitis was made. She was continued on a dopamine agonist and
dDAVP, and was restarted on an oral contraceptive. Neither surgery nor corticosteroid
therapy was recommended at the time of the initial evaluation. Instead, continued obser-
vation and close follow-up was suggested.

Discussion

In neurogenic diabetes insipidus, a deficiency of osmoregulated vasopressin secretion
can result from a variety of acquired and familial diseases. Destructive lesions of the
hypothalamus and pituitary stalk are often caused by brain tumors or head trauma.
Rarely, the disease may result from infiltration of the infundibulum by histiocytosis X,
granulomatous diseases (e.g., tuberculosis, sarcoidosis) or lymphoma. However, approx-
imately 30–50% of cases of acquired diabetes insipidus are idiopathic, and it has been
proposed that many of these may be a consequence of an autoimmune process.

Lymphocytic infundibuloneurohypophysitis (LIN) is a rare disorder characterized by
central diabetes insipidus (CDI) caused by a chronic inflammatory infiltrate confined to
the neurohypophysial system. Its pathogenesis is poorly understood, but it is thought to
be the result of an autoimmune response to neurohypophysial antigens. The case pre-
sented illustrates several important points about the diagnosis and treatment of LIN.
Before beginning a discussion of LIN, it is helpful to review the distinguishing features
of a related pituitary disorder, lymphocytic hypophysitis, which affects the adenohypo-
physis via an autoimmune process.

Lymphocytic hypophysitis (LH) is a rare autoimmune disease that was first described
in 1962. It classically presents as an intrasellar mass in females during late pregnancy or
in the postpartum period. Patients often initially present with symptoms of mass effect,
i.e., visual symptoms or headaches. They then progress to develop partial or complete
hypopituitarism. Isolated ACTH deficiency or combined corticotropin and thyrotropin
deficiencies can occur despite normal gonadotropin function. The pathophysiology is
characterized by destruction of the anterior pituitary gland by infiltration with lympho-
cytes (mainly T cells) and plasma cells. Subsequently, the pituitary tissue is replaced by
fibrosis. An autoimmune pathogenesis for the disease is well established. Cases of concur-
rent lymphocytic thyroiditis, adrenalitis, atrophic gastritis, and pernicious anemia have
been reported (1).

Management is controversial, but a conservative approach without surgical intervention
is generally recommended unless there are signs of optic nerve compression or increased
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intracranial pressure. It is unresolved whether corticosteroid therapy influences the natu-
ral course of the disease, because some patients demonstrate spontaneous remission with-
out any therapy.

LH and LIN both result from a chronic inflammatory infiltrate, but the lesion in LH
occurs in the anterior pituitary gland, whereas the lesion in LIN is restricted to the hypo-
thalamic neurohypophysial system. Imura et al. first proposed the pathological entity
of lymphocytic infundibuloneurohypophysitis in 1993 (2). However, two autopsy cases
described the underlying pathophysiology prior to this report. In 1970, a woman with
CDI was found to have infiltration of lymphocytes and plasma cells as well as fibrosis
confined to the neurohypophysis at autopsy (3). In 1989, an autopsy of a man with CDI
revealed that he had chronic lymphocytic inflammation limited to the infundibulum,
pituitary stalk, and posterior lobe of the pituitary gland. In addition, there was bilateral
neuronal loss in the supraoptic and paraventricular nuclei (4).

To date, there are only 18 reported cases of histologically proven LIN in the literature
(2,5–9). Within this limited series, there is an apparent female preponderance of the dis-
order, and most patients present with the sudden or gradual onset of central diabetes
insipidus. The MRI often discloses an infundibular mass or enlargement of the neurohy-
pophysial system reflecting the destruction of the neurohypophysis by infiltration with
lymphocytes (mainly T cells) and plasma cells. Most lesions spontaneously regress by MRI
over time as the inflammatory infiltrate is replaced by fibrosis and subsequent atrophy
of the neurohypophysis occurs. The anterior pituitary is typically not involved except for
an impaired GH response to insulin-induced hypoglycemia, which has been reported in
some cases (2,5). Imura et al. postulated that there might be a derangement in the regu-
lation of growth hormone releasing hormone (GHRH) secretion in some cases, either at
the level of the the hypothalamus or the median eminence (2).

A case of postpartum LIN was described by Van Havenbergh et al. (9). A woman
presented with central DI and a thickened pituitary stalk by MRI 6 mo postpartum. She
had a remarkably similar presentation to this case. She also had persistent galactorrhea
with moderate hyperprolactinemia and a subnormal response of GH to insulin-induced
hypoglycemia. She underwent biopsy of the stalk lesion, which showed a lymphocytic
infiltrate predominated by T cells. Four months after biopsy, the MRI showed marked
decrease in thickening of pituitary stalk and infundibulum. If our patient indeed has LIN,
we would similarly predict that her future MRIs will likewise demonstrate shrinkage of
the infundibular lesion over time as a result of decreased inflammation.

Like LH, an autoimmune pathogenesis for LIN seems likely, but has not been as well
defined. Few patients have concurrent autoimmune diseases. However, Watanabe et al.
documented a case of central diabetes insipidus caused by nonspecific chronic inflam-
mation of the hypothalamus and found the presence of HLA class I antigen A2 and HLA
class II antigen DR4, which are associated with a variety of autoimmune diseases (10). The
female preponderance and T-lymphocyte predominant chronic inflammation of LIN, as
well as these two cases occurring in the postpartum period also imply an autoimmune
pathogenesis. More direct evidence in support of an autoimmune pathogenesis has been
the detection of antibodies against specific neurohypophyseal antigens in many patients
with idiopathic DI presumed to be secondary to LIN (11,12).

Although a definite diagnosis of LIN can only be made by biopsy and pathologic exam-
ination of the infundibulum, a presumptive diagnosis can be made clinically. The differen-
tial diagnosis of CDI caused by a mass lesion in posterior lobe of pituitary or pituitary
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stalk includes Langerhans cell histiocytosis (LCH), sarcoidosis, tuberculosis, germinoma,
and hypothalamic and optic gliomas. A recent retrospective study of CDI in children
indicated that 24% of cases were caused by intracranial tumors, 16% to Langerhans’ his-
tiocytosis, 6% were familial, and 54% were idiopathic (13). Granulomatous infiltrative
diseases like sarcoidosis and LCH usually involve other organ systems, and anterior pitu-
itary function is often impaired in LCH. Germinomas usually occur in children, and hypo-
pituitarism is generally present in early stages. It is important to perform lumbar puncture
to help exclude sarcoidosis, as well as germinoma. Because the clinical course over time
may be the distinguishing feature of LIN versus these other disorders, close observation
with frequent neuroimaging is indispensable.

In general, patients with LIN do not have progression or remission of their disease. No
cases of spontaneous recovery from complete DI have been reported, though a recent
report has suggested that dDAVP therapy may have ameliorated partial DI in patients
with positive neurohypophysial antibodies (14). Patients generally require lifelong admin-
istration of dDAVP and have a good long-term prognosis on HRT. Although this appears
to be a self-limited inflammatory process, surgical intervention should be avoided in
typical cases of LIN. Most documented cases of histologically proven LIN underwent
biopsy to exclude a tumor. The decision of whether or not to biopsy an enhancing lesion
of the infundibulum and pituitary stalk is difficult. We believe biopsy is unnecessary in
most cases of presumed LIN and recommend close observation with frequent follow-up
including neuroimaging at 6-mo intervals. Progressive increase in the size of the lesion
is an indication to perform a biopsy, because involution generally occurs with LIN as the
inflammatory process subsides. Corticosteroid therapy has been suggested, but there are
no data to support the efficacy of such treatment. In this case, because the patient pre-
sented to us 1.5 yr after she first developed polyuria and polydipsia, corticosteroid ther-
apy would not be of likely benefit. Corticosteroid treatment might be better attempted
during the phase of acute inflammation in early LIN, but there are no studies to date that
demonstrate that corticosteroids alter the natural course of the disease.

Although we consider LH and LIN distinct entities, i.e., LH is confined to the adeno-
hypophysis and spares the neurohypophysis while  LIN is confined to the neurohypophy-
sis, a few cases of DI presenting in patients with histologically diagnosed LH have been
reported (15). Hashimoto et al. found 20 of 124 patients with LH who developed DI before
treatment (16). In some cases, neuroimaging studies revealed a thickened pituitary stalk,
and in a few cases, chronic lymphocytic infiltration was found in both the adenohypo-
physis and infundibuloneurohypophysis. Ahmed described two cases presenting with
hypopituitarism and DI with histological findings of pituitary necrosis involving the ade-
nohypophysis, neurohypophysis and hypothalamus, which he termed necrotizing infun-
dibular hypophysitis (17). It is not known whether this disorder is a separate entity from
LH and LIN or if it represents an extreme within a spectrum of presentations of a single
autoimmune disorder.

It is possible that the intrasellar mass in the anterior pituitary of LH could compress
the hypothalamus, thereby inhibiting synthesis of vasopressin. However, MRI of the cases
of LH with DI suggest that such compression is unlikely (18). Another explanation is that
the inflammatory process of LH may extend into the pituitary stalk and/or neurohypo-
physis, destroying the hypothalamic pathways which transport vasopressin to the poste-
rior pituitary. Finally, a variant of LH might exist in which there is a coexistence of LH
and LIN. It is unclear whether the inflammatory lesions of LIN and LH are explained by
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the same pathogenetic process. Although both LH and LIN are likely caused by similar
autoimmune processes, the antigens involved are probably distinct.

Thus, it is also imperative to carefully evaluate the anterior pituitary function of a patient
who presents with CDI secondary to LIN, or any other inflammatory process involving
the infundibulum and pituitary stalk. Our patient demonstrated an impaired growth
hormone response to insulin-induced hypoglycemia, hypogonadotropic hypogonadism
and possible early central hypothyroidism on baseline laboratory testing. Dynamic pitu-
itary testing revealed functioning gonadotrophs, thyrotrophs, and corticotrophs in the
anterior pituitary, which responded appropriately to hypothalamic releasing hormone
stimulation. However, the inflammatory infiltrate and fibrosis in the area of the pituitary
stalk likely impaired delivery of endogenous hypothalamic releasing hormones to the
anterior pituitary. This would also explain the patient’s mild hyperprolactinemia as
secondary to decreased delivery of hypothalamic dopamine to the lactotrophs. Although
the etiology of her weight gain in uncertain, it might be ascribed to a destruction of the basal
hypothalamus by the inflammatory process in the infundibulum, an area known contain
leptin receptors and to be important for coordination of hypothalamic systems regulating
body weight homeostasis (19).

In summary, as many as half of all cases of acquired central DI are idiopathic, and
many of these may be caused by LIN, which is characterized by a lymphocytic infiltration
of the neurohypophysial system with subsequent enlargement of the infundibulum and
pituitary stalk by MRI. Patients with LIN require long-term dDAVP replacement and
close follow-up to rule out other causes of infundibular enlargement. Patients with LIN
tend to have a benign course without progression of the disease into other areas. Evalu-
ation of anterior pituitary function is important to identify adenohypophyseal deficits due
to LH that may occur concurrently with LIN, or as a result of impaired delivery of releas-
ing hormones to the pituitary from the presence of an inflammatory mass in the area of
the median eminence and pituitary stalk.
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CASE #####1: TSH-SECRETING PITUITARY ADENOMA

Case Description
A 54-yr-old African-American woman was seen at an urgent care facility because of

the recent development of palpitations. When examined, she was noted to have a pulse
of 100 bpm. Her thyroid was normal in size, and the rest of the physical examination was
normal. Thyroid function tests were as follows: T4 14 µg/dL, T3RU 43% (25–35), thy-
roid-stimulating hormone (TSH) 1.6 mU/L. These results were interpreted as indicating
that the patient was euthyroid, and she was started on a β-blocker for symptomatic relief.
However, one of the physicians in the urgent care center felt that the thyroid function tests
were somewhat inconsistent, and called for further advice.

Two weeks later, the patient presented for an evaluation. Since starting on atenolol 50
mg twice daily, her palpitations had resolved. She denied nervousness, tremor, hyper-
defecation, insomnia, weakness, shortness of breath, chest pain, or symptoms of ophthal-
mopathy. She had not noticed anterior neck discomfort, dysphagia, hoarseness, or neck
swelling. She also denied headaches, visual changes, or a personal or family history of
thyroid disease.

Her past history was unremarkable except for mild hypertension, controlled with a
diuretic. There was no family history of thyroid or autoimmune disease. She was taking
no medications other than the diuretic and the atenolol. She was 1 yr postmenopausal and
had not taken hormonal replacement therapy (HRT).

On physical exam, pulse 80/min, BP 140/85 mmHg, wt 200 lbs. There was no propto-
sis and extraocular movements were full. The thyroid gland was twofold enlarged, firm,
and symmetrical. No nodules were appreciated, and a bruit was not audible. The trachea
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was in the midline and there was no cervical lymphadenopathy. The lungs, heart, abdomen,
and extremities were unremarkable. There was no tremor and the skin was warm and dry.

Repeat laboratory testing of thyroid function was as follows: fT4 1.9 ng/dL (n:0.8–
1.5), T3 265 ng/dL, TSH 1.6 mU/L. A 24-h radioiodine uptake was elevated at 42%
(normal 10–30%). Other tests that were done included: estradiol 4 pg/mL, LH 26 mIU/L
(postmenopausal 40–103), follicle stimulating hormone (FSH) 43 mIU/L (postmenopau-
sal 34–96), prolactin 7.8 ng/mL, α subunit 1.5 ng/mL (n:<1.0; <3.6 for postmenopausal
women), insulin-like growth factor (IGF)-1 269 ng/mL (90–360), morning cortisol 17 µg/
dL. Sex hormone binding globulin (SHBG) was 91 nmol/L (n:20–106). A T4 binding
panel, which is an electrophoretic analysis of the distribution of radiolabeled thyroxine
among serum proteins, was normal. A magnetic resonance imaging (MRI) of the pituitary
revealed an 11-mm pituitary microadenoma, which was close to, but did not impinge on
the optic chiasm (see Fig. 1). A formal visual field examination was normal. The patient
was started on Methimazole (Tapazole) 20 mg/d. One month later, her thyroid function
tests were as follows: fT4 1.5 ng/mL, T3 131 ng/mL, TSH 4.6 mU/L. She was referred for
neurosurgical evaluation, and underwent transsphenoidal hypophysectomy shortly there-
after. She recovered uneventfully from surgery, and had normal thyroid function off anti-
thyroid drugs. Postoperative testing of the pituitary-adrenal axis showed normal adrenal
function. Two years after surgery, on estrogen replacement therapy T4 was 11.4 mcg/dL,
T3RU 23% (28–40), FTI 2.7 (1.6–3.7), thyroid stimulating hormone (TSH) 1.1 mU/L.

Discussion
This case illustrates a “classic” case of hyperthyroidism caused by a TSH-secreting

pituitary tumor (TSHoma). TSHomas are rare, with a prevalence of about 1 in 1 million,

Fig. 1. Coronal section of a pituitary MRI showing an 11 mm pituitary tumor.
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but seem to be recognized with increasing frequency because of improved TSH assays.
TSHomas can occur at any age and affect women and men equally (1,2). By the time they
are discovered, as in this case, 90% of TSHomas are macroadenomas. Approximately
30% of TSHomas are mixed tumors, with the most common situation being cosecretion
with either growth hormone or prolactin. There was no evidence for cosecretion of either
hormone in this case. The TSH molecules secreted by the tumor may have variable glyco-
sylation, giving rise to variations in the biologic activity of the TSH. This may account
for the lack of correlation between the level of TSH in the blood and the degree of
hyperthyroidism.

This patient was typical, in that she presented with symptoms and signs of hyperthy-
roidism, which were quite mild. There is usually a goiter present, but the findings charac-
teristic of Graves’ disease (orbitopathy, dermopathy) are not seen. Features of a pituitary
mass lesion (headache, visual field abnormalities) may occur in a minority of patients,
and were not observed in this patient. Acromegaly is present in about 15% of cases, and
amenorrhea/galactorrhea in about 10% (1). Hypopituitarism, especially hypogonadism,
may also be a presenting feature. In this patient, FSH and luteinizing hormone (LH) were
appropriately elevated for her postmenopausal status.

In TSHomas, there is an increased or inappropriate level of TSH in the face of elevated
thyroid hormone levels. Thyroid hormone resistance (THR) is the main entity that needs
to be excluded in the differential diagnosis, since both conditions give rise to similar bio-
chemical profiles. Although there is usually a positive family history of thyroid functional
abnormalities in THR, which is an autosomal dominant condition, further diagnostic
testing is almost always required. The TSH levels in patients with TSH-secreting tumors
usually are not responsive to TRH or T3 administration, while TSH levels in patients with
THR remain responsive. Interestingly, in the present case, the serum TSH level increased
to 4.6 mU/L from 1.6 mU/L when her thyroid hormone levels were normalized with anti-
thyroid medication.

Biochemical markers of thyroid hormone action, such as SHBG are elevated in TSHoma
patients, but not in THR patents. In this case, the SHBG level was normal, albeit at the
upper limit of the normal range. The measurement serum α subunit is one of the most
helpful tests in differentiating TSHomas from THR. Most TSHomas oversecrete alpha
subunit, while the α subunit is secreted in an equimolar manner with TSH in THR. This
leads to an α subunit/TSH ratio >1 in the serum of TSHoma patients. This ratio may be
calculated using the following formula:

[α subunit (ng/mL)/TSH mU/L] × 10

It should be stressed that this ratio is not valid in postmenopausal women, as was the
case here, or in men with primary hypogonadism, because they will have high serum α
concentrations resulting from high serum gonadotropin levels. Of course, pituitary MRI
will show a mass lesion in >95% of TSHoma patients, and should be normal in THR.

Another potential source of confusion may arise in euthyroid patients with familial
dysalbuminemic hyperthyroxinemia (FDH). For reasons that are unclear, some FDH
patients will have not only an elevated total T4, but also an elevated free T4 in some free
T4 assays. Thus, a patient with FDH may present with symptoms suggesting hyperthy-
roidism (e.g., nervousness) and have high total T4 and free T4 levels and a normal, but
seemingly inappropriate serum TSH level. Such patients will not have a goiter and the
radioiodine uptake is normal. FDH can be ruled out by obtaining a free T4 by equilibrium
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dialysis and by performance of electrophoretic T4 binding studies, as was the case in this
patient.

The treatment of TSHomas is transsphenoidal surgery. The chances of cure increase
with smaller tumor size and absence of cavernous sinus invasion; overall, about 35% of
patients can be cured surgically. Patients should be prepared for surgery with antithyroid
drugs and/or β adrenergic blocking drugs. The criteria for “cure” are: euthyroidism with
a normal serum TSH and no residual tumor on MRI (3,4).

For patients with residual tumor, radiation therapy should be considered. Octreotide
in doses of 50–100 mcg bid or tid will normalize the serum TSH in most patients (5), but
there may be escape from the effects of the drug in about 10% of cases (6). Long-acting
somatostatin analogs have also been used effectively in TSHomas (7). Treatment with
radioiodine or surgery to ablate the thyroid should be avoided if at all possible, since
hypothyroidism could cause tumor growth.
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CASE #####2: AMIODARONE-INDUCED HYPERTHYROIDISM
AND ANTITHYROID DRUG-RELATED AGRANULOCYTOSIS

Case Description
An 80-yr-old man with a past history of myocardial infarction (MI) and ventricular

arrhythmias presented to his internist with a 1 mo history of weight loss (approximately
15 lbs.) and weakness. He had been treated with amiodarone 200 mg bid for approxi-
mately 24 mo. Thyroid function tests had been normal 6 mo earlier, but now showed a
suppressed serum TSH of <0.02 mU/L. In consultation with his cardiologist, it was felt
not appropriate to discontinue the amiodarone, and the patient was referred for endocri-
nologic evaluation. Aside from the weight loss and weakness, there were no other hyper-
thyroid symptoms. His past history was unremarkable except for the MI. There was no
family history of thyroid disease or autoimmune disease. His other medications included
atenolol, atorvastatin, and ranitidine.

On physical examination, the patient was thin, but otherwise well appearing. His pulse
was 60/min, BP 120/70 mmHg, weight 126 lbs. There was no proptosis and extraocular



Chapter 4 / Hyperthyroidism 55

movements were full. The thyroid gland was not palpable, and no nodules were appre-
ciated. The trachea was in the midline and there was no cervical lymphadenopathy. The
lungs, heart, abdomen, and extremities were unremarkable. There was no tremor, and the
skin was warm and dry.

Thyroid function tests were as follows: fT4 3.0 ng/dL, T3 190 ng/dL, TSH <0.02 mU/L.
An interleukin 6 (IL-6) level was drawn, which returned 2 wk later within normal limits.
A continuous flow Doppler ultrasound study was ordered, but the patient only received
a conventional thyroid ultrasound: it showed a normal-sized gland with scattered 3–4 mm
nodules in both lobes.

The patient was thought to have probable amiodarone-induced thyroiditis. He was
started on prednisone 40 mg/d as a single daily dose. One week later, he noted no improve-
ment in his symptoms, and repeat thyroid function tests were unchanged (fT4 2.8 ng/dL,
T3 277 ng/dL). For this reason, Tapazole 40 mg/d was added to the regimen. One week
later, thyroid function testing was unchanged, with fT4 2.9 ng/dL, T3 282 ng/dL. The pred-
nisone and methimazole were continued. Two weeks later, the patient developed severe
shortness of breath and was hospitalized with a diagnosis of congestive heart failure.
Three days after admission, he developed a fever to 103ºF with shaking chills. A chest
X-ray showed a hazy infiltrate in the right lower lung field. Blood cultures were drawn,
and subsequently grew Strep. pneumoniae. Broad spectrum antibiotics were started. A
complete blood count (CBC), which had been normal on admission, revealed a white
blood count (WBC) of 3000/mm3 with 10% granulocytes. The methimazole was discon-
tinued, but the WBC and granulocyte count continued to fall. Two days later, the WBC
was 100/mm3 with 0% granulocytes. A bone marrow examination revealed severe deple-
tion of myelocytic precursors. A hematologist recommended therapy with recombinant
G-CSF, which was started at a dose of 300 mcg/d. Two days later, the patient became
unresponsive and had a respiratory arrest. He was intubated and transferred to the ICU.
An MRI of the brain revealed an intracerebellar hemorrhage. Over the course of the next
week, the granulocyte count rose gradually, and the patient defervesced. On prednisone
therapy, his thyroid function became normal. However, he remained comatose and respi-
rator-dependent for the next 2 wk. Life support was withdrawn at the urging of his family,
and he died shortly thereafter.

Discussion

AMIODARONE-INDUCED THYROTOXICOSIS

The antiarrhythmic drug amiodarone is 37% iodine by weight: therefore, a daily 400-
mg amiodarone dose would yield over 100 mg of inorganic iodine after deiodination. In
addition to the potential effects of this large iodine load on thyroid function, the intact
drug is a potent inhibitor of peripheral T4 to T3 conversion. Therefore, even in euthyroid
subjects taking the drug, serum T4 and free T4 levels may be high-normal or even ele-
vated and serum T3 levels are usually low-normal. The serum TSH may be slightly ele-
vated early on in the treatment course (1), but should be normal after 6 mo of treatment (1).

The prevalence of amiodarone-induced thyrotoxicosis (AIT) in the United States is in
the range of 2–4% of patients who take the drug (2,3). The prevalence is much higher in
areas of the world that are marginally iodine-deficient (4). Most experts recognize two dis-
tinct forms of AIT, termed Type 1 and Type 2. Type 1 AIT is really a form of iodine-induced
hyperthyroidism (also termed Jod–Basedow), which classically occurs in patients with
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an underlying multinodular goiter or subclinical Graves’ disease. Type 2 AIT develops
in individuals with normal thyroid glands, and is thought to represent a thyroiditis owing
to a direct, toxic effect of the drug on thyroid follicular epithelial cells (5).

Distinguishing between the two forms of AIT is crucial, as treatment is very different.
Unfortunately, it may be difficult to tell the two forms of AIT apart, but some clinical and
biochemical clues may be of help (6). For unclear reasons, Type 1 AIT usually develops
after a patient has been on the drug for over 2 years, while Type 2 disease develops after
an average of 1–2 yr of treatment (7). Patients with Type 1 disease usually have a palpably
abnormal multinodular thyroid gland, and patients with Type 2 disease have no palpable
thyroid abnormalities. Although a thyroiditis exists histopathologically in Type 2 AIT
(8), it is usually painless, but rare cases can mimic subacute thyroiditis with thyroidal
pain. The literature suggests that Type 1 AIT patients have normal or high 24 h radioio-
dine uptake (RAIU) values in the face of high circulating iodine levels, whereas Type 2
patients invariably will have low values (9). However, in the experience of many Ameri-
can thyroidologists, the RAIU is low (<2%) in both types. Serum IL-6 levels have been
advocated to discriminate between the two types, because this inflammatory cytokine
would be expected to be elevated in Type 2 AIT but not in Type 1 AIT (10). However,
in the author’s experience and that of others (11), the IL-6 may be normal in unequivocal
cases of Type 2 AIT. Doppler flow ultrasound is another potentially valuable test, which
reveals increased flow in Type 1 AIT, but normal or decreased flow in Type 2 due to the
thyroidal inflammation (12).

In the case presented above, the patient had been on the drug for about 2 yr, which does
not really help in the differential diagnosis of AIT. His presenting complaints of weight
loss and weakness are typical of elderly thyrotoxic patients; patients on amiodarone do
not usually have palpitations or tachycardia because the drug has β-blocking effects. The
fact that the thyroid gland was not palpable strongly suggested the diagnosis of Type 2
AIT. The thyroid function tests were typical of hyperthyroid patients taking amiodarone,
with T4 predominance or “T4 toxicosis” owing to the inhibitory effects of amiodarone
on 5'deiodinase (13). Prior studies have suggested that thyroid function tests are similar
in the two forms of the disease (6), and it should be stressed that some patients with AIT
may even have normal serum T3 levels (14). The patient’s IL-6 levels were normal, but
as noted earlier, this does not rule out Type 2 AIT. The patient did not have a Doppler
study of the thyroid.

Clinically, the patient was thought to have Type 2 AIT, and for that reason he was
started on prednisone therapy. It would have been preferable to have stopped the amio-
darone, but there have been cases reported in whom the thyroiditis resolved even though
the amiodarone was continued (15). Usually, there is a rapid and very gratifying response
to prednisone in Type 2 AIT (9). In the present case, when there was no such response,
methimazole was added because the possibility of Type 1 disease could not be ruled out.
Some authors have recommended a combination of glucocorticoids and antithyroid
drugs in cases in which the diagnosis is uncertain (16). Perchlorate may also be effective
in Type 1 AIT as an inhibitor of thyroidal iodine uptake, and lithium has been reported
to be a useful adjunct in patients that appear to have either Type 1 or Type 2 AIT (17). In
some patients in whom there is a poor response to pharmacologic therapy, and whose car-
diac status is tenuous because of unremitting thyrotoxicosis, surgery is the only other option
(18). In the patient under discussion, his thyroid function tests remained elevated on
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prednisone and methimazole for unclear reasons, and surgery might have been a consid-
eration had he not developed the severe problems that ultimately proved fatal.

ANTITHYROID DRUG-INDUCED AGRANULOCYTOSIS

As events unfolded, the patient developed a granulocytosis, one of the most feared
complications of antithyroid drug therapy. Studies have shown a dose-related increase
in the frequency of methimazole related complications (19), and the elderly may be more
susceptible (19). Agranulocytosis may develop slowly (20), making routine monitoring of
the WBC reasonable, but in most cases, like this one, the problem develops precipitously.

In a review of 13 cases of antithyroid drug-induced agranulocytosis from a single insti-
tution, it was found that the most common infections were acute pharyngitis, acute ton-
sillitis, and pneumonia (21). In 168 cases of drug-induced agranulocytosis, the overall
mortality rate was 16%; older age, marrow hypoplasia, and shock were significant risk
factors for mortality in univariate analysis, but in multivariate analysis, only preexisting
renal dysfunction and bacteremia were significant predictors of death (22). In the present
case, sepsis may have been exacerbated by the concomitant administration of prednisone
for presumed Type 2 AIT.

Although G-CSF has been used widely in the treatment of drug-induced agranulocy-
tosis, and has been thought to decrease recovery time and mortality (23), a recent random-
ized trial of G-CSF in antithyroid drug-induced agranulocytosis showed no apparent
benefit (24). However, there may be of benefit in a subset of patients with less severe
degrees of myelocytic hypoplasia. There is no apparent benefit of glucocorticoid therapy
in patients with antithyroid drug-related agranulocytosis (25).

This patient had a cascade of drug-related side effects that ultimately led to his death.
Unfortunately, the elderly are the most likely to receive amiodarone because of under-
lying cardiovascular disease, and when thyrotoxicosis develops, are more vulnerable to
severe cardiac consequences. The elderly are also at higher risk for the development of
complications of glucocorticoids and antithyroid drug-induced agranulocytosis as noted
above. His death was clearly related to his development of agranulocytosis, even though
the proximal cause was a cerebrovascular event.
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CASE #####3: A TEENAGER WITH SEVERE
HYPERTHYROIDISM DUE TO GRAVES’ DISEASE

Case Description

A 14-yr-old girl developed typical symptoms of Graves’ disease, including heat intol-
erance, weight loss, insomnia, and declining school performance. When seen by her
pediatrician, she was noted to be tachycardic, with a stare, mild proptosis, and a large
goiter. Thyroid function tests were consistent with thyrotoxicosis, and she was started on
methimazole 10 mg tid and atenolol 50 mg/d. After 2 wk of therapy, she developed a dif-
fuse pruritic rash, and was switched to PTU 100 tid. Over the next 6 mo, her thyroid function
tests improved, but did not normalize, and she was referred to a pediatric endocrinologist
for further evaluation. He determined that she was taking her medication faithfully, and
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increased the PTU dose to 200 mg tid. On this dose, the free T4 became normal, but the
serum T3 remained elevated, and she was referred for consideration of radioiodine therapy.

At the time she was seen, at age 15, she continued to have heat intolerance, occasional
palpitations, and nervousness. She had been amenorrheic for 6 mo. Her schoolwork had
deteriorated to the point that she was required to enroll in summer school in order to be
promoted into the tenth grade. She had no ophthalmologic complaints. Her family history
was significant for a mother and maternal aunt who had had Graves’ disease, and who
had both been treated with radioiodine. Her past history was unremarkable except for a
recent shoulder injury that had required placement of pins in the scapula.

On physical examination, pulse was 100/bpm, BP 130/60 mmHg, weight 176 lbs, height
65 inches. There was mild periorbital edema and mild bilateral proptosis with Hertel
measurements of 21 mm OU. Extraocular movements were full. The thyroid was three-
fold enlarged (60 g), and was firm, symmetrical, and smooth. No bruit was heard. There
was a large pyramidal lobe present. The lungs were clear and the cardiac exam was nor-
mal except for a hyperdynamic precordium. The abdomen was benign. A fine tremor was
present, and the skin was warm and moist. The reflexes were brisk. There was no evi-
dence of dermopathy.

Thyroid function tests that had been done the week before were as follows: fT4 0.3 ng/
dL, T3 650 ng/dL, TSH <0.02 mU/L. A pregnancy test was negative.

A lengthy discussion was held with the patient and her mother. Surgery was suggested
as a reasonable option, but neither the patient nor her mother was so inclined, and they
elected to proceed directly to radioiodine therapy. PTU was discontinued for 3 d, and a
24-h radioiodine uptake was 65%. She received 15 mCi 131I, PTU was not restarted, and
atenolol 50 mg once or twice a day was continued. After 3 mo, she was feeling generally
well with β blockade, but she was still hyperthyroid, with the following thyroid function
tests: fT4 3.5 ng/dL, T3 445 ng/dL, TSH <0.02 mU/L.

At this time, her orthopedic surgeon told the patient that the pins in her shoulder needed
to be removed, a procedure requiring general anesthesia. Because of her abnormal thy-
roid status, surgery was delayed. PTU was restarted to prepare her for shoulder surgery.
Two weeks later, the patient developed malaise, right upper quadrant pain, and dark urine.
She was seen by her pediatrician, who noted her to be jaundiced and to have an enlarged
tender liver. Liver function tests revealed a serum bilirubin of 12 mg/dL and transaminase
levels that were 20-fold above normal. Serum ammonia levels and clotting times were
normal, and serologic tests for hepatitis A, B, and C were negative. PTU was discontinued
and liver function tests gradually normalized over the course of the next 3 wk.

The patient was started on SSKI 2 drops three times a day and atenolol 50 mg bid. Her
serum levels of fT4 and T3 declined to 2.3 ng/dL and 225 ng/dL, respectively, and she
underwent shoulder surgery uneventfully. The SSKI was continued, but after 6 wk, thy-
roid function returned to baseline elevations and the medication was stopped. Two months
later, she was still hyperthyroid, with fT4 2.4 ng/dL and T3 550 ng/dL. The thyroid was still
two–threefold enlarged and firm. There was continuing mild ophthalmopathy, which had
not progressed, and she was treated with a second 20 mCi dose of radioiodine without
glucocorticoid coverage. Six weeks later, fT4 was 0.6 ng/dL and T3 was 115 ng/dL, but
after an additional 6 wk, fT4 rose to 2.1 ng/dL, and T3 was 350 ng/dL. She remained per-
sistently hyperthyroid for the next 6 mo. A third dose of radioiodine (20 mCi) was admin-
istered, and the patient developed hypothyroidism 2 mo later. When last seen, she was
doing well in school and had normal thyroid function taking thyroxine 0.125 mg daily.
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Discussion
This case illustrates a number of issues surrounding the management of Graves’

disease, especially in adolescents and young adults. Although many have typical symp-
toms and signs, a decline in school performance may be one of the most remarkable and
disturbing manifestations. Other behavioral problems, such as anger, emotional lability,
and antisocial activity may be attributed to “normal teenage behavior.”

In a survey of members of the American Thyroid Association, radioiodine was the
preferred method of therapy by a wide margin for Graves’ disease in middle-aged or older
persons, but antithyroid drugs were favored as initial therapy in young adults (1). Unfor-
tunately, antithyroid drug therapy often needs to be abandoned for a variety of reasons,
including poor compliance and toxicity in patients in this age group (2). Methimazole is
an ideal drug in children and adolescents because of once-a-day dosing, thereby improv-
ing compliance (3). Owing to her drug reaction (a rash), PTU was prescribed instead, to
which she responded poorly. It is likely that she was taking the medication faithfully,
because her fT4 level was subnormal, in the face of a remarkable elevation in serum T3.
Such discordance between the serum T4 (or fT4) concentration and the serum T3 have
been noted by others (4), and stresses the need for monitoring serum T3 levels when fol-
lowing patients while they are on antithyroid medications.

Radioiodine is becoming increasingly acceptable as a form of therapy for Graves’
disease in children and adolescents (5). About 20% of individuals with Graves’ disease
fail to respond to a first dose of radioiodine (6). Patients with very large glands are most
likely to fail, and there is some evidence that high circulating titers of thyroid stimulating
immunoglobulins also predict a worse outcome (7). There is also accumulating evidence
that PTU exposure prior to radioiodine treatment may increase the failure rate, by con-
ferring a radioprotective effect upon the thyroid; interestingly, this phenomenon does
not seem to occur in patients receiving methimazole therapy (8). The reasons for this
difference are unknown, since the two drugs are thought to have similar mechanisms of
action.

There has been much controversy about the relationship between the method of treat-
ment of Graves’ disease and possible worsening of preexisting ophthalmopathy. Several
prospective controlled trials (9,10) have rather convincingly shown that radioiodine
therapy may worsen Graves’ eye disease, especially if there is moderate to severe eye dis-
ease before therapy. Other factors that seem to be important in predicting whether wors-
ening of eye problems will occur postradioiodine therapy include high serum T3 levels
(7), smoking (11), and perhaps the development of unrecognized and untreated hypothy-
roidism following the radioiodine (12). Previous studies have also demonstrated that
glucocorticoid therapy (e.g., prednisone 40–60 mg/d with tapering over 2–3 mo) started
at the time of radioiodine administration will prevent any potential worsening in virtually
all cases (8,13). In this case, only mild eye problems were present, and it was felt that the
potential complications of glucocorticoid therapy outweighed any possible benefits.
Fortunately, there was no apparent effect of radioiodine therapy on her eye disease.

The need for surgery that would necessitate general anesthesia became an issue in this
patient who remained thyrotoxic after radioiodine therapy. Surgery and a variety of other
stresses (infection, childbirth, trauma), are known to be precipitants of thyroid storm,
although the risks are probably very low. Although several studies have shown that the
outcomes after surgery in hypothyroid patients who are operated upon are no different
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from age and operation-matched controls, published data do not exist for hyperthyroid-
ism. Therefore, it makes sense to attempt to normalize thyroid function, especially for
an elective procedure.

Unfortunately, the patient developed a rare, but potentially fatal hepatotoxic reaction
to PTU, even though she had previously taken it without toxicity. This illustrates the
important point that major antithyroid drug reactions can occur on restarting therapy after
a prior benign exposure to the drug. There are numerous case reports of PTU-induced
hepatitis in the literature, summarized in a recent review (14). The frequency is unknown,
and although rare, patients should always be reminded about this rare side effect.

The use of SSKI to try to restore normal thyroid function prior to her shoulder surgery
was based on studies showing that iodine has blocks hormone secretion, and has transient
effects on hormone synthesis (15). In patients previously treated with radioiodine, the
inhibition of hormone synthesis is more dramatic and long lasting (16), and patients can
quickly become hypothyroid if not monitored carefully. In the present case, however, the
effects were only partial and relatively short-lived. Had she not had the hepatotoxic
reaction to PTU, the iodinated oral cholecystographic agents sodium ipodate (Oragraffin)
or sodium iopanoate (Telepaque) might have been tried in this circumstance. Both are
potent inhibitors of T4 to T3 conversion and also serve as a source of iodine (17). There
are no controlled trials that demonstrate the efficacy of these agents in this context, but
many thyroid experts routinely use them in patients who require rapid restoration of
normal thyroid function. Recently, it was announced that Oragraffin was being with-
drawn from the market.

After her second dose of radioiodine, the patient developed transient hypothyroidism.
This occurs in up to 90% of patients 2–4 mo after therapy (18). The fact that the thyroid
is still palpable or enlarged is a useful clinical clue that the hypothyroidism is likely to
be transient (19). After her third radioiodine dose, the patient finally became hypothy-
roid. One wonders with the benefit of hindsight whether she would have been better off
if she had had surgery at the very beginning of her illness, 2 yr previously. Although sur-
gery is not a favored treatment in this country, it is more routine in other parts of the world,
especially in children. In a recently reported prospective trial from Sweden, in which
patients with Graves’ disease were randomized to receive antithyroid drugs, radioiodine,
or surgery, patient satisfaction with their treatment, and patient fears of possible compli-
cations of treatment were not different for the three treatment arms (20).
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CASE #####4: THYROID STORM

Case Description
A 25-yr-old woman presented to her physician two yr previously with weight loss,

palpitations, and tremulousness. She was diagnosed with hyperthyroidism due to Graves’
disease and started on therapy with an antithyroid drug. Because of a variety of circum-
stances, including an inability to afford the medication, she became increasingly symp-
tomatic. Over the next two yr, she lost approximately 40–50 lbs, and developed significant
proximal muscle weakness. When referred to the Endocrine Clinic, she was severely
debilitated. The patient had no other medical problems. There was a positive family his-
tory of thyroid disease; her mother had had “an overactive thyroid” treated surgically
many years earlier. She smoked two packs of cigarettes daily and was unemployed.

On physical exam, pulse was 130/bpm, BP 150/60 mmHg, weight 110 lbs, height 67
inches. The patient was emaciated and had severe temporal muscle wasting. There was
a stare, lid lag, and mild bilateral proptosis. Extraocular movements were full. The thy-
roid gland was twofold enlarged, firm, smooth, and symmetrical, with a palpable pyramidal
lobe. There was no bruit or thrill over the gland. The lungs were clear and the precordium
was hyperdynamic with a Grade 2/6 systolic ejection murmur at the left sternal border.
The abdomen was scaphoid, but otherwise unremarkable. There was a fine tremor, the
skin was warm and moist, and reflexes were brisk.
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Thyroid function tests were as follows: fT4 5.1 ng/dL, T3 650 ng/dL, TSH <0.02 mU/L.
Various options for therapy were discussed with the patient. Radioiodine was recom-
mended, but the patient had a strong desire to have surgery. Accordingly, she was started
on methimazole 40 mg/d and atenolol 50 mg bid in preparation for thyroidectomy. Four
weeks later, she had gained 15 lbs, and was symptomatically much improved. Her thyroid
function tests were as follows: fT4 2.5 ng/dL, T3 250 ng/dL. Methimazole was contin-
ued and the patient returned for follow up 4 wk later. She was now asymptomatic. The
thyroid was still twofold enlarged, but there were no other manifestations of thyrotoxico-
sis. Thyroid function tests were repeated and were as follows: fT4 1.8 ng/dL T3 195 ng/dL.
The patient was informed that she was now ready for surgery; surgical consultation was
arranged, and surgery was scheduled two weeks hence. Six days before surgery, the sur-
geon’s office contacted the patient by phone and instructed her not to take aspirin before
surgery. She misconstrued the message, and discontinued both the methimazole and ate-
nolol, as well as the SSKI that had been prescribed by the surgeon 5 d earlier to decrease
vascularity of the gland. The morning of surgery she arrived in the preoperative area with
tremor and palpitations. On physical examination, pulse 110 bpm, and the skin was warm
and moist. The patient was cleared for surgery and underwent bilateral near total thyroid-
ectomy without incident.

While in the recovery room, she became more tachycardic and was treated with 5 mg
of intravenous propranolol, which reduced the heart rate from 140 bpm to 95 bpm. Her
blood pressure and temperature were normal, and she was transferred to the surgical
floor. Several hours later, her pulse was noted to be 120 bpm, her temperature increased
to 100ºF, and she became agitated and anxious. She remained oriented to person, place,
and time. She was treated with another intravenous dose of propranolol and started on
atenolol 150 mg orally every 12 h. Thyroid function tests that had been drawn that morn-
ing prior to surgery returned showing the following: fT4 3.0 ng/dL, T3 350 ng/dL. Six
hours later she had a pulse of 90 bpm, a normal temperature, and she was less hyper-
kinetic. Atenolol was continued and she continued to improve over the next 12 h. She was
discharged from the hospital on the second postoperative day on atenolol 50 mg/d for
2 d, and she was started on thyroxine 10 d later when she became biochemically hypothy-
roid (fT4 0.4 T3 50 ng/dL TSH <0.02).

Discussion
This patient illustrates several important points. Patients frequently ask what would

“happen” to them if their hyperthyroidism were left untreated. In addition to the risk of
atrial arrhythmias (21) and osteoporosis (22), a clinical outcome similar to what was seen
in this patient on presentation is seen all too frequently. Graves’ disease usually does not
spontaneously remit, although there are certainly patients who have what appear to be
spontaneous remissions.

The indications for surgery in Graves’ disease include:

1. The presence of a large goiter;
2. Allergy to or noncomplicance with antithyroid drugs in children in whom radioiodine may

not be considered to be appropriate;
3. The presence of a malignant or suspicious nodule within the gland;
4. Patient preference, usually based on an emotional reaction to the idea of radioiodine. Such

was the case in this patient, based on her mother’s having had uneventful surgery.
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Preparation for surgery traditionally means rendering the patient euthyroid with anti-
thyroid drugs. Because this may take as long as 12 wk to accomplish, some experts have
recommended more rapid preparation with β blocking agents with or without potassium
iodide for 2–3 wk. Generally speaking, these latter preparative methods have permitted
safe surgery, although there is a higher frequency of postoperative fever and tachycardia
in patients prepared in this manner (23). In patients requiring more rapid preparation,
another strategy uses a combination of glucocorticoids, β-blockers, and sodium ipodate,
permitting surgery to be done safely in 5 d (24).

In addition to measures designed to normalize thyroid function, some surgeons prefer
to add SSKI 10 d prior to surgery to decrease blood flow to the gland. Although there is
evidence that iodine does decrease thyroid vascularity, one study showed that blood loss
during surgery was similar in patients who were and were not prepared with iodine (25). The
major long-term complications of surgery are recurrent laryngeal nerve damage and hypo-
parathyroidism, and these are less frequent in experienced hands (26). Recurrent hyper-
thyroidism develops in 5–15% of patients, often many years after the initial surgery (27).

Thyroid storm is a decompensated state of severe thyrotoxicosis, and the syndrome
generally includes fever, tachycardia or tachyarrhythmia, and altered mental status as
primary manifestations. Burch and Wartofsky have attempted to formulate a set of
diagnostic criteria for thyroid storm using a scoring system (28), but this idea has not
gained wide acceptance. Most studies have not found differences in thyroid function tests
between hyperthyroid patients with and without thyroid storm, although a higher level
of free T4 has been noted by some authors (29). In the patient under discussion, thyroid
function rapidly deteriorated when methimazole was discontinued, which is not unex-
pected. In a recent study, serum free T4 and T3 rose by 39% and 70%, respectively, within
days of stopping methimazole therapy (30). The simultaneous discontinuation of atenolol
probably made the patient even more vulnerable to a decompensated state (perhaps
thyroid “squall” rather than “thyroid storm” would best describe this case).

The polypharmaceutical treatment of thyroid storm is designed to block thyroid hor-
mone synthesis (antithyroid drugs), thyroid hormone release (iodine), T4 to T3 conver-
sion (propranolol, steroids, oral cholecystographic agents), and thyroid hormone action
at the tissue level (β-blocking drugs). In the present case, the patient was status post-
thyroidectomy, so antithyroid agents and iodine would have no therapeutic role. Therapy
with an oral cholecystographic agent was considered in this patient to block T4 to T3 con-
version (31), but it was felt that her problem would quickly resolve owing to endogenous
clearance of thyroid hormone. Therefore, β blockade was the only specific therapy used,
and the patient recovered uneventfully, if somewhat memorably, from the surgery.
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CASE #1: RECURRENT PAINFUL HASHIMOTO’S THYROIDITIS

Case Description
Case 1 presented to us in 1982, at age 67, after taking levothyroxine (T4) for 10 yr. Her

thyroid was nontender, quite firm, and diffusely enlarged, with an estimated size of 50 g.
Her antithyroid microsomal antibody titer was 1:1 600,000 and her antithyroglobulin
antibody level was 50 radioimmunoassay (RIA) units*. On a T4 dose of 150 µg daily, her
serum thyrotropin [thyroid stimulating hormone (TSH)] level was 3.5 mU/L (normal
0.5–5.2). The presumed diagnosis was chronic lymphocytic (Hashimoto’s) thyroiditis.
T4 was continued. In 1987, because her thyroid size had not decreased, she had a fine-
needle aspiration biopsy (FNAB), that produced only a few groups of oxyphilic follicular
cells (Hürthle cells), consistent with Hashimoto’s thyroiditis, but insufficient for a definite
diagnosis. Her goiter was stable until May 1995, when she reported 2 wk of severe anterior
neck pain that radiated to her ears and jaw. Thyroid size was still about 50 g, the erythro-
cyte sedimentation rate (ESR) was 76 mm/h (normal up to 18) and the white blood cell
count (WBC) was normal. Another FNAB produced adequate numbers of cohesive groups
of benign follicular cells, many of which were Hürthle cells, mixed with a polymorphous

*The reference ranges for laboratory tests cited in these cases reports are as follows (unless
stated otherwise in the text for individual values): free thyroxine (free T4) 0.6–2.2 ng/dL, free
thyroxine index (FTI) 1.4–4.0 index units, total serum triiodo-thyronine (T3) 80–220 ng/dL,
thyrotropin (TSH) 0.5–5.2 mU/L, antithyroglobulin antibody up to eight RIA units, antithyroid
microsomal antibody titer up to 1:100, 24 h thyroidal radioiodine uptake 10–35%, erythrocyte
sedimentation rate (ESR) up to18 mm/h. Thyroid size was estimated by palpation and the upper
limit of normal size was considered to be 20 g.
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lymphocytic population, and occasional connective tissue fragments. This was typical
for the fibrous variant of Hashimoto’s thyroiditis, and with no evidence of subacute thy-
roiditis or lymphoma.

Her subsequent course is summarized in Table 1. The neck pain subsided and thyroid
size decreased spontaneously, but mild pain recurred intermittently over the next 4 mo.
Neurologic and dental evaluations were unremarkable. Computed tomography (CT) of
the neck showed only a diffuse goiter. Between December 1996 and January 1999, she
had five episodes of anterior neck pain and thyroid enlargement, each lasting several
weeks. Because she had diabetes and a history of gastritis, corticosteroids were avoided,
and she was treated with acetaminophen and T4. In April 1999, she had yet another
painful episode and her thyroid size was now about 60 g. T4 was discontinued to deter-
mine if she had enough intrinsic thyroid function to allow treatment with radioiodine, but
6 wk later, when her free T4 was <0.2 ng/dL and her TSH was >45 mU/L, her 24-h thy-
roidal radioiodine uptake was only 1.7%. Thus, radioiodine therapy was not feasible, but
her neck pain cleared in the interim. Oral T4 was resumed.

On August 3, 1999, severe neck pain recurred, now radiating to the shoulders and chest
as well as the jaw and ears. The neck pain responded in 24 h to oral methylprednisolone,
which was tapered and discontinued over 6 d. Another FNAB produced a mixed cellular
harvest of benign follicular cells, Hürthle cells, background lymphocytes, and. irregu-
larly circumscribed bands of sclerotic stroma (see Fig. 1). The diagnosis again was fibrous
variant of Hashimoto’s thyroiditis without evidence for granulomatous thyroiditis. Two
weeks later, when another episode of severe pain occurred, she was treated with pred-
nisone, 20 mg tid for 5 d, which was then tapered and discontinued over nine additional
days. Again, the pain cleared within 2 d, but she had marked hyperglycemia. Definitive
therapy was necessary, but the patient, now age 84, did not want surgery. She therefore
received 1000 cGy of external beam radiation therapy in four fractions, in October 1999.
In December 1999, her thyroid was nontender and about 30 g in size. Only minor painful
episodes subsequently occurred through September 2000, when her thyroid gland was
about 25 g. She was very gratified with the results of the radiation therapy.

Table 1
Sequence of Painful Episodes for Case 1

Intensity Duration Thyroid
Date of pain  of pain size Treatment

May 95 severe 3–4 wk 50 g acetaminophen + T4
June–Sep. 95 mild, intermittent 35 g T4
Sep. 96 no pain 35 g
Dec. 96 moderate 2–3 wk 50 g acetaminophen + T4
Apr. 97 no pain 35 g T4
Nov. 97 severe 3–4 wk 50 g acetaminophen + T4
1998–Jan. 99 3 more moderately painful episodes T4, acetaminophen as needed
Apr. 99 severe 3–4 wk 60 g acetaminophen
early Aug. 99 severe 1 week 50 g corticosteroids + T4
mid Aug. 99 severe 1 week 50 g corticosteroids + T4
Sep. 99 no pain 50 g external radiation + T4
Feb. 00 no pain 30 g T4
Sep. 00 no pain 25 g T4
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Discussion
Classically, Hashimoto’s thyroiditis causes a firm, diffuse, painless goiter. The clini-

cal spectrum includes euthyroid goiter, subclinical hypothyroidism, overt hypothyroid-
ism, and severe myxedema. The size of the goiter may range from near normal to very
large, with little correlation between thyroid size and function. Histopathologically there
are varying degrees of lymphocytic infiltration, mainly by T cells, as well as the presence
of lymphoid follicular centers, predominantly B cells (1). This process can be focal, lead-
ing to mild palpable nodularity. In some severe cases, the thyroid may be normal sized
or enlarged, but with the normal thyroid tissue replaced by small follicles, scant colloid,
and extensive infiltrates of lymphocytes, plasma cells, macrophages, and  scattered giant
cells (2). In other severe cases, sometimes termed chronic atrophic thyroiditis, the thyroid
is small and markedly hypofunctional, containing predominantly connective tissue, with
only scattered thyroid follicular cells, small groups of lymphocytes, and plasma cells (2).

The etiology of Hashimoto’s thyroiditis is autoimmune. Beside the lymphocytic infil-
tration of the thyroid, autoantibodies to thyroglobulin or thyroid peroxidase are usually
present in the serum. Antibodies to the sodium/iodide symporter and blocking TSH-recep-
tor antibodies are occasionally present, also. The incidence of Hashimoto’s thyroiditis has
been reported to be 0.3–1.5 cases per 1000 persons per year (3), and it is much more com-
mon in females than males. The onset is most common in the 30–50 age group, but occurs
at all ages including childhood. It is often familial. Hashimoto’s thyroiditis is associated
with other autoimmune endocrine and rheumatologic syndromes. In the polyglandular
syndrome type 2, Hashimoto’s thyroiditis coexisits with insulin-dependent diabetes mel-
litus, Addison’s disease, premature ovarian failure, and pituitary failure. Myasthenia gravis,
celiac disease, pernicious anemia, alopecia areata, and serositis can also occur. The associ-
ated rheumatologic disorders include rheumatoid arthritis, systemic lupus erythematosus,
Sjögren’s syndrome, systemic sclerosis, and temporal arteritis. Chronic active hepatitis,

Fig. 1. There are cohesive groups of benign thyroidal follicular cells: occasional groups of Hürthle
cells and scattered background lymphocytes. In addition to the mixed cellular harvest, there are
irregularly circumscribed bands of sclerotic stroma.
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biliary cirrhosis, and celiac disease are also statistically associated with Hashimoto’s
thyroiditis.

It was long thought that once patients with Hashimoto’s thyroiditis became hypothy-
roid, lifelong T4 replacement was necessary. However, it is now appreciated that there
is a spectrum of autoimmune thyroid disease, with Graves’ hyperthyroidism—caused by
stimulating TSH-receptor antibodies—at one end and Hashimoto’s thyroiditis at the other
end. Over several years, some hypothyroid patients treated with T4 need smaller replace-
ment doses and may become euthyroid or, occasionally, overtly hyperthyroid. This is
discussed more fully in our last case.

Painful Hashimoto’s thyroiditis is rare. Zimmerman et al. identified eight patients
from the Mayo Clinic with Hashimoto’s thyroiditis who presented with neck pain and a
tender goiter, diffuse in seven patients, and with unilateral enlargement and tenderness
in one (4). Painful episodes lasted from 10 d to 9 mo. One patient had three episodes of
recurrent neck pain over 5 yr. All had histopathologic confirmation of Hashimoto’s
thyroiditis, with pathologic changes no different from the usual nonpainful Hashimoto’s
thyroiditis. Five had normal thyroid function. The 24-h radioiodine thyroid uptake was
low in only one of seven patients in whom it was measured. All eight were treated with
thyroid hormone. Of the five patients also treated with corticosteroids, three had pain
relief but experienced recurrence of pain after the steroid dosage was decreased. Of the
four patients treated with aspirin, one had complete relief of pain, two had no relief, and
one had pain relief after 3 mo of aspirin therapy, but 4 yr later had recurrent pain. Two
patients required surgery to relieve their thyroid tenderness. Therapeutic suggestions
were high dose aspirin along with suppressive doses of T4, and consideration of thy-
roidectomy if there is no relief of pain in 6 mo.

Shigemasa et al. reported eight patients with chronic thyroiditis who presented with
painful tender thyroid glands (5). All had histologic verification of Hashimoto’s thyroidi-
tis by cutting needle biopsy. There were varying degrees of lymphocytic infiltration and
fibrosis. Seven patients had radioiodine uptakes; in six, the uptake was low associated
with transient thyrotoxicosis. The duration of pain in all cases was less than 1 mo, but one
patient had a previous similar episode. Although the initial presentation resembled sub-
acute thyroiditis (SAT), six patients developed sustained hypothyroidism and needle
biopsy showed no changes of granulomatous thyroiditis.

Our patient differed from other reported cases of painful Hashimoto’s thyroiditis (4,5)
in that she did not develop pain until 13 yr after the onset of Hashimoto’s thyroiditis. The
cause of the pain in painful Hashimoto’s thyroiditis is not known. One possibility is stretch-
ing of the thyroid capsule. Another possibility is release of cytokines or activation of cyto-
toxic immune cells, causing acute destruction of thyroid parenchyma. These mechanisms
are presumably involved in other painful thyroid conditions, the most common of which
are hemorrhage into a thyroid nodule and subacute thyroiditis. In our patient, the size of
the thyroid gland did vary, and stretching of the thyroid capsule is plausible, but unprov-
able. Some of the other conditions associated with pain originating in the thyroid gland
or the surrounding structures are listed in Table 2 and discussed later.

For the rare patient with painful Hashimoto’s thyroiditis unresponsive to antiinflamma-
tory analgesics, thyroidectomy is definitive. External irradiation has occasionally been
used for cases of severely painful granulomatous subacute thyroiditis (6). It is effective
in many cases, but there is concern about the potential neoplastic effects of low-level
radiation to the thyroid gland. We are not aware of other cases of painful Hashimoto’s
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thyroiditis treated with radiation therapy. Based on this patient, external radiation would
seem to be a useful alternative for patients who have increased surgical risks or are unwill-
ing to have surgery.
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CASE #2: LOCALIZED THYROID PAIN

Case Description
Case 2 is a 19-yr-old man who presented to us with 10 d of marked anterior neck pain

and swelling. Two days earlier, he had been started on 60 mg of prednisone daily, which
had improved the pain and reduced the neck swelling. Examination showed a 4-cm firm,
tender mass in the lower right thyroid lobe and isthmus, which was hypofunctional by per-
technetate scintiscanning (see Fig. 2). Free T4 and TSH levels were normal, the eryth-
rocyte sedimentation rate (ESR) was elevated at 32 mm/h, and the leukocyte count was
elevated at 14,800 with 84% neutrophils. FNAB with 22- and 25-gauge needles was quite

Table 2
Causes of Pain Originating in or Near the Thyroid Gland

Condition Frequency of pain

Thyroid diseases
hemorrhage into, or infarction of, a thyroid nodule common
subacute (deQuervain’s) thyroiditis very common
thyroid cancer occasional
lymphoma originating in the thyroid occasional
Graves’ disease very rare
Hashimoto’s thyroiditis rare
Amiodarone-induced thyrotoxicosis occasional
infective thyroiditis or infected thyroglossal duct cyst almost always
infiltrative diseases such as amyloidosis or sarcoidosis variable

Nonthyroid diseasess
anterior neck abcess
carotodynia
neck muscle tension or spasm
sialitis or salivary duct obstruction
tracheitis or tracheal hypersensitivity
lymphadenopathy
pneumocystis carinii infection
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painful and produced only a scanty, nondiagnostic cellular sample. A tentative diagnosis
of localized SAT was made. The patient was instructed to taper his prednisone over a
week. After stopping it, he was virtually pain free and had resumed normal activities. One
month later, the patient still felt well and thyroid function remained normal. The mass
was 3 cm, and was hard but not at all tender. A repeat FNAB was diagnostic of Hodgkin’s
disease (see Fig. 3). CT images showed a 7 × 5-cm superior mediastinal mass, which
probably extended up into the right thyroid lobe, but the possibility of a separate thyroid
mass could not be excluded.

Discussion
This man’s initial findings strongly suggested classic, painful subacute, or deQuervain’s

thyroiditis (SAT). SAT is generally felt to have a viral etiology. Patients with SAT experi-
ence neck pain and thyroid tenderness. The pain may involve the whole gland, one lobe,
or part of one lobe. If the pain is initially unilateral, it will usually spread to the other lobe
in days to weeks. There are often some prodromal symptoms of muscle aching and fatigue,
and there may be a preceding upper respiratory infection. On examination, the thyroid is
typically extremely tender and mildly to moderately enlarged. Usually the enlargement
is diffuse, but it may be unilateral or nodular and is firm to hard in consistency. Cortico-
steroids are very effective in relieving symptoms of SAT, often within 24 h. Microscopi-

Fig. 2. Technetium-99m pertechnetate scan showing the large hypofunctional mass that seems to
arise from the lower right thyroid lobe and isthmus. There is a faint suggestion of a rim of activity
surrounding the mass. The projections are anterior, right anterior oblique (RAO) and left anterior
oblique (LAO).
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cally there are varying degrees follicular cell destruction, extravasation of colloid, and
infiltration of lymphocytes and histiocytes, which congregate around colloid and coa-
lesce into giant cells. In later stages, there is variable fibrosis and areas of follicular
regeneration so that after recovery the thyroid appears normal except for minimal resid-
ual fibrosis (1).

The intense inflammation of SAT can cause discharge of preformed thyroid hormone
into the circulation, resulting in high serum T4 and T3 levels and low TSH levels. The
damage to the follicular cells impairs iodine transport, causing low radioiodine and per-
technetate uptakes. Thyroid scintiscans generally show very patchy or no tracer uptake,
although in localized disease there can be visualization of uninvolved areas if the serum
TSH is not too low. There can be a changing pattern on scintiscan as the inflammation
progresses from one lobe to the other and as recovery occurs in the two lobes at different
time intervals (2). If corticosteroids are employed and the pain and swelling do not
resolve within 72 h, SAT is likely not the etiology. However, as our case illustrates, and
as we have seen in other cases of lymphoma, prompt relief of thyroid pain by corticoste-
roid treatment can occur in conditions other than SAT.

Other etiologies for a painful thyroid are listed in Table 2. Acute suppurative thyroidi-
tis may be difficult to distinguish from SAT by symptoms and physical examination, but
is quite rare and readily identified when FNAB produces pus. Painful Hashimoto’s
thyroiditis can have a transient hyperthyroid phase (3), as previously discussed, and may
be indistinguishable from SAT except by needle biopsy. Painful Graves’ disease has a nor-
mal or elevated radioiodine uptake (4,5). In amyloidosis involving the thyroid, the radio-
iodine uptake is low, the ESR is high, and the response to glucocorticoids is dramatic,
but there are features of systemic amyloidosis as well (6). Pneumocystis carinii infection

Fig. 3. There is a lymphocytic cellular background including immature and mature cells. Scattered
among the lymphocytes are many multinucleated cells with large vesicular nuclei and prominent
nucleoli. There are occasional binucleated cells consistent with Reed–Sternberg cells. No thyroid
material is evident.
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can be painful and involved areas have low tracer uptake (7), but the etiology may be
suggested by the history, and the organism can be detected on FNAB specimens. Most malig-
nant neoplasms of the thyroid are painless, but a few are painful, presumably because of
rapid growth (8,9). The radioiodine uptake and thyroid scintiscan appearance will depend
upon the extent of neoplastic involvement in the gland. Hemorrhage into a thyroid nodule
also causes variable scintiscan findings, depending upon the extent of the bleeding and
the functional properties of the nodule (10). FNAB is usually diagnostic for malignancy
or hemorrhage.

Lymphoma accounts for only about 1–2% of thyroid malignancies. Most are B-cell
lymphomas of the mucosal associated lymphoid tissue (MALT) type (11). Kossev and
LiVolsi discuss the nature of these thyroid lymphomas and forthcoming changes in their
classification and nomenclature (11). About 10–15% of thyroid lymphomas are painful
(12). Primary Hodgkin’s disease of the thyroid is exceedingly rare (11,13,14), and most
cases involving the thyroid are secondary to mediastinal and/or cervical primary lesions
(13,14). This was probably true for our patient.

If the initial presentation of a painful thyroid does not have the typical clinical findings
of SAT, including a high ESR and and diffusely decreased tracer uptake on scintiscan-
ning, FNAB should be performed to establish the diagnosis. This is especially true if the
process is localized to a nodule or one lobe. If FNAB is inconclusive, more aggressive
approaches to obtaining a tissue diagnosis can be considered, according to the physician’s
index of suspicion of the other possibilities.
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CASES #3 AND 4: MALABSORPTION OF LEVOTHYROXINE

Case Descriptions
CASE 3

A 49-yr-old female with primary hypothyroidism had been euthyroid for several years,
taking 200 µg T4 daily, until March 2000, when her free T4 was normal at 1.6 ng/dL, but
her TSH level was elevated at 33 mU/L. Questioning revealed that she had started ingest-
ing two 330-mg calcium tablets with magnesium, chromium picolinate, vitamin E, and
a “high potency” multivitamin tablet simultaneously with her T4. She was instructed to
separate her daily T4 dose from her vitamin and mineral supplements by 4 h. Six weeks
later, her free T4 was high-normal at 2.2 ng/dL and her TSH was 0.06 mU/L.

CASE 4
A 45-yr-old female had a 3-yr history of hypothyroidism. For the past year she had

taken 300 µg T4 tablets 6 d a week. She was intermittently fatigued and sometimes
needed excessive sleep. She took no other medication. On examination, her height was
66 in and her weight was 198 lb. Her thyroid gland was small. Her serum free T4 was 1.7
ng/dL (normal 0.8–1.8) and her TSH was 4.0 mU/L, both normal. T4 was continued. One
year later, she returned and was now ingesting her T4 tablets simultaneously with mul-
tiple supplements including St. John’s wort, Kava-Kava, a “natural energy” tablet, vita-
min B-12, vitamin E, and a multivitamin preparation. She reported that she took her
thyroid tablets faithfully, 6 d a week as prescribed. Her tablets were inspected and they
were the same brand tablets she was taking the year before. Her serum free T4 was normal
at 1.3 ng/dL, but her TSH was elevated to 11.38 mU/L. She was instructed to take her T4
dose 4 h apart from her supplements. Nine weeks later, she had discontinued all of her
tablets but the T4. Her free T4 was now 1.4 ng/dL and her TSH was normal at 0.5 mU/L.

Discussion
Oral T4 is approximately 60–90% absorbed, primarily in the small bowel. There is

considerable intra- and intersubject variation (1). Wenzel and Kirschsieper showed about
a 15% increase in absorption when T4 was taken in the fasting state vs when it was taken
with food (2). However, we are not aware of studies of effects of concomitant food on
T4 absorption from the T4 preparations currently used in the U.S. Other conditions that
alter T4 replacement dose requirements are listed in Table 3. Patients over age 70 need
smaller average T4 replacement doses (3,4). Pregnancy can cause a 50–100% increase
in T4 dosage depending upon the amount of residual functioning thyroid tissue present
in the patient (5). Patients with a variety of intestinal disorders such as regional enteritis,
celiac disease, pancreatic diseases, and hepatic cirrhosis can have decreased absorption
of T4. Hypothyroid patients with surgical short bowel syndromes may require three times
the usual replacement T4 dose (1). The subject of a recent case report was hypothyroid
taking 500 µg of T4 daily, had no known cause for a high T4 requirements, did not respond
when the 500-µg dose was administered under controlled conditions, but responded promptly
to intravenous T4 (6).

Many pharmacologic agents can alter a patient’s response to orally ingested T4 (see
Table 3). Some clearly decrease gastrointestinal absorption, including ferrous sulfate (7),
cholestyramine (and presumably colestipol) (8), and sucralfate (9). Sertraline, when given
to hypothyroid patients stabilized on a T4 dose, can cause a TSH elevation (10), by an
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unknown mechanism. There are isolated cases of lovastatin (11), sodium polystyrene
sulfonate (12), and aluminum hydroxide (13) causing increased T4 dose requirements, pre-
sumably by decreasing absorption. Patients who consume high fiber diets may need larger
T4 replacement doses (14), but the frequently used oral fiber supplements psyllium and
polycarbophil do not appear to alter T4 absorption (15). It has been long known that soy-
based infant feeding formulas interfere with T4 absorption (16). Currently, there are many
soy-based dietary supplements on the market as sources of calcium or as remedies for
menopausal symptoms; whether any of them alter T4 absorption is unknown.

A recently discovered absorption interaction between calcium carbonate and T4 is of
considerable clinical significance because hypothyroidism is most prevalent in women
over age 50, who are now appropriately urged to make sure they have an ample calcium
intake to protect their bone mineral density. Schneyer (17) reported three thyroid cancer
patients who had suppressed TSH values on T4, then began taking calcium carbonate

Table 3
Causes of Altered T4 Dose Requirements

Decreased requirement
Aging

Increased requirement
Pregnancy
Drugs known to interfere with absorption

ferrous sulfate
cholestyramine (and probably colestipol)
sodium polystyrene sulfonate
calcium carbonate
aluminum hydroxide
sucralfate
soy-based infant feeding formulas

Drugs with unknown mechanism
sertraline
lovastatin (1 case report)

Drugs that increase T4 clearance
rifampin
carbamazepine
phenytoin
phenobarbital

Drugs that inhibit T4 to T3 conversion
amiodarone

Malabsorption
high fiber diet
intestinal diseases

celiac disease
inflammatory bowel diseases
short bowel syndromes
protein losing enteropathy

pancreatic exocrine insufficiency
hepatic cirrhosis
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simultaneously with their T4 in the morning. The TSH values rose to 7.31–13.3 mU/L,
but became suppressed again when calcium carbonate was either discontinued or taken
after lunch or dinner (17). Another single case was recently reported (18). Singh et al.
studied 20 hypothyroid patients who had normal free T4 and TSH values on T4 replace-
ment and were then given 1200 mg of elemental calcium as the carbonate, together with
the patients’ usual T4 dose, for 3 mo (19). There was a slight but statistically significant
decrease in the mean serum free T4 value from 1.3 ng/dL at baseline, to1.2 ng/dL during
the calcium ingestion, and to 1.4 ng/dL after calcium discontinuation (p < 0.001). Mean
TSH levels increased from 1.6 mU/L at baseline to 2.7 during the calcium ingestion, and
decreased to 1.4 after calcium discontinuation (p = 0.008). Four of the 20 patients had
TSH values above the normal range during the calcium period and would have required
an increased T4 dose if they had continued to ingest their T4 simultaneously with the
calcium carbonate. Case 3 exemplifies this problem, and illustrates that taking T4 and
calcium 4 h apart is a satisfactory solution.

Case 4 was not taking calcium, but started taking a variety of herbal, vitamin, and mineral
preparations. There was a dramatic change in the thyroid function studies when these
agents were ingested with T4. We have seen this problem in other patients taking various
combinations of multiple herbal supplements, but have not been able to identify the
responsible agent(s). Several of the patients have taken ginseng, ginkgo, echinacea, or
St. John’s wort, but always with other supplements. Taking all such preparations more
than 4 h apart from the T4 dose has consistently restored responsiveness to the T4 dose
that was adequate before the supplements were started.

Our current recommendation is that patients already taking herbal and mineral supple-
ments who need to start T4 treatment, or patients taking T4 who want to take such sup-
plements, take T4 and the supplements at least 4 h apart. Because the interaction between
calcium and T4 appears to be clinically significant in only about 20% of patients, it is
probably not necessary for patients already taking both calcium and T4 to change their
medication schedule.
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CASE #5: CHANGING AUTOIMMUNE THYROID DISEASE:
HYPOTHYROIDISM IS NOT ALWAYS PERMANENT

Case Description
This woman presented in February 1982, at age 34, with marked fatigue, cold intol-

erance, a 15-lb weight gain in 6 mo, and muscle cramps. Her thyroid size was about 15
g, her skin was quite dry and coarse, and the relaxation phase of her deep tendon reflexes
was prolonged. The free T4 index (FTI) was 0.6 index units (normal 1.4–4.0), the TSH was
56.6 mU/L, the antithyroglobulin antibody level was elevated at 42 RIA units, and the
antithyroid microsomal antibody titer was elevated at 1:1600. She was started on 150 µg
of T4 daily. In June, she was clinically improved with an FTI of 2.3 units, but her TSH
was still high at 23.0 mU/L. The T4 dose was increased to 200 µg daily. In October 1982,
the FTI was 3.6 U and the TSH was normal, 3.1 mU/L.

In November 1983, she reported feeling well and had lost 20 lb, but her FTI was ele-
vated at 4.8 U and her thyroid gland was now about 25 g. The T4 dosage was reduced to
200 µg 6 d a week. She did not return until August 1984, when she reported palpitations and
nervous feelings. She had lost 7 more pounds, and had a pulse of 100 bpm with a 30-g thy-
roid gland. Her FTI was up to 8.0 U. The T4 dosage was reduced to 100 µg daily, but 2 mo
later, her FTI was still high at 7.6, and she had no TSH increase after thyrotropin-releas-
ing hormone (TRH) infusion. T4 was discontinued. Two months later (December 1984)
palpitations and nervousness persisted, her heart rate was 120, thyroid size was still 30 g,
and there was bilateral proptosis. The FTI was 7.6, the total serum T3 was greatly elevated
at 531 ng/dL, and there was no increase in serum TSH after TRH infusion. The 24-h radio-
iodine uptake was elevated at 41%. Her findings were now diagnostic of Graves’ disease
with hyperthyroidism, and she was treated definitively with radioactive iodine. Three
months later, she was again hypothyroid, and has required T4 replacement therapy for
the ensuing16 yr.

Discussion

The continuum of autoimmune thyroid disease extends from classic Graves’ hyper-
thyroidism to hypothyroidism caused by Hashimoto’s thyroiditis. There are intermediate
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forms of autoimmune thyroid disease in which patients have elements of both conditions
simultaneously, or in which they move along the continuum over time.

Progression from hyperthyroidism to hypothyroidism is probably the most common
change. It is now accepted that virtually all patients with Graves’ disease have stimulat-
ing TSH-receptor autoantibodies that act as TSH-agonists, promoting thyroid follicular
cell growth and function, like TSH (1). Some hypothyroid patients have blocking or inhibi-
tory TSH-receptor autoantibodies, but reported frequencies vary widely, from 0–75%
(2). Changes in levels of stimulatory or blocking TSH-receptor autoantibodies, or a shift
from production of one type of TSH-receptor antibody to the other, would alter thyroid
function, and evidence exists for these phenomena.

Of patients with Graves’ disease whose hyperthyroidism goes into remission after
treatment only with antithyroid drugs, as many as half become hypothyroid or have evi-
dence of a subclinical impairment of thyroid function years later (3,4). Tamai et al. (5)
studied 26 patients with Graves’ disease previously treated only with antithyroid drugs
and who later developed hypothyroidism, Eight (31%) had TSH-blocking antibodies.
Based on needle biopsy findings in nine patients, they estimated that TSH-blocking anti-
bodies accounted for the hypothyroidism in about a third of the patients, and chronic
autoimmune thyroiditis was responsible in the remaining two-thirds.

Some patients have hypothyroidism that resolves spontaneously. Takasu found TSH-
blocking antibodies in 15 of 172 (9%) patients with Hashimoto’s thyroiditis and 16 of 64
patients (25%) with chronic atrophic thyroiditis (2). Of 21 patients whose blocking anti-
bodies were identified before T4 treatment, 15 (71%) had disappearance of these anti-
bodies after 3.5–8 yr of T4 therapy, and six of the latter 15 (40%) remained euthyroid after
a mean follow-up of 2.1 yr. Rieu et al. found TSH-blocking antibodies in 22 (23%) of 96
hypothyroid goitrous patients with Hashimoto’s thyroiditis (6). After 1 yr of T4 treatment,
TSH blocking antibody levels decreased in 11 patients, whose T4 medication was dis-
continued for 2 mo. The TSH blocking antibody levels increased, but not to pre-treatment
levels, and none of the 11 patients remained euthyroid. Other series of hypothyroid patients
with Hashimoto’s thyroiditis, which excluded patients with reversible forms of hypo-
thyroidism (subacute and silent thyroiditis, iodine deficiency and excess, drugs) have
also found that some patients remain euthyroid after T4 treatment is discontinued (7,8).

Although, in a relatively small percentage of patients with Hashimoto’s thyroiditis,
hypothyroidism is not permanent, there is no reliable way to identify such patients pro-
spectively (9). Disappearance of TSH blocking antibodies is only a rough guide, and mea-
surement of these antibodies is not routinely available. The only reliable way to determine
whether T4 replacement remains necessary is to discontinue it. Depending on the patient’s
age and general health this can be done all at once or in phases. Even if T4 withdrawal
is initally successful, patients should be monitored indefinitely, because the chances of
recurrent hypothyroidism are unknown.

The least common pattern of change in thyroid function, exemplified by Case 5, is
from hypothyroidism to hyperthyroidism. Fatourechi and Gharib reported on six patients
who developed hyperthyroidism of the Graves’ type 2 to 20 yr after the diagnosis of
hypothyroidism (10). They found reports of only 39 other cases, but postulated that this
phenomenon occurred more commonly than was recognized. We agree, and estimate that
we see about one such patient a year in our practice. To identify this change, we recom-
mend that patients taking T4 for hypothyroidism caused by Hashimoto’s thyroiditis, and
whose TSH values fall to levels below 0.1 mU/L, have an estimate of their serum free T4
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levels, and, if there is still uncertainty, serum T3 levels, rather than having a decrease in
their T4 dose based just on the TSH result.
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CASE #1: CHILD WITH SCLEROSING PAPILLARY CANCER

Case Description
A 9-yr-old girl was referred to an endocrinologist in November 1995 after her pedia-

trician found a goiter. Her paternal grandmother and paternal uncle (who also had Down
syndrome) both had thyroidectomies by age 20 yr for unknown reasons. The endocri-
nologist found the patient had high titers of antithyroid peroxidase antibodies, diagnosed
Hashimoto’s thyroiditis, and initiated thyroxine suppression therapy.

In January 1996 her mother noted a “swollen gland” in the left posterior neck and in
July 1997 found another swelling in the patient’s anterior neck. Thyroid ultrasound and
123I scan showed a solid, cold, left thyroid nodule. Her endocrinologist found an enlarged
thyroid, left cervical lymphadenopathy, and a firm nodular mass involving the right
thyroid lobe. The preoperative chest X-ray showed a diffuse interstitial nodular pattern
consistent with metastases. She was referred to surgery and underwent open biopsy of
a slightly enlarged Delphian lymph node and the thyroid isthmus. The final pathology
sections revealed metastatic papillary thyroid cancer (PTC) in the lymph node extending
through its capsule into the soft tissues, and skeletal muscle infiltrated by PTC, and she
underwent total thyroidectomy, bilateral node dissection, and thymectomy. Final histo-
logic sections showed that the thyroid gland was totally replaced by diffuse sclerosing
variant PTC with extrathyroidal extension, vascular invasion, and prominent lympho-
cytic infiltration that was bilaterally metastatic to 7 of 11 lymph nodes. She was referred
to one of us (RT Kloos) for 131I therapy who palpated residual bulky left posterior neck
lymphadenopathy and she was returned to the surgeon for further lymph node resection,
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which was done in August 1997 resecting three lymph nodes, all of which demonstrated
metastatic PTC.

Shortly after surgery, she underwent serum thyroid-stimulating hormone (TSH) and
thyroglobulin (Tg) measurements (see Table 1), hypothyroid whole body 131I imaging,
and 131I dosimetry while on a low iodine diet, which revealed bilateral cervical and dif-
fuse pulmonary metastases. Her blood dosimetry estimate indicated that 276 mCi of 131I
would reach the 200 rad limit, and accordingly, she was treated with 252 mCi of 131I.
Immediately thereafter she was given prophylactic antiemetic therapy, sucked hard lemon
candies for salivary gland stimulation, and took in abundant fluids, experiencing minimal
emesis. Posttherapy imaging revealed 131I uptake in cervical lymph nodes, the superior
mediastinum and diffusely in both lungs. Her therapy was complicated by parotid swell-
ing from subacute pseudoobstruction, and chronically by xerostomia treated with over-
the-counter dry mouth products (Biothene®).

In March 1998, 7 mo after her initial 131I therapy, her chest X-ray showed a slightly
decreased size and number of tiny nodular metastases. Her whole body hypothyroid 131I
diagnostic imaging showed reduced activity in the lung metastases and neck, which was
reduced to only one focus, and uptake in the left parietal skull caused by hair contamina-
tion. Based on her previous dosimetry and persistent, albeit reduced, pulmonary uptake,
she was treated with 275 mCi of 131I. Posttherapy imaging showed no change except for
two additional neck foci not seen on the pretherapy images.

In November 1998, she had a negative hypothyroid diagnostic scan, a Tg of 13 ng/mL
off thyroxine (in the presence of antithyroglobulin antibodies), and an unchanged chest
X-ray. In December 1998, hypothyroid dosimetry estimated a limiting blood dose of 200
rads from 335 mCi 131I, and she was thus treated with 303 mCi 131I. Her posttherapy scan
revealed a single focus in the neck, bilateral mediastinum, and no lung uptake. Since then,
additional 131I therapy has been withheld pending disease progression, because her Tg
did not significantly fall with her last 131I treatment.

Discussion
This is an unusual case of childhood thyroid cancer presenting as a diffuse goiter.

Thyroid cancer is very uncommon in children: only about 1% of all thyroid cancers are
diagnosed before age 10 yr, or less than 200 cases in 1999 (1). Most are PTCs presenting
as a palpable thyroid nodule or enlarged cervical lymph node.

Table 1
Case 1 Laboratory Summary

Time since TSH Anti-Tg
initial Tg on Tg off (normal ATB 131I therapy 131I therapy

surgery T4 LT4 0.32–5.0 (normal dose cumulative
Date (mo) (ng/mL) (ng/mL) mIU/mL) <120 IU/mL) (mCi) (mCi)

8-18-97 1 210 287.6 57,166 252 252
3-17-98 8 177 437 75,690 275 527
11-5-98 16 13 417.6 188,383
12-11-98 17 303 830
6-30-99 23 10 5.1 84,985
11-11-99 28 15 0.02 84,487
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The most likely cause of diffuse goiter in a child of this age is Hashimoto’s disease,
although other less-common causes are euthyroid Graves’ disease or congenital goiter.
Ordinarily, fine-needle aspiration biopsy (FNAB) is not recommended for diffuse goiter
unless there is a compelling reason to suspect malignancy (2). Few patients with diffuse
goiters have clinically important thyroid cancer, although microscopic occult PTC (inci-
dental thyroid cancer) is fairly common in diffusely enlarged thyroid glands that have
been partially resected for benign disease, and such cancers are clinically indolent lesions
requiring no further therapy (3). Although diffuse goiter is often treated with thyroxine
sup-pression of TSH, there is debate about its efficacy (4,5). In one prospective, placebo-
con-trolled study, treatment of small (approximately 50 g) sporadic nontoxic goiters with
TSH-suppressive doses of thyroxine resulted in a mean decrease of thyroid volume of
25% after 9 mo of treatment, which occurred in 70% of treated patients compared with
none in the controls; however, the goiters returned to their pretreatment size when thy-
roxine was discontinued (6). All of the patients in this study had a FNAB showing benign
goiter. Thyroid hormone suppression of goiter should not be used in lieu of FNAB as a
diagnostic test for thyroid carcinoma (2). The main clue to the diagnosis of thyroid cancer
in this patient was the rapidly growing lymph node metastases.

Death from thyroid cancer is rare in young patients: in national studies, only about
0.1% of thyroid cancer deaths occurred before age 20 yr, which amounts to about 51 of
5139 deaths from thyroid cancer between 1988 and 1992 recorded in the database (7).
Typically, survival rates are very favorable in children, although their tumors are usually
more advanced at the time of diagnosis, with more local and distant metastases than those
of adults (8,9). Thyroid cancer recurrence rates, however, are much higher in children
than in adults, averaging about 40% in patients whose thyroid cancer is diagnosed during
the first two decades of life compared with 20% in adults (10,11). Moreover, their rate
of pulmonary metastases is more than 20% in some series, almost twice those in adults
(9,10,12). Prognosis for long-term survival in children is nonetheless excellent, except
for those under age 10 who have very high thyroid cancer mortality rates (8,11,13). This
may be the main reason that survival rates are lower among children with thyroid cancer
than those of normal children (14).

The patient under discussion has diffuse sclerosing PTC, which is an uncommon variant
found in approximately 5% of spontaneously occurring papillary carcinomas and in approx-
imately 10% of children in Chernobyl with radiation-induced PTC (15,16). It is often
initially confused with Hashimoto’s disease and is typically accompanied by elevated
serum antithyroid antibodies. The diagnosis usually becomes apparent when a patient
with diffuse goiter develops palpable lymph node metastases or the gland undergoes
rapid or asymmetrical growth. This is typically a bilateral tumor that presents as a goiter
with extensive squamous metaplasia, sclerosis, and many psammoma bodies and abun-
dant lymphatic invasion involving the entire thyroid gland. Almost all have lymph node
metastases and about 25% have lung metastases at the time of diagnosis (15,17). Although
metastases are more frequent than usual, there is some disagreement about whether long-
term prognosis is worse than that of typical PTC, mainly because it commonly afflicts
young patients who ordinarily have an extended life expectancy even with lung metas-
tases (15,17).

This patient’s prognosis was predictably poor, both in terms of recurrence and cancer
mortality, at the time the diagnosis. Her tumor was infiltrating the thyroid gland capsule,
was bilaterally metastatic to cervical lymph nodes, and was associated with mediastinal
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lymph nodes and lung metastases, all of which portend a poor outcome (10). Tumor
growing through the capsule of a lymph node is as serious a prognostic sign as is tumor
invading the thyroid capsule (18).

Lymph node metastases are found in almost half of adults and more than 80% of chil-
dren at the time of diagnosis; whereas even more patients—up to 85% in some studies—
have microscopic nodal metastases found on more detailed histologic study (19,20). The
number and size of lymph node metastases increase as the primary tumor size increases
(12). When the isthmus or both lobes are involved with tumor, nodal metastases are often
bilateral or extend into the mediastinum, and in other cases, tumor penetrates the lymph
node capsule and invades the soft tissues, which are all poor prognostic signs and were
found in this patient (21,22).

Less than 5% of adults with PTC have distant metastases at the time of diagnosis and
another 5% develop them over the next two or three decades (12); however, about twice
this many children have distant metastases at the time of diagnosis and even more occur
during follow-up. For example, in our series, 8% of children under age 10 yr had distant
metastases at the time their thyroid cancer was diagnosed and eventually 33% developed
them compared with only 2.5% of adults who had distant metastases at the time of
diagnosis, and about 10% who developed them over the course of their disease (10).

The lung is the most common site of distant metastases and its involvement the most
usual cause of death from PTC. In a review of 1231 patients with distant metastases, 49%
were in the lung alone and another 15% were in lung and bone, 25% were in bone alone,
and 12% were in the central nervous system or in multiple organs (12). Lung metastases
may be large and discrete or may have a “snowflake” appearance from diffuse lymphang-
itic spread and may concentrate sufficient 131I to be detected on whole-body scan. Others
are not seen on the chest X-ray but only become visible on 131I whole body scans, some-
times only after the administration of a therapeutic dose of 131I (23). Prognosis for chil-
dren with lung metastases is better than that for adults, but once they become visible on
X-ray, most patients eventually die of their disease, albeit decades later in the case of
children. Respiratory insufficiency is the most common specific fatal condition, and
accounts for almost half the deaths caused by thyroid cancer (24).

In this patient with a poor prognosis at the time of initial diagnosis, the first several
operations failed to completely remove the cervical component of her tumor burden. In
our experience, this occurs when surgeons are not very experienced in the treatment of
thyroid cancer. This has been documented in a large study from Maryland (25). Surgery
is always more effective in debulking large tumor masses than is 131I or X-ray therapy.
Hence, the referral back to surgery for this patient when residual palpable lymph nodes
were appreciated.

This patient has anti-Tg antibody in her serum, which is found in up to 20% of patients
with thyroid cancer (it is about half this in the general population) and almost always
invalidates the serum Tg result (26). Most Tg measurements are now done by immuno-
metric assays in which the presence of anti-Tg antibodies usually falsely lowers the
serum Tg level. The high serum Tg levels in this patient despite these antibodies simply
reflect the extensive nature of her disease and the last serum Tg of 15 ng/mL is likely
spuriously low. Serum Tg can be detected by a newly introduced Tg mRNA method, which
can reliably detect serum Tg mRNA concentrations in patients with circulating antithyro-
globulin antibodies (27).
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Although this patient’s pulmonary metastases were evident on her X-ray, some patients,
especially children and young adults, have lung metastases with high serum Tg levels,
negative chest X-rays and no lung uptake on the diagnostic 131I whole body scans. The
lung metastases are typically seen on the posttherapeutic scan after 100 or 200 mCi of
131I and are found in about 20% of patients with serum Tg levels above about 15 ng/mL
during thyroid hormone withdrawal in whom chest X-rays and diagnostic 131I whole
body scans are negative (23).

This patient was treated with very large doses of 131I based on upper bound limits set
by blood dosimetry. This approach establishes an upper limit on the amount of 131I that
can be given safely, which is generally considered to be 200 rad to the whole blood from
a single dose (28). Nonetheless, nonthyroidal tissues are exposed to high radiation doses,
which is especially true of the parotid glands, colon and gonads. After the therapeutic
dose of 131I is administered, oral fluid intake should be large to increase urine output and
avoid bladder radiation injury. Also, the patient should suck on lemon drops to stimulate
salivary flow to minimize the risk of radiation-induced sialadenitis. Amifostine may
protect the salivary glands, but its use has been limited (29). Constipation routinely caused
by hypothyroidism should be treated with cathartics to reduce colon and gonadal radia-
tion. Gonadal injury is a greater problem in men than women, but can occur in women
treated with 131I near menopause. Emesis is a particularly serious problem in children
being treated with 131I and should be anticipated and treated with antiemetic drugs.

Ordinarily, repeat 131I doses are administered at about yearly intervals, although 131I can
be given more frequently if the clinical situation warrants. The interval between treat-
ments should be long enough to permit full recovery of the bone marrow, which nearly
always shows some effects, albeit usually mild, from 131I therapy. The risk of serious
complications rises with cumulative doses of 131I that exceed about 800 mCi in adults and
500 mCi in children. Bone marrow damage and induction of other tumors are the most
serious late problems of 131I therapy. Large doses of 131I (usually >1000 mCi) can cause
a small but significant excess of deaths from bladder cancer and leukemia (30). Bladder
cancer tends to occur most often in those with relatively little 131I uptake in the neck or
metastases. In a report from Germany, 80% of 35 thyroid carcinoma patients treated with
131I had bone marrow abnormalities, including three with acute myeloid leukemia (31).
Patients with abnormalities of erythrocytes, platelets, and granulocytes had received very
high 131I cumulative doses, all >1000 mCi (31). In 13 large series comprising a total of
2753 patients with thyroid carcinoma, 14 cases of leukemia were detected (32). The result-
ing prevalence of about 0.5% is higher than expected in the general population. Acute
myeloid leukemia, the type associated with 131I therapy, usually has occurred within 10 yr
of treatment. Leukemia was less likely when 131I was given annually rather than every few
months, and when total blood doses per administration was less than 200 rad (32). Despite
this report, the lifetime risk of leukemia is so small (<0.33%) that it does not outweigh
the benefit of radioiodine therapy (33). The absolute risk of life lost because of recurrent
thyroid carcinoma exceeds that from leukemia by fourfold to 40-fold, depending upon the
age at which the patient is treated (33). When lower total cumulative 131I doses (600 to 800
mCi, 22000 to 29600 MBq) are given at widely spaced intervals (12 mo), long-term effects
on the bone marrow are minimal (34) and few cases of leukemia occur. Pulmonary fibro-
sis occurs rarely in patients with diffuse pulmonary metastases treated with 131I (35). It
can be avoided by using smaller than usual doses (e.g., 75 mCi, 2775 MBq) of 131I when



86 Kloos and Mazzaferri

diagnostic scans show high uptake in the lungs. These were the considerations in with-
holding further 131I therapy in the patient under discussion since her tumor did not appear
to be further responding to treatment.

Thyroid hormone therapy significantly reduces recurrence and cancer-specific mortal-
ity rates (10,36). The levothyroxine dosage needed to maintain serum TSH levels in the
euthyroid range is greater among thyroid cancer patients (2.11 µg/kg/d) than among those
with primary hypothyroidism caused by nonmalignant disease (1.62 µg/kg/d) (37). How-
ever, the degree of TSH suppression required for this benefit  is debated. One study found
that patients who had undergone total thyroid ablation for thyroid carcinoma required
2.7 ±  0.4 (SD) µg/kg/d of thyroxine to achieve an undetectable basal serum TSH level
that did not increase after TRH administration (38). A French study found that a con-
stantly suppressed TSH (<0.05 µU/mL) was associated with a longer relapse-free survi-
val than when serum TSH levels were always 1 µU/mL or greater, and that the degree of
TSH suppression was an independent predictor of recurrence (39). One potential conse-
quence of TSH suppression is loss of bone mineral density even in children (40). Con-
versely, a prospective U.S. study of 617 patients in the National Thyroid Cancer Treatment
Cooperative Study found that disease stage, patient age, and 131I therapy independently
predicted disease progression, but that the degree of TSH suppression did not (41).

Thyroxine therapy is resumed ~24 h after 131I therapy, but it may take up to 2 mo for
serum TSH concentrations to fall to normal or below when suppression doses of thyrox-
ine are given (42). In our experience, the dose of thyroxine may be doubled in selected
patients for the first week to shorten this interval without adverse consequences.
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CASE #2: GRAVES’ DISEASE AND PAPILLARY CANCER

Case Description
In March 1997, a 41-yr-old white woman presented with a recent onset of hoarseness

and the history of a “knot in her neck.” She had heat intolerance and weight loss despite
a normal appetite, and fatigue and muscle weakness. Her mother had undergone a thyroid
lobectomy in the past for a thyroid “mass.” On examination she was clinically thyrotoxic,
showing resting tachycardia, fine tremor, stare, lid lag, and a diffusely enlarged thyroid
with increased fullness in the left lobe that seemed adherent to surrounding tissues. Her
serum free T4 was 3.6 ng/dL (normal 0.8–2.4) and TSH was undetectable. A thyroid scan
showed a diffusely enlarged gland with uniform uptake of radioiodine except for a cold
area in the left lower lobe. Thyroid ultrasound revealed a 2.7-cm echogenic solid mass
with an internal 1-cm hypoechoic area in the left lobe. Her chest X-ray was normal. FNA
revealed PTC and she was referred to surgery after control of her thyrotoxicosis with
methimazole.

At time of surgery done in June 1997 the normal thyroid tissue planes were obliterated
and the left thyroid lobe was adherent to the surrounding muscles and soft tissues. Gross
tumor, which was invading the thyroid capsule and encasing the left recurrent laryngeal
nerve, was identified as PTC by frozen section. She underwent total thyroidectomy with
sacrifice of the left recurrent laryngeal nerve without neck node dissection. Final sections
showed a multifocal tumor, the largest focus of which was 3.5 cm, with vascular invasion
and extension through the thyroid capsule.

In July 1997, her Tg was 1,490 ng/mL after thyroid hormone withdrawal (see Table 2)
and she received 150 mCi of 131I without diagnostic imaging. The posttherapy scan demon-
strated uptake in the thyroid bed and suprasternal notch areas.

In June 1998, when she received 206 mCi of 131I because of a rising thyroglobulin, her
posttherapy imaging revealing only uptake in the suprasternal notch area.

By January 1999, her neck MRI was negative but noncalcified pulmonary nodules
ranging from 2 to 8 mm were seen on chest X-ray.

After being treated with 300 mCi 131I in March 1999, without dosimetry or pretherapy
imaging, her posttherapy imaging demonstrated suprasternal notch, left thyroid bed, and
slight bilateral diffuse pulmonary uptake.

In June 1999, when her care was transferred to one of us (RTK), her thyroid stimulating
immunoglobulin (TSI) was 22% (normal 0–9). In September, her chest X-ray demon-
strated progression of the lung nodules, the largest of which was 9 mm. In December, she
underwent hypothyroid whole body imaging and dosimetry after therapy with retinoic
acid (Accutane, 1.3 mg/kg in divided doses twice daily) and lithium to promote 131I up-
take and retention. A diagnostic whole-body scan was negative despite her elevated Tg.
Dosimetry studies indicated an upper limit of 200 rads to blood would be delivered by
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290 mCi 131I and she was treated with 298 mCi of 131I. A posttherapy scan 1 wk later was
similar to the one done in March 1999, showing little uptake in the pulmonary metastases.
A follow-up chest X-ray done March 2000 showed slight progression of pulmonary
metastases compared to September 1999.

Discussion
This patient had Graves’ disease and PTC. At the time of diagnosis the thyroid tumor

was grossly invasive and probably metastatic to the lungs, despite the normal chest X-ray
and diagnostic 131I whole body scans. Symptoms or signs that are highly suspicious of
cancer include rapid tumor growth, a very firm nodule, fixation to adjacent structures,
vocal-cord paralysis and enlarged regional lymph nodes (1). According to one study,
when two or more of these highly suspicious symptoms or signs were present there is
nearly a 100% likelihood of malignancy (2). Although this patient did not undergo direct
laryngoscopy to document vocal cord paralysis, she undoubtedly had it, which in itself
is nearly diagnostic of thyroid cancer.

Extrathyroidal extension of tumor has a particularly poor prognosis. Symptoms and
signs of invasion that this patient experienced (hoarseness and fixation of tumor to
surrounding structures) forecast a difficult tumor resection, as was the case in this patient
whose laryngeal nerve was sacrificed to remove bulky gross tumor. In our study, the
likelihood of distant metastases was threefold higher in patients with local tumor inva-
sion than in those without it (21% and 7%) (3). Likewise, cancer-specific mortality rates
were, respectively, with and without tumor invasion, 15% and 3% at 5 yr and 18% and
5% at 10 yr follow-up (3).

The presence of Graves’ disease raises important questions about the diagnosis of a
thyroid nodule and the virulence of thyroid cancers that occur in such cases. Although the
prevalence of thyroid carcinoma in Graves’ disease has been examined over many years,

Table 2
Case 2 Laboratory Summary

TSH (normal
Months since Tg on LT4 Tg off LT4 0.32–5.0

Date thyroidectomy  (ng/mL)  (ng/mL) mU/mL) I-131 Rx

6-20-97 0 (post-op) 3727.5 —
7-29-97 1 1490 — 150 mCi
10-2-97 4 370 —
4-2-98 10 601 —
6-9-98 12 60.38 206 mCi
7-20-98 13 183 0.13
1-28-99 19 1050 —
3-22-99 21 65.07 300 mCi
6-17-99 24 457 <0.04
9-16-99 27 1055 <0.04
12-15-99 30 6090 36.7 298 mCi
3-14-00 33 1535
7-17-00 37 11600 <0.04
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the issue still remains controversial (5,6). This is because most of the studies are con-
founded by ascertainment biases of one sort or another. More recent studies generally have
found the overall incidence of thyroid carcinoma to be close to about 5% among patients
undergoing surgery for Graves’ disease (7–11). Whether this is higher than expected
incidence remains problematic because there is not a good control group with which to
compare these frequency figures.

In retrospective surgical series many of the neoplasms found in patients with Graves’
disease are small incidentally discovered PTCs (9–11). Whether a nodule is palpable
preoperatively is an important point. In one large study, the risk of malignancy in patients
with a palpable cold nodule was 45.8% (12). In another large study, 34% of 315 patients
with Graves’ disease had thyroid nodules 8 mm or larger in diameter detected by ultra-
sonography, but fine-needle aspiration biopsy revealed carcinoma in only one (13).

The benchmark Cooperative Thyrotoxicosis Therapy Follow-up Study of Dobyns et
al. (14) gathered data from 36,050 patients treated for hyperthyroidism between 1946
and 1968 at 26 medical centers. Thyroid nodules were palpable in 15.8% of the 31,190
patients with Graves’ disease, giving an incidence at least two-fold that expected in the
general population during that period. At first glance, the prevalence of thyroid carci-
noma in this study appears low—only 86 carcinomas were found in the entire group—
but 700 patients had thyroid nodules that had not been biopsied or excised. Moreover, the
prevalence of carcinoma may have been as much as twice that in the general population
at that time (5). Like other studies, many thyroid carcinomas were occult (<5 mm) but its
incidence in palpable nodules was over twice that found in patients with diffuse goiters,
although an equal proportion (about 35%) of each group had undergone surgery.

Thus, the evidence from a number of studies suggests that the prevalence of thyroid
carcinoma in patients undergoing surgery for Graves’ disease is about 5% and that the
frequency of thyroid cancer in palpable thyroid nodules may be as high as twice this rate.
Clearly, alternative etiologies for such nodules are more frequent than thyroid carci-
noma. One retrospective study of 468 Graves’ disease patients, who were almost all treated
with 131I or antithyroid drugs in an ambulatory setting, found that almost 13% had thyroid
nodules. Of these 5.8% were solitary hypofunctional nodules, 4.5% were multiple nod-
ules and 4% were autonomous nodules and 1.7% were patchy Graves’ disease.

The clinical implications of these data are as follows: thyroid nodules in patients with
Graves’ disease are more common than usual and should intensify the concern about
coexisting thyroid malignancy even more than usual. The workup must include FNA
although the cytology may demonstrate atypia if the patient has been treated with 131I,
and this may be severe enough to be mistaken for a malignancy. If doubt remains after
the FNA, the patient requires thyroid surgery.

Almost all papillary and follicular carcinomas express TSH receptor mRNA at vary-
ing levels, and the sodium-iodine symporter (NIS) at levels usually lower than those
found in normal thyroid tissues (15–18). The TSH receptors and NIS in papillary and
follicular carcinoma are often functional, responding to native and recombinant human
TSH stimulation by concentrating 131I in malignant follicular cells and releasing thyro-
globulin (Tg) from them (19). This response is important for diagnostic follow-up and
therapy. Equally important is the inhibition of growth and Tg release by TSH suppression
(20). However, in high-risk papillary and follicular tumors that do not concentrate131I,
low expression of TSH receptors are found more commonly (21). Similarly, noniodine
avid carcinomas may not express NIS (see Case 3).
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The interaction of Graves’ disease and thyroid cancer is also controversial. The notion
that Graves’ disease may stimulate growth of thyroid cancer comes from the long held
idea that TSH is the most important factor promoting the growth of normal and neoplastic
thyroid tissues. However, several arguments are at odds with this concept. For example,
most current evidence suggests that TSH suppression is not effective in shrinking the
majority of benign thyroid nodules (22). And more to the point, a recent review (23) of
the role of TSH in the growth of benign and malignant thyroid tumors concluded that TSH
is but one of many factors that promote pathological thyroid growth and, even more
relevant, that thyroid tumors may well evolve in the absence of TSH stimulation.

Molecular studies also show that oncogenes play a major role in the development of
thyroid carcinoma and may also influence growth of a tumor. The RET/PTC oncogene,
a rearranged form of the RET protooncogene, is associated with human PTCs in man (24)
and causes PTC in a transgenic mouse model with targeted expression of RET/PTC1 in
the thyroid gland (25). Thus, there are powerful factors other than, or in addition to, TSH
that direct the growth patterns of thyroid carcinoma. This fits with the concept proposed
by Derwahl et al. (23) that TSH-dependent signaling is but one link in a complex network
of interacting signals that regulates thyroid growth.

There is nonetheless substantial evidence that TSH-stimulation of thyroid neoplastic
tissue promotes tumor growth and function. There are important functional similarities
between TSH and TSH-receptor-stimulating antibodies (TRAb) of Graves’ disease. Like
TSH, TRAb occupies thyrotropin membrane receptors on normal thyroid cells and acti-
vates thyroid adenylate cyclase, causing normal thyroid tissue to become hyperplastic
and hyperfunctional. Serum TRAb from patients with Graves’ disease and thyroid carci-
noma increases cAMP in human follicular thyroid carcinoma cells in vitro and enhances
DNA production in cultured rat thyroid follicular cells (18). The cAMP-signaling cas-
cade is highly active in some benign toxic thyroid adenomas and in some hyperfunction-
ing thyroid nodules of multinodular goiters as the result of activating mutations in the
TSH receptor or the Gsα gene. These mutations, which represent an initial step in the
pathogenesis of some toxic adenomas, have been found in a few thyroid carcinomas (26–
28). When they are present, the mutations would be more likely to manifest as thyroid
cancers that retain unusual differentiated function and may account for the rare cases of
thyrotoxicosis caused by hyperfunctioning differentiated thyroid carcinomas that mas-
querade as an autonomously hyperfunctioning thyroid nodule (29) or cause thyrotoxico-
sis when widely metastatic. One case report (30) described a 48-yr-old man who presented
with signs of thyrotoxicosis for 1 yr owing to severe Graves’ disease associated with a
nodular goiter and elevated levels of TRAb. Thyroid cancer metastatic to his lungs was
diagnosed preoperatively. After total thyroidectomy, his thyrotoxicosis persisted with
suppressed serum TSH levels, showing the functional nature of his lung metastases in
response to TRAb.

Thus, considerable evidence supports the notion that TSH stimulates both the trapping
function of iodide, the release of thyroglobulin and the growth of some thyroid carcino-
mas, forming the basis for the wide use of TSH suppressive doses of T4 in treating this
disease and the idea that some differentiated thyroid carcinomas associated with Graves’
disease may be more aggressive than usual.

Our patient developed metastases that failed to concentrate 131I despite the presence of
TRAb. This is similar to the case of a 49-yr-old woman who nine years after undergoing
thyroidectomy and ablative treatment with 100 mCi 131I for follicular carcinoma that
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resulted in negative total body 131I scans and negative Tg measurements, developed Graves’
disease and concurrent pulmonary metastases that did not respond to 131I therapy (31).

When this occurs, there are few strategies that improve 131I uptake. Once it is clear that
the patient has not received large doses of iodine in food or drugs, which can be excluded
with urinary iodine measurements, then only a few options remain. Lithium therapy
increases the accumulation of 131I in thyroid cancer lesions, prolongs its retention and
augments the therapeutic radiation dose from 131I (32). Given at a dosage of 400–800 mg
daily (10 mg/kg) for 7 d, it increases 131I uptake in metastatic lesions while only slightly
increasing uptake in normal tissue (33). Thus, it is not necessary to perform 131I kinetic
studies in patients on lithium unless large therapeutic radioiodine doses are planned
which would be expected to approach established safety limits. The response of meta-
static well-differentiated thyroid carcinoma to 131I therapy is related to the amount of
radiation delivered to the tumor, which must receive more than 8000 cGy to ensure its
complete destruction (34). The largest fractional change in effective half-life with lithium
occurs in lesions with a biological half-life of less than 3 d (32). Thus, lithium is most
beneficial in the tumors that are less likely to respond to 131I therapy. In our patient,
unfortunately this did not occur.

Likewise, retinoic acid (Accutane) has been used in patients with thyroid cancers that
fail to concentrate 131I or concentrate it poorly. This drug, which partly redifferentiates
follicular thyroid carcinoma in vitro, may benefit a few patients. In one study, retinoic
acid given orally (1.18 ± 0.37 mg/kg) for at least 2 mo induced significant 131I uptake in
two of 12 patients with differentiated carcinoma untreatable by other modalities (35).
This response was associated with a rise in serum Tg concentration, suggesting tumor
redifferentiation. However, its beneficial effects have not been widely reproduced by
others. Potential adverse consequences of retinoic acid therapy include severe birth
defects, liver function test abnormalities, and hypertriglyceridemia.

Our patient unfortunately had a poor response to these strategies. Only about 50% to
80% of differentiated thyroid carcinomas and their metastases, and up to about one-third
of Hürthle cell carcinomas concentrate 131I (36–40). Iodine avidity is associated with
better tumor differentiation, younger patient age (90% if age <40 yr compared to 56%
for age >40 years), and smaller tumor deposits (39). Radioiodine uptake is seen in 95%
of patients with pulmonary metastases and a normal chest X-ray, 88% of those with
micronodular disease, and 37% of those with macronodular disease (39). Patients with
distant metastases that concentrate radioiodine have 10-yr survival rates of 57% com-
pared with 8% for noniodine avid distant metastases (39). The majority of patients who
die of thyroid cancer do so as the result of pulmonary metastases. One large study clearly
shows how patients die of thyroid cancer (41). Most suffer a pulmonary death, either from
respiratory failure caused by pulmonary metastases or suffocation from tumor in the
airway. The authors of this study make the important observation that two thirds of the
patients who had airway stenosis (almost half of whom had differentiated thyroid cancer)
without tracheostomy died of asphyxia, however, since 1986 when tracheostomy was
done in almost all patients with airway stenosis, only one patient with distal tracheal
stenosis has died of airway obstruction.

As antithyroid drug therapy in Graves’ disease may decrease TRAb (4), it may be
reasonable (but unproven) in this patient given her tumor’s aggressive course and the fact
that no conventional therapy has been effective. Consideration should also be given to
therapeutic trials.
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CASE #3: PERSISTENT PAPILLARY CANCER

Case Description
A 45-yr-old woman who had been treated for primary hypothyroidism from age 29

noted a thyroid mass in August 1994 that was cold by 123I scan and yielded indeterminate
cytology by fine-needle aspiration (FNA) biopsy. At surgery done shortly after the FNA,
frozen section biopsy revealed PTC and total thyroidectomy was performed. The final
histologic sections showed this to be a multifocal bilateral PTC, the largest focus of
which was 1.8 cm in the left lobe amidst a background of severe Hashimoto’s thyroiditis.

She was treated with 29 mCi of 131I in October 1994 when her thyroglobulin (Tg) was
73 ng/mL (Table 3) and her 131I whole body scan (WBS) at 48 h showed an uptake of 0.4%
in a thyroglossal duct remnant and bilateral thyroid bed. Fourteen months later, because
of a persistent elevation in serum Tg and a nearly identical uptake and WBS, she was treated
with 150 mCi of 131I. Ten-day posttherapy images demonstrated no uptake in the left
thyroid bed, suggesting thyroid stunning or rapid turnover of radioiodine.

In March 1996, 18 mo after her initial surgery, her Tg remained elevated and neck
ultrasound was negative but neck MR imaging revealed nonpalpable lymph nodes maxi-
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mally measuring 1.6 cm in the left supraclavicular region and 1 cm anterior to the trachea.
In July 1996 after a persistently elevated Tg and faint midline uptake (0.17%) of 4 mCi
of 131I were again demonstrated, she received 203 mCi of 131I, which resulted in no abnor-
mal uptake on the 12-d posttherapy scan.

In July 1997, because of persistent Tg elevation she was treated with another 203 mCi
of 131I, although both the diagnostic and posttherapy scans were negative. In August 1997,
neck and chest CT and whole body 99mTc-sestamibi scans were negative.

In June 1999, 4 yr and 9 mo after her initial surgery, FNA of a palpable left supraclav-
icular lymph node was positive for PTC. Whole body F-18-flourodeoxyglucose-positron
emission tomography (FDG-PET), done to rule out additional metastatic foci, demon-
strated uptake only in the left supraclavicular region in the area of the biopsy (Fig. 1). One
month later she underwent left modified neck dissection that yielded only 1 positive
lymph node among the 27 that were resected. A histoculture of tumor from the lymph
node demonstrated no in vitro uptake of 131I in response to TSH stimulation despite
adequate expression of TSH receptors and Tg, however, expression of sodium/iodine
symporter (NIS) determined by RT-PCR was almost absent. In April 2000, neck ultra-
sonography was performed in response to the elevated postoperative Tg level that dem-
onstrated a 1.1-cm-lymph node anterior to the trachea near the thyroid bed and just left
of midline that was positive for PTC after ultrasound guided FNA. An adjacent 0.7 by
0.5 cm lymph node was also identified that was not biopsied given the high degree of

Table 3
Case 3 Laboratory Summary

TSH (normal
Months since Tg on LT4 Tg off LT4 0.32–5.0

Date thyroidectomy  (ng/mL)  (ng/mL) mU/mL) Therapy

10-17-94 1 73 81.6 29 mCi
4-4-95 7 14.9 0.11
10-10-95 13 21.1 0.08
12-14-95 15 85.8 71.2 150 mCi
3-26-96 18 26.6 0.05
7-8-96 22 339.7 96.2 203 mCi
1-14-97 28 33.7 <0.04
7-1-97 34 275 44.9 203 mCi
11-6-97 38 23.1 0.06
4-21-98 43 32.4 0.05
8-6-98 47 27.6 0.05
11-2-98 50 20.4 0.05
1-25-99 52 12.3 0.05
6-29-99 57 51 0.04
7-28-99 Lymph node

resection
10-21-99 61 15.1 0.16
4-20-00 67 15.8 <0.04
6-10-00 69 Lymph node

resection
7-8-00 70 10.6 0.08
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suspicion of malignancy in the larger lymph node. In May 2000, she had neck and chest
CT scans interpreted as negative and without change from August 1997. In June 2000,
she underwent a central neck dissection that resected two metastatic lymph nodes with
extranodal extension that corresponded to those seen on ultrasonography.

Discussion
This patient developed an aggressive, thyroid cancer that did not concentrate 131I

decades after she became hypothyroid as the result of chronic autoimmune thyroiditis.
How the two diseases might be linked, however, is controversial. One large study (1) of
surgical thyroid specimens found the prevalence of autoimmune thyroiditis among 626
Japanese, 330 white, and 90 African American patients was significantly higher among
those with PTC than among patients with adenomatous goiter or follicular adenoma.
Whether autoimmune thyroiditis is a predisposing factor for PTC or a response to the
malignancy, nonetheless remains uncertain. Indeed, studies suggest that chronic thyroid-
itis has a favorable prognostic effect on PTC (2,3).

The diagnosis of PTC in this patient was not made on the initial FNA cytology, which
was not examined at our institution. In most cases the diagnosis of PTC can be made by
FNA cytology and usually is not confused with a follicular lesion (4). In contrast, Hürthle
cell and follicular adenomas are typically difficult to differentiate from their malignant
counterparts by FNA and by study of frozen tissue sections done at surgery. Large-needle
aspiration biopsies and cutting-needle biopsies usually yield results similar to those of
FNA but cause more serious complications (4). Thus, FNA cytology specimens showing
sheets of normal or atypical follicular or Hürthle cells without an abundance of colloid in
the background are often simply designated as follicular or Hürthle cell neoplasms, which
poses a serious management predicament at the time of surgery (4,5–7). Ordinarily,
ipsilateral lobectomy and isthmusectomy without frozen section study are advised for
nodules yielding such cytology (8). Roughly three-fourths of these lesions are benign and
the benign or malignant character of the tumor usually cannot be determined with cer-
tainty until the final histologic sections are available, and even then there may difficulty
separating malignant and benign tumors (4). The patient under discussion, however, under-
went frozen section in the setting of an indeterminate lesion that was diagnostic and allowed
for a single procedure total thyroidectomy rather than requiring a subsequent completion
thyroidectomy. However, as the patient was already hypothyroid and dependent of thy-
roid hormone therapy anyway, a total thyroidectomy without frozen section would have
been reasonable as long as the risk of surgical complications was low.

Fig. 1. FDG-PET scan coronal (A), transaxial (B), and sagittal (C) images from Case 3. Arrow indi-
cates abnormal uptake in the left supraclavicular region.
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Approximately 4–6 wk after surgery, most recommend serum TSH and Tg measure-
ment and a 3–5 mCi diagnostic 131I WBS after thyroid hormone withdrawal. However,
there is concern that diagnostic doses of 131I will reduce the subsequent uptake of 131I
given as treatment. This effect, referred to as “thyroid stunning,” may be more pervasive
than heretofore suspected. In one study, diagnostic 131I doses as low as 3 mCi reduced
the subsequent uptake of 131I, particularly in thyroid remnants and cervical lymph nodes
(9). The effect became progressively greater with larger 131I doses. Therapeutic 131I uptake
was not reduced by 123I or 2 mCi 131I scanning doses, but after 3, 5, and 10 mCi of 131I
it was reduced, respectively, 40%, 67%, and 89%. Serum Tg is high for about 2 wk after
the administration of a 3–5 mCi scanning dose of 131I, a finding often associated with
incomplete ablation, perhaps reflecting the stunning effect on the thyroid remnants (10).
Unfortunately, the use of small 123I doses (to minimize cost) or small doses of 131I (2 mCi)
that avoid the stunning effect are slightly less sensitive than larger scanning doses of 131I
in identifying thyroid remnants (10,11). Although large scanning doses of 123I in the
range of 2 or 3 mCi may be more sensitive, they are generally regarded as too expensive
for routine diagnostic scanning.

This patient’s Tg level was strikingly elevated postoperatively, indicating that she had
substantial residual disease that may have been best treated initially with a larger ablation
dose of 131I, despite her essentially negative 131I WBS. Based upon her serum Tg of 73 ng/
mL, her 131I WBS showing only minimal uptake in the thyroid bed was most likely a
false-negative study suggesting that her residual disease was already noniodine avid.

A study from France found that a 2–5 mCi diagnostic 131I scan performed one year
after thyroid ablation did not correlate with the results of Tg determination, but only
confirmed the completeness of thyroid ablation (12). If 131I scans are negative and Tg is
elevated (>10 ng/mL after thyroid hormone withdrawal or >5 ng/mL after recombinant
human TSH), residual disease is likely. When the serum Tg concentration is higher than
40 ng/mL after thyroid hormone withdrawal and the diagnostic 131I WBS is negative, up
to 25% have occult lung metastases seen only on the posttherapy 131I WBS (13). The treat-
ment of scan negative, thyroglobulin positive patients is controversial and challenging. The
National Comprehensive Cancer Network guidelines for the treatment of thyroid cancer
recognizes this controversy and supports radioiodine therapy or further evaluation with
nonradioiodine imaging (8). Rather than performing more diagnostic imaging studies
other than perhaps neck ultrasonography to identify easily resectable disease, many
clinicians first administer 100 to 200 mCi of 131I when the serum Tg level is above 10 ng/
mL after total or near-total thyroidectomy despite a negative diagnostic 131I WBS (14).
The rationale is that radioiodine therapy is systemic and may be effective in reducing the
mass of malignant tissue. The posttherapy scan may also localize the disease, which may
assist in directing future diagnostic imaging studies, surgery, external beam radiation, or
in supporting further 131I therapy. An alternative to radioiodine therapy is to perform non-
radioiodine imaging using various combinations of ultrasound, CT, MR, FDG-PET, thal-
lium, sestamibi, tetrofosmin, and radiolabeled somatostatin analogs. In our experience,
neck ultrasound and FDG-PET have the highest yield in this setting. Unfortunately, both
strategies have limitations and uncommonly result in complete cure.

In this patient’s case, the March 1996 neck ultrasound was negative. In retrospect, the
March 1996 MR of the neck probably identified both of her sites of malignant lymph
nodes more than 3 yr before they became palpable or were reimaged and biopsied; the
nodes were not identified by CT or sestamibi imaging. This is unusual because cervical
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ultrasonography in experienced hands is typically much more sensitive for the identifi-
cation of malignant cervical lymph nodes than is MR.

Throughout this patient’s clinical course, her Tg level was elevated out of proportion
to the 131I uptake seen on both diagnostic and posttherapy 131I scans because of the low
expression of sodium-iodide symporters (NIS) in her tumor tissue. The recently cloned
NIS (15) is the plasma membrane protein that mediates active iodide uptake into several
tissues, including the thyroid and salivary glands and normal breast tissue (16). Found
heterogeneously expressed in the thyroid, NIS is clustered in the basal and lateral mem-
branes of normal thyrocytes (16). Activation of NIS, which is a key step in iodide trans-
port from the circulation into the thyrocyte, occurs against an electrochemical gradient
and requires energy, is coupled to the action of Na+/K+-ATPase and is stimulated by
TSH, the main hormone regulating thyroid-specific functions. Increased NIS expression
is found in autonomously hyperfunctioning thyroid adenomas and Graves’ disease, and
decreased levels of NIS protein and/or mRNA are observed in Hashimoto’s disease, cold
nodules, most differentiated thyroid cancers and cell lines derived from them (16,17).
Autoantibodies directed against NIS have been identified in autoimmune thyroid disease
and blocking antibodies isolated from sera of patients with Hashimoto’s disease inhibit
NIS function in vitro (18). NIS mRNA expression can be upregulated by retinoic acid in
human thyroid carcinoma cell lines whereas retinoic acid treatment decreases NIS expres-
sion and function in differentiated rat thyroid FRTL-5 cells (18). Low expression of NIS
has serious diagnostic and therapeutic implications regarding radioiodine as is seen in
this patient.

This patient underwent scanning with fluorine-18 fluorodeoxyglucose (FDG) positron
emission tomography (PET), which should be considered in all patients with differen-
tiated thyroid cancer in whom recurrence or metastases are suspected, particularly those
with elevated Tg values and negative whole body 131I scans.

A large multicenter European study evaluated the clinical significance of FDG-PET
in 222 patients with differentiated thyroid carcinoma and compared the results with 131I
whole body scintigraphy (WBS) and 99mTc 2-methoxyisobutylisonitrile (MIBI) or thal-
lium-201 chloride (Tl) scintigraphy (19). The sensitivity of whole-body FDG-PET imag-
ing was 75% for the whole patient group (n = 222) and 85% for those with negative 131I
scans (n = 166) compared to about 50% for WBS, MIBI, or TI scans. The specificity of
WBS was higher at 99%, however, compared with about 90% for FDG-PET and the other
scans. In this study, FDG-PET and WBS in combination missed tumor in only 7% of the
patients. Another study found FDG-PET to be superior to WBS and serum Tg measure-
ment for detecting metastases to cervical lymph nodes and found FDG-PET helpful for
determining the surgical management of these patients (20).

Once distant metastases are discovered in patients with differentiated thyroid carci-
noma, FDG-PET can identify high and low risk subsets. Poorly differentiated thyroid
cancer lesions, which often lose the ability to concentrate 131I, exhibit increased meta-
bolic activity evidenced by enhanced glucose uptake seen on FDG-PET. One study of
124 patients with differentiated thyroid cancer, 14 of whom died during 41 mo of follow-
up, found that the single strongest predictor of survival was the volume of FDG-avid
disease (21). The 3-yr survival of patients with FDG-positive tumor volumes of 125 mL
or less was 96% compared with 18% in those with an FDG-positive tumor volume greater
than 125 mL. All of 10 patients with distant metastases and negative PET scans remained
alive and well during follow-up (21).
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This patient has persistent disease the location(s) of which is not yet certain. During
follow-up an attempt will be made to identify the location of her persistent disease. About
85% of patients with differentiated thyroid cancer are free of disease within a year or 18
mo after initial surgery. The others have persistent disease, which in our experience can
be eliminated in fewer than half the patients. In one study of patients with disease recur-
rence, almost one-third of patients died of their disease a median of 64 mo from diagnosis
and initial therapy and about 10% were alive with persistent disease after a median fol-
low-up of 9 yr (22). Patients most likely to become disease-free had recurrences limited
to cervical lymph nodes that concentrated 131I without history of a locally invasive tumor.
Patients most likely to die of their disease had noniodine avid disease with primary
tumors demonstrating extrathyroidal or extranodal extension (22). An aggressive imag-
ing and surgical approach is reasonable if the patient has disease restricted to her neck
and superior mediastinum that does not concentrate 131I. Tumor mass is a predictor of
outcome, and Tg level is correlated to tumor mass. It is thus not suprising that Tg levels
correlate with prognosis (23). For example, The 10-yr survival rate of patients with dis-
tant metastases is 80% when the Tg is 1–2 ng/mL on TSH suppressive therapy as opposed
to 21% when the Tg is >100 ng/mL (23).
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CASE #4: PAPILLARY CANCER
IN PATIENT WITH CHRONIC RENAL FAILURE

Case Description
A 43-yr-old man with chronic renal failure from autosomal dominant polycystic kidney

disease developed a thyroid nodule diagnosed as PTC by FNA biopsy in July 1995. His
preoperative thyroglobulin (Tg) and serum creatinine were elevated (see Table 4). He
promptly underwent near total thyroidectomy for a multifocal PTC scattered throughout
the gland, the largest of which was a 2.2 cm tumor in the isthmus that showed vascular
invasion. Two lymph nodes were positive for cancer.

In September 1995, after a diagnostic hypothyroid whole body 131I scan showed bilat-
eral lateral neck uptake, he was treated with 182 mCi of 131I and TSH-suppressive doses
of thyroxine were begun. A computed tomography (CT) scan obtained several weeks
after the radioiodine therapy demonstrated cervical lymph nodes as large as 1.5 cm
bilaterally.

In February 1996, neck ultrasound showed a 2 cm right neck lymph node. A diagnostic
hypothyroid whole body 131I scan done 1 mo later demonstrated 1.2% uptake in the thy-
roid bed and bilateral uptake in the neck that was treated with 200 mCi 131I. The post-
therapy images demonstrated two foci of uptake in the left neck, one in the right neck and
one in the superior mediastinum/suprasternal notch. Diffuse pulmonary metastases seen
only on the posttherapy images, in retrospect, may have also been present on the 1995
posttherapy images. A few weeks after 131I treatment a serum creatinine level done by
his nephrologist had risen from 5.1 mg/dL to 6.2 mg/dL.

In January 1997, a whole body 131I scan and dosimetry done at another institution
demonstrated three foci of activity in the upper mediastinum and lower anterior neck, and
diffuse pulmonary micrometastases. The patient was advised not to receive more than 60
mCi 131I but therapy was not given.

In October 1997, after receiving IRB approval at our institution, he was treated in our
medical center with 100 mCi of 131I 24 h after being given rhTSH (Thyrogen®), 0.9 mg
IM, on two consecutive days. A diagnostic 131I whole body scan was not obtained, but
posttreatment imaging showed less lung, left neck and midline uptake than had been seen
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previously, and no uptake in the right neck. One month later, his neck and chest CT scans
showed no evidence of tumor.

In January 1999, he was again treated with 106 mCi 131I after rhTSH stimulation and
his posttherapy images demonstrated one focus of uptake at the area of the suprasternal
notch and less pulmonary uptake.

In February 2000, he underwent whole body and blood dosimetry under rhTSH stimu-
lation followed by rhTSH-stimulated 131I therapy (see Figs. 2 and 3). We did this by
administering 0.9 mg of rhTSH IM on Monday and Tuesday at the same time performing
nightly automated peritoneal dialysis. On Wednesday he received a 4-mCi-tracer dose
of 131I and underwent no dialysis for 24 h. On Thursday, he began manual peritoneal
dialysis to minimize radiation contamination to his home equipment. Whole body and
blood dosimetry data were collected daily through Friday and completed on the follow-
ing Monday. Erroneously, blood for Tg (and TSH) measurements were not obtained on
Friday. On Monday, he received a third injection of rhTSH after completing the dosimetry
study and received a fourth injection on Tuesday. Dosimetry revealed 46% whole body
retention at 48 h. Blood dosimetry (blood β plus whole body γ) revealed 1.52 rads/mCi
yielding limits of 200 rad at 132 mCi and 300 rad at 197 mCi. Tuesday night he underwent

Table 4
Case 4 Laboratory Summary

Tg off LT4 TSH
Tg on of thyrogen (normal Creatinine

Months since LT4 stimulated 0.32–5.0 (normal 0.7–
Date thyroidectomy (ng/mL) (ng/mL)  mU/mL) 1.3 mg/dL) I-131 Rx

6-21-95 Pre-operative 53.4 3.4
9-8-95 4.6 182 mCi
10-31-95 3 12.4 0.19 4.1
2-2-96 7 8.6 <0.04
3-18-96 8 176 333 5.1 200 mCi
7-31-96 12 5.4 0.02
1-21-97 18 6.7 0.05
7-29-97 24 5.4 <0.04 6.5
10-21-97 27 3.9 <0.04
10-23-97 27 5.9 337.5 5.6 Thyrogen

100 mCi
5-17-98 34 3.3 — 7.3
7-25-98 36 2.4 <0.04
11-17-98 40 4.3 <0.04 7.3
1-21-99 42 14.3 490.0 Thyrogen

100 mCi
4-27-99 45 4.3 0.01 7.7
7-6-99 48 4.1 <0.04 Peritoneal

dialysis begun
12-28-99 53 4.2 <0.04
2-7-00 55 5.2 <0.04 12.7
2-16-00 55 27.8 743.6 10.4 Thyrogen

140 mCi
6-29-00 59 1.8 <0.04
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automated nocturnal dialysis and then on Wednesday the laboratory studies shown in
Table 4 were drawn and he was treated with 140 mCi of 131I. After therapy, he underwent
no dialysis until he resumed manual peritoneal dialysis on Thursday and continued until
the following Tuesday when he resumed nocturnal automated peritoneal dialysis. Eight
days after treatment, posttherapy imaging revealed faint suprasternal notch activity that
had not changed from the previous study in January 1999, but less pulmonary activity.
Following his last therapy, he developed chronic dry mouth.

Discussion
In retrospect, this patient had distant metastases at the time his PTC was diagnosed.

Although the preoperative Tg of 53.4 ng/mL is high, it cannot be taken as prima facie
evidence of distant metastases because there are two sources of Tg in the serum: normal
thyroid tissue and well-differentiated thyroid cancer. The preoperative diagnosis of dis-

Fig. 2. Case 4 whole body 131I retention as a function of time determined by serial whole body counts.

Fig. 3. Case 4 blood 131I radioactivity as a function of time determined by serial whole blood counts.
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tant metastases cannot be made on the basis of serum Tg levels alone, even if they are
higher than normal, because certain nonmalignant thyroid disorders such as thyroiditis
raise them. The serum Tg level roughly correlates with the tumor mass, providing there
is little or no normal thyroid tissue and the tumor synthesizes Tg, and antithyroglobulin
antibodies are not present. These antibodies are found in up to 25% of patients with thy-
roid cancer, a rate almost threefold more common than in the general population (1). This
is important because in the absence of antithyroglobulin antibodies, Tg measurements done
after thyroid ablation provide the most sensitive means of detecting residual thyroid cancer.

Measuring serum Tg levels and performing whole-body 131I imaging are the principal
means of postoperatively assessing the patient’s cancer status. Together, the two will
detect recurrent or residual disease in most patients who have undergone total thyroid
ablation. After the initial therapy is completed, serum Tg should be measured periodi-
cally and whole-body 131I scanning should be done after thyroxine is discontinued or
rhTSH is administered. A test for serum antithyroglobulin antibodies should be done in
the sample obtained for serum Tg assay because these invalidate serum Tg measurements
in most assays (1,2). Antithyroglobulin antibodies spuriously lower serum Tg levels in
most immunometric assays (the more commonly used type) and raise Tg levels in most
radioimmunoassays.

Although serum Tg can be measured when the patient is taking thyroxine, the measure-
ment is more sensitive when thyroid hormone has been stopped or rhTSH is given to ele-
vate the serum TSH (3,4). Under these circumstances, serum Tg has a lower false-negative
rate than whole body 131I scanning (3,4). In one study, the sensitivity of serum Tg was 50%
before and 83% after thyroxine was discontinued (5). Detecting circulating Tg by a newly
introduced Tg mRNA method is a more sensitive marker of residual thyroid tissue or
cancer than measuring it by immunometric assay, particularly during thyroxine treat-
ment or with circulating antithyroglobulin antibodies (6). However, this assay is not yet
widely available.

In a comparative study, serum Tg and whole-body 131I scanning results were concor-
dant in only 44% of 233 patients who had undergone total thyroid ablation (7). Most with
discordant studies had negative whole-body scans and positive serum Tg tests; only three
had the opposite pattern. The test sensitivities were 96% for serum Tg and 48% for whole
body 131I scans. The few false-negative serum Tg tests occurred with small papillary car-
cinomas that had cervical or mediastinal lymph node metastases. In a study of serum Tg
measurements in 180 patients who had undergone near-total or total thyroidectomy and
131I ablation and were followed up to 18 years, 94% had Tg values less than 5 ng/mL and
98% had values less than 10 ng/mL during thyroxine therapy (8). The results of serum Tg
and 131I tests are complementary. Patients rarely have recurrent carcinoma after they have
undergone near-total or total thyroidectomy and 131I ablation and have a negative post-
ablation scan and serum Tg values less than 2 ng/mL while receiving thyroid hormone
and less than 3 ng/mL after it is discontinued (8). However, the sensitivity and specificity
of various Tg assays vary widely in different laboratories, even with the use of a new
international standard (CRM 457) (9).

We use a sensitive Tg immunometric assay with a detection limit of 0.5 ng/mL. A serum
Tg above this level during thyroxine therapy in a patient who has undergone total or near-
total thyroidectomy and 131I ablation is a sign of persistent normal tissue or differentiated
thyroid carcinoma, which is an indication for repeat scanning when there is no other evi-
dence of disease. If serum Tg rises above 5–10 ng/mL after thyroid hormone is discontinued
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or rises above approximately 2.5 ng/mL after rhTSH is administered, normal or malignant
thyroid tissue is usually present, even if the 2 to 4 mCi 131I diagnostic scan is negative (i.e.,
<1% 131I uptake) (3,10,11). In this case, neck ultrasonography and/or CT or magnetic
resonance imaging (MRI), and/or F-18-fluorodeoxyglucose-positron emission tomogra-
phy (FDG-PET) should be considered to detect occult tumor that can be excised. How-
ever, if tumor is not found and the serum Tg is above 10 ng/mL, we give a therapeutic
dose of 131I—usually 100 to 150 mCi—and perform a posttreatment scan. In our experi-
ence, about 20% of such patients have lung metastases. Others use different cutoff values
and a different dose of 131I, but the Tg level to trigger treatment has been gradually
coming down in recent years (12). The patient under discussion had high enough serum
Tg measurements at 3 and 7 mo after initial therapy, both while taking thyroxine and after
its withdrawal (see Table 4), that distant metastases were almost certain to have been
present, probably in the lung.

Treating this man’s thyroid cancer was a particularly difficult problem, given the
important interactions between chronic renal disease, hypothyroidism, and renal iodine
clearance. His first two 131I treatments were done after thyroid hormone withdrawal. Dur-
ing the second one in March 1996, his serum creatinine became so elevated after thyroid
hormone withdrawal, as a consequence of the hypothyroidism-induced reduction in renal
blood flow, that he and his attending nephrologist felt another such episode would cause
permanent damage to his kidneys requiring chronic dialysis. For this reason, he was con-
sidered an appropriate candidate for rhTSH-stimulated 131I treatment that does not reduce
glomerular filtration rate (or radioiodine clearance) as does hypothyroidism. The FDA
has approved recombinant TSH for diagnostic 131I whole body scans and Tg measurement,
but not for 131I therapy because withdrawal may provide a more potent stimulus for uptake
of therapeutic doses of 131I by malignant thyroid tissue. The principal reason for this is
that sustained TSH stimulation over weeks occurs after thyroid hormone withdrawal, but
not with rhTSH, which typically has a serum half-life of 60 h following 0.9 mg IM. Also,
with rhTSH there is no reduction in the renal clearance of iodine that hypothyroidism
characteristically produces after thyroid hormone withdrawal, which enhances the whole-
body retention and therapeutic effect of 131I (3).

The patient was treated with 131I administered as large fixed doses and later was given
131I doses calculated by dosimetry. His last dose of 140 mCi of radioiodine may be equiv-
alent to 300–500 mCi therapy in a patient with normal renal function and a similar burden
of disease. Of the three treatment methods available, the most widely used and simplest
is to administer a fixed dose (13). Most clinics use this method regardless of the percent-
age uptake of 131I in the remnant or metastatic lesion. In the setting of normal renal func-
tion, lymph node metastases that are not large enough to excise are often treated with
100–175 mCi. Carcinoma extending through the thyroid capsule and invading the neck
is often treated with 150–200 mCi, which will usually not induce radiation sickness or
produce serious damage to other structures. Patients with distant metastases are often
treated with 200 mCi of 131I. Diffuse pulmonary metastases that concentrate 50% or more
of the diagnostic dose of 131I, which is very uncommon, may be treated with 75 mCi 131I
to avoid lung injury. Many believe that to eradicate a tumor it must concentrate at least
0.1% of the 131I dose at 24 h. However, in some patients metastases detected only by high
serum Tg concentrations can be treated effectively when uptake is much lower than 0.1%
(12). Translating these fixed radioiodine doses in the setting of normal renal function to
that of various states of renal insufficiency is problematic.
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A second approach is to use quantitative dosimetry methods to estimate tumor uptake
and retention. Some favor this because radiation exposure from arbitrarily fixed doses
of 131I can vary substantially. Doses that will deliver 50,000 to 60,000 rads (500–600 Gy)
to the residual normal tissue and 4000 to 5000 rads (40–50 Gy) to metastatic foci are likely
to be effective. If the calculated dose is less than 3500 rads (35 Gy), it is unlikely that the
cancer will respond to 131I therapy (14,15). To make these calculations, it is necessary to
estimate tumor size, which is often difficult to do and impossible in patients with pulmo-
nary metastases only visible with radioiodine imaging. Typically, lesions that receive
only a few hundred rads from 150 to 200 mCi of 131I should be considered for surgery,
external radiation or medical therapy.

A third approach to radioiodine therapy is to administer a dose calculated to deliver
a maximum of 200 rads (2 Gy) to the blood, keeping the whole-body retention less than
120 mCi at 48 h and the amount in the lungs less than 80 mCi (2960 MBq) when there
is diffuse pulmonary uptake. The maximum administered dose is often kept at 300 mCi
(16). Large therapeutic doses, regardless of the method chosen to estimate or calculate
them, deliver proportionally large radiation doses to the gonads, bone marrow, urinary
bladder and colon, perhaps accounting for the observations that malignancies at these
sites rise and gonadal dysfunction increases when large cumulative doses of 131I are
administered. About two-thirds of patients given 200 mCi or more develop mild radia-
tion sickness characterized by headache, nausea and occasional vomiting, which begins
about 4 h after 131I administration and resolves in about 24 h, but almost never occurs with
smaller doses although most children receiving 131I develop these symptoms. Occasion-
ally, patients have transient tongue pain or reduced taste (14,15). In the months following
high-dose radioiodine therapy, intermittent bouts of salivary pseudoobstruction may
occur that typically resolve within about 1 yr. It is important that the patient be aware of
this possibility to prevent unnecessary therapy for bacterial parotitis or salivary duct stones.
More than a year after the last 131I treatment, nearly half have reduced salivary gland func-
tion and some report recurrent conjunctivitis, but these are almost never serious problems.

Our patient was given rhTSH in preparation for his treatment with 131I. Recombinant
human TSH has been used to prepare some patients for 131I therapy, especially those with
hypopituitarism or other medical problems that blunt or abolish the normal rise of TSH
in response to thyroid hormone withdrawal, or medical conditions that will be adversely
affected by hypothyroidism. For example, Rudavsky and Freeman treated a patient with
scan-negative, thyroglobulin-positive metastatic thyroid cancer using 131I and rhTSH
(17). The patient had lung and bone metastases and was considered so desperately ill that
rhTSH was used in lieu of thyroid hormone withdrawal. Their patient was given 0.9 mg
rhTSH IM on 2 d and 515 mCi of 131I was administered on the third day. A whole body
scan obtained 1 wk later revealed uptake of 131I in both lungs and in essentially all skeletal
metastases. The bone pain ameliorated within two weeks and further improvement ensued
over the next few months, permitting the patient to resume independent ambulation while
his serum Tg fell from 7800 ng/mL to 1924 ng/mL on thyroid hormone therapy.

Our patient had a good response to 131I. He had considerable uptake of radioisotope
in his lungs on the earlier posttreatment scan (Fig. 4) but subsequently had a fall in his
serum Tg levels and diminished uptake of isotope in his lungs (Fig. 5). Nonetheless, he
has persistent disease.

Posttreatment 131I scans are likely to yield the most important clinical information
when pretreatment scans are negative and serum Tg levels are very high. In a study of 283
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patients, over 6% had lung and bone metastases detected after treatment with 100 mCi
131I that had been suspected on the basis of high serum Tg levels but had not been detected
after 2 mCi scans (18). In another study, all but one of 17 patients with elevated serum
Tg levels and negative 5 mCi diagnostic scans showed 131I uptake after 75 to 140 mCi 131I;
more than half had lung metastases (19). Treating these lesions usually reduces the tumor
burden, but complete tumor eradication may be difficult to achieve. The best prognosis—
sometimes associated with apparent cure after 131I therapy—is with lung metastases seen
only on 131I imaging (some are seen only on posttherapy imaging) and not by X-ray or
computed tomography (12,20). Among 23 patients treated with 131I for diffuse pulmo-
nary metastases detected only by 131I imaging, 87% had no lung uptake on subsequent
scans (21). After 131I therapy, serum Tg became undetectable and lung CT scans showed

Fig. 4. Case 4 March 1996 whole body images (left panel anterior, right panel posterior) after 200
mCi of 131I therapy with hypothyroid stimulation demonstrate two left neck foci consistent with
metastatic lymph nodes, the superior mediastinum, and subtle uptake in the right neck. Bilateral
diffuse lung uptake from pulmonary metastases is seen. Prominent bilateral renal activity is present
consistent with enlarged polycystic kidneys. Diffuse hepatic radioiodine activity is best seen on the
anterior image.



Chapter 6 / Thyroid Cancer 107

disappearance of the micronodules in almost half the patients, while lung biopsy showed
no evidence of disease in two. Others also report a substantial fall in serum Tg levels after
131I treatment of such patients (22). In one study, patients considered free of disease after
131I therapy survived three times longer than those with persistent disease (23). In another
study of 20 patients with pulmonary metastases, 65% had a complete response to 131I ther-
apy and there were no relapses after 4 to 32 yr (24). Others report a reduction of metastatic
disease in most patients but find that a complete remission of pulmonary metastases is
uncommon (25,26). Nonetheless, a partial response with reduction of metastatic disease is
usually possible and patients generally have a good quality of life with no further disease

Fig. 5. Case 4 February 2000 whole body images (left panel anterior, right panel posterior) after 140
mCi of 131I therapy with rhTSH stimulation demonstrate uptake in the superior mediastinum/supra-
sternal notch and faint bilateral diffuse lung uptake from pulmonary metastases. Prominent bilateral
renal activity and diffuse hepatic uptake are again noted.
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progression and a low mortality rate. This is consistent with data that suggests that the
tumor bulk of distant metastases is second only to patient age as a predictor of thyroid
cancer mortality (27).

Another problem encountered during our patient’s whole-body 131I scans was scan
interpretation. His enlarged kidneys are seen quite well with radioiodine imaging (Figs.
4 and 5), which is a characteristic of this type of polycystic kidney disease and is a cause
of a false-positive scan (28). Furthermore, 131I accumulated in his peritoneal dialysis
fluid and was best seen on his 48 h diagnostic images (not shown). There are other
important causes of false positive whole body 131I scans. Body secretions, pathologic
transudates and inflammation, nonspecific mediastinal uptake, or tumors of nonthyroidal
origin may cause false-positive scans (29). Misleading scans can be caused by physio-
logic secretion of 131I from the nasopharynx, salivary and sweat glands, stomach, genito-
urinary tract, and from skin, hair, and clothing contamination with urine, sputum or tears.
Pathologic pulmonary transudates and inflammation owing to cysts may also produce
false positive scans, as may lung lesions caused by inflammatory disease. Diffuse physi-
ologic hepatic 131I uptake is seen after diagnostic and therapeutic doses of 131I, which is
the result of 131I labeled thyroglobulin. The more 131I uptake that appears in the residual
thyroid or extrahepatic metastases, the more it appears in the liver. The frequency of
hepatic uptake in the post-therapy scans is related to the dose of 131I, ranging from 40%
with a 30-mCi dose to 70% with 150–200 mCi of 131I (30). However, hepatic 131I uptake
without uptake in the thyroid bed or in extra-hepatic thyroid carcinoma may represent
occult metastases (30).
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CASE #5: POST-IRRADIATION INSULAR THYROID CANCER

Case Description
A 69-yr-old man with a history of external beam radiation therapy for acne as a

teenager presented in July 1991 with superior vena cava syndrome thought owing to an
enlarged thyroid. Although he could not date the onset of his symptoms precisely, his arm
swelling seemed to have appeared over a few weeks. He underwent neck surgery at his
local hospital where the surgeon found an invasive thyroid tumor that he considered
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unresectable and merely performed a wedge biopsy. The pathologists thought the tumor
was an anaplastic thyroid carcinoma and he was referred to our medical center.

In August 1991, our initial examination disclosed a hoarse, but robust muscular man
who had a large asymmetrical and very hard goiter that was adherent to surrounding
tissues on the right. There was facial suffusion and edema, and dilatation of his neck veins
and those of his right arm and thorax consistent with a superior vena cava syndrome. He
had stridor with forced deep inspiration. Upon our review of the histologic sections (see
Fig. 6) a diagnosis of insular thyroid carcinoma (ITC) was made, which prompted further
surgical exploration at our institution.

At surgery a large invasive tumor was found that was difficult to separate from the
neck tissues. The surgeon excised as much tumor as possible, including most of the right
thyroid lobe, a large right supraclavicular mass and tumor that was enveloping, but not
invading the trachea and the right carotid artery and subclavian vein. The procedure was
completed with a modified right neck dissection and tracheostomy. Invasive tumor
measuring 1 × 3 cm that could not be resected was left at the right pyriform sinus. The
surgical specimen revealed a tumor that was completely occluding the excised right
jugular vein lumen. Histologically, this was a multifocal ITC that was scattered through-
out the thyroid gland, the largest focus of which was 2.3 cm.

From September through November 1991, he was treated with external beam radia-
tion, receiving approximately 60 Gy to a wide field that included the neck and mediasti-
num extending to a few centimeters below the carina. At the same time, he was given
doxorubicin 20 mg/m2/week. Near the end of this course of therapy, he developed severe
mucositis, neutropenia, and sepsis that required hospital admission. His thyroid labora-
tory studies are summarized in Table 5.

Fig. 6. A black and white photograph of an H & E stained slide from the initial tumor of Case 5
demonstrates a solid cluster of cells surrounded by fibrous tissue creating an island or “insular”
architecture. (Image courtesy of Paul E. Wakely, M. D., Department of Pathology, The Ohio State
University.)
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His superior mediastinal syndrome resolved shortly after his initial therapy and he
gradually recovered, gaining full strength and resuming his daily physical workouts,
although his hoarseness persisted. In December 1991 and February 1992, neck CT imag-
ing revealed a left thyroid lobe and soft tissue thickening in the right thyroid bed. In
August 1994, a neck CT showed asymmetric soft tissue swelling in the region of his right
pyriform sinus and permanent right vocal cord paralysis without change from July 1992.
From August 1996 through June 1999, neck and upper mediastinal CT imaging contin-
ued to show right vocal cord paralysis and residual tissue in the left thyroid bed, but not
in the pyriform sinus area. Serial chest CT imaging from December 1991 through Octo-
ber 1996 was negative for malignancy. A chest CT in May 1998 was essentially negative
except for minimal pericardial thickening. During this time, the patient developed severe
depression related to the death of his son and did not return for follow-up studies.

In January 2000, he developed symptoms of severe coronary artery disease necessi-
tating three-vessel coronary artery bypass. At surgery, a rock hard “marble” sized mass
was found overlying the aorta, which extended into the pericardium and surrounded the
pulmonary artery out of the surgeon’s reach. Biopsy of the unresectable tumor revealed
carcinoma of undetermined origin on frozen section study. Final pathology showed this
to be a poorly differentiated carcinoma, which demonstrated necrosis and many mitotic
figures and which stained for cytokeratin, but not thyroglobulin, chromogranin, synap-
tophysin, polyclonal CEA, or calcitonin. Because the area of recurrent disease had been
included in the previously irradiated field where he had received nearly maximal radiation,
it was felt he would not benefit from additional radiotherapy. Because he was asympto-
matic and the tumor was unlikely to respond to chemotherapy, no further treatment was
offered at that time.

Discussion
This patient, who as a youngster had head and neck irradiation for acne, developed

insular thyroid carcinoma (ITC) more than 50 yr later, which after about 9 yr degenerated
into an anaplastic tumor. Ordinarily, PTC accounts for approximately 80% of all thyroid
carcinomas in the U.S. (1,2), including more than 95% of the malignant tumors caused

Table 5
Case 5 Laboratory Summary

Date Months since Tg on LT4 New assay Tg TSH (normal
thyroidectomy  (ng/mL) on LT4 (ng/mL)  0.32–5.0 mU/mL)

2-7-92 7 9.1 0.08
12-18-92 17 3.6 1.00
6-28-93 23 4.5 0.16
4-26-94 33 5.5 1.11
9-19-94 38 5.6 1.63
3-27-95 44 5.1 1.8 0.59
10-1-96 63 3.2 3.92
11-5-97 76 2.2 0.98
5-12-98 82 1.4 1.29
3-30-99 92 <0.5 0.06
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by thyroid irradiation (3). Although most irradiation-induced tumors are typical PTCs, a
variant of this tumor—diffuse sclerosis variant PTC—accounts for 10% of the malignant
tumors found among the children of Chernobyl, a frequency over twice that in patients
without prior irradiation (4–6).

External radiation was widely used in the past to treat children with benign head and
neck conditions. It is now well known that this caused thyroid carcinoma in a number of
children, especially those exposed before the age of 15 yr, posing a major risk that becomes
progressively larger with increasing doses of radiation between 0.10 Gy (10 rads) and
10 Gy (1000 rad) (7). The incidence of thyroid carcinoma begins rising within 5 yr of
exposure and continues unabated for 30 yr, after which it begins to decline (7). It is slightly
more likely to develop in females than males, but the difference is small, and is more
likely to occur when there is a family history of thyroid carcinoma (7). Nonetheless, only
about 30% of irradiated patients develop palpable thyroid nodules, of which only about
one third are malignant (8). Typically, ITC does not occur after head and neck irradiation.

Our patient presented with an extremely aggressive thyroid tumor that initially was
understandably mistaken for an anaplastic thyroid carcinoma (ATC) by his referring
physicians. Differentiating ATC from other uncommon forms of thyroid cancer is extre-
mely important and can be done with careful histological and immunohistologic study
of the tumor. In addition, our patient’s ITC appears to have evolved over time into ATC.

First described in 1984 by Carcangiu et al. (9), ITC accounts for slightly less than 5%
of all thyroid carcinomas (10). Typically, the tumor shows solid clusters of cells with
small follicles that resemble pancreatic islet cells but contain thyroglobulin (11). Although
often categorized as a variant of follicular carcinoma, some ITCs show papillary differ-
entiation. Accordingly, some pathologists believe that ITC is derived from follicular epi-
thelium but should be considered as a separate pathologic entity (11). Point mutations
found in some ITCs at codon 61 of the N-RAS gene also suggest that this tumor represents
a de novo entity distinct from follicular carcinoma (10).

ITCs are unusually large invasive tumors that often penetrate blood vessels and grow
through the thyroid capsule. Although they can be diagnosed by FNA biopsy, the cytol-
ogy is usually interpreted as “suspicious for follicular neoplasm” and ITC thus should be
included in the differential diagnosis of such lesions (12). Compared to PTC, ITC pre-
sents at an older age (54 vs 36 yr) with larger primary tumors (4.7 vs 2.5 cm) and fewer
neck metastases (36% vs 50%) but more distant metastases (26% vs 2%), and has a worse
30-yr cancer-specific mortality rate (25% vs 8%) (13). In a study of ITC and tall cell car-
cinoma (a highly virulent form of PTC), univariate analysis of disease-free interval showed
that prognosis was determined by patient age, tumor size, extrathyroidal extension, and
lymph node metastases (14). However, patients with ITC had significantly worse out-
comes than those with tall cell carcinoma. ITC can also occur in children in whom it is
usually responsive to thyroidectomy and 131I therapy, but may have an aggressive clinical
course and may be fatal (15,16). In older patients, ITC is less likely to concentrate 131I
(15,17). However, this is not always the case. One patient, who presented with an autono-
mously functioning thyroid nodule that caused severe thyrotoxicosis, was found to have
ITC metastatic to a cervical lymph node and both lungs (18). The primary tumor and its
metastases contained an activating mutation of the TSH receptor gene that accounted for
its hyperfunction, and perhaps its aggressive behavior (18).

ATC is an exceptionally invasive malignancy with extremely aggressive behavior and
a poor prognosis. Mutations in the p53 suppressor gene occur almost exclusively in poorly
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differentiated thyroid tumors and its prevalence is highest in ATC, suggesting that p53
inactivation may confer aggressive properties and further loss of differentiated function
in these neoplasms. In the past, ATC accounted for approximately 5–10% of thyroid
carcinomas (19), but in recent years its incidence has been lower and now accounts for
about 2% of all thyroid cancers in the U.S. (2). In a review of 475 patients with this disease
reported in six large studies, the mean age at the time of diagnosis was 65 yr with only
a slight female predominance (19). Almost all ATCs evolve from well-differentiated
tumors (19). Although an occasional case of anaplastic medullary thyroid carcinoma
occurs, most arise from well-differentiated papillary or follicular thyroid carcinoma or
occasionally from follicular adenomas (19).

Typically both thyroid lobes are involved and the tumor is invasive and poorly demar-
cated from surrounding neck tissues. Histologically, ATCs exhibit three distinct mor-
phologic patterns—spindle cell, giant cell, and squamoid features—often with frequent
mitotic figures. The immunohistochemical proof of the follicular origin of ATC is stain-
ing with epithelial markers, the most useful of which is low-molecular-weight keratin
(cytokeratin) expressed in up to 80% of cases, which our patient demonstrated (20). Other
markers may be detected, although as many as 30% of ATCs express no tumor markers
(21). Some stain for thyroglobulin, which is of little diagnostic value because its detection
is so variable, ranging from none to 70% in different studies (19). ATC usually contains
little thyroglobulin and thus fails to raise the serum thyroglobulin very much or not at all,
which happened in our patient as his tumor became more undifferentiated (see Table 5).

Almost two-thirds of patients with ATC present with a rapidly enlarging neck mass,
often without preexisting goiter, and up to half have symptoms of tracheal compression
and invasion, usually with dyspnea or stridor (20). Symptoms often appear abruptly,
being present for less than 3 mo in almost half the patients (22). Rapid tumor growth often
causes neck pain that may mimic subacute thyroiditis, probably caused by tumor necrosis
and invasion of neck tissues. Hoarseness and cough, sometimes with hemoptysis, and
systemic symptoms of fever or weight loss are often present. Although most patients
have normal thyroid function, thyrotoxicosis rarely occurs, probably from rapid thyroid
tissue necrosis releasing thyroid hormone (19).

On examination, ATC is typically a stoney hard, poorly circumscribed mass that is
fixed to surrounding structures. In one large study (22), 60% of ATCs presented as a mul-
tinodular goiter and 38% presented as an apparently isolated thyroid nodule, whereas
only 2% caused diffuse thyroid enlargement. The tumors are characteristically quite large
and may be associated with palpable cervical lymph nodes. About 80% are larger than
5 cm and half are accompanied by palpably enlarged cervical lymph nodes; about one-
third of the tumors cause vocal cord paralysis (22). Stridor that occurs when the patient’s
neck is extended portends serious airway obstruction and should raise the question of
elective tracheostomy to protect the airway. The tumor may cause a superior mediastinal
syndrome with venous distention and edema of the face, arms, and neck. Thus at the time
of his initial presentation, our patient had many clinical features of ATC caused by an
extremely aggressive ICT.

At the time of diagnosis, only about one-third of patients with ATC have distant metas-
tases, mostly to the lung, but about half the patients eventually developed them (19,20,22).
Metastases are typically large isolated lesions that do not concentrate 131I.

Although a diagnosis of thyroid malignancy is almost always possible by FNA cytology,
ATC may be difficult to distinguish from thyroid lymphoma, MTC and other forms of
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undifferentiated thyroid carcinoma such as ITC, or cancers metastatic to the thyroid gland.
Nonetheless, the giant and spindle cell patterns of ATC usually predominate, sometimes
with multinucleated giant cells, suggesting the correct diagnosis. Although MTC often
shows a spindle cell population, it usually can be correctly identified by FNA cytology
that may stain for amyloid or calcitonin (19). Non-Hodgkin’s thyroid lymphoma can be
identified by FNA, usually by its small cells, but open biopsy and histochemical staining
may be necessary to differentiate it from ATC, especially when the lymphoma is com-
posed of large cells. Poorly differentiated “insular” thyroid carcinoma may be mistaken
for ATC, which occurred in our patient. Most cases of ATC diagnosed by FNA should
have open biopsy with immunohistochemical staining to confirm the diagnosis.

ATC has a dismal prognosis. Typically, it cannot be completely resected because of
its invasion into adjacent neck structures, causing death from the effects of local tumor
invasion, particularly asphyxiation. In one large study (23), more than 50% of patients
died from suffocation, whereas the others died of a combination of effects from the
primary tumor and metastases. Median survival has been only 4–6 mo in most large series
reported over the past two decades (19,22). This has not improved substantially in recent
years. For example, a large study in 1961 reported that 61% of 119 patients with ATC died
within 6 mo and 77% had died within a year of diagnosis (24). Almost 30 yr later, another
large study of 121 patients with ATC reported a mean survival of 7 mo (20). This is why
lymphomas, MTC, and other tumors such as insular carcinoma that resemble ATC—but
typically are more responsive to therapy and have a substantially better prognosis—must
be carefully identified by immunohistochemical studies.

It was apparent at the time of presentation that our patient had an aggressive thyroid
malignancy with a poor prognosis. Men with thyroid carcinoma, especially those over
age 60 yr at the time of diagnosis, have an especially poor prognosis. In our series of
patients with differentiated thyroid carcinoma, 10-yr survival rate in patients over age 60
yr was 36% for men and 50% for women (p < 0.03) (25). Although our patient had ITC,
based on his age, gender, clinical presentation, and tumor stage, therapy was approached
as though this were an ATC, which typically is very resistant to any form of therapy and
is rarely cured. Surgery, chemotherapy, or radiotherapy used separately generally has not
been effective (26–28). The best survival rates are reported following combined surgery,
external irradiation and chemotherapy (29).

Unlike surgery for differentiated thyroid carcinoma, less than total thyroidectomy
with resection of the involved adjacent neck tissues and cervical lymph nodes should be
done for ATC if possible, without resorting to radical surgery. In the large Mayo Clinic
series (22), 41% of the patients had surgical resection—mostly total lobectomy with sub-
total resection of the contralateral lobe—in an attempt to cure the patient. In the M. D.
Anderson Hospital series (20), approximately 45% of the patients underwent total thy-
roidectomy. However, in neither series did the extent of surgery influence the survival rate.
Total thyroidectomy and radical neck dissection results in an increased complication rate
without conferring a clear advantage over a more conservative approach. When the
tumor is resectable, an appropriately aggressive and safe surgical approach is to resect
the tumor with wide margins of adjacent soft tissue on the involved side.

Airway management is an important facet of initial therapy. Our patient had a tracheo-
stomy in place for almost 2 yr before we felt assured that he would not succumb from
strangulation by local tumor, which may comprise the airway either by compression alone,
displacement or infiltration with the malignancy, and less often as the result of neuro-
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genic dysfunction. Management involves thyroid gland resection and decompression of
the airway when there is compression or displacement alone, and tracheostomy when the
airway is infiltrated with tumor. Many patients require tracheostomy during the course
of their disease, mainly to relieve airway obstruction but also as a precautionary measure
before initiating external radiation therapy. External irradiation may cause tumor edema
that acutely exacerbates airway obstruction. More than half the patients in the Mayo
Clinic series required tracheostomy at some time during the course of their disease (22).

After treatment with surgery and conventional radiotherapy, less than 5% of patients
with ATC survive 5 yr, although survivors who are disease-free at 2 yr may live for longer
periods (19). Because conventional external irradiation fails to eradicate local disease,
larger radiation doses may be given at closer intervals, but the toxicity is very high,
resulting in severe esophagitis and dysphagia, spinal cord necrosis, and death (28,30).

There is no consensus on the selection of chemotherapeutic agents for patients with
A:TC, mainly because this tumor is so resistant to chemotherapy. None provides clearly
superior therapeutic efficacy, and the selection is often based as much upon the side-effect
profiles of the drugs as potential efficacy. Doxorubicin is perhaps the most commonly
used, administered either alone or in combination with other drugs. The usual doxorubicin
dosage has been between 60–90 mg/m2 body surface (19). In one study (31), the response
rate (complete or partial remission) with this dose of doxorubicin used alone was almost
40% in 248 patients with advanced thyroid carcinoma of all types, but was only 22% for
77 patients with ATC (31). Remission duration is relatively short, with a median period of
90 (range 33–560) d in the 20%–30% who respond to doxorubicin (19). When there is a re-
sponse to doxorubicin, pulmonary metastases respond to therapy most frequently, followed
by bone metastases and local tumor growth; however, it may not control local disease (19).

One regimen consisting of combination doxorubicin and hyperfractionated radiation
therapy for anaplastic thyroid carcinoma has been shown to provide better results than
either treatment given alone (32). The protocol in this study consists of once weekly
administration of low-dose doxorubicin (10 mg/m2) and hyperfractionated radiation
therapy carried out with a fractional dose of 160 cGy per treatment twice a day for 3 d
per wk. The total tumor dose is nearly 6000 cGy delivered over about 40 d. Nine patients
underwent this combination treatment and eight achieved complete tumor regression in
the primary treated area; six remained free of neck disease until death or their last follow-
up. The protocol was well tolerated with little morbidity. In 1987, the authors reported
their results in 19 patients with ATC that were treated with the same protocol (33). Com-
plete tumor response was observed in 84% of the patients and local tumor control rate
was 68% at two years. Median survival was 1 yr, but most patients eventually developed
distant metastases and died from the disease.

This patient’s low serum Tg levels portend a poor prognosis with degeneration of the
ITC to ATC, which was found on the biopsy done in January 2000 that showed the tumor
to be undifferentiated without intracellular thyroglobulin. His relatively asymptomatic
state from the tumor despite its aggressive nature and the fact that no conventional ther-
apy was available suggested that he should be entered into a therapeutic trial using a new
class of drugs.
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CASE #1: CUSHING’S DISEASE: DIFFICULTIES IN DIAGNOSIS

Case Description
A 38-yr-old woman was referred because of a 75-lb weight gain over the past 7 yr. She

has noticed some increasing facial fullness and has had some problems with climbing
stairs. She has had insomnia and nocturia for the past 3 yr and complains of some easy
bruisability. She recently suffered a stress fracture in her right foot. She has maintained
normal menstrual periods, but has had a decreased libido. She complains of emotional
lability over the past 2 yr. She denied any history of diabetes, hypertension, or kidney
stones.

Her past medical history is remarkable for a left oophorectomy 6 mo ago for a ruptured
ovarian cyst. She has recently been receiving some counseling for depression. There is a
family history of thyroid disease in her mother and diabetes in both maternal grandparents.
She has had two pregnancies and two healthy children. There is no history of significant
alcohol use and she does not smoke.

Examination showed a slightly cushingoid woman (see Fig. 1) with a BP of 130/90,
pulse 88, height 63'', weight 222 lbs. She had some mild facial rounding with very slight
plethora. Her skin was not thin. She did have a slight increase in supraclavicular fullness
as well as a dorsocervical fat pad. The thyroid examination was normal. She had good
muscle strength and no peripheral edema.

Biochemical evaluation showed the following 24-h urine free cortisol (UFC) measure-
ment obtained during a 3-mo period: 222 µg, 42 µg, 78 µg, and 54 µg (normal <50 µg/d).
An overnight 1-mg dexamethasone suppression test yielded a serum cortisol of <1 µg/dL.
An 11:00 PM salivary cortisol level was 5.3 nmol/L (0.4–3.6 nmol/L).

Computed tomography (CT) of the abdomen showed a 4-cm mass in the right adrenal
gland and the left adrenal gland appeared normal. A cystic area of 2 cm was noted on the
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right ovary. A CT scan of the pituitary gland showed a convexity of the pituitary gland
but no discrete pituitary lesion was identified. Because of claustrophobia, the patient
would not undergo an MRI of the pituitary.

The patient was referred for inferior petrosal sinus adrenocorticotropic hormone
(ACTH) sampling. The results are outlined in Table 1. A left-sided pituitary corticotroph
adenoma was suspected based on these results and she was referred to an experienced
pituitary neurosurgeon.

At the academic medical center where she was referred, she was initially seen by an
endocrinologist who did not believe she had spontaneous Cushing’s syndrome. The patient
was admitted to a clinical research center and underwent the 2-d low-dose dexamethasone
suppression test (dexamethasone 0.5 mg every 6 h × 8 doses). On the second day of this
test, the urine free cortisol and 17-hydroxycorticosteroids were undetectable. She was
referred back to her private endocrinologist.

Another late-night salivary cortisol level was 4.9 nmol/L (0.3–3.6) and a dexametha-
sone corticotropin releasing hormone (CRH) test was performed. The results are shown
in Table 1. After these studies, the pituitary neurosurgeon agreed to operate on this woman.
Transsphenoidal surgery demonstrated a 2-mm left corticotroph microadenoma, which
was successfully removed and was followed promptly by secondary adrenal insuffi-
ciency. Within 24 mo, her pituitary-adrenal axis recovered. Subsequent CT of the adrenals
showed regression of the 4-cm adrenal nodule. The patient lost 60 lbs and is very pleased
with her clinical outcome.

Fig. 1. A young woman with a 75-lb. weight gain over 7 yr.
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Discussion
The diagnosis of Cushing’s syndrome represents a very challenging problem for

clinical endocrinologists, particularly when the degree of hypercortisolism is mild (1).
The differentiation of patients with true spontaneous Cushing’s syndrome from the large
number of patients with Cushing’s phenotype may be very difficult. Clinicians are cer-
tainly familiar with the remarkable similarities between the metabolic syndrome X and
Cushing’s syndrome. Excessive and sustained cortisol secretion has long been associated
with the entire spectrum of the metabolic syndrome X including obesity, insulin resis-
tance, dyslipidemia, hypertension, and impaired glucose tolerance resulting in morbid
sequelas of atherosclerosis and cardiovascular disease. Recognition of subclinical hyper-
cortisolism in some patients with incidentally discovered adrenocortical tumors and the
clinical improvement observed in these patients following adrenal surgery has increased
the importance of discovering and treating even mild Cushing’s syndrome (2).

Clinical features that enhance the index of suspicion for endogenous hypercortisolism
include the presence of facial rounding with plethora, increased supraclavicular fullness,
proximal myopathy, cutaneous wasting (skin-fold thickness in the dorsum of the right hand
<2 mm), osteoporosis, and neuropsychiatric problems. Although the patient described
here did not have an established diagnosis of hypertension, elevated blood pressure is
present in the majority of patients. Our patient had upper-body obesity, but did not appear
grossly Cushingoid. She did have some mild plethora and increased supraclavicular full-
ness, as well as subjective (albeit no objective evidence) of weakness. She also had some
neuropsychiatric issues (emotional lability, insomnia, decreased libido). Certainly, the
constellation of clinical features in this patient mandated an evaluation for possible Cush-
ing’s syndrome.

The measurement of a 24-h UFC determination is considered the most useful diagnos-
tic test in establishing the presence or absence of Cushing’s syndrome. Introduction of
high-performance liquid chromatography (HPLC) has provided the most specific means

Table 1
Case 1

Inferior Petrosal Sinus Sampling
ACTH (pg/mL)

                        Location

Time Rt IPS Lt IPS P

0 51 160 22
100 µg oCRH IV

+2  73 406 30
+5 287 704 40

    Dexamethasone-CRH Test

Time a0' 15' 30' 60'

Cortisol (µg/dL) 1.1 1.9 3.2 2.9
ACTH (pg/mL) 8 19 19 22

aCRH 100 µg IV given after dexamethasone 0.5 mg orally
every 6 h for 48 h.
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of measuring UFC. Normal subjects usually have UFC <50 µg/24 h with this technique.
UFC determinations have been shown to have diagnostic sensitivity and specificity as
high as 98–100% in some series (3); however, a recent study comparing UFC measured
by HPLC with a competitive binding method for urine cortisol determination, showed that
7 of 29 patients with proven Cushing’s syndrome had normal UFC with either method
(4). This sobering observation creates considerable concern regarding the negative pre-
dictive value of urine cortisol measurements in the diagnosis of Cushing’s syndrome. At
least 10–15% of patients with Cushing’s syndrome will have at least one of four 24-h UFCs
within the normal range (5). The patient described here illustrates this point.

Low-dose dexamethasone suppression testing has been used as a diagnostic aid in the
evaluation of patients with suspected Cushing’s syndrome for four decades (6). Unfor-
tunately, these tests have poor sensitivity and specificity. The case presented here ampli-
fies this point. The classic 2-d low-dose dexamethasone suppression test (dexamethasone
0.5 mg orally every 6 h for 48 h with measurement of urine steroid) has been shown to
have sensitivity of only 79%, specificity 74%, and diagnostic accuracy of 71% in patients
with mild Cushing’s syndrome (7). In addition, the overnight 1-mg dexamethasone sup-
pression test has been shown to not be much better. Reported cutoff values for the sup-
pression of serum cortisol in studies using contemporary immunoassay techniques range
from 3.6–7.2 µg/dL (8). A recent extensive review assessing the utility of the overnight
1-mg dexamethasone suppression test in the diagnosis of Cushing’s syndrome suggests
that the dexamethasone-induced suppression of plasma cortisol to <1.8 µg/dL effectively
excludes Cushing’s syndrome (8). As it has become increasingly obvious that some
patients with mild ACTH-dependent Cushing’s syndrome demonstrate unusual sensitiv-
ity to dexamethasone suppression, this much lower criterion must be employed to pro-
vide adequate sensitivity for the test; however, the false-positive rate will almost certainly
increase and thereby decrease the overall diagnostic utility of the test. A recent study (9)
has shown that 13 of 73 patients (17.8%) with Cushing’s syndrome suppressed serum cor-
tisol to <5 µg/dL and that six of these patients actually had plasma cortisol levels <2 µg/
dL following the overnight 1-mg dexamethasone suppression test. Obviously, the patient
described here had exquisite glucocorticoid negative feedback and suppressed both
plasma and urine cortisol to plasma urine steroids to very low levels following low-dose
dexamethasone suppression testing. Needless to say, other clinical and biochemical fea-
tures must be taken into consideration in establishing the presence or absence of Cushing’s
syndrome.

Patients with endogenous hypercortisolism of any etiology usually have a disrupted
diurnal rhythm. Although morning cortisol levels in patients with Cushing’s syndrome
overlap those of normal subjects, increased cortisol secretion at or near the time of the
nadir has been a consistent finding in patients with spontaneous Cushing’s syndrome.
Several studies have shown that late-night (11:00 PM–midnight) plasma cortisol deter-
minations are useful in discriminating patients with Cushing’s syndrome from those with
Cushing’s phenotype or pseudo-Cushing’s states (e.g., depression, alcoholism, eating
disorders) (10,11). Plasma cortisols >1.8 µg/dL while sleeping at midnight provides a diag-
nostic sensitivity of nearly 100% for Cushing’s syndrome; however, this technique requires
inpatient hospitalization for at least 48 h and is currently impractical as a screening test.

More recently, the determination of late-night salivary cortisol has been shown to be
a simple and effective means of screening for possible Cushing’s syndrome (12). Salivary
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cortisol concentration is highly correlated with free (biologically active) serum or plasma
cortisol and is independent of the rate of saliva flow. Saliva can be easily collected in
a commercially available collection device which involves chewing on cotton for 2 min.
Elevations of salivary cortisol greater than the upper limit of the normal reference range
(3.6 nmol/L) has been shown to yield a diagnostic sensitivity of 90–95%. In addition, late-
night salivary cortisol has been shown to provide good discrimination between patients
with proven Cushing’s syndrome and patients referred with Cushing’s phenotype. Our
patient described here had modest but persistent elevations of 11:00 PM salivary cortisols
consistent with her slightly elevated UFC determination. In our experience, the presence
of elevations of UFC and 11:00 PM salivary cortisol yielded diagnostic specificity of
essentially 100% for Cushing’s syndrome. Similarly, normal UFC in combination with
normal 11:00 PM salivary cortisol essentially exclude the diagnosis.

The endocrinologist who evaluated this patient prior to pituitary surgery relied on the
low-dose dexamethasone suppression testing to exclude the diagnosis of Cushing’s syn-
drome; however, the presence of mild but persistent elevations of UFC and salivary corti-
sol certainly seem to suggest the presence of mild Cushing’s syndrome. The findings in
the inferior petrosal sinus ACTH sampling are consistent with the diagnosis of Cushing’s
disease (pituitary ACTH-dependent Cushing’s syndrome) only if the patient actually has
spontaneous Cushing’s syndrome. Obviously, normal subjects will have a pituitary ACTH
gradient which surprisingly may often lateralize into either the left or right petrosal sinus
(13). In order to provide further diagnostic certainty, a dexamethasone-CRH test was
performed.

This test has been designed to distinguish Cushing’s syndrome from patients with
pseudo-Cushing states (depression and alcoholism) as well as from normal subjects (7,
14). The dexamethasone-CRH test takes advantage of the overt sensitivity of patients
with Cushing’s syndrome to both dexamethasone and CRH by combining these tests.
Dexamethasone (0.5 mg every 6 h) is administered eight times starting with a dose at
12:00 PM and with the last dose at 6:00 AM prior to the dynamic studies. CRH (1 µg/kg)
is administered intravenously at 8:00 AM. A plasma cortisol >1.4 µg/dL measured 15 min
after the administration of CRH correctly identified patients with Cushing’s syndrome.
The major liability of this test is its cumbersomeness and the exquisite assay sensitivity
needed for cortisol determinations. Most commercially available assays for cortisol do
not provide the degree of sensitivity and specificity needed to interpret this test properly.
Our group has seen at least four false-positive studies. In our experience, plasma ACTH
response to this test is actually of greater diagnostic utility than the serum cortisol. Patients
with Cushing’s disease usually have plasma ACTH levels >15 pg/mL sometime during
the test. Patients without Cushing’s syndrome usually have plasma ACTH levels <10 pg/
mL throughout the test. The dexamethasone-CRH test in our patient was abnormal by
anyone’s criterion.

Finally, our patient also had a large (4 cm) right adrenal nodule. At least 20% of patients
with ACTH-dependent Cushing’s syndrome may have unilateral or bilateral adrenal
nodules that can, on occasion, be mistaken for an adrenal-dependent cortisol-producing
neoplasm (15). Now with the widespread availability of reliable, sensitive and specific
plasma ACTH assays, the ACTH-dependency of these nodules should be easily estab-
lished and diagnostic confusion avoided. As was the case in our patient, these nodules
often regress following removal of the ACTH-secreting neoplasm.
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CASE #2: ECTOPIC ACTH SYNDROME

Case Description
The patient is a 45-yr-old man referred to an endocrinologist because of rapid onset

of severe hypertension and lower extremity edema. Severe weakness, fatigue, and a
weight gain of 10–12 lbs developed over a 3 mo period of time. He was unable to perform
his job as a maintenance worker. There had been some emotional lability.

His past medical history was remarkable for congenital absence of the left kidney. His
family history was unknown as he was adopted. He had never smoked and rarely used
alcohol.

Examination showed a mildly cushingoid man whose blood pressure was 142/98
mmHg, pulse 96, height 69-3/4'', weight 191 lbs. There was some mild facial rounding
but no real plethora. He did have a slight increase in supraclavicular fullness. There was
no proptosis or abnormal eye findings. His thyroid gland was not enlarged. He had
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normal genitalia. He had significant proximal muscle weakness and he was unable to get
out of the chair without assistance.

Initial laboratory studies showed a sodium of 143 mEq/L, potassium 2.4 mEq/L,
chloride 98 mEq/L, bicarbonate 29 mEq/L. Random blood glucose was 132 mg/dL.

A basal 24-h UFC was 2200 µg/d and fell to 92 µg/d following the 2-d high-dose
dexamethasone suppression test. A plasma ACTH level was 89 pg/mL (9–52). Pituitary
CT was normal (MRI was precluded because of metal hardware in his left inner ear) and
the patient was referred for pituitary neurosurgery.

Fortunately, the neurosurgeon referred this man for inferior petrosal sinus ACTH
sampling. The results of the study are shown in Table 2. There was no evidence of pitu-
itary ACTH gradient either before or after CRH administration. Somatostatin receptor
scintigraphy (octreotide acetate) was normal. A chest CT did show a right lower lobe
abnormality. Trimethoprim-sulfamethoxazole prophylaxis for Pneumocystis carinii was
initiated and the patient underwent a right lower lobe lobectomy removing a noncaseating
granuloma with no change in intraoperative ACTH and persistent hypercortisolism. A few
days later, the patient underwent an intrathoracic venous sampling procedure. Remark-
ably, a significant increase in ACTH was found in the left brachiocephalic trunk (see
Table 2). Repeat high-resolution CT scan through the anterior mediastinum did show an
8-mm mass. This lesion was removed by mediastinoscopy with immediate intraopera-
tive decrease in ACTH and secondary adrenal insufficiency. The pathology report demon-
strated a thymic carcinoid tumor with positive immunocytochemistry for ACTH.

The patient had complete clinical remission of Cushing’s syndrome and secondary
adrenal insufficiency persisted for 19 mo. Three years following surgery, the patient under-
went further testing and was found to have a 24-h UFC of 9 µg/d and a plasma ACTH of

Table 2
Case 2

Inferior Petrosal Sinus Sampling
ACTH (pg/mL)

Location

Tme Rt IPS Lt IPS P

0' 243  246 217
100 µg oCRH IV

+2'  210  249 187
+5'  238  236 191

Intravenous ACTH Sampling

Site Plasma ACTH (pg/mL)

Arterial 63
Brachiocephalic Trunk (left) 132
R subclavian 87
Superior vena cava 77
R atrium 86
R pulmonary vein 84
Abd. vena cava 71
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25 pg/mL. Five years following his initial presentation, the patient developed rapid onset
again of generalized edema, hypertension, and weakness. A 24-h UFC was 3110 µg and
a plasma ACTH was 1022 pg/mL. CT of the chest demonstrated a 2 × 1.2-cm soft-tissue
mass in the anterior mediastinum just below the level of the previous surgical clips. Tri-
methoprim-sulfamethoxazole was started. A sternotomy was performed removing a well-
differentiated 2-cm thymic carcinoid tumor. One small lymph node also demonstrated
a small metastasis of 3 mm. Immunocytochemistry was strongly positive for ACTH.
Postoperatively, hypercortisolism persisted (24-h UFC of 300 µg/d). The patient’s post-
operative course was complicated by intrathoracic hemorrhage following anticoagula-
tion for a left subclavian vein thrombosis. After a protracted hospitalization and recovery
from the venous thrombosis, the patient underwent laparoscopic bilateral adrenalectomy
and clinical and biochemical resolution of his hypercortisolism. He is currently on
maintenance glucocorticoid and mineralocorticoid support. The postoperative chromo-
granin A level is elevated at 15.5 ng/mL (1.6–5.6) and is serving as a potential tumor marker.
The patient continues to have serial chest radiographs and CT imaging.

Discussion

This patient illustrates not only the great difficulty in distinguishing pituitary ACTH-
dependent Cushing’s syndrome from the occult ectopic ACTH syndrome, but also the
problems frequently encountered in the discovery and treatment of patients with non-
pituitary ACTH-dependent hypercortisolism. Distinguishing Cushing’s disease from
the occult ectopic ACTH syndrome with certainty requires a thoughtful and common
sense approach. Cushing’s disease is predominantly a disorder of women with most
reported series showing a 6:1 female/male ratio. On the other hand, the ectopic ACTH
syndrome is equally distributed between the sexes. As a rule, patients with Cushing’s
disease have, in retrospect, signs and symptoms of hypercortisolism developing over
several years. In contrast, patients with ectopic ACTH-secreting neoplasms usually have
the onset of signs and symptoms of hypercortisolism over a period of time of less than
1 yr. Furthermore, spontaneous hypokalemia and metabolic alkalosis is unusual in
Cushing’s disease (10% of patients), but is present in almost 50% of patients with the
ectopic ACTH syndrome (1). Therefore, the rapid onset of ACTH-dependent hypercor-
tisolism with hypokalemia in our male patient must raise considerable concern regarding
the possibility of a nonpituitary neoplasm regardless of the findings of any other tests.

The measurement of plasma ACTH is an important part of the evaluation (2). Although
plasma ACTH levels are generally higher in patients with the ectopic ACTH syndrome
than those with Cushing’s disease, there is overlap between these two disorders. Nonpitu-
itary tumors may secrete many of the posttranslational peptides of proopiomelanocortin
(POMC). Crosby et al. (3) have developed a two-site immunoradiometric assay for the
measurement of ACTH precursors. This assay measures peptides containing POMC
(31KD) or pro-ACTH (22KD). Although values are greater in patients with ectopic ACTH
than those with Cushing’s disease (see Fig. 2), we have still observed considerable over-
lap in these patient groups.

Traditionally, endocrinologists have used high-dose dexamethasone suppression test-
ing to help distinguish pituitary from nonpituitary sources of ACTH hypersecretion.
Unfortunately, the use of high-dose dexamethasone suppression testing in the differen-
tial diagnosis of ACTH-dependent Cushing’s syndrome yields a diagnostic sensitivity,
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specificity, and accuracy of only 80% (4). Several groups of investigators have attempted
to improve the diagnostic accuracy of high-dose dexamethasone suppression testing by
changing the diagnostic criterion. For example, Flack and coworkers (5) collected urine
for 6 d with the first 2 d as controls. During the next 2 d, subjects were given 0.5 mg of
dexamethasone every 6 h and during the last 2 d, 2 mg of dexamethasone every 6 h. Only
the patients with Cushing’s disease had >90% suppression of UFC and for 17-hydroxy-
corticosteroids. This study demonstrated that the 50% cutoff value, which had been used
in the past should be abandoned; however, the problem with using the strict 90% suppres-
sion cutoff was that it generated 30% misclassification of patients with Cushing’s disease
(false-negative results). Our patient suppressed basal elevations of UFC to 96% follow-
ing the high-dose dexamethasone suppression test. This finding resulted in referral to a
pituitary neurosurgeon in what could have been a surgical misadventure.

Our group has recently reported a series of patients with ectopic ACTH syndrome and
Cushing’s disease in whom high-dose dexamethasone suppression testing was performed
by their referring endocrinologist (6). In this series, 3 of 15 patients with ectopic ACTH
syndrome had >90% suppression of high dose dexamethasone (see Fig. 3). There was
really no difference in the characteristics of dexamethasone suppression testing in patients
with Cushing’s disease than those with the occult ectopic ACTH syndrome. Even more
compelling is the finding that a logistic model of clinical variables was not only better
than high-dose dexamethasone suppression testing, per se, but was not improved by the
addition of high-dose dexamethasone suppression testing. For example, the combination
of female gender, young age, long duration of symptoms, modest elevation of UFC, lack
of hypokalemia, and a normal or only slightly elevated plasma ACTH showed a 98%
sensitivity, 78% specificity, and 90% diagnostic accuracy for Cushing’s disease. Surely,
the continuation of high dose dexamethasone suppression testing in the differential diag-
nosis of ACTH-dependent Cushing’s syndrome cannot be justified.

Fortunately, in our patient, common sense prevailed and more precise diagnostic studies
were performed. Pituitary imaging with MRI is an important part of the evaluation of
ACTH-dependent Cushing’s syndrome. Rarely, patients with Cushing’s disease may have
a large corticotroph macroadenoma and further studies are not required. However, the

Fig. 2. Plasma ACTH and ACTH precursor levels in patients with Cushing’s syndrome.
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majority of patients have either equivocal or normal findings. Because it is well appre-
ciated that nearly 10% of normal subjects have pituitary MRI findings consistent with a
small pituitary lesion (7), the interpretation of any pituitary MRI patients with ACTH-
dependent Cushing’s syndrome must be interpreted cautiously. The normal pituitary CT
in our patient offered no help in the differential diagnosis; even if the study has been
consistent with a small lesion, the clinical presentation of this male patient demanded a
more definitive diagnostic procedure.

The only reliable and accurate means of distinguishing pituitary from nonpituitary
ACTH-dependent Cushing’s syndrome is the use of bilateral simultaneous inferior pet-
rosal sinus sampling (IPSS) with CRH stimulation. In experienced centers, the diagnostic
accuracy of IPSS approaches 95–100% (8,9). Nonetheless, the results from a recent large-
scale retrospective multicenter study demonstrated that the overall sensitivity, specific-
ity, accuracy of IPSS was only in the 80–90% range (10). In addition, IPSS has been asso-
ciated with morbid and even fatal complications including deep vein thrombosis, pulmo-
nary emboli, and brainstem vascular damage (11). In a recent series of 166 patients done
in an experienced center (12), IPSS was associated with only one episode of a transient
neurologic event (VI nerve palsy), and there were no cases of pulmonary thromboem-
bolism. IPSS is an invaluable resource in the differential diagnosis of many patients with
ACTH-dependent Cushing’s syndrome, but it must be performed in dedicated and expe-
rienced centers in order to provide accurate results with as little morbidity as possible.

The IPSS results in our patient were unequivocal. There was no evidence of pituitary
ACTH-gradient either before or after CRH administration. As this patient illustrates, the
search for the occult ectopic ACTH-secreting neoplasm may be difficult.

The ectopic ACTH syndrome is usually associated with neuroendocrine tumors. Small
cell lung carcinoma is thought to represent such a neuroendocrine tumor and accounts

Fig. 3. Percent suppression of cortisol secretion with high-dose dexamethasone in patients with
either Cushing’s disease (CD) n = 61 or ectopic ACTH (EAS) n = 15.
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for the majority of the cases with ectopic ACTH associated with a clinically apparent neo-
plasm. On the other hand, bronchial carcinoid tumors represent the majority of cases with
radiologically occult tumors (13). Medullary thyroid carcinoma, pancreatic islet cell
neoplasia, pheochromocytoma, and carcinoid tumors of almost any other origin are also
well recognized causes of ectopic ACTH production (1).

The majority of patients with occult ectopic ACTH are found to have small bronchial
carcinoid tumors. Computed tomography of the chest and abdomen will be helpful in
revealing potential sources of ectopic ACTH production. For example, islet cell tumors
producing ACTH are always larger than 2 cm and usually have metastasized to liver by
the time Cushing’s syndrome appears. Medullary carcinoma of the thyroid may easily
be detected by measurement of serum calcitonin and patients usually have extensive dis-
ease by the time hypercortisolism is discovered. Pheochromocytoma may also be a source
of ectopic ACTH and these tumors are always visible on CT imaging of the adrenal glands.

CT imaging of the chest identified a small lesion in the right lower lobe of our patient,
which seemed to be the most obvious source of his ectopic ACTH. MRI of the chest has
also been helpful in identifying central bronchial carcinoid tumors, which may be <1 cm
in diameter and confused with normal pulmonary vasculature on CT scan. Our patient
could not have an MR of the chest done because of metal hardware present in his inner
ear for a hearing problem.

Unfortunately, a right lower lobectomy in our patient removed only a noncaseating
granuloma with no decrease in plasma ACTH and persistence of hypercortisolism follow-
ing the procedure. Our group has shown that a complete removal of ACTH-secreting
bronchial carcinoid tumors can be detected intraoperatively by greater than 50% decrease
in ACTH by 15 minutes. Modification of the ACTH immunochemiluminescent assay to
15-min incubation allows the documentation with successful tumor removal in the oper-
ating room (14).

Although wide ranging venous sampling and bronchial lavage for ACTH are usually
ineffective in detecting occult tumors, further investigation of our patient with sampling
from pulmonary venous effluent discovered an increase in plasma ACTH in the left
brachiocephalic (innominate) vein. High-resolution CT imaging showed a mediastinal
mass of 8 mm. Primary thymic carcinoid tumors are also a potential source of ectopic
ACTH production. Although some have suggested that thymic vein sampling may be a
reliable technique for identifying ACTH-producing thymic carcinoid tumors, elevated
levels of ACTH in thymic vein samples may reflect ACTH production by pulmonary
bronchial carcinoid tumors, mediastinal metastasis, thymic carcinoid, or diffuse hyper-
plasia in intrathymic neuroendocrine elements (15). Consequently, with no obvious
tumor in the anterior mediastinum, it may not be consistent with a thymic lesion.

Thymic enlargement (pseudotumors of the thymus) has also been described in patients
with ectopic ACTH syndrome following resolution of the hypercortisolism either medi-
cally or with bilateral adrenalectomy. Tabarin et al. (16) has described five patients with
the ectopic ACTH syndrome in whom a thymic mass was discovered 6–14 mo after remis-
sion of hypercortisolism. Exploratory thoracotomy was performed in four cases and
resulted in the removal of an enlarged, but normal thymus. The mechanism of this abnor-
mality is thought to be thymic depletion resulting from hypercortisolism followed by
(rebound) thymic hyperplasia when cortisol levels are decreased.

Because some ectopic ACTH-secreting neoplasms have somatostatin receptors, soma-
tostatin receptor scintigraphy (SRS) has also been proposed as a means of localizing
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these ectopic ACTH-secreting tumors that are not found with conventional imaging.
Recently, Tabarin et al. (17) reported this technique in 12 patients with the occult ectopic
ACTH syndrome. Whole-body planar SRS using 111In-pentetreotide was performed 19
times in these 12 patients. Five patients had negative SRS and conventional imaging
studies and the source of ACTH secretion remains occult following several months of
follow-up in four of these patients, whereas a 2-cm ileal carcinoid tumor with liver and
micrometastasis was found at laparotomy in one patient 14 mo after presentation. SRS
was positive in 4 of the 12 patients with a false positive in one patient with a follicular
thyroid adenoma. SRS identified a 10-mm pancreatic tumor that became detectable using
CT scanning 9 mo later in one patient and two mediastinal lymph nodes of 10 mm previ-
ously ignored by MRI in another patient. SRS had little influence on therapeutic options
in these two patients in whom no final diagnosis could be made. Repetition of this imag-
ing technique during follow-up of patients with previously negative scans was useless.
In contrast, conventional imaging was positive in 6 to 12 patients. Sensitivity of SRS for
the detection of bronchial carcinoids was lower than that of thin section CT scanning. Our
patient had a negative somatostatin receptor scan.

The anterior mediastinal mass in our patient was discovered to be an ACTH-secreting
thymic carcinoid and was successfully removed by mediastinoscopy. The patient had
abrupt reduction in plasma ACTH levels and development of secondary adrenal insuf-
ficiency which persisted for several months following the surgery. Despite a prolonged
clinical and biochemical remission, the patient presented 5 yr later with recurrent and
prodigious hypercortisolism with a markedly elevated plasma ACTH. CT imaging again
showed a mediastinal mass and removal of this recurrent thymic carcinoid tumor resulted
in attenuation but not resolution of his hypercortisolism. Immunocytochemistry was
positive for ACTH and the tumor was well differentiated.

Thymic neuroendocrine tumors are quite unusual and may have combined features rang-
ing from well differentiated (carcinoid) to small cell carcinoma. Approximately 20% of
patients with primary thymic neuroendocrine tumors have Cushing’s syndrome. The
variability in the spectrum of the differentiation of primary thymic tumors is relevant
regarding prog-nosis. Patients with more poorly differentiated neuroendocrine features
have a very poor prognosis. In a recent series of 11 cases of primary thymic neuroendo-
crine carcinoma (two patients had Cushing’s syndrome), nine of the patients had died of
their tumors between 1–4 yr after the diagnosis (18). The persistence of Cushing’s
syndrome in our patient after the second operation suggests persistent micrometastasis.
In retrospect, a sternotomy and complete removal of anterior mediastinal tumor lymph
nodes should have been performed at the initial presentation. Similarly, a complete
lobectomy and removal of regional lymph nodes should be performed in patients with
bronchial carcinoid tumors rather than a more limited procedure in order to secure a
better long-term outcome (1).

The postoperative course in our patient was not a smooth one. Left subclavian vein
thrombosis mandated anticoagulation, which then led to intrathoracic bleeding and the
need for hemotransfusion. Cushing’s syndrome is a hypercoagulable state and these
patients are certainly at greater risk for many post-op complications (19). Our patient was
treated prophylactically with trimethoprim-sulfamethoxazole in order to prevent Pneu-
mocystis pneumonia. It is well appreciated that patients with severe hypercortisolism—
particularly with ectopic ACTH—have significant immunosuppression and are at risk
for opportunistic infections. We have observed the development of P. carinii pneumonia
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in four patients with the ectopic ACTH syndrome following initiation of adrenostatic
therapy. The recognition of P. carinii pneumonia during lowering of cortisol levels is a
result of unmasking of the intense inflammation of the pneumonia, which has been sup-
pressed by the hypercortisolism (20). Because we have routinely used prophylaxis with
trimethoprim- sulfamethoxazole, we have not observed any cases of P. pneumonia in 18
consecutive patients with the ectopic ACTH syndrome.

The persistence of hypercortisolism in this patient demanded definitive treatment.
Medical therapy with adrenostatic agents such as ketoconazole, metyrapone, and amino-
glutethimide may be beneficial on a short-term basis, but can rarely be used effectively
for the long-term management of patients with significant hypercortisolism. Bilateral
adrenalectomy serves as a definitive means of treating these patients. Now with the use
of laparoscopic adrenalectomy, this procedure can be offered to patients with minimal
morbidity and mortality and relatively short hospital stays (21). It is important to recog-
nize that the hypercortisolism is often a major cause of a patient’s debilitating condition
and that early surgical intervention may be indicated in order to gain prompt control of
the hypercortisolism even when the patient seems desperately ill.

The prognosis of patients with the ectopic ACTH syndrome largely depends on the
efficacy of therapies for the neoplasm. The mean survival of patients with ectopic ACTH
resulting from small cell lung carcinoma can be measured in days (22). Increased mor-
tality in these patients may be related to the opportunistic infections and catabolic state
associated with severe hypercortisolism. Certainly, the prognosis in our patient is guarded
and vigilant imaging follow-up for residual carcinoid tumors in his mediastinum and
chest is warranted on a long-term basis. The finding of a well-differentiated tumor provides
a hopeful prognosis. Because adrenalectomy has been performed, ACTH can no longer
be used as a reliable tumor marker. Because chromogranin A was elevated, this neuro-
peptide may serve as a reasonable barometer of tumor burden.
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CASE #3: CUSHING’S SYNDROME IN A CHILD

Case Description
The patient is an 11-yr-old female who has not grown in the past 18 mo despite an

approximately 20-lb weight gain (see Fig. 4) associated with increasing facial rounding
and plethora. She is prepubertal. There has been some evidence of breast development.
She has noticed some increasing hair on her chest, back, and arms. Easy bruisability and
emotional lability have been noted. She has no history of hypertension or diabetes. There
is no family history of any endocrinopathy. She is not receiving any medications. She is
a 6th-grade student maintaining excellent grades during the past year.

Examination showed a cushingoid-appearing 11-yr-old girl whose height was 130.7
cm (52'') and weight 85 lbs. Her blood pressure was 104/70 mmHg, pulse 68 bpm. She
had facial rounding with plethora and generalized obesity with increases in supraclav-
icular fullness. There were no abnormal eye findings and her thyroid gland was normal.
She had good muscle strength and no peripheral edema.

Laboratory studies confirmed the presence of ACTH-dependent hypercortisolism. A
24-h urine free cortisol (UFC) was 205 µg/d (normal <30 µg/d) and morning serum cor-
tisol 29 µg/dL decreased only to 22 µg/dL following overnight 1-mg dexamethasone sup-
pression test. A pituitary MRI was unremarkable and a basal plasma ACTH was 54 pg/
mL (normal: 9–52 pg/mL).
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In order to confirm the differential diagnosis of Cushing’s syndrome in this girl, bilateral
simultaneous inferior petrosal sinus ACTH sampling with CRH stimulation was per-
formed. The results are shown in Table 3. There was an unequivocal pituitary ACTH gra-
dient that lateralized before and after CRH administration into the right petrosal sinus.
There was also an exaggerated peripheral ACTH response to CRH. These findings were
consistent with a right-sided pituitary ACTH-secreting microadenoma and the patient
was referred to an experienced pituitary neurosurgeon.

Transsphenoidal pituitary surgery was performed and complete exploration of the
pituitary revealed no evidence of a microadenoma. Based on the results of the IPSS, a
right hemi-hypophysectomy was performed. Despite the fact that no definite tumor was
identified during surgery or even in the histological specimen submitted to the labora-
tory, the patient promptly developed secondary adrenal insufficiency, which persisted
for 2 yr following surgery. The patient had a significant weight loss of 10 lbs and gained
8 cm in height within 6 mo of surgery. Menarche occurred 20 mo following surgery. She
had normal thyroid and adrenal function, as well as normal menstrual cyclicity 6 yr fol-
lowing the procedure.

Fig. 4. Growth chart in a young girl with Cushing’s disease (Patient #3).
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Discussion
Cushing’s syndrome is rare in children. The hallmark of endogenous hypercortisolism

in children is growth failure and weight gain. Some children whose illness starts before
the first decade of life may present with premature sexual development, presumably
caused by increased secretion of adrenal androgens. On the other hand, older children
(13–14 yr of age) may be prepubertal possibly because of hypogonadism induced by the
hypercortisolism. Bone age is actually consistent with chronological age in most patients,
reflecting the combined effects of cortisol, which should have an inhibitory effect and
adrenal androgens, which have a stimulatory effect on bone development. Mental changes
are less common in children and their school performance is often excellent in contrast
to the job performance of adults with Cushing’s syndrome. Unlike adults, the female pre-
dominance in Cushing’s disease is not as dramatic and spontaneous Cushing’s syndrome
occurs probably with equal frequency in boys and girls (1).

The differential diagnosis of Cushing’s syndrome in children is similar to that of
adults; however, ectopic ACTH may be less common, accounting for <5% of Cushing’s
syndrome in children. Primary adrenal disease is seen in approximately 10% of children
with Cushing’s and, like adults, pituitary ACTH-secreting tumors predominate (1).

The biochemical studies needed to secure the diagnosis of Cushing’s syndrome in
children are similar to those in adults. Determination of free cortisol in the urine over a
24-h period is felt to be the single best test. The normal range in children appears to be
somewhat less than adults, the upper reference range usually being around 30 µg/24 h
(usually 50 µg/24 h in adults). The overnight 1-mg dexamethasone suppression test has
not been standardized in children. The 2-d, classic low-dose dexamethasone suppression
test in children employs a dose of 20 µg/kg/d (2). One series showed that none of the
children studied suppressed their free cortisol to <30 µg/d following low-dose dexametha-
sone for 2 d (2). In small children whose UFC determinations is difficult (if not impos-
sible), late night (11:00 PM to midnight) salivary cortisols have been used with very good
sensitivity and specificity.

Our patient had a typical presentation for Cushing’s syndrome with mild hypercortisol-
ism and very slight elevation of plasma ACTH. Despite a normal pituitary imaging study,
the most likely cause of the Cushing’s syndrome in this patient was a small pituitary ACTH-
secreting microadenoma. The only reasonable way to secure this diagnosis was with inferior
petrosal sinus sampling and IPSS provided evidence of a right-sided tumor.

Table 3
Case 3

Inferior Petrosal Sinus Sampling
ACTH (pg/ml)

Location

Time Rt IPS Lt IPS P

0' 210 40 37
50 µg oCRH IV

+2' 2326 141 53
+5' 3161 158 124
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Although IPSS is an extremely useful diagnostic aid for establishing the diagnosis of
Cushing’s disease, its use for the localization of pituitary microadenomas is more contro-
versial. An intrapetrosal sinus ratio of 1.4 or greater has been suggested as being consistent
with lateral localization of a microadenoma (3). The clinical effectiveness of this proce-
dure for lateralization appears to relate to the expertise and experience of the invasive
radiologist (4). Bilateral IPSS localizes the pituitary tumor in 85–90% of patients in our
center; however, other series have reported rates ranging from 70–100%, with an average
of about 75–80%. Booth et al. (5) have recently evaluated the ability of imaging and IPSS
to localize an ACTH-secreting pituitary lesion in comparison with definitive histopatho-
logic examination of the pituitary gland in patients with Cushing’s disease. Lateraliza-
tion of a pituitary tumor was identified in 31 of 32 patients in whom bilateral IPSS was
achieved. Histological examination confirmed a corticotroph adenoma in 28 of these
patients and corticotroph hyperplasia in the other two. One patient was found to have an
ectopic sphenoid corticotroph adenoma. Accurate localization of the pituitary lesion was
much better when based on IPSS results vs imaging studies (70% vs 49%, respectively).
In eight patients with discrepant results, IPSS is more likely than pituitary imaging to
reveal the final pathology (62% vs 13%, respectively). In nine patients with completely
normal pituitary imaging, IPSS accurately localized the lesion in 89%.

Our patient certainly reflects the importance of IPSS in the localization of these tumors.
Despite very careful intraoperative exploration, a microadenoma could not be located.
Hemihypophysectomy in this young girl resulted in a very gratifying clinical remission
manifested by secondary adrenal insufficiency and preservation of anterior pituitary
function with development of menarche and a pubertal growth spurt. The histological
absence of any corticotroph microadenoma is not unusual in patients cured from Cushing’s
disease (6). The relatively high number of cases with negative histological findings who
undergo remission following pituitary surgery suggest that these patients with Cushing’s
syndrome do not reflect a different etiologic group but the adenomatous tissue is lost during
the process of surgical removal or pathologic examination. It certainly seems reasonable
to offer hemihypophysectomy to patients who have unequivocal lateralization of their
pituitary ACTH gradient, particularly if intraoperative findings are unremarkable.

The long-term outcome in children in adolescence after transsphenoidal surgery for
Cushing’s disease is favorable. Two large series of pituitary microsurgery for Cushing’s
disease in children has shown an initial remission rate of 83–95% (7,8). Nonetheless,
relapses may occur any time following successful surgery and long-term follow-up is
necessary in these children. Devoe et al. (9) reported a recurrence rate of 27% 1–6 yr fol-
lowing successful surgical remission of Cushing’s syndrome. Nonetheless, repeat trans-
sphenoidal surgery in these patients resulted in remission in 6 of 8 patients. Although
conventional radiation treatment, with or without concomitant mitotane treatment, can be
offered as an alternative therapy, most experienced clinicians reserve such treatment to
only those patients with more aggressive, invasive, and surgically unresectable tumors.
As always, bilateral adrenalectomy may be necessary in some patients in whom pituitary
surgery, radiation therapy, or medical treatment is unsuccessful.
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CASE #1: A RAPIDLY EXPANDING ADRENAL MASS

Case Description
A 43-yr-old male initially presented to his primary care physician with the complaint

of 3 d of right-sided abdominal pain. The pain was dull, located diffusely in the right
upper quadrant of his abdomen and flank, and at times penetrated to the back. He denied
any relation of the pain to food intake. In addition, he denied any jaundice, nausea, vomit-
ing, fevers, or chills. His exam was unremarkable with the exception of mild right upper
quadrant abdominal pain with moderate palpation. His physician was concerned with the
possibility of gall bladder pathology, and pursued an abdominal ultrasound of the right
upper quadrant. The ultrasound revealed no evidence of biliary disease, but an incidental
finding of a right adrenal mass, measuring approximately 2 cm, was noted (see Fig. 1).
No further testing was performed, and the patient’s pain resolved without therapy. Approx-
imately 3 yr later, the patient again presented with pain located in his right upper abdo-
men, similar to his previous episode. An ultrasound of the biliary tract was performed,
and revealed two gallstones, without signs of obstruction or inflammation. The inciden-
tal right adrenal nodule was again noted, and measured at 3 cm in size. Subsequently, an
abdominal and pelvic computerized tomography (CT) scan was performed without con-
trast and revealed a 3.5-cm homogeneous right adrenal mass, rounded in configuration,
with attenuation slightly less than the adjacent liver (20 Hounsfield units). No other
masses or adenopathy were seen, and the contralateral adrenal gland was normal in
appearance.

The patient was otherwise healthy except for borderline hypertension, with blood
pressures averaging 140–150/85–90 mmHg. He denied paroxysmal headaches, sweating,
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or palpitations. In addition, he denied significant weight change, proximal weakness,
acne, or striae. His physical exam was unremarkable, and he was noted to be noncushing-
oid. His abdomen was soft, without hepatosplenomegaly, and no masses could be appre-
ciated. He would consistently note, however, vague tenderness in the right upper quadrant
of his abdomen with deep palpation. Two separate 24-h urine collections were evaluated
for excess catecholamine secretion, and were within normal limits. His serum electro-
lytes, including potassium, were normal.

Given the change in size of the adrenal mass on imaging, his physician was appropri-
ately concerned, and pursued further radiologic evaluation by obtaining an abdominal
magnetic resonance image (MRI). The study confirmed a 3.5-cm right adrenal nodule,
occupying the anterior-most aspect of the gland. The mass did not completely replace the
normal adrenal gland, and was, therefore, less likely to represent a malignant lesion.
Gradient echo sequences showed no excess fat content in the lesion. It was recommended
to the patient that CT scan-guided fine-needle aspiration biopsy (FNAB) be performed
on the lesion to assess for malignancy. This procedure occurred uneventfully, and the
results revealed adrenocortical cells with no evidence of a malignant process. With this
information, the physician reassured the patient, and follow-up at regular intervals was
suggested, or, if any change occurred in his clinical status.

The patient had an unrevealing course for the next year, but then again, had the occur-
rence of similar, but more intense, right-sided abdominal pain, that prompted a reevalu-
ation. Repeat CT scanning of his abdomen and pelvis revealed a nonhomogeneous mass
now measuring 5.5 cm, located superior to the right kidney. The remainder of the scan
was normal. It was felt that the heterogeneity represented adrenal hemorrhage into the
adrenal mass. His physical exam remained normal except for some vague tenderness in
the right upper quadrant of his abdomen. Routine laboratory studies were normal.

Fig. 1. CT scan of the abdomen revealing a 2 cm right adrenal mass.
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He was then referred to another physician for further evaluation and possible treat-
ment. A 24-h urine sample was collected, and revealed no sign of excess catecholamine
excretion. Given the history of significant change in size of the adrenal lesion over time,
as well as the change in appearance of the lesion on recent imaging, it was suggested that
the patient undergo surgical excision. He tolerated the procedure well. The pathology
was consistent with adrenal carcinoma, showing both capsular and lymphatic invasion.

The patient has subsequently had resolution of his abdominal pain, and follow-up CT
scans have shown no signs of tumor recurrence over three years since his surgery.

Discussion
This case exemplifies many of the difficulties with initial evaluation and subsequent

follow-up of incidentally discovered adrenal nodules. It is well documented that inciden-
tally found, asymptomatic adrenal nodules (i.e., “incidentalomas”) are quite prevalent,
and increase in frequency as the population ages (1–3). In the majority of cases, these
lesions represent nonmalignant, nonhypersecreting, adrenocortical adenomas. However,
it is clear that a small percentage of such lesions will secrete excessive amounts of adrenal
hormones, or represent malignant disease (either primary adrenal carcinoma, or meta-
static disease to the adrenal gland).

The patient presented at age 43 with new onset, vague, abdominal pain. His physicians
were appropriately concerned with the possibility of gallbladder pathology, but imaging
noted only an adrenal mass, and no other anatomic etiology for his complaints. As  inci-
dentally discovered adrenal nodules present with no associated local symptoms, an adre-
nal nodule associated with pain is not asymptomatic, and therefore cannot truly be viewed
as an incidentaloma. Therefore, adrenal masses associated with pain should be aggres-
sively investigated, as such lesions may represent more serious disorders.

On initial evaluation of an adrenal mass, the physician should consider possible hyper-
functionality by means of a thorough history and physical examination. Hypertension
may be an important clue because many functioning adrenal masses are associated with
elevated blood pressure. Biochemical testing should assess for possible overproduction
of cortisol, aldosterone, or catecholamines. Although this patient received appropriate
evaluation for excessive catecholamine production via a 24-h urine collection, no assess-
ment of excess cortisol, androgen, or aldosterone was pursued. Generally, this would
be accomplished with a 1-mg overnight dexamethasone suppression test or 24-h urine
collection for free cortisol, and random serum aldosterone and renin levels. Mantero et
al. studied 992 patients with adrenal incidentalomas over 1 cm in size, and found hyper-
functionality in 9.0% of their study population (4). In this study, 5.2% of this population
had Cushing’s syndrome, 3.1% had pheochromocytomas, and 0.7% had primary hyper-
aldosteronism (4). In addition, a recent study by Kudva et al. found that as many as 10%
of all adrenal pheochromocytomas present as adrenal incidentalomas (5). It is also impor-
tant to note that a negative history or the lack of clinical findings do not rule out the
possibility of overproduction of cortisol, catecholamines, aldosterone, or dehydroepian-
dosterone sulfate (DHEA-S). There is general agreement that hyperfunctionality of any
adrenal lesion warrants surgical removal.

The patient was subsequently seen on an infrequent basis, and no further follow-up of
his adrenal lesion was performed for 3 yr. This point is of utmost importance, as the
second major predictor used to determine need for resection of an adrenal lesion is its
size. Both size of the lesion at the time of diagnosis, and change in size over time, are very
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useful predictors of the probability of adrenal carcinoma. Although rare, the possibility
of adrenal carcinoma increases with the size of the lesion at initial diagnosis. In addition,
whereas the 5-yr survival for all patients with adrenocortical carcinoma is approximately
16%, the 5-yr survival for patients with limited disease is approximately 40%. This stresses
the point that removal of such lesions prior to continued growth and invasion is crucial,
as surgical resection at early stages is the most effective therapy.

The exact size of an adrenal incidentaloma at which to recommend surgical removal
is controversial. Numerous studies have suggested size cutoffs ranging between 3–6 cm.
The seminal recommendation for removal of lesions greater than 6 cm was made by
Copeland et al. in 1983 (1). This study reported the prevalence of biochemically silent adre-
nocortical carcinomas was <1/250,000, and the prevalance of benign adenomas >6 cm,
based on autopsy series, was about 1/4000. Using these data, it was noted that 60 oper-
ations on such patients would be needed to discover one adrenocortical carcinoma. These
data, however, have been recently reevaluated by Herrera et al. (6) who suggest signifi-
cantly different recommendations. Specifically, they note that it would take only three
operations (not 60) to remove one carcinoma on patients with 6 cm incidental adrenal
masses. Using 5 and 4 cm as cutoffs, they suggest it would require only 6 and 12 opera-
tions, respectively (6). One other important caveat is that radiologic determination of
adrenal nodule size has been shown to significantly underestimate (about 80%) the actual
size of the lesion when subsequently measured after resection. The current consensus
suggests removal of an adrenal mass that is greater that 4–5 cm, or demonstrates signifi-
cant increase in size on close follow-up (3–6 mo). The patient clearly did not meet criteria
for surgical removal of his lesion based on size at the time of initial presentation (2 cm),
but importantly, a CT scan was not performed to accurately determine the true size of the
lesion or other radiographic features such as heterogeneity.

It is generally felt prudent to follow patients such as above with routine, periodic CT
scan examinations. The exact interval needed has not been conclusively determined, in
part, will be dictated by the age of the patient, suitability for surgery, and other risk/
benefit assessments (7). Shorter intervals (every 3–6 mo) are recommended the first 1–2
yr following diagnosis, and in younger patients. If no evidence of growth is documented,
it is then generally recommended to follow such lesions on a yearly or bi-yearly basis. This
patient did not receive appropriate radiologic follow-up, which would likely have noted
significant growth of the lesion.

Three years later, the patient was found to have a significant change in the size of his
adrenal lesion, and his physicians were appropriately concerned. After finding no evi-
dence for pheochromocytoma, they chose to pursue CT scan-guided biopsy of the lesion.
This technique has proven useful in establishing the diagnosis of metastatic malignan-
cies to the adrenal gland, but has no role in differentiating adrenocortical adenoma from
an adrenocortical carcinoma. This patient underwent such a procedure, and the results
revealed adrenocortical cells. The clinicians were falsely reassured by this finding. Patho-
logical findings that differentiate adrenal adenoma from carcinoma cannot be deter-
mined from cytology and include capsular and vascular invasion in the surgical specimen.
Thus, fine-needle or core biopsy of an adrenal mass has utility only in helping diagnose
possible metastatic disease to the adrenal gland.

Recently, some attention has also been given to the use of adrenal iodocholesterol
scintigraphy with [6-β-I131]iodomethyl-19-norcholesterol (NP-59). Some data had sug-
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gested that those lesions that took up NP-59 were usually benign (3). However, recent
studies have found that both the sensitivity and specificity of this test are poor, and it is
not clinically useful.

Finally, in the evaluation of adrenal incidentalomas, the utility of DHEA-S measure-
ment may be useful as well. Although not highly sensitive or specific, DHEA-S is a help-
ful marker if it is found to be very high, or subnormal (4). When found to be elevated,
it is supportive of the diagnosis of adrenal carcinoma. In contrary, when found to be sup-
pressed, it is often supportive of cortisol-producing adrenal adenomas, as excess cortisol
will suppress ACTH secretion and, as a result, androgen production from the normal
adrenocortical tissue.

The patient subsequently was found to have a large, rapidly enlarging adrenal mass,
which became heterogeneous in appearance. Although acute hemorrhage into a benign
adrenocortical adenoma is possible, the heterogeneity of the lesion as described is also
a more-common finding in adrenal carcinoma. The location within the adrenal gland, or
the amount of unaffected gland seen radiographically have no diagnostic value. At the
point of his referral to a tertiary center, there were now multiple, obvious reasons to
recommend removal of his lesion. These reasons included size of the lesion (>4 cm),
rapid growth of the lesion with a heterogeneous appearance, and symptoms (abdominal
pain), which, in retrospect, were probably related to the mass.

In conclusion, diagnosis and follow-up of adrenal incidentalomas can be difficult, but
should be primarily dictated by hyperfunctionality, and size (initially, and change over
time) of the lesion.
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CASE #2: HYPERTENSION AND HYPOKALEMIA

Case Description
A 45-yr-old male presented for evaluation of hypertension. The patient first came to

medical attention 30 yr ago when he was noted to be hypertensive at age 14. This was
discovered in high school during a routine physical exam where he was found to have a
blood pressure of approximately 190/95 mmHg. A physical exam was performed and no
abnormalities were noted except for obesity (body mass index = 34 kg/m2). An electro-
cardiogram (EKG), basic electrolytes (including potassium), creatinine, and urinalysis
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were also noted to be normal. A 24-h urine collection for catecholamine excretion was
normal. His hypertension was attributed to obesity, and he was instructed to start a weight
loss and exercise program; hydrochlorothiazide was started. At age 19, his blood pressure
was 170/90 mmHg while on therapy. An intravenous pyelogram (IVP) and nephrogram
was performed, but no renal abnormalities were identified. He had lost 25 lbs and his
blood pressure was moderately improved; his medication was changed to propranolol.
He continued on this medication for the next 15 yr with only moderate control of his
hypertension (140–160/85–100 mmHg); he also complained of frequent headaches.

At age 40, he was seen by a new physician for worsening blood pressure control on
propranolol treatment. His exam was notable for obesity, but no other abnormalities were
identified. He was specifically noted not to be Cushingoid, and no abdominal bruits could
be appreciated. However, he was found to be hypokalemic (3.0 mmol/L), and was started
on potassium replacement (80 mmoL/d). His blood pressure was now noted to be 200/
100 mmHg. He denied any excess licorice ingestion.

His past medical history was otherwise notable for peptic ulcer disease, spastic colitis,
frequent headaches, and a transient (5 min) episode of left-sided weakness at age 20 that
spontaneously resolved. His family history was notable for a maternal grandmother who
had hypertension and died of a cerebral hemorrhage at age 66. His mother also had
hypertension, as did eight maternal uncles and aunts (all diagnosed in adulthood). He has
one brother, 5 yr younger, who had started treatment for hypertension at age 23.

Given the strong family history of hypertension, young age of onset, and appearance
of hypokalemia, his physician pursued testing for secondary causes of his hypertension.
Twenty-four-hour urine collections for catecholamine and cortisol excretion were nor-
mal. Random plasma aldosterone (PA) and plasma renin activity (PRA) levels revealed
values of 37.1 ng/dL (normal = 3.0–35.0 ng/dL, normal salt diet) and <0.1 ng/mL/h
(normal upright value = 0.4–8.8 ng/mL/h, normal salt diet), respectively. Given these
data, a diagnosis of primary hyperaldosteronism was made. He was started on spirono-
lactone 50 mg daily, but additionally required labetalol and losartan for blood pressure
conrol. Later, his dose of spironolactone was increased to 200 mg daily. A CT scan with
5-mm slices of the adrenal glands showed no evidence of an adenoma, and was reported
as normal. Given the patient’s extensive family history of early-onset hypertension, it
was thought he may suffer from glucocorticoid-remediable aldosteronism (GRA). How-
ever, a blood sample for the chimeric gene duplication characteristic of GRA was nega-
tive. He was, therefore, diagnosed with bilateral, idiopathic adrenal hyperplasia as a cause
for primary hyperaldosteronism. The patient pursued a second opinion, and was referred
to another physician who performed further testing.

To confirm the diagnosis of primary hyperaldosteronism, the patient was asked to
undergo a saline suppression test (measurement of aldosterone following administration
of two liters 0.9% normal saline over 4 h), which revealed failure of normal aldosterone
suppression (aldosterone = 12.0 ng/dL; normal value <5.0 ng/dL). His blood pressure
remained poorly controlled on spironolactone, losartan, labetalol, and hydrochlorothi-
azide. Potassium levels were within normal limits. A repeat CT scan with 1-mm slices
revealed bilateral micronodular adrenal glands: two 4-mm nodules were seen in both the
right and left adrenal glands, and a 6-mm nodule was seen in the right adrenal gland.

Given the history of early-onset hypertension, hypokalemia, and multiple small, sub-
centimeter adrenal nodules seen radiographically, it was felt the exact cause of his hyper-



Chapter 8 / Adrenal Insufficiency 143

aldosteronism could not be conclusively determined without further testing. Selective
adrenal vein sampling performed under continuous ACTH stimulation revealed lateral-
ization of aldosterone secretion to the right adrenal gland (see Table 1). The patient was
referred for surgical removal of the right adrenal gland with the presumptive diagnosis
of unilateral hyperplasia. This was performed laprascopically without complications,
and the patient tolerated the procedure well. Pathologic examination revealed a single
yellow nodule measuring 1.2 × 1.1 × 0.8 cm. The remaining tissue was normal.

One month following surgery, the patient returned to clinic, and was noted to have a
blood pressure of 130/80 mmHg while still requiring labetalol 300 mg daily, and 25 mg
HCTZ daily. Spironolactone and losartan had been discontinued. He reported, however,
new symptoms of lightheadedness upon standing, several times each day. Laboratory
results revealed a sodium level of 131 mmol/L, as well as hyporeninemic hypoaldoste-
ronism with aldosterone and renin levels of 5.9 ng/dL (normal = 3–25 ng/dL) and 1.1 ng/
mL/h (normal = 0.4–8.8 ng/mL/h), respectively. Over the course of the following 6 mo,
his symptoms improved, and his aldosterone, renin, and sodium levels normalized. He
is currently 1 yr postsurgery, and continues on labetalol and HCTZ treatment. His blood
pressure is 120/80 mmHg, and he no longer notes headaches.

Discussion
This case exemplifies some important considerations in the evaluation of the hyper-

tensive patient. Essential hypertension is very prevalent with more than 25 million people
currently diagnosed as having elevated arterial blood pressure in the United States. More
attention, however, is being focused on possible secondary causes of hypertension. For
example, recent data have suggested that primary aldosteronism is underdiagnosed, with

Table 1
Results of Right and Left Adrenal Vein

Sampling with Continuous ACTH Infusion

Aldosterone Cortisol Aldo/cortisol
Time Sampling location (ng/dL) (mcg/dL)  ratio

0 min Infrarenal IVC 102 46.6 2.2
Suprarenal IVC 24 22.4 1.1
Lt Adrenal Vein 81 704 0.1
Rt Adrenal Vein 2325 700 3.3

5 min Lt Adrenal Vein 324 350 0.5
Right Adrenal Vein 9740 560 17.4

10 min Left Adrenal Vein 379 810 0.5
Right Adrenal Vein 10430 560 18.6

15 min Left Adrenal Vein 340 640 0.5
Right Adrenal Vein 12897 620 20.8

20 min Left Adrenal Vein 276 760 0.4
Right Adrenal Vein 6390 480 13.3

30 min Left Adrenal Vein 220 510 0.4
Right Adrenal Vein 7717 520 14.8
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up to 8% of all hypertensive patients possibly suffering from a hyperaldosterone state,
even if normokalemic (1,2). Other secondary causes of hypertension include renovascu-
lar hypertension, cortisol excess, and pheochromocytoma.

This patient was first noted by a physician to be hypertensive at age 14. The young age
of onset of hypertension is unusual, and prompted an evaluation for secondary causes of
hypertension. However, at that time, his physician only evaluated him for pheochromo-
cytoma, and later for renal vascular disease with an IVP and nephrogram. Recent studies
have shown that an IVP with nephrogram is suboptimal as a screening test, and consid-
eration should be given to performing a captopril renogram, magnetic resonance angio-
gram, or an arteriogram when renal vascular disease is being investigated.

Ultimately, when this patient became hypokalemic, primary aldosteronism was diag-
nosed based on plasma renin and aldosterone values. The plasma aldosterone to plasma
renin ratio is an effective screening test for this disorder (3). In most series, a ratio of
plasma aldosterone to renin of greater than 30:1 should raise suspicion of the disorder.
Weinberger et al. (4), have found that an aldosterone to renin ratio of >30 when found with
a plasma aldosterone concentration of >20 ng/dL, is 90% sensitive and 91% specific for
the diagnosis of primary aldosteronism. Confirmatory testing involves the demonstra-
tion of autonomous aldosterone production following volume expansion. Such testing
includes oral salt loading, saline infusion, or Florinef administration while on a high salt
diet, followed by a urine or blood aldosterone measurement. Failure to suppress aldoste-
rone levels in these settings confirms autonomous hypersecretion. This patient subse-
quently underwent a saline suppression test, and had nonsuppressible aldosterone levels,
confirming the diagnosis of hyperaldosteronism.

The five subtypes of primary hyperaldosteronism include: aldosterone-producing
adenoma (APA), bilateral adrenal hyperplasia (BAH), adrenal carcinoma, glucocorti-
coid-remediable aldosteronism (GRA), and unilateral adrenal hyperplasia (UAH). All of
these hyperaldosterone states are notable for the finding of an inappropriately high aldo-
sterone level in the setting of a suppressed renin level. It can be very difficult, however,
to diagnose the etiology of hyperaldosteronism in individual patients. Making the correct
diagnosis, however, is of utmost importance given the differing treatments that are
offered for each disorder. For APA and UAH, surgery is the treatment of choice, whereas
for GRA and BAH, medical therapy is optimal. For most patients with primary aldoster-
onism, the difficulty is distinguishing between APA and BAH. In this setting, Blumenfeld
et al. (5) have found that certain clinical findings correlate with APA. Specifically, these
include: more severe hypertension (SBP >161 mmHg, DBP >105 mmHg); more pro-
found hypokalemia; higher plasma (>27 ng/dL) and urinary aldosterone levels, and
higher serum 18-hydroxycortisol levels (>70 ng/dL). Although patients with these find-
ings are considered to have a high probability of APA, there is significant overlap with
BAH, and correlation with radiographic findings is needed. This patient subsequently
underwent CT scanning of the abdomen and adrenal glands. No adrenal nodule was
noted. Note that the first scan in this patient used 5-mm slices; most experts would recom-
mend a specific “adrenal” protocol with 1–2-mm slices, to ensure that small nodules are
visualized (50% of APA are <1 cm in size) (6). The second scan in this patient using such
a protocol revealed bilateral micronodular adrenal glands.

Given the strong family history of juvenile onset hypertension, the possibility of GRA
was appropriately considered. GRA is an autosomal dominant disorder characterized by
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a chimeric duplication whereby the 5'-regulatory region of the 11 β-hydroxylase gene
(regulated by ACTH) is fused to the coding sequences of the aldosterone synthase gene
(7,8). Aldosterone synthesis is therefore abnormally and solely regulated by ACTH.
Although this patient’s family history was consistent with a diagnosis of GRA, direct
genetic blood testing for the chimeric gene was negative. In general, this disorder should
be considered in patients with early-onset hypertension, especially if there is suppressed
PRA and an abnormal PA/PRA ratio. A strong family history of early cerebral hemor-
rhage (<35 yr) should also raise suspicion for GRA.

When faced with hyperaldosteronism in a patient without a unilateral adrenal mass,
deciding on further testing can be difficult. As a result, adrenal vein sampling is used as
the “gold standard” to diagnose unilateral vs bilateral aldosterone hypersecretion. It should
be noted, however, that adrenal vein sampling is not needed for all patients. Data suggest
that patients with a high probability of APA by clinical criteria, and a >1-cm unilateral
adrenal nodule should be considered for unilateral adrenalectomy (6). Other experts
recommend adrenalectomy without further testing in patients with confirmed primary
hyperaldosteronism, age less than 40 yr, and a unilateral, hypodense adrenal nodule on
CT scanning in the setting of an anatomically normal contralateral adrenal gland. Even
in this cohort, however, surgery nevertheless will reveal a small percentage of patients
with BAH. As a result, patients with equivocal radiographic features should be consid-
ered for adrenal vein sampling. In this patient, the finding of primary hyperaldosteronism
without evidence of a unilateral adrenal mass prompted adrenal venous sampling.

The protocol used for adrenal vein sampling, as well as the diagnostic cutoff points to
confirm APA vs BAH, vary between authors. Young et al. have found the greatest predic-
tive value associated with venous sampling during continuous ACTH infusion (9). Simul-
taneous right and left adrenal vein samples, as well as a sample from the inferior vena
cava (IVC) are collected for aldosterone and cortisol levels, and a ratio is subsequently
calculated. This is termed the “cortisol-corrected” aldosterone ratio. The corresponding
right and left “cortisol-corrected” aldosterone ratios are then compared. A high-side to
low-side ratio of >4.0 strongly favors the diagnosis of APA, whereas a value of <3.0
suggests BAH. Using these criteria, a positive and negative predictive value of over 90%
is obtained (9).

This patient had significant lateralization to the right side, with a right-to-left cortisol-
corrected ratio of greater than 30. This strongly suggested a right-sided APA that was not
detected radiographically, or unilateral adrenal hyperplasia. He underwent removal of the
right adrenal gland, with improvement in his blood pressure and correction of his potas-
sium wasting. Pathology revealed the presence of an aldosterone-producing adenoma
previously not detected by CT scanning, hidden in one limb of the right adrenal gland.

In this patient, blood pressure did not completely normalize postoperatively, and he
continued to require antihypertensive medication. Presumably, this was a result of pos-
sible underlying, coexistent essential hypertension, or the effects of long-term hyper-
tension and/or aldosterone excess on blood vessels and cardiac tissue. Interestingly, this
patient experienced salt wasting, hyporeninemic hypoaldosteronism, and orthostatic
symptoms for months following removal of his tumor. This was likely caused by long-
standing hyperaldosteronism that led to atrophy of the juxtaglomerular apparatus in the
kidneys, resulting in atrophy of the zona glomerulosa in the unaffected, contralateral adre-
nal gland. This situation is best managed conservatively with orthostatic precautions, and
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liberalizing sodium intake. With time, the renin-aldosterone axis recovered in the con-
tralateral adrenal gland.
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CASE #3: ACUTE HYPERKALEMIA

Case Description
A 74-yr-old female with a history of type 2 diabetes and chronic obstructive pulmo-

nary disease (COPD) was admitted to the hospital with unstable angina. During her
second hospital day, the potassium level was noted to be 7.0 mmol/L (normal = 3.5–5.0
mmol/L). An urgent consult was requested to assist with the diagnosis and management
of her hyperkalemia.

The patient was diagnosed with diabetes mellitus 17 yr ago, and she was initially
managed with dietary therapy. Eight years ago, she was started on an oral sulfonylurea
medication with good control of her glucose levels. At the present time, she is taking
long-acting glipizide, 10 mg daily. A recent hemoglobin A1c was measured at 7.1%
(normal 4.2–5.6%). She has no evidence of retinopathy, but a recent 24-h urine sample
for microalbumin revealed a mild elevation (65 mg/24 h; normal <30.0 mg/24 h), sug-
gesting early diabetic renal disease.

Her past medical history is notable for obesity, recurrent urinary tract infections, and
COPD. There was no history of hypertension. Her current medications include albuterol
(inhaled), long-acting glipizide, ibuprofen as needed, and trimethaprim/sulfamethoxa-
zole as prophylaxis for recurrent urinary tract infections. She has no known allergies to
any medication. There is a prior history of tobacco use, last noted 20 yr ago. Her family
history is notable for diabetes mellitus and hypothyroidism.

On physical exam, her blood pressure was 132/84 mmHg, heart rate was 70 bpm, and
she was afebrile. She weighed 60 kg, with a BMI of 28 kg/m2. Notable findings included
scant axillary and pubic hair, and a II of VI holosystolic heart murmur appreciated best at
the cardiac apex. There was no abdominal guarding or flank tenderness. Her skin was nor-
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mal and she was not hyperpigmented. Pertinent laboratory results showed: sodium 137
mmol/L, potassium 7.0 mmol/L, arterial pH 7.36, creatinine 1.2 mg/dL, HCO3 24 mg/dL,
and glucose 140 mg/dL. Laboratory values 1 mo prior to admission revealed a potassium
level of 5.0 mmol/L. Previous laboratory values over the last two years revealed potas-
sium levels of 4.9–5.5 mmol/L.

Upon admission, the patient was initially managed with metoprolol, aspirin, intravenous
heparin, simvastatin, and nitroglycerine overnight. She had received no potassium supple-
ments. Trimethoprim/sulfamethoxazole was continued. Her chest pain resolved, and a
cardiac catheterization was not performed. When the potassium level of 7.0 mmol/L was
first noted, the housestaff administered insulin and glucose, and then instituted oral kay-
exalate. Repeat potassium level was 6.3 mmol/L later that day; the trimethoprim/sulfa-
methoxazole was discontinued.

The possibility of adrenal insufficiency was raised and the patient was given 2 mg of
dexamethasone intravenously (iv) and underwent a rapid cosyntropin stimulation test
(250 mcg iv as a bolus). The cortisol values were 5.6 mcg/dL, 16.5 mcg/dL, and 21.3 mcg/
dL at 0, 30, and 60 min, respectively. The dexamethasone was stopped. It was subse-
quently recommended that plasma renin activity (PRA), and aldosterone levels should
be checked 2 h after assuming an upright posture. The upright PRA was 0.5 ng/mL/h
(normal 0.4–8.8 ng/mL/h, normal salt diet) with a simultaneous aldosterone level of 2.4
ng/dL (normal 3–35 ng/dL, normal salt diet), and potassium level of 6.7 mmol/L.

Heparin therapy was subsequently stopped, and the potassium level normalized over
the subsequent 3 d as she recovered from her acute coronary event. She was discharged
home on aspirin, metoprolol, simvastatin, nitroglycerine, long-acting glipizide, and albu-
terol (inhaled). She had multiple potassium levels checked over the following 6 mo, with
values ranging between 4.9–5.4 mmol/L.

Discussion
This case provides an informative example of the causes of hyperkalemia, as well as

adrenocortical dysfunction. This patient exhibited multiple factors that may have con-
tributed to her hyperkalemia. The initial approach to hyperkalemia begins with consid-
eration of three possible mechanisms of potassium excess: increased potassium intake,
insufficient renal potassium excretion, or a disruption of normal serum/intracellular
potassium equilibrium. In this case, there was a history of chronic, mild hyperkalemia
(levels 5.0–5.5 mmol/L) over the past several years, with an acute increase in potassium
levels upon admission. Such a history points toward an underlying abnormality that is
acutely worsened by a secondary factor. There was no history of excess potassium intake
and, in fact, hyperkalemia does not occur in such a setting unless there is significant
reduction in creatinine clearance (<30 mL/min). There was also no evidence for acidosis
to suggest an internal metabolic cause. It seems most likely, therefore, that this patient’s
hyperkalemia was caused by impairment of potassium excretion.

Close attention to this patient’s history reveals mild hyperkalemia for several years
(values of 5.0–5.5 mmol/L). The most likely cause of the prior persistent, mild hyperkale-
mia in this patient with long-standing diabetes mellitus is hyporeninemic hypoaldo-
steronism. Hyporeninemic hypoaldosteronism occurs commonly in the seventh decade
of life, and is often found in the setting of mild to moderate renal insufficiency. Long-
standing diabetes mellitus is the most common disease associated with hyporeninemic
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hypoaldosteronism, but other concurrent illnesses such as multiple myeloma, systemic
lupus, amyloidosis, and sickle cell disease have also also been reported (1). This patient
had a history of diabetes for 20 yr, as well as evidence of a mild reduction in renal func-
tion. She also had evidence of a mild, nonanion gap, metabolic acidosis suggesting a
possible type IV renal tubular acidosis, as is often seen in such patients. Although never
documented, it is likely that she had a hyporeninemic hypoaldosterone state prior to her
hospitalization. For such patients, the hyperkalemia is often mild, and can usually be
managed with dietary potassium restriction.

The diagnosis of hyporeninemic hypoaldosteronism can be established by demon-
strating subnormal stimulation of renin and aldosterone levels following provocation
with upright posture and a low sodium diet, or with acute volume depletion using a diure-
tic such as furosemide. In most patients with long-standing diabetes, a presumptive diag-
nosis of hyporeninemic hypoaldosteronism can be made and laboratory confirmation is
not commonly performed.

The next issue is to consider what secondary, acute process may have caused or con-
tributed to her acute, severe hyperkalemia. When this patient was found to have acute
hyperkalemia on her second day of admission, the medical team appropriately consid-
ered the possibility of primary adrenal insufficiency, and treated her with steroids while
awaiting definitive testing following the cosyntropin stimulation test. The differential
diagnosis of adrenal failure should include both chronic (autoimmune destruction, granu-
lomatous disease), and acute, primary adrenal failure. This patient had no signs of hyper-
pigmentation, or a history of fatigue, orthostatis, or hypotension, which would have
suggested chronic adrenal hypofunction. However, acute adrenal insufficiency can occur
in patients who are anticoagulated in the setting of bilateral adrenal hemorrhage (2).
Secondary adrenal failure should not be considered as a cause of hyperkalemia as aldos-
terone secretion is preserved by the renin-angiotensin system. In this patient, acute and
chronic primary adrenal failure was ruled out by normal cosyntropin testing (cortisol
levels exceeding 18.0 mcg/dL at 60 min).

The use of trimethoprim/sulfmethoxazole (bactrim) by this patient is also important
to note, as it is a possible contributory factor to her hyperkalemia. Trimethoprim (an
organic cation) acts similar to amiloride and inhibits the apical membrane epithelial
sodium channel in the distal nephron. As a consequence, the transepithelial voltage is
reduced and potassium secretion is inhibited (3). In addition, the use of ibuprofen could
have contributed to a hypoaldosterone state by reducing prostaglandin levels, further reduc-
ing plasma renin levels. However, this patient had been on both trimethoprim/sulfa-
methoxazole and ibuprofen for several years without complications, and it therefore seems
very unlikely that either medication is contributing to the acute process at the present time.

Therefore, given the normal cosyntropin stimulation test, as well as the absence of
acute renal failure, attention should focus on acquired forms of selective hypoaldo-
steronism as the central factor causing the abrupt increase in potassium levels. The etiol-
ogies of aldosterone deficiency are numerous (see Table 2). The initial approach toward
diagnosis should be based on the renin status of the patient; aldosterone deficiency can
therefore be classified as hyporeninemic (secondary), or hyperreninemic (primary). Thus,
a renin and aldosterone level in the setting of hyperkalemia can be useful diagnostically.
In this patient, the PRA and aldosterone were clearly subnormal, and confirmed a hypore-
ninemic hypoaldosterone state. Oppositely, in patients with primary autoimmune adrenal
insufficiency or adrenal hemorrhage, the renin level would be elevated. As aforemen-
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tioned, there are numerous medications that can further reduce the activity of the renin-
angiotensin system, and can exacerbate the hypoaldosterone state. For example, prostag-
landin synthase inhibitors, β-blockers, and ACE inhibitors interrupt the renin-angiotensin
system at various loci, and worsen the hyporeninemic hypoaldosterone state in patients
who have this disorder at baseline.

However, the most likely explanation of this patient’s abrupt increase in potassium
levels was heparin treatment, which is known to cause acute hypoaldosteronism (4,5).
Heparin decreases angiotensin II-mediated aldosterone production by decreasing recep-
tor numbers, as well as the binding affinity of angiotensin II receptors on adrenal glomer-
ulosa cells. Higher doses of heparin can also impair ACTH and potassium-stimulated
aldosterone production. Although aldosterone levels are probably reduced in all patients
on heparin therapy, most subjects do not exhibit overt hypoaldosteronism because they
are able to compensate by increasing renin release from the kidney. Individuals with long-
standing diabetes mellitus, renal insufficiency or critical illness exhibit impaired compen-
sation and are therefore at higher risk of developing heparin-induced hypoaldosteronism.

This patient did well, and had resolution of her hyperkalemia with appropriate initial
therapy which included insulin and glucose, and an oral cation-exchange resin (such
as Kayexalate®) administration. When the heparin was stopped, the potassium levels
returned to the normal range. She was continued on metoprolol, given the important car-
diac benefit of beta-blockers, although it was recognized by the clinician that these agents
can further reduce renin secretion. Caution should be considered in the future when
any medications that may effect aldosterone secretion or action are administered (e.g.,
spironolactone).

Table 2
Etiologies of Aldosterone Deficiency/Resistance States

Secretagogue deficiency
Hyporeninemia

Diabetes mellitus
Drugs [β-blockers, protaglandin synthase inhibitors (NSAIDS)]

Angiotension II deficiency (ACE inhibitors) or blockade (AT1 receptor antagonist)
Hypokalemia

Adrenocortical dysfunction
Autoimmune destruction (idiopathic Addison’s disease)
Adrenal hemorrhage
Infectious/infiltrative diseases (e.g., cytomegalovirus in AIDS patients; tuberculosis)
Steroidogenic defects (aldosterone synthase deficiencya; 21-hydroxylase deficiencyb)
Drugs (heparin)

Intrinsic renal abnormalities
Mineralocorticoid receptor antagonism (spironolactone, eplerenone)
Epithelial sodium channel (ENaC) dysfunction

Mutation (pseudohypoaldosteronism type 1)
Drugs (amiloride, trimethoprim, triamterene)

a Selective aldosterone deficiency.
b Cortisol and aldosterone deficiencies.
(Adapted from Litchfield WR, Dluhy RD. Mineralocorticoid deficiency syndromes. Contemporary

Endocrinology: Hormone Replacement Therapy 1999;14:231–240; with permission.)
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CASE #4: HIV AND ADRENAL DYSFUNCTION

Case Description
A 36-yr-old hispanic male with a known history of human immunodeficiency virus

(HIV) infection was admitted to the hospital with recurrent fever and chills. He was
diagnosed with HIV 10 yr ago, and has been treated with various drug regimens, currently
consisting of zidovudine (AZT), didanosine (DDI), and nelfinivir. He had been hospital-
ized for pneumocystis pneumonia (PCP) 7 yr ago. His most recent CD4 count was 75 per
cubic mm (normal >500 per cubic mm), and his viral load was measured at 24,000 copies
(normal = undetectable). The patient was a known intravenous drug user, and his medical
history was notable for a prior episode of S. Aureus endocarditis 17 yr ago, for which he
underwent three months of antibiotic therapy.

The patient noted chills 2 mo ago, accompanied by fatigue and a mild cough. However,
he was able to continue his present level of activity, and did not seek medical attention.
His fatigue worsened and he noted frequent rigors. He then complained of progressive
dyspnea on exertion, and symptoms consistent with orthopnea. He finally sought medical
care where he was noted to have a temperature of 102.1ºF. He was admitted to a hospital
where he was found to have a blood pressure of 110/60 mmHg (lying), which fell to 90/
65 mmHg standing. His pulse increased from 70 bpm lying to 90 bpm standing. His
respiratory rate was 32 breaths per min (normal 12–16 breaths per min), and his tempera-
ture was 102.3ºF. He was noted to have a new, III of VI holosystolic murmur heard best
at the apex. His lung examination revealed rales halfway up both lung fields. His skin was
slightly tanned, but felt to be “consistent” with his Hispanic heritage. There was an iso-
lated 1.3 × 2.1 cm red, raised papule on his right forearm. His abdomen was soft and with-
out tenderness; no masses could be palpated.

Blood cultures were drawn, and the patient was started on vancomycin and gentamicin
for a presumed diagnosis of endocarditis. An echocardiogram confirmed the presence of
valvular vegetations on both the mitral and aortic valves; significant mitral regurgitation,
and aortic insufficiency were also noted. The ejection fraction was 25%. Subsequently,
serologic studies confirmed prior cytomegalovirus (CMV) infection.

After 24 h, the patient’s blood cultures revealed growth of S. aureus, sensitive to naf-
cillin. Upon recommendations from the Infectious Disease team, the patient’s antibiotics
were changed to nafcillin and gentamicin, and rifampin was added. The patient’s fever
improved, and rigors disappeared.

The following day, the patient was found confused and disoriented. His supine blood
pressure was 68/40 mmHg, with a pulse of 100 bpm. The remainder of his physical exam
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was unchanged. He was transferred to the intensive care unit, and subsequently intubated.
Intravenous fluids were given, but the patient required dopamine and neosynephrine to
maintain a stable blood pressure. It was initially felt the patient was in septic shock, con-
founded by severe valvular dysfunction and congestive heart failure. His laboratory
results revealed a potassium of 6.1 mmol/L, sodium of 137 mmol/L, creatinine 0.9 mg/dL,
and the arterial blood gas revealed a pH of 7.39. The endocrine service was consulted
regarding the possible diagnosis of adrenal insufficiency. He immediately was started on
2 mg of dexamethasone intravenously, and adrenal testing was performed. Approxi-
mately 4 h after receiving the dexamethasone, his blood pressure had risen to 120/74
mmHg, and the patient was able to be withdrawn from pressors over the next 12 h.

A rapid cosyntropin stimulation test was performed (250 mcg given IV as a bolus). The
cortisol levels at 0, 30, and 60 min were 3.1 mcg/dL, 3.7 mcg/dL, and 2.9 mcg/dL, respec-
tively. His ACTH level prior to dexamethasone administration was 80 ng/mL (normal
5–50 ng/mL). He was diagnosed with primary adrenal insufficiency, and prednisone 10 mg
daily, was initiated. A CT scan of his abdomen and pelvis performed during his hospi-
talization revealed normal adrenal glands bilaterally without evidence of hemorrhage,
calcification, or masses.

Further questioning revealed that he had no history of tuberculosis or other granulo-
matous diseases. There was no history of personal or family autoimmune disorders. His
family had noted the patient’s desire to apply salt liberally to his food for several months.

The patient recovered after a long hospital course, and surgical replacement of his
aortic valve. Following discharge from the hospital in stable condition, he completed a
3-mo course of nafcillin. A follow-up cosyntropin stimulation test was performed, which
revealed cortisol levels of 6.3 mcg/dL, 5.8 mcg/dL, and 5.9 mcg/dL, at 0, 30, and 60 min,
respectively. Plasma aldosterone levels were 3.1 ng/dL and 3.8 ng/dL, at 0 and 60 min.
He was instructed to continue taking prednisone replacement every morning, and was told
to increase his dose during stressful situations, such as infections. A medialert bracelet
was also provided to the patient. He is presently continuing his rehabilitation.

Discussion
The first description of the acquired immunodeficiency syndrome (AIDS) occurred in

1981 and was followed by the identification of the presumed etiologic agent, HIV. Since
then, a number of alterations in endocrine function have been observed to occur in the
HIV-infected person (1,2). This case provides an example of adrenal insufficiency in
HIV disease, as well as the effects of various medications on cortisol metabolism.

The above patient first presented with fever and chills, and signs of infection. The risk
of opportunistic infection was high given this patient’s low CD4 count, and history of
previous PCP pneumonia, as well as the lack of any prophylactic antibiotics such as tri-
methoprim. The medical team was appropriately concerned of the possibility of endo-
carditis given the signs of bacteremia and the findings of new cardiac murmurs. Blood
cultures and an echocardiogram confirmed the diagnosis. However, in HIV-infected indi-
viduals, the possibility of adrenal insufficiency should always be considered especially in
the setting of hypotension and fever, as was seen in this patient during his hospitalization.

This patient had no known history of any endocrinologic or autoimmune disorder, but
when he was first examined, it was noted that he had orthostatic blood pressure readings.
Although this symptom is nonspecific, it should raise suspicion for adrenal insufficiency.
The appearance of hyperkalemia also supports this diagnosis.
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Based on autopsy studies, the adrenal gland is the most commonly affected endocrine
organ during the course of long-standing HIV infection (3–5). Pathologic reports have
found involvement of infectious agents (viral and fungal), malignancy, and hemorrhage
(4). Cytomegalovirus (CMV) is the most common infectious pathogen in the adrenal
glands, having been found in 38–88% of HIV patients examined postmortem. Mycobac-
terium avium intracellulare has been demonstrated in the adrenal glands of 1–12% of
cases. In addition, adrenal involvement with Kaposi’s sarcoma and toxoplasmosis have
been reported (5). This patient had previous CMV pneumonitis, raising the suspicion of
CMV adrenalitis.

However, although infectious involvement of the adrenal glands is very common in
HIV-infected individuals, biochemical evidence of clinical adrenal insufficiency is rare.
This is likely because of the fact that at least 90% of adrenal tissue must be destroyed
before frank adrenal insufficiency occurs (4). In several large series, normal, or more
commonly, elevated basal cortisol levels have been noted in almost all HIV patients
studied. Such individuals are presumed to be reacting with a chronic “stress response,”
and mild hypercortisolism ensues. Although CMV infection is the most common oppor-
tunistic infection found in these patients, necrotizing CMV adrenalitis rarely results in
more than 50% destruction of the adrenal cortex. However, many patients with CMV
adrenalitis probably have decreased adrenal reserve compared to normal subjects.

Note that this patient presented with a 2-mo history of severe infectious symptoms
with high fevers. Yet, despite this, he showed no signs of hemodynamic collapse or adre-
nal crisis. Thus, it is likely that prior to hospitalization, he had sufficient adrenal reserve
to avoid adrenal crisis.

Therefore, it is important to note the abrupt change in clinical status that ensued during
his hospital stay, and to focus on potential causes. When the diagnosis of endocarditis was
made, the antibiotics were changed to nafcillin, gentamicin, and rifampin. The patient
subsequently became hypotensive and unresponsive. The possible causes of hypotension
and shock in the patient are numerous, and the initial concern was for septic shock. How-
ever, other findings such as hyperkalemia suggested the possibility of hypoadrenalism.
Subsequently, the cosyntropin stimulation test was abnormal, and secured the diagnosis
of adrenal insufficiency. The elevated ACTH level also supported the diagnosis of pri-
mary adrenal insufficiency.

The key question is why acute adrenal insufficiency was precipitated in this patient.
A number of medications that affect steroidogenesis are used in the treatment of disorders
inpatients with HIV and AIDS. Drugs such as ketoconazole inhibit steroidogenesis, whereas
rifampin, and phenytoin accelerate steroid metabolism (6,7). Patients with decreased
adrenal reserve at the onset would be expected to be at risk for precipitating acute adrenal
insufficiency when such medications are administered. In this case, the patient was started
on rifampin prior to the appearance of adrenal crisis. Rifampin, which is increasingly
used for treatment of mycobacterium tuberculosis, as well as severe cases of endocardi-
tis, is a potent inducer of the hepatic mixed oxygenase enzymes. Studies have demon-
strated that patients receiving rifampin have an increase in cytochrome P450 activity and
intense proliferation of smooth endoplasmic reticulum (6), with a resultant increase in
hormonal clearances which may have serious and profound effects. Numerous endocri-
nologic abnormalities such as hypothyroidism, decreased 25-hydroxyvitamin D levels,
and severe adrenal insufficiency have been noted in patients treated with rifampin.
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For example, Kyriazopoulou et al. also noted that mean plasma cortisol concentrations
decreased 17% in cortisol-taking individuals on rifampin (7). In addition, cortisol half-
life decreased by 35%, and the systemic clearance of cortisol was increased by 35% (7).
Thus, it is postulated that the above patient had decreased adrenal reserve at baseline, but
adrenal crisis was precipitated by rifampin. This is supported by the two cosyntropin
stimulation tests in which higher cortisol levels were demonstrated during the second test
after rifampin was discontinued.

This patient had a gratifying clinical improvement when glucocorticoids were admin-
istered, and he was quickly withdrawn from pressor medications. A CT scan of the adre-
nal glands showed no abnormalities, such as calcification, hemorrhage or masses that
could represent fungal involvement. Thus, it is likely that this patient had underlying
necrotizing CMV adrenalitis of the adrenal cortex with decreased adrenal reserve.

In long-term treatment of such patients, chronic glucocorticoid therapy would be
recommended, even with the absence of medications that change steroid metabolism.
This is based on the presumption that disease progression may ensue, and life-threatening
adrenal crisis could occur unpredictably.
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CASE #1: PHEOCHROMOCYTOMA CRISIS

Case Description
A 51-yr-old woman with neurofibromatosis was seen in the emergency room for

symptoms of sinus congestion, productive cough, nausea with emesis, and malaise. She
appeared flushed and was found to be profoundly orthostatic by both pulse and blood
pressure. Her symptoms, physical exam, and sinus computed tomography (CT) films were
all consistent with a diagnosis of sinusitis, and she was therefore admitted for intravenous
hydration and antibiotics.

The patient had a medical history significant for hypertension, which had been diag-
nosed 1 yr earlier, and was treated with metoprolol 50 mg daily. In the month prior to her
admission to the hospital, she underwent two surgical procedures for the excision of
neurofibromas and a malignant schwannoma. Although her intra- and postoperative courses
were uneventful, it was noted that she had become hypertensive and tachycardic with a
maximum blood pressure and heart rate postoperatively of 210/92 mmHg and 118 beats
per minute (bpm), respectively. Following her second surgery, the patient developed
sinus congestion and thereafter she began using pseudoephedrine/chlorpheneramine on
a daily basis for sinus relief.

Aggressive hydration, which began in the emergency room, continued on the medical
floor. She was given a neosynephrine nasal spray, in addition to the pseudoephedrine she
was taking prior to admission, to help control the copious nasal secretions that were nau-
seating and “gagging” her. Although she was not hypoxemic initially, she became pro-
gressively more dyspneic, tachypneic, and hypoxemic within the first 24 h. The morning
after admission, an electrocardiogram (ECG) indicated ST segment elevations in the pre-
cordial leads and cardiac enzymes later confirmed that she had, in fact, suffered an anterior
wall myocardial infarction (MI). She was transferred to the cardiac intensive care unit,



156 Gillam and Landsberg

and soon thereafter, developed atrial fibrillation with hemodynamic instability, requiring
cardioversion. Obtundation and respiratory failure followed, leading to intubation and
mechanical ventilation. Heparin, furosemide, lopressor, nitropaste, and aspirin were
administered. Her chest X-ray, which was unremarkable on admission, now showed bilat-
eral upper lobe pulmonary congestion and consolidation. Initially, her pulmonary edema
was attributed to cardiogenic shock; however, pulmonary artery catheter monitoring
revealed normal wedge and elevated pulmonary artery pressures. Later, an echocardiogram
revealed an akinetic septum, but hyperdynamic wall motion throughout the remainder of
the myocardium with mild left ventricular hypertrophy. As a result, her respiratory decom-
pensation could not be solely attributed to cardiogenic edema resulting from the acute MI.

Meanwhile, over the next several days, she remained persistently tachycardic with heart
rates climbing into the 150s on an esmolol infusion. Overall, her blood pressure tended
to remain in the low-normal range, but occasionally, episodic hypertensive surges were
noted. Her hemodynamic profile (tachycardia, relative hypotension, elevated cardiac
index, and low systemic vascular resistance) was felt to reflect a state of impending sepsis.
Simultaneously with these events, she developed spiking fevers, which continued despite
broadening the antibiotic spectrum. Other perplexing findings surfaced, including rising
liver transaminases and hyperamylasemia. A variety of explanations were proposed,
such as rhabdomyolysis, pancreatitis, and “shock” liver. Finally, after cultures of blood,
urine, sputum, and stool failed to identify the source of her fevers, an abdominal CT was
obtained, searching for an occult abscess. A 7.2-cm mass was seen above the left kidney,
and the diagnosis of pheochromocytoma was entertained (see Fig. 1).

The next day, while collecting urine for catecholamines, metanephrines, and vanillyl-
mandelic acid, the patient developed a sudden pressor crisis during which her blood
pressure rose to 210/130 mmHg. A test dose of 0.5 mg intravenous (iv) phentolamine
dropped her systolic blood pressure into the 70s, lending further support for the diagnosis
of a pheochromocytoma.

Upon the recommendation of the endocrinology service, α-blockade was initiated
with phenoxybenzamine at a dose of 5 mg every 12 h. The next day, 30 min after 10 mg
propranolol was given to help control tachycardia, the patient became diaphoretic, agi-
tated, and flushed, and her blood pressure rose to 200/100 mmHg. Thereafter, β-blockade
was withheld until it was certain that more complete α-blockade was established. Pressor
crises, in the meantime, were treated with 1.0 mg boluses of iv phentolamine.

Very elevated catecholamine levels were found on plasma and 24 h urine testing,
confirming the diagnosis (see Table 1). As titration of phenoxybenzamine proceeded, the
patient remained tachycardic, but the lability in her blood pressure diminished. Her
overall condition improved with resolution of her fevers and noncardiogenic pulmonary
edema. Oxygen requirements diminished, and she was extubated on the 14th hospital
day. After several days of α-blockade alone, a second attempt at β-blockade was made, this
time successfully, starting with small doses of propranolol (5 mg every 8 h). Ultimately,
her blood pressure and heart rate were controlled on 30 mg phenoxybenzamine qd and
20 mg propanolol qid.

As the patient’s medical status stabilized, debate ensued over the optimal timing of
surgery to remove the pheochromocytoma. The surgical service, concerned about her
risk for perioperative mortality with her recent MI, initially advised medical manage-
ment for 6 mo followed by surgical resection. On the other hand, the medical services felt
that even with a recent MI, postponing surgery would pose greater risk, given the size of
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her tumor, elevated catecholamine levels, and the possibility of tumor necrosis, which
might result in recurrent hypertensive crises, and ultimately death. To assess her cardio-
vascular surgical risk, she underwent a DP thallium stress test to evaluate myocardial
viability and ischemia. No perfusion defects were found. Therefore, in view of her nega-
tive DP thallium study and normal overall left ventricular function, postponement of sur-
gery seemed unwarranted. All involved agreed to have her proceed to surgery after restoring
blood and plasma volume, and completing 2 wk of preoperative α-blockade.

Fig. 1. CT scan of 7.2 cm heterogeneous left adrenal mass.

Table 1
Laboratory Evaluation

Day #5 Day #6 Normal range

Plasma
Norepinephrine (pg/mL) 45,175 76,000 70–750 supine
Epinephrine (pg/mL) 26,860 47,474 undetectable-110
Dopamine (pg/mL) 2116 2406 <30

24 hour Urine
Vanillylmandelic acid (mg) 111.5 2–10
Norepinephrine (µg) 1744 0–100
Epinephrine (µg) 1659 0–25
Total catecholamines (µg) 3403 20–120
Dopamine (µg) 364 80–440
Metanephrines (µg) 44,168 44–300
Normetanephrines (µg) 25,401 110–620
Total metanephrines (µg) 69,569 140–820
Creatinine (g) 0.736 0.8–1.6
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The pheochromocytoma was successfully resected without difficulty. She remained
hemodynamically stable throughout, guided by pulmonary artery catheter monitoring.
Postoperatively, she became normotensive off adrenergic blockade, and transient tachy-
cardia resolved with intravascular volume repletion. She was discharged home off anti-
hypertensive medications 5 d after surgery.

Discussion
Experience with cases such as the one described here has led endocrinologists to allege

that pheochromocytomas create some of the most dramatic and life-threatening crises
in all of endocrinology (1). The danger of pheochromocytomas lies only rarely in their
malignant oncologic potential. Rather, it is their ability to synthesize, store, and secrete
large amounts of catecholamines, which in turn produce multiple physiologic effects,
and leads to serious and often fatal outcomes. This feature was astutely recognized by
Esperson and Dahl-Iversen more than 50 yr ago in their description of pheochromocy-
tomas as being “morphologically benign, yet physiologically malignant” (2).

One of the most fascinating aspects of pheochromocytomas is the extreme variety of
clinical manifestations associated with these tumors (3). In the literature, more than 80
different presentations have been described (4). Pheochromocytomas may present with
symptoms that are directly attributable to excess catecholamines, or they may present
with manifestations attributable to complications of the tumor that then dominate the
clinical picture. To add to the confusion, the presentation of a pheochromocytoma may
be modified by the effects of various biologically active hormones or neuropeptides that
are ectopically produced and secreted by these tumors (see Table 2) (5). Although the het-
erogeneous manifestations of pheochromocytomas give rise to interesting anecdotes,
such diversity can occasionally be bewildering to the clinician (6). In this case, the diag-
nosis of pheochromocytoma was not entertained until a clue was discovered on an abdomi-
nal CT performed as part of an evaluation for fevers of unknown origin. Yet once the
diagnosis was suggested, it became clear that a pheochromocytoma was the likely unify-
ing diagnosis to explain the patient’s clinical course. The difficulty and delay in making

Table 2
Neuropeptides in the Adrenal Medulla

Adrenomedullin
Calcitonin gene-related peptide
Chromogranins
Endorphins/enkephalins
Erythropoetin
Natriuretic peptides
Neuropeptide Y
Parathyroid hormone-related protein
Histamine
ACTH
Corticotropin-releasing hormone (CRH)
Somatostatin
Substance P
Vasoactive intestinal peptide (VIP)
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the diagnosis illustrate well the concept that the most critical and challenging element in
the management of a pheochromocytoma is the initial consideration of the disease in the
differential diagnosis (7).

The rapid clinical deterioration of the patient in this case typifies the sudden hemody-
namic decompensation that may develop in a patient with a previously unsuspected pheo-
chromocytoma. Occasionally, a patient who is minimally symptomatic for years will
suddenly present with a major cardiovascular or cerebrovascular complication, such as
hypertensive crisis, acute MI, hemorrhagic stroke, arrythmia, or circulatory shock (5). This
explosive potential is emphasized throughout the literature. Aranow, for example, char-
acterized the pheochromocytoma as a “veritable pharmacologic bomb” (8). Likewise,
Robinson compared the tumor to a “metabolic volcano” that suddenly erupts after a
quiescent state (9).

Although uncommon, the development of multiorgan system failure and noncardio-
genic pulmonary edema are well-recognized consequences of pheochromocytoma (10).
In rare circumstances, these complications may present as the initial manifestations of
the tumor (11–16). Noncardiogenic pulmonary edema is believed to result from transient
increases in pulmonary capillary pressure because of pulmonary venoconstriction and to
altered pulmonary capillary permeability (11,17,18). In addition to multiorgan failure
with noncardiogenic pulmonary edema, a subset of patients will also develop fever,
obtundation, and extremely labile blood pressure. The highly lethal tetrad of multiorgan
decompensation, pyrexia, blood pressure lability, and obtundation has been referred to
as the pheochromocytoma multisystem crisis (19). When noncardiogenic pulmonary
edema coexists with fever as part of pheochromocytoma multisystem crisis, the clinical
picture and hemodynamic profile resemble, and therefore masquerade as septic shock
(20–24). If unrecognized, this syndrome frequently results in a prolonged search for an
infectious source, only to delay the diagnosis and retard the institution of appropriate
therapy.

The mechanisms underlying an acute pheochromocytoma crisis are not known for
certain. Pheochromocytomas, unlike the normal adrenal medulla, are not innervated, and
catecholamine release is not initiated from neural impulses. Some stimuli that may stim-
ulate catecholamine release, and thereby trigger paroxsyms include changes in tumor
blood flow, hemorrhagic necrosis, release of vasoactive substances, or use of certain
drugs. A knowledge of these stimuli may be useful in suspecting pheochromocytoma
when they are discovered in a patient’s history (see Table 3). Proprietary cold medicines
and decongestants which contain sympathomimetic amines can increase blood pressure
by releasing catecholamines from augmented stores in nerve endings. They are common
precipitators, and may have contributed to the development of the crisis in this case (5).

Both nonspecific diagnostic clues and explanations for previously inexplicable find-
ings are often identifiable in a retrospective analysis of perplexing cases of pheochro-
mocytoma. This case is no exception. Hyperamylasemia, which falsely suggested acute
pancreatitis, was likely secondary to damaged pulmonary endothelium associated with
noncardiogenic pulmonary edema, as has been demonstrated in similar cases (12,25).
The patient’s profound orthostasis on presentation was not an unrelated sign. In fact,
orthostatic hypotension, which is found in up to 70% of patients with pheochromocy-
toma, can be a valuable diagnostic clue (26). The mechanism for postural changes in
blood pressure is not certain, but is thought to be secondary to both a dimunition in plasma
volume, as well as a depression of sympathetic vasomotor reflexes that usually maintain
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upright blood pressure (27). An explanation for the patient’s prolonged non-infectious
diarrhea became evident when an elevated serum VIP level confirmed the ectopic secre-
tion of this hormone originating from the pheochromocytoma (28,29).

Not to be ignored is the well-known association between neurofibromatosis and pheo-
chromocytoma. Neurofibromatosis type 1 is one of the most common autosomal domi-
nant disorders in which affected individuals develop both benign and malignant tumors
at an increased frequency. The underlying molecular basis for the disease involves inac-
tivating mutations in the NF1 gene, a putative tumor suppressor gene that encodes the
gene product, neurofibromin (30). This tumor suppresor appears to be involved in the
regulation of ras protooncogenes (31). Interestingly, mutations in the NF1 gene may con-
tribute to the development of pheochromocytomas in patients without neurofibromato-
sis, as demonstrated by the loss of NF1 expression in sporadic tumors (32,33).

Whereas neurofibromatosis occurs in approximately 5% of patients with pheochro-
mocytoma, these tumors are present in roughly 1% of patients with type 1 neurofibroma-
tosis (34). However, among hypertensive patients with neurofibromatosis, the prevalence
may be as high as 50% (35). Therefore, the presence of neurofibromatosis in a patient
with hyper-tension or classic symptoms should heighten the index of suspicion for pheo-
chromocytoma.

Table 3
Triggers of Paroxysms

in Patients with Pheochromocytomas

Medications
Opiates
Histamine
Corticotropin
Saralasin
Glucagon
Metaclopramide
Tricyclic antidepressants
Phenothiazines
Monoamine oxidase inhibitors
Guanethedine
Methyldopa
Sympathomimetic amines
Anesthetic agents

Radiographic contrast media
Diagnostic procedures

Arteriogram
Lumbar puncture
Presacral aerogram
Percutaneous biopsy

Endotracheal intubation/anesthesia induction
Mechanical compression of tumor

Pregnancy
Uterine contraction
Abdominal palpation

Food or alcoholic beverages containing tyramine
Cigarette smoking
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Surgical intervention merits comment in this case. Although recent MI is a condition
in which postponement of surgery is often prudent, two strong arguments favored expe-
ditious surgery in this case. First, there was no evidence that the patient’s MI resulted in
permanent myocardial injury, and it was likely that in the absence of coronary artery
disease, coronary vasospasm could have provoked the event (36). Second, the presence
of recent myocardial injury should not serve as an absolute contraindication to prompt
surgical resection of a pheochromocytoma, because removal of the source of excess
catecholamines is likely to improve the cardiac condition (19).
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CASE #2: PHEOCHROMOCYTOMA OR METASTASIS?

Case Description
A 45-yr-old woman with a history of mild hypertension underwent a lumpectomy and

1 mo later, a left radical mastectomy for breast cancer. Histopathology revealed an
infiltrating ductal carcinoma with local lymphatic spread. During these surgeries, the
patient was noted to be mildly hypertensive, with systolic blood pressures varying from
140–160 mmHg and diastolic blood pressures ranging from 80–100 mmHg. After sur-
gery, her blood pressure was controlled by doubling her dose of enalapril (the only med-
ication she was taking) from 5 to 10 mg/day.

Following these surgeries, as a part of the staging evaluation of her cancer, she had a
CT scan of her abdomen and pelvis, which revealed a 4.8 × 3.7 cm nonhomogeneous right
suprarenal mass, suspicious for a metastatic lesion (see Fig. 2). Because of the concern
for metastatic disease, an ultrasound-guided fine needle aspiration biopsy (FNAB) of the
suprarenal mass was performed. After the first pass of the needle, the patient developed
severe pounding occipital headaches and palpitations. Her blood pressure rapidly increased
from 120/80 mmHg to 185/90 mmHg and her heart rate rose from 72 to 90 beats/min. She
vomited twice. Her blood pressure responded to intravenous (iv) sedation with Fentanyl,
and it eventually fell to 120/80 mmHg after several hours of observation. Further attempts
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at biopsy were not made and the suspicion for a pheochromocytoma was raised. Plasma
catecholamines collected at the time of this event revealed a norepinephrine level of 699
pg/mL (normal 70–750), an epinephrine level of 490 pg/mL (normal <110), and a dopam-
ine level of 12 pg/mL (normal < 30). Unfortunately, FNAB results were nondiagnostic.

The patient had been diagnosed with hypertension at age 30 based upon routine blood
pressure measurements done at office visits to her internist. Her blood pressure was well
controlled with 5 mg enalapril qd. Her family history was notable for her mother, who
was diagnosed with hypertension in her 40s, and her maternal grandmother who died
of a cerebrovascular accident at age 54. There was no other family history of endocrino-
pathies. Her review of systems was notable only for mild intermittent headaches. She
denied palpitations, heat intolerance, and diaphoresis.

A 24 h collection for urinary catecholamines, vanillylmandelic acid, and metanephrines
revealed an epinephrine level of 115.8 µg (normal <20), norepinephrine level of 180.6
µg (normal <80), dopamine level of 187.6 µg (normal 88–420), vanillylmandelic acid
level of 15.0 mg (normal 2–10), and metanephrine level of 1.6 µg (normal 44–300). MRI
showed a right adrenal mass with a characteristic high signal intensity on T2 weighted
images (see Fig. 3). Meta-iodobenzylguanidine (MIBG) scintigraphy localized uptake
in the right adrenal gland. These findings were all compatible with a diagnosis of pheo-
chromocytoma.

Two weeks prior to her scheduled surgery, the patient was initiated on α-blockade with
phenoxybenzamine, which was gradually titrated to a dose of 20 mg q am, and 30 mg q
pm at the same time monitoring for symptoms of orthostasis; 10 mg propranolol tid was
added to control mild tachycardia during the second week. On this regimen, her systo-
lic blood pressure ranged from 110–132 mmHg, and diastolic blood pressure ranged
from 80–86 mmHg. Surgical excision of the tumor was uneventful. Intraoperatively, the

Fig. 2. CT scan of 4 × 4 cm right suprarenal mass with large cystic central component, initially
reported as suspicious for metastatic disease.
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patient received 5 L of lactated ringer’s intravenous fluid. Total blood loss was estimated
at 150 mls. She developed an episode of transient mild hypotension after the last adrenal
vein was ligated. Blood pressure quickly recovered with a bolus of intravenous fluid, and
remained stable throughout the remainder of her 4 h surgery.

The patient’s postoperative course was uncomplicated as well. She was observed
overnight in the surgical intensive care unit for hemodynamic monitoring. Mild incisional
abdominal pain was controlled with an epidural infusion of Fentanyl. She remained nor-
motensive and was discharged from the hospital off antihypertensives. Two-week and
1-yr follow-up 24 h collections for urinary catecholamines, metanephrines, and vanillyl-
mandelic acid have been normal.

Discussion
The diagnosis of pheochromocytoma is easily suspected in a hypertensive individual

exhibiting paroxysmal symptoms of headache, excessive perspiration, and diaphoresis.
Although only half of all patients with pheochromocytomas will experience paroxysms,
most patients harboring the tumor will report some chronic or intermittent symptoms that
are associated with the tumor (see Table 4). Indeed, in one series of greater than 21,000
hypertensive patients, Plouin et al. found that the absence of headache, diaphoresis, and
palpitations virtually excluded the diagnosis of pheochromocytoma. Nevertheless, as
emphasized by this case, at times, symptoms of the disease can be subtle, and it is often
only in retrospect that their significance and relationship to the diagnosis are recognized.
Such subtlety of symptoms may lead to the incidental discovery of pheochromocytomas

Fig. 3. MR image of suprarenal mass demonstrated on CT scan in Fig. 2, with high signal intensity
displayed on the T2-weighted image.
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at unrelated surgery, during abdominal imaging, or at autopsy. The paucity of associated
signs and symptoms may also lead to missed diagnoses with tragic consequences.

The case under discussion exemplifies the presentation of an incidentally discovered,
clinically unsuspected pheochromocytoma. Here the patient had controllable hyperten-
sion and mild headaches—common problems that ordinarily would not warrant evalu-
ation for a pheochromocytoma. Had it not been for the staging evaluation for her breast
cancer, it is likely that her pheochromocytoma would have remained undiagnosed, at
least until catecholamine production and secretion increased to the point that paroxysms
developed or blood pressure worsened. Several studies of routine autopsies have empha-
sized that a large number of “silent” pheochromocytomas escape detection and are first
discovered postmortem (3–10). A Mayo Clinic study of 54 proven cases of pheochro-
mocytoma revealed that 41 (76%) of these tumors were clinically unsuspected during life
(11). Interestingly, over 90% of these same patients were retrospectively noted to have
reported symptoms during life that are characteristic of pheochromocytoma. Such obser-
vations indicate that a large number of patients with pheochromocytomas may present
with minor signs and symptoms, the significance of which are not readily apparent. Fur-
thermore, the rare incidence and protean manifestations associated with pheochromocy-
toma contribute to the elusive nature of its diagnosis.

In hindsight, there were two clues in this patient’s history that were suggestive of a
diagnosis of pheochromocytoma. The first hint dated back 15 yr prior at age 30, when she
was first discovered to have hypertension. Because pheochromocytoma is a rare cause
of hypertension, the relatively young age of onset in this patient might have suggested
a secondary cause, albeit in the absence of any other features, a pheochromocytoma
would not have been suspected at this point. Hypertension, which is found in 90% of
patients with pheochromocytomas, is sustained in one-half of patients, paroxysmal in
one-third, and absent in one-tenth (12). The second clue in her history was the unusual
elevation in blood pressure that occurred during the mastectomy. A paradoxical blood
pressure response to anesthesia and surgery is a well-documented observation in an
unrecognized pheochromocytoma, one which should prompt consideration of its possi-
bility, even in asymptomatic individuals (13).

This patient was fortunate to have had such a smooth operative course at the time of
her mastectomy, for when the diagnosis of pheochromocytoma escapes detection, poten-
tially disastrous consequences may result. In the Mayo Clinic autopsy series, 11/41 (27%)

Table 4
Frequency of Symptoms in 100 Patients with Pheochromocytoma

Symptom % Symptom %

Headache 80 Anxiety 22
Diaphoresis 71 Epigastric abdominal pain 22
Palpitations 64 Chest pain 19
Pallor 42 Dyspnea 19
Nausea 42 Flushing 18
Tremor 31 Parethesias or numbness 11
Generalized weakness 28 Blurring of vision 11

Adapted from (5).
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of the patients with an unsuspected pheochromocytoma died during or immediately after
surgery for unrelated conditions (14). These findings underscore the danger of surgery
in undiagnosed patients who are not prepared with adrenergic blockade.

Although the incidental discovery of pheochromocytoma is an atypical presentation
of the disease, it is one that is not rare. It is estimated that approximately 5% of all pheo-
chromocytomas present as adrenal incidentalomas (15,16). Furthermore, in some series,
pheochromocytomas account for up to 13% of all serendipitously discovered adrenal
masses (17–19).

The method of laboratory diagnosis in this case deserves comment. Once suspected,
pheochromocytoma can usually be confirmed without difficulty by careful analysis of
a properly collected 24 h sample of urinary catecholamines, metanephrines, and/or vanil-
lylmandelic acid (VMA). As was done here, commencing the collection after the onset
of a paroxysmal attack can increase the diagnostic yield (20). With the availability of highly
sensitive measurements of catecholamines and their metabolites, provocative testing has
been rendered virtually obsolete. Measurements of plasma catecholamine levels are gen-
erally not useful in screening for sporadic pheochromocytomas because of the inherent
difficulty in their proper collection. Plasma catecholamines also lack the advantage of an
integrated assessment of catecholmine levels over a 24-h time span. In the patient under
discussion, plasma catecholamines were collected at the time the paroxysm was triggered
by biopsy. Here, only the epinephrine level was elevated, and then only to a modest degree.
Even if frankly elevated catecholamine levels were detected, one would have to interpret
them cautiously, given the stressful conditions under which they were collected. It was
for this reason that a second 24-h urine sample was critical, to verify that the first results
were accurate and diagnostic.

This case is instructive because it is relevant to issues regarding the evaluation and
management of incidentally discovered adrenal masses. As radiologic technology has
improved and advanced abdominal imaging has increased in frequency, greater numbers
of both benign and malignant adrenal lesions are being discovered, leading to the com-
mon clinical problem of the adrenal incidentaloma. The challenge centers on distinguish-
ing the small fraction of malignant and/or hypersecretory masses from those that are
nonfunctioning, benign, and require no intervention.

In the case under discussion, the adrenal mass was serendipitously discovered as part
of a staging evaluation for cancer. CTs and MRIs are widely used for this purpose, and
adrenal masses are often found. In a patient with a history of cancer, metastases are the
most common cause of an incidental adrenal mass, regardless of size (21). Indeed, because
carcinomas of the breast are one of the most common sources for adrenal gland metas-
tases, this patient’s adrenal mass was highly suspicious for a metastasis. Nevertheless,
it is a mistake to assume that such masses are always metastases, because a considerable
proportion are benign (22). In the setting of a known extraadrenal primary cancer, malig-
nancy rates of incidental adrenal masses discovered by CT range from 32 to 73%, whereas
rates of benign lesions range from 27 to 68% of cases (18). Although there is a tremen-
dous overlap in these rates, it is nonetheless clear that either is possible. When an adrenal
mass is the only finding suspicious for metastatic disease in a patient with a known extra-
adrenal cancer, the distinction between a metastasis and other causes of adrenal masses
may be critical in determining whether curative therapy of the primary neoplasm is feasi-
ble. Such was the scenario for this patient. In her case, there were no other systemic metas-
ases evident, and therefore, confirmation of the nature of this adrenal lesion was imperative
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in determining appropriate chemotherapy. Often, in the urgency of establishing a patho-
logic diagnosis, assessment of functional status is forgotten.

Recent attention has focused on identifying certain adrenal imaging features to char-
acterize incidental adrenal masses in an attempt to differentiate among adenomas, carci-
nomas, pheochromocytomas, and cancer metastases. Neither CT nor MRI, however, can
reliably distinguish a metastasis from either a benign adenoma or from a primary adrenal
malignancy based solely upon the radiologic appearance (23). Once biochemical data has
established the diagnosis of pheochromcytoma, MRI is particularly useful in confirma-
tion and localization of the tumor, because they exhibit a pathognomonic high signal
intensity on enhanced T-2 weighted images (24). However, MRI is not always helpful
in distinguishing malignancy from pheochromocytoma, because 65% of pheochromocy-
tomas have an overlap with adrenal metastases in relative signal intensity on T-2 weighted
images (25,26).

Scintigraphic localization with radiolabeled 131I MIBG was reassuring in this case
because it verified the functional nature of the mass, and together with the biochemical
data, established the diagnosis with finality. 131I MIBG is an analogue of norepinephrine
that is taken up by chromaffin cells. In general, 131I MIBG scanning is useful when bio-
chemical evidence is positive and results of abdominal imaging are negative (27). How-
ever, it is not the suggested imaging procedure for initial localization because of its
inferior sensitivity, as compared with CT and MRI (28).

Finally, this case underscores the importance of carefully evaluating every incidental
adrenal mass for hormonal hypersecretion, even in patients with known primary extra-
adrenal malignancies who do not have clinical features of hormonal excess. Neither lack
of hypertension nor lack of typical symptoms precludes the diagnosis of a pheochromo-
cytoma. Percutaneous adrenal biopsy of a pheochromocytoma may precipitate a hyper-
tensive crisis, retroperitoneal hemorrhage, and even death (16,29–32). Therefore, all
patients with adrenal incidentalomas should undergo biochemical testing for pheochro-
mocytoma before proceeding to FNAB of the adrenals.
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CASE #3: PHEOCHROMOCYTOMA IN PREGNANCY

Case Description
A 28-yr-old Hispanic G3P2 female with a previous history of gestational diabetes

presented to the gestational diabetes clinic with a blood pressure of 140/98 mmHg at 13 wk
gestation. During prior pregnancies and prenatal visits she had been normotensive. She
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had no symptoms of headache, palpitations, or diaphoresis. With the exception of the
management of her gestational diabetes, the pregnancy had proceeded unremarkably to
that point. Given her first trimester presentation and the absence of edema or proteinuria,
secondary causes for hypertension were appropriately considered. Further evaluation
with a 24-h collection of urine revealed elevated levels of norepinephrine, and an MRI
of the abdomen demonstrated a 2 × 3 cm mass near the hilum of the left kidney consistent
with an extraadrenal pheochromocytoma (see Table 5 and Fig. 4).

By the time testing was complete and the diagnosis was established, the patient was
in her 23rd wk of pregnancy, and it was at this time that she was admitted for initiation

Table 5
Laboratory Evaluation

24 h urine Specimen 1 Specimen 2 Normal range

Vanillylmandelic acid (mg) 17.6 2–10
Norepinephrine (µg) 1453.1 728.1 15–80
Epinephrine (µg) 7.2 7.0 0–20
Dopamine (µg) 519.7 326.7 88–420
Metanephrines (µg) 2.2 44–300
Creatinine (mg) 1208 1271 800–1800

Fig. 4. Transverse section of adrenal MR image demonstrating a 2 × 3 cm right suprarenal mass,
with high signal intensity displayed on the T2-weighted image.
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of adrenergic blockade and blood glucose monitoring. Although asymptomatic, she was
found to be markedly orthostatic by both pulse and blood pressure. With a rise from the
supine to standing position, her systolic and diastolic blood pressures of 190 and 100 mmHg
each fell 30 mmHg, and her pulse increased 45 bpm. Phenoxybenzamine was introduced
at a dose of 10 mg bid and gradually titrated to a dose of 20 mg bid. As alpha adrenergic
blockade proceeded, intravenous fluids expanded her plasma volume and her insulin
requirements diminished such that by the ninth day of adrenergic blockade, insulin doses
had been reduced by two thirds.

Not surprisingly, issues over the timing of delivery and the timing of surgical inter-
vention surfaced and were deliberated at length. Because several important factors needed
to be considered in the management of her case, a multidisciplinary team of high risk
obstetricians, endocrinologists, endocrine surgeons, and neonatologists met to discuss
the most appropriate management plan. Postponement of surgery was associated with the
maternal risk of hypertensive crises and with fetal risks of hypoxia and intrauterine fetal
growth retardation from prolonged vasoconstriction. Immediate tumor resection, how-
ever, was attended with surgical technical difficulty. Owing to the location of her partic-
ular tumor, a transabdominal surgical approach was necessary, but one which would be
technically difficult to perform in the third trimester with a gravid uterus obstructing the
operative field. A cesarean section followed by tumor resection seemed the most prudent
strategy, but this would still have to be postponed until fetal lung maturity had been reached,
during which time potentially inadequate blockade could lead to the above mentioned
complications. Ultimately, three options were proposed:

1. terminate the pregnancy and resect the tumor immediately;
2. resect the tumor immediately and manage the remainder of pregnancy expectantly;
3. medically manage the patient then perform a combined cesarean section/ tumor resection

when maternal and fetal indicators suggested delivery was appropriate and fetal lung
maturity had been reached.

The consensus of the multidisciplinary group was to recommend the third option; the
patient was in agreement.

In the meantime, alpha blockade had proceeded well, and propranolol was added to
control mild supine tachycardia. On the 10th hospital day, she was discharged with strict
instructions to liberalize salt intake, monitor blood sugars, and maintain bed rest.

At home, daily orthostatic blood pressure measurements were performed by a visiting
nurse and the patient was seen at weekly intervals in the maternal/fetal medicine clinic.
Although her blood pressure was reasonably well controlled on 20 mg bid phenoxybenz-
amine and 10 mg tid propranolol, over the next few weeks, she developed symptomatic
orthostasis, necessitating a reduction in the dose of phenoxybenzamine to 10 mg bid. At
30 wk gestation, when an ultrasound revealed that fetal growth rate was only 10% of nor-
mal, she was readmitted for fetal monitoring, administration of intravenous fluids, and
maximization of adrenergic blockade.

Once admitted, phenoxybenzamine was pushed to a total dose of 30 mg qd as intra-
venous fluids were administered. The fetus was monitored daily with nonstress tests and
amniotic fluid indices.

Early in the morning on the third day of admission, the patient began experiencing
uterine contractions. She was rushed to labor and delivery, but as operative preparations
were being made, the fetal heart rate declined from 100 to 80 bpm. Ten minutes later,
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heart tones were absent, and an ultrasound confirmed intrauterine fetal demise owing to
placental abruption. Initially, the obstetrics team had planned to postpone delivery of the
fetus until after tumor resection, but 2 h later, coagulation studies indicated that she had
entered a state of disseminated intravascular coagulation. Prompt delivery of the fetus
was therefore urgent. After 2 h of labor during which hypertensive surges were treated
with nitroprusside and esmolol infusions, the patient delivered a nonviable fetus with a
placenta that exhibited multiple areas of infarction and adherent blood clots.

Thereafter, the patient’s condition rapidly deteriorated. Despite meticulous attention
to blood pressure, hemodynamics, and blood losses during delivery, she nonetheless devel-
oped oliguric renal failure. Resection of the pheochromocytoma again had to wait until
her coagulopathy resolved, renal function improved, and adequate adrenergic blockade
was established. Therefore, nitroprusside was tapered and the esmolol infusion was pre-
dominantly used to control blood pressure at the same time reinstating escalating phen-
oxybenzamine doses.

Over the next few days, the patient’s serum creatinine continued to rise. On the second
day postpartum, she became acutely agitated and restless, then confused and verbally
unresponsive. An extensive evaluation to explain her clinical status was unenlightening—
metabolic, infectious, and hemorrhagic etiologies were all systematically investigated
and excluded on the basis of appropriate testing. In the meantime, her blood pressure,
which was stable on phenoxybenzamine, soon became labile when she became unable
to take oral medications. Intravenous labetolol was temporarily substituted.

Serious consideration was given to dialysis when her creatinine rose to 3.7 mg/dL.
Many involved in her care suspected that, in the absence of any other explanation, her
neurologic status was a result of thiocyanate toxicity. However, dialysis (in the face of
adrenergic blockade) was fraught with the potential for severe hypotension that might
further endanger recovery of her renal function. As her urine output improved in the
diuretic phase of acute tubular necrosis, the decision was made to observe her. Soon a
thiocyanate level returned—a normal level was found.

Then, just as DIC seemed to be resolving and renal function started to improve, the
patient developed seizure activity. High doses of labetolol used for blood pressure con-
trol and adrenergic blockade were implicated as the etiologic agent, and therefore, this
was tapered. Phenoxybenzamine was administered through a nasogastric tube. Propra-
nolol and prazosin were needed in addition to 40 mg bid phenoxybenzamine to optimally
control her blood pressure.

After several days of intensive care monitoring and general supportive measures, her
coagulopathy resolved, renal function normalized, and neurologic status returned to
baseline. She was taken to surgery where a 3.5 × 4.0 × 1.8 cm pheochromocytoma at the
left renal hilum was resected without complications. Postoperatively, her course was
uneventful. She was discharged home without pharmacologic agents in good condition,
and has remained normotensive with normal catecholamine excretion ever since.

Discussion
Pheochromocytoma complicating pregnancy is a rare event. Yet, as demonstrated

by Case 3, its presence has grave implications, both for management of the pregnancy
and for the prognosis of the mother and offspring. Undiagnosed, the mortality for both
approaches 50% (1). Antepartum diagnosis substantially reduces maternal mortality to
11%, and in recent years, treatment with alpha adrenergic blockade has reduced maternal
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mortality even further, to 3% (2). However, despite treatment, fetal morbidity and mortal-
ity remain high, at approximately 15% (3,4). The devastating consequences of pheochro-
mocytomas discovered during pregnancy are clearly demonstrated in this case. Further-
more, this case shows that even with antepartum diagnosis, intensive monitoring, and
careful pharmacological treatment, untoward fetal and maternal outcomes are still very
possible.

The symptoms and signs of a previously quiescent pheochromocytoma may first mani-
fest during pregnancy. The presenting features of pheochromocytoma in pregnancy are
pleomorphic—just as they are in the nonpregnant state. During pregnancy, some patients
present with classic hypertensive paroxysms associated with typical symptoms of head-
aches, palpitations, and diaphoresis. Others may present with postural hypotension, arryth-
mias, or sudden cardiovascular collapse that is either spontaneous, or induced by anesthesia
or delivery (1). In asymptomatic cases, pheochromocytoma may come to attention during
pregnancy because of prenatal blood pressure monitoring. In the present case, the diag-
nosis was suspected because of the first trimester onset of hypertension and the coexist-
ence of gestational diabetes mellitus.

Approximately 60% of patients with pheochromocytomas develop hyperglycemia or
impaired glucose intolerance (5). The mechanisms underlying hyperglycemia are mul-
tifactorial, and related to the various metabolic effects of catecholamines. For example,
catecholamines directly inhibit pancreatic insulin secretion through an alpha2 adrenergic
receptor mediated inhibition (6,7). They also stimulate glycogenolysis and impair periph-
eral insulin sensitivity by elevating free fatty acids (8,9). The diabetic state associated
with pheochromocytomas is reversible, as supported by the improvement in glucose toler-
ance with administration of alpha blockade, and as demonstrated by the resolution of hyper-
glycemia following surgical resection of these tumors (10,11).

One of the major obstacles in making an early diagnosis of pheochromocytoma in
pregnancy is the difficulty in differentiating it from pregnancy-induced hypertension and
preeclampsia (12,13). This distinction is crucial, because the treatment of preeclampsia,
i.e., delivery of the fetus, may have catastrophic consequences in undiagnosed pheochro-
mocytoma (14). In this case, the absence of edema and proteinuria were extremely help-
ful clues. Later in pregnancy, the differentiation of a pheochromocytoma from toxemia of
pregnancy is challenging, because both are associated with a wide variety of clinical man-
ifestations (15,16). When pheochromocytoma is suspected during pregnancy, appropri-
ate analysis of a 24-h urine sample for catecholamines and catecholamine metabolites will
usually confirm the diagnosis as it did here. Urinary catecholamine levels are unaffected
by normal pregnancy except in unusually stressful situations, or in the period between
the onset of labor and the second postpartum day (17,18). Noteworthy in this particular
case is the markedly elevated norepinephrine level accompanied by the quite normal
epinephrine level—a typical biochemical finding in extra-adrenal pheochromocytomas
(19). This predominance of norepinephrine secretion in extra-adrenal tumors is sus-
pected to result from the absence of high glucocorticoid levels necessary to induce full
expression and activity of phenyl-ethanolamine-N-methyltransferase, which methylates
norepinephrine to epinephrine (20,21).

Localization of pheochromocytoma is especially important for operative planning in
pregnancy. MRI is the preferred imaging modality for several reasons. As in the nonpreg-
nant patient, it is highly sensitive, it is capable of detecting extraadrenal pheochromocy-
tomas, and it has the superior ability to distinguish pheochromocytoma from other adrenal
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lesions by virtue of its hyperintense signal emitted on T2-weighted images (22,23). In
pregnancy, it has the further advantage over CT of avoiding exposure to ionizing radia-
tion and contrast material. Nuclear medicine scintigraphy with 131I MIBG is generally
contraindicated in pregnancy.

Interestingly, fetal morbidity associated with maternal pheochromocytoma is not likely
to be the direct consequence of elevated maternal catecholamines acting in the fetus. The
placenta, which has high levels of catechol-O-methyl transferase and monoamine oxi-
dase, metabolizes catecholamines, and therefore protects the fetus (24). This placental
clearance of catecholamines implies that the essential element involved in adverse in
utero effects is catecholamine-induced placental vasoconstriction, leading to ischemia
with attendant effects on fetal oxygenation and nutrition. These effects in turn may result
in hypoxia and intrauterine growth retardation (25,26). The therapeutic implication of
this observation is the recognition that maintaining good control of maternal blood pres-
sure is crucial to maximize the chances for fetal survival.

Issues regarding the timing of surgery for pheochromocytomas diagnosed during
pregnancy have generated considerable controversy. There are no prospective controlled
data to judge the optimal timing of surgery. Most authorities advocate surgical excision
of the tumor in early pregnancy following preparation with alpha adrenergic antagonists
(27,28). In the third trimester, medical treatment with adrenergic blocking agents con-
tinues and surgery is delayed until the fetus is of sufficient size and maturity that Cesarean
section may be followed by extirpation of the tumor. The rationale for this approach is that
before 28 wk gestation, surgery can be performed safely, and resection of the pheochro-
mocytoma removes the fetus from exposure to the deleterious effects of catecholamines.
In later pregnancy, uterine enlargement impairs localization of the pheochromocytoma
and impedes its removal (29,30).

The basis for the above recommendations is derived from retrospective analyses of
case reports that overall indicate improved maternal and fetal outcomes when the tumor is
resected early in pregnancy, and poor surgical outcomes when tumor resection is attempted
in late pregnancy (3,12,31). The gestational age at which the diagnosis of pheochromocy-
toma was firmly established proved to be particularly problematic in the patient presented
here, for it was made within a time window wherein surgical resection would have been
technically difficult, and would put the fetus at high risk for abortion. Yet, she was also at
a gestational age at which medical management to bring the fetus to viability could poten-
tially be lengthy. Although experience with long term treatment with alpha antagonists
is limited, medical management of pheochromocytoma with delayed tumor removal has
been successful. Successful outcomes with alpha adrenergic blockade administered for
as long as 25 wk have been reported repeatedly in the literature (2,32–39).

Severe placental abruption occurred in this case, despite inpatient blood pressure mon-
itoring, close fetal surveillance, and vigilant efforts to maximize adrenergic blockade.
Two other cases of placental abruption developing in pregnancies complicated by pheo-
chromocytomas have been reported in the literature (40,41). Although it is impossible
to prove a causal relationship between catecholamine excess and the placental abruption
in this case, it is plausible that placental vasoconstriction associated with hypertension
may have contributed to the event, given that maternal hypertension is the most consis-
tently identified factor predisposing to placental abruption (42–45).

If one assumes that placental vasoconstriction associated with the pheochromocytoma
did contribute to the development of the abruption, this would imply that the degree
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of adrenergic blockade was suboptimal, despite what appeared to be reasonable blood
pressure control. One could speculate that transient paroxysmal rises in blood pressure
associated with catecholamine surges were not detected with periodic blood pressure
measurements. All of this underscores the hazards of harboring a pheochromocytoma in
pregnancy, even while under the protection of alpha blockade, and emphasizes that post-
ponement of surgery is not without risk. Moreover, pressure from the uterus, hemorrhage
into the tumor, uterine contractions, and even vigorous fetal movements can provoke
catecholamine surges, leading to hypertensive crises, fetal hypoxia, and the potential
deaths of the mother and fetus (3).

Disseminated intravascular coagulation (DIC) complicates greater than 50% of cases
of abruptio placentae, and the degree of placental abruption correlates with the severity
of the coagulopathy (46). Given the severity of this abruption, the development of DIC
was not surprising. Nevertheless, the onset of DIC significantly complicated an already
tenuous situation, and it led to a second major dilemma: weighing the risks of surgery in
the face of a profound bleeding diathesis versus the risks of provoking hypertensive crises
associated with vaginal delivery. Even in the presence of adequate adrenergic blockade,
vaginal delivery can be dangerous because the physiologic stresses of labor may provoke
massive catecholamine release leading to severe or fatal paroxysms (12).

Finally, whereas the final outcome was not ideal for the fetus in this case, it is neverthe-
less clear that a multifaceted team approach to management of pheochromocytoma in
pregnancy is critical in determining a plan that will optimize fetal and maternal outcomes.
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CASE #4: IT’S ALL IN THE GENES

Case Description
A 56-yr-old Russian woman with a history of hypertension went to an emergency room

(ER) with a severe headache that was unrelieved by over-the-counter analgesics. Ten years
prior to this, while living in the Ukraine, she began experiencing intense throbbing bi-
frontal headaches that occurred two to three times a week. The headaches were accompa-
nied by visual changes, pallor, and generalized weakness. Over the next 5 yr, the headaches
became more severe and were accompanied by symptoms of sweating and palpitations.
A few months prior to the ER visit, she sought medical attention when the headaches began
to disturb her on a daily basis. Her blood pressure was noted to be elevated, and she started
treatment with hydrochlorthiazide and methyldopa. Although her blood pressure appar-
ently normalized with this therapy, she continued to experience heat intolerance. One
week prior to her ER visit, she was given pseudoephedrine for a “sinus” headache.

In the ER, the patient’s blood pressure was found to be 210/100mmHg. She was treated
with meperidine and phenergan. After instruction to take her antihypertensives the next
morning, she was discharged. Three hours later, she returned when her headache wors-
ened. Her blood pressure had risen to 240/140 mmHg and an electrocardiogram revealed
ST segment depressions in the inferior leads. After she showed no response to morphine,
nitropaste, and furosemide, she was admitted to the medical intensive care unit with an
hypertensive emergency.

Shortly after admission, the patient’s blood pressure was noted to be labile and pheo-
chromocytoma was considered in the differential diagnosis. Elevated catecholamine
levels and an abdominal CT scan showing bilateral adrenal masses confirmed this diag-
nosis (see Table 6). She began alpha adrenergic blockade with phenoxybenzamine, fol-
lowed by beta blockade with propranolol, and was discharged home to complete a two-
week preoperative course.

As she was awaiting surgery, information regarding the patient’s family history was
obtained. Upon further questioning, the patient related that both her mother and 25-yr-
old son had described similar “spells” of headaches, palpitations, and diaphoresis, raising
the suspicion for a hereditary form of pheochromocytoma. When a serum basal calcito-
nin level of 13,299 ng/L returned, the syndrome of multiple endocrine neoplasia was
confirmed.

The patient was taken to surgery where she underwent a bilateral total adrenalectomy.
The right adrenal contained a pheochromocytoma with a diameter of 3 cm and the left
adrenal contained a pheochromocytoma with a 6.5 cm diameter. She recovered well post-
operatively and was discharged home, relieved of the adrenergic symptoms, with a nor-
mal blood pressure. Six weeks later, she underwent total thyroidectomy. At surgery, hard
nodules were found in both lobes of the thyroid gland. Two superior parathyroid glands
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were identified, but not removed. Histopathologic analysis established the diagnosis of
medullary carcinoma of the thyroid.

Over the next several years, the patient suffered multiple episodes of nephrolithiasis
and her serum calcium level was noted to rise. Eighteen years after the initial surgeries,
her calcium level has risen to 12 mg/dL, phosphorus level has declined to 2.8 mg/dL, and
the intact parathyroid hormone level is 146 pg/mL. She has not yet undergone a parathy-
roidectomy.

The index patient’s only child, a 25-yr-old son, was evaluated for MEN 2, and was
found to have medullary carcinoma of the thyroid and bilateral pheochromocytomas. He
has undergone bilateral adrenalectomy, total thyroidectomy, and a left modified neck
dissection. Recently, calcitonin levels of up to 2000 ng/L have been found in a follow up
visit. In order to search for metastases, a CT, an MRI, and an octreotide nuclear medicine
scan were performed. The only identifiable site of possible medullary carcinoma was
found in the right superior mediastinum, an area with a known mass of 2 cm that has been
stable in size for several years. After much discussion, the patient proceeded to a diag-
nostic laparoscopy to exclude hepatic metastases, mediastinal resection of the mass, and
to a right modified radical neck dissection. Histopathology confirmed metastatic med-
ullary carcinoma of the thyroid in the mediastinal mass; 2/14 lymph nodes were positive
for metastatic disease. His recovery has been uncomplicated. Postoperative pentagastrin
stimulated calcitonin levels are unavailable.

Discussion
The syndrome of multiple endocrine neoplasia type 2 (MEN 2) was first described

40 yr ago by J. Sipple in his article that described several cases of thyroid cancer associ-
ated with pheochromocytomas (1). During the last half century, progress in the understand-
ing of the MEN 2 syndromes has led to the evolution of a fascinating chronicle that began
with the identification of the clinical features of MEN 2. This was followed by the charac-
terization of the biochemical abnormalities and culminated with the elucidation of its
molecular basis. MEN 2 is an inherited cancer syndrome defined by the concurrence of
hyperplasia or tumor in the adrenal glands, thyroid, and/or parathyroids. It is character-
ized by autosomal dominant inheritance with nearly complete penetrance and variable
expressivity of each component (2). The subclassification of MEN into its three distinct
syndromes is shown in Table 7.

Pheochromocytomas are found in approximately 50% of patients with MEN 2A and
MEN 2B, although this frequency varies widely among different kindreds and is greater
when surveillance of individuals is extended over long durations (3,4). As seen in the

Table 6
Laboratory Evaluation

24 h urine Normal range

VMA (mg) 24.4 (1–8)
Catecholamines (µg) 3620 (0–100)
Metanephrines (mg) 8.3 (0.3–0.9)

Plasma
Norepinephrine (ng/L) 3955 (65–400)
Epinephrine (ng/L) 15.92 (0–70)
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present case, pheochromocytomas associated with MEN are typically located within
the adrenal gland bed, are frequently bilateral, and are rarely malignant (5–8). Prior to
the recognition of the syndrome in the early 1960s, at least half of all deaths in MEN 2A
were attributed to cardiovascular disease—many of which were likely related to pheo-
chromocytomas (2). Furthermore, before prospective screening, patients often presented
with large pheochromocytomas accompanied by hypertension, headaches, and cardiac
arrythmias. Now that many MEN patients are screened regularly for the development of
pheochromocytoma, the presentation of pheochromocytoma has changed, such that most
MEN patients are asymptomatic or oligosymptomatic (9). Nevertheless, pheochromocy-
tomas in MEN may cause palpitations, headaches, or anxiety attacks early in the course
of the development of these tumors, prior to the detection of significant hypertension (3).
Such may have been the scenario for the son, who although normotensive, described a
history of “spells” and was also found to have pheochromocytomas.

In screened individuals from kindreds with known MEN 2, medullary thyroid carci-
noma usually precedes the development of pheochromocytoma. However, pheochromo-
cytoma is still frequently the first manifestation of MEN 2 in a newly discovered index case,
as illustrated by this patient. For example, pheochromocytoma was the first manifesta-
tion of the MEN 2 syndrome in the index case in 35 (64%) families studied by Calmettes
et al. who followed a series of 55 kindreds (10).

Although the presentation of pheochromocytoma and MEN 2 in these individuals
preceded the era of genetic testing, this patient, nevertheless, serves as a basis for a dis-
cussion of the prospects for the clinical application of knowledge regarding the molecu-
lar basis of the MEN 2 syndromes. MEN 2 is caused by activating germline mutations
in the RET protooncogene, which encodes a tyrosine kinase receptor expressed in tissues
and tumors of neural crest origin. This receptor appears to transduce signals for diverse
processes, including cell growth, differentiation, survival, and death. Mutations in the RET
protooncogene result in constiutitive activation of the tyrosine kinase receptor, rendering
cells susceptible to neoplastic transformation (11). In MEN 2A and familial medullary
thyroid carcinoma, mutations most commonly affect cysteine residues of the extracel-
lular domain of the receptor, whereas in MEN 2B, mutations affect one of three codons
in the intracellular domain (see Fig. 5) (12).

Table 7
Clinical Varieties of MEN 2

Men 2A Men 2B

MTC 100% MTC 100%
Pheochromocytoma 50% Pheochromocytoma 50%
Hyperparathyroidism 20% Enteric ganglia hyperplasia 100%

Marfanoid habitus !00%
Intestinal ganglioneuromatosis/
Mucosal neuromas 100%

MEN 2A variants
FMTC
MEN 2A with cutaneous lichen amyloidosis
MEN 2A with Hirschsprung disease

Legend: MTC, medullary thyroid carcinoma; FMTC, familial medullary thyroid carcinoma.
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The identification of germline mutations in the RET protooncogene in MEN 2 has pro-
foundly changed the approach to the diagnosis and management of MEN 2 syndromes.
Mutational analysis of the RET protooncogene to identify carrier status for the mutation
is now the clinical standard of care, and permits definitive identification of individuals at
risk in afflicted families (13). The major impact of genetic testing in identifying affected
individuals involves offering early prophylactic thyroidectomy to prevent the develop-
ment of medullary thyroid carcinoma, because it affects virtually all those with MEN 2
and is potentially lethal (13,14). In the management of adrenal medullary disease, genetic
testing is useful because it enables identification of gene carriers, who are at risk for the
development of pheochromocytomas, and who therefore require biochemical screening.

Interestingly, genotype-phenotype correlation studies have suggested that mutations
of specific residues of the RET protooncogene may be highly predictive of developing
pheochromocytoma. For example, any substitution at codon 634 has been associated

Fig. 5. Schematic representation of the product of the RET protooncogene product, a tyrosine kinase
receptor that is rendered constitutively active by mutations at codons indicated above. A continu-
ously updated listing of nucleotide substitutions in the RET protooncogene is available on the Human
Gene Mutation Database at www.uwcm.ac.uk/uwcm/mg/ns/1/120346.html
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with an increased frequency of pheochromocytoma, especially the C634R mutation.
MEN 2A families that rarely develop pheochromocytoma are more likely to have muta-
tions in codons 609, 611, 618, or 620 (15–19). These studies suggest that the variability
in the penetrance of pheochromocytomas among different kindreds with MEN 2 might
be explained by differences in the biochemical consequences of the particular mutation
involved. The precise mechanism of genotype/phenotype effects is not known for cer-
tain, but theoretically, different RET mutations could cause RET to signal at different
intensities, or different mutations could result in altered signaling of RET down distinct
pathways (20). Some experts speculate that targeted screening based upon specific codon
mutations may be possible in the future to determine the vigilance with which one should
screen for pheochromocytoma within a certain kindred (18). In the authors’ opinion,
results of genotype–phenotype correlations should be interpreted cautiously, since ascer-
tainment biases can affect results. Targeted screening is only appropriate if a perfect geno-
type–phenotype correlation is found.

Because at least 50% of patients with MEN 2 are likely to develop adrenal medullary
abnormalities, annual screening for pheochromocytoma in patients with known RETproto-
oncogene mutations and in patients with previously diagnosed MEN is recommended
beginning between the ages of 5–10 yr (2). The goal of screening for pheochromocytoma
in individuals with MEN 2 is to detect the tumor before it causes significant or life-threat-
ening consequences of catecholamine excess.

Pheochromocytomas associated with MEN 2 cause distinctive biochemical features
that have important implications in performing and interpreting screening tests. Familial
pheochromocytomas are more likely to secrete large amounts of epinephrine (21). For
this reason, an increase in urinary epinephrine or an increased ratio of epinephrine to
norepinephrine in a 24-h urine sample may be the only abnormalities detectable early in
the course of the disease (18,22). Urinary vanillylmandelic acid excretion is usually nor-
mal in the early stages of the disease and is therefore less valuable for early detection.
Measurement of plasma metanephrines and normetanephrines for the early detection of
pheochromocytomas in MEN 2 is an investigational approach that has been studied in
small numbers of individuals (23). At the present time, assays for plasma metanephrine
and normetanephrines are not widely available, and further data will be needed to estab-
lish their validity as screening tools.

Two interesting questions arise from the discovery of RET protooncogene mutations
in MEN 2 syndromes:

1. Do mutations in RET play a role in the development of sporadic pheochromocytomas?
2. Should individuals who develop sporadic pheochromocytomas undergo mutational analy-

sis of the RET gene to detect de novo or previously unidentified heritable MEN 2?

Somatic mutations of RET have been discovered in the tumor tissue of some sporadic
pheochromocytomas, a finding which is conceptually interesting because it confirms
that RET mutations are involved in tumorigenesis (24.25). However, germline mutations
of RET have not been identified in patients with apparently sporadic cases of pheochromo-
cytomas. Specifically, combined data from five studies analyzing 156 patients have not
identified a single germline RET mutation among patients with sporadic pheochromocy-
tomas (26–30). These data indicate that mutational analysis of RET in an individual with
an apparently sporadic pheochromocytoma is not likely to be useful in detecting a pre-
viously unsuspected MEN 2 syndrome. However, patients with bilateral or family his-
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tory of pheochromocytomas, should be evaluated for MEN 2, and genetic testing for RET
may be indicated.

In general, the treatment of pheochromocytoma in MEN 2 does not differ from the
treatment of sporadic pheochromocytoma. However, because of the proclivity for bilat-
eral pheochromocytomas to develop in the MEN 2 syndromes, controversy has arisen
over how extensive the initial adrenal resection should be. Bilateral adrenalectomy
is clearly indicated in individuals with bilateral tumors. Controversy ensues, however,
when a unilateral tumor is found, because available data demonstrate a 30–50% probabil-
ity that a pheochromocytoma will develop in the unaffected adrenal within 10 yr. Advo-
cates of unilateral adrenalectomy reason that unilateral surgery forestalls the need for
exogenous replacement glucocorticoids, and cite data indicating that no deaths have
occurred as a result of catecholamine crises in patients who underwent unilateral surgery
and later developed bilateral disease (3,31–34). The pivotal issue in the controversy
involves weighing the risk of the Addisonian state following bilateral adrenalectomy
against the risk of complications which might occur as a result of a second pheochromo-
cytoma developing in the contralateral gland. Given the rarity of malignant pheochromo-
cytomas in the MEN 2 syndromes and the potential risks attendant to dependence upon
exogenous glucocorticoid replacement, the majority of experts favor unilateral adrenalec-
tomy with careful surveillance of the contralateral gland for tumor development (31,35).

Although the clinical presentation of pheochromocytoma has changed, pheochro-
mocytomas continue to contribute to the morbidity and mortality associated with MEN
2. This is illustrated by reports of hypertensive crises leading to cerebrovascular hemor-
rahage, hypertensive encephalopathy, and deaths in individuals known to be at risk for
developing pheochromocytomas (33,36). In a survey of 100 cases of MEN 2A, pheochro-
mocytoma was the cause of death in 11 of 17 patients who ultimately died. Ten of these 11
died suddenly, emphasizing the necessity of systematic biochemical screening in at-risk
individuals, even in the absence of clinical symptoms (37).

One can foresee that in the future, because most individuals with MEN will have under-
gone prophylactic thyroidectomy at an early age and thus have prevented its develop-
ment, screening for the other manifestations of MEN 2A will become the most challenging
aspect of care of these patients.

Aside from special issues associated with MEN 2A, there are two notable aspects of
this case which deserve comment. Perhaps most remarkable is the prolonged duration
over which the index patient was symptomatic prior to seeking medical attention. Such
a delay has been observed often, because of the insidious onset of symptoms which seem
relatively unalarming to patients. Engelman fittingly referred to this delay as the “diagnosis
gap” (38). Second, this case serves as yet another reminder of the adverse effects certain
medications can have on patients who harbor a pheochromocytoma. Here, the sympatho-
mimetic amine, pseudoephedrine, probably triggered a catecholamine-induced hyperten-
sive crisis which worsened further after the administration of meperidine. Catecholamine
crises triggered by opiates in patients with pheochromocytomas are frequently observed,
but their untoward effects have received insufficient emphasis in the literature (39).
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CASE #1: PRIMARY HYPERPARATHYROIDISM

Case Description
A 62-yr-old woman presented in the outpatient clinic with a serum calcium of 10.6 mg/

dL (normal, 8.9–10.1 mg/dL) and phosphate of 2.8 mg/dL (normal, 2.5–4.5 mg/dL). Her
serum total alkaline phosphatase was 160 U/L (normal, 108–282 U/L), and serum creatin-
ine 0.8 mg/dL (normal, 0.6–0.9 mg/dL). Her whole-molecule parathyroid hormone (PTH)
by immunochemiluminometric assay (ICMA) was increased at 5.5 pmol/L (normal 1.0–
5.2 pmol/L). Her 24-h urine calcium was 260 mg (normal, 20–275 mg), with 24-h urine
creatinine 1100 mg. The calculated calcium to creatinine clearance ratio (24-h urine cal-
cium × serum creatinine/24-h urine creatinine × serum total calcium) was 0.018, consis-
tent with a diagnosis of primary hyperparathyroidism.

Further evaluation showed that she had forearm osteopenia with a one-third distal radius
bone mineral density (BMD) of 0.873 gm/cm2 (T-score: −1.8, Z-score: −2.0), vertebral
osteoporosis with an L2–L4 lumbar spine BMD of 0.650 gm/cm2 (T-score: −2.5, Z-score:
−2.0), and left femoral neck osteopenia with BMD of 0.755 gm/cm2 (T-score: −1.9, Z-
score: −1.5). An X-ray of the kidneys, ureters, and bladder with tomograms showed no cal-
cium-containing kidney stones. She denied any complaint of abdominal pain, esophageal
reflux, heartburn, or history of peptic ulcer disease. She complained of mild fatigue and
difficulty maintaining concentration, and wondered whether her mild hypercalcemia
was contributing to her lack of energy or declining mental acuity.
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Past medical history was significant for mild essential hypertension for 5 yr, easily
controlled with hydrochlorothiazide 25 mg/d, hypercholesterolemia diagnosed 2 yr
earlier and treated to goal range with atorvastatin 10 mg/d without hepatitis or myositis,
and deep venous thrombosis (DVT) with pulmonary embolus (PE) 10 yr ago associated
with bed rest recommended for a traumatic vertebral compression fracture. She under-
went spontaneous menopause at age 52 yr, but was never prescribed hormone replace-
ment therapy (HRT) or raloxifene because of her history of DVT and PE. Her uterus was
intact and she had no history of calcium-containing kidney stones.

Current medications included hydrochlorothiazide 25 mg/d, atorvastatin 10 mg/d,
aspirin 81 mg/d, calcium carbonate 500 mg elemental calcium/d, and multivitamin con-
taining vitamin D 400 IU/d. She had never taken alendronate, risedronate, etidronate,
salmon calcitonin nasal spray, or fluoride. She denied known drug allergies.

Family history was unremarkable for known hypercalcemia, hypercalciuria, calcium-
containing kidney stones, osteoporosis, or other metabolic bone disease. She stopped smok-
ing cigarettes 20 yr ago after 12 pack-years, and denied any history of alcohol use or
excessive caffeine intake.

Her vital signs included height 188 cm, weight 72.0 kg, right arm blood pressure
(sitting) 158/88 mmHg, and regular pulse (sitting) of 76/min. Physical examination was
within normal limits except for mild arcus senilis bilaterally, mild upper thoracic kypho-
sis, and mild superficial lower extremity varicose veins. She had no bone pain with pal-
pation or percussion, and no costovertebral angle tenderness to percussion.

She was given a tentative diagnosis of mild primary hyperparathyroidism, compli-
cated by mild lumbar spine osteoporosis, and advised to discontinue her hydrochlorothi-
azide for 1 mo in order to determine her serum total calcium and whole-molecule PTH
off thiazide. When she returned 1 mo later, her repeat serum total calcium was 10.4 mg/dL
and PTH 6.2 pmol/L, confirming the diagnosis of mild primary hyperparathyroidism.
Treatment options were reviewed with the patient, including conservative management,
traditional elective parathyroidectomy, and minimally invasive parathyroidectomy. She
preferred minimally invasive parathyroidectomy because of unwillingness to live with
the knowledge that she had a benign tumor in her neck, and concern about her osteoporo-
sis and inability to take HRT. Parathyroid sestamibi scan showed uptake in the region of
the right inferior parathyroid gland, and she underwent unilateral neck exploration with
removal of a right inferior parathyroid adenoma of wet weight 200 mg. Her preoperative
whole-molecule PTH level was 8 pmol/L, and her PTH level immediately after adenoma
removal was 0.4 pmol/L, confirming removal of the source of her excess parathyroid hor-
mone. Her postoperative serum calcium 6 h after surgery was 8.5 mg/dL, with repeat serum
calcium of 9.2 mg/dL 24 h after surgery. She was dismissed from hospital on a total daily
elemental calcium intake of 1500 mg and instructed to continue her vitamin D supple-
ment of 400 IU/d.

Discussion
Primary hyperparathyroidism is estimated to occur in 1:1000 in men and in 2–3:1000

women, making it the most common cause of outpatient hypercalcemia (1,2). Primary
hyperparathyroidism occurs at all ages, but most commonly is reported in 50–60-yr-old
postmenopausal women. Wermers et al. reported that the incidence of primary hyper-
parathyroidism was declining in Olmsted County, MN, but it has not yet been confirmed
that this is a national trend (3). Modern health care management practices have restricted
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routine measurement of serum calcium in asymptomatic patients, which will likely
reduce the incidence of recognized primary hyperparathyroidism further.

Primary hyperparathyroidism is caused by oversecretion, or inappropriate secretion,
of PTH for a given level of serum ionized calcium. Solitary parathyroid adenomas are
the cause of PTH oversecretion in 80–85% of cases, whereas four-gland hyperplasia is
found in 15–20% of cases, and parathyroid cancer in less than 0.5% of cases. As with
other endocrine tumors, the pathologic diagnosis of parathyroid carcinoma is difficult,
and is usually based on evidence of local tissue or vascular invasion or metastatic disease
(4). The majority of single parathyroid adenomas represent sporadic disease, whereas
four-gland hyperplasia most often implies a familial disorder, which may be due to multi-
ple endocrine neoplasia (MEN) types I or IIA. Excess PTH secretion by an adenoma is
a result of loss of feedback control of PTH secretion by extracellular calcium at the cellu-
lar level (resulting from an increased setpoint), whereas excess PTH secretion by hyper-
plastic cells appears due simply to an increased number of cells with normal calcium
setpoint.

The molecular etiology of sporadic primary hyperparathyroidism is not well under-
stood. Previous exposure to neck irradiation contributes to a minority of cases, typically
20–30 yr after exposure. Most commonly, adenomas are thought to represent clonal
expansion of a single or several abnormal cells, because of a genetic abnormality result-
ing either in stimulation of cell proliferation or loss of inhibition of cell proliferation (5).
A small number of adenomas have been reported to have a PRAD1 (cyclin D1) proto-
oncogene rearrangement, in which the PRAD1 gene is inserted close to enhancer ele-
ments of the PTH gene, resulting in stimulation of parathyroid cell division whenever
PTH secretion is stimulated by low ionized calcium. PRAD1 protein expression has been
found to be increased in about 20% of parathyroid adenomas. About 17% of parathyroid
adenomas have been reported to contain a mutation in the MEN-I (menin) gene, which
functions as a tumor suppressor gene. Parathyroid adenomas evaluated by loss of heter-
ozygosity analysis have been found to have a number of other potential sites for para-
thyroid oncogenes on chromosomes 16p and 19, and loss of tumor suppressor genes on
chromosomes 1p, 1q, 6q, 13q, and other sites. No study of parathyroid adenomas to date
has shown detectable abnormalities in the calcium-sensing receptor (CaSR).

Most patients currently diagnosed with primary hyperparathyroidism have asymp-
tomatic mild hypercalcemia, typically with serum calcium levels less than 1.0 mg/dL
above the upper end of the normal range. More severe cases occasionally are diagnosed
with more classical bone features, including osteitis fibrosa cystica. Bone changes asso-
ciated with osteitis fibrosa cystica include distal phalangeal subperiosteal resorption,
distal clavicular resorption, “salt and pepper” skull, bone cysts, and long bone brown
tumors. Occasional patients will meet criteria for osteoporosis, predominantly at cortical
sites such as the distal one-third radius, but also at more cancellous sites such as the lum-
bar spine. Fractures at a number of skeletal sites were reported to be increased in one epi-
demiological study (6). Bone disease is currently recognized clinically in less than 5%
of patients. Calcium-containing kidney stones may be found in up to 20% of patients, but
nephrocalcinosis or renal insufficiency may also be present, and hypercalciuria is reported
in up to 30% of patients. Psychological symptoms are often reported, typically as mild
fatigue or weakness or subtle cognitive impairment (7). Peptic ulcer disease or pancre-
atitis may not be causally related to primary hyperparathyroidism, unless associated with
MEN syndromes. Mild hypertension, coronary artery calcifications, cardiac valvular
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calcification, and septal and left ventricular hypertrophy may be seen in more symptom-
atic hyperparathyroidism, but it is also not yet clear that these are causally related. Other
classical abnormalities of primary hyperparathyroidism, such as gout, pseudogout, ane-
mia, band keratopathy, or loose teeth because of lamina densa resorption, are virtually
never seen today. Occasional patients still present with severe hypercalcemia, as a form
of acute primary hyperparathyroidism or parathyroid crisis.

Patients with newly diagnosed primary hyperparathyroidism typically have mildly
increased serum total calcium and ionized calcium, with minimal variation around an
average value over time. Serum phosphate is usually low normal or mildly decreased, with
normal or mildly increased serum total or bone alkaline phosphatase, and normal serum
creatinine. Intact PTH, measured by two-site immunoradiometric (IRMA) or ICMA
assays, is mildly increased or inappropriately high normal for the level of serum calcium.
There is no crossreactivity between PTH and PTHrp in current assays. Patients treated
with thiazides or lithium may have increased PTH levels secondary to drug effect, with-
out coexisting primary hyperparathyroidism. To ensure that hypercalcemic patients treated
with thiazides or lithium do not also have primary hyperparathyroidism, it is necessary
to document persistent hypercalcemia and increased whole-molecule PTH levels after dis-
continuing thiazides or lithium for 1–2 mo. Markers of bone turnover may be increased
without obvious bone disease, possibly driven by increased interleukin 6 (IL-6) or tumor
necrosis factor-α (TNF-α). PTH renal tubular effects may lead to mildly increased serum
chloride and decreased bicarbonate. 1,25-dihydroxyvitamin D levels are typically upper
normal or mildly increased, and 25-hydroxyvitamin D levels are usually low normal.
Twenty-four-hour urinary calcium is increased in 25–30% of patients.

Surgical intervention is usually necessary for symptomatic primary hyperparathyroid-
ism. The more difficult situation is often whether to recommend surgery to patients with
asymptomatic or mildly symptomatic primary hyperparathyroidism. The 1991 NIH Con-
sensus Development Conference recommended surgery for patients with serum calcium
>1.0 mg/dL above the upper limit of normal, recognized complications such as nephroli-
thiasis or overt bone disease, acute primary hyperparathyroidism with life-threatening
hypercalcemia, 24-h urine calcium in excess of 400 mg/d, one-third distal radial bone
density Z-score of less than −2.0, or age younger than 50 yr (8). About half of all patients
currently diagnosed with asymptomatic primary hyperparathyroidism meet at least one
of these criteria. Some of these asymptomatic patients have increased urine calcium or
low bone mass. Patients with asymptomatic primary hyperparathyroidism who elect to
defer surgery generally have stable mild hypercalcemia without progression, at least over
ten years of follow-up (9).

When elective parathyroidectomy is necessary, it is best performed by an experienced
surgeon because of the notorious variability in parathyroid gland location. Preoperative
location of parathyroid adenomas before initial neck exploration may be unnecessary in
major referral centers because of extremely high cure rates (95–98%) with standard neck
exploration, but many physicians practicing outside major centers perform at least one
imaging study prior to surgical referral because of preference by less experienced surgeons.
Patient or physician interest in minimally invasive parathyroid surgery of necessity leads
to parathyroid imaging studies including neck ultrasound, technetium99-thallium or tech-
netium99-sestamibi subtraction scanning, or CT or MRI of the neck prior to first neck
exploration. False-negative and false-positive results are relatively common, however,
making this approach difficult to recommend routinely. Patients identified to have single
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adenomas typically undergo adenoma resection and identification of the remaining nor-
mal glands, whereas patients with parathyroid hyperplasia either have removal of three
and one-half glands, or removal of all four glands followed by autotransplantation of part
of a gland in the forearm or neck. Patients cured of their primary hyperparathyroidism
normalize their serum calcium within a short time, often after a brief period of asymp-
tomatic relative hypocalcemia. “Hungry bones” syndrome may develop in patients with
severe or extensive bone disease with rapid skeletal mineral uptake after surgery, and
usually requires both intravenous and oral calcium and vitamin D supplementation for
days to weeks to prevent symptomatic hypocalcemia. Complications of parathyroid sur-
gery include postoperative hypocalcemia because of chronic surgical hypoparathyroid-
ism, or recurrent laryngeal nerve damage. Bone mass improves rapidly in most patients
after surgery, predominantly at the lumbar spine but less impressively at the radius (10).

A major reason to choose an experienced parathyroid surgeon for primary neck explo-
ration is that reoperation for persistent or recurrent primary hyperparathyroidism is tech-
nically challenging. Most surgeons mandate preoperative imaging to localize abnormal
parathyroid tissue before attempting a second exploration. Invasive arteriography and
selective venous sampling may be helpful if available, although this is expensive and
time consuming. Reconfirmation of the diagnosis of primary hyperparathyroidism is
necessary before a second surgery, to make sure that patients do not have unsuspected
familial benign hypercalcemia. Intraoperative technetium99-sestamibi scanning with a
hand-held gamma counter, coupled with rapid intraoperative PTH assay, may help in dif-
ficult cases. Other surgical techniques, including endoscopic parathyroidectomy, are being
investigated.

Medical options for patients with symptomatic hypercalcemia not able to tolerate sur-
gery are limited (11). Patients should generally maintain hydration and remain physically
active. Thiazides or lithium should be avoided. Dietary calcium intake of 800–1000 mg/d
is advised to minimize bone loss and not worsen hypercalcemia or hypercalciuria, because
dietary calcium intake of <600 mg/d will paradoxically stimulate physiologic hyperpara-
thyroidism and worsen hypercalcemia and hypercalciuria. Oral or intravenous phosphate
should be avoided because of risk of precipitation of ectopic calcification. Estrogen replace-
ment therapy (ERT) may improve hypercalcemia and prevent bone loss in postmeno-
pausal women, probably by direct effects on bone, because PTH and phosphate levels have
not been found to improve. Oral bisphosphonates may be beneficial in lowering hyper-
calcemia or preventing bone loss, but etidronate and clodronate have not shown long-
term benefit. Alendronate, risedronate, raloxifene, and salmon calcitonin by nasal spray
or injection have not been rigorously investigated for treatment of primary hyperparathy-
roidism. CaSR agonists (calcimimetics) show promise and are under active investigation
for treatment of primary and secondary hyperparathyroidism (12). Occasional patients
with adenomas localized by ultrasound may benefit from alcohol ablation of their tumor
under ultrasound guidance, particularly in situations where surgical intervention is contra-
indicated or refused by the patient.
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CASE #2: HYPERCALCEMIA

Case Description
A 60-yr-old man presented to the emergency room with dehydration, fatigue, malaise,

and mild confusion and disorientation. His serum total calcium was 14.0 mg/dL (normal,
8.9–10.1 mg/dL), serum phosphate 4.5 mg/dL (normal, 2.5–4.5 mg/dL), serum total alka-
line phosphatase 250 U/L (normal, 98–251 U/L), and serum creatinine 1.0 mg/dL (nor-
mal, 0.8–1.2 mg/dL). The patient and his family denied that he had any previous history
of hypercalcemia or similar symptoms.

Past medical history was significant for three primary malignancies. He had been
diagnosed with prostate cancer 10 yr ago and treated with radical retropubic prostatec-
tomy, bilateral orchiectomy, and local radiation therapy, with apparent cure. His most
recent prostate specific antigen was undetectable 2 mo ago. He had undergone partial left
colectomy for an early colon cancer diagnosed on flexible sigmoidoscopy 5 yr ago, with-
out need for chemotherapy or other intervention, and on subsequent yearly colonoscopies
had no evidence of recurrence. Two years ago, he had been diagnosed with an early squa-
mous cell lung cancer without lymph node involvement, and had undergone left upper
lobectomy without complication. Subsequent yearly CT scans of his chest had been
without evidence of recurrence. He had been relatively healthy his entire life, otherwise,
and without history of osteoporosis, other metabolic bone disease, bone pain, or calcium-
containing kidney stones.

Current medications included verapamil SR 240 mg/d, pravastatin 10 mg/d at bed-
time, vitamin E 400 IU/d, vitamin C 500 mg/d, and aspirin 325 mg/d. He specifically denied
any supplemental vitamin D, vitamin A, or calcium. He was allergic to sulfa antibiotics,
which caused hives.

Family history was unremarkable for hypercalcemia, hypercalciuria, osteoporosis,
other metabolic bone disease, or malignancy in general. There was no history of tuber-
culosis or other fungal disease in the family. The patient was employed as an insurance
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agent, and had no recent travel or known infectious disease exposures. He had smoked
cigarettes one pack per day for 10 yr before quitting 30 yr ago and he denied alcohol use.

Systems review was otherwise remarkable for intermittent drenching night sweats
over the last several months, with undocumented low-grade nocturnal fevers without
chills or rigors. He noted that his fatigue had been of gradual onset beginning 3 mo earlier,
but that his appetite was good and that his weight had been stable. He denied problems
with headache, visual changes, neck or back pain, chest pain or shortness of breath, abdom-
inal pain, change in bowel habit, skin rash, or arthralgias or myalgias.

Vital signs at admission included a height of 190 cm, weight of 76.0 kg, supine blood
pressure in the left arm of 120/70 mmHg, and regular pulse of 96/min. On sitting his blood
pressure in the left arm decreased to 90/50 mmHg and his pulse increased to 120/min, and
he developed lightheadedness and dizziness. Physical exam revealed only dry mucous
membranes and decreased skin turgor, mild tachycardia, and toenail onychomycosis.

Laboratory studies at admission, prior to rehydration, showed mild anemia consistent
with chronic disease, with hemoglobin 11.5 gm/dL (normal, 13.5–17.5 gm/dL) and MCV
87.5 fL (normal, 81.2–95.1 fL), normal serum electrolytes, and normal serum protein
electrophoresis. Whole-molecule PTH drawn at admission was later reported to be unde-
tectable. Chest X-ray showed old calcified granulomas and mild diffuse fibrosis, with-
out evidence of active tuberculosis, fungal, or other granulomatous disease.

He was admitted to the hospital for treatment of symptomatic hypercalcemia, and
given intravenous rehydration in the form of 2 L of normal saline over the next 4 h, with
frequent cardiac and respiratory evaluation. This was followed by furosemide 40 mg
intravenously, and intravenous (iv) normal saline was continued at 200 mL/h, with furo-
semide repeated at the same dose 6 h later. Repeat serum total calcium after 8 h of saline
diuresis was 12.5 mg/dL, and he remained mildly confused and disoriented. Hydration
was subsequently maintained with half-normal saline at a rate of 150 mL/h, and he was
given pamidronate 60 mg intravenously over 4 h without difficulty. Over the next 3 d,
his serum total calcium gradually decreased to 9.8 mg/dL with marked improvement in
his mental status and fatigue.

Evaluation during his hospitalization revealed suppressed serum PTH-related peptide
(PTHrp), and normal or unremarkable sensitive TSH, random cortisol, 25-hydroxy-
vitamin D, free retinol (vitamin A), angiotensin converting enzyme, antineutrophilic
cytoplasmic antibody (c- and p-ANCA), fungal serologies, and PPD skin test with appro-
priate controls. His serum 1,25-dihydroxyvitamin D level was increased at 85 pg/mL
(normal, 15–60 pg/mL), suggesting extrarenal 1α-hydroxylase activity. In view of the
fact that he had no serologic or imaging evidence of active granulomatous disease, he was
suspected to have lymphoma, and was referred for bone marrow aspirate and biopsy. His
aspirate and biopsy confirmed non-Hodgkin’s B-cell lymphoma, and he was referred for
chemotherapy including prednisone, which subsequently controlled his hypercalcemia
without further iv pamidronate or saline diuresis.

Discussion
Hypercalcemia is estimated to occur in 1–3.9% of the general adult population, and

0.2–2.9% of hospitalized populations, with a variable clinical presentation depending on
severity (1). Most commonly it is asymptomatic, but it may become life threatening. The
range of normal serum calcium ranges between 8.5–10.5 mg/dL in most assays, with dif-
ferent laboratories reporting slightly different normal ranges based on assay method.
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Circulating serum calcium is bound to protein, primarily albumin (50%), and anions such
as citrate or sulfate (5%), but also is found as free ionized calcium (45%). Only the free
ionized fraction of calcium is physiologically active.

Several factors affect measured serum total and ionized calcium. Alterations in serum
albumin increase or decrease serum total calcium without affecting free ionized calcium.
Decreases in serum albumin below 4.0 mg/dL decrease total calcium by 0.8 mg/dL for
each 1.0 mg/dL decrease in serum albumin. Dehydration may increase serum total cal-
cium by causing hemoconcentration. Acidemia increases free ionized calcium, and alkal-
emia decreases free ionized calcium, without affecting serum total calcium. Free ionized
calcium should generally be measured in patients with complicated medical illness asso-
ciated with changes in albumin concentration (owing to stress or poor nutrition) or blood
pH (owing to acid-base disturbances), but under less complicated circumstances serum
total calcium measurement is adequate (2).

Serum calcium reflects the balance between calcium influx into extracellular fluid and
calcium efflux from extracellular fluid. Sources of calcium influx into extracellular fluid
include intestinal absorption, skeletal resorption, and renal resorption. Sources of cal-
cium efflux from extracellular fluid include intestinal secretion, skeletal uptake, and renal
excretion. Hypercalcemia usually results from increased skeletal resorption or intestinal
absorption with normal or decreased renal excretion, but may also result from normal
influx with decreased renal excretion or skeletal mineralization. Increased skeletal resorp-
tion typically is due to accelerated osteoclast recruitment and activation, most often
under the influence of PTH, PTHrp, or 1,25-dihydroxyvitamin D (3). Other cytokines
that may stimulate osteoclast recruitment or function include interleukin (IL)-1α, IL-1β,
IL-6, tumor necrosis factor-α (TNF-α), lymphotoxin, or transforming growth factor-β
(TGF-β). Increased intestinal absorption of calcium is less common, although this may
occur with increased 1,25-dihydroxyvitamin D production or absorptive hypercalciuria.
Regardless of the cause of increased calcium influx into extracellular fluid, serum cal-
cium levels do not usually increase unless the kidneys simultaneously fail to excrete cal-
cium in a compensatory fashion for some reason.

Other factors may indirectly affect serum calcium. Increased PTH and PTHrp directly
stimulate renal tubular resorption of filtered calcium, limiting the ability of the kidneys
to excrete calcium. Hypercalcemia interferes with antidiuretic hormone (ADH)-stimu-
lated free water reabsorption in the distal renal tubule, resulting in mild nephrogenic dia-
betes insipidus. Nausea and vomiting resulting from increased serum calcium may cause
further hemoconcentration, and prerenal volume depletion may interfere with renal cal-
cium clearance. Immobilization or lack of physical activity, especially when Paget’s dis-
ease of bone is present, or astronauts in space, may directly increase bone resorption.

The G-protein-coupled extracellular CaSR plays a major role in regulation of extra-
cellular calcium (4). This receptor is found on parathyroid cells, renal tubular cells,
osteoblasts, and intestinal mucosal cells, as well as other cells in many tissues. The CaSR
specifically regulates PTH secretion by parathyroid cells and renal tubular calcium
resorption, and probably regulates bone turnover and intestinal calcium absorption as
well. The CaSR is a member of the 7-transmembrane segment receptor family, with a
large extracellular portion that binds ionized calcium, and a shorter intracellular portion
that interacts with a variety of G-proteins and signal-transduction pathways. It may be
part of a larger family of yet to be discovered calcium- or cation-binding receptors.
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Clinical manifestations of hypercalcemia are widely variable, and include a spectrum
of neurologic dysfunction, ranging from mild cognitive impairment and drowsiness to
apparent depression, confusion, delirium, or obtundation (5). Muscle weakness may be
prominent with severe hypercalcemia. Constipation is typical, and anorexia, nausea, or
vomiting are frequent complaints. Pancreatitis or peptic ulcer disease are relatively
uncommon but may occur in association with primary hyperparathyroidism, although
the causality of these disorders is still controversial. Frequent urination and thirst are not
uncommon, and kidney stones and nephrocalcinosis may occur if the hypercalcemia is
chronic. Cardiac manifestations include rapid repolarization associated with shortened
QT interval, bradycardia, first-degree AV block, and other dysrhythmias. Chronic hyper-
calcemia may be associated with osteopenia or osteoporosis with fractures. Most patients
with hypercalcemia are asymptomatic unless the serum calcium is ≥12 mg/dL or rapidly
increasing, and virtually all patients are symptomatic with serum calcium >14 mg/dL.

There are many disorders in the differential diagnosis of hypercalcemia, but the con-
dition can be divided into PTH-mediated (see Table 1) and non-PTH-mediated (see Table
2) hypercalcemia. The most common cause of PTH-mediated hypercalcemia is primary
hyperparathyroidism, and the most common cause of non-PTH-mediated hypercalcemia
is malignancy. The most common cause of malignancy-associated hypercalcemia is
humoral hypercalcemia of malignancy (HHM) because of PTHrp oversecretion. Benign
tumors also appear able to occasionally oversecrete PTHrp (6). A number of endocrine
disorders are associated with hypercalcemia. Thyrotoxicosis may cause hypercalcemia
due to thyroid hormone-mediated increased bone resorption. Pheochromocytoma may
cause hypercalcemia owing to associated primary hyperparathyroidism in MEN-IIA, or
directly due to PTHrp oversecretion or catecholamine excess. Adrenal insufficiency or
crisis causes hypercalcemia by causing hemoconcentration because of diarrhea or nausea
and vomiting. VIPomas may cause hypercalcemia by causing dehydration and metabolic
acidosis. Granulomatous disorders cause hypercalcemia by extrarenal granuloma macro-
phage 1α-hydroxylase activity, which directly increases 1,25-dihydroxyvitamin D levels.
Vitamin D excess may stimulate increased calcium absorption, whereas thiazide diuretics

Table 1
Parathyroid Hormone-Mediated Hypercalcemia

Primary Hyperparathyroidism
Parathyroid adenoma
Parathyroid lipoadenoma
Parathyroid hyperplasia
Parathyroid carcinoma
Mediastinal parathyroid cyst

Secondary Hyperparathyroidism
Tertiary Hyperparathyroidism
Ectopic PTH Production (small cell lung cancer,

small cell ovarian carcinoma, squamous cell
lung carcinoma, ovarian adenocarcinoma,
thymoma, papillary thyroid carcinoma,
hepatocellular carcinoma, undifferentiated
neuroendocrine tumor)



194 Clarke and Khosla

Table 2
Nonparathyroid Hormone-Mediated Hypercalcemia

Malignant Tumors
PTHrp (lung, esophagus, head and neck, renal cell, ovary, bladder, pancreas, uterine fibroid,

thymic carcinoma, islet cell carcinoma, carcinoid, sclerosing hepatic carcinoma)
Ectopic 1,25-dihydroxyvitamin D (B-cell lymphoma, Hodgkin’s disease, lymphomatoid

granulomatosis)
Lytic bone metastases (Multiple myeloma, lymphomas, breast cancer, invasive sarcoma)

Tumor production of other cytokines (T-cell lymphoma/leukemia, non-Hodgkin’s lymphoma,
other hematologic malignancies)

Benign Tumors: PTHrp (ovarian dermoid cyst)
Endocrine Diseases
Thyrotoxicosis
Pheochromocytoma
Addison’s disease
Islet cell pancreatic tumors
VIPoma

Granulomatous Disorders
Sarcoidosis
Wegener’s granulomatosis
Berylliosis
Silicone- and paraffin-induced granulomatosis
Eosinophilic granuloma
TB (focal, disseminated, MAC in AIDS)
Histoplasmosis
Coccidioidomycosis
Nocardia asteroides
Candidiasis
Leprosy
Cat-scratch disease

Drugs
Vitamin D excess (oral or topical)
Vitamin A excess
Thiazide diuretics
Lithium
Estrogens and antiestrogens
Androgens
Aminophylline, theophylline
Gancyclovir
Recombinant growth hormone treatment of AIDS patients
Foscarnet
8-chloro-cyclic AMP

Miscellaneous
Immobilization with or without Paget’s disease of bone
End-stage liver failure
Total parenteral nutrition
Milk-alkali syndrome
Hypophosphatasia
Systemic lupus erythematosus
Juvenile rheumatoid arthritis
Recent hepatitis B vaccination
Gaucher’s disease with acute pneumonia
Aluminum intoxication (chronic hemodialysis)
Manganese intoxication
Primary oxalosis
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stimulate increased renal tubular calcium reabsorption and thereby block renal excretion.
Lithium interferes with the ability of calcium to interact with parathyroid and renal cal-
cium sensing receptors, resulting in increased PTH secretion. Vitamin A excess is thought
to directly stimulate bone resorption by actions on osteoclasts. Estrogens, antiestrogens,
androgens, aminophylline, or theophylline affect other physiologic mechanisms causing
hypercalcemia. A variety of other miscellaneous drugs and disorders may also be asso-
ciated with hypercalcemia.

Hypercalcemia should be treated initially with rehydration with normal saline, fol-
lowed by furosemide- or other loop diuretic-induced diuresis. Thiazide diuretics should
be discontinued during treatment if previously used by the patient, and specifically
avoided during aggressive saline diuresis. If rehydration and diuresis are insufficient
to normalize serum calcium, as in the case presented, or to maintain normalization of serum
calcium, intravenous pamidronate (Aredia®) 30–90 mg infused over 4 h or etidronate
(Didronel®) 5 mg/kg infused over 24 h should be used. Other options used in the past
include intravenous plicamycin (mithramycin) at 15–25 µg/kg over 4–6 h, intramuscular
or subcutaneous calcitonin 4–8 U/kg every 6–8 h, or intravenous gallium nitrate at 200
mg/m2/d over 5 d. Occasional patients may require combination therapy with these older
agents, or require them because of resistance to the intravenous bisphosphonates. Glu-
cocorticoids, given as hydrocortisone or equivalent 200–300 mg/d for 3–5 d, may also
be used to decrease hypercalcemia, as in the case presented, especially if it is because of
lymphoma, multiple myeloma, granulomatous disease, or vitamin D toxicity. Intrave-
nous phosphate should never be used to lower serum calcium because of potential for
severe organ dysfunction and death. Hemodialysis with low or zero calcium dialysate
should be reserved for extreme hypercalcemia not responding to other measures.

Humoral hypercalcemia of malignancy (HHM) is caused by excess tumoral production
of a circulating factor that causes hypercalcemia (7). In the usual situation, HHM implies
tumoral production of PTHrp, but technically HHM includes production of other recog-
nized factors such as 1,25-dihydroxyvitamin D and other as yet unidentified factors that
cause hypercalcemia. Tumors causing hypercalcemia by overproduction of PTHrp typi-
cally have limited or no known skeletal involvement. The syndrome was first described
in 1941 in a patient with renal cell carcinoma with a solitary skeletal metastasis. Subse-
quent investigation showed that HHM resolves after tumor resection, and factors origi-
nally proposed to explain the syndrome included prostaglandin E2, a variety of vitamin
D-like compounds, and PTH. PTHrp was finally identified in 1987 as the cause of about
70% of cases of HHM.

Patients with HHM associated with overproduction of PTHrp are typically in the later
stages of clinically evident malignancy, and often within weeks to months of death.
However, some patients with PTHrp produced by well-differentiated pheochromocyto-
mas or islet cell tumors do well and have long-term survival. Tumors associated with
HHM include squamous cell carcinomas of the lung, esophagus, cervix, vulva, skin, or
head and neck, as well as renal cell, bladder, ovarian, or breast carcinomas and human
T-cell leukemia virus I (HTLV I)-associated lymphomas.

Patients with PTHrp-mediated HHM typically manifest hypercalcemia, hypophos-
phatemia, hypercalciuria, hyperphosphaturia, low or suppressed PTH levels, increased
urinary cAMP production, and increased osteoclastic bone resorption as measured by
bone histomorphometry. In contrast to patients with primary hyperparathyroidism, how-
ever, these patients have more marked hypercalciuria, reduced 1,25-dihydroxyvitamin
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D levels, reduced intestinal calcium absorption, and decreased osteoblastic activity. Dif-
ferences between HHM and primary hyperparathyroidism are not completely under-
stood because PTH and PTHrp both interact with the same PTH/PTHrp receptor, with
similar in vitro and in vivo animal effects. PTHrp may be useful as a tumor marker for
following responses to therapy. Treatment of HHM involves reducing tumor burden, block-
ing increased osteoclastic activity with bisphosphonates, calcitonin, or mithramycin, and
stimulating renal calcium clearance with saline hydration and diuretics.

About 30% of patients with HHM do not have increased levels of PTHrp. Rare renal
cell carcinomas causing HHM secrete prostaglandin E2, but other potential factors are
not currently well characterized. It is important to exclude other coexisting causes of
hypercalcemia, such as sarcoid, TB, or fungal disease, in these patients.
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CASE #3: FAMILIAL HYPOCALCIURIC
HYPERCALCEMIA WITH RECURRENT PANCREATITIS

Case Description
A 19-yr-old woman with a known family history of familial hypocalciuric hypercalce-

mia (FHH) presented in the outpatient endocrine clinic for further evaluation and manage-
ment of recurrent hypercalcemia associated with pancreatitis.

Two years earlier, she had presented to the local emergency trauma unit with an epi-
sode of acute periumbilical pain radiating through to her back, subsequently diagnosed
as acute pancreatitis, documented by moderately increased serum lipase and amylase.
She denied previous episodes of similar acute pain, although she admitted having some
occasional intermittent periumbilical pain of minor consequence over several months
prior to presentation. She denied recent abdominal trauma, alcohol use or overuse, his-
tory of gallstones, excessive dietary fat intake, recent viral syndromes, or any other factor
that might explain her pancreatitis.

At hospital admission her initial serum total calcium was found to be 12.5 mg/dL
(normal, 8.9–10.1 mg/dL), and serum phosphate 3.5 mg/dL (normal, 2.5–4.5 mg/dL).
She had not previously had a serum calcium measurement, and had refused screening
when her paternal aunt and father had initially been diagnosed with FHH several years
earlier. Her whole-molecule PTH level was mildly increased at 6.5 pmol/L (normal, 1.0–
5.2 pmol/L). Serum triglycerides were mildly increased at 250 mg/dL (goal, less than
150 mg/dL).
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Because her father and paternal aunt had previously been diagnosed with FHH, with
well-documented serum total calcium levels measured in the 10.0–10.5 mg/dL range
over time, it was felt that the patient’s degree of hypercalcemia was in excess of that
expected for her kindred, and the possibility that she might have primary hyperparathy-
roidism was considered. Her calcium to creatinine clearance ratio (24-h urine calcium ×
serum creatinine/24-h urine creatinine × serum total calcium) was calculated to be 0.009,
supportive of a diagnosis of FHH, because patients with this disorder typically have values
below 0.01, whereas patients with primary hyperparathyroidism typically have values
above 0.01.

Conservative management of her pancreatitis, including withholding oral intake and
providing intravenous rehydration, resulted in gradual improvement in her abdominal
pain and a decrease in her serum total calcium to 10.5 mg/dL. Ultrasound of her abdomen
showed no evidence of gallstones or gall bladder sludge, or common bile duct or pancreatic
duct abnormalities. Computed tomography (CT) scan of her abdomen showed no evi-
dence of abscess or pseudocyst formation, and no other pancreatic abnormalities, so she
was dismissed from hospital with advice to avoid alcohol and fat-rich meals in the future.

Over the next 18 mo, she returned to the local emergency trauma unit twice for recurrent
episodes of pancreatitis, each time presenting similarly to her initial episode. At each
presentation, her serum total calcium initially was in the 12.5–13.5 mg/dL range, with sub-
sequent improvement with rehydration and conservative management. Between hospi-
talizations, her serum total calcium typically ranged from 11.0–12.0 mg/dL during pain-free
intervals. At each hospitalization, no precipitating cause for pancreatitis was discovered,
and she continued to deny abdominal trauma, alcohol use or overuse, excess dietary fat
intake, or recent viral syndromes. Outpatient ERCP was eventually undertaken without
diagnosis of any pancreatic duct abnormalities or precipitation of pancreatitis.

At the time of her initial outpatient endocrine clinic visit, she had recently been dis-
missed from the hospital after her third episode of pancreatitis. She complained of grad-
ually increasing periumbilical pain, more or less persistent most of the time, over the
preceding 6 mo prior to her clinic evaluation. Her primary care physicians could find no
obvious cause for her abdominal pain, including pancreatitis, during her outpatient evalu-
ations and had referred her for chronic pain management. Her serum total calcium in the
clinic was 11.5 mg/dL (normal, 8.9–10.1 mg/dL), with serum phosphate 2.8 mg/dL (nor-
mal, 2.5–4.5 mg/dL), and normal serum total alkaline phosphatase and serum creatinine.
Her whole-molecule PTH level was mildly increased at 8.2 pmol/L (normal, 1.0–5.2
pmol/L). Her repeat calculated outpatient calcium to creatinine clearance ratio was 0.011,
just above the threshold of 0.01 for distinguishing primary hyperparathyroidism from
FHH. Because of her recurrent pancreatitis, developing chronic abdominal pain syn-
drome, and unexpectedly high serum total calcium for her kindred and other typical cases
of FHH, nuclear isotopic imaging of her neck was undertaken. Her parathyroid sestamibi
scan showed uptake in both inferior parathyroid glands, suggestive of adenomas. Neck
ultrasound confirmed the presence of nodular lesions in the inferior thyroid lobe regions,
distinct from the thyroid, and consistent with parathyroid adenomas.

Traditional elective parathyroidectomy by a very experienced parathyroid surgeon
revealed four slightly enlarged parathyroid glands. Two- and -one-half glands were resected,
and the other gland biopsied. The pathology report indicated only normal-appearing
parathyroid tissue, without evidence of parathyroid adenoma or hyperplasia. Her initial
postoperative serum total calcium 6 h after surgery was 10.0 mg/dL, but this gradually
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drifted up to 11.0 mg/dL within 3 mo after her neck exploration. Over two subsequent
years of follow-up, she has had no further episodes of pancreatitis, although she still has
occasional periumbilical pain. She no longer requires narcotics for pain control, and
overall feels well. She has been advised that complete parathyroidectomy may eventu-
ally be required if she develops further episodes of recurrent pancreatitis.

Discussion
FHH, also known as familial benign hypercalcemia (FBH), is an autosomal dominant,

highly penetrant disorder characterized by mild to moderate hypercalcemia and relative
hypocalciuria from birth onward (1). Unless part of a known kindred, most patients are
detected in young adulthood. Most kindreds are asymptomatic, but individuals within
kindreds may develop mild fatigue, neuropsychiatric imbalances, or polydipsia. Occa-
sional patients develop severe pancreatitis or relapsing pancreatitis, as demonstrated by
this case, and there may be an increased risk of gallstones, diabetes mellitus, or early
myocardial infarction (2). No study to date has demonstrated an increased risk of nephro-
lithiasis, nephrocalcinosis, peptic ulcer disease, low bone mass, or fractures.

FHH families usually have mildly increased serum total and ionized calcium, mildly
decreased serum phosphate, high normal or mildly increased serum magnesium, normal
serum creatinine and creatinine clearance, mildly increased renal calcium and magne-
sium reabsorption causing relative hypocalciuria and hypomagnesiuria, renal calcium to
creatinine clearance ratio <0.01, high normal to mildly increased PTH and 1,25-dihy-
droxyvitamin D, and mild parathyroid gland hyperplasia (3). It should be noted that patients
with primary hyperparathyroidism may occasionally have a calcium to creatinine clear-
ance ratio <0.01, and that patients with FHH may occasionally have a ratio >0.01, as was
apparent in this case. In addition, the calcium to creatinine clearance ratio may vary some-
what over time, also demonstrated by this case. At least one patient has been reported to
have coexisting FHH and idiopathic hypercalciuria, and rare patients have been reported
with surgically proven coexisting primary hyperparathyroidism and FHH. Patients typi-
cally have normal imaging studies, although mild chondrocalcinosis and early vascular
calcification may be seen. Markers of bone turnover may be mildly increased, but bone
density is usually normal and fracture risk is not increased.

Subtotal parathyroidectomy in FHH results in transient lowering of hypercalcemia, as
demonstrated in this case, with recurrence of hypercalcemia usually within a week. Total
parathyroidectomy causes the expected chronic hypoparathyroidism with hypocalcemia
and low 1,25-dihydroxyvitamin D levels. For these reasons, it is usually unnecessary and
inadvisable to recommend parathyroidectomy for patients with FHH. However, patients
with FHH and severe hypercalcemia (>14 mg/dL), recurrent pancreatitis, or neonatal
severe hyperparathyroidism are generally advised to undergo total parathyroidectomy
without autotransplantation. Several FHH patients undergoing total parathyroidectomy
with autotransplantation have developed recurrent hypercalcemia after autotransplanta-
tion. Diuretics, estrogen, and phosphate therapy appear to have no significant effect on
serum total calcium in patients with FHH. There is no current evidence to suggest that
FHH shortens life expectancy, and patients have been reported with this disorder who
lived into their ninth decade.

Pregnancy in an FHH carrier or the spouse of an FHH carrier may result in a variety
of outcomes. The FHH infant of an FHH mother should have asymptomatic hypercalce-
mia at birth, whereas the normal infant of an FHH mother may have symptomatic hypocal-
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cemia after birth because of transient suppression of fetal PTH secretion by maternal-fetal
hypercalcemia during pregnancy. The FHH infant of a normal mother may have signifi-
cant neonatal hypercalcemia at birth because of fetal secondary hyperparathyroidism
during pregnancy, but this should resolve over time to asymptomatic hypercalcemia with-
out neonatal parathyroidectomy.

The prevalence of FHH is unknown, but thought to be similar to MEN-I, probably
accounting for about 2% of cases of asymptomatic hypercalcemia. FHH heterozygotes
have virtually 100% penetrance for hypercalcemia at birth, with the degree of hypercal-
cemia usually constant within kindreds, although the patient presented demonstrated that
this is not always the case. Most kindreds have mild hypercalcemia in all affected members,
but several kindreds with moderate (12.5–14 mg/dL) hypercalcemia have been reported.
Genetic analysis has linked the FHH gene to chromosome 3q13.3–q21 in eight families,
chromosome 19q in one family, and chromosome 19q in another family, implying hetero-
geneity in the genetic basis of the disorder. Most cases linked to chromosome 3q are thought
due to single allelic inactivating mutations of the CaSR, whereas cases linked to chromo-
some 19p or 19q are due to other mutations in genes not yet described. Patients with double
allelic inactivating mutations of the CaSR develop neonatal severe primary hyperpara-
thyroidism, with severe hypercalcemia and massive parathyroid gland hyperplasia.
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CASE #1: PARATHYROID AUTOTRANSPLANTATION
IN POSTSURGICAL HYPOPARATHYROIDISM

Case Description
This 33-yr-old man presented with recurrent kidney stones and hypercalcemia, and

was diagnosed as having primary hyperparathyroidism (serum Ca 10–12 mg/dL, serum
PTH 95 pg/mL). Further work-up demonstrated a growth hormone and prolactin secret-
ing pituitary tumor, a spinal cord ependymoma, and an insulinoma; therefore, a diagnosis
of MEN 1 Syndrome was made. During the parathyroidectomy in May 1999, parathyroid
hyperplasia was discovered and total parathyroidectomy with autotransplantation to the
left forearm was performed.

Postoperatively, the patient complained of numbness and tingling involving the cir-
cumoral region, fingertips, and toes and muscle cramps. Physical examination revealed
a blood pressure of 135/80 mm Hg, a pulse 88, and positive Chvostek’s and Trousseau’s
signs. Treatment was initiated with 2 ampules of 10 mL calcium gluconate diluted in
100 mL of 5% dextrose (180 mg elemental calcium) and 2 g MgSO4 intramuscularly while
awaiting laboratory results. The laboratory results showed a serum calcium of 6.1 mg/dL,
an ionized calcium of 3.5 mg/dL, a magnesium of 1.5 mg/dL, a phosphorus of 1.2 mg/dL,
a potassium of 3.3 mg/dL, an albumin of 3.2 g/dL and a bicarbonate of 22 mEq/L. The
serum calcium initially increased to 8.2 mg/dL (ionized 4.3 mg/dL), but later decreased
to 6.4 mg/dL (ionized 3.8 mg/dL) with recurrence of symptoms. A calcium drip was
initiated with 10 ampules of calcium gluconate in 500 mL of 5% dextrose infused at a rate
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100 mL/h (180 mg of elemental calcium/h). Oral therapy was started with calcium car-
bonate (500 mg of elemental calcium every 6 h) and calcitriol 0.25 µg a day. The patient’s
symptoms resolved and he was discharged with a serum calcium of 8.2 mg/dL (ionized
4.2 mg/dL).

The serum calcium was monitored twice a week and the dose of oral calcium carbonate
was increased from 2 g to 5 g elemental calcium a day with calcitriol continued at 0.25
µg/d. Over the next several weeks, the serum calcium ranged between 8.3 and 8.8 mg/
dL. An attempt to decrease the calcium dose to 2 g of elemental calcium a day resulted
in a decline of the serum calcium to 7.2 mg/dL. The patient complained of occasional
twitches in his leg muscles, a bitter taste, and abdominal discomfort. Calcium citrate was
tried for better palatability, but after the symptoms resolved, it was changed back to
calcium carbonate providing 4 g of elemental calcium a day. Calcitriol was increased to
0.5 µg/d. A repeat serum calcium was 8.8 mg/dL and the serum magnesium was 1.6 mg/
dL. The patient was then supplemented with oral magnesium oxide, 200 mg daily.

The patient required two operations for his MEN 1 syndrome, transsphenoidal adeno-
mectomy and distal pancreatectomy. His preoperative evaluation showed high prolactin
(PRL) (214 ng/mL), insulin-like growth factor (IGF-1) (809 ng/mL), growth hormone (GH)
(3.2 ng/mL), and proinsulin (51.8 pmol/L); low testosterone (141 ng/dL), follicle-stimulat-
ing hormone (FSH) (3.9 mIU/mL), and luteinizing hormone (LH) (1.3 mIU/mL); and nor-
mal cortisol (19.6 µg/dL), and gastrin (46 pg/mL). At the time of transsphenoidal surgery
in October 1999 the patient’s ionized calcium dropped to 3.7 ng/mL and he was supple-
mented with intravenous calcium gluconate. A calcium infusion was required again for
symptomatic hypocalcemia at the time of the distal pancreatectomy when the calcium
fluctuated between to 6.1 and 7.7 mg/dL. The postoperative hormonal evaluation showed
a prolactin of 96.1 ng/mL, a growth hormone of <0.1 ng/mL, an IGF-1 of 157 ng/mL, and
a proinsulin 28.3pmol/L. Treatment with cabergoline 2.5 mg twice a week was initiated.

In January 2000, an attempt to decrease the oral calcium supplement to 2 g daily was
associated with the development of circumoral and fingertip tingling and a drop in the
serum calcium level to 6.1 mg/dL. Hydrochlorthiazide, 25 mg/day was added, but the
patient still required 4–8 g of elemental calcium per day to maintain his serum calcium
in the low normal range. A serum PTH level was low at 3 pg/mL (normal range 10–65 pg/
mL). It was decided that the previous parathyroid implantation had failed. In March 2000,
approximately 0.5 g of the patient’s cryopreserved parathyroid tissue was transplanted
to the left forearm. Two months after transplantation on 4 g of elemental calcium (cal-
cium carbonate), 0.5 µg of calcitriol, and 25 mg hydrochlorthiazide daily, the patient had
serum calcium in the normal range (9.3 mg/dL). A tapering of these medications has been
initiated.

Discussion
Acute transient hypocalcemia has been reported in 20–85% of patients after total

parathyroidectomy including neck exploration for MEN 1 syndrome (1–2). Neck surgery
is the most common cause of prolonged hypocalcemia and permanent hypoparathyroid-
ism, occurring in 1% to 30% of cases (1–5). Parathyroid hormone (PTH) is the principal
regulator of calcium homeostasis via enhancing bone resorption, calcium re-absorption
in the distal tubule of the kidney, and synthesis of 1,25-dihydroxyvitamin D, which directly
increases calcium absorption in the duodenum and jejunum (6). Although it is clear that
this patient had hypocalcemia due to surgically-induced hypoparathyroidism, other con-
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tributing causes of hypocalcemia should be considered, including vitamin D-related
problems, hypomagnesemia, and renal failure (7). Indeed, this patient had hypomagnes-
emia that may have contributed to hypocalcemia via decreased PTH secretion and resis-
tance to PTH action in skeletal and renal tissue (6). Because magnesium is an intracellular
cation, a serum concentration below the normal value of 1.8 mg/dL suggests significant
depletion and warrants treatment.

Postoperative monitoring of serum calcium levels simplifies the diagnosis but treat-
ment should be started before laboratory values are available if the patient develops
symptoms and signs of hypocalcemia. Muscular irritability characteristic of hypocalce-
mia may progress from paresthesias and muscle cramps to laryngospasm, bronchospasm,
tetany, and seizures, especially in children. Mental status changes, prolongation of the
QT interval on the electrocardiogram, and congestive heart failure may complicate hypo-
calcemia, particularly when there is a precipitous fall of calcium and with the concurrent
presence of alkalosis that decreases the availability of ionized calcium.

Treatment of acute, symptomatic hypocalcemia starts with intravenous administra-
tion of calcium. Calcium gluconate, calcium chloride, and calcium gluceptate contain 90,
272, and 180 mg of elemental calcium per 10 mL solution, respectively. Calcium glucon-
ate causes less tissue irritation and is preferred. For symptomatic hypocalcemia 1 to 2
ampules of calcium gluconate diluted in 50–100 mL of 5% dextrose can be infused over
5–10 min. This can be repeated and followed by a calcium drip, 10–15 mg/kg body
weight. Five ampules of calcium gluconate in 500 mL of 5% dextrose infused at a rate
100 mL/h will deliver 90 mg of elemental calcium per hour. Approximately 1000 mg of
elemental calcium infused over 5–10 h will increase the serum calcium by 2–3 mg/dL.

Multiple calcium preparations are available for oral use. Elemental calcium content
in the commonly used preparations is as follows: 40% in calcium carbonate, 21% in
calcium citrate, 9% in calcium gluconate, and 39% in tricalcium phosphate. Calcium car-
bonate is used most widely, providing the least expensive form of calcium supplement.
Though calcium citrate and tricalcium phosphate may have slightly better taste, studies
do not support their better absorption (8). Approximately 30–40% of ingested calcium
is absorbed. Dividing doses and taking calcium with meals improves absorption, particu-
larly in achlorhydric subjects. Constipation is the most common side effect of calcium.
Magnesium oxide can relieve constipation and improve magnesium deficiency.

Vitamin D supplementation is often necessary in hypoparathyroidism. Calcitriol (1,25
dihydroxyvitamin D), 0.25 to 1.0 µg/d, is the drug of choice because renal 1-α-hydroxy-
lation of 25 hydroxyvitamin D is impaired in hypoparathyroidism. Vitamin D enhances
intestinal calcium absorption and may result in hypercalciuria, as there is a loss of calcium-
re-absorbing effect of PTH on the distal renal tubule (9). In cases of hypercalciuria asso-
ciated with hypocalcemia, addition of a thiazide diuretic will enhance calcium reabsorption
and increase serum calcium levels. Thiazide diuretics alone may also correct hypocalce-
mia in mild cases.

Maintaining calcium in the low normal range and avoiding hypercalciuria are the
goals of therapy in chronic hypoparathyroidism. Our patient required calcium and mag-
nesium supplements, 1,25 dihydroxyvitamin D, and a thiazide diuretic to maintain his
calcium level in the low normal range. He developed symptomatic hypocalcemia when
he missed his medications during surgery and during attempts to taper calcium supple-
ments. It became obvious that parathyroid implantation at the time of total parathyroidec-
tomy failed and implantation of cryopreserved parathyroid tissue was performed.
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Total parathyroidectomy has become treatment of choice for patients with MEN 1
syndrome because long-term studies have shown recurrence rate of 30–66% after partial
parathyroidectomy (1–3). Cure of hyperparathyroidism, however, is achieved at the price
of a higher incidence of surgically induced hypoparathyroidism. Permanent hypopara-
thyroidism has been reported in 8%–36% of patients with MEN 1 (1–3)comparing unfavor-
ably with 0%–20% reported after surgery for sporadic hyperplasia (4). Autotransplan-
tation of parathyroid tissue introduced by Lahey and advanced by Wells (11,12), has
become an established strategy for preventing permanent hypoparathyroidism after total
parathyroidectomy (11–16). This strategy allows easy access in case of recurrent hyper-
parathyroidism and delayed transplantation in case of persistent hypoparathyroidism.

Autotransplantation of fresh parathyroid tissue resulted in full recovery (no calcium
supplementation) in more than 80% of patients (11–16). Review of studies reporting
separate results for MEN 1 shows full recovery in only 10%–20% of patients (13,14).
Difficulties in achieving better results in MEN 1 are probably explained by the multiplic-
ity of genomic defects of the calcium-sensing receptor, resulting in highly variable PTH
release in MEN 1-related parathyroid hyperplasia (17).

Patients with permanent hypoparathyroidism may have a second chance of recovery
with transplantation of cryopreserved tissue. Cure rates of hypoparathyroidism of 50%–
70% were reported initially, but later series showed only 8%–20% success rates (12–15);
these studies did not provide separate data for patients with MEN 1. Investigation of the
pathophysiology of the higher failure rates of cryopreserved parathyroid autografts sug-
gests that total number of live parathyroid cells may be reduced owing to the freezing and
thawing process and by dispersion of cryopreserved cells, but is unrelated to the duration
of storage (14,18). In cases of improved parathyroid function, vitamin D supplements can
be discontinued first followed by calcium tapering a few months after surgery. Our patient
had his best serum calcium level two months after transplantation of cryopreserved para-
thyroid tissue, suggesting that at least partial restoration of parathyroid function should
be expected.
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CASE #2: HYPOPARATHYROIDISM DURING PREGNANCY

Case Description
A 22-yr-old female was brought to the emergency room (ER) by her mother because

of seizures. Laboratory evaluation showed hypocalcemia and hypomagnesemia and she
was admitted for evaluation and treatment. By history, she had been diagnosed with men-
tal retardation in early childhood, with epilepsy at age 16, and with idiopathic hypopara-
thyroidism at age 19. She had never taken prescribed medications regularly.

Review of her records revealed that she had recently been seen at 6-mo gestation when
her obstetrician noticed hypocalcemia during a prenatal visit. At that time she denied
paresthesias but had muscle cramps in her lower back, legs, and feet. Her examination
showed a positive Chvostek’s sign and a negative Trousseau’s sign. Laboratory data were
as follows: serum calcium 5.1 mg/dL, ionized calcium 2.4 mg/dL, magnesium 1.2 mg/dL,
phosphorus 5.1 mg/dL, potassium 4.8 mEq/L, albumin 3.3 g/dL and bicarbonate 27 mEq/L.
She was started on oral calcium carbonate to provide 1.2 g of elemental calcium/d and
magnesium oxide 1 g/d.

At 7 months gestation she remained asymptomatic except for occasional muscle cramps.
Her serum calcium was 5.3, phosphorus 4.9 mg/dL, magnesium 1.5 mg/dL, and albumin
3.4 g/dL. She was instructed to increase her calcium intake to 1.5 g of elemental calcium/d
and calcitriol 0.25 µg/d was added.

In her eighth month of pregnancy she complained of weakness and generalized tingling.
She stated she could not take medications because of nausea, abdominal discomfort, and
intermittent diarrhea. The serum calcium was 4.9 mg/dL, magnesium 1.6 mg/dL, phospho-
rus 4.9 mg/dL, and previously sent intact PTH 5.1 pg/mL (normal range 10–65 pg/mL).
Hospital admission was recommended but declined by the patient. Her oral dose of calcium
was increased to 2 g/d, calcitriol to 0.5 µg/d, and magnesium oxide continued at 1 g/d.

When first seen in the emergency department for seizures, she complained of weak-
ness and muscle cramps. Her mother reported that the patient had a seizure 4 d earlier and
twice on the day of presentation. Seizures involved shaking of the head and arms with
urinary incontinence and postictal stupor. She had intermittent diarrhea, but no fever,
chills, respiratory infection, vomiting, abdominal pain, visual problems, or tinnitus. Two
weeks previously the patient gave birth to a normal boy after labor induction for fetal



206 Barengolts and Kukreja

bradycardia. She was not breast feeding her child. Her medications included phenytoin
300 mg/d, ferrous sulfate 325 mg/d, and calcium carbonate 1 g/d.

Physical examination on admission revealed mental retardation, short stature (1.45 m),
dry skin, coarse hair, prominent nose, gingival hyperplasia, prognathism with normal
teeth, a positive Chvostek’s sign, a negative Trousseau’s sign, normal thyroid size, nor-
mal fingernails, and no evidence of metacarpal or metatarsal shortening. Her blood pres-
sure was 110/70 mmHg, pulse 76 bpm, and temperature 97.6ºF.

At the time of admission, the serum calcium was 4.7 mg/dL, ionized calcium 2.0 mg/dL,
magnesium 1.1 mg/dL, phosphorus 5.5 mg/dL, potassium 4.7 mg/dL, albumin 3.3 g/dL,
CO2 27, and phenytoin 3.3 µg/mL (normal range 10–20 µg/mL). Her serum PTH was 3 pg/
mL and 1,25 dihydroxyvitamin D was 30 pg/mL (normal range 15–60 pg/mL). To increase
her serum calcium and magnesium acutely, she was given intravenous calcium gluconate
and magnesium sulfate. She was also treated with intravenous phenytoin. The patient had
no further seizures. Oral calcitriol 0.25 µg every 6 h was given for four doses and then
0.25 µg daily and her serum calcium increased to 8.1 mg/dL over 3 d. The patient was
discharged on calcium carbonate 1 g/d, calcitriol 0.25 µg/d, and phenytoin 300 mg/d.

Discussion

Idiopathic hypoparathyroidism and phenytoin use are the probable underlying causes
for chronic hypocalcemia in this patient. Seizures are a rare manifestation of hypocalce-
mia and are predominantly seen in children. Hypocalcemic seizures may be focal, petit
mal, or grand mal. Our patient had history of epilepsy and underlying hypocalcemia which
probably lowered the seizure threshold. A more characteristic clinical manifestation of
hypocalemia is tetany. It includes sensory and muscular components. The sensory compo-
nent involves a tingling sensation in the fingers and around the mouth that may spread
to the body. The muscular component is a spontaneous tonic muscular contraction (1).
Muscular spasm initiated with adduction of the thumb progresses to the characteristic
“d’accoucheur” pose; uncommonly it involves the feet in combined carpopedal spasm, and
rarely it advances to life-threatening laryngeal spasm. Tonic seizures of generalized tetany
are characterized encephalographically by bursts of high voltage slow waves (2–5 Hz)
with the frequency correlated with the serum calcium level (1).

Pregnancy increases calcium demands, but does not produce hypocalcemia in healthy
women. The growing fetal skeleton accumulates 20–35 g of calcium, most of it in the
third trimester. The main adjustment during pregnancy is a doubling of 1,25 dihydroxy-
vitamin D levels, resulting in a doubling of maternal calcium absorption and absorptive
hypercalciuria (2). The level of PTH is decreased while that of parathyroid hormone-
related protein (PTHrP) is increased, the latter being produced by several maternal and
fetal tissues including the placenta, amnion, decidua, umbilical cord, fetal parathyroids,
and breast. Increased PTHrP contributes to higher 1,25 dihydroxyvitamin D levels and
regulates placental calcium transport (3). Although the total serum calcium is decreased
owing to decreased albumin, ionized calcium and phosphorus remain normal during
pregnancy. In women with hypoparathyroidism, vitamin D requirements are increased
during pregnancy, particularly after the 20th wk and in the third trimester (4–6). A recent
report showed that calcium and calcitriol doses had to be increased from1 g/d to 4 g/d and
from 0.25–0.5 µg/d to 0.75–3.25 µg/d, respectively, in hypoparathyroid pregnant women
in order to maintain serum calcium levels in the low normal range (4). These data suggest
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that increased PTHrP is unable to compensate for the lack of PTH during pregnancy in
hypoparathyroid women.

Increased bone turnover during lactation protects women from hypocalcemia and also
provides 300–1000 mg of calcium daily in breast milk (2). The major hormonal change
is an increased level of PTHrP produced in the breast. The level of PTHrP in breast milk
is 10,000 times higher than the serum concentrations of normal people or even patients
with hypercalcemia of malignancy (7). In women with hypoparathyroidism, PTHrP stim-
ulates 1,25 dihydroxyvitamin D synthesis independent of PTH (8), explaining low cal-
citriol requirements during the early postpartum period, especially if the woman breastfeeds.
Spontaneous remission of hypoparathyroidism (9) and hypercalcemia in a calcitriol-treated
hypoparathyroid (6) woman was reported during lactation, emphasizing the important
physiological role of PTHrP.

Despite poor compliance with medications, this patient had a successful pregnancy.
Previous reports have shown serious adverse events in nearly half of hypoparathyroid
pregnancies (10). Maternal hypocalcemia can lead to uterine irritability, preterm labor
or abortion (11). In the fetus it can cause reactive hyperparathyroidism, intrauterine
fractures and intracranial bleeding (11,12). Use of calcitriol has dramatically improved
pregnancy outcome in hypoparathyroid women. In a recent series of 12 women (4), 10
of them carried pregnancy to the term and delivered healthy babies. The adverse events
in the other two women included premature closure of the frontal fontanels, and stillbirth
in the 20th wk because compex fetal malformation. High doses of vitamin D have been
shown to be teratogenic in experimental animals (13) and caution is recommended for
its use in pregnancy. Short duration of action providing reversal of possible toxicity just
a few days after discontinuation of calcitriol improves safety and makes calcitriol the
vitamin D preparation of choice for hypoparathyroid women during pregnancy and lac-
tation. The goal is to keep the serum calcium in the low normal range. Monitoring treat-
ment with urinary calcium excretion is not helpful because hypercalciuria is expected
even in healthy pregnant women.

This patient was taking phenytoin for epilepsy. Anticonvulsants are well known to
cause hypocalcemia and osteomalacia. Reports indicate that 10–40% of patients receiv-
ing long-term anticonvulsant therapy have reduced levels of serum 25 hydroxyvitamin
D and serum and urinary calcium (14–16). The main mechanism is induction of liver
microsomal mixed oxidase activity with increased metabolism and clearance of vitamin
D (17). In vitro, phenytoin inhibits intestinal calcium absorption (18) and PTH-mediated
bone resorption (19), but the contribution of these effects to calcium metabolism in vivo
needs further clarification.

The association of idiopathic hypoparathyroidism with a short stature, some peculiarity
of the face, mental retardation and epilepsy suggests the chromosomal defect of DiGeorge
syndrome in this patient. Hypoparathyroidism was a major manifestation in two patients
with velocardiofacial syndrome (VCFS), one of the conditions associated with DiGeorge
syndrome (20). These two patients with mental retardation, minimal facial abnormalities
and normal sexual development presented in their late teens with epilepsy and hypopar-
athyroidism but without congenital cardiac defects or T-cell deficiency. A microdeletion
of chromosome region 22q11 was demonstrated in both patients confirming the diagno-
sis of VCFS. Although our patient did not have a chromosomal evaluation, her clinical
presentation closely resembles the described cases and makes diagnosis of VCFS an
interesting possibility.
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CASE #3: OSTEOBLASTIC METASTASES IN PROSTATE CANCER

Case Description
An 88-yr-old African-American male diagnosed as having carcinoma of the prostate

in 1978 was admitted in July 1980. He had a previous history of type 2 diabetes mellitus,
inactive Paget’s disease of the bone, status post-right nephrectomy, and chronic renal
failure since 1973. His physical examination was remarkable for a generalized decrease
in muscle strength and an enlarged prostate. Chvostek’s and Trousseau’s signs were
negative. His admission laboratory data revealed a hemoglobin of 7.6 g/dL, WBC 7900/
mm3, and normal differential. Other laboratory values were as follows: serum Na 142
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mEq/L, K 6.9 mEq/L, glucose 320 mg/dL, Cl 116 mEq/L, bicarbonate 17 mEq/L, creati-
nine 2.3 mg/dL, total calcium (Ca) 4.7 mg/dL (normal 8.6–10.2), phosphorus 3.9 mg/dL
(normal 2.5–4.1), magnesium (Mg) 0.9 mEq/L (normal 1.5–2.4), and alkaline phospha-
tase 1641 mU/mL (normal = 77–260). His plasma ionized Ca was 2.16 mg/dL (normal
3.78–4.66), serum 25(OH) vitamin D3 (25OHD3) 10 ng/mL (normal 10–55) and serum
1,25 dihydroxyvitamin D3 26.1 pg/mL (normal 21–44). His serum parathyroid hormone
(PTH) level was at the upper limit or normal. Twenty-four hour urine calcium excretion was
12 mg (normal <200 mg). Selected laboratory data from his previous admission in 1978
were as follows: serum Ca 8.4 mg/dL, phosphorus 3.9 mg/dL, and creatinine 2.5 mg/dL.

X-rays of the skeleton revealed widespread osteoblastic lesions. A bone scan revealed
markedly increased generalized skeletal uptake and absent renal uptake. However, a bone
scan performed earlier in October 1978 was essentially normal (see Fig. 1). Bone marrow
biopsy revealed extensive infiltration by adenocarcinoma cells.

His hypocalcemia failed to respond to treatment with intravenous and oral magnesium
replacement despite normalization of the serum magnesium level. The patient received
intravenous calcium (15 mg/kg elemental calcium in normal saline over 6 h with minimal
change in serum calcium levels (normal expected response is 2.0–3.0 mg/dL increase).
The patient was started on oral calcium carbonate (1 g elemental Ca q6hr) and 1,25
dihydroxyvitamin D3 0.5 µg b.i.d. and stilbesterol 1 mg daily. In October 1980, his serum
Ca was 5.1 mg/dL and serum Mg was 1.65 meq/L and the patient remained asymptom-
atic. He was subsequently lost to follow up.

Discussion
The association of hypercalcemia with cancer is well known. On the other hand, the

presence of hypocalcemia in association with malignancy is less well recognized. In
several studies of unselected cancer patients hypocalcemia has been observed more fre-
quently than hypercalcemia. Raskin et al. (1) observed that hypocalcemia occurred in16%
of patients with cancer with bone metastases, as compared to the occurrence of hyper-
calcemia in 9% of patients. In other studies, the prevalence of hypocalcemia ranged from
5–13% in patients with bone metastases, depending on the correction formula used to
adjust serum calcium values for protein concentrations (2). However, true hypocalcemia
based on ionized calcium measurements is less common (3).

Decreased serum albumin levels are frequently observed in cancer patients. Approxi-
mately 45% of serum calcium is bound to proteins, predominantly albumin. Therefore,
serum total calcium values may be decreased, whereas serum ionized calcium values are
normal in these patients. Various correction formulas have been devised to calculate
corrected serum total calcium levels. Most commonly applied formulas make adjustment
for serum albumin concentrations. For each 1 g/dL change in serum albumin (from the
normal mean value), 0.8 mg/dL is added or subtracted from the observed serum calcium
value. While these formulas may accurately reflect the ionized calcium status in certain
disease states such as cirrhosis of the liver, they do not perform as well in cancer patients
(3–6). Therefore, ionized calcium measurements are frequently necessary to determine
whether the patient has true hypocalcemia.

Our patient had hypomagnesemia and renal insufficiency, both of which could lead
to hypocalcemia. In magnesium deficiency, there is a defect in parathyroid hormone
secretion, which is corrected within minutes of magnesium infusion (7). In addition, there
is evidence that skeletal effects of parathyroid hormone are impaired in the presence of
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magnesium deficiency (7). Hypomagnesemic patients may continue to have tetany, even
if serum calcium values are corrected by calcium infusions. Magnesium deficiency is
best corrected by parenteral administration of magnesium sulfate (2g MgSO4 as 50%
solution Q8h via IM injection or iv infusion 48 meq over 24 h) or oral supplementation
with magnesium oxide (300–600 mg/d elemental Mg in divided doses). Our patient
received supplementation with both intravenous and oral magnesium with normalization
of serum magnesium levels. However, the hypocalcemia persisted. Parenteral, magnesium
should be administered very cautiously to patients with impaired renal function to avoid
hypermagnesemia.

Fig. 1. Posterior views of the bone scan were done in October 1978 (A) revealing a normal skeletal
study (right kidney is absent due to previous nephrectomy) and in July 1980, (B) revealing extensive
generalized skeletal uptake. (Reprinted with permission from ref. 3.)

GUEST
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The hypocalcemia associated with renal insufficiency is multifactoral (8). Patients
with renal insufficiency may have a metabolic acidosis, which increases the ionized frac-
tion and therefore, the decrease in serum total calcium may be out of proportion to the
decrease in ionized calcium. Hyperphosphatemia resulting from inability to excrete phos-
phorus leads to a decrease in serum calcium levels. Impaired synthesis of 1,25 dihydroxy-
vitamin D by the kidney results in poor calcium absorption from the gut. In addition, there
is resistance to the actions of parathyroid hormone. The hypocalcemia seen in renal insuf-
ficiency responds to treatment with phosphate binders and 1,25 dihydroxyvitamin D. Our
patient had low normal serum 1,25-dihydroxyvitamin D levels, however, the hypocal-
cemia did not respond to a relatively high dose of 1,25(OH)2 vitamin D3 (0.5 µg BID).

Despite a marked decrease in serum ionized calcium levels, our patient was asymp-
tomatic, and Chvostek’s and Trousseau’s signs were negative. Acute manifestations of
hypocalcemia are related to increased neuromuscular irritability and include paresthesias,
muscle cramps, carpopedal spasms, tetany, and seizures. In addition to hypocalcemia,
the neuromuscular threshold is decreased by alkalosis and hypomagnesemia and if these
are present, the clinical manifestations of tetany may occur at minimally decreased or
even normal serum ionized calcium levels. The severity of symptoms is related to whether
hypocalcemia is acute or chronic. In some patients with chronic hypocalcemia, there may
be a striking paucity of symptoms. In adults, cardiac decompensation with congestive
heart failure or cardiogenic shock may develop; these manifestations resolve after suc-
cessful treatment of hypocalcemia (9).

There are several possible explanations for true hypocalcemia in patients with malig-
nancy. Patients who are critically ill because of sepsis or other conditions, may develop
hypocalcemia. The mechanisms that are responsible for this hypocalcemia are poorly
understood, although cytokines such as interleukin-1 (IL-1) released by macrophages
may be responsible. The frequency of hypocalcemia in critically ill patients varies from
12 to 23% (10). Serum parathyroid hormone levels in these patients may be inappropri-
ately low for the degree of hypocalcemia. There is no clear evidence that demonstrates
that correction of hypocalcemia in critically ill patients results in better clinical out-
comes. However, it is generally agreed that when hypocalcemia is severe, and especially
if heart failure is present, parenteral calcium should be given (11). The presence of large
concentrations of citrate in preserved blood may contribute to some decrease in ionized
calcium, although in clinical practice, this is not a significant problem.

Patients with malignancy often receive chemotherapeutic agents that might cause hypo-
calcemia. Common among these is cisplatinum, which directly inhibits bone resorption.
In addition, its administration results in renal magnesium losses, resulting in hypomag-
nesemia and thus inducing hypocalcemia (12). Parenteral bisphosphonates are used for
treatment of hypercalcemia, as well as for prevention of bone disease in normocalcemic
patients with multiple myeloma. In general, clinically significant hypocalcemia is uncom-
mon. However, there are a few case reports of patients with underlying hypoparathyroid-
ism who developed hypocalcemia following bisphosphonate therapy. In these patients,
the normal compensatory mechanisms, i.e., an increase in parathyroid hormone did not
occur, thus resulting in hypocalcemia (13).

In patients with acute leukemia and Burkitt’s lymphoma, tumors that are relatively
sensitive to chemotherapy, rapid tumor lysis results in sudden release of uric acid, phos-
phate, and potassium into the circulation. As a consequence of the hyperphosphatemia,
there is a precipitation of calcium and phosphate salts as the blood concentration exceeds
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the calcium phosphate stability product (14). Hypocalcemia during treatment of acute
leukemia is especially common in children. The hyperphosphatemia should be managed
by adequate fluid administration; in severe cases, dialysis may be indicated for the
hyperphosphatemia.

There are several case reports of true hypocalcemia occurring in patients with exten-
sive osteoblastic bone metastases. The tumors that have been associated with this phenom-
enon are lung, breast, and prostate cancer (15–19). Of these, prostate cancer is the most
common. The association of hypocalcemia in patients with acute monocytic leukemia
with osteoblastic bone formation and hypocalcemia has also been reported (20). Calcium
balance studies have shown that hypocalcemia in patients with osteoblastic metastases
results from excessive accretion of calcium into bone. Increased uptake of radioactive
calcium in strontium has been demonstrated in these patients. Bone scanning with Tech-
netium-99m labeled bisphosphonates reveals extensive skeletal uptake and appearance
of “super-scan,” as seen in our patient (21). Patients with this syndrome frequently have
hypomagnesemia and hypophosphatemia, presumably because of accretion of these ions
into the skeleton as well. Urinary calcium excretion is decreased, as was the case in our
patient. Serum parathyroid hormone levels may be inappropriately normal for the degree
of hypocalcemia, possibly owing to low serum magnesium levels. When serum magne-
sium is corrected, serum parathyroid hormone levels may increase appropriately.

In prostate cancer, extensive osteoblastic and metabolic consequences appear related
to the production of osteoblast stimulating factors by tumor cells. Extracts of hyperplas-
tic and neoplastic prostate tissue stimulate thymidine uptake and collagen synthesis by
fibroblasts and osteoblasts (22,23). Some studies suggest that the factors may be similar
to urokinase (24,25). In a more recent study, culture media from various stages of prostate
cancer tissue were shown to stimulate proliferation and activity of osteoblasts in culture.
This stimulation was greater with tissues from advanced stages and was not blocked by
urokinase inhibitors (26). The exact nature of these factors remains unknown. There are
no cases reported where the response of the hypocalcemia to antiandrogen therapy in
these patients with prostate cancer has been evaluated.
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CASE #1: PAGET’S DISEASE OF BONE

Case Description
The patient is an 80-yr-old woman who was referred because of findings on a head CT

“suggestive of Paget’s disease.” She gave a history of generalized vague headache for 6–
8 mo as well as decreased hearing in both ears for the last year. There were no complaints
of dizziness or visual changes. She also had a history of bilateral leg pains over the same
time period. The pain was described as constant, deep, and dull in nature, not related to
exercise or position. It was poorly localized but mainly in the distal portion of the legs.
She obtained partial relief with nonsteroidal antiinflammatory drugs (NSAIDs). She had
a chronic 4 yr history of bilateral hip pains, which she and her physician attributed to
“arthritis,” but she denied any back pain or sensory symptoms, and she had no sphincter
disturbances. Lately, the patient has been having difficulty chewing because of a poorly
fitting lower denture. Review of symptoms was otherwise negative.

The patient lives alone caring for herself but leads a sedentary life. Her brother had
been diagnosed with Paget’s disease (PD) and there was a family history of hypertension.
Medications were amlodipine, acetaminophen, ibuprofen. She was ambulant with the aid
of a cane.

On examination, she looked generally healthy. Blood pressure: 145/ 89 mmHg; pulse:
65 bpm; weight 157 lb; height 5'1" (unchanged from 2 yr ago), afebrile. She was edentul-
ous but the remainder of her head and neck exam was normal. Bedside audiometric
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testing was consistent with sensorineural impairment in both ears. The examination of
the extremities revealed no edema or clubbing. There was a marked increase in the tem-
perature over the anterior aspect of the right thigh, and also increased warmth over the
forehead. The musculoskeletal exam showed mild kyphosis with normal range of motion
of the spine. There were no gross extremity deformities and there was no leg-length dis-
crepancy. There was a slight decrease in range of motion along with tenderness in the hip
joints. Neurological examination did not reveal abnormalities.

A complete blood count was normal. The total alkaline phosphatase was 580 U/L (50–
180 U/L), but her AST, ALT, total bilirubin, and prothombin time were normal.

Scintigraphy was consistent with PD, demonstrating intense increased uptake involving
the skull, right scapula, sacrum, cervicothoracic junction spine, right proximal femur,
and hip (see Fig. 1). Radiographs of the femurs showed a flame-shaped lytic lesion in the
right femur characteristic of PD (see Fig. 2). The skull X-ray was suggestive of osteitis
frontalis interna (see Fig. 3). Computed tomography (CT) scan of the head (the reason
for the referral) showed thickened and edematous small rounded sclerotic areas consistent
with PD of the occipital region. Audiometry confirmed the sensorineural hearing loss.

Therapy was initiated with risedronate 30 mg orally daily and 2 mo later she felt better
and the alkaline phosphatase was 271 U/L.

Discussion
The diagnosis of PD of bone was easy to confirm, once it had been suggested by the

initial radiographic study (head CT) (1). The vast majority of patients are diagnosed
incidentally by X-rays or elevated alkaline phosphatase levels. Most patients are asymp-
tomatic with this presentation. The important clinical teaching point of this case is the
delay between initial symptomatic presentation (4 yr of arthritis (2), 1 yr of progressive
deafness (3), and 6–8 mo of worsening headache) and ultimate diagnosis. In retrospect this
constellation of symptoms is very typical of symptomatic PD (4,5) and perhaps the diag-
nosis should not have been delayed. However, at age 76, degenerative arthritis is far more
common than PD, and at age 79–80 deafness and headache are common complaints. The
rapidly progressive nature of these symptoms alerted the clinician that this was out of the
ordinary, hence the initial CT.

Once a diagnosis has been established clinically, biochemically, and radiographically,
a radionuclide bone scan should be performed in all patients (6). The features on the scan
are usually diagnostic, as in our patient, but there is a more important reason to obtain
the scan even after the diagnosis has been well established. There are few documented
reports of patients with PD developing a lesion in a new bone once the diagnosis has been
established (7). Thus, should a new suspicious lesion appear on X-ray or scan while the
patient is under observation, it is more likely to represent a different disease (such as a
sclerotic metastasis of prostate cancer). If the diagnosis of PD is initially suspected because of
the incidental finding of an elevated alkaline phosphatase, it is better to obtain a bone scan
before plane radiographs. The scan will detect those areas of the skeleton most likely to
be involved in PD. Subsequently radiographs of the “hot spots” should be obtained (8,9).

The goal in treating PD is to control the symptoms and prevent the complications.
Although many therapies have been tried in the past, often with significant benefit as is
seen with calcitonin or mithramycin therapy, the current treatment of choice is one of the
available bisphosphonate class of drugs [alendronate (10), etidronate (11), pamidronate
(12), risedronate (13), or tiludronate (14)]. Very few head-to-head comparisons of these
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different bisphosphonates have been studied in formal clinical trials, and the cost of a
course of treatment is comparable for all of them. Pamidronate in the United States is only
available as an intravenous infusion and several protocols for its safe and effective use in
PD have been reported. Of the oral bisphosphonates the shortest course of therapy required
to achieve sustained remission (6 mo or longer) is with risedronate (30 mg daily for 2 mo)
or alendronate (40 mg daily for 3 mo). Symptomatic relief can be seen as early as 1 wk

Fig. 1. Bone scan in Case 1, patient with Paget’s disease. Note the intense isotope uptake in the skull,
the right shoulder, sacrum, right femoral head, and left tibia. A typical bone scan for polyostotic
Paget’s disease of bone.
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after initiating therapy with a decrease in local warmth and a decrease in bone pain. Nerve
compression syndromes may also respond to therapy although hearing loss is likely to
be permanent. Rarely a patient with vertebral body involvement will develop an acute
paraplegia as the growing vertebra impinges on the spinal cord. This is clearly a medical
emergency and may require urgent surgical decompression. However, it is appropriate
to delay surgery for several days and begin therapy with intravenous pamidronate. Some,
perhaps most, patients will have rapid and sustained relief of the paraplegia with this
medical therapy alone. Additionally, as already noted, the skeleton lesions of PD are very
vascular and this medical therapy decreases this vascularity quickly. Bone deformity does
not change after effective medical treatment of PD and surgical correction may be needed.
The patient may require joint replacement because of arthritis secondary to the skeletal

Fig. 2. Plane radiograph of the tibia and fibula in Case 1. Note how the lesion compares to the lesion
in the left tibia in the bone scan in Fig. 1. The “flame-shaped” or “blade of grass” appearance to the
advancing edge of bone lysis corresponding to the blade appearance on the scan is well demonstrated.
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deformity of PD. Surgical repair of a fracture through a segment of bone affected by PD
may be needed but here too surgery should be delayed if possible until medical therapy
has reduced the vascularity.
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CASE #2: SYSTEMIC MASTOCYTOSIS

Case Description
A 34-yr-old male felt a sudden “pop” in his back as he was lifting a bundle of wires

in his usual occupation as an electrician. He had experienced similar episodes on two
previous occasions but neither was as severe. He gave a history of chronic back pain for
5 yr, but this only minimally interfered with his employment. Six years prior to this pres-
entation he was involved in a motor vehicle accident in which he sustained fractures of the
pelvis, ribs, and second cervical vertebra. He had attributed his chronic back pain to that
accident. He was certain that no other vertebral fractures had been sustained during that
accident. Initial history was essentially unrevealing for possible causes of osteoporotic
fracture. There was no family history of osteoporosis or fragility fractures, and he had
normal thyroid and gonadal function by history. He had a 15+-yr smoking history at one
pack per day, drank only moderately, and did not use other recreational drugs. He was
on no chronic medication.

Physical examination revealed a maculopapular rash over the trunk and upper extrem-
ities. On the possibility that this was a manifestation of systemic mastocytosis, dermato-
graphia was elicited and further history obtained. He stated that the rash had been present
for about 4 yr and was intensely pruritic at night or after a warm shower. He also complained
of epigastric burning and dyspeptic symptoms that were aggravated in the supine posi-
tion, but denied vomiting, abdominal cramps, or diarrhea. He denied any weight loss
although he had lost approximately 2 in in height. He had experienced two episodes of
unexplained (and unevaluated) syncope in the past. He denied any known drug allergies.
He had used no medication for his rash.

The remainder of the physical examination included height 70.3 in, weight 91.3 kg,
and blood pressure 140/90 mmHg (no postural changes). There was a normal thoracic
kyphosis but a slight decrease in the lumbar lordotic curve. There was no spinal or para-
spinal tenderness and reasonable preservation of range of motion of the spine. There was
normal abdominal examination without hepatosplenomegaly. Cardiac, lung, and neuro-
logic exams were normal.

He was evaluated by a dermatologist who agreed with the clinical diagnosis of urti-
caria pigmentosa that was confirmed on skin biopsy. Urine excretion of histamine was
elevated at 577 nmol/g (reference interval, 0–321). This same 24-h urine collection con-
tained 419 mg calcium, 85.1 pmol pyridinoline/µmol creatinine (reference value <61),
and 23.8 pmol deoxypyridinoline/µmol creatinine (reference value <19). Serum bone
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specific alkaline phosphatase was 31 µ/mL (reference interval 3–12) and serum osteocalcin
2.6 ng/mL (reference 3–13). Serum calcium, 8.8 mg/dL; inorganic phosphate, 4.3 mg/dL;
and intact PTH, 16 pg/mL were normal as were the liver enzymes. Hemoglobin 14.4 g/dL;
WBC 6.800; platelets, 208,000; neutrophils 69%; lymphocytes 23%; monocytes 6%;
eosinophils 1%; basophils, 1%.

Spine radiographs revealed compression fractures of T12, L1, and L2 with diffuse osteo-
penia. No sclerotic lesions were seen. Bone mineral density was measured by dual energy
X-ray absorptiometry (DEXA). Only L3 and L4 could be evaluated in the lumbar spine
because of the fractures and the value of 0.66 g/cm2 was 4.2 standard deviations (SD) below
the mean for young adult males. In the radial midshaft (a measure of predominantly
cortical bone), the value of 0.81 g/cm2 was 0.2 SD below the mean for this age group. In
the femoral neck, the value of 0.7 g/cm2 was 1.9 SD below the mean for this age group.

Upper gastrointestinal endoscopy revealed esophagitis and duodenitis without ulcer-
ation. No biopsy was performed. Therapy was begun with astemizole and omeprazole
with prompt relief of skin and gastrointestinal symptoms.

The patient was unable to resume his former work because of the back pain and he was
denied a disability claim because of “the preexisting condition of osteoporosis.” He has
relied on supplies of medication from clinic resources and has been only intermittently
on therapy. Every lapse in therapy is associated with return of symptoms that are again
relieved when he resumes therapy.

Discussion
Osteoporosis occurring in men or in premenopausal women should always prompt a

search for potentially treatable secondary causes of accelerated bone loss. This is also the
case when the severity of the disease is greater than can be accounted for by the patient’s
age, sex, and menopausal status. Indexes of disease severity include bone mineral density
(BMD) below the reference interval adjusted for age, sex, ethnicity (Z score), or fragility
fractures occurring at unusual sites. Often the cause is readily apparent, as in patients
receiving chronic corticosteroid therapy, but in many cases the cause is far less obvious,
requiring extensive laboratory investigation. This is the case of a 34-yr-old man referred
for evaluation of osteoporosis after he had sustained three vertebral compression frac-
tures following trivial trauma.

This case illustrates quite dramatically the importance of obtaining a complete history
and performing a comprehensive examination. The story of episodic profuse itching was
not elicited initially but the diagnosis became very apparent when the patient disrobed
and the typical rash of urticaria pigmentosa was observed. The dermatographia, skin
biopsy, and elevated urine histamine quickly confirmed the diagnosis.

Systemic mastocytosis is a very uncommon secondary cause of osteoporosis in a young
man in whom the diagnosis would not have been considered in the absence of the skin
rash. A simple clinical maneuver is to check for dermatographia in any patient examined
for osteoporosis although this finding has limited specificity. It would appear from the lit-
erature that the absence of skin manifestations is more common than the presence. Chines
et al. (1) reported none of the four males in their series of 10 osteoporotic patients with
systemic mastocytosis had skin lesions and only two had any systemic manifestations.
A recent abstract report of a specific evaluation for systemic mastocytosis in 1110 bone
biopsies obtained from osteoporotic subjects revealed 12 cases previously unrecognized
(2). Of the six males, only one had urticaria pigmentosa. Accordingly, it is imperative to
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inquire about all of the possible symptoms of mast cell excess. Even in the absence of
these symptoms it would seem prudent to collect a 24-h urine specimen for determination
of histamine.

Therapy is directed at alleviating symptoms, preventing complications and just as
importantly, reassuring patients about the usually benign nature of the disease. An impor-
tant aspect of treatment is the avoidance of factors that may potentially trigger mediator
release such as temperature changes, friction, physical exertion and ethanol ingestion.
Pharmacologic treatment is generally directed at stabilizing mast cells or blocking medi-
ator effects on target organs. Itching and flushing are primarily H1 receptor mediated and
can be effectively alleviated by standard antihistamines such as hydroxyzine or chlor-
pheniramine (3). Gastrointestinal manifestations of hyperchlohydria generally improve
with H2 receptor blockade (4) using cimetidine, ranitidine, or proton pump inhibitors
such as omeprazole. Salicylates have proved helpful in patients with flushing or episodic
vascular collapse (5). Prompt intervention with epinephrine and volume repletion is criti-
cal in the management of mastocytosis associated vascular collapse (6). Orally adminis-
tered cromolyn sodium is useful in the management of patients with Gl symptoms, especially
those with diarrhea and abdominal pain (7). Psoralens and ultraviolet A photochemother-
apy provides temporary benefit in cases of urticaria pigmentosa, but, relapses after cessa-
tion of therapy are common and the associated risk of skin cancer limit its therapeutic
value (8). Recently, three cases of SM have been reported in whom intravenous pamidro-
nate therapy has both increased spine BMD and reduced bone pain Similar responses
have been reported in three patients treated with interferon α 2-B—associated with a sig-
nificant decrease in bone marrow mast cells. A fourth patient similarly treated has been
reported—with the additional observation that trabecular BMD was also increased.
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CASE #3: TERTIARY HYPERPARATHYROIDISM

Case Description
A 42-yr-old woman was referred to the endocrine clinic for evaluation of hyperparathy-

roidism. Her chief complaint had been generalized arthralgias and progressive weakness
over the last 3 yr. She was unable to climb stairs without a tremendous effort and walking
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on level ground had also become difficult and painful to the point that she now used a
cane and walked with a significant limp. Combing her hair was difficult because of weak-
ness and pain. There never was a history of joint swelling or fractures. She had been on
various analgesics over the years with only minimal improvement in her symptoms. A
diagnosis of lupus had been entertained but she did not respond to symptomatic therapy.
She had undergone a Roux en Y gastrojejunostomy 10 yr earlier (jejunum transected 6''
distal to the ligament of Trietz with a jejunojejunostomy 18'' distal to the G–J junction) for
treatment of morbid obesity. Her preoperative weight was 266 lbs. She lost more than 100
lb. as a result of the surgery and was initially very satisfied with the result. She had been
diagnosed as having vitamin B12 deficiency 2 yr before the current presentation.

She had a history of deep venous thrombosis 4 yr prior to the gastric surgery. She had
undergone multiple D&Cs for dysfunctional uterine bleeding and ultimately underwent
a hysterectomy with left and partial right oophorectomy 3 yr prior to this presentation.
The family history included breast cancer in her mother, but there was no family history
of any endocrinopathy.

On physical examination her height was 5'2'' and her weight 151 lbs. There was no
goiter or neck masses, no joint swelling, synovitis, or restriction of movement. She had
a pronounced proximal myopathy and was unable to get of a chair without using her arms.
She had bilateral groin, shin, and rib tenderness. There was no skin rash.

Laboratory data which accompanied the patient included: sedimentation rate 19 mm/h
(0–18 mm/h Westergren); rheumatoid factor none detected; ANA < 1:40 (normal <1:40);
hemoglobin 12.3 g/dL; hematocrit 37.5%; MCV 100.9 fl (80–100); WBC 5100, and
platelets 295,000; alkaline phosphatase 1379 µU/L (25–130); ALT 9 µU/L (0–53);
24-h urine hydroxyproline 208 mg (7–49), creatinine 0.7 g (0.63–2.5), calcium 69 mg
(50–250) total volume 500 mL; intact PTH 1595 pg/mL (10–65); serum calcium 11.1 mg/
dL (8.6–10.2); phosphorous 1.9 mg/dL (2.4– 4.9); magnesium 1.3 mg/dL (1.6–2.5); elec-
trolytes normal; creatinine 0.5 mg/dL (0.5–1.5); albumin 4.1 g/dL (3.5–5.2). Thyroid
function tests were normal. Plasma 25 hydroxyvitamin D was low at 6 ng/mL (14–42).

A bone scan obtained before she was referred had documented increased uptake in the
ribs, wrists, and SI joints bilaterally had been erroneously reported as showing Paget’s
disease of bone. Plane radiographs of the skull revealed typical salt and pepper changes
of hyperparathyroidism and subperiosteal resorption of the phalanges was noted.

A diagnosis of vitamin D deficiency secondary to her gastric surgery and tertiary hyper-
parathyroidism was made and the patient was started on calcediol 20 mcg daily without
supplemental calcium, whereas her serum and urine chemistries were closely monitored
for hypercalciuria, hypercalcemia, and renal insufficiency. Prior to therapy the 24 h urine
calcium was 119 mg. A dramatic improvement was noted by the patient in her arthral-
gias and myopathy within a few days of initiation of therapy. Over the next several months
the dose of calcediol was frequently reduced to maintain the serum calcium below 12.0 mg/
dL (after albumin correction). After 6 mo of this therapy the patient was symptom free
and her serum calcium was 10.3 mg/dL, albumin 4.1 g/dL, intact PTH 553 pg/mL, and
alkaline phosphatase 294 IU/mL.

Four months later, the patient was admitted to a local hospital with acute abdominal
pain felt to result from intestinal obstruction secondary to adhesions. On admission she
was markedly hypercalcemic with serum calcium of 14.8 mg/dL and the phosphorous of
2.0 mg/dL. At that hospital, without further consultation, a parathyroidectomy was per-
formed with removal of the right inferior and left superior glands in addition to the left
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thyroid lobe. The remaining parathyroid glands were felt to be normal at the time of
surgery as was the remainder of the thyroid. The right inferior parathyroid weighed 3300
mg with hypercellular parathyroid tissue, and the left superior parathyroid weighed 33mg
with hypercellular tissue. The left thyroid lobe contained a colloid nodule. Within 24 h
of surgery she developed profound symptomatic hypocalcemia for which she required
prolonged intravenous (iv) calcium, often receiving as much as 30 mg/kg/h to remain
normocalcemic and symptom free. The intact PTH decreased to 11 pg/mL with calcium
of 5.9 mg/dL, phosphorous 4.1 mg/dL, and albumin of 3.1 gm/dL, and alkaline phospha-
tase of 310 U/L on the ninth postoperative day. She was discharged from the hospital 4 wk
postoperatively on calcium carbonate 7.0 gm/d and calcitriol 2 mg/d and the following
chemistries: intact PTH 36 pg/mL, calcium 7.1 mg/dL, phosphorous 5.6 mg/dL, alkaline
phosphatase 211 U/L and albumin of 4.4 g/dL.

Discussion
Tertiary hyperparathyroidism (HPT) was a term originally coined to describe the hyper-

calcemic HPT that persisted after successful renal transplantation. Patients with long-
standing end-stage renal disease (ESRD) developed severe secondary HPT from both
phosphate retention and the absence of calcitriol production by nonfunctioning kidneys.
Transplantation corrected the phosphate retention and the graft kidney synthesized
calcitriol but the parathyroid glands had become so hyperplastic that the serum parathy-
roid hormone remained elevated even after the cause of the hyperplasia had been cor-
rected. Occasionally parathyroid hyperplasia is so pronounced in patients with secondary
HPT that hypercalcemia is manifest even before the cause of the secondary HPT has been
corrected. This was seen infrequently in patients with ESRD and also in patients with
hypophosphatemic rickets or osteomalacia treated with adequate phosphate and inade-
quate vitamin D. Here we report a case of a patient with severe secondary HPT resulting
from malabsorption that progressed to tertiary HPT in the absence of therapy.

This patient had been referred initially because of the “unusual combination of Paget’s
disease and primary hyperparathyroidism,” an error perpetuated by the erroneous bone
scan report. Had the bone scan been followed by plain radiographs, the diagnosis would
have been more readily apparent. Of interest, when plain radiographs were obtained, the
radiologic diagnosis was renal osteodystrophy because of the very dramatic changes of
hyperparathyroidism. The normal serum creatinine quickly eliminated that diagnosis.

The patient did not initially report her history of previous bariatric surgery (1–5). How-
ever, when she was asked to move from the consultation office to the examination room
her profound proximal myopathy was very apparent and further history was obtained
prior to the physical examination. Proximal myopathy is seen in a number of endocrino-
pathies (6,7) but is probably most pronounced with vitamin D deficiency (8–11). Of
interest, the “waddling gait” of vitamin D deficiency rickets is not seen in some other
forms of rickets such as X-linked hypophosphatemic rickets where vitamin D stores are
normal and there is no myopathy.

Initial treatment decisions in our patient, once the correct diagnosis was established,
were quite difficult. Adequate vitamin D replacement quickly corrected the proximal myo-
pathy and began to relieve the diffuse bone pain and tenderness but this occurred at the
expense of aggravating the hypercalcemia. It was our goal to delay definitive parathy-
roidectomy for as long as possible to forestall a “hungry bone” syndrome in the imme-
diate postoperative period, given the clinical extent of her bone involvement with HPT.
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When parathyroidectomy was performed, the operative and pathologic findings of one
very large “hyperplastic” gland, with one smaller “hyperplastic” gland and two “normal
appearing” glands left intact was unexpected (12–14), and strongly suggests that the large
gland had undergone clonal transformation. It is unlikely that vitamin D replacement, as
we had planned, would have ultimately corrected this “tertiary” HPT.
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CASE #4: HETEROTOPIC OSSIFICATION

Case Description

The patient is a 55-yr-old man who has been partially paraplegic since the age of 17,
secondary to a fall-related T12 vertebral fracture. He was doing reasonably well until late
1998, when he began experiencing progressive weakness and decreased sensation in the
right upper extremity. The neurological evaluation confirmed a diagnosis of cervicothor-
acic syringomyelia, and in early 1999 he underwent cervical subarachnoid shunt, which left
him with moderate weakness and decreased sensation. His neurologic condition was stable
postoperatively; however, a few months later, he started complaining of right shoulder pain
and stiffness with decreased range of motion. On further questioning, he said that his pain
was aggravated by motion and partially relieved with ibuprofen. He has noted some swell-
ing of the proximal part of the right upper extremity. He denied any trauma or recent fall,
no fever or chills, no headache or neck pains, and had no other new complaints.
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He is a single, unemployed, wheel-chair dependent person, living on his own. He has no
sexual partner, and no tobacco, alcohol, or drug use. Medications were verapamil for
long-standing well-controlled hypertension, and ibuprofen. He had no known drug allergy.
The family history included type 2 diabetes and hypertension.

On physical examination, he was a pleasant, healthy appearing man driving the wheel-
chair mainly by using his left arm. Blood pressure 128/80 mmHg; pulse 80 bpm, body
mass index (BMI) 32, temperature 97ºF. There was no thyromegaly or neck adenopathy.
Heart, lung, and abdominal examinations were normal. Peripheral pulses were normal.
There was no clubbing or cyanosis, and there was scant pitting edema in lower extremi-
ties and right upper extremity. Musculoskeletal examination revealed limited range of
motion in the right shoulder (flexion to 90º, extension to 30º, and abduction to 60º) with
moderate tenderness. There was a slight increase in temperature of the skin over the right
shoulder and deltoid region. Neurologic examination revealed that the cranial nerves
were intact. There was decreased sensation of all modalities below T10 level along with
power (3–4/5) in the lower extremities. There was normal sensation and power in left
arm, but decreased sensation and power (2/5) in the right arm.

A complete blood count with differential was normal, as was the biochemical profile.
Right shoulder radiographs showed marked destruction of the right numeral head (con-
sistent with either a septic process or a Charcot’s joint). Irregular heterotopic ossification
(HO) was noticed around the proximal humeral shaft (see Fig. 4). The patient underwent
Tc-99 MDP bone scan that revealed an intense tracer uptake in the region where the HO
was described radiographically (see Fig. 5). To rule out any possibility of an infectious
process, a CT -guided arthrocentesis was performed. A few milliliters of bloody fluid was
obtained and this was negative for infection. The CT scan confirmed the HO findings.
The total alkaline phosphatase was within normal limits. In order to complete the workup,
bone-specific alkaline phosphatase was ordered and was 20.4 U/mL (reference interval
4.3–19.0 U/mL).

Discussion
This case illustrates the clinical setting of HO and the difficulty in establishing the cor-

rect diagnosis from plain radiographs early in the course of the disease. The case also high-
lights the limited value of routine laboratory studies or even more esoteric tests of skeletal
metabolism. Finally the limitations of medical therapy for HO must be emphasized.

HO  cannot be distinguished histologically from callus in the healing bone. However,
HO osteoblast cells exhibit elevated levels of activities traditionally ascribed to osteo-
blasts, such as collagen synthesis and alkaline phosphatase activity (1). Most series
report an incidence of 20 to 30% in spinal cord injury patients and the incidence is greater
in patients after total hip arthroplasty. Severe functional limitations develop in 8 to 10%
of all patients who develop HO. There is a good correlation between the severity of the
initial injury and the size and the incidence of HO (2) The most commonly involved joints
are hip and knee in the lower extremities, and shoulder and elbow in the upper extremi-
ties. Other medical conditions should be considered such as venous thrombosis, septic
arthritis, and cellulitis. In paraplegic patients, HO can be an incidental finding during a
routine radiological study.

The laboratory evaluation includes elevated alkaline phosphatase; particularly bone-
specific alkaline phosphatase in most cases, and this can be used as a marker of the
activity of the disease. Osteocalcin is not a valuable adjunct in confirming or assessing
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the maturity of HO (3). C-reactive protein and the sedimentation rate are also usually
elevated. Whereas plain X-rays can detect late HO, it is important to note that one should
not wait to initiate therapy until the X-ray is positive. Therapy should be started once
symptoms occur and the bone scan is positive. Triple-phase bone scan using Tc-99 MDP
is very helpful in making the diagnosis as well as monitoring the activity or maturity (4)
of the disease and in planning for surgical resection. Having inactive disease (HO on plain
X-ray, negative bone scan) is essential in reducing the risk of recurrence postsurgically.
Ultrasound (5), CT scan, and MRI can be helpful as well.

Perioperative irradiation or NSAIDs have been used as prophylactic measures in high-
risk patients. In one retrospective study HO, incidence was reduced in patients receiving
indomethacin preoperatively for 5 to 11 d (6). In a direct comparison study, radiation
prophylaxis was slightly more successful than NSAIDs (7), however both of them were
effective in reducing the incidence of HO. Both modalities have been used together in
other studies. Fractionated irradiation was preferred to a dose-equivalent single-dose
radiation in a rat study (8). Once HO has developed, the earlier treatment is started the

Fig. 4. Plain radiographs (left) barely demonstrate the new bone formation of HO which is much
more clearly seen in the CT images (Fig. 5).
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better the results. Etidronate has been used with good results, especially in patients with
symptoms and a positive bone scan but with negative X-rays (9). Other modalities include
NSAIDS, surgical resection, and irradiation (10). Osteonecrosis of the femoral head has
been reported after combined treatment with surgery, irradiation, and NSAIDs in the hip
joint (11). It is advisable to not prescribe forcible mobilization until the acute inflamma-
tory phase has subsided. In one study, it was concluded that passive stretching of the peri-
articular structures during the acute phase of HO is detrimental to the final outcome (12).
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CASE #1: 23-YR-OLD MAN WITH ADRENAL
INSUFFICIENCY AND HYPOGONADOTROPIC HYPOGONADISM

Case Description
This 23-yr-old man was referred to our Endocrinology Clinic for the management of

adrenal insufficiency. The patient was born of a full-term uncomplicated delivery, and
grew up normally in early childhood. At 6 yr of age, he became ill, stopped growing, and
developed increased pigmentation of the skin. He was evaluated at a local hospital in
Mexico and diagnosed as having adrenal insufficiency. After initiation of glucocorticoid
replacement therapy with 5 mg prednisone daily, his condition improved and growth
resumed, but the increased skin pigmentation persisted.

At age 17 , he was evaluated at a Los Angeles Hospital for failure to develop secondary
sex characteristics, and started on testosterone injections, which he takes infrequently.
At the time of his clinic visit at age 23, he had not been sexually active, reported very little
sexual desire, and did not shave or masturbate.

He had had mild bronchial asthma for 3 yr; his asthma was controlled with intermittent
use of a metered-dose inhaler. His medications included prednisone 5 mg twice daily,
9-α fludrocortisone 0.2 mg daily, albuterol inhaler as required for bronchial asthma,
sustained release theophylline 300 mg daily, and testosterone enanthate 200 mg intra-
muscularly every 2 wk. At the time of his clinic visit, he had not received his testosterone
injections for several months.
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One maternal uncle had a similar medical condition, and was being treated in our clinic
with prednisone and testosterone injections (Fig. 1). His uncle’s testosterone level was
145 ng/dL in 1985, and 40 ng/dL at a recent clinic visit in 1999, and his testicular volume
had decreased from 12 mL to about 4 mL over the same period. One brother and a first
cousin (son of maternal aunt) have similar problems. The other affected members of the
family (Fig. 1) were being followed at different hospitals in Mexico and Los Angeles,
CA. The patient’s mother reported that two of her brothers, one sister, one maternal uncle,
and a niece had died during early childhood. The exact cause of their death was not
ascertained.

The patient was 161 cm tall, and weighed 167 pounds (76 kg). His blood pressure was
112 / 70 mmHg, with no orthostatic changes, and pulse rate was 90 beats per minute. He
had dark brown pigmentation on the skin, which was especially increased around the
elbows, knees, and knuckles. He also had patchy pigmentation on the tongue and buccal
mucosa inside the lips. He had sparse, fine hair in the sideburn area, but no axillary hair.
He had a female pattern escutcheon with sparse pubic hairs shaped in the form of an
inverted triangle. He had bilateral breast enlargement (see Fig. 2). His penis was 6 cm in
length, with a terminally located meatus. Both testicles were 5 mL in volume, and firm in
consistency. His sense of smell was normal. The rest of his physical examination revealed
no abnormalities.

His hemoglobin was 12.9 g/L with mean corpuscular volume of 84 u3. His serum total
testosterone concentration was 73 ng/dL, luteinizing hormone (LH) 1.7 IU/L, and fol-
licle-stimulating hormone (FSH) 1.3 IU/L. His total serum thyroxine concentration was

Fig. 1. Family Tree. Note that almost all of the affected individuals were males, and that they were
sons of clinically unaffected mothers, who were presumably carriers.
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8.3 µg/dL, free thyroxine index 9.2 µg/dL, and thyroid-stimulating hormone (TSH) 4.8
U/L. During an adrenocorticotropic hormone (ACTH) stimulation test, his plasma cor-
tisol concentration was 1.2 µg/dL at baseline, and 1.3 µg/dL 60 min after the intravenous
(iv) injection of 250-µg cosyntropin. His plasma ACTH concentration at baseline was
3355 pg/mL.

A magnetic resonance imaging (MRI) scan of the hypothalamic-pituitary region did
not reveal any space-occupying lesion. A dual energy X-ray absorptiometry (DEXA)
scan of the body reported vertebral bone density to be –2 standard deviations below the
mean for healthy young men (T score = −2).

Discussion
This 23-yr-old man has adrenal insufficiency, as indicated by the low baseline cortisol,

and failure of serum cortisol levels to increase appropriately in response to ACTH stimu-
lation. The presence of hyperpigmentation and markedly increased ACTH concentra-
tions are consistent with the diagnosis of primary adrenal insufficiency. He has been on
replacement therapy with prednisone, although the 10-mg daily dose of prednisone being
used by this patient is higher than the typical replacement dose used in the treatment of
adrenal insufficiency. There is increasing recognition that cortisol production rates in
healthy men and women are lower than previously estimated (1) and that the 30-mg dose
of hydrocortisone typically used for replacement is supraphysiological (1,2). There is
concern that these supraphysiological doses of glucocorticoids might be associated with
decreased bone mineral density and predispose these patients to an increased risk of bone
fractures (2–4).

It is apparent that this patient has marked delay in his pubertal development. Even at
23-yr of age, he has very sparse facial and axillary hair and a female escutcheon, consistent
with androgen deficiency. A very low serum testosterone level confirmed the presence

Fig. 2. A photograph of the patient demonstrating bilateral breast enlargement, hyperpigmentation
of the skin, and lack of chest and abdominal hair.
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of androgen deficiency. Low LH and FSH levels in the presence of low testosterone levels
indicate that he has hypogonadotropic hypogonadism and that the pathophysiologic
defect resides at the hypothalamic-pituitary site. Further workup with MRI scan and mea-
surement of a prolactin level did not reveal any space-occupying lesion of the hypothal-
amic-pituitary site. The process of exclusion leaves us with the diagnosis of idiopathic
hypogonadotropic hypogonadism. His sense of smell was intact, and he did not have any
of the dysmorphic features of other hypothalamic syndromes associated with hypogona-
tropic hypogonadism, such as Prader Willi syndrome.

How can we explain the cooccurrence of primary adrenal insufficiency with hypogon-
adotropic hypogonadism in this individual? Patients with multiple autoimmune endocri-
nopathies can have deficiencies of multiple endocrine end organs. Based on the constellation
of endocrinopathies, these patients can be classified into one of two main categories.
Polyglandular autoimmune endocrinopathy syndrome, type 1, is characterized by muco-
cutaneous candidiasis, autoimmune hypoparathyroidism and adrenal insufficiency, and
ectodermal dystrophy (5). There is increasing evidence linking this syndrome to mutations
in the APECED (autoimmune polyendocrinopathy-candidiasis-ectodermal-dystrophy)
or AIRE (autoimmune regulator) gene (5). This candidate gene codes for a putative trans-
cription factor that has two zinc-finger motifs. Typically, onset of type 1 autoimmune poly-
glandular failure syndrome occurs in childhood and failures of multiple endocrine organs
evolve throughout the lifetime. Type 2 autoimmune polyglandular failure syndrome is
characterized by adult-onset adrenal failure associated with type 1 diabetes mellitus and
autoimmune thyroid disease. Type 2 polyglandular endocrinopathy is believed to be
polygenic, and is characterized by dominant inheritance and association with HLA DR3
(5). Patients with both type 1 and 2 multiple autoimmune endocrinopathy syndromes can
present with adrenal insufficiency in association with Leydig cell failure (5). However,
androgen deficiency in these patients is a result of primary testicular dysfunction, and
therefore associated with increased LH and FSH concentrations. Hypogonadotropic
hypogonadism in conjunction with primary adrenal insufficiency has not been reported
in multiple autoimmune endocrinopathy.

A number of homeodomain transcription factors are involved in the development
and differentiation of the different hormone-producing cells within the pituitary gland
(6–15). Abnormalities of multiple endocrine systems caused by deficiencies of pituitary
tropic hormones are well known in patients with mutations of homeo-domain-containing
transcription factors, such as Pit-1, Prop-1, Lhx 3, and Gsx-1 (see Table 1). Thus, patients
with Prop-1 mutations have deficiencies of multiple anterior pituitary hormones, includ-
ing LH and FSH, GH, prolactin, and TSH. ACTH secretion is normal at birth, but cor-
ticotropes may degenerate secondarily. Mutations in the Pit-1 homeodomain transcription
factor have been associated with deficiencies of GH, prolactin and TSH (6–8), but not
ACTH. Mutations of Pit-1, Gsx-1, and Lhx3 are typically not associated with ACTH
deficiency, whereas those of Ptx2a and Ptx2b, and Hesx1 present with specific cranio-
facial, dental, and eye anomalies or septooptic dysplasia, which this patient did not have.
Also, the elevated ACTH concentrations and normal TSH in this patient are incompatible
with Prop-1 mutation. In fact, his clinical phenotype is inconsistent with mutations of any
of the known pituitary homeodomain transcription factors.

To date, mutations in at least four genes have been implicated in the pathophysiology
of idiopathic hypogonadotropic hypogonadism in the human: KALIG-1 (the gene for X-
linked Kallmann syndrome), DAX1 (the gene for X-linked adrenal hypoplasia congenita),
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GnRH receptor, and the gene for prohormone convertase 1 that causes a syndrome of hypo-
gonadotropic hypogonadism and defects in prohormone processing (see (16) for review).
Of these, mutations of DAX-1 are known to be associated with primary adrenal insuffi-
ciency and hypogonadotropic hypogonadism, and best explain the phenotype of this
patient (17–23).

X-linked congenital adrenal hypoplasia presents classically with adrenal insufficiency
within the first 6 mo of life, as the fetal adrenal cortex progressively involutes (17–19).
However, some patients may have delayed presentation of adrenal insufficiency in late
childhood, as was the case in our patient, or even in adulthood (20). Hypogonadotropic
hypogonadism in these patients is usually recognized when these children fail to expe-
rience normal progression of pubertal development (20).

A quick look at this patient’s family tree (see Fig. 1) reveals that almost all of the
affected individuals were males, and that they were sons of clinically unaffected, mothers
who were presumably carriers. This is typical of X-linked mode of inheritance. The DAX-
1 gene has been mapped to the human X-chromosome, and the pattern of inheritance
displayed by this patient’s family is consistent with mutations of this X-linked gene.

The DAX-1 protein, a member of the nuclear hormone receptor family, inhibits tran-
scriptional activators by direct protein–protein interactions and indirectly by binding
DNA hairpin structures (21–23). DAX-1, steroidogenic factor (SF-1), and Sry are involved
in determination of sexual differentiation. At least in the mouse, the products of the DAX-
1 and Sry genes appear to act antagonistically; increased expression of DAX-1 leads to
female development and increased activity of Sry to male development (21). The mouse
and human proteins appear to behave differently. Absence of DAX-1 in humans is asso-
ciated with adrenal insufficiency and hypogonadotropic hypogonadism; however, DAX-
1-deficient, XY mice have normal levels of corticotropins and adrenal hormones, but are
sterile (21).

Although patients with DAX-1 mutations (see Fig. 3) have hypogonadotropic hypogo-
nadism, some affected men also have impaired testicular responses to LH (17–19). These
observations suggest that androgen deficiency in men with DAX-1 mutations is because

Table 1
Mutations of Homeodomain Transcription Factors

are Associated with Heritable Disorders of Pituitary Development

Gene Mutation PIT1 PROP1 HESX1

GH Absent Low Low
PRL Absent Low ?
TSH Low Low ?
LH, FSH Normal Absent ?
ACTH Normal Low in 1/3 ?
ADH Normal Normal Normal/Low
Pituitary Size Small/Medium S/M/L/XL/XXL Small
Complex No No Septooptic
   Phenotype dysplasia

Reproduced with permission from ref. (10).
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of a combined hypothalamic-pituitary-gonadal defect and that the DAX-1 gene product
may play a critical role in regulating both pituitary and testicular function.

SF-1, another member of the nuclear receptor family, was initially cloned as a transcrip-
tional regulator of several steroidogenic enzyme genes in the adrenal and the gonad. How-
ever, gene-targeting experiments in mice have revealed that SF-1 is an essential factor
in adrenal and gonadal development. SF-1 protein is also required for the proper function-
ing of the hypothalamic-pituitary-gonadal axis and the formation of the ventromedial
nucleus of the hypothalamus. Although mutations of the SF-1 gene could theoretically
result in adrenal insufficiency and hypogonadism, such mutations have not yet been dis-
covered in humans.

In summary, the co-occurrence of primary adrenal insufficiency and hypogonadotropic
hypogonadism in this patient in conjunction with a family tree that is consistent with an
X-linked mode of inheritance, support the diagnosis of DAX-1 mutation. Final confirma-
tion of the diagnosis would require the testing of the patient’s genomic DNA for DAX-1
mutation.

Fig. 3. A schematic representation of the human DAX-1 gene showing the relative positions of the
introns and exons, and several reported mutations. Human DAX1 gene consists of 2 exons that code
for a 470 amino acid protein. Exon 1 is 1168 bp in length and encodes the DNA binding domain and
63% of the ligand-binding domain. Exon 2 is 245 bp in size and encodes the 80 aminoacids of the
C-terminal portion of the ligand-binding domain. The locations of some of the reported mutations
are shown. The amino acids are shown by single letter code: Alanine (A); Isoleucine (I); Leucine
(L); Asparagine (N); Proline (P); Glutamine (Q); Arginine (R); Valine (V); Tryptophan (W); Tyro-
sine (Y), and stop codon X. Adapted with permission from (20–23).
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CASE #2: TOPICAL STEROID USE
ASSOCIATED WITH SECONDARY ADRENAL

INSUFFICIENCY, ANDROGEN DEFICIENCY, AND OSTEOPOROSIS

Case Description
This 38-yr-old man presented to the emergency room (ER) with nausea, vomiting, and

fever of 2 d duration. He had suffered from psoriasis since age 7. The initial diagnosis
of psoriasis was made in Mexico, where he was prescribed topical betamethasone cream.
Extensive areas of the skin (approximately 80%) were involved with psoriasis, and only
the face and the neck were spared. For 17 yr, he has lived in the USA and used the beta-
methasone topical preparation on a daily basis.

On examination in the ER, he was noted to have ecchymoses, thin fragile skin over all
extremities, psoriatic skin lesions on the trunk, arm, and legs, telangiectasia, and a Cushing-
oid appearance (see Fig. 4). His heart rate was 120/min, and blood pressure 90/60 mmHg.

His random cortisol was 0.6 µg/dL (normal 2–25 µg/dL). A diagnosis of adrenal insuf-
ficiency was made, and oral prednisone was started at a dose of 5 mg in the morning and
2.5 mg in the evening. The patient was referred to Dermatology Clinic for management
of psoriasis where betamethasone was replaced with triamcinolone acetonide 0.1% cream
and cyclosporine 75 mg daily orally was commenced. Prednisone was gradually tapered
off over a 12-mo period.

A short ACTH stimulation test (Cosyntropin-250 µg) was performed 1 mo after dis-
continuation of prednisone (cortisol levels 0'–4.5 µg/dL, 30'–8.7 µg/dL, 60'–12.0 µg/dL).
The results were consistent with partial adrenal insufficiency.

A DEXA scan to assess bone mineral density showed severe osteoporosis with a bone
mineral density (BMD) at the spine (L1–L5) of 0.774 gm/cm2, T score (in relation to peak
BMD) of −2.89 and Z score (age matched normal) = −2.83 and BMD at the hip of 0.713
gm/cm2, T score of −2.59 and Z score of −2.30. His total testosterone was 363 ng/dL
(normal range 300–1200 ng/dL) and free testosterone 30 pg/mL (normal 50–240 pg/mL).

The patient was started on alendronate, 10 mg daily, calcium carbonate 500-mg thrice
daily, and testosterone enanthate 200 mg intramuscularly every 2 wk. The patient was
advised not to take prednisone on a regular basis, but was instructed to commence hydro-
cortisone treatment in case of illness of any form. A relative was taught how to inject hydro-
cortisone injection in the event of vomiting or loss of consciousness. When seen in the
clinic 1 mo later, the patient complained of aches and pains in the bones. An ACTH stimu-
lation test was repeated at this time and again showed inadequate adrenal response (0'–
1.5 µg/dL, 30'–6.7 µg/dL, 60'–8.2 µg/dL). He was started on hydrocortisone. His psoriasis
improved with topical emollient and cyclosporine.

Discussion
Systemic corticosteroid use over prolonged periods of time is associated with a num-

ber of side effects. Although osteoporosis and suppression of the hypothalamo-pituitary-
adrenal (HPA) axis are widely recognized as common complications of prolonged oral
steroid therapy, these complications are rare with topical steroid use (1–8). This case
illustrates that topical corticosteroids, such as betamethasone, that are effective in the
treatment of corticosteroid-responsive dermatoses primarily because of their antiinflam-
matory and antipruritic actions, can cause androgen deficiency, osteoporosis, and long-
term suppression of the HPA axis in men.
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This patient had used betamethasone topical cream on a large area of his skin for many
years; he developed not only suppression of his HPA axis, but also osteoporosis and
androgen deficiency. He presented to the ER with manifestations of adrenal insufficiency,
and ACTH stimulation testing confirmed the presence of partial adrenal insufficiency,
presumably resulting from the suppression of his HPA axis by the topical betamethasone.
The extent of systemic absorption of topically applied steroids is determined by a number
of factors, including the vehicle, integrity of the epidermal barrier, and the use of occlusive
dressings. Topical steroids are absorbed into the systemic circulation only to a small extent
through the normal skin, but the presence of inflammation can significantly increase per-
cutaneous absorption. Once absorbed through the skin, topical steroids enter pharma-
cokinetic pathways similar to systemically administered corticosteroids. Conditions that
augment systemic absorption include application of more potent corticosteroids, appli-
cation over a large surface area, occlusive dressings, and prolonged use (1–7).

Systemic effects of topical corticoids include suppression of the HPA axis, manifes-
tations of Cushing’s syndrome, hyperglycemia, and increased susceptibility to infections
(2–7). Chronic glucocorticoid therapy also lowers serum testosterone levels by its effects
at all levels of the hypothalamic-pituitary-gonadal asix (10,11). Glucocorticoids sup-
press GnRH secretion from the hypothalamus, attenuate the LH response to GnRH, and also
directly suppress Leydig cell steroidogenesis. Several reports have shown that patients
with Cushing’s syndrome often have low testosterone levels (10,11).

HPA suppression with exogenous oral corticosteroids and Cushing’s features are
well described but such features are rare with the use of topical, inhaled, and nasal steroids

Fig. 4. (A) and (B) Photographs of the patient’s trunk and lower extremities demonstrating ecchy-
moses, psoriatic skin lesions, thinning of the skin resulting in prominence of veins, telangiectasia,
and wasting of muscles around the shoulder girdle.
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(6–8). Acute adrenal crisis has been reported after inadvertent cessation of high doses of
potent, topically applied steroids (9). Although the risk of the suppression of hypothalamic-
pituitary axis cannot be entirely eliminated, the regimens that employ intermittent admin-
istration of topical steroids are believed to cause lesser degree of adrenal suppression (9).

Osteoporosis is a frequent complication of oral steroid administration, but has not been
commonly described in association with topical or inhaled steroid therapy (12). Glucocor-
ticoid therapy is an important cause of osteoporosis, and substantially increases the risk
of bone fractures (12). After institution of glucocorticoid therapy, patients may lose as
much as 10–40% of their bone mass within months (12). About 30% of patients receiving
long-term glucocorticoid therapy will develop bone fractures (12); the fracture risk
depends on the patient’s age, initial bone density, the dose and duration of steroid use,
and past history of fracture.

Our patient had significant degree of osteoporosis as indicated by markedly decreased
bone mineral density in both the lumbar spine and the femoral neck. There are several
possible factors that could have contributed to the pathophysiology of osteoporosis in
this patient. In addition to the well-known deleterious effects of glucocorticoid therapy
on bone mineral density, he also had partial androgen deficiency, as indicated by low free
testosterone levels. In addition, he was receiving cyclosporine, which can cause high turn-
over bone loss, with bone resorption exceeding bone formation. Thus, all three factors—
corticosteroids, low testosterone levels, and cyclosporine—working in concert, could
have contributed to osteoporosis in our patient.

Glucocorticoids cause osteoporosis by affecting calcium and bone mineral metabo-
lism at many levels (12–16). These drugs inhibit gastrointestinal calcium absorption, and
reduce calcium reabsorption in the renal tubule. Glucocorticoids also stimulate bone
resorption and decrease bone formation (12–16). Although glucocorticoids stimulate
osteoblastic differentiation, they have important inhibitory actions on bone formation.
Glucocorticoids affect the expression of many osteoblast genes, including the down-
regulation of type I collagen and osteocalcin, and upregulation of interstitial collagenase
(12). The synthesis and activity of osteoblast growth factors can be modulated by gluco-
corticoids as well. For example, the expression of insulin-like growth factor 1 (IGF-1),
an important stimulator of osteoblast function, is decreased by glucocorticoids. The
synthesis of IGF binding proteins (IGFBPs) is also regulated by glucocorticoids within
bone cells. Glucocorticoids increase the apoptotic rates of osteoblasts and osteocytes
(16). The net result is a decrease in number of bone cells and that translates into lower
rates of bone formation and decreased trabecular width. Recent studies have shown that
osteoprotegrin ligand and soluble neutralizing receptor, osteoprotegerin, play an impor-
tant role in osteoclastogenesis. Hofbauer et al. (14) have reported that dexamethsone
stimulates osteoprotegerin ligand and inhibits osteoprotegerin production in human osteo-
blastic cells in culture. These findings provide a potential paracrine mechanism by which
glucocorticoids induce osteoporosis (12–16).

The risk of glucocorticoid-induced osteoporosis can be reduced by administration of
bisphophonates, testosterone, or vitamin D metabolites (17–19). In a 48-wk, randomized,
placebo-controlled study of men and women who were receiving glucocorticoid therapy
(17,18), alendronate therapy was associated with a greater increase in bone mineral den-
sity than that associated with placebo-treatment alone. There were fewer new vertebral
fractures in the alendronate group than in the placebo group. Several studies (17,18) are
in agreement that alendronate is an effective and safe treatment for the prevention and
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treatment of glucocorticoid-induced osteoporosis. All patients receiving long-term gluco-
corticoid therapy should receive calcium and vitamin supplementation. The efficacy of
calcitriol, calcitonin, and flouride in prevention or treatment of glucocorticoid-induced
osteoporosis has not been convincingly demonstrated in randomized trials.

Testosterone supplementation in men receiving glucocorticoids is also associated with
greater increments in bone mineral density than those associated with placebo-administra-
tion alone (19). Testosterone administration may have the additional benefit of increasing
muscle mass and strength and thereby reducing fall propensity. Large-scale clinical trials
to determine the effects of testosterone supplementation on fracture risk in glucocorti-
coid-treated men and women have not been performed.

In our patient, calcium supplementation, alendronate, and testosterone administration
were effective in increasing the bone mineral density in this patient. The repeated DEXA
scan demonstrated a significant improvement in bone mineral density.

Because of the substantial morbidity associated with glucocorticoid-induced osteo-
porosis, a baseline bone mineral density should be measured prior to initiation of gluco-
corticoid therapy (see Fig. 5). These patients should receive calcium, vitamin D, and a
bisphosphonate. In men receiving glucocorticoid therapy, serum testosterone levels should
be measured and if testosterone levels are low, consideration should also be given to
androgen supplementation.
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Fig. 5. Recommendation for osteoporosis prevention in patients who are being considered for long-
term glucocorticoid therapy (modified from American College of Rheumatology, 20).
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CASE #3: GONADOTROPIN-INDEPENDENT
PRECOCIOUS PUBERTY

Case Description
This 7-yr-old boy was evaluated in the Endocrinology Clinic because of precocious

sexual development and, as his legal guardian described, “behavioral problems at school.”
The patient, an orphan living in a foster home, was brought to the clinic by his foster
mother who was concerned about his precocious sexual development and behavior. The
patient had been born of a full-term delivery in a Los Angeles hospital, and was healthy
at birth. Shortly after birth, he was placed in a foster home because of the incarceration
of his mother. The whereabouts of his father are not known. Until 1 yr prior to his clinic
visit, his growth had been normal in comparison to other children at the foster home. In
the year preceding the visit, he started to develop facial hair, phallic growth, and acne on
his face. Also, he started to masturbate and his foster parent was concerned about his
excessive attention to girls in his classroom. His grades at school deteriorated over the
previous year. He did not have any other medical problems, and denied taking any
medications. There was no history of head trauma or meningitis. The only family history
that was available indicated that his mother was a single woman who used multiple drugs
and was incarcerated because of some drug charges.

He was 123 cm tall (50th percentile), and weighed 25 kg (75th percentile) (see Fig. 6).
He had dark hair on the upper lip, chin, and side burns, axillae, and pubic region. The
pubic hair extended up to the top of his pubic bone in an inverted triangle. He had acne
on his face. The penile length was 7.5 cm. His scrotum was rugated and darkly pigmented.
The testicular volume was 12 cm3, and testicular palpation did not reveal the presence
of a mass. The skin did not have any hyperpigmented spots. There was no palpable breast
tissue. The rest of his physical examination was normal. In particular, there was no neu-
rological deficit or papilledema.

Laboratory evaluation revealed a serum testosterone of 350 ng/dL, an LH < 0.1 IU/L,
an FSH < 0.5 IU/L, an estradiol of 20 pg/mL, and a DHEA of 100 ng/dL. hCG β-subunit
was undetectable. Upon intravenous administration of 100 µg GnRH, his LH increased
from <0.1 IU/L to 0.3 IU/L, and FSH from <0.5 IU/L to 1.0 IU/L. His bone age was 9 yr,
and bone X-rays did not show polyostotic fibrous dysplasia. A computerized tomography
(CT) scan of the head was normal and did not reveal any evidence of either hydrocephalus
or space occupying lesion. Ultrasound of the testes did not show any mass lesion.

Discussion
This 7-yr-old boy has precocious sexual development. Based on pubic hair, phallic

size, scrotal development, and testicular size, he is at Tanner stage IV to V in his sexual
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maturation. His bone age is more advanced than his chronological age, but his sexual
development has advanced far more than his chronological and bone age. His testoster-
one levels are in the adult range. The DHEAS concentration is appropriate for his age and
not increased, suggesting that the source of increased androgen production in this patient
is his testis.

Serum LH and FSH levels are below the limit of assay detection, and demonstrated
subnormal increases in response to GnRH. In addition, the circulating concentrations of
hCG is not increased. Thus, we are unable to explain the premature stimulation of tes-
tosterone secretion on the basis of ectopic hCG production. Taken together, these data
indicate that our patient has premature stimulation of testosterone production by the testis
without the activation of gonadotropin secretion by the pituitary. These are hallmarks of
the syndrome of gonadotropin-independent precocious puberty. This syndrome is pre-
dominantly seen in boys, and is often familial. A family history of sexual precocity can
be elicited in half of these patients.

The distinction between gonadotropin-dependent and gonadotropin-independent pre-
cocious puberty is not always straightforward. Many commercial assays for the measure-
ment of LH and FSH have suboptimal sensitivity for the measurement of the low circulating

Fig. 6. A growth chart showing the patient’s height and weight in relation to the normative range.
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concentrations that are prevalent in prepubertal children. However, the use of highly
sensitive, fluorometric and chemiluminescent assays for LH and FSH, and the assessment
of responses to GnRH or GnRH agonist can help distinguish these two conditions (1–3).

The work-up of children with precocious puberty, whose LH and FSH levels are very
low or below the limit of assay detection, should include diagnostic tests to exclude the
presence of autonomous, androgen secreting tumors in the adrenal glands or the testes,
and ectopic hCG secreting neoplasms. The diagnosis of idiopathic, gonadotropin-inde-
pendent, precocious puberty is made by the exclusion of adrenal or testicular neoplasms
and by demonstration of premature activation of testicular steroidogenesis in the face of
very low or undetectable LH concentrations. In this patient, this diagnosis seems likely
because appropriate diagnostic work-up failed to reveal the presence of an adrenal or
testicular neoplasm or evidence of ectopic hCG secretion.

Recent studies have provided important insights into the molecular and genetic basis
of premature activation of testicular testosterone secretion in patients with idiopathic,
gonadotropin-independent precocious puberty (4–13). At least two mutations have been
described in patients presenting with this syndrome. McCune Albright Syndrome is a
clinical disorder characterized by gonadotropin-independent precocious puberty in asso-
ciation with hormone-secreting ovarian cysts, hyperpigmented, café-au-lait skin lesions,
and polyostotic fibrous dysplasia (4–8). The pathophysiology of unregulated hormone
production in a significant proportion of patients with McCune Albright syndrome is best
explained by somatic, activating mutations of the α-subunit of the stimulatory guanine
nucleotide binding protein (G protein) (6–9). Guanyl nucleotide proteins function as
transducers of biologic signal between hormone receptors and the effector systems within
the cell (see Fig. 7). For instance, after binding of LH or FSH to their respective receptors
on the surface of the steroidogenic cell, the receptor undergoes a transformational change
that results in dissociation of the Gs α-subunit. The Gs α-subunit in the presence of GTP
activates adenylyl cyclase, resulting in the production of cyclic AMP, and stimulation of
hormone production. Some mutations of the Gs subunit result in constitutive activation
of adenylyl cyclase with increased intracellular cyclic AMP production. The net result
is ligand-independent unregulated, autonomous hormone production by the steroidogenic
cells that is clinically manifested as premature sexual development in the absence of an
appropriate regulatory signal from the hypothalamus and the pituitary. McCune-Albright
syndrome is predominantly a disorder seen in girls, and in the absence of café-au-lait
spots and polyostotic fibrous dysplasia in this male patient, the diagnosis of McCune-
Albright Syndrome does not appear likely.

Activating mutations of the luteinizing hormone receptor (see Fig. 8, Table 2) have been
associated with male-limited gonadotropin-independent precocious puberty (10–14).
Almost all of the known, activating mutations of the LH receptor have been missense
mutations caused by single base substitution (see Table 2) (10–14). The most frequent
mutation found in association with gonadotropin-independent precocious puberty is the
replacement of Asp-578 by Gly due to A to G substitution at position 1733 (9–14). Most
of these activating mutations have been located in exon 11 of the LH receptor, which
encodes the sequence for the transmembrane domain of the LH receptor. The activating
mutations of the LH receptor produce a clinical phenotype only in boys; they appear to
produce no clinically detectable effects in affected females. Some patients with testicular
neoplasms have also been found to have activating mutations of the LH receptor (10,12).
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Fig. 7. A schematic representation of the Gs α-protein and its role in transducing intracellular
signaling [Adapted with permission from Farfel et al. (15)]. The G nucleotide protein is a trimeric
protein consisting of α, β, and γ subunits, and is associated with the receptor on the cell surface. The
hormone binding to its receptor causes the G protein to dissociate from the receptor and release the
α subunit. The active α subunit and GTP bind to the regulatory subunits of adenylyl cyclase,
resulting in activation of its catalytic subunits. The catalytic subunits of adenylyl cyclase in turn
catalyze the conversion of ATP to 3', 5', cyclic AMP, which serves as the second messenger within
the cell to transduce the biological signal. Activating mutations of the α subunit have been associ-
ated with McCune Albright syndrome.

Fig. 8. A schematic representation of the human LH Receptor protein. The deduced amino acid
sequence and topology of the hLHR. The receptor is a G protein coupled receptor that has an
extracellular domain, seven transmembrane regions, and an intracellular carboxy-terminal tail. Bolded
lines indicate the proposed transmembrane boundaries. The extracellular domain and the cytoplasmic
tail have been truncated (Minegishi et al.) (16).
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The clinical phenotype of this patient is most consistent with the diagnosis of an
activating mutation of the human LH receptor. However, in the absence of the confirma-
tory mutation analysis, this diagnosis remains presumptive.

The treatment options for the treatment of gonadotropin-independent precocious
puberty are limited. These patients do not respond to GnRH agonist administration because
their testosterone secretion is not under the control of pituitary LH secretion. Only
limited information is available about the effectiveness of androgen antagonists and
inhibitors of androgen production. Thus, ketoconazole, an inhibitor of Cyp450-linked
steroidogenic enzymes, has been used to suppress endogenous testosterone secretion.
However, there is concern about adrenal suppression and liver toxicity at high doses of
ketoconazole. Similarly, cyproterone acetate, an androgen antagonist, has not been shown
to increase final height or improve clinical outcomes. Long-term clinical trials with more
potent and selective androgen antagonists are needed to determine the impact of therapy
on clinical outcomes and final height.
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CASE #4: DELAYED PUBERTAL
DEVELOPMENT AND NONPALPABLE TESTES

Case Description
This 19-yr-old man was evaluated because of failure of normal sexual development.

The patient was born at home in Mexico and, according to his mother, he was healthy and
had normal male external genitalia. He grew up normally in comparison to his two
brothers. He developed some axillary hair around age 10, but did not develop facial hair.
He did not shave or masturbate, is not sexually active, and denies having any penile
erections. His voice has continued to be high pitched. His two brothers, 24 and 20 yr of
age, respectively, started shaving around the age of 15. The oldest brother is married. He
has two older sisters, 26 and 23, who are married and have children.

His height was 170 cm, arm span 176 cm, and weight 68 kg. He had sparse brown hair
on the face, dark axillary hair, and very sparse pubic hair below the symphysis pubis. His
voice was high pitched. His penis was 7 cm in length. The scrotum was hypopigmented,
and no testicular tissue was palpable in the scrotum or the inguinal canal. Breast tissue
was palpable on both sides. His sense of smell was normal and the rest of his examination
was normal.

Laboratory tests showed that his serum testosterone level was 20 ng/dL, LH 34 IU/L,
FSH 36 IU/L, and estradiol 24 pg/mL. In response to 1500 U of human chorionic gona-
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dotropin (hCG) administered by intramuscular injection, his serum testosterone levels
did not increase (baseline 15 ng/dL, 24 h 18 ng/dL, 48 h 15 ng/dL). hCG administration
at a dose of 1500 U three times weekly for 4 wk increased his serum testosterone levels
from a baseline of 20 ng/dL to 24 ng/dL. Karyotype on peripheral blood was 46, XY. An
ultrasound of the pelvis did not reveal any testicular tissue either in the pelvis or in the
inguinal canal. No Mullerian structures were seen. A magnetic resonance imaging (MRI)
scan of the abdomen did not show the presence of intraabdominal testicular tissue.

Discussion
This patient had normal male external genitalia, a well-developed scrotum and phal-

lus, and a normally placed urethral meatus. These clinical findings indicate that the
patient underwent normal sexual differentiation during fetal life. Therefore, one can
assume normal function of Sry, DAX-1, and SF-1 proteins that play an important role in
determining sexual differentiation. In addition, testosterone is required for the develop-
ment of Wolffian structures along male lines. Dihydrotestosterone, derived from 5-α-
reduction of testosterone, is required for the development of the genital tubercle into the
glans penis. It is reasonable to assume that in this patient, the urogenital sinus and genital
tubercle were exposed to normal testosterone and DHT concentrations during critical
periods of sexual differentiation during fetal life. The absence of structures that normally
develop from Mullerian ducts is also consistent with the proposal that, at least during pre-
natal life, the testes developed normally and were producing appropriate amounts of
androgens and Mullerian inhibitory hormone. Presumably, both testes atrophied at some
unknown time after completion of the process of sexual differentiation.

In an individual with male external genitalia, in whom the testes are not palpable
in the scrotum, it is essential to determine whether the testes are present in the abdomen
(see Fig. 9). Although there is no foolproof method, short of exploratory laparotomy, to
exclude the presence of intraabdominal testes, several noninvasive tests can be helpful
(1–3). The serum testosterone response to human chorionic gonadotropin can help con-
firm the presence of testicular tissue. Although a normal testosterone response to hCG
is indicative of the presence of testicular tissue, an absent or suboptimal response does
not necessarily exclude the presence of intraabdominal testicular tissue (1–3). Leydig
cell function in cryptorchid testis is often attenuated and sometimes severely impaired.
In this patient, baseline testosterone concentrations were very low and did not increase
significantly in response to hCG. Thus, the absence of a testosterone response to hCG
favors the diagnosis of anorchia, although it does not completely exclude the possibility
of abdominal testes.

Measurement of serum Mullerian inhibiting hormone levels has been proposed as a
diagnostic test for the evaluation of children with nonpalpable gonads (4,5). In one study
(4), the sensitivity and specificity of serum Mullerian inhibiting hormone levels for detect-
ing the absence of testicular tissue were 92% and 98%, respectively, as compared with
69% and 83% for testosterone levels. Thus, measurements of serum Mullerian inhibiting
hormone can be useful in detecting the presence of testicular tissue and differentiating
anorchia from undescended testes in phenotypic males with nonpalpable testes. How-
ever, Mullerian inhibiting hormone concentrations may be misleading in patients with
dysgenetic testes in whom there can be a discrepancy between the degree of anatomical
Mullerian duct regression and serum levels (5). Mullerian inhibiting hormone concentra-
tions may be normal in male pseudohermaphrodites with dysgenetic testes and persis-
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tence of Mullerian structures (5). Also, Mullerian inhibiting hormone assays are not readily
available from many commercial laboratories and the clinical experience with this diag-
nostic test remains limited.

An MRI scan and an ultrasound examination did not show the presence of testicular
tissue within the abdomen of this patient. Both MRI and ultrasound can occasionally miss
abdominal gonads, especially if the gonads are markedly atrophied. Therefore, a search
for intraabdominal testicular tissue by laparoscopy or by surgical exploration is some-
times necessary.

Collectively, the very low baseline testosterone levels, the absence of a testosterone
response to hCG, and the failure to detect any intraabdominal tissue by MRI and ultra-
sound favor the diagnosis of anorchia, although we cannot fully exclude bilateral cryp-
torchidism. The genetic basis of anorchia is not known. The presence of normal male

Fig. 9. An algorithm for the work-up of phenotypic males presenting with nonpalpable testes.
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external genitalia suggests that the genetic and hormonal elements necessary for sexual
differentiation during fetal life are intact in these individuals (6–14). The karyotype is
typically normal in patients with anorchia, and previous studies have failed to find muta-
tions of the coding region of the Sry gene in these patients (8–14). Others have proposed
the occurrence of in utero torsion of the testis as the pathophysiologic basis (8). However,
many patients with anorchia have normal testis at birth that gradually shrink and disap-
pear over time, giving rise to the term “vanishing testis syndrome.” The molecular basis
of the process that results in insidious destruction of testicular tissue remains unclear.
Several case reports of anorchia occurring in association with idiopathic hypogonado-
tropic hypogonadism have been reported. It is possible that at least some of these patients
have DAX-1 mutations (11,15).

The treatment of patients with congenital bilateral anorchia includes life-long test-
osterone replacement. In addition, placement of testicular implants in the scrotum is
esthetically appealing to many men. Once androgen replacement has been initiated, these
patients need periodic evaluation to monitor the potential adverse effects of testosterone.
Achievement of fertility is not possible at present, but adoption or insemination of the
female partner by donor sperm are effective options that should be discussed with these
patients.
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CASE #1: HIRSUTISM

Case Description
This 19-yr-old nulligravid woman presented with the chief complaint of facial hirsut-

ism for 5 yr. Thelarche began at 8.5 yr of age and menarche occurred at 13 yr of age. Her
menses were irregular, heavy, and associated with dysmenorrhea. To “regulate her
cycles,” her general medical doctor placed her on combination oral contraceptive pills
(ethinyl estradiol 35 mcg and norethindrone 1 mg). Although effective in controlling her
bleeding, the contraceptives did not affect her facial hair. She denied symptoms of an
endocrinopathy, including excessive thirst or urination, temperature intolerance, and
weight changes. She was not taking any medication. There was no significant past medi-
cal history, past surgical history, family history, or history of childhood illnesses. Her
review of systems was negative.

On examination, this patient was 65 in (1.67 m) tall and weighed 125 lbs (56.7 kg)
(body mass index = 21). She had 3+ out of 4+ facial hair noted on her chin, upper lip, and
sideburn area. Hair growth was also noted on her midline chest and abdomen. There were
no signs of thyroid disease or glucocorticoid excess. Breast development was Tanner
stage 4 and there were no masses or galactorrhea. A pelvic exam revealed Tanner stage
5 pubic hair; external and internal genitalia were normal, and there was no clitoromegaly.
There were no other pertinent findings.

In an effort to rule out an androgen-producing tumor and to help differentiate among
familial idiopathic hirsutism, polycystic ovarian syndrome (PCOS), and nonclassic adre-
nal hyperplasia (NCAH), a blood sample was obtained for the measurement of testoster-
one, dehydroepiandrosterone sulfate (DHEA-S) and 17α hydroxyprogesterone (17-OHP)
levels. Testosterone was 68 ng/dL (normal range 0–83), and DHEA-S was 326 ng/dL
(normal 20–394), and 17-OHP was 1377 ng/dL (normal 20–500). To rule out congenital
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adrenal hyperplasia, an adrenocorticotropic hormone (ACTH) stimulation test was per-
formed with 250 µg of synthetic ACTH1–24after overnight adrenal suppression with 0.5 mg
of dexamethasone. The results are summarized in Table 1. The low baseline cortisol is
a result of dexamethasone suppression. The rise of cortisol >7 µg/dL above the baseline
after ACTH stimulation demonstrates the adrenal’s ability to produce adequate cortisol;
however, the peak cortisol level of less than 20 µg/dL may suggest a mild defect in
cortisol production. More impressive is her elevation of 17-OHP which, being >1500 ng/
dL from baseline, is diagnostic for nonclassic adrenal hyperplasia (1).

After discussion of treatment options, the patient was started on a combination oral
contraceptive (30 mcg ethinyl estradiol and 0.015 mg desogestrel) and 200 mg of spirono-
lactone (100 mg bid) for three months. On her return, she stated that she noticed a small
improvement in her hirsutism. Her potassium level was normal and her spironolactone
dose was decreased to 100 mg daily. Her hirsutism continued to improve and, within
1 yr, she no longer required depilatory treatment. Hirsutism was noted to be effectively
absent at the time of her next yearly visit.

Discussion
Hirsutism is defined as excessive facial and body hair caused by androgen stimulation.

This definition can be misleading because hirsute women do not have an increase in the
number of hair follicles. Rather, they have an increase in the proportion of terminal to
vellus hair follicles. Vellus hair follicles are small follicles that produce fine, unpigmented
hair. When vellus follicles are exposed to androgens, they are converted to terminal
follicles that produce thick and pigmented hair. Hirsutism, therefore, is a manifestation
of increased androgens in women.

The evaluation of the hirsute woman begins by eliminating the most serious conditions
that may lead to increased androgen production. These conditions include neoplasms of
the ovary and adrenal gland, Cushing’s syndrome, and congenital adrenal hyperplasia
(CAH). These diseases are generally apparent on visual inspection. Cushing’s syndrome
is a disease of excess cortisol production, most commonly from either an ACTH-secret-
ing pituitary adenoma or a cortisol-producing adrenal adenoma or carcinoma. This endo-
crinopathy leads to distinctive physical findings including obesity, particularly of the
face and cervicodorsal region, abdominal striae, thickened skin, easy bruisability, and
purpura of the forearms and legs. Patients with Cushing’s syndrome will often present
with muscle weakness, hypertension, and diabetes. A concomitant increase in adrenal
androgen production may result in mild hirsutism.

Virilization is also present in classic CAH; CAH is the result of an enzyme deficiency
in the glucocorticoid synthesis pathway, most commonly (>90%) in 21-hydroxylase,
resulting in hypocortisolemia and hypoaldosteronism. The lack of aldosterone produc-

Table 1
ACTH Stimulation Test Results

Time Cortisol µg/dL 17-OHP ng/dL

Baseline 1.3 80
30 min 9.2 6494
60 min 13.5 6635
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tion; if unrecognized in a newborn, will result in salt-wasting, fluid imbalance, and shock
within 2 wk after birth. ACTH production is stimulated by the loss of negative feedback
on the pituitary. This increase in ACTH drives the production of steroids, proximal to the
enzyme deficiency, which may be converted into androgens. During in utero, this increase
in androgens may cause severe virilization of female fetuses and result in ambiguous
genitalia.

There is a wide range of clinical variation in patients with CAH. Classic CAH results
from a virtually complete block in the synthetic pathway of glucocorticoids. So-called
simple virilizing CAH is thought to be the result of point mutations in the cytochrome
P450c21 that catalyzes 21-hydroxylase activity. The diminished enzyme activity decreases
the production of cortisol with little effect on aldosterone. Therefore, although these
newborns do not suffer from salt-wasting, females will be virilized and may have ambig-
uous genitalia.

In the absence of significant virilization, or in the absence of a rapid onset and progres-
sion of symptoms, the differential diagnosis of the hirsute woman includes idiopathic hir-
sutism, polycystic ovarian syndrome, and nonclassic adrenal hyperplasia (NCAH). All
three of these diseases have very similar phenotypic presentations although their etiolo-
gies are very different. Idiopathic hirsutism is associated with an increase in 5α-reductase
activity in the skin and hair follicles. This leads to a local increase in dihydrotestosterone,
the active metabolite of testosterone (2). Typically, there are no associated endocrinop-
athies with this syndrome. However, the increased enzyme activity results in an increase
in 3α-androstanediol glucuronide that is measurable in peripheral blood samples.

Polycystic ovarian syndrome (PCOS), typified by hyperandrogenism and chronic anovu-
lation, is one of most common causes of oligo- and amenorrhea. The exact pathophysiol-
ogy is not clear, however, a neuroendocrine-metabolic dysfunction has been clearly
associated with this disorder. Anovulation is likely secondary to low and unvarying levels
of follicle-stimulating hormone (FSH) leading to follicular arrest (3,4). Hyperandroge-
nism may results either from chronic stimulation of the ovarian theca cells by luteinizing
hormone (LH) or by theca cell hypersensitivity to LH (5). Recently, PCOS has been
found to be associated with insulin resistance and hyperinsulinemia. This association is
most dramatic in obese PCOS patients (representing about 50% of all PCOS patients).
Interestingly, a positive correlation between hyperinsulinemia and hyperandrogenism
has been noted and correction of the abnormality with insulin sensitizing drugs will
significantly decrease serum testosterone (6).

Nonclassic adrenal hyperplasia often presents identically to PCOS. However, as in
classic CAH, the etiology of NCAH is an abnormality in the glucocorticoid synthesis
pathway. In contrast to classic CAH, patients with NCAH have mild dysfunction result-
ing in minimal symptomatology. This disease is common among Ashkenazic Jews, His-
panics, and Italians. Genetic linkage studies have demonstrated that 75–85% of women
with NCAH carry the human leukocyte antigen HLA-B14 (7,8). The carrier frequency
of this locus in women with NCAH is 250 times greater than in unaffected individuals
(9). Therefore, this disorder should be considered in any patient presenting with the
symptoms and ethnicity of the patient illustrated.

The laboratory evaluation of women with hirsutism should be directed at confirming
clinically established diagnoses. A random total testosterone and dehyroepiandrosterone
sulfate (DHEA-S) should be obtained. Testosterone elevations greater than 200 ng/dL are
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suspicious for an androgen producing ovarian neoplasm and pelvic ultrasound should be
performed. Values between 80 and 200 ng/dL, while usually benign, warrant close fol-
low-up in 3–6 mo intervals. Likewise, DHEA-S levels more than two times normal are
suggestive of adrenal neoplasm; computed tomography (CT) scanning or magnetic reso-
nance imaging (MRI) are the best radiologic tests to evaluate for this tumor. Cortisol
measurements are not useful unless Cushing’s syndrome is suspected.

Stimulating the adrenal gland with ACTH and measuring the precursors of cortisol pro-
duction makes the diagnostic distinction between PCOS and NCAH. Commonly, 250 µg
of synthetic ACTH1–24 is given by intravenous bolus. Cortisol and 17-hydroxyprogester-
one (17-OHP) are measured at baseline and at 60 min. An elevation of 17-OHP ≥ 1500 ng/
dL is diagnostic for NCAH. Carriers tend to have elevations of approximately 1000 ng/dL.

The conventional treatment for NCAH is glucocorticoid therapy (10). This therapy
is effective at suppressing androgen secretion, even when significant adrenal insuffi-
ciency is not diagnosed. Despite suppresion, little improvement in hirsutism is often noted.
Consequently, some investigators have used antiandrogens to treat the associated hirsut-
ism. Spritzer et al. demonstrated that cyproterone acetate will significantly decrease hir-
sutism when compared to conventional therapy (11). This drug is a potent antiandrogen
that competes with testosterone for the androgen receptor and inhibits translocation of the
hormone receptor complex into the cell nucleus (12). Cyproterone is potentially teratogenic
to male fetuses. However, when combined with 35 mcg of ethinyl estradiol, it is effec-
tive in treating hirsutism and as an oral contraceptive (Diane-35) (13). Despite its effective-
ness, cyproterone containing drugs are not approved by the United States Food and Drug
Administration and are not available in the United States. Spironolactone also competes
for the androgen receptor and is an effective treatment for hirsutism. When compared
to Diane 35, in one study 50 mg of spironolactone was more effective at reducing hair
growth (14). Generally, 200 mg daily is the starting dose and the dose is reduced to 100 mg
after about 1 yr. The patient should be told that little effect will be seen until 6–12 mo of
use. Like cyproterone, spironolactone can affect male fetal development and should be
used with caution in women of reproductive age and never used during pregnancy.

Ovarian suppression alone has been shown to decrease hirsutism. Carmina and Lobo,
noting the similarities between NCAH and PCOS, demonstrated that the use of a gona-
dotropin-releasing hormone (GnRH) agonist improves androgen levels and hirsutism
(15). However, long-term clinical use of GnRH agonists is not practical. Oral contracep-
tives pills will suppress ovarian function and increase sex hormone binding globulin.
Studies have shown that their use will improve hirsutism in more than 60% of cases (16).

Because our patient was leaving for college, we thought it would be both safer and
more practical for her to avoid therapy with glucocorticoids. Side effects associated with
the inappropriate use of glucocortocoids are not trivial and may include manifestation of
Cushing’s syndromes. Rather, we started her on spironolactone and oral contraception.
She noted significant improvement at three months and did not require electrolysis by 1 yr
of treatment.
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CASE #2: AMENORRHEA AND PITUITARY NEOPLASM

Case Description
This 20-yr-old woman presented for the evaluation of primary amenorrhea. Pubarche

and thelarche began at age 13 with little progression. Her growth and developmental
milestones were normal. She denied excessive thirst or urination, temperature intoler-
ance, anosmia, weight changes, or other symptoms suggestive of an endocrinopathy. She
had never experienced cyclic abdominal pain or moliminal symptoms. She was not
taking any medication. There was no significant past medical history, past surgical his-
tory, family history, or history of childhood illness. Her review of systems was negative
except for a complaint of insertional dyspareunia.

On examination, she had normal vital signs. She was 62 in tall and weighed 104 lbs.
There were no signs of thyroid disease, glucocorticoid imbalance, or androgen excess.
Breast development was Tanner stage 3 and there were no masses or galactorrhea. A
pelvic exam revealed Tanner stage 3 pubic hair development. Her vagina was hypoestro-
genic; she had an unremarkable uterus and cervix. Neurologic exam was normal and
there were no other pertinent findings.

A central abnormality was suspected because of interrupted pubertal development.
LH, FSH, TSH, prolactin, cortisol, and thyroxine were all within normal limits for a
woman in early puberty. Estradiol was low, but within normal limits for development.
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A coned-down lateral X-ray of the sella turcica showed a 2 cm area of calcification in the
hypothalamus. A follow-up contrast-enhanced MRI study showed a 2 cm solid and cystic
mass below the floor of the third ventricle without involvement of the pituitary gland. The
optic tracts were laterally displaced around this tumor. Visual field testing was normal.
Dynamic pituitary testing with GnRH (100 mcg intravenous bolus), thyrotropin-stimulat-
ing hormone (500 mcg intravenous bolus), growth-hormone releasing hormone (1 mcg/
kg), and corticotropin-releasing hormone (1 mcg/kg) resulted in normal FSH, LH, thyro-
tropin, prolactin, growth hormone, ACTH, and cortisol responses.

A consultation was obtained with a neurosurgeon; the size and the location of the
tumor made a biopsy inadvisable. However, the cystic nature made craniopharyngioma
the most likely diagnosis. Because the patient was not having any significant symptoms
except for amenorrhea, expectant management was advised. This plan included yearly
visual field testing, pituitary stimulation testing, and MRI.

The patient was started on 0.3 mg/d of conjugated equine estrogens (CEE) and 5 mg of
medroxyprogesterone acetate days 1–12 of the calendar month. The CEE was increased
to 0.6 mg/day and then 1.25 mg/d in 6 mo intervals. There was no progression of the tumor
over 10 yr of observation. During that time period, the patient developed frontal head-
aches diagnosed as migraines. She was tried on variety of therapies without relief. These
headaches increased in severity and became disabling. Despite stable radiologic find-
ings, the neurologist, neurosurgeon, and a radiotherapist made the decision to treat her
with 3-D conformational radiotherapy and she received 5040 cGy. No significant change
in symptoms has yet been noted.

Discussion
Primary amenorrhea is defined as the absence of menarche by age 16 yr (1). The etiol-

ogies can be grouped into three categories based on the hypothalamic–pituitary–ovarian
axis (HPO): hypergonadotropic, normogonadotropic and hypogonadotropic. Hypergona-
dotropic hypogonadism is seen with primary ovarian failure such as in Turner’s syn-
drome. Normogonadotropic amenorrhea encompasses a variety of etiologies including
anatomic abnormalities and chronic anovulation syndromes. Decreased gonadotropin
secretion is noted in both functional and anatomic disorders of the hypothalamus and
pituitary such as Kallmann’s syndrome and isolated gonadotropin deficiency; it is also
noted in association with anorexia, malnutrition, and exercise-associated amenorrhea.

In our patient, amenorrhea presented with arrested puberty. This is suggestive of a
disorder within the HPO axis. Further testing is necessary to determine the etiology. A
normal FSH level excludes ovarian failure. Patients with central causes for the amenor-
rhea typically have low to normal levels of gonadotropins (2). Relative gonadotropin
deficiencies may be congenital or acquired. Acquired syndromes include histiocytosis
X, inflammatory or vascular diseases, infections involving the central nervous system,
trauma, and tumors. Therefore, it is obvious that a study for CNS lesions is an essential
part of the evaluation of these patients. A thorough evaluation includes a neurologic
exam, fundoscopic exam and imaging study. The introduction of CT scanning and MRI
has minimized the value of plain skull films (3). Plain skull films may be helpful in iden-
tifying calcification, bony erosion, or hyperostosis (4). However, CT scans and MRI are
required to exclude the presence of a mass lesion in the hypothalamic/pituitary area.
Although less sensitive than MRI, the CT appearance of many tumors has been charac-
terized and may, in many cases, be quite useful. MRI is highly sensitive and may detect
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small tumors that would be missed with CT scan. Further, its sensitivity for tumor enlarge-
ment and composition makes it an essential tool during conservative management of a
brain tumor.

Craniopharyngiomas are benign tumors that occur in the suprasellar and hypotha-
lamic-third ventricular region of the brain. They account for 1.2–4% of all intracranial
tumors and 5–10% of all tumors in children (5). At the time of diagnosis, most patients
present with endocrine dysfunction, visual disturbance or increased intracranial pres-
sure. It is the most common neoplasm associated with HPO dysfunction and pubertal
delay (2). Craniopharyngiomas affect reproductive function by compressing the hypo-
thalamus, the portal system, and/or the pituitary gland. They are relatively slow-growing
tumors. Therefore, endocrinologic manifestations of tumor growth may not be acute.
Clearly then, it is essential to monitor tumor growth and pituitary function if no interven-
tion is undertaken. The primary therapeutic management is surgical. These tumors, how-
ever, can be highly adherent to adjacent structures. Therefore, surgical procedures can
be extremely challenging. Operative mortality can be as high as 10%. Surgical mor-
bidity includes stroke, blindness, and permanent endocrine disorders. The majority of
patients have permanent postoperative pituitary deficiencies (5). Radiotherapy is effec-
tive at shrinking tumor bulk and is often used in combination with surgical management
(6). Typical dose requirements are approximately 5500 cGy and may result in significant
morbidity. Reported side effects associated with radiation include learning disabilities,
visual problems, hypopituitarism, and the development of secondary tumors (7). The
patient presented did not have any life-threatening complications from her tumor. There-
fore, conservative management was elected. Her headaches worsened and, although not
clearly a result of the tumor, surgical management was contemplated. However, because
the tumor was not enlarging on MRI and a surgical approach would require a major cra-
niotomy, radiation therapy was performed.

A main management issue in this patient is hormone replacement. Because she is hypo-
estrogenic, she is at significant risk for osteoporosis and cardiac disease. Estrogen replace-
ment should begin slowly and gradually increased to mimic normal pubertal development.
If estrogen is increased too rapidly, normal breast development will not occur. In the
patient presented, estrogen is currently being maintained with 1.25 mg of conjugated
equine estrogens. It is important to note that young hypoestrogenic women may require
doses of estrogen replacement therapy (ERT) twice those administered to postmeno-
pausal women in order to maintain libido and sexual satisfaction. Progestin therapy is
essential to prevent endometrial hyperplasia. Although progestin is recommended every
month, some studies indicate that less frequent administration is acceptable (8). To assure
protection, the progestin should be administered for a minimum of 12 d per administra-
tion cycle (9). This patient is receiving 10 mg of medroxyprogesterone acetate for four-
teen days every other month.
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CASE #3: PREMATURE OVARIAN FAILURE

Case Description
This patient was born at 35 wk’s gestation to a diabetic mother. At birth, she was noted

to have a slightly enlarged liver; however, this was thought to be an incidental finding
attributed to maternal diabetes. At 6 mo, she presented to the emergency room (ER) with
a protuberant abdomen and shortness of breath. She was noted to have a large abdominal
mass that was diagnosed as a neuroblastoma by biopsy. The mass was surgically excised.
Subsequently, she was administered 1800 rads of whole abdominal radiation therapy and
did well during her childhood.

Her adolescence was complicated by short stature. An endocrinologic and metabolic
source for her slowed growth was investigated and no abnormalities were found. Interval
growth remained adequate. In addition, during her adolescence, she underwent two cor-
rective surgeries for strabismus and had multiple episodes of otitis media.

At the age of 11, she presented for the evaluation of the lack of sexual development.
An examination at that time revealed Tanner stage 1 breast and pubic hair development.
The patient and her mother were reassured that this was not abnormal for her age.
However, FSH was measured. She was noted to be hypergonadotropic, consistent with
ovarian failure. At the age of 13.5 yr, she was started on 0.3 mg of conjugated equine
estrogens. At 14.5 yr, this dose was increased to 0.625 mg and a progestin was added for
12 d each month. Approximately 6 mo later, she was placed on an oral contraceptive pill
containing 20 mcg of ethinyl estradiol.

At age 18, she presented to the office with a positive home pregnancy test. A transvagi-
nal ultrasound revealed a 6 wk gestation with cardiac activity. At 16 wk, she began to
experience pelvic pressure and spontaneously aborted. A dilation and curettage was per-
formed to deliver the placenta and suggested an intrauterine abnormality. Pathological
examination of the fetus revealed an age-appropriate male without obvious anomalies.

In 1993, several months after her spontaneous abortion, she underwent a hysterosalpin-
gogram to evaluate the etiology of her second trimester pregnancy loss. A slight fundal
defect was noted consistent with a partial septum vs bicornuate uterus. Because this was
a mild defect, no intervention was planned. She was maintained on her hormone replace-
ment regimen.

A second pregnancy was diagnosed in 1996. A cerclage was placed during the begin-
ning of the second trimester. Despite this, she had spontaneous rupture of membranes at
22 wk’s gestation. The cerclage was removed and she delivered her fetus without com-
plication. Again, no significant pathology was noted.

Subsequently, she was taken to the operating room to further evaluate her uterine
abnormality. Laparoscopy and hysteroscopy confirmed a partial septum that was hystero-
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scopically resected. In 1999, a third pregnancy was conceived and a cerclage was placed.
Each of these pregnancies was conceived as she was taking oral contraceptive agents.
Unfortunately, this pregnancy also ended with a second trimester loss.

Discussion
Neuroblastoma, a tumor of the sympathetic nervous system, is the most common

malignant tumor in childhood. It comprises 10% of all solid tumors during adolescence
and has an annual incidence of 6–8 per million children under 15 yr of age. Surgery, when
possible, is the main therapy for these aggressive tumors. However, chemotherapy and
radiation therapy have been used to shrink inoperable tumors and, postoperatively, to
treat disseminated disease (1). Jacobsen et al. demonstrated that as these tumors are
radiosensitive, the response rate is inversely proportional to age (2).

A significant amount of research has been devoted to the studying the effects of radia-
tion exposure on gonadal function. Testes are highly radiosensitive and, therefore, can
be irreversibly damaged by small radiation doses (4); Rowley et al. demonstrated that
men treated for Hodgkin’s disease are azospermic after an average of 233 rads (5). Ovarian
sensitivity is related to age; in women 40 yr and older, an average of 600 rads will cause
permanent ovarian damage. In younger women, it is estimated that half will have ovarian
failure after 1200 rads and 95% will have failure after 2000 rads (2). Wallace et al. fol-
lowed 19 prepubertal girls who received between 2000 and 3000 rads of whole abdom-
inal radiation for maligancy. Of these women, 18 did not begin spontanteous pubertal
development and were noted to have elevated gonadotropin levels (5).

Premature ovarian failure (POF) has traditionally been used to describe a syndrome
consisting of amenorrhea, hypergonadotropinism, and hypoestrogenism in young women
under the age of 40 yr (6). However, it has been recognized that POF is not simply early
menopause. For example, both Rebar et al. and Connolly and Rebar have demonstrated
that half of POF patients have hormonal or pathologic evidence of follicular activity
(7,8). In a prospective study, Nelson et al. demonstrated ovulation in 20% of patients
diagnosed with POF. Clearly, ovarian failure is a misnomer and these patients have some
ovarian function; thus, it may be better to designate affected women as having primary
hypogonadism or hypergonadotropic hypogonadism. However, because ovarian steroid-
ogenesis is intermittent and unpredictable, ERT should be initiated. As illustrated in this
case, ERT can be delayed until the mid-teens when the young woman is emotionally
ready for pubertal development. Estrogen should be administered with slowly increasing
doses to maximize linear growth and attempt to mimic normal pubertal development.
Later, oral contraceptive pills (OCPs) can be administered to provide an adequate estro-
gen dose; OCPs also provide progestin that protects these women against the develop-
ment of endometrial cancer.

Several case studies have reported spontaneous pregnancies occurring in patients with
POF (9,10). Pregnancies have even occurred in patients without any ovarian follicles noted
on biopsy (8). Interestingly and unexplainably, patients, such as this case, have conceived
when taking OCPs or other estrogens (11). However, ovulation induction is generally
unsuccessful (2,4,12). It appears that perhaps 25% of these women ovulate after the diag-
nosis of POF is made and 6–8% conceive regardless of the therapy.

In addition to ovarian failure, abdominal radiation therapy has been associated with
an increase in perinatal morbidity and spontaneous abortion. Li et al. retrospectively ana-
lyzed the pregnancy outcomes of 99 women cured of childhood Wilm’s tumors with and
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without radiotherapy. Those treated with radiation had a fourfold increased risk of low-
birth weight infants and a nearly eightfold increased risk of perinatal morbidity in resulting
pregnancies (13). In the series by Wallace, no women carried beyond the second trimester
(4). Anatomic changes in the uterus and endometrium have been suggested as etiologic.
Pridjian et al. published a case report of a patient conceiving 16 yr after treatment with 7000
rad of external beam radiation therapy for clear cell sarcoma (14). This patient required
a hysterectomy for placenta percreta diagnosed after a 13-wk spontaneous abortion.

This lends support to the hypothesis that radiation damage affects the uterine micro-
structure. MRI has been used to study the immediate and long-term effects of radiation ther-
apy on the uterus (15). Atrophic and fibrotic changes in the myometrium and endometrium
can be seen as early as one month after therapy. Radiation exposed premenopausal women
had significantly decreased uterine volumes when compared to unexposed controls.
Critchley et al. compared the uterine structure of ten women with radiation-induced POF
with 22 women with POF unrelated to radiation (16). They treated these women with 28
d of exogenous estrogen therapy and measured uterine length, mean endometrial thickness,
and uterine blood flow. All parameters were significantly decreased in the radiation-
exposed women. It can be assumed from these studies that radiation therapy can affect
pregnancy by disturbing placentation, uterine blood flow, or uterine distensibility.

Interestingly, our patient was also noted to have a uterine septum. This is the first
report of a müllerian duct abnormality in a woman with a neuroblastoma as well. Whereas
this may be an incidental finding unrelated to her malignancy, Morales et al. previously
reported the occurrence of a solitary pelvic kidney and neuroblastoma in a child. In addi-
tion, neuroblastoma has been associated with several developmental defects of nonuro-
genital origin (17). The incidence of this abnormality is difficult to assess because it may
be found in women with normal reproductive outcomes. Tho et al. reported finding a
septum in 10% of women with recurrent spontaneous abortion (18). Several authors have
demonstrated that, in this set of patients, the surgical removal of the septum significantly
decreases pregnancy loss and improves pregnancy outcome (19–21).

As this patient has conceived several times, it is possible that she may conceive again.
However, the likelihood of her maintaining a pregnancy is very low. Contraception,
therefore, would be recommended. Hormonal contraception, as mentioned earlier, would
not be effective for this patient. Recommendations include barrier contraception or an
intrauterine device.
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CASE #4: HYPOTHALAMIC AMENORRHEA

Case Description
This 28-yr-old Asian-American female presented for the evaluation of secondary

amenorrhea at age 24. Menarche began at 13 yr of age and was followed by several years
of irregular periods. At age 16, her menses stopped and she remained amenorrheic until
her presentation. She denied any significant change in lifestyle or activity. There was no
antecedent weight loss or illness. She was not depressed and denied a history of eating
disorders or anosmia. Her examination was significant for Tanner stage 4 breast devel-
opment and Tanner stage 5 axillary and pubic hair development. Her vagina, however,
was severely atrophic, suggesting long-term hypoestrogenism. There was no indication
of other endocrine disorders.

Serum FSH was <5 mIU/mL, LH was 6 mIU/mL, TSH was 4.1 µU/mL, and prolactin
was 18 ng/dL. Because the low gonadotropins suggested a hypothalamic–pituitary abnor-
mality, an MRI was performed to image her sella turcica and this was within normal limits.

Dynamic pituitary testing was performed with 100 µg of GnRH and 25 g of arginine.
FSH, LH, prolactin, and growth hormone (GH) responses were within normal limits.
Therefore, functional hypothalamic amenorrhea (FHA) was diagnosed. She was placed on
a daily dose of 1.25 mg of conjugated equine estrogens (CEE) and a cyclic dose of 10 mg
of medroxyprogesterone acetate for days 1–12 of each month. Normal menstrual flow
was established with this dose regimen.
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The patient remained on estrogen replacement for 6 yr. She returned to the office, with
her husband, at age 29 to discuss ovulation induction. After a long discussion, the couple
opted for stimulation with intravenous pulsatile GnRH. An intravenous line was placed
and attached to a small infusion pump that delivered a dose of 3 mcg of GnRH every 90
min. After 10 d of stimulation, an ultrasound was performed. Several small follicles were
noted, but no dominant follicle was seen. Stimulation was continued for an additional 3 wk.
Although her endometrial lining thickened (0.9 cm), indicating adequate levels of estro-
gen, no mature follicles were noted. Therapy was discontinued and menses was induced
with progestin therapy. A second course of GnRH infusion was performed. As with the
first attempt, growth of multiple follicles was noted without a mature dominant follicle.

Further options for ovulation induction were discussed. These options included con-
tinuation of the GnRH pump with adjustment of the amplitude and/or frequency of the
pulse, the addition of an opioid inhibitor (i.e., naltrexone) to the pump regimen, and the
use of injectable gonadotropins. The couple opted for gonadotropin therapy and began
daily injections of 150 mIU of purified urinary gonadotropin. The patient had excellent
ovarian stimulation and had three mature follicles on cycle day 12. She was given human
chorionic gonadotropin (10,000 IU) to trigger ovulation and instructed to have inter-
course the following evening. The couple conceived triplets.

Discussion
This patient had a long-standing history of amenorrhea and a severely atrophic vagina

suggesting hypoestrogenism. Because there were no signs of another endocrine disorder,
and no history to suggest an anatomic abnormality, the differential diagnosis was primarily
limited to disease processes of the hypothalamic–pituitary–gonadal axis. The differential
diagnosis included premature ovarian failure (POF), a lesion of the hypothalamic–pitu-
itary region, and hypothalamic chronic anovulation. POF describes a syndrome of hyper-
gonadotropic hypogonadism in women under the age of 40 (1). The diagnosis is easily
distinguished from the other causes of estrogen deficiency because FSH is significantly
elevated. Treatment for these patients must include hormone replacement therapy (HRT).
Although this can be accomplished with “traditional” menopausal replacement regi-
mens, young women will often require higher doses of estrogen to alleviate symptoms such
as vaginal dryness. Therefore, replacement with oral contraceptives is often preferred.

Hypogonadotropic hypogonadism is due to abnormalities of the pituitary or hypo-
thalamus. The most common pituitary aberrations are neoplasms and the empty sella
syndrome. Prolactin secreting adenomas, the most common pituitary tumor, have been
estimated to cause approximately 7.5% of all cases of secondary amenorrhea (2). These
tumors arise from clonal expansion of a single lactotrope (3), and the hyperprolactinemia
is thought to increase hypothalamic dopamine release through activation of short-loop
feedback pathways. Dopamine inhibits GnRH secretion directly through dopamine recep-
tors on the GnRH secreting neuronal cells (4) and indirectly by increasing opioid-depen-
dent inhibition (5). Other pituitary or hypothalamic tumors may result in amenorrhea
either by interfering with hormonal feedback mechanisms or by mechanically interfering
with the hypothalamus and pituitary.

Hypothalamic amenorrhea is the result of alterations in the hypothalamic secretion of
GnRH. GnRH is produced by specialized neuronal cells found in the arcuate nucleus of
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the hypothalamus. Embryologically, these cells originate from epithelium in the olfac-
tory pit and migrate from the nasal region to the medial basal hypothalamus. GnRH is
secreted in a pulsatile fashion, via the tuberoinfundibular tract, into the portal venous
system connecting the hypothalamus to the pituitary. Because its half-life is approxi-
mately 2 min, and because very little hormone is present in the peripheral circulation, direct
measurement is impractical. However, because GnRH stimulates the pulsatile release of
FSH and LH, measurements of peripheral LH pulses have provided estimates of GnRH
pulse frequency and amplitude. In the follicular phase of the normal menstrual cycle, the
frequency is approximately one pulse every 90 min; in the luteal phase, pulse frequency
decreases and the amplitude of the pulse increases (6).

Amenorrhea also may result from congenital or destructive lesions of the hypothala-
mus. Kallmann’s syndrome results from the failure of the GnRH neurons to migrate from
the olfactory placode to the medial basal hypothalamus. Patients have an eunuchoid habi-
tus, incomplete development of secondary sexual characteristics, and amenorrhea (7).
Because of its association with the olfactory placode, these patients frequently present
with anosmia. Hand–Schüller–Christian disease, also known as Langerhans’ cell histio-
cytosis, is a rare cause of hypothalamic destruction by eosinophillic granulomas resulting
in panhypopituitarism. These patients present with a myriad of symptoms, often including
diabetes insipidus, visual disturbances, growth deficiency, obesity, and hypersomnolence.
Similarly, injuries to the hypothalamus may present with a number of symptoms depend-
ing on the extent of damage and the age of the patient at the time of injury.

Functional hypothalamic amenorrhea (FHA) occurs in women without any apparent
organic abnormality of the hypothalamus, pituitary or ovaries. Although studies have
shown that GnRH pulsatility is slowed in these women, the etiology of this slowed pulse
frequency in unclear (8). Because the disease is associated with stress and exercise,
researchers have investigated the role of opioids on hypothalamic–pituitary–ovarian
function. During stress, the hypothalamus produces increased quantities of corticotropin
releasing hormone (CRH) that stimulates the increased release of β-endorphins from the
pituitary. These endogenous opiates may affect menstrual regulation by stimulating the
release of prolactin and inhibiting the release of TSH. To investigate the role of this
pathway in hypothalamic amenorrhea, several investigators have administered nalox-
one, an inhibitor of µ and ε opioid receptors, to women with FHA and have demonstrated
that naloxone is effective in restoring normal menstrual function in some (but not all)
subjects (9). Similarly, dopamine blockade will restore normal LH pulse frequency in some
women with FHA (10). These studies strongly support a role of the opioidergic and dopa-
minergic systems in these patients; however, because all patients do not respond, these
studies also suggest that FHA is a heterogeneous process with multiple etiologies. Affected
hormones may include gonadotropins, prolactin, and TSH that are subtly decreased and
cortisol and growth hormone which are subtly increased (11).

The diagnosis of FHA is a diagnosis of exclusion. Therefore, patients should be eval-
uated for organic causes of hypothalamic–pituitary dysfunction. The history should inquire
about symptoms of endocrine disorders, neurologic changes, antecedent illnesses,
changes in weight, changes in activity, and major life events. A careful assessment should
be made to evaluate the individual for depression and eating disorders. The physical
examination should include a neurologic and fundoscopic assessment and a survey for
signs of endocrine diseases.
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Imaging and laboratory studies should be used to confirm the suspicion of hypotha-
lamic amenorrhea. An MRI is the preferred method to assess for structural lesions of the
hypothalamus and pituitary gland. In addition to its ability to image this area with remark-
able detail, an MRI can identify developmental defects of the olfactory placode associated
with Kallmann’s syndrome. Measurement of FSH, LH, TSH, and prolactin is essential.
If hypogonadotropinism is present, dynamic pituitary testing may be helpful.

The treatment of infertility is accomplished with ovulation induction. Possible thera-
pies include the use of pulsatile GnRH and injectable gonadotropin therapy. Pulsatile
GnRH is generally thought to be safer because the risk of inducing multiple follicles is
much smaller. Several studies, using a wide range of dosing regimens, have evaluated the
use of intravenous (iv) and subcutaneous (SC) GnRH therapy to induce ovulation. Sub-
cutaneous administration results in a slow absorption and a slow rise of gonadotropin. An
iv administration is more physiologic and is more successful in inducing ovulation when
compared to SC administration (~90% vs ~75%). Nonetheless, rates of conception are
very similar. Intravenous dosages range from 1 µg to 100 µg. Miller et al. demonstrated that
an intravenous pulse of 1 µg corresponds to the lower range of pituitary portal blood con-
centrations (12). Using this dose, Liu and Yen reported an 82% ovulation rate and 24.4%
pregnancy rate per cycle (13). Miller et al. demonstrated that a dose of 75 ng/kg (~3–4
µg) improved the ovulation induction to 95% and found no benefit to higher doses (14).
However, higher doses may be necessary when using the SC route. It should be noted that
the FDA has only approved pulsatile GnRH therapy for iv administration.

The major complication associated with the use of GnRH therapy is the potential for
infection of the indwelling catheter. Hopkins et al., in a prospective study of iv GnRH
therapy, found that 11% catheter tips were colonized with bacteria and 2% of women had
positive blood cultures. However, with the exception of local inflammation, there were
no cases of clinical sepsis (15). Hyperstimulation has never been reported with the use
of low-dose GnRH therapy and most pregnancies are singleton.

Patients who conceive with GnRH will need luteal support for their pregnancy until
the placenta begins to make adequate levels of hCG. GnRH pulses can be continued
during this time period, hCG can be given, or intramuscular progesterone (50 mg/d) can
be given. These techniques are identical with regard to their efficacy.

The etiology of the failure of GnRH pump therapy in this patient is unclear. Some
follicular development occurred, suggesting that gonadotropins were stimulated. There-
fore, changing the pulse frequency to 60 min or increasing the dose to 5 µg may have been
effective. This patient has a strong family history of PCOS. It is interesting that, when
GnRH pulses were established, she developed polycystic appearing ovaries. Because PCOS
has a strong hereditary component, it is conceivable that she has an underlying endocrin-
opathy similar to PCOS. This may also be further supported by her vigorous response to
injectable gonadotropins.

Clomiphene citrate is often ineffective because it acts at the hypothalamus. However,
because patients with FHA have low levels of GnRH production (as opposed to no pro-
duction), clomiphene induction of ovulation may be possible for some affected women.
The patient had extremely low levels of gonadotropins; therefore, we would not expect
her to respond to clomiphene. Opioid and dopamine antagonists have been utilized to
induce ovulation in FHA patients. Although several investigators report success with
these drugs in select groups of patients, these results have not been consistent. These
agents are not typically used in clinical practice.
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CASE #1: A PREGNANT WOMAN
WITH ADDISON’S DISEASE AND HYPOTHYROIDISM

Case Description
A 34-yr-old Caucasian female was managed by her primary physician for a history of

Addison’s disease and hypothyroidism. She was admitted in August with a 4 d history
of generalized weakness, postural lightheadedness, and a marked increase in muscle
cramping.

She had been diagnosed with Addison’s disease at age 17 and subsequently treated
with prednisone. She had not been treated with fludrocortisone, but had always craved
salt and had numerous admissions for Addisonian crises over the previous several years
with no clear precipitants. She described increasing myalgias over a 5-mo period. Four
days prior to admission, she presented to her primary physician with increasing fatigue
and muscle weakness. As she appeared Cushingoid, her prednisone was decreased from
5 mg tid to 5 mg bid and she was started on fludrocortisone 0.1 mg daily. She experienced
increasing muscle weakness and cramping over the subsequent 4 d prior to her admission.
She denied abdominal pain, nausea, or diarrhea.

Hypothyroidism had been diagnosed at age 19. She was treated with levothyroxine
0.1 mg daily, but had experienced progressive weight gain, dry skin, brittle nails, hair
loss, cold intolerance, and constipation over the previous year. The levothyroxine dose
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was increased to 0.125 mg daily 2 mo prior to admission when her thyroid stimulating
hormone (TSH) was found to be 9.13 µU/mL. TSH normalized to 0.63 µU/mL, but she
experienced little symptomatic improvement.

Her menarche was at age 12 with regular menses, originally. She experienced oligo-
menorrhea with the onset of her Addison’s disease, with only two cycles per year. No
investigations were initiated, and no treatment was given. Despite ongoing oligomenor-
rhea, she became pregnant at age 32, and had a therapeutic abortion because of worsening
of her Addison’s disease. Her last menstrual period was 2 mo prior to admission, and she
denied sexual activity during that interval.

She had a history of hyperlipidemia (cholesterol 294 mg/dL, triglycerides 366 mg/dL,
HDL 54 mg/dL, and LDL 167 mg/dL) and was originally treated with simvastatin, but
complained of myalgias. Four months prior to admission, she was switched to cholestyr-
amine 4 g bid, taken 1 h after her other medications. The myalgias did not improve with
the discontinuation of the simvastatin or with the increase in her levothyroxine and nor-
malization of her TSH.

Her family history was significant for thyroid disease in her sister and paternal grand-
father, systemic lupus erythematosus (SLE) in her father, and ischemic heart disease in
her father in his 50’s.

On examination, her BP was 90/60 mmHg with a 20-mm orthostatic drop, and a supine
heart rate of 115 and regular. She was Cushingoid with central obesity, preauricular, supra-
clavicular, and cervical fat pads, and pigmented striae on her breasts and abdomen. She
had diffusely increased skin pigmentation, particularly on the buccal mucosa, areolae,
and perineum. There was only minimal sexual hair in her axillae and pubic areas. She had
proximal muscle girdle weakness but normal reflexes.

Laboratory values on admission included a sodium of 125 mEq/L, potassium 4.8 mEq/L,
chloride 87 mEq/L, and bicarbonate 19 mEq/L, glucose 91 mg/dL, BUN 10 mg/dL, crea-
tinine 0.7 mg/dL, and magnesium 1.1 mEq/L. She was treated with methylprednisolone
40 mg IV + 4 L of 0.9 NaCl and 2 g MgSO4. She was found to be 9 wk pregnant.

After resolution of the crisis, her electrolytes required frequent monitoring during the
pregnancy. Her sodium fell as low as 134 mEq/L and potassium rose to 4.4 mEq/L with
a bicarbonate of 20 mEq/L. She required steadily increasing doses of fludrocortisone up
to 0.6 mg/d, in order to stabilize her electrolytes in the normal range throughout the final
half of her pregnancy. Her Cushingoid appearance and proximal muscle girdle weakness
resolved, despite requiring hydrocortisone 40 mg daily, which she took in a tid dosing
of 20/10/10. She did not exhibit peripheral edema or hypertension throughout her preg-
nancy. She was given stress doses of hydrocortisone during labor and at delivery, which
occurred without complication. Postpartum, her Addison’s disease was managed with
prednisone 5 mg bid and fludrocortisone 0.1 mg daily, which maintained her potassium
levels in the normal range.

She remained euthyroid with a TSH of 0.9 to 1.12 µU/mL on levothyroxine 0.15 mg
daily throughout the pregnancy. Her magnesium ranged from 1.3 to 1.5 mEq/L on mag-
nesium oxide 64 mg qid.

A 1 h postbreakfast glucose was noted to be elevated at 181 mg/dL. At 19 wk gestational
age, she had a 3-h 100 g glucose tolerance test. Results were: fasting glucose 120 mg/dL,
1-h 297 mg/dL, 2-h 332 mg/dL, and 3-h 320 mg/dL. She was treated with diet and a mixed-
split insulin regimen of regular and NPH. By term, she required more than 120 U/d in
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divided doses. Her glucose levels were well controlled in the 61 to 92 mg/dL range prior
to meals. She delivered a boy at 39 wk gestational age, weighing 3410 g. Her post-partum
75-g OGTT revealed a fasting glucose of 67 mg/dL with a 2 h value of 80 mg/dL.

One year subsequent to her pregnancy, she developed premature menopause, which was
treated with conjugated estrogen 0.625 mg/medroxyprogesterone 5 mg daily. She devel-
oped alopecia of her eyebrows, eyelashes, axillary and pubic hair. In addition, she was diag-
nosed with systemic lupus erythematosus, involving her skin and joints. She experienced
a 35-lb. weight loss over 14 mo associated with large volume diarrhea with steatorrhea.
Endoscopic biopsy was negative for celiac disease.

Discussion
Multiple changes occur in adrenal steroid metabolism during normal pregnancy. Corti-

cotropin releasing hormone (CRH) levels, primarily of placental origin, increase substan-
tially and modulate both maternal and fetal adrenal axes (1). Unlike the hypothalamic-
pituitary-adrenal axis, increasing glucocorticoid levels provide a positive feedback on
placental CRH production, which does not exhibit a circadian rhythm (2). A CRH-bind-
ing protein is present in maternal plasma and in the amniotic fluid, binding CRH with
high affinity and reducing its bioactivity (3). The levels of CRH-binding protein are sim-
ilar to those found in the nonpregnant woman until the third trimester of pregnancy, when
they fall to one-third the previous levels (4). The unbound fraction of CRH stimulates
maternal adrenocorticotropic hormone (ACTH) secretion, contributing to the relative
hypercortisolism of pregnancy.

ACTH levels increase progressively during the second and third trimesters as a result
of both pituitary and placental secretion, and are not suppressed by rising glucocorticoid
levels. Despite the increase in placental ACTH, the normal maternal circadian rhythm of
ACTH secretion is maintained throughout pregnancy (2).

The fetoplacental unit has a marked capacity for steroidogenesis, which provides the
precursors for placental estrogen production, and plays a role in fetal lung maturation and
in the onset of labor. At the same time, maternal cortisol levels increase two- to three-
fold throughout pregnancy (5,6). The maternal zona fasciculata hypertrophies (7), and
maternal cortisol production increases mildly, though still maintaining a diurnal vari-
ation. There is an estrogen-stimulated increase in circulating transcortin, resulting in
an increase in total cortisol levels and a decreased rate of cortisol clearance (8). Free corti-
sol levels also increase, in part because of displacement of cortisol from transcortin by
progesterone (5).

The renin-angiotensin-aldosterone system demonstrates numerous changes as well.
Despite the increase in plasma volume with pregnancy, plasma renin activity increases
four-fold and plateaus at 20 wk gestational age (9), in part mediated by the pregnancy rise
in PGI2. Angiotensin II levels increase approximately three-fold by term, although there
is resistance to its pressor effects (10). Plasma mineralocorticoid levels increase five- to
seven-fold during gestation (6,9), although the zona glomerulosa does not enlarge (7).
Whereas aldosterone levels increase, its secretion continues to respond normally to phys-
iologic stimuli and varies inversely to changes in volume or dietary salt (11). The increase
in aldosterone secretion correlates with the pregnancy increase in GFR and with proges-
terone (12), which competitively inhibits sodium retention by aldosterone at the distal
renal tubules. Progesterone also demonstrates an antikaliuretic effect (11), and there has
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been a report of amelioration of hypokalemia during pregnancy in a woman with primary
aldosteronism (13).

Autoimmune Addison’s disease generally causes no problems with fetal development,
as the fetoplacental unit largely controls its own steroid milieu. Maternal antiadrenal
autoantibodies may cross the placenta, but usually not in sufficient quantities to cause
fetal or neonatal adrenal insufficiency (14). Although Osler observed intrauterine growth
retardation in offspring of women with Addison’s disease (15), this observation has not
been supported in most subsequent case series.

Many clinical features of Addison’s disease are found in normal pregnancies, including
weakness, lightheadedness, syncope, nausea, vomiting, and increased pigmentation. Addi-
sonian hyperpigmentation may be distinguished from chloasma of pregnancy by its pres-
ence on the mucous membranes, on extensor surfaces, and over nonexposed areas. The
adrenal insufficiency is associated with laboratory findings of hyponatremia, hyperkale-
mia, hypoglycemia, eosinophilia, and lymphocytosis. Plasma total cortisol levels may
fall in the normal “nonpregnant” range as a result of the increase in transcortin concentra-
tions but free cortisol levels are low.

Maternal replacement doses of corticosteroids usually are not different from those
required in the nonpregnant state, except during the course of “morning sickness” or dur-
ing labor and delivery. Mineralocorticoid replacement requirements usually do not change
during gestation, though some clinicians have decreased fludrocortisone intake in the
third trimester in an attempt to treat Addisonian patients who develop preeclampsia (16).
The patient described in this case report was atypical in her requirement for increased
fludrocortisone in order to avoid hyponatremia and hyperkalemia during gestation. This
was presumed to be a progesterone effect.

The adrenal crisis experienced by the patient when she presented in the first trimester
of pregnancy may have several etiologic factors. These include increasing hormonal require-
ments secondary to her pregnancy, the heat of August, and the potential for decreased
absorption of her hormone replacement in the presence of cholestyramine therapy.

This patient had polyglandular autoimmune syndrome, which continued to manifest
in the postpartum period. Appropriate therapy is defined by the individual conditions that
are present and the awareness of potentially silent disorders, such as pernicious anemia.
During gestation, she required a mild increase in her thyroid-hormone replacement, as
expected. The gestational diabetes did not appear to be related to the polyglandular syn-
drome, as her hyperglycemia totally resolved postpartum. Islet cell antibody and glutamic
acid decarboxylase (GAD) antibody levels were unmeasureable.
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CASE #2: PREGNANCY IN A PATIENT WITH MEN-2

Case Description
A 21-yr-old Caucasian woman with known uterine didelphys (double uterus and

cervix) was sent for an obstetrical ultrasound at 22 wk gestational age. During the course
of the ultrasound, the pregnancy was noted to be in the left uterine cavity and a left adrenal
mass was detected. Fetal growth was measured at the 41st percentile for gestational age.

The patient had a 2 yr history of daily “panic attacks” associated with an abrupt onset
of anxiety, palpitations, occasional chest tightness, lightheadedness to the point of pre-
syncope, headache, and diaphoresis. These symptoms resolved over the course of several
minutes. She described occasional symptoms of mild postural lightheadedness. She had
no documentation of hypertension during the course of her pregnancy.

Her family history revealed that her father died during a motor vehicle accident and
was discovered on autopsy to have bilateral pheochromocytomas. Family history was
also positive for colon carcinoma in her maternal grandmother and lung cancer in her
maternal grandfather. Her paternal grandparents had “thyroid problems” of unknown
type. Four paternal aunts and her father had SLE. A paternal aunt had diabetes mellitus.

On examination, her vital signs included a supine BP of 100/70 mmHg with a heart
rate of 90 and regular, with standing BP of 90/60 mmHg with a heart rate of 118 and reg-
ular. There was no evidence of neurofibromatosis or café-au-lait spots. Thyroid exami-
nation was normal. She had a II/VI systolic ejection murmur on cardiac auscultation. The
rest of her examination was unremarkable except for a gravid uterus of appropriate fundal
height. Fetal heart rate was in the 140s.

An MRI revealed a markedly enlarged left adrenal gland containing a large cystic
structure, 7 cm in diameter surrounded by a rind of adrenal tissue, with high signal on T2
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weighted sequences. She also had right adrenal enlargement of 4.2 × 4 × 3.8 cm with a
heterogeneous appearance. There also appeared to be a 1.2 × 0.6-cm left paraaortic lymph
node on T2 weighted imaging. A 24-h urine collection showed that VMA was elevated
at 21.4 mg (normal <8), with normetanephrine 4.6 ng (normal <0.89), metanephrines
10.0 ng (normal <0.39), and total metanephrines 14.6 ng (normal <1.2). She was treated
with lactated Ringer’s for volume replacement and started on phenoxybenzamine therapy,
titrating up to 60 mg bid. Her blood pressure ranged from 93/43 to 116/61 with mild pos-
tural tachycardia. Eventually she required propranolol 10 mg tid to control tachycardia,
and her phenoxybenzamine dose was decreased to 40 mg bid. She remained normoten-
sive with no postural changes. Her symptoms of panic attacks resolved for the first time
in 2 yr.

Her 1 h oral glucose challenge at 26 wk gestational age was normal at 102 mg/dL. In
view of her family history of pheochromocytoma, she had a screening calcitonin level of
37 pg/mL (normal 0–6.3) and an ionized calcium of 4.9 mg/dL (normal 4.75–5.20). A total
calcium was measured at 9.4 mg/dL with an intact PTH of <2.7 pg/mL (normal 0–55).

As she was stable on the phenoxybenzamine and propranolol therapy, definitive therapy
for her pheochromocytoma was deferred until after delivery. In view of the uterine
didelphys, premature labor was a risk. Therefore, operative delivery of the fetus, a frank
breech presentation, was scheduled after confirmation of fetal lung maturity. The patient
underwent a low transverse caesarean section at 36 4/7 wk gestational age under an epi-
dural anesthetic. A live female infant weighing 2728 g, Apgars 9 and 9, was delivered
from the left uterine horn without fundal pressure and without incident. Maternal blood
pressure remained in the 110–128/72–82 mmHg range intraoperatively. Postoperative
pain management included the regional anesthetic and PCA pump. Phenoxybenzine and
propranol were continued.

Two weeks later, she underwent bilateral adrenalectomy using an anterior subcostal
approach. Both adrenals contained encapsulated masses. The left adrenal mass was 10
cm in maximal diameter and had central cystic necrosis. Her right adrenal was 6.5 cm in
maximal diameter with a rim of normal adrenal tissue. The retroperitoneal lymph node
was not identified. Her blood pressure was well controlled throughout the surgery. She
was discharged on hydrocortisone 20 mg qam and 10 mg qpm. At the time, she was nor-
motensive with a BP of 122/58 mmHg (without medication) and a heart rate of 72, and
had no further postural complaints. A repeat MRI of the abdomen revealed no evidence
of hyperintensity on T2 weighted images 6 mo postoperatively.

Postpartum, her calcitonin level remained elevated at 44 pg/mL (nomal 0–4.6). RET
protooncogene testing revealed a mutation in exon 11 at codon 634, changing cysteine
to arginine. She had a total thyroidectomy, which revealed 2 foci of medullary carcinoma
measuring 0.5 and 0.3 cm, with bilateral satellite foci of C-cell hyperplasia. Postopera-
tively, her calcitonin was unmeasurable.

Discussion
Pheochromocytoma in pregnancy is associated with a dramatic increase in maternal

and fetal morbidity and mortality, particularly if the diagnosis is unrecognized prior to
delivery. The typical presentation of exacerbation of hypertension is frequently mistaken
for pregnancy-induced hypertension or preeclampsia (1). Potential maternal complica-
tions include hemorrhage into the neoplasm, hemodynamic collapse, myocardial infarc-
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tion, cardiac arrhythmias, congestive heart failure, and cerebral hemorrhage. These risks
may increase with increasing gestational age as the enlarging uterus and actively moving
fetus may compress the neoplasm.

There is minimal placental transfer of catecholamines (2,3), likely resulting from high
placental concentrations of catechol-O-methyltransferase and monoamine oxidase (2,4).
Adverse fetal effects are a result of catecholamine-induced uteroplacental vasoconstric-
tion and placental insufficiency (5–7), and of maternal hypertension, hypotension, or
vascular collapse.

As always, diagnosis of pheochromocytoma requires a high index of suspicion. Pre-
conception screening of families known to have MEN-2 or familial paraganglioma is
optimal. Availability of RET protooncogene testing has simplified this process in the
former group. In addition, patients with MEN-2A are more likely to have paroxysmal
hypertension and have higher rates of bilateral neoplasms than those with sporadic
pheochromocytoma (8). Genetic testing for families with a paraganglioma history are
being developed. Of interest is the inheritance pattern found in such families. Approxi-
mately half of the families involved demonstrate paternal transmission of this condition,
associated with particular gene mutations (9). Individuals with neurofibromatosis (10),
von Hipple-Lindau disease (11), or retinal angiomatosis should also be screened. Pheo-
chromocytoma also should be considered in pregnant women with severe or paroxysmal
hypertension, particularly when occurring in the first half of gestation or in association
with episodic symptoms of palpitations, anxiety, diaphoresis, or headaches. Orthostatic
hypotension is a common finding. Symptoms may present or worsen during pregnancy
because of the increased vascularity of the tumor and mechanical factors such as pressure
from the expanding uterus or fetal movement (6).

Biochemical diagnosis of pheochromocytoma is unchanged from the nonpregnant
state, as catecholamine metabolism is not altered by pregnancy per se (12). Urinary cate-
cholamines may be modestly elevated in preeclampsia and other serious pregnancy com-
plications requiring hospitalization, though they remain normal in mild preeclampsia or
pregnancy-induced hypertension (13). Catecholamine levels normally rise at the onset
of labor until the second day postpartum (14). If possible, methyldopa and labetolol should
be discontinued prior to the biochemical investigation, as these agents may interfere with
the quantification of the catecholamines and VMA (15). Provocative testing should be
avoided because of the increased risk of maternal and fetal mortality. Tumor localization
with MRI, with high intensity signals noted on T2-weighted images, provides the best
sensitivity without exposure to ionizing radiation. Metaiodobenzylguanidine (MIBG) scans
are contraindicated in pregnancy.

Initial medical management involves α blockade, with phentolamine, phenoxybenz-
amine, prazosin, or labetolol. Phenoxybenzamine is considered the preferred agent as it
provides long-acting, stable, noncompetitive blockade (6). Metyrosine has also been used
to reduce catecholamine synthesis in a pregnancy complicated by malignant pheochro-
mocytoma (16). β blockade is reserved for treating maternal tachycardia which persists
after full α blockade and volume repletion. Placental transfer of phenoxybenzamine
occurs (17), but is generally thought to be safe (18,19). β blockers may be associated with
fetal bradycardia and with intrauterine growth retardation, when used early in pregnancy
(12,20). These potential fetal risks are small compared to the risk of fetal wastage from
unblocked high maternal levels of catecholamines.
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The optimal timing of surgical excision of the neoplasm is uncertain, but may depend
on the success of the medical management. Hemorrhage into the tumor, pressure from
the uterus, motion of the fetus, and labor contractions are all stimuli that may lead to an
acute crisis and potential maternal and fetal mortality. In the first half of pregnancy,
surgical excision may proceed once adequate α blockade is established, although there
is a higher risk of miscarriage with first-trimester surgery. In the early second trimester,
abortion is less likely and the size of the uterus will not make excision difficult. If the
pheochromocytoma is not recognized until the second half of gestation, increasing uter-
ine size makes surgical exploration difficult. Successful laparoscopic excision of a pheo-
chromocytoma has been described in the second trimester of pregnancy (21). Other
options include combined cesarean delivery and tumor resection or delivery followed by
tumor resection at a later date. If possible, delivery is delayed until the fetus reaches
sufficient maturity to reduce postpartum morbidity, providing successful medical man-
agement exists. As this patient was well controlled on her medical therapy, delivery was
delayed until fetal lung maturity was confirmed with an amniocentesis.

Although successful vaginal delivery has been reported (22), it is thought to be asso-
ciated with higher risk of maternal mortality than cesarean section. Labor may result in
uncontrolled release of catecholamines secondary to pain and uterine contractions (23).
Severe maternal hypertension may lead to placental ischemia and fetal hypoxia. How-
ever, intensive pain management with epidural anesthesia and avoidance of mechanical
compression, employing techniques of passive descent and instrumental delivery, may
make vaginal delivery a possibility for patients that are well controlled with medical ther-
apy. As this patient was nulliparous with a frank breech presentation of the fetus, vaginal
delivery was not an option nor was version of the fetus, owing to the risk of potentiating
catecholamine release. Premature labor was likely in view of her uterine didelphys. There-
fore, a cesarean section was scheduled upon confirmation of fetal lung maturity.

There is no available information regarding the impact of maternal use of phenoxy-
benzamine on the nursing neonate. In this case, the patient pumped and discarded her
breast milk until the excision of her pheochromocytomas, then initiated breastfeeding.
Her daughter will be assessed with RET protooncogene testing.

Neither clinical nor histologic criteria may distinguish benign from malignant pheo-
chromocytoma. Therefore, lifetime follow-up of all cases is required, particularly during
future pregnancies.

Calcitonin levels may be elevated in individuals with pheochromocytoma, and normal-
ize after excision of the neoplasm (24,25). Studies of calcitonin levels in pregnancy provide
variable results. Some have found no significant change (26), whereas other investigators
report increased concentrations longitudinally through gestation (27,28). The supposition
is that the calcitonin may protect the maternal skeleton from excessive resorption (27).
In this case, the elevation in calcitonin persisted postpartum and postoperative excision
of the pheochromocytoma. This finding and the subsequent positive result of her RET
protooncogene testing confirmed the diagnosis of MEN-2, requiring thyroidectomy for
treatment of her medullary carcinoma.
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CASE #3: 31-YR-OLD WOMAN
WITH POORLY CONTROLLED TYPE 1 DIABETES, MULTIPLE

DIABETIC COMPLICATIONS, AND HYPEREMESIS GRAVIDARUM
Case Description

A 31-yr-old nulliparous Caucasian woman with a 17 yr history of type 1 diabetes melli-
tus presented at 9 6/7 wk gestational age in an unplanned pregnancy. She had never known
good diabetic control, was taking Lente insulin 40 U daily in the AM and did not monitor
her glucose. Her diabetes was complicated by proliferative retinopathy, requiring photoco-
agulation 7 and 4 yr previously. She was legally blind in the right eye and had diminished
visual acuity in the left eye. She also had bilateral cataracts. She was unaware of any renal
complications from her diabetes. She had a 4 yr history of paresthesias and numbness in
the lower extremities and had frequent symptoms of lightheadedness with postural changes.
For the year prior to her pregnancy, she experienced frequent episodes of nausea and
heartburn as well as constipation. She had no recent weight loss, heat intolerance, tremor,
palpitations, muscle weakness, or insomnia.

She was admitted to a peripheral hospital for nausea and vomiting and was found to be
pregnant. For the next 2 wk, she was treated with fluids and antiemetics, and then was dis-
charged on a 1900 kcal ADA diet and an insulin regimen of 8R/38L before breakfast and
4R before supper. She was seen 2 wk later in the emergency room for nausea and vomit-
ing, was treated with intravenous (iv) fluids, and was referred to maternal fetal medicine
at a tertiary care center.

At 15 4/7 weeks gestational age, she weighed 55.7 kg at 162.6 cm. Her recumbent
blood pressure was 158/100 with a heart rate of 92. It fell to 126/60 mmHg with a heart
rate of 100 upon standing. Her pupils responded sluggishly to light, and funduscopy
revealed laser scars bilaterally. She had no thyroid eye findings. Her thyroid was normal
to palpation. Her skin was dry. Her patellar and Achilles tendon reflexes were absent, and
she demonstrated diminished proprioception, light touch, and pin-prick sensation below
the knees. She had a small healing ulcer on the left great toe.

Laboratory values included a hemoglobin A1c of 10.3%, sodium 134 mEq/L, potas-
sium 4.8 mEq/L, chloride 104 mEq/L, bicarbonate 25 mEq/L, BUN 23 mg/dL, creatinine
0.9 mg/dL, total protein 5.6 g/dL, albumin 3.0 g/dL, and hemoglobin 11.1 g/dL. Her crea-
tinine clearance was 52 mL/min with a 24-h urine protein of 2.5 g. Her TSH was 0.12 µU/
mL with a free T4 of 1.56 ng/dL (normal 0.70–1.48).

She experienced recurring episodes of nausea and emesis and was treated with chlor-
promazine suppositories and metoclopramide 10 mg 30 min prior to meals. The emesis
continued, and she developed a Mallory-Weiss tear with hemoccult positive emesis and
a drop in hemoglobin to 8.5 g/dL. After bowel rest and iv fluids, a pureed diet was grad-
ually attempted. She kept the head of her bed elevated, remained upright for 2 h after
feeding, and was given a sliding scale of insulin doses, with regular insulin prior to each
meal and Lente given at breakfast and dinner. She experienced frequent hypoglycemia
with glucose levels varying from 39–380 mg/dL. During a 2 wk admission, she lost 1.6 kg.

Over the next 3 mo, she was readmitted three times for persistent severe nausea and
emesis. Despite dietary manipulation, prokinetic, antiemetic, and H2-blocker therapy, her
nutritional intake remained poor. It was estimated that she consumed only 54% of her
caloric needs and 76% of her protein requirements. She continued to demonstrate mark-
edly labile glucose levels and experienced two severe hypoglycemic episodes, including
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one marked by a seizure with decerebrate posturing. She was started on total parenteral
nutrition with insulin in the infusate and her blood glucose profile became consistent with
glucose levels in the 65 to 100 mg/dL range. Her TSH was now 0.5 µU/mL.

She developed a “pill roll” tremor and Parkinsonian facies, requiring discontinuation
of the metoclopramide and phenothiazines. Her renal status deteriorated and her hyper-
tension became more difficult to manage. Her creatinine rose to 2.1 mg/dL with a creatin-
ine clearance of 27 mL/min and 24-h urine protein of 5.1 g. Her serum albumin fell to
1.9 g/dL with a total protein of 4.2 g and she became severely edematous.

She developed preterm labor at 34 2/7 wk gestational age, and delivered a 1780 g male
neonate by C-section because of late variable decelerations and fetal acidosis on monitor-
ing. She continued to experience nausea and emesis postpartum, but gradually improved
to the point where oral nutrition could be reestablished, and she was discharged 24 d post-
partum with a serum creatinine of 1.3 mg/dL, creatinine clearance 45 mL/min, 24-h urine
protein 15.7 g, and a serum albumin of 2.9 g/dL.

Discussion
Hyperemesis gravidarum is defined as intractable nausea and vomiting during early

gestation, which can result in nutritional deficiencies, ketosis, dehydration, and electro-
lyte imbalance. It starts at 6–9 wk gestation, and usually resolves by 18–20 wk gestation.
It is generally idiopathic, but on occasion may be associated with an underlying pathol-
ogy. Possibilities of maternal hyperthyroidism and diabetic gastroparesis must be con-
sidered in this case.

Graves’ disease occurs in 0.1–0.2% of pregnancies (1), and must be considered in this
patient with a preexisting autoimmune disease. Autoimmune thyroid disease is approxi-
mately twice as likely to occur in individuals with type 1 diabetes mellitus as those with-
out diabetes (2,3). Hyperthyroidism may also complicate the management of diabetes
mellitus, contributing to erratic glucose control and increased insulin requirements.
Graves’ disease must be distinguished from the most common cause of hyperthyroidism
found in pregnancy, transient gestational hyperthyroidism of nonautoimmune origin.
The latter diagnosis requires no pharmacologic intervention and is secondary to high
levels of hCG. It is frequently found in conjunction with hyperemesis gravidarum (4–6).
Even in normal pregnancy, hCG may stimulate the thyroid and cause a decline in the TSH
level because of the structural homology between the TSH and hCG molecules and their
receptors (7). However, hCG molecules are heterogeneous, and modifications of its oligo-
saccharide side chain alters its TSH-like activity. Deglycosylated and desialylated forms
have the greatest thyrotropic effect, and are more often isolated from women with hydati-
diform moles and women with hyperemesis gravidarum (8).

Distinguishing between autoimmune thyrotoxicosis and transient hyperthyroidism of
hyperemesis gravidarum (THHG) may be difficult, as pregnancy is a hypermetabolic state
associated with increased cardiac output, tachycardia, systolic flow murmurs, warm skin,
and heat intolerance. Patients with THHG have few manifestations of thyrotoxicosis,
have no goiter, and their hyperthyroxinemia is generally transient and resolves by 18 wk
gestation without antithyroid drug therapy (9).Both the hyperemesis gravidarum and the
suppressed TSH appear to be tied to the elevation in hCG (6). The elevation in hCG
contributes to an elevation in estradiol levels that may contribute to the nausea and
emesis. Serum TSH levels decline and free T4 levels rise in response to the thyroid stim-
ulation by hCG (6,10). Total T4 levels are further elevated by the rise in TBG caused by the
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hyperestrogenemia of pregnancy. Antithyroid therapy should be considered for women
with a prepregnancy history suggestive of hyperthyroidism, overt manifestations of Graves’
disease, or with persistent hyperemesis and hyperthyroxinemia past 20 wk gestation.

Diabetic gastroparesis is a likely possibility in this patient with a known history of auton-
omic neuropathies and her one year history of episodic nausea (11). Diabetic gastroparesis
is linked to vagal autonomic neuropathy and is exacerbated by hyperglycemia, which dis-
rupts myoelectric activity (12,13). Severe gastroparesis may result in significant mater-
nal and fetal morbidity. Early satiety, nausea, and postprandial emesis may be exacerbated
by the “morning sickness” of early pregnancy, and by the mechanical compression of
the stomach by an enlarging uterus in the latter half of pregnancy. Intractable vomiting
may result in maternal and fetal malnutrition, hypoalbuminemia, dehydration, and an
increased risk of aspiration. The fetal malnutrition may not only result in intrauterine
growth retardation and increased neonatal morbidity and mortality, but may have a longer
impact on the child including increased risk for cardiovascular disease and type 2 diabetes
mellitus (14,15).

Erratic blood sugar control caused by a mismatch of insulin administration with nutrient
delivery to the small bowel is a hallmark of diabetic gastroparesis, and may be the only
manifestation of this autonomic neuropathy. Most of the diagnostic techniques to confirm
gastroparesis can not be used during pregnancy (13). Therapeutic interventions include
dietary manipulation, prokinetic agents, and specialized insulin regimens. As lipids and
indigestible fibers delay gastric emptying, frequent, small meals which are mechanically
soft and low in fat and insoluble fiber are consumed (16). Prokinetic agents such as meto-
clopramide and antiemetics are classified as Category B, but may be of use in improving
gastric emptying. An attempt at euglycemia is not only critical to pregnancy outcome,
but may improve gastric motility. Rapidly absorbed insulins, such as Lispro, allow the
administration of “meal” boluses after the blood glucose concentration starts to rise,
indicating nutrient delivery to the small bowel. Intensive glucose monitoring both pre-
and postprandially is required to institute such a regimen. This can be done on a baseline
of intermediate or long acting insulins, or in the setting of insulin pump therapy.

In a patient with severe gastroparesis which compromises nutrition over a prolonged
period, hyperalimentation becomes essential to provide positive nitrogen balance. Enteral
hyperalimentation would be the preferred method, so long as the feeding tube could be
placed beyond the gastric outlet and the risk of aspiration were minimized. Total parente-
ral nutrition is also an option (17–19), although the impact of the amino acid composition
and the fat emulsion on fetal brain development and well-being has not been adequately
studied in humans. The use of this modality also facilitates a more predictable require-
ment for insulin, thereby improving glycemic control.

Other autonomic neuropathies may also contribute to significant maternal morbidity in
pregnancy. Orthostatic hypotension is an infrequent complication of diabetic pregnancies.
Symptoms of severe orthostatic hypotension may be ameliorated by the volume expan-
sion of pregnancy (20), or may worsen with the normal decline in blood pressure accom-
panying pregnancy. Bladder dysfunction, with urinary retention and overflow incontinence,
could increase the risk of urinary tract infections. These should be screened for and treated
aggressively. Constipation would be exacerbated by pregnancy, and should be managed
with increased water intake and sugar-free bulking agents.

This patient demonstrated no worsening of her retinopathy during the pregnancy. How-
ever, a number of studies have demonstrated an association between retinopathy progres-
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sion during pregnancy and the severity of hyperglycemia at enrollment, as well as the
degree of improvement in control achieved in the first half of gestation (21–23). Analysis
of the pregnancies that occurred during the DCCT (24) demonstrates that pregnancy
itself adds independently to the risk of retinopathy progression.

This patient did demonstrate a worsening of her diabetic nephropathy, with worsening
proteinuria and hypertension. Numerous studies have shown that women with mild degrees
of nephropathy generally go through pregnancy with little permanent effect on renal func-
tion despite transient but substantial increases in proteinuria (25,26). However, patients
with moderate or severe nephropathy in early pregnancy may demonstrate an accelerated
decline in renal function that may continue postpartum (27,28). Pregnancy itself may
contribute to this decline, in addition to such factors as hypertension control, urinary tract
infections, and inability to use angiotensin converting enzyme inhibitors. The worsening
edema which she experienced as a result of her hypoalbuminemia, secondary to poor
nutritional intake and increasing proteinuria, may reduce subcutaneous insulin absorp-
tion and contribute to poor control (29).
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CASE 4: 33-YR-OLD PREGNANT WOMAN
WITH GRAVES’ DISEASE AND AN ENLARGING THYROID NODULE

Case Description
A 33-yr-old Caucasian woman with a strong family history of thyroid disease in her

three sisters, paternal aunt, and paternal great aunt was diagnosed with Graves’ disease
5 mo after she delivered a macrosomic infant (10 lbs., 10 oz.) at term. She complained
of a 1 mo history of heat intolerance, diaphoresis, irritability, tremor, lightheadedness,
insomnia, and palpitations. Her thyroid was three times normal size on palpation. TSH
was suppressed and her 24-h 123I uptake was elevated at 74% with a normal scan. She was
treated with propylthiouracil (PTU). Subsequently, her primary care physician managed
her Graves’ disease until she presented 3 yr later at 7 wk gestational age. At that time,
she was symptomatically euthyroid on PTU 150 mg bid with a TSH of 0.58 µU/mL and total
T3 201 ng/dL (normal nonpregnant values 80–180). Her PTU was decreased to 100 mg
bid, and her subsequent laboratory findings included a TSH of 0.43 µU/mL with a T3
of 268 ng/dL and free T4 0.8 ng/dL. A 3 × 2-cm smooth, mobile nodule was found in the
thyroid isthmus, with no associated lymphadenopathy. Over the subsequent 2 mo, the
nodule grew to 4 cm in size with no obstructive complaints. At 16 wk gestational age, a
fine-needle aspiration was performed. The cytology was consistent with papillary car-
cinoma. A near total thyroidectomy at 20 wk gestational age under a general anesthetic
was planned. In view of her Graves’ disease, the surgeon desired a 10 d preoperative prep-
aration with iodide therapy.

Discussion

Thyrotoxicosis occurs in approximately 0.2% of pregnancies (1). In general, hyper-
thyroidism is easier to control during pregnancy, perhaps because of the immunology of
pregnancy (1,2), which allows the successful allograft of foreign tissue, namely the fetus.
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This decline in immune surveillance includes a decrease in the CD4+/CD8+ ratio (3), a
depression of both humoral and cell-mediated immunity, and a decrease in thyroid anti-
bodies (4). The transplacental passage of soluble factors produced by activated fetal sup-
pressor T cells may also cause a transient decrease in the intensity of Graves’ disease during
pregnancy. The loss of these fetal suppressor T cells at delivery could result in the clin-
ically recognized postpartum exacerbation of Graves’ disease (5).

Untreated hyperthyroidism increases the risk of maternal congestive heart failure, severe
preeclampsia, preterm delivery, low birthweight infants, and perinatal mortality (6,7).
Maintenance of maternal free-T4 concentrations in the range of the upper normal limit
may be optimal for fetal thyroid function (8). Pregnant women with thyrotoxicosis should
be maintained on as low a dose of PTU as possible to avoid fetal hypothyroidism or fetal
goiter. Pregnant women tolerate mild degrees of hyperthyroidism without much difficulty.

It is controversial as to whether patients with Graves’ disease are more vulnerable to
thyroid cancer (9). Occult thyroid cancers appear to occur at the same rate as found in the
general population (10,11). The incidence of thyroid cancer in palpable cold nodules
approaches 25% in a patient with Graves’ disease (10). The thyroid carcinoma may be
more aggressive (11–14), suggesting a role for thyroid stimulating immunoglobulin (15).

Except in areas of marginal iodine intake, thyroid nodularity does not increase with
parity (16). The effect of pregnancy on the natural history of thyroid carcinoma is contro-
versial (17). Some have found no apparent effect (18–20), whereas others studies suggest
there is an increased risk of malignancy in nodules which develop during pregnancy (21–
23) and that the cancer may be more aggressive (24). The intrinsic TSH-like activity of
hCG has been postulated to play a role in the progression of cancers found early in ges-
tation (24). Current recommendations are that patients with nodules less than 2 cm in size
could delay the fine-needle aspiration and any needed surgery until postpartum.

Surgery is delayed until after the first trimester, as the spontaneous abortion rate is high-
est during that time. The risks of thyroid surgery in the second trimester are not well
described in the recent literature, though fetal loss may still occur. After 24 wk gesta-
tion, surgery may increase the risk of premature labor. Following a near total thyroid-
ectomy, thyroid hormone administration to suppress the TSH substantially below the
normal range may increase fetal risk (21). Radioactive iodine is absolutely contraindi-
cated during pregnancy. Induction of hypothyroidism for adjuvant radioiodine therapy
or scanning is delayed until the postpartum period, to avoid the fetal risks associated with
maternal hypothyroidism. As iodine is concentrated by the breast (25,26) and excreted
into breast milk, radioactive 131I administration should be delayed if breastfeeding is
desired as the radioactive iodine may be detected in the breast milk for several months (27).
Furthermore, the 131I dose should not be given for at least 3 mo after breastfeeding is
discontinued to avoid an excessive exposure to radiation in the lactating breasts that may
potentially increase the risk of breast cancer (28).

There have been numerous reports that describe the safety and efficacy of using
propranolol to prepare hyperthyroid patients for thyroid surgery (29,30). Despite this,
surgeons believe that iodine administration will reduce the vascularity of the gland,
minimizing intraoperative blood loss (31). Studies have not supported the putative bene-
fits of adding iodine to hyperthyroid patients prepared with propranolol (32), or to patients
rendered euthyroid with antithyroid drug therapy (33).

Because the surgical benefits of preoperative iodine administration are questionable,
what are the potential effects of maternal iodine therapy on the fetus? Iodine deficiency
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is considered the leading cause of intellectual deficiency in the world (34). The recent
NHANES III report indicates that iodine intake has declined 50% in the United States
since the NHANES I report was completed (35). As a consequence, the percentage of
individuals with iodine deficiency has increased more than four-fold, and now comprises
6.7% of pregnant women and 14.9% of women of child-bearing age (35). In areas with mild
to moderate iodine deficiency, maternal supplementation of iodine throughout preg-
nancy apparently improved the thyroid function of the offspring, with normal thyroid
volumes seen in the newborns (36,37). A more recent study with supplementation given
at term found higher cord levels of TSH, suggesting an inhibitory effect of iodine supple-
mentation on the fetal thyroid (38). This same picture has been seen in offspring of
iodine-deficient mothers who are exposed to iodine-containing disinfectants at delivery
(39,40). This fetal thyroid inhibition does not occur when iodine is given to iodine-replete
mothers (41). In the past, iodine therapy given to pregnant women with Graves’ disease
was associated with the development of fetal goiter (42). This complication has not been
seen in the offspring of pregnant women with milder forms of Graves’ disease who were
treated with iodine alone during their pregnancies (43). Although prolonged courses of
iodine could potentially cause a fetal goiter, a short 7 d preoperative course, if it is neces-
sary, should not cause problems.
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CASE #1: CORONARY ARTERY DISEASE

Case Description
A 53-yr-old woman was diagnosed with type 1 diabetes mellitus in 1960 at the age of

15. She initially presented with weight loss, frequent urination, and an increased appetite.
She has been treated with insulin since her initial diagnosis, having been started on a mul-
tiple daily injection (MDI) program in June 1992. Her diabetes was under good control
with her glycosylated hemoglobin ranging from 7.4–8.6% (normal range 4–7%) after the
MDI program was instituted.

Complications related to diabetes to date include microalbuminuria and mild periph-
eral neuropathy. Concomitant medical problems include mitral valve prolapse and
fibromyalgia. She was on no other medications besides insulin, particularly no estrogen
replacement. She has had intermittent chest pain previously, including a hospital admis-
sion in 1992 with dyspnea and a positive electrocardiogram (ECG). Follow-up exercise
thallium perfusion study was unremarkable; therefore, symptoms were attributed to an
acute panic attack.

In September 1995, her father died. At this time, she began experiencing significant
chest discomfort. She was given the diagnosis of pleurisy and coexistent gastroesoph-
ageal reflux. She was transiently treated with a nonsteroidal without benefit. The reflux
was treated with an H2 blocker and then omeprazole without relief. This discomfort was
evaluated with a computed tomography (CT) scan of the chest (routine, without iv con-
trast) in October 1995, which showed mild emphysematous changes (known smoker) in
the upper lungs, as well as coronary artery calcification.

*Deceased.
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By December 1995, she was referred to a cardiologist. Her ECG showed normal sinus
rhythm, ventricular rate of 78 bpm, and a nonspecific T-wave abnormality. Her chest
discomfort basically had three components. First, cold-induced pain that usually lead to
upper anterior chest burning. Often, this chest discomfort would lead to belching and
vomiting. She had one episode of severe discomfort that was relieved by breathing warm
steam. Second, heartburn that was clearly exacerbated when supine, consistent with gas-
troesophageal reflux. This symptom was relieved by over-the-counter antacids. Third,
pleurisy that had improved since September 1995. Despite these findings and symptoms,
as well as her risk factors for coronary artery disease, including type 1 diabetes mellitus
and previous smoking history [no history of hypertension, hyperlipidemia [LDL-107] or
family history of coronary artery disease (CAD)], the cardiologist stated that her pain was
atypical and not likely to be cardiac related. At this same time, she underwent pulmonary
function testing that yielded a positive methacholine challenge and otherwise was within
normal limits. She was subsequently started on an albuterol meter dose inhaler.

On the same day, she saw a gastroenterologist in consultation. She described symptoms
of excessive vomiting and the inability to keep food down. She would basically vomit what-
ever she ate without any retention features. Her symptoms also included nausea, wretch-
ing, and heartburn, which was described as substernal radiating to the intrascapular area.
Previous upper endoscopy was unremarkable. Ultrasonography of the upper abdomen
was unremarkable. The cause of her vomiting was unclear, but she was given another
therapeutic trial of omeprazole and the promotility agent, cisapride. The gastroenterol-
ogist felt that further studies would be necessary if relief was not achieved on this regi-
men, considering the possible diagnosis of diabetic gastroparesis.

When she returned in April 1996, she continued to complain of difficulty breathing
and wheezing. Her nausea and vomiting had improved on the cisapride and omeprazole.
She was referred to an allergist for further evaluation of asthma. The allergist thought her
symptoms were consistent with asthma, so inhaled corticosteroids were added in addi-
tion to the albuterol inhaler. She also achieved improvement on this regimen.

During follow-up with her endocrinologist in April 1996, she stated that she was having
episodes of diffuse upper anterior chest tightness followed by heaviness and neck tight-
ness. She was also bothered by numbness of the upper arms. Her vomiting had improved
significantly by this time. These persistent symptoms lead to referral for dobutamine stress
echocardiogram. Findings suggested ischemia in a multivessel coronary artery distribu-
tion. This was followed with a coronary artery angiogram that showed three vessel dis-
ease. She was then referred for a coronary artery bypass graft (CABG).

Following her CABG, her symptoms of nausea/vomiting and asthma essentially
abated. She no longer required the use of H2 blockers, proton pump inhibitor, β agonists
nor inhaled corticosteroids.

Discussion
This case illustrates the vast and atypical nature of CAD in patients with diabetes. CAD

remains the most prevalent cause of morbidity and mortality in women with diabetes.
Historically, this has been well documented in women with type 2 diabetes, but it also
applies to type 1 diabetes. The clinical symptomatology of women with CAD is inher-
ently different than men. On average, women are approximately 10 yr older at the time
of initial presentation (1). In general, a woman’s chest pain is more likely to be associated
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with abdominal pain, dyspnea, nausea, and fatigue. The diagnosis of CAD can also be
clouded by concomitant problems such as osteoarthritis and fibromyalgia (as in our
case). It has been stated that women with CAD have better-defined risk factors such as
diabetes, hypertension, hypercholesterolemia, and a family history of CAD (1). In our
case, a confounding factor was our patient’s smoking history, her having recently quit.

In a recent prospective study by Galcera-Tomas et al., the prognostic significance of
diabetes in relation to gender was assessed. Diabetic women were noted to be usually
older and had a more prevalent history of hypertension and congestive heart failure. Also
noted was the higher incidence of heart failure and mortality in hospitalized diabetic
women with CAD (2).

Atypical presentations of CAD are often associated with/ attributed to diabetes. Because
of a high index of suspicion, the clinician is more likely to err on the side of further inves-
tigation in these patients with diabetes. In a study regarding diabetes and hospital admis-
sions, diabetes was not associated with a higher rate of acute myocardial infarction (MI),
but was associated with a higher hospitalization rate. The study concluded that physi-
cians have a “lower threshold” to admit patients with diabetes for further work-up (3).
This “lower threshold,” in addition to the atypical presentation of diabetic women, and
the increased prevalence of hypertension and congestive heart failure in this population
could certainly account for the higher rate of heart failure and mortality in diabetic women
during hospitalization, compared to diabetic men (4).

A recent study by Nesto et al. analyzed the incidence of silent MI assessed in 30 patients
with diabetes mellitus and peripheral vascular disease by dipyridamole thallium scintig-
raphy. Eleven patients had a prior clinically silent MI. Seventeen of the 30 patients had
reversible thallium defects, compatible with ischemia. Of note, the abnormalities were
primarily seen in patients with concomitant hypertension and cigarette smoking (4).

This case also illustrates the importance of choices in assessment of women with CAD.
Despite a previously positive ECG, exercise thallium scintigraphy was negative. Thal-
lium scanning in women does pose some testing error, particularly by breast tissue caus-
ing anterior perfusion artifacts (1).Recall that our patient had a previously negative exercise
thallium study that predated her symptoms. Dobutamine echocardiography, which led to
a diagnosis in our patient, is a useful test in women unable to exercise. The chronotropic
and inotropic effects lead to increased demand on the myocardium, subsequently yielding
visible wall motion abnormalities (1). However, pharmacologic stress (e.g., dobutamine)
echocardiography can be limited because of poor acoustic windows. This is especially
difficult in women. Stress echocardiography is also highly dependent on the experience
of the echocardiographer (5).

The ADA Consensus Statement on Coronary Heart Disease asked the question, “What
are the most appropriate tests to detect the presence of coronary heart disease?” The first
step in this decision tree should be deciding whether plans are to detect the presence of
CAD vs probability of a future event. Historically, patients with diabetes are not able to
satisfactorily complete a standard treadmill test; however, this would be a reasonable
test, if screening is desired, to begin an exercise program in addition to review of risk
factors and a resting ECG. If the patient has “typical or Q-waves on a resting ECG,” (or
an atypical anginal equivalent, as in our patient) a perfusion study would be the best choice,
combining the ability to both assess ventricular function and provide quantitation of
perfusion abnormality (5).
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Of late, electron-beam computed tomography (EBCT) is becoming established as a
screening tool for CAD. Many studies of EBCT to date have conflicting data regarding
predictability of events. Some relationships have been seen between calcification and
coronary events, yet significant stenosis can exist despite the absence of calcification (5).
Although our patient had coronary artery calcification on a routine chest CT, the clinical
suspicion of CAD, considering our patient’s symptoms, was low.

Aspirin therapy was instituted after her bypass surgery. At present, the current recommen-
dation of the American Diabetes Association regarding primary prevention with aspirin
include patients with a family history of CAD, smokers, hypertension, obesity (BMI > 27.3
females, > 27.8 males), abnormal lipids (total cholesterol > 200 mg/dL, LDL > 100 mg/dL,
HDL < 45 mg/dL (men)—< 55 mg/dL women, triglycerides > 200), age > 30 yr. In pre-
vious studies, it has been shown that aspirin in doses as low as 75 mg/d are effective in
reducing thromboxane synthesis (6). The Early Treatment Diabetic Retinopathy Study
(ETDRS) has established that aspirin is even safe in patients with known retinopathy,
stating “aspirin neither prevented the development of high-risk proliferative retinopathy
nor increased the risk of vitreous hemorrhage…” (7).

In the Bypass Angioplasty Revascularization Investigation (BARI) Study, a compari-
son was made between the 5 yr clinical outcome between CABG and percutaneous trans-
luminal coronary angioplasty (PTCA). Although the overall 5 yr survival rates were similar,
survival in the diabetic subgroup was higher in the CABG group (80.6%) vs the PTCA
Group (65.5%) (8).

In a recent case-control study by Kaplan et al., postmenopausal estrogen use and risk
of incident MI was studied. Of the 122 patients, 8.5% of case and 13.9% of control subjects
were estrogen users. The risk of MI was noted to decrease with the length of time estrogen
was used. This study suggested that use of postmenopausal estrogen replacement does not
increase the risk of MI in women with diabetes and prolonged use may be of benefit (9).

The American Diabetes Association (ADA) Consensus Development Conference helped
define risk factors that warrant further cardiac testing (Table 1) (5).

In summary, this case illustrates many salient facets in prevention, diagnosis, and treat-
ment of CAD in diabetes, especially in women. Careful history taking, risk factor stratifi-
cation, and modification (including cessation of smoking, treatment of hyperlipidemia,

Table 1
Indications for Cardiac Testing in Diabetic Patients

Case 1*

Testing for CAD is warranted in patients with the following:

1. Typical or atypical cardiac symptoms.
2. Resting electrocardiograph suggestive of ischemia or infarction.
3. Peripheral or carotid occlusive arterial disease.
4. Sedentary lifestyle, age ≥ 35 yr, and plans to begin a vigorous exercise program.
5. Two or more of the risk factors listed below in addition to diabetes:

a. total cholesterol ≥ 240 mg/dL, LDL cholesterol ≥ 160 mg/dL, or HDL cholesterol 35 ≤ mg/dL;
b. blood pressure > 140/90 mmHg;
c. smoking;
d. family history of premature CAD;
e. positive micro/macroalbuminuria test.

*From (5) with permission.
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and treatment of hypertension) as well as other modes of primary prevention (estrogen
replacement therapy (ERT) and daily aspirin therapy) should be considered in patients
with diabetes.
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CASE #2: LATENT AUTOIMMUNE DIABETES IN ADULTS

Case Description
This fit, 75-yr-old male flight engineer was initially diagnosed with type 2 diabetes

mellitus at the age of 73. At the time of diagnosis in November 1997, he was hospitalized
with a deep-seated staphylococcus aureus infection following arthroscopic left rotator
cuff repair. He was initially treated with insulin at the time of diagnosis, but later was
switched to the combination of metformin and troglitazone by his primary physician. With

Table 2
Current ADA Consensus Statement Definitions

for Abnormalities in Testing for Albumin Excretion
Case 3*

24-h collection Timed collection Spot collection
Category  (mg/24h)  (µg/min) (µg/mg creatinine)

Normal  <30  <20  <30
Microalbuminuria  30-300  20-200  30-300
Clinical albuminuria  >300  >200  >300

Because of variability in urinary albumin excretion, two of three specimens collected
within a 3- to 6-mo period should be abnormal before considering a patient to have crossed
one of these diagnostic thresholds. Exercise within 24 h, infection, fever, congestive heart
failure, marked hyperglycemia, and marked hypertension may elevate urinary albumin
excretion over baseline values.

*From (14) with permission.
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failure of these agents to provide adequate glycemic control, in June 1999 he was started
on insulin. At the time of referral, he was taking NPH, 10 U q AM and 10 U q PM and
Rosiglitazone 4 mg daily (added 2 wk prior to presentation and subsequently discontinued).

Concomitant other medical problems included hypertension and hyperlipidemia diag-
nosed in 1996.

His family history was significant for his mother having type 2 diabetes mellitus, and
dying at age 82 of cardiovascular complications. There was no family history of type 1
diabetes mellitus.

Laboratory results referral included a glycosylated hemoglobin of 10.4% (normal range
4.0–7.0 %). Fasting glucose was 79 mg/dL. His creatinine was 1.2 mg/dL. Lipid profile
yielded total cholesterol of 243 mg/dL, triglycerides of 116 mg/dL, HDL of 78 mg/dL,
and LDL of 142 mg/dL. Spot test for microalbuminuria (ratio of albumin/creatinine) was
72 µg/mg (normal range- <30 µg/mg).

A recent ophthalmology examination showed no evidence of diabetic retinopathy.
Subjectively, he noted some changes in sensation in his right hand (known right carpal
tunnel syndrome), but otherwise no numbness, tingling, or pain consistent with diabetic
neuropathy.

On examination, his blood pressure was 134/70 mmHg, pulse 60. He was a thin, tanned,
white male. Other vital signs included: height 175 cm, weight 70.1 kg, and body mass index
(BMI) of 22.9 kg/m2. There was no evidence of acanthosis nigricans. He had Dupuytren’s
contractures bilaterally. There was no evidence of structural abnormality of the feet. He
had normal reflexes bilaterally and normal sense of vibration bilaterally. The remainder
of his exam was normal.

Because his presentation was somewhat atypical for type 2 diabetes mellitus, the
decision was made to check C-peptide and glutamic acid decarboxylase (GAD) antibodies.
His C-peptide was 150 pmol/L (normal range 170–190 pmol/L). GAD65 antibody assay
was 237 nmol/L (positive value defined as ≥0.03 nmol/L) (1).

Discussion
Historically GAD antibodies have been associated with the Stiff-man (Moersch–Wolt-

man) Syndrome as well as type 1 diabetes mellitus (1). An early case report involved GAD
antibodies in a patient who had the Stiff-man syndrome, epilepsy, and diabetes mellitus
(2). The further investigation by Baekkeskov et al. lead to identification of the 65-kd
isoform of GAD as an autoantigen in type 1 diabetes in 1990 (3).

Latent autoimmune diabetes in adults (LADA) has been characterized by patients ≥25
yr, “masquerading “ as nonobese type 2 diabetes, initial control with diet or oral hypo-
glycemic agents, and eventual insulin dependency occurring within months to years (4).

In an attempt to characterize LADA, Tuomi et al. studied a population in Finland (5).
In this study, the prevalence of GAD antibody was 9.3% in type 2 patients, 3.6% in patients
with impaired glucose tolerance, and 4.4% in control subjects. Of the patients with GAD
antibody negative, islet cell antibodies were detected in 0.5%. This study defined some
clinical features of patients with GAD antibodies. First, these patients had a lower fasting
C-peptide concentration and a decreased insulin response to oral glucose. These patients
were also noted to have lower systolic and diastolic blood pressures, lower serum trig-
lycerides, and lower waist-to-hip ratios (primarily in men). This study concluded with
a formal definition for LADA—“GAD Ab positivity (>5 relative units) in patients older
than 35 yr at the onset of type 2 diabetes (5).”
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GAD antibodies have been cited as a possible mechanism in the secondary failure of
oral sulfonylurea agents. In a recent study from Japan, 11% of patients with secondary
failure of diet and/or sulfonylurea agents were found to have anti-GAD. Of great interest
in the same study, 23.8% of nonobese, insulin deficient patients were found to have anti-
GAD (6). This has also been well described in an Italian cohort of lean, newly diagnosed
patients with diabetes (7).

In the United Kingdom Prospective Diabetes Study (UKPDS) 25, islet cell antibodies
(ICA) and GAD antibodies decreased with increasing age at diagnosis (8). In addition,
patients with GAD antibodies or ICA had a higher HbA1c and a lower BMI than those
without antibodies (8).

GAD antibody testing may help in identifying patients at risk for developing type 1
diabetes mellitus in the near future. To date, it remains unclear whether anti-GAD posi-
tivity in nondiabetic patients represents slow β-cell destruction or whether it can be
attributed to part of the normal aging process (9). Of great interest, a recent report from
the Netherlands showed a low prevalence of anti-GAD in 50–80 yr olds with both normal
and abnormal glucose tolerance, somewhat refuting concerns regarding decreased posi-
tivity in relation to increased age (10).

Hatziagelaki et al. showed that “islet cell antibody status, BMI, and presence of thyroid
and adrenal antibodies showed no significant correlation to insulin requirement (<2 yr
after diagnosis).” In this same study, GAD 65 antibodies were found to be associated with
insulin dependency less than 2 yr after diagnosis (11).

Whittingham et al. studied stored sera of pregnant Finnish women who were eventu-
ally diagnosed with diabetes and showed the long latency of seropositivity of GAD anti-
bodies in women before the development of insulin dependent diabetes mellitus. The study
also showed the presence of anti-GAD in noninsulin dependent diabetes mellitus, which
the authors presumed, represented an NIDDM phase of autoimmune insulitis (12).

The question to whether early diagnosis of type 1 diabetes mellitus makes a long-term
difference in the care of these patients is answered by the Diabetes Control and Compli-
cations Trial (DCCT). In the DCCT, patients with type 1 diabetes mellitus were studied
to evaluated β-cell function with a stimulated C-peptide level following a standard, mixed
meal. A portion of the patients showing an elevated C-peptide level were started on inten-
sive insulin therapy. Patients with elevated, stimulated C-peptide level on an intensive
insulin program were found to maintain β-cell function as evidenced by yearly C-peptide
levels. The intensive therapy helped sustain the endogenous insulin secretion, lowering
the risk of hypoglycemia and improving metabolic control. The DCCT also confirmed
the importance of intensive therapy in reducing retinopathy progression and preventing
microalbuminuria (13).

Another question to address is whether all patients with the propensity to develop
type 1 diabetes have GAD antibodies. In a study by Littorin et al. the predictive value of
islet cell antibody (ICA) and GAD65 antibody (GADA) was studied in young adults 6 yr
following diagnosis of either type 2 or unclassified diabetes mellitus. Of great interest,
the sensitivity for eventual insulin treatment was 74% with the presence of ICA or GADA,
but with both ICA and GADA the specificity was 100% (14).

This patient presented with atypical features of type 2 diabetes mellitus, particularly
his lean body habitus and minimal response to an oral hypoglycemic regimen, prompting
GAD antibody testing. This case illustrates the need to carefully classify the type of dia-
betes, as well as the potential advantages of identifying patients who are antibody positive
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and really have type 1 diabetes. By early classification, a more effective treatment regimen
can be embarked upon and the complications associated with poor glycemic control may
be avoided. With early insulin treatment, islet cell functioning may also be preserved to
some extent. The residual insulin secretory ability may make glucose fluctuations more
stable and insulin management and glycemic control easier.
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CASE #3: CHANGING INSULIN REGIMEN

Case Description
This 44-yr-old man was diagnosed with type 1 diabetes mellitus at the age of 27, when

he presented with weight loss, frequent urination, and increased appetite. He was started
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on insulin at the time of diagnosis. There was no family history of diabetes mellitus. His only
concomitant medical problem is hyperlipidemia. He has no history of background diabe-
tic retinopathy (yearly ophthalmology visits dating back to 1983) or diabetic nephropathy.

Three years and 11 mo following the diagnosis of type 1 diabetes mellitus, he was
enrolled in the Diabetes Control and Complications Trial (DCCT). In the DCCT, he was
randomized to the “experimental” arm of the trial that included beginning an intensive
insulin regimen of three shots of regular insulin and one shot of ultralente each day.
(multiple daily injection [MDI] program). At entry into the DCCT (March 1987), his
hemoglobin A1c (HbA1c) was 7.8% (normal range 4.0–6.3%). Despite randomization to the
intensive insulin regimen, his HbA1c at the time of completion of the trial was 8.3%. The
lowest HbA1c achieved during the trial was 7.2%. The patient was quite compliant with
the intensive therapy. He experienced hypoglycemia usually two times per week. Despite
the study and intervention, his HbA1c did not improve.

In 1994, he was enrolled in the Epidemiology of Diabetes Intervention and Compli-
cations (EDIC) Study. At the time of enrollment, he was taking regular insulin 6 U before
breakfast, 6 U before lunch, and 17 U before dinner with Ultralente 26 U. His average
reflectance meter glucose (RMG) was 137 mg/dL, and his glycosylated hemoglobin prior
to enrollment was 10.3% (normal range 4.0–7.0%).

He was begun on lispro insulin in September 1996, soon after its release. His dose was
lispro 7 U before breakfast, lispro 7 U before lunch, and lispro 17 U before dinner (with
proper supplementation) and ultralente 35 U with the evening meal. After starting lispro,
there was some improvement in glycosylated hemoglobin, from 9.9% to 9.3%. With con-
tinued modifications to his regimen between December 1996 and September 1999, his
glycosylated hemoglobin ranged from 8.8 to 10.3%.

No long-term sequelae of his diabetes have been noted, including no significant back-
ground diabetic retinopathy and no microalbuminuria. No significant CAD has been
noted, but his risk factors include a 25-pack-yr smoking history and hyperlipidemia.

Despite close follow-up, he continued to have elevated blood sugars, particularly over-
night, checking RMG at 3 AM. He had no defined exercise program, but leads an active life-
style as a farmer. His current laboratory profile includes a fasting glucose of 234 mg/dL and
a glycosylated hemoglobin of 10.5%. A lipid profile showed a total cholesterol of 240 mg/
dL, an HDL cholesterol of 51 mg/dL, an LDL cholesterol of 148 mg/dL, and triglycerides
of 60 mg/dL. His creatinine was 0.9 mg/dL. His examination was essentially normal with
no evidence of diabetic neuropathy or diabetic retinopathy. In January 2000, he was started
on an insulin infusion pump.

Discussion
This case presents a complicated therapeutic dilemma and illustrates the considera-

tions to be made in modification of the intensive insulin regimen. Despite intensive treat-
ment of this patient, including being one of the original study subjects in the intensive
treatment arm of the DCCT, he continued to have elevated HbA1c values. Modifications
to his insulin program, including the substitution of lispro insulin for regular insulin,
made little impact on the control of his type 1 diabetes mellitus. Even during the DCCT,
the endocrinologist following the patient questioned whether the HgbA1c was correct, con-
sidering the RMG readings were well documented within a satisfactory range. The deci-
sion to switch him to an insulin infusion pump was made with hopes of decreasing glycemic
excursions and providing more predictable treatment of postprandial hyperglycemia.
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Lispro insulin is a short-acting insulin analog that has the sequence of the β chain
inverted at amino acids 28 and 29. In initial studies, lispro proved to have faster action
than regular insulin, virtually eliminating the previous waiting period postadministration,
prior to eating (1). In an MDI program, when compared to regular insulin, lispro insulin
gives a more physiologic profile and tends to lower glycemic excursions (2). Another
study by Colombel et al. not only supported the findings of decreased blood glucose
fluctuations and reduced hypoglycemia, it also confirmed that patients actually preferred
the lispro regimen (3).

Lougheed et al. confirmed the stability of lispro in infusion systems (4). In a 1996
study by Zinman et al. of continuous subcutaneous insulin infusion (CSII), the 1-h post-
prandial blood glucose was significantly improved on lispro versus regular (5). In 1998,
Melki et al. showed that lispro insulin could be effectively used in CSII and provided
better glycemic control than regular insulin without any significant change in the fre-
quency of hypoglycemic episodes. This study also verified that postprandial blood glucose
levels were particularly improved on CSII with lispro insulin (6). This is quite applicable
to this patient as it was suspected that he was having significant postprandial hypergly-
cemia as evidenced by a high glycosylated hemoglobin, yet with relatively normal pre-
prandial reflectance meter readings.

As described in the DCCT, both CSII and MDI are effective means of improving
glycemic control. In the DCCT, subjects were not randomly assigned to MDI. Patients
were first assigned to intensive treatment, and then the treatment team and the patient
decided the choice of MDI vs CSII (7). CSII-treated patients maintained a HbA1c of 6.8%
while patients with MDI maintained a HbA1c of 7.0%. Complications of hypoglycemia
with coma and seizure and diabetic ketoacidosis were reported to be modestly higher with
CSII vs MDI (7). CSII therapy requires some specific aspects of care. First and foremost,
both the physician and the healthcare team need to have a clear understanding of pump
function, appropriate patient selection, and preparedness for specific issues. According to
the American Diabetes Association (ADA) Position Statement, “… candidates for CSII
must be strongly motivated to improve glucose control and willing to work with their health
care provider in assuming substantial responsibility for their day to day care. They must
also understand and demonstrate use of the insulin pump, self-monitoring of blood glu-
cose, and use of data so obtained (8).”

Appropriate choice of candidates is essential considering both the costs of a CSII
device and the inherent risks and possible morbidity in patients without proper education.
Indeed, glycemic control with CSII can be poor or even unpredictable in the unprepared
patient, subsequently leading to risks of ketoacidosis and worsening of microvascular
disease. The ADA position statement also comments, “Factors to be considered in choos-
ing an insulin pump should include safety features, durability, availability of service by
manufacturer, ability of supplier to provide training, ease of use, clinically desirable
features, and cosmetic attractiveness to the user (8).”

Other benefits from CSII include findings from a study by Bode et al. which found that
severe hypoglycemia could be reduced in patients on CSII. This study basically switched
patients from an established MDI program to a CSII program after a minimum of 12-mo
time. The incidence of severe hypoglycemia declined from 138 to 22 events per 100
patient yr. HgbA1c remained essentially unchanged between the two modes of therapy,
but in patients who entered into the CSII portion of the study with a HgbA1c of ≥8.0%,
reductions in HgbA1c were noted (9).
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This case essentially parallels the advances that have been made in the past decade in
intensive insulin therapy. Despite involvement in the DCCT that confirmed the signifi-
cance of tighter glycemic control in preventing microvascular complications, the patient
had consistently elevated HbA1c values. Even during the study, the patient’s primary
physician did not believe the lab values. His story exemplifies a complicated problem, i.e.,
postprandial hyperglycemia seen in the type 1 population. Reasonable modifications were
made to his program, including changing the short-acting insulin to lispro with modest
benefit. This case confirms the necessity of careful follow-up and decision making with
intensive insulin regimens as well as considerations for appropriate use of CSII. With the
addition of CSII, his glycemic control has improved significantlpy.
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CASE #4: PROGRESSIVE DIABETIC NEPHROPATHY

Case Description
This 39-yr-old woman was diagnosed with type 1 diabetes mellitus at the age of 7 yr,

during an evaluation for chicken pox. Presenting symptoms included weight loss and fre-
quent urination and was found to be in ketoacidosis. Complications from diabetes at present
include neuropathy, nephropathy, and proliferative retinopathy. Her only other medical
problem is hypertension.

Her proteinuria was initially diagnosed in 1980 (age 20) on a routine urinalysis when
hospitalized for a staphylococcal infection following a spider bite. A 24 urine for protein
was 2.16 g. Her serum creatinine and iothlamate clearance were 0.8 mg/dL and 111 mL/
min/1.73 m2, respectively.

During this time, the patient was changed from a one injection daily insulin regimen
to a two injection daily lente program. Despite this change, her hyperglycemia persisted,
and her physician added regular insulin (LR-0-LR-0 program). In 1983, she was started on
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an MDI program, leading to improvement in glycemic control with a glycosylated hemo-
globin of 8.3%. Monthly blood pressure measurements remained below 140/90 mm Hg.

In October 1981, she first noticed right ankle edema. She was initially treated with
hydrochlorothiazide and later was switched to furosemide. Follow-up testing in 1986
showed a creatinine of 1.7 mg/dL, an increase from previous measurements of 1.5 mg/
dL (1984) and 1.4 mg/dL (1985). In 1987, enalapril therapy was initiated for persistent pro-
teinuria and mild hypertension. With the combination of furosemide and enalapril, her
blood pressure control improved. In 1991, her creatinine remained stable at 1.9 with an
iothalamate clearance of 45 mL/min/1.73 m2.

She returned in the mid-1990s after some time lost to follow-up because she married
and moved. She had remained on the combination of enalapril and furosemide. From
1995 to the present, she has remained on these two agents. Over this time period, her mean
glycosylated hemoglobin was 8.4%, blood pressure remained within normal range (108/
74–126/82 mmHg), and her urinary albumin levels fluctuated from 418 to 1116 mg/24 h.
Her level of renal function has remained relatively constant with iothalamate clearances
of 47 mL/min/1.73 m2 in 1997 and 45 mL/min/1.73 m2 in 1999.

Discussion
This case also parallels the changes in the standards of care in of diabetes. Nephropathy

related to diabetes is quite common. According to the United States Renal Data System
(USRDS) Report, 40% of end-stage renal disease from 1993–1997 was directly attrib-
uted to diabetes (1). The cost of treatment of diabetic patients with end-stage renal disease
was estimated in 1991 to be 2 billion dollars per year (2).

Diabetic Nephropathy can be defined by five distinct stages.

STAGE 1—THE HYPERTROPHY-HYPERFUNCTION STAGE

This stage occurs at the initial onset of type 1 diabetes mellitus. The glomerular filtra-
tion rate (GFR) is increased because of hyperfiltration. In addition, overall kidney size is
increased and glomerular hypertrophy is demonstrated on renal biopsy. Because of
hyperfiltration, microalbuminuria may be present but is reversible with better glucose
control (3).

STAGE 2—THE “RENAL-LESION-WITHOUT-CLINICAL-SIGNS STAGE”
As early as 2 yr after onset of disease, mesangial expansion and thickening of glomeru-

lar basement membranes are evident on a microscopic level. During this stage, micro-
albuminuria is only present with poor metabolic control, ketosis and strenuous exercise.
Otherwise, urinary albumin excretion is usually normal. With blood glucose levels below
250 mg/dL, the GFR remains elevated, but higher glucose levels are associated with a
decline in GFR (4).

STAGE 3— EARLY NEPHROPATHY WITH PERSISTENT

MICROALBUMINURIA AND HYPERTENSION

This usually occurs after 10–15 yr of disease. Blood pressure elevation is associated
with microalbuminuria and may first be noted in this stage. In the kidney, glomerular
histologic changes continue to progress. With years of experience showing that micro-
albuminuria is a predictor of renal disease progression, intervention is essential at or
before this stage (3).
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STAGE 4—OVERT NEPHROPATHY

The GFR begins to decrease, typically at a rate of 10 mL/min/yr. On renal biopsy,
diabetic nephropathy is classically characterized by nodular glomerulosclerosis, but
more commonly the diagnosis is based on clinical findings. Microalbuminuria has pro-
gressed to albuminuria by this stage (0.3 g/24 h), and the majority of patients have hyper-
tension. The decline in GFR may be slowed with appropriate antihypertensive therapy
and possibly better glucose control (3).

STAGE 5—END STAGE RENAL DISEASE (ESRD)
In diabetic patients, renal replacement therapy with dialysis or renal transplantation

is generally recommended once the GFR falls below 15 mL/min. In the past, this typically
would occur a mean of 15 yr from the development of proteinuria in patients with type 1
diabetes mellitus (3).

Treatment and prevention of diabetic nephropathy should be a two-tiered approach
from the initial diagnosis of diabetes. First and foremost, stringent control of blood glu-
cose levels is vital. Second, early identification and treatment of microalbuminuria, along
with management of blood pressure, complete this strategy.

The importance of glycemic control was clearly illustrated in the Diabetes Control and
Complications Trial (DCCT) (5). In this study, intensive insulin therapy either by mul-
tiple daily injections (MDI) or continuous subcutaneous insulin infusion (CSII) was
compared with usual insulin therapy. The occurrence of microalbuminuria (defined as
≥40 mg/24 h) decreased by 39%, and albuminuria (urinary albumin excretion ≥300 mg/
24 h) decreased by 54% (5). The continuation of the DCCT, the Epidemiology of Diabe-
tes Interventions and Complications (EDIC) study, showed that despite some increases
in hemoglobin A1C in the Diabetes Control and Complications Trial study groups, the
reduction of risk of nephropathy and retinopathy in patients on intensive insulin treat-
ment persisted (6).

The second essential approach is the addition of an ACE inhibitor. In 1993, the Col-
laborative Study Group reported a randomized, multicenter, placebo-controlled inves-
tigation showing that captopril had “kidney-protecting properties” (7). Although previous
small studies showed that ACE inhibitors could decrease the rate of progression from
microalbuminuria to clinical albuminuria, this study, performed in type 1 patients with
overt nephropathy, showed that captopril was able to delay progression of renal disease
as measured by a fall in creatinine clearance. This was one of the first major investiga-
tions to clearly show that ACE inhibitors protected against deterioration in renal function
above and beyond the antihypertensive effect of this class of drugs (7). In 1994, Hebert
et al. reported additional supporting data from the Collaborative Study showing that
remission of nephrotic range proteinuria was an attainable goal in the long-term care of type
1 diabetes mellitus (8). In the long-term follow-up of The Collaborative Study involving
409 patients with diabetic nephropathy, 108 patients randomized to captopril therapy and
control of blood pressure (mean SBP = 135 ± 6 mmHg, Mean DBP = 78 ± 4 mmHg), eight
of these patients had remission of diabetic nephropathy, and to date, six of these patients
remain in remission of nephrotic syndrome (9). Data from The Collaborative Study and
others have drastically changed the approach and standard of care in the prevention and
treatment of diabetic nephropathy.

Further benefits from the use of ACE inhibitors continue to be reported. The HOPE
Study (Heart Outcomes Prevention Evaluation) and Micro-HOPE Study demonstrated
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that with the use of the ACE inhibitor ramipril, not only was nephropathy decreased, but
there was also a lower risk of MI, stroke, cardiovascular death, a need for coronary
revascularization, and overall mortality (10). Currently, angiotensin subtype 1 receptor
antagonists (AT1RA) remain under investigation, but early studies show that they exert
equivalent effects to ACE inhibitors in both reducing blood pressure and proteinuria.
Although not considered first-line therapy at present, it has been suggested that AT1RA
could be used in patients intolerant of ACE inhibitors (11). Of interest, the combination
of an ACE inhibitor and a nondihydropyridine calcium antagonist has recently been
reported to reduce proteinuria greater than either agent alone (12).

The current American Diabetes Association position statement entitled “Standards of
Care For Patients With Diabetes Mellitus,” includes testing for microalbuminuria in
pubertal and postpubertal patients with disease duration of at least 5 yr and in all patients
with type 2 diabetes mellitus. In the absence of previously documented microalbuminuria,
the current recommendation is yearly testing. The three currently accepted methods for
evaluation of microalbuniria include: 1) Spot urine collection, measuring albumin-to-
creatinine ratio; 2) 24-h urine collection of albumin and creatinine (allowing the addi-
tional measurement of creatinine clearance); and 3) other timed interval collection (13).

In a recent review, Molitch summed up our present knowledge of diabetic nephropathy
stating, “The natural history of diabetic nephropathy has been clarified to a great extent
over the past 25 years, allowing identification of patients with nephropathy at a point very
early in their course, often 15–25 years before they might develop ESRD (15).”

This case illustrates the importance of early recognition and aggressive management
in preventing progression of diabetic nephropathy. In this case, early recognition of
nephropathy, intensive insulin therapy, aggressive control of blood pressure, and the
addition of an ACE inhibitor have made a significant impact on slowing the progression
of diabetic nephropathy.
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CASE #1: 40-YR-OLD OBESE MAN WITH PROGRESSIVE
POLYDIPSIA, POLYURIA, WEIGHT LOSS, AND HYPERGLYCEMIA

Case Description
A 40-yr-old African American male presents to the emergency room with a 2 wk his-

tory of upper-respiratory infection (URI) symptoms, progressively increasing polydip-
sia, polyuria, polyphagia, fatigue, nausea, vomiting, blurred vision, and a 10-lb. weight
loss. Three weeks prior to admission, his primary care physician started him on a sulfo-
nylurea for elevated blood sugars.

His past medical history is only significant for fungal infection in the groin area for
which he is using clotrimazole cream for the last 2 mo. His family history is significant
for diabetes mellitus (type 2) and hypertension in both grandparents, parents, and brother.
He works as a security guard and has smoked one-half pack cigarettes per day for 10 yr.
He is married and has two children. On review of systems, he denies any chest pain or
short-ness of breath. He reports a voracious appetite, and has been drinking 10 regular
sodas per day because of excessive thirst. In spite of eating and sleeping well, he feels
very tired and unable to concentrate at his work.

His physical examination reveals the following: weight 107 kg, height 180 cm, body
mass index (BMI) 33 kg/m2, temp 38.5ºC, blood pressure 139/74 mmHg, heart rate 110,
respiratory rate 14 breaths/min. Head and neck examination reveals poor dentition with
significant periodontal disease. Eye examination shows pupils that are normal and equally
reactive. Extraoccular movements are intact and funduscopic exam shows flat discs. The



304 Chu and Henry

chest and cardiac examinations are normal. His abdominal exam is remarkable for mild
central obesity. The genital examination reveals evidence of tinea in the inguinal folds.
The extremities demonstrate normal strength and sensation, with good pedal pulses, warm
to touch, scant tinea between the toes and no cutaneous ulcers.

The laboratory examination is notable for a white cell count of 17,000 cells per cubic
centimeter with 72% neutrophils, 22% lymphocytes, 3% monocytes, 3% eosinophils, a
blood glucose of 580 mg/dL, an anion gap of 28, an aretrial pH of 7.30, serum ketones
positive at 1:16 dilution, HbA1c 13.2%, cholesterol 174 mg/dL, triglyceride 400 mg/dL.
Antibodies done as an outpatient after discharge when the glucose was stable were posi-
tive for GAD and ICA.

Discussion
Diabetic ketoacidosis (DKA) is defined as a metabolic acidosis caused by significant

insulin deficiency. The physiologic abnormalities present with DKA include: 1) Chronic
hyperglycemia and glucose toxicity (glucose of 300–800 mg/dL); 2) acidosis caused by
catabolism of fat and buildup of ketone bodies (pH 6.8–7.3 and HCO3 <15 meq/L); 3)
low blood volume secondary to dehydration; and 4) hyperosmolarity is resulting from
renal water loss and dehydration from sweating, nausea and vomiting (1).

DKA results from an absolute or relative deficiency of insulin. In patients with type
1 diabetes, there is a total lack of insulin. In patients with type 2 diabetes, there is relative
insulin deficiency; circulating insulin is present, but there is an excessive secretion of
glucagon, catecholamines, cortisol, and growth hormone (counterregulatory hormones)
and insulin secretion cannot increase sufficiently to counter their effects (2). According
to the above criteria, this patient appears to be in mild DKA. He has all the key features:
glucose of 580 mg/dL, anion gap 28, and pH 7.30. He may be dehydrated as evidenced
by the tachycardia but with well maintained blood pressure.

So, does this patient have type 1 or type 2 diabetes? It is possible that this patient may
have type 1 diabetes. However, he has several factors in his history and presentation that
suggest that he has type 2 diabetes. The patient is 40 yr old. The incidence of type 1 dia-
betes in this age group is 17.2/100,000 person years vs 155.2/100,000 persons per year
for type 2 diabetes (3). He is also obese and has a significant family history of type 2 dia-
betes (4). The history of a prolonged course of polydipsia and polyuria is more consistent
with type 2 diabetes. Patients with type 1 diabetes usually present with a short duration
of symptoms before the onset of acidosis.

Individuals with type 2 diabetes can also present with DKA under certain conditions.
Those conditions include either poor nutrition that contributes to dehydration, severe
physiologic stress [i.e., infection, myocardial infarction (MI)], or chronic poor metabolic
control which further contributes to decreased insulin secretion, decreased peripheral
glucose uptake and increased hepatic glucose production with greater hyperglycemia (1).
The relative lack of insulin and excess of glucagon favors lipolysis with increased circu-
lating free fatty acids, which serves as a substrate for ketone body formation. This hormonal
imbalance also converts the liver to a ketogenic organ, using free fatty acids to produce
ketone bodies with resulting acidemia (2).

This patient has an elevated white blood cell count with fever and URI symptoms, which
all point toward a probable underlying infection that precipitated the metabolic decom-
pensation. He also has many signs and symptoms of poor glycemic control. Polyuria and
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polydipsia are symptoms of hyperglycemia leading to osmotic diuresis, hypertonicity,
and dehydration. Both periodontal and candida skin infections may be signs of poor gly-
cemic control (5,6). Of course, drinking 10 regular sodas a day does not improve and likely
worsens the hyperglycemia. Nonspecific symptoms such as lethargy, headaches, myal-
gia, and weakness are common under these circumstances. The gastrointestinal symptoms
of nausea and vomiting maybe related to ketosis and acidosis (2).

Regardless of the cause of the DKA, the cornerstones of therapy are to identify and
treat underlying precipitating events, administer fluids and insulin. First priority is fluid
replacement. Insulin therapy is only effective if fluid is given rapidly and in the early
stages. The total water deficit usually ranges from 50 to 100 mL/kg of body weight. Iso-
tonic saline (0.9%) should be given at the rate of 1.0 L in the first hour, then 1.0 L in 2 h,
and then 1.0 L every 4 h until the patient is well hydrated. Once the blood glucose has
fallen below 250 mg/dL, iv fluids are changed to 5% dextrose with 0.45% NaCl (2,7).
Potassium, phosphate, and bicarbonate replacement may also be necessary for certain
patients, depending on the severity of DKA. Aggressive therapy is not usually necessary
in type 2 diabetes. Most patients with type 2 diabetes can be treated successfully with
frequent (every 3–4 h) injections of regular insulin subcutaneously (5–15 U). Alterna-
tively, an insulin drip can be started at 5 U/h with adjustments based on frequent glucose
monitoring. The insulin infusion can be discontinued and intermediate acting NPH can
be started when the HCO3 is >15 meq/L and the patient can eat light foods and drink
liquids. If a source of infection is found, antibiotic therapy should be initiated early (1).

Why did the patient fail sulfonylurea therapy? Prolonged high levels of glucose have
a deleterious effect on β-cell secretory ability (8). Sustained elevation of the plasma glu-
cose also leads to an impairment of insulin action. The phenomenon is referred to as glu-
cose desensitization or toxicity (9). The result is often a temporary and usually reversible
inability of the patient to respond to sulfonylurea therapy. Ideally, insulin should be used
as initial treatment in newly diagnosed type 2 diabetes mellitus where there is ketosis and
acidosis, severe hyperglycemic symptoms or weight loss from prolonged hyperglyce-
mia. Some improvement in insulin secretion and action is likely to occur with normal-
ization of the blood glucose and reversal of glucose toxicity. After a finite period of near
normal glycemic control (1–3 wk), the patient’s exogenous insulin requirements will
probably decrease and reinstitution of therapy with an oral agent may be attempted with
a reasonable likelihood of success.

To make the more definitive biochemical diagnosis of type 2 diabetes, measurements
of c-peptide and insulin levels may be required. Patients with type 2 diabetes often have
normal or elevated c-peptide and insulin levels (9). However, these measurements must
be done after the patient recovers from the acute illness, when the blood sugars normalize
and the patient is off insulin.

Why does he have positive antibodies to GAD and ICA? Although islet cell antibodies
(ICA) and glutamic acid decarboxylase antibodies (GAD) are markers of autoimmune
β-cell damage and are present at onset in 70–80% of patients with type 1 diabetes, they
can also occur in a subset of adults with type 2 diabetes mellitus (10). A 10-yr follow-
up study by Niskanen et al. (11) showed that GAD antibody and ICA positivity at the time
of diagnosis was 9.0 and 3.8% in type 2 diabetic patients and 1.6 and 0% in the control
population. During the 10-yr follow-up, 2.3% and 7.5% of the diabetic patients devel-
oped absolute and relative insulin deficiency, respectively. Of these patients, GAD anti-
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body has a higher sensitivity in predicting the progression to absolute or relative insulin
deficiency. Another study (10) showed that among young adults with type 2 diabetes, the
phenotype of those with ICA or GAD antibodies was similar to that of classic type 1. They
also demonstrated that in older adults, the phenotype was closer to that of classic type 2
diabetic patients without antibodies. The presence of antibodies only predicted an increase
likelihood of exogenous insulin requirement. Therefore, a positive screening for GAD
could be used in patients aged younger than 45 yr at the time of diagnosis to indicate who
has an increased risk of requiring insulin therapy. Among GAD antibody positive patients,
the presence of ICA increases the likelihood that insulin will be required at an earlier
stage.

There are also other features that are common to the GAD antibody positive type 2
patients. They differ with respect to β- cell function, features of the metabolic syndrome,
and type 1 susceptibility genes. GAD antibody positive type 2 patients tend to have lower
c-peptide concentrations, insulin responses to oral glucose loads, systolic and diastolic
blood pressures, triglyceride concentrations, and waist-to-hip ratios, and increased fre-
quencies of HLA-DQB1* 0201/0103 compared to GAD antibody negative patients (12).
However, the frequency of genotypes comprising the *0302 allele was significantly lower
in GAD antibody type 2 diabetes than in type 1 diabetes.

During the hospitalization, this patient was well controlled on NPH and sliding scale reg-
ular insulin. He was instructed on proper diet and given training on home glucose measure-
ments. The fungal infection was treated by topical antifungal cream. The patient switched
to diet sodas and began to exercise regularly. When he returned to the clinic 1 mo after
discharge, he had lost 5 lb. and was requiring small amounts of subcutaneous insulin. He
was then started on Metformin, and the dose gradually titrated upward as insulin was slowly
weaned off. He will need to be followed closely to determine if insulin will be required
in the future.
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CASE #2: 52-YR-OLD MAN WITH LIPID
ABNORMALITIES AND CORONARY ARTERY DISEASE

Case Description
A 52-yr-old Caucasian male with recently diagnosed type 2 diabetes presented to the

emergency room with crushing chest pain radiating to the left side. His past medical
history is significant for obesity and hypertension for 4 yr. He has been taking glyburide
10 mg BID and fosinopril 20 mg QD for 6 mo.

He has a strong family history of hypercholesterolemia and coronary artery disease.
His father had a myocardial infarction (MI) at the age of 50 and his uncle had diabetes
and died of an inferior wall MI at the age of 56. His older sister also has hypertension and
is taking medications for hypercholesterolemia. The patient has smoked two packs of
cigarettes per day for 20 yr. He works as a computer analyst and spends a significant
number of hours sitting at his desk. He does not exercise or follow any dietary restric-
tions. On review of systems, he notes shortness of breath while walking. He denies any
previous history of chest pains.

His physical examination reveals the following: weight 121 kg, height 181 cm, BMI
36.9 kg/m2, blood pressure 149/95 mmHg, heart rate 93, respiratory rate 12. His skin is
without any rashes. Funduscopic examination reveals no evidence of retinopathy. He
does not have thyromegaly or carotid bruits. Chest and cardiovascular examinations are
normal. He has abdominal obesity with a waist circumference of 48 in. Examination of
the lower extremities reveals decreased vibratory sensation, 1+ posterior tibial and dor-
salis pedis pulses, and no ulcers.

Laboratory examination is notable for a fasting glucose of 190 mg/dL, HbA1c 8.6%, total
cholesterol 233 mg/dL, HDL cholesterol 27 mg/dL, LDL cholesterol 150 mg/dL, and tri-
glycerides of 280 mg/dL. TSH, LFT’S, BUN, and creatinine are all within normal limits,
but a spot urine for albumin:creatinine ratio is increased at 0.15 g/g (normal range: 0–0.03
g/g). An ECG shows 2 mm ST-T elevations across the anterior leads. A chest X-ray reveals
evidence of congestive heart failure with an enlarged heart and interstitial edema.

Discussion
This case illustrates a common cluster of traits in patients with type 2 diabetes mellitus.

This patient has multiple risk factors for coronary heart disease. He is a male, hyperten-
sive, diabetic who is older than 50 yr, has abdominal obesity, is a heavy smoker, has high
LDL cholesterol and triglyceride levels, has a markedly low HDL cholesterol level, and
has a strong family history of premature coronary artery disease (CAD) (1,2). Further-
more, he has microalbuminuria. Proteinuria is an important marker for diabetic nephrop-
athy, but may also be a surrogate marker for advanced atherosclerosis.

Lipid abnormalities that accelerate atherosclerosis and increase the risk of cardiovas-
cular disease are significantly more common in patients with type 2 diabetes than in non-
diabetic individuals. In addition, central obesity and the presence of microalbuminuria
in association with type 2 diabetes are risk factors for coronary heart disease. This com-
bination of cardiovascular risk factors result in substantially increased cardiac morbidity
and mortality in patients with type 2 diabetes. The Framingham Study found that the pres-
ence of diabetes doubled the age-adjusted risk for cardiovascular disease in men and
tripled the risk in women (3). In addition to increased risk, retrospectively analyzed data
on diabetic patients undergoing percutaneous transluminal coronary angioplasty (PTCA)
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showed frequent evidence of multivessel disease. Furthermore, these diabetic patients had
less likelihood of remaining free of infarction or additional revascularization at 5 yr and
asa result were more likely to have a worse outcome (4). Diabetic patients also have a higher
risk of developing postinfarction angina. A cause of these complications maybe a lack
of collateral blood flow (5).

As seen in this case, during an acute MI, patients with diabetes present with pulmonary
edema more commonly than do nondiabetic patients, suggesting that in spite of equiva-
lent infarct size and left ventricular ejection fraction, the diabetic ventricle tolerates
infarction poorly (6). A number of theories have been postulated for this increased suscep-
tibility and include diabetic cardiomyopathy resulting in diastolic dysfunction, reduced
ejection fraction and diminished systolic function, abnormal diastolic function, impaired
left ventricular diastolic relaxation, autonomic neuropathy, and decreased insulin sensi-
tivity resulting in a shift from anaerobic metabolism of glucose to fatty acid metabolism
with an increase in myocardial oxygen utilization (6).

Although this patient presented with symptoms, another important clinical finding in
diabetics is the lack of apparent chest pain, often resulting in silent ischemia (7). Silent
ischemia is thought to be caused by an alteration of the afferent and efferent limbs of the
autonomic nervous system (8–10). Autonomic dysfunction can promote the development
of ischemia and infarction by increasing the resting heart rate and myocardial demand,
as well as increasing the vascular tone, causing decreased blood flow.

The general treatment of MI in patients with diabetes is similar to that of nondiabetic
patients. However, special considerations have to be taken into account, including the use
of thrombolytic therapy, revascularization with bypass surgery or angioplasty, therapeu-
tic management of elevated glucose levels, use of β blockers, ACE inhibitors, and of
course, lipid lowering therapy. The International Study of Infarct Survival-II (ISIS-II) trial
(11) has shown that diabetic patients derive the same benefits from thrombolytic therapy
as nondiabetic patients. However, another large study (GUSTO-I) has shown that although
they respond similarly with thrombolytic therapy in infarct related arterial patency rates,
the mortality is higher among the diabetic patients at 30 d and at 1 yr (12). In the past, the
presence of diabetic retinopathy was thought to be an absolute contraindication for throm-
bolytic therapy owing to the risk of retinal hemorrhage. However, the GUSTO-I trial
showed that out of 6011 patients with diabetes only one patient had ocular hemorrhage
during thrombolytic therapy (13). Therefore, retinopathy should not be considered a con-
traindication in the thrombolytic therapy of acute MI in diabetic patients with retinopathy.

The role of coronary artery bypass graft (CABG) in diabetics was investigated in the
Bypass Angioplasty Revascularization Investigation (BARI) trial. The results showed
that in diabetic patients on insulin or oral anti-diabetic agents, reduction in mortality after
an MI was significantly greater with CABG compared to angioplasty (14).

There has always been concern regarding the use of β blockers in diabetic patients
because of the possibility of masking the symptoms of hypoglycemia and worsening glu-
cose and lipid levels. However, studies have shown that β blockers after MI lower mor-
tality by reducing the extent of infarction, recurrent ischemia, and sudden death in people
with diabetes similarly to those without diabetes, without any increased risk of readmis-
sion with diabetic complications (15). Thus, β blockers can and should be used following
an acute MI in a diabetic patient. However, caution may be needed in patients with type 1
diabetes who are prone to hypoglycemia.
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Recently, the Heart Outcomes Prevention Trials (HOPE) trial has shown that ramipril
lowered the incidence of the combined endpoint of any cardiovascular event (cardiovas-
cular death, MI, or stroke) in high-risk patients, including people with diabetes by 25%
despite minimal effects on blood pressure per se (16). This data suggests that ACE inhibi-
tors have a direct vascular effect in diabetics that is independent of their hypertensive
activity.

The role of glycemic control in reducing mortality during the acute MI remains uncer-
tain. However, the diabetes mellitus insulin-glucose infusion in acute MI (DIGAMI) study
has shown that the intensive treatment of diabetic patients in the periinfarct period (insu-
lin-glucose infusion for 24 h followed by subcutaneous insulin four times daily for ≥3 mo)
had lower mortality at one year and at 3.4 yr (17).

Aside from acute intervention for the MI, this patient also needs long-term manage-
ment of his dyslipidemia. This patient has the classic diabetic dyslipidemia associated
with insulin resistance that includes hypertriglyceridemia, usually owing to elevated
triglyceride rich, very low-density lipoprotein (VLDL) particles and a decrease in high-
density lipoprotein (HDL) levels (18). Low-density liporpotein (LDL) levels can be low,
normal, or elevated in diabetic patients but qualitative changes in LDL with excessive
amounts of small, dense low-density lipoprotein and intermediate-density lipoprotein
(IDL) particles usually exist. Increased amounts of small dense LDL may increase the
risk of atherosclerosis, even if absolute concentrations of LDL cholesterol are not signifi-
cantly increased (19,20). In addition, the oxidation of lipoproteins, in particular LDL, is
enhanced in people with diabetes and oxidized LDL is cytotoxic to the vascular endothe-
lial and smooth muscle cells, probably contributing to atherogenesis (21).

Conventional risk factors, as described above, only partly explain the excess risk of
developing atherosclerosis in diabetes mellitus. It has become apparent that type 2 diabe-
tes is commonly associated with many novel cardiovascular risk factors that occur largely
as a result of insulin resistance, hyperinsulinemia, and hyperglycemia. Hyperglycemia
and advanced glycation endproduct (AGE) formation may also contribute to vascular
injury. Both traditional and nontraditional risk factors may play integral roles in activat-
ing artery wall endothelial cells, smooth muscle cells, and peripheral/tissue monocytes.
These events may, in turn, promote local and systemic inflammation contributing to ele-
vated levels of risk factors including plasminogen activator inhibitor-1 (PAI-1), fibrino-
gen, and C-reactive protein.

This patient’s lipid abnormalities, particularly hypertriglyceridemia, also probably
reflect poor glycemic control. Therefore, the first treatment approach to the hyperlipi-
demia in type 2 diabetes should be to optimize glycemic control with diet, exercise, and
pharmacologic therapy as needed. Glycemic control improves diabetic dyslipidemia (espe-
cially hypertriglyceridemia), whether it is achieved with sulfonylureas, insulin, acar-
bose, metformin, or thiazolidinediones (22). As glycemic control improves, lipid levels
may also improve particularly when insulin resistance is the underlying metabolic abnor-
mality responsible for the lipid disorder. Aside from the changes in plasma glucose con-
centrations and body weight, the insulin sensitizing thiazolidinediones and metformin
both have effects on diabetic dyslipidemia. The thiazolidinediones have been shown to
lower triglycerides levels by up to 15–20% (23,24) and increase HDL cholesterol levels
by 5–8% (23). Troglitazone use has also been associated with an increase in LDL particle
size, which is more buoyant and less prone to oxidative modification (23,25). Some of
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the thiazolidinediones have also shown to have modest blood pressure lowering effects
and can decrease PAI-1 levels (23,26). The lipid modifying effects of metformin have
also been well established. Metformin has been shown to reduce the plasma triglyceride
levels by 20–25% and PAI-1 levels (27). Reductions in total cholesterol and LDL choles-
terol are more modest at 5–10% (27). Plasma HDL is usually unchanged (27).

Along with better glycemic control, initial steps in treatment are nonpharmacologic
lifestyle changes. The single most important change this patient should make is the cessa-
tion of cigarette smoking (28). He should also be counseled on ways to restrict his caloric
intake to attain a more desirable body weight and less abdominal obesity. Limiting calories
and saturated fat intake can be highly effective at improving, but not usually normalizing,
the dyslipidemia of type 2 diabetes. Increased intake of soluble fiber, particularly from
oat and bean products, has been shown to reduce LDL cholesterol levels (29). The fat
intake of the diet should be less than 30% of the total calories with less than 7% from satu-
rated fats. The daily dietary cholesterol should be limited to less than 200 mg/d. If tri-
glycerides are higher than 1000 mg/dL, all dietary fats should be drastically reduced
to lower circulating chylomicrons (dietary fat particles) (29). Alcohol intake should be
limited to not more than two equivalents of an alcohol beverage once or twice a week.

Regular physical exercise should be incorporated into his weekly routine, as it has
benefits on glucose levels, insulin sensitivity, dyslipidemia, and weight maintenance (29).
The current ADA recommendation includes a plasma cholesterol of <200 mg/dL, triglyc-
erides <200 mg/dL, LDL <100 mg/dL, and HDL >45 mg/dL (55 mg/dL in women) (30).

Often, when the lipid profile does not normalize in response to diet, exercise, and
efforts to improve glycemic control, lipid-lowering pharmacologic agents are necessary.
The first choice of drugs for LDL cholesterol reduction in diabetic patients are HMG-
CoA reductase inhibitors (statins) (31,32). The first choice of drugs for elevated tri-
glyceride levels are fibric acids derivatives. HDL cholesterol is a powerful predictor of
coronary heart disease in diabetic patients (22). However, it is difficult to raise HDL cho-
lesterol levels without pharmacologic intervention. Unfortunately, one of the most effec-
tive agents for raising the HDL levels, nicotinic acid, is relatively contraindicated in patients
with type 2 diabetes because of its adverse effects on glycemic control and insulin resis-
tance. Behavioral interventions (weight loss, smoking cessation, increased physical activ-
ity) may increase HDL cholesterol (30). In some cases of combined hyperlipidemia,
the first choice of therapy is improved glycemic control in combination with a statin. It
should be noted that statins may be moderately effective at reducing triglyceride levels
as well as LDL cholesterol. Fenofibrate, a recently approved fibric acid derivative, may
have a greater LDL lowering effect than previous agents of this class and may also be use-
ful in diabetic patients with combined hyperlipidemia (30). In some cases, combined
lipid therapy may be necessary. Several options are available. A combination of statins with
gemfibrozil or fenofibrate can be very effective, but has been associated with increased
risk of myositis. The combination of statins with nicotinic acid is also extremely effective
in modifying diabetic dyslipidemia but the combination may significantly worsen hyper-
glycemia. This combination should be used with extreme caution: use low doses of nico-
tinic acid with frequent monitoring of glucose levels (30).

This patient ruled in for a myocardial infarction and was given thrombolytic therapy.
During the hospitalization, he was started on an ACE inhibitor, enteric coated aspirin,
simvastatin 10 mg daily and his hyperglycemia was controlled with insulin. The rest of
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the hospital course was unremarkable and he was discharged home after 5 d of hospital-
ization. After going home, he started on a diet and a graded exercise program. He was able
to lose 30 pounds. With the weight loss, his glycemic control improved significantly. He
was also started on metformin with the dose titrated up to 1000 mg BID. He is tolerating
the medications well without any notable side effects. Despite joining a smoking cessa-
tion class, he has not yet been able to quit smoking.
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CASE #3: ELDERLY WOMAN WITH DIABETIC FOOT ULCER

Case Description
A 78-yr-old woman presents to clinic with a 24-yr history of type 2 diabetes mellitus

complicated by retinopathy, early nephropathy, and peripheral neuropathy. She was recently
started on insulin after a combination of oral medications became ineffective at control-
ling her blood sugars. She was never in the habit of checking her feet daily, has never seen
a podiatrist, and denies any foot problems. At her quarterly continuing-care visit, she
reports that her blood glucose control is erratic.

Her physical examination reveals the following: weight: 77.6 kg, height: 174 cm, BMI:
25.5 kg/m2, and BP: 110/70 mmHg. Examination of the extremities reveals evidence of
poor foot hygiene, thickened nails, diminished pedal pulses, absent ankle reflexes, and
hammertoe deformities. A deep ulcer penetrating down to the ligaments and muscle
without obvious bone involvement or abscess formation is noted on the sole of the left
foot. Sensation by monofilament exam is diminished on the dorsum of both feet and
absent on the soles of her feet.

Laboratory studies reveal random plasma glucose of 225 mg/dL, HbA1c of 10%, and
a white blood cell (WBC) count of 12,500 cells per cubic centimeter with 72% neutro-
phils, 22% lymphocytes, 3% monocytes, and 3% eosinophils.
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Discussion
This patient has all the identifiable risks for foot ulcers and amputation: she has had

diabetes for more than 10 yr, poor glucose control, evidence of retinal and renal complica-
tions, pedal pulses that are diminished to palpation, evidence of neuropathy, foot defor-
mity, callous formation, and absence of adequate foot care.

It is absolutely critical that all individuals with diabetes have a thorough foot exami-
nation by a trained professional at least once a year to identify those with high-risk foot
conditions, because foot ulcers and amputations are a major cause of morbidity, disability,
and health care costs (1). Diabetic foot ulcers are a major cause of hospitalizations. Approx-
imately 20% of all diabetic patients enter the hospital because of foot problems (2). More
than half of all nontraumatic amputations in the United States occur in individuals with
diabetes and a majority of them could have been prevented with proper foot care (3).

Diabetic foot ulcers result from a combination of peripheral and autonomic neuropa-
thy and peripheral vascular disease (4). Foot pressure that is abnormally distributed can
predispose a neuropathic patient to pressure ischemia and skin breakdown. This patient
has diminished sensation in both feet, which may contribute to why she does not feel the
need to check her feet on a daily basis. She assumes that because she does not have any
pain, there may not be any problems with her feet. However, it is the lack of pain, position,
and vibratory sensations caused by neuropathy that facilitates the development of foot
lesions (3). Autonomic neuropathy causes decreased sweating and dry skin that can result
in cracked, thickened skin that is susceptible to infection and ulceration.

A thorough history and physical examination can establish the presence and severity
of diabetic neuropathy. The patient should be asked about the type of sensation felt in the
legs, location, timing, and factors that relieve symptoms. Similarly, the physical exam
should include a quantitative somatosensory threshold test, using both the Semmes-
Weinstein 5.07 U monofilament (5) and vibration sensation. One study found that failure
to detect pressure from this size of monofilament was the single most practical measure-
ment of risk assessment for foot disease (6). Vibration sense can be quantitatively esti-
mated by Biothesiometer or a tuning fork. The vibration perception threshold increases
with age and is a good predictor of future ulceration (7). In addition the examination
should include questions relating to claudication and assessment of pedal pulses and
peripheral vascular disease. The physical examination may reveal several abnormalities
such as claw toes, Charcot arthropathy, atrophied muscles, prominent metatarsal heads,
and reduced or absent foot pulses.

The key to foot care is prevention (1). People found to have one or more abnormalities
of. protective sensation, foot structure and biomechanics, vascular status, and skin integ-
rity should have their feet examined every time they see a health care professional.
However, it is crucial to emphasize that daily inspection of their feet can help detect early
skin lesions and prescription of proper footwear can minimize the development of foot
problems. Use of mirrors can aid patients to view the soles of feet more easily and accu-
rately. Patients should be taught to cut their toe nails straight across, not trim their cal-
luses, and wash their feet with warm water and mild soap. A moisturizing cream should
then be applied. They must avoid wearing constricting shoes (3). Socks should be cotton,
loose fitting, and changed every day. It is absolutely imperative that the patients avoid
walking barefoot, using heating pads or hot water bottles, or stepping into hot water (i.e.,
hot tub) without checking the temperature first. Smoking cessation is mandatory.
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Diabetic foot ulcers can be graded according to Wagner grade scheme: grade 0- no
ulcer in a high-risk foot; grade 1- superficial ulcer involving the full skin thickness, but
not underlying tissues, grade 2- deep ulcer, penetrating down to ligaments and muscle,
but without bone involvement; grade 3- deep ulcer with cellulitis or abscess formation,
with osteomyelitis; grade 4- localized gangrene; and grade 5- extensive gangrene involv-
ing the whole foot (8).

The treatment of ulcers depends on the grade of the lesions. Treatment of grade 1 and
2 ulcers usually does not require hospitalization. However, close monitoring is required.
Usually a grade 1 or 2 ulcer requires extensive debridement, good local wound care, and
relief of pressure on the ulcer. Antibiotics can be started but local extensive debridement
also heals ulcers faster and more completely even without antibiotic therapy (9). The
most common infections are aerobic gram positive cocci, gram negative bacilli, and anaer-
obes (10). Broad spectrum coverage is usually necessary to prevent progression.

Management of grade 3 ulcers requires assessment of the peripheral vascular disease
by measurement of the brachial ankle index and a work up to rule out osteomyelitis.
Treatment usually involves hospitalization, iv antibiotic therapy, and surgical debride-
ment with culture of the tissue. If the ulcer is not healing well, infected bone may need
to be removed surgically (11). Grade 4 and 5 ulcers require urgent hospitalization, and
surgical consultation for possible amputation.

There are several new approaches that could possibly improve ulcer healing. An
example of such therapies include custom-fit semipermeable polymeric membrane dress-
ings and cultured human dermis applied to the ulcer site (12,13). Topical and systemic
hyperbaric oxygen have also been used to promote more rapid ulcer healing. By altering
the conditions of hypoxia, hyperbaric oxygen facilitates fibroblast proliferation, angio-
genesis, and wound healing (14). Electrical stimulation near the ulcer may also help with
wound healing (15). A recent study evaluated the use of granulocyte colony-stimulating
factor (G-CSF) vs placebo and found that G-CSF therapy was associated with a higher
neutrophil count. These neutrophils produced more superoxide, a factor important for
neutrophil bacteriocidal activity. These beneficial effects helped eradicate the pathogens
earlier and with more rapid resolution of the ulcers (16).

This patient has a grade 2 ulcer and was seen promptly by a podiatrist and underwent
local debridement. She was evaluated radiographically and ruled out for osteomyelitis.
She was given broad spectrum oral antibiotics and proper footwear. With regular follow-
up, the ulcer healed well. She reported understanding the importance of proper foot care,
including skin and nail care, and appropriate footwear. She began to monitor her feet on
a daily basis. She also had a vascular surgery consultation for the evaluation of poor pedal
pulses and possible need of revascularization surgery.
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CASE #4: 47-YR-OLD MAN WITH DIABETIC NEPHROPATHY

Case Description
A 47-yr-old Hispanic man with type 2 diabetes mellitus diagnosed at the age of 32,

presents to clinic for a follow-up visit. He has been treated with glyburide 10 mg bid and
metformin 1000 mg bid for the last 5 yr. However, during the last visit, the oral medi-
cations were discontinued because of poor glycemic control and he was started on a
twice-daily regimen of NPH and regular insulin. Two months ago, his yearly ophthalmo-
logic examination revealed bilateral background diabetic retinopathy. Today he reports
that his fasting blood sugars range from 160 mg/dL to 180 mg/dL. He complains of numb-
ness and tingling in both feet, especially at night. He runs 1–2 miles per wk and is follow-
ing a health food high-protein diet. Recently, he underwent an angiogram for evaluation
of chest discomfort he experiences during exercise. He does not smoke and denies any
significant family history for diabetes and coronary artery disease. Over the course of the
last year, his blood pressure has increased from 110/70 mmHg to 140/85 mmHg.

His physical examination reveals the following: weight 80 kg, height 170 cm, BP 140/
90 mmHg, and HR 72/min. Funduscopic exam reveals bilateral microaneurysms. Chest
and cardiac examinations are unremarkable. His abdominal exam is benign. The lower
extremities show normal pulses, but some mild loss of sensation to 10-gram monofila-
ment and vibration.

Laboratory studies prior to the angiogram reveal a fasting glucose of 170 mg/dL and
a HbA1c of 9.0%. A chemistry panel shows sodium of 135 meq/L, potassium 4 meq/L,
BUN 12 mg/dL, creatinine 1.5 mg/dL and a spot urine specimen showed microalbumin/
creatinine ratio of 0.172 g/g (normal range: 0–0.03 g/g). After the contrast study, his
creatinine increased to 1.9 mg/dL.
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Discussion

Unfortunately for this patient, he already has microvascular complications of diabetes:
retinopathy, neuropathy, and now the start of overt nephropathy. He has certain high-risk
factors that need to be addressed. Cross-sectional and longitudinal studies have identified
elevated blood pressure, HbA1c, cholesterol, smoking, advancing age, insulin resistance,
male sex, and possibly high protein intake contributing to the cause of nephropathy (1).

Diabetes has become the single most common cause of end stage renal disease (ESRD)
in the U.S. and Europe (2). The cost of treatment for ESRD in diabetes exceeds $2 billion
yearly (2). According to reports from the U.S. Renal Data System, there has been a con-
tinual increase in ESRD from type 2 diabetes for many years (3). It is particularly more
common among the elderly and in Asians, Native Americans, African Americans, and
Hispanics (2).

The three major histologic changes in the glomeruli in diabetic nephropathy are mes-
angial expansion, glomerular basement membrane thickening, and glomerular sclerosis.
Glycosylation of tissue proteins may also contribute to the development of diabetic neph-
ropathy. Excess glucose in chronic hyperglycemia combines with the free amino acids
and forms irreversible advanced glycosylation end products (AGEs). The net effect is
tissue accumulation of AGEs, which may contribute to renal and microvascular compli-
cations (4). Recent studies have shown that through several interventions, the onset and
course of diabetic nephropathy can be influenced to a significant degree. But these
interventions have the greatest effect if they are started early in the course of the disease.

The earliest sign of nephropathy is the appearance of low but abnormal levels (>30
mg/d or 20 µg/min) of albumin in the urine (2). A high proportion of patients may have
microalbuminuria at the time of diagnosis because type 2 diabetes is usually present
for many years before the diagnosis is actually made. Without specific interventions, 20–
40% of type 2 patients progress to overt nephropathy, but 20 yr after onset of overt neph-
ropathy, only 20% will have progressed to ESRD (2). Screening for microalbuminuria
should be performed at the time of diagnosis. It can be in the form of an albumin/creatin-
ine ratio in a random spot collection, a 24-h collection with simultaneous measurement of
creatinine clearance, or a timed collection of albumin and creatinine over several hours.

Hyperfiltration occurs early in the course of type 2 diabetes. Up to 45% of patients ini-
tially have a glomerular filtration rate (GFR) that is more than two standard deviations
above that of age-matched nondiabetic and obese controls (5). A study looking at type
2 diabetic Pima Indians found that the GFR was 14% higher in patients with impaired
glucose tolerance, 18% higher in newly diagnosed diabetic patients, was normal in
patients with microalbuminuria and 35% lower in those with overt proteinuria (6). Overt
nephropathy, or clinical albuminuria is defined as urinary protein excretion >0.5 g/24 h
or albumin excretion rates >300 mg/24 h (7).

The Diabetes Control and Complications Trial (DCCT) and The United Kingdom Pro-
spective Diabetes Study (UKPDS) have demonstrated that improved glucose control can
significantly reduce the risk of the development of microalbuminuria and overt nephr-
opathy in people with diabetes (8,9). Even decreasing HgbA1c from 9.0% to 8.0% will
decrease the risk of microvascular complications by 35% (9,10).

In one out of three patients with type 2 diabetes, hypertension is found at the time of
diagnosis (11). The hypertension may be related to underlying nephropathy, dysmetabolic
syndrome (coexistence of glucose intolerance, hypertension, dyslipidemia, and obesity),



Chapter 17 / Type 2 Diabetes Mellitus 317

or renal vascular disease per se. Lowering blood pressure with the goal of <130/85,
by any effective means, will decrease the rate of progression (2). A recent report by the
National Kidney Association recommends that the new suggested target for blood pres-
sure is 130/80 in diabetic patients (12). Controlling hypertension through aggressive
therapeutic intervention can reduce proteinuria and delay the progression of renal insuf-
ficiency. ACE inhibitors are not only effective antihypertensive agents but also delay the
progression of diabetic nephropathy to ESRD. ACE inhibitors decrease proteinuria by
minimizing efferent glomerular vasocontriction and reducing glomerular filtration (7).
In cases where the glomerular filtration rate has already declined, ACE inhibitors also
can partially reverse or prevent a further decrease. ACE inhibitors should be considered
as first line therapy in all normotensive and hypertensive patients with diabetes who have
microalbuminuria or macroalbuminuria (13). Angiotensin receptor blockers (ARB), e.g.,
losartan, valsartan, irbesartan, candesartan, may also be similarly renoprotective and do
not cause cough as can occur with ACE inhibitors (7). Although ARBs have been shown
to decrease proteinuria, long-term studies documenting a decrease in the rate of progres-
sion of the fall of GFR have not yet been completed.

When blood pressure cannot be adequately controlled with the maximum dose of an
ACE inhibitor or ARB, additional antihypertensive medications may be needed, such as
calcium channel blockers, low-dose diuretics, β-blockers, α-blockers, and centrally act-
ing agents. Patients with renal insufficiency and hypertension often benefit from a diure-
tic as part of the antihypertensive regimen, because of related sodium and fluid retention.
A loop diuretic is often necessary if the creatinine level exceeds 2 mg/dL (7).

Animal studies have shown that restriction of dietary protein intake also reduces hyper-
filtration and intraglomerular pressure and retards the progression of several models of
renal disease. At this point, the current adult Recommended Dietary Allowance (RDA)
of 0.8 g/kg/d should be instituted with the onset of overt nephropathy and protein should
be derived from lean animal and vegetable or plant sources (14). However, once the GFR
begins to fall, further restriction of 0.6 g/kg/d may prove to be useful in slowing down
the decline of GFR in selected patients.

This patient had a marginal serum creatinine level before the angiogram. An impor-
tant factor to consider with worsening of kidney disease is the use of metformin, which
is excreted solely by the kidneys. In patients with decreased renal function (based on
measured creatinine clearance), the plasma and blood half life of metformin is prolonged
and the renal clearance is decreased in proportion to the decrease in creatinine clearance.
Metformin is contraindicated in patients with renal disease or renal dysfunction, i.e.,
serum creatinine ≥1.5 mg/dL (males) and ≥1.4 (in females) or abnormal creatinine clear-
ance (<80 mL/min/1.73 m2). Lactic acidosis is a serious metabolic complication due to met-
formin accumulation. Lactic acidosis is characterized by elevated blood levels of lactate
(>5 mmol/L), decreased pH, electrolyte imbalance with elevated anion gap, and increased
lactate/pyruvate ratio. Because of the risk of lactic acidosis, metformin should be promptly
withheld in patients with sepsis, dehydration or hypoxemia. Because impaired hepatic
function may significantly limit the ability to clear lactate, metformin should generally be
avoided in patients with clinical or laboratory evidence of hepatic disease. Patients should
be cautioned about excessive alcohol intake, because alcohol potentiates the effects of
metformin on lactate metabolism. Intravascular contrast studies with iodinated material
can cause alteration in renal function and has been associated with lactic acidosis in patients
receiving metformin. Therefore, metformin should to be withheld prior to an iv contrast
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procedure and for 48 h afterward with reinstitution only after renal function has been checked
and found to be normal (15). In this case, because renal function had deteriorated, the
metformin was immediately stopped and the patient gently hydrated. After several weeks,
the creatinine returned to 1.6 mg/dL, but metformin was not reinstituted.

The administration of sulfonylureas also requires careful attention to dosing and routes
of elimination (16). Glyburide has weak active metabolites that are excreted in the urine.
Glipizide and tolbutamide are primarily metabolized by the liver and only inactive metab-
olites are excreted in the urine. Thus, glipizide and tolbutamide are the sulfonylureas of
choice in patients with renal failure. Glyburide can be given at reduced doses if GFR is
above 50 mL/min but should be avoided in more severe renal disease (17). Repaglinide
and nateglinide could also be considered.

Insulin also requires adjustment in chronic renal failure. No adjustment is required if
GFR is above 50 mL/min. The insulin dose should be reduced by about 25% when the
GFR is between 10–50 mL/min. The dose may need to be reduced as much as 50% when
the GFR is less than 10 mL/min (17).

This patient met with the dietician who was able to design better dietary management.
He began therapy with an ACE inhibitor for both hypertension and microalbuminuria.
He has been followed carefully with repeat urinary albumin:creatinine ratios being checked
every 3–6 mo. In general, one can expect up to 50% reduction in the urinary albumin:cre-
atinine ratio or at least a stabilization of the ratio following institution of an ACE inhibitor
(7). If worsening is noted, the patient’s compliance should be checked and further mea-
sures may be required. Referral to a nephrologist should be made when GFR has fallen
to either <70 mL/min, the serum creatinine has increased to >2.0 mg/dL, or when difficul-
ties occur in management of hypertension or hyperkalemia.
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CASE #5: 55-YR-OLD MAN WITH LEG WEAKNESS AND PAIN

Case Description
A 55-yr-old African American male with history of type 2 diabetes mellitus for 6 yr

complicated by hypertension and coronary artery disease (CAD) presents to clinic with
a 6 mo history of persistent left leg cramping and pain. The pain was initially diagnosed
as being possibly secondary to simvastatin but persisted despite discontinuation of this
medication. The patient describes the pain as a steady ache and cramping without numb-
ness, starting in the lower back and radiating down the left leg like a “stretched sensation”
from the hip to the knee with occasional extension down to the calf. In addition he cannot
sleep flat and is only able to sleep in a chair sitting upright. He achieves mild relief from
acetaminophen with codeine. He is also taking amitriptyline without any significant bene-
fits. He denies any urinary frequency, urgency, or incontinence of stool or urine. He denies
any history of back injury or lifting of heavy objects. He does not smoke or drink alcohol.
However, he has lost 35 pounds over the last 6 mo. His other medications include insulin
70/30–35 U before breakfast and dinner, glyburide 10 mg bid, fosinopril 40 mg qd, verap-
amil 240 mg qd, and rosiglitazone 4 mg bid.

Physical examination reveals the following: weight 137 kg, height 193 cm, BMI 36.8
kg/m2, BP 161/82 mmHg, pulse 72, and respiratory rate 18. He walks into the exam room
with the help of the cane and sits in the chair with great hesitation. On neurologic exam,
extraocular movements are normal, as are cranial nerves II through XII. There is marked
wasting noted of the left quadriceps with decreased muscle tone. Lower extremity strength
is decreased to 2/5 in the left quadriceps. Deep tendon reflexes are 1+ and symmetric in
the upper extremities but knee and ankle reflexes are absent bilaterally. Toes are down
going bilaterally on Babinski testing. No sensory deficits are noted to light touch or pain.
The straight leg raise test is negative and there is no tenderness to palpation on the lumbar
spine. His prostate exam is normal. His laboratory tests show average fasting glucose
levels of 150 mg/dL and a hemoglobin A1c of 7.8%.

X-ray views of the lumbar spine show mild bilateral hip and sacroiliac osteoarthritis.
Anterior posterior and lateral views of the spine are normal. A CT scan of the spine does
not show any evidence of masses causing compression. An MRI shows left paracentral
L5-S1 disk protrusion but no extruded fragments.
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Discussion
Involvement of the peripheral and autonomic nervous system is one of the most

common complications of diabetes. Diabetic polyneuropathy is the most common cause
of neuropathy in the Western world (1). The prevalence varies with the duration and
severity of the hyperglycemia. The Diabetes Control and Complications Trial has shown
that strict control of glucose levels decreased the incidence and slowed the progression
of the neuropathy (2). Neuropathy, retinopathy, and nephropathy all increase during the
first 10–15 yr of diabetes and patients who present with one complication are more likely
to have another. The high rate of neuropathy results in increased risk for lower extremity
infections, ulcerations, and amputations.

Diabetic neuropathy is characterized into distinct syndromes according to the distri-
bution of the neurologic deficit, each syndrome having a characteristic presentation and
course. The most commonly encountered neuropathies include: 1) distal symmetric poly-
neuropathy; 2) autonomic neuropathy; 3) mononeuropathies (cranial and peripheral);
and 4) polyradiculopathies.

Distal symmetric polyneuropathy is the most commonly recognized complication of
diabetes (3). Neurologic impairment usually begins in the feet or toes and may progress
proximally up the lower and upper extremities. It has the classic “stocking-glove” sen-
sory loss. Histologic and nerve conduction studies show that it is characterized by sensory
axon loss and in severe forms by motor weakness and axon loss (4). The complications
of this neuropathy are neuropathic foot ulceration, neuroarthropathy (Charcot joint), and
diabetic neuropathic cachexia (1).

Autonomic dysfunction is often a diagnosis of exclusion. It is frequently unnoticed by
the patient and the physician because of the insidious onset and multiorgan involvement.
Clinical characteristics include neuropathic sexual dysfunction, gastroparesis, enteropa-
thy with constipation and/or diarrhea, postural hypotension and exercise intolerance with
pulse invariability (1).

Mononeuropathies commonly manifest as cranial nerve palsies, which can be recurrent
or bilateral. The cranial nerves most frequently involved are the third, sixth and fourth,
respectively and, in most cases, the palsy resolves spontaneously in weeks or months. The
most common peripheral mononeuropathies in people with diabetes involve the median
nerve at the wrist, radial nerve in the upper arm, ulnar nerve at the elbow, lateral cutane-
ous nerve at the thigh, and peroneal nerve at the femoral head (5).

Polyradiculopathy presents with dermatomal pain and diminition of cutaneous sensa-
tion, followed by hyperesthesias or parathesias. Polyradiculopathy usually involves the
lumbar and thoracic areas and is often misdiagnosed as acute intrathoracic or intraab-
dominal emergencies, such as myocardial infarction, cholecystitis, peptic ulcer, or appen-
dicitis (1). The most common type of polyradiculopathy is frequently called diabetic
amyotrophy or diabetic neuropathic cachexia.

This patient had an extensive work-up before a diagnosis was made. First, it was impor-
tant to rule out any obvious lumbar spine damage or any malignancy causing a spinal cord
compression-like syndrome, resulting in weakness and pain. Once the malignancy work-
up was negative, the patient had an electromyogram (EMG), which confirmed the diag-
nosis of diabetic amyotrophy.

Diabetic amyotrophy is an infrequent complication of type 2 diabetes, the prevalence
being about 1.1% (6). Burns initially described it in 1890 as “neuritic paralysis in diabetes
mellitus”. Since then, numerous other names have been given to this primarily motor
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disturbance in diabetic patients. The primary distinguishing features of diabetic amyo-
trophy are a subacute or acute development of moderate to marked weakness of the lower
extremities, often with wasting of pelvifemoral muscles, accompanied by pain but with-
out sensory impairment (6). There may be an antecedent weight loss of 10–30 pounds (7).
The onset is usually in middle age or later.

As with this patient, symptoms usually include difficulty walking, standing, or stair
climbing. It may be symmetrical, asymmetrical or unilateral. The progression of weak-
ness may continue for months to more than 1yr especially in more symmetrical variants
(8). A severe, diffuse, deep aching or sharp pain in the thigh or the lumbosacral region
usually accompanies weakness but occasionally it can be painless (9).

Physical examination reveals muscle involvement in the quadraceps femoris but simul-
taneous involvement of the gluteal, hamstring, adductor, and iliopsoas muscles often occur
(6). Straight leg raising does not aggravate the pain (10). Quadriceps reflexes are usually
diminished or absent in proportion to the quadriceps weakness and the ankle reflexes may
be normal or diminished. Absence of sensory impairment is characteristic, but some indi-
viduals may experience dysesthesias, mild distal impairment of light touch and pin prick
sensation in the legs.

Diabetic amyotrophy often occurs in patients with a concomitant, preexisting distal
sensorimotor polyneuropathy. It is usually clearly distinguishable from other diabetic neu-
ropathies. The predominantly proximal motor involvement is in clear contrast to the distal,
predominantly sensory “stocking” distribution typical of the common diabetic poly-
neuropathy. The widespread proximal muscle involvement and lack of significant associ-
ated sensory loss indicates that diabetic amyotrophy is neither a femoral mononeuropathy
nor a lumbosacral monoradiculopathy due to disc herniation.

Nerve conduction studies and needle EMG’s are the most useful tests in diabetic
amyotrophy to confirm the diagnosis and exclude other possibilities. Nerve conduction
studies generally demonstrate evidence of a typical diabetic sensorimotor axonal poly-
neuropathy (4). EMG reveals abnormalities of ongoing denervation. The fibrillation
potentials and positive sharp waves are usually present at the time of medical presenta-
tion. The motor units are polyphasic, prolonged and large in amplitude (6). The most com-
monly affected muscles are the vasti, thigh adductors, and iliopsoas. Lumbar paraspinous
muscles are more frequently involved than thoracic paraspinous muscles. Distal leg mus-
culature is less frequently involved. Additional testing, such as MRI or CT, can be done
to rule out lumbosacral polyradiculopathy, plexopathy, inflammatory, or neoplastic pro-
cesses in the subarachnoid space.

Light and electron microscopic examination of the intramuscular nerve filaments in the
vastus medialis muscle usually demonstrates axonal degeneration. Motor point biopsies
show evidence of denervation and reinnervation of the myoneural junctions, character-
ized by beaded, thickened terminal axons, spherical axonal swellings, collateral ramifi-
cation, ultraterminal sprouts, and multiple endplates (6). In a study by Krendel et al. 7 of
the 10 patients with either diabetic neuropathy or mononeuritis multiplex had perivascu-
lar chronic inflammatory cells and three had arterial occlusion with inflammation (11).

The exact pathogenesis of polyradiculopathy is still unknown. The classic debate of
ischemia versus metabolic etiology continues. Metabolic theory causes include hyper-
glycemia, sorbitol pathway products, deficiency of nerve myoinositol and acceleration
of nonenzymatic glycosylation. The theory of ischemia is supported by evidence of endo-
neural hypoxia (12) and lack of improvement in the symptoms with improvement of
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glycemic control. In addition, pathology findings suggest a possible role for infiltrative
T cells in the pathogenesis (13). A recent sural nerve biopsy study in patients with proxi-
mal diabetic neuropathy found that all had CD8+ T-cell infiltration of the nerve (13). The
pathogenesis of diabetic amyotrophy may involve both ischemia and metabolic compo-
nents. Those patients with proximal and symmetrical symptoms may be caused by meta-
bolic dysfunction, whereas those neuropathies that are asymmetrical and with rapid onset
might be resultant from primary nerve ischemia.

The exact localization of the disease process is still controversial. Originally, it was
thought to be because of anterior horn cell involvement. However, clinical involvement
of the proximal muscles in the distribution of a particular nerve with relative sparing of
distal muscles sharing the same radicular innervation makes it difficult to ascribe the clin-
ical manifestations to anterior horn cell dysfunction with any certainty (6). Some studies,
based on clinical analysis and muscle biopsy findings, suggest muscle as the primary site
of the lesion. However, the vast majority of muscle, nerve, and motor point biopsy, as
well as electromyography studies clearly indicate a neuropathic process and thereby
exclude myopathy as the primary pathogenetic locus. The localization within the periph-
eral nerve is also a subject of debate. Diabetic amyotrophy may result from involvement
of multiple sites, such as lumbosacral anterior horn cells, motor roots, plexus, or motor
axons to pelvifemoral muscles (6).

The natural course and treatment is variable. There may be gradual and incomplete
improvement. Even if strength improves, muscle wasting may persist. As aforementioned,
improvement is not related to glycemic control. The severe pain usually abates several
months after onset but residual pain may last for years. Analgesics and anti-inflammatory
drugs are usually helpful for pain control. Amitriptyline, desipramine, phenytoin, and
carbamazapine have been shown to be efficacious for treatment of pain (6). Transcuta-
neous nerve stimulation has been beneficial in an occasional patient (14). Recent studies
have suggested a role of immunomodulating agents (13). Intravenous immunoglobulin
(IVIG) at 2 g/kg total body weight over 5 d then monthly for 3 mo (15) has been associated
with decreased pain and improved strength.

This patient was started on neurontin 300 mg bid. After 1 yr of physical therapy and
management in the chronic pain clinic, he is beginning to feel some improvement. He has
gained 20 pounds and is able to ambulate with the assistance of the cane. His glycemic
control has improved with a HgbA1c of 7.2%. His mood and general feeling of well being
has improved tremendously.
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CASE #1: NON-HYPOGLYCEMIC SPELLS

Case Description
A 38-yr-old woman was referred to our institution for evaluation of hypoglycemia.

Over the past year, she had experienced frequent episodes of hunger, leg tremors, and
dizziness occurring up to eight times per day. These symptoms resolved within 15–45
min following the ingestion of food. Symptoms occurred at any time of the day and
appeared to be unrelated to food ingestion. Snacks eaten every 2 h did not improve or help
prevent symptoms. She had not experienced confusion or loss of consciousness. Self-
monitored blood glucose levels up to 15 times per day during symptoms were associated
with “low” glucose levels, the lowest value being 52 mg/dL. Her highest blood glucose
value was approximately 200 mg/dL, taken shortly after a meal, but she could not recall
whether she had symptoms at that time. There was no record of venipuncture plasma
glucose values while symptomatic.

Physical examination revealed a lean, somewhat frail-looking woman. Medications
included lansoprazole 15 mg daily, atenolol 12.5 mg daily, and alprazolam 6.25 mg. She
had a medical history of supraventricular tachycardia, hypertension, Crohn’s disease,
depression, and anxiety. She had undergone resection of 30 cm of the terminal ileum for
localized Crohn’s disease 4 yr earlier. There was a strong family history of diabetes (her
father and brother were treated with insulin, and her mother and sister were treated with
oral agents). Baseline studies, while asymptomatic, revealed a fasting plasma glucose of
75 mg/dL, normal serum cortisol, creatinine, and liver function tests.
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She underwent a 72 h fast according to protocol. Fifty-two hours into the fast she devel-
oped mild nausea, fatigue, and leg tremors with concurrent plasma glucose of 57 mg/dL.
The fast was continued as the symptoms and signs were considered mild and nonspecific.
Seventy hours into the fast she developed diaphoresis, pallor, clammy hands, and leg
tremors. Pulse rate was 150 beats per minute. There were no symptoms or signs of neuro-
glycopenia. Plasma glucose was 42 mg/dL and the fast was terminated. Glucagon 1 mg
was administered intravenously. Although, the events were not well documented in the
medical record, it appears that her symptoms resolved slowly over the next hour or so
despite concomitant blood glucose levels within the normal range. She had a small emesis
and managed to eat only a small portion of her meal because of a sensation of bloating
and “gagging.” Biochemical data obtained at the end-of-fast are shown in Table 1.

Discussion
This case illustrates some of the difficulties that can be encountered during the evalu-

ation of a patient who has symptoms attributed to low glucose levels. The patient had
frequent symptoms that appeared to be unrelated to food ingestion. While symptomatic,
one of her many reflectance meter glucose values was 52 mg/dL, prompting further eval-
uation for possible hypoglycemia.

When presented with a patient with symptoms suggestive of a hypoglycemic disorder,
it is essential to verify a low plasma glucose level at the time that symptoms occur (either
spontaneously or during a supervised 72 h fast) and to demonstrate that symptoms are
relieved through correction of the low glucose value (Whipple’s triad). Demonstration
of Whipple’s triad is crucial because symptoms of hypoglycemia are varied and nonspeci-
fic. In addition, reflectance meter glucose measurements taken by a patient are likely to
be unreliable. Patients are usually not experienced in this technique, the measurements
are often obtained under adverse circumstances when the patient is symptomatic, and the
method may not provide an accurate measurement of glucose levels in the hypoglycemic
range (1).

The 72 h fast is the classic diagnostic test for fasting-state hypoglycemia. The test may
be conducted to establish Whipple’s triad (as in this patient) or to determine the mecha-
nism of hypoglycemia when Whipple’s triad has previously been documented. A fast
conducted for the latter purpose may be terminated when plasma glucose is ≤ 55 mg/dL
(with or without symptoms) as β-cell polypeptide levels can be expected to be suppressed
at and below this plasma glucose level. Diagnostic criteria for hyperinsulinemia at the
time of hypoglycemia (plasma glucose ≤ 55 mg/dL), whether induced by the fast or
occurring spontaneously, are: plasma insulin level ≥ 6 µU/mL [radioimmunoassay
(RIA)]; plasma C-peptide level ≥ 200 pmol/L (ICMA); and plasma proinsulin level ≥ 5

Table 1
Case #1: End-of-Fast βββββ-Cell Polypeptide and Insulin Surrogate Levels

Plasma β- *∆ plasma Plasma
glucose Insulin C-peptide Hydroxybutyrate glucose sulfonylurea
(mg/dL) (µU/mL) (pmol/L)  (mmol/L) (mg/dL) screen

42 2.1 140 6.9 17 negative

* Following glucagon administration (peak value within 30 min of the injection minus end-of-fast value).
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pmol/L (ICMA) (2). An immunochemiluminometric assay for insulin with a sensitivity
of less than 1 µU/mL is available at some medical centers. Experience at our institution
with this assay suggests that hyperinsulinemia is present at a level of 3 µU/mL or higher.

Markers of insulin action such as plasma β-hydroxybutyrate concentration and plasma
glucose response to intravenous glucagon are also measured at the end of the fast (or
during a spontaneous hypoglycemic episode). The rationale for measuring these insulin
surrogates reflects the antiketogenic and antiglycogenolytic/glycogenic properties of
insulin. Thus, normal individuals fasted for 3 d demonstrate elevated plasma ketone levels
and depletion of liver glycogen stores (because plasma insulin levels are appropriately
suppressed). In contrast, a patient with insulin-mediated hypoglycemia will have sup-
pressed plasma ketone levels and exhibit a generous glucose response to glucagon adminis-
tration when hypoglycemic. Our experience has been that patients with insulin-mediated
hypoglycemia have β-hydroxybutyrate concentrations of less than 2.7 mmol/L, whereas
normal individuals or those with noninsulin mediated hypoglycemia have higher levels.
Following glucagon administration, patients with insulin-mediated hypoglycemia exhibit
a maximal increase in plasma glucose of 25 mg/dL or greater above the terminal glucose
in the fast (peak minus end-of-fast value). Both insulin surrogates are applicable when
the plasma glucose is 60 mg/dL or lower at the end of the prolonged fast (3).

The purpose of the prolonged fast in this patient was to demonstrate Whipple’s triad.
She developed her usual symptoms experienced in ordinary life when her plasma glucose
level was within the hypoglycemic range. However, recovery from symptoms appeared
to be prolonged despite restoration of plasma glucose to the normal range, suggesting that
symptoms and low plasma glucose were not causally related. Symptoms can be confi-
dently attributed to hypoglycemia only when Whipple’s triad is fulfilled. However, the
less than comprehensive documentation in the medical record at a crucial point in the fast
(i.e., the patient’s response to elevation of plasma glucose into the normal range) hin-
dered our interpretation of the fast. This, and the fact that the patient was symptomatic
when plasma glucose was significantly low prompted us to review her case in more detail
for other possible explanations.

The exclusion of an insulin-mediated hypoglycemic disorder was straightforward.
β-cell polypeptide levels were appropriately suppressed (i.e., below the recommended
diagnostic criteria) when plasma glucose was in the hypoglycemic range. End-of-fast
plasma β-hydroxybutyrate concentration and maximal plasma glucose response to glu-
cagon administration supported this conclusion. Could this patient have a hypoglycemic
disorder not induced by insulin? Probably not, as there was no evidence of an illness or
use of medications known to be associated with the risk for low plasma glucose (4).

An unusual feature of this case was the nature of the patient’s symptoms. Hypoglyce-
mia-related symptoms have been classified into two major groups: those resulting from
autonomic nervous system discharge (e.g., sweating, trembling, and anxiety) and those
reflecting neuroglycopenia (e.g., confusion, difficulty speaking, and inability to concen-
trate) (5). In a retrospective analysis of 60 patients with hypoglycemia caused by insuli-
nomas, 85% had various combinations of diplopia, blurred vision, sweating, palpitations,
and weakness; 80% had confusion or abnormal behavior; 53% had amnesia or were in
a coma during the episode; and 12% had generalized seizures (6). This patient’s symptoms
were exclusively in the autonomic subgroup. There is no convincing evidence for the
existence of a hypoglycemic disorder characterized solely by autonomic symptoms in
our opinion. Although some episodes in persons with true hypoglycemic disorders may
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be sufficiently mild to generate only autonomic symptoms, eventually episodes of neuro-
glycopenia will occur. Another confounding factor in this case was the patient’s history
of supraventricular tachycardia. It is conceivable that she developed a transient episode
of this arrhythmia during the fast with associated autonomic response unrelated to her
low plasma glucose value. Thus the attribution of her symptoms to hypoglycemia was
not clear-cut.

The decision to end a fast may not be easy and requires considerable judgment on the
part of the supervising physician. Plasma glucose values may not be immediately avail-
able and the bedside reflectance meter may have to serve as a guide to glucose levels.
Some patients may develop symptoms when plasma glucose levels are in or slightly above
the hypoglycemic range. In such situations it may be difficult to attribute symptoms to
hypoglycemia. Other patients may have plasma glucose values in the hypoglycemic range
but remain asymptomatic. A fast terminated solely on the basis of a low plasma glucose
value should be interpreted with caution because some young, healthy women undergo-
ing prolonged fasting may achieve plasma glucose levels of 40 mg/dL or less without the
accompanying symptoms (7). In addition, there is no diagnostic glucose level for insulin-
oma clearly distinct from that of healthy persons. Unnecessary prolongation of the fast
may also be a problem. Symptoms and signs indicative of neuroglycopenia may be subtle
and not readily appreciated by the supervising physician. Careful examination for cogni-
tive function at regular intervals throughout the fast when plasma glucose is near or in
the hypoglycemic range is therefore essential.

In conclusion, this patient’s symptoms could not be confidently attributed to hypoglyce-
mia for several reasons. Despite the problem with incomplete documentation, it appeared
that her symptoms did not resolve in a timely manner with correction of plasma glucose.
Thus Whipple’s triad was not fulfilled. Also, the exclusively autonomic symptoms expe-
rienced in everyday life and during the fast were not suggestive of a true hypoglycemic
disorder. We suspect that the patient represents one of the well-recognized persons capa-
ble of achieving a low plasma glucose after prolonged fasting, and that her autonomic-
type symptoms were unrelated. Although the diagnosis or exclusion of a hypoglycemic
disorder tends to be relatively straightforward, difficult cases such as this are encountered
from time to time. In such situations, there is no substitute for punctilious assessment and
documentation of the timing and nature of symptoms and signs that develop during the
72 h fast in relation to plasma glucose values.
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CASE #2: NONINSULINOMA
PANCREATOGENOUS HYPOGLYCEMIA SYNDROME

Case Description
A 72-yr-old man experienced intermittent episodes of lightheadedness, diplopia, dia-

phoresis, perioral paraesthesiae, and tremor. These symptoms occurred 1–2 h after eat-
ing, often up to three times per day. He had had similar symptoms for many years
previously but to a much milder degree and less frequently (once monthly). Over the past
2 mo, his symptoms increased in severity and frequency to such a degree that he ate
frequently and carried food in his car. His symptoms resolved within 15 min of carbo-
hydrate ingestion. Medications included ranitidine 150 mg twice daily and primidone
125 mg daily. Past medical history included prostate carcinoma and laryngeal carci-
noma. Physical examination was normal.

During a spontaneous episode 2 h following a light lunch, plasma glucose was 40 mg/dL
and plasma insulin was 21 µU/mL. He was given intravenous (iv) dextrose and promptly
recovered. During a subsequent episode 4 h after breakfast, plasma glucose was 36 mg/dL,
plasma was insulin 960 µU/mL, C-peptide was 5600 pmol/L, proinsulin was 190 pmol/L
and plasma sulfonylurea screen was negative for first- and second-generation agents. He
recovered after the administration of oral carbohydrate.

He underwent a 72 h fast by protocol throughout which he remained asymptomatic
with no signs of neuroglycopenia (end-of-fast plasma glucose value was 82 mg/dL). Ninety
minutes into a mixed meal test, plasma glucose was 49 mg/dL with concurrent plasma
insulin and plasma C-peptide levels of 9 µU/mL and 390 pmol/mL, respectively. Spiral
computed tomography (CT) scan and transabdominal ultrasound of the pancreas were
negative. A selective arterial calcium stimulation test showed a more than twofold increase
in hepatic vein insulin values following calcium injection into the splenic artery and to
a lesser extent the gastroduodenal artery.

The patient underwent pancreatic exploration. Intraoperative ultrasound and careful
palpation of the pancreas failed to localize a tumor. Gradient guided subtotal distal pan-
createctomy was performed. Pathology of the resected pancreas showed histological
features consistent with nesidioblastosis (islet cell enlargement and β cells budding off
ducts). No insulinoma was identified. To date, he has remained symptom-free, 3 yr fol-
lowing surgery.

Discussion
This case illustrates a new clinical entity termed noninsulinoma pancreatogenous

hypoglycemia syndrome (NIPHS). Several aspects of the case serve to differentiate it from
insulinoma. The patient experienced symptoms only in the postprandial state. Although
fasting hypoglycemia is the rule in insulinoma, some insulinoma patients may have a
combination of fasting and postprandial symptoms. Postprandial symptoms alone, how-
ever, are extremely rare (1). The patient’s history therefore might have led to a diagnosis
of “reactive” hypoglycemia and recommendation for diet therapy by some. Confirma-
tion of a history of postprandial hypoglycemia may be obtained during a mixed meal test.
Although this test is considered positive if the plasma glucose falls to 50 mg/dL or lower,
it is important to recognize that standards have not been generated for the interpretation
of the mixed meal test. The 5-h glucose tolerance test should not be used as a diagnostic
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test for hypoglycemia because a substantial percentage of healthy persons may have a
plasma glucose nadir of 50 mg/dL or lower (2).

A negative 72 h fast in a patient with an insulinoma is an extraordinarily rare occur-
rence. Over the past 25 yr, insulinomas have been removed from 205 patients at the Mayo
Clinic. Among these, 171 underwent the 72 h fast. All except two patients had a positive
fast. In one patient, the fast remained negative when fasting was extended to 96 h. In most
situations, a negative fast would halt further evaluation of hypoglycemia. The presence
of neuroglycopenic symptoms and prior demonstration of autonomous β-cell function
during hypoglycemia in this patient, however, prompted further evaluation despite the
negative 72 h fast. The criteria of endogenous hyperinsulinemia during hypoglycemia
apply whether the hypoglycemia is induced by fasting or occurs spontaneously, even in
the postprandial state.

The rationale for the selective intraarterial calcium stimulation test is based on the
observation that insulinomas respond to calcium injection by releasing insulin, whereas
normal β cells do not. The test may be used to localize insulinomas before surgery when
more conventional methods have been unsuccessful. With the intraarterial injection of
calcium, a step-up of insulin in the venous effluent regionalizes the hyperinsulinemia pri-
marily to the head of the pancreas for the gastroduodenal artery, the uncinate primarily
for the superior mesenteric artery, and the body or the tail for the splenic artery. A greater
than twofold increase in insulin values from baseline in the right hepatic vein is consid-
ered a positive response and indicative of insulinoma in the vascular artery of the territory
studied (3). This patient had an increase in insulin following injection into the splenic
artery and to a lesser extent the gastroduodenal artery, indicating a nonfocal process.

Over the past 5 yr, NIPHS has been recognized in 10 patients at our institution (age
range: 16–78 yr; 7 males, 3 females) (4,5). The disorder is characterized by the following
clinical features: neuroglycopenic symptoms primarily in the postprandial state; endog-
enous hyperinsulinemic hypoglycemia; normal 72 h fast; negative sulfonylurea screen;
negative radiologic localizing studies of the pancreas (spiral CT, transabdominal ultra-
sound, celiac angiography and intraoperative ultrasound); and positive response to the
selective arterial calcium stimulation test. In all patients careful mobilization and pal-
pation of the pancreas at surgical exploration failed to detect an insulinoma. Histologic
examination of resected pancreatic tissue showed evidence of nesidioblastosis (islet cell
enlargement and β cells budding off ducts).

Nesidioblastosis has been observed in rare cases of adults with hyperinsulinemic
hypoglycemia and has also been reported in pancreatic tissue resected from hypoglyce-
mic patients who had concurrent insulinoma, and in other clinical syndromes such as
Zollinger-Ellison syndrome. The attribution of nesidioblastosis to the syndrome of hyper-
insulinemic hypoglycemia in adults without insulinoma is therefore controversial. The
finding of subtle histologic changes characteristic of nesidioblastosis in one third of
autopsy cases in one series (6) has led some authors to conclude that the histologic fea-
tures of nesidioblastosis may represent a normal variant. Although this may be the case,
the positive responses to the selective arterial calcium stimulation test in NIPHS is indic-
ative of some form of diffuse islet cell dysfunction. Abnormalities in kir6.2 and SUR1
genes, which encode the subunits of the pancreatic adenosine triphosphate (ATP)-sen-
sitive potassium channel responsible for glucose induced insulin secretion, have been
observed in some cases of familial persistent hyperinsulinemic hypoglycemia of infancy
(7). No disease-causing mutation of these genes was detected in the patients with NIPHS.
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In summary, this patient was diagnosed with the newly recognized clinical disorder
of NIPHS. This diagnosis should be considered in those patients with a history of post-
prandial neuroglycopenia (confirmed either during a spontaneous episode or during a
mixed meal test) and a negative 72 h fast. These patients should undergo the calcium stim-
ulation test. In a patient with a negative response to this procedure, other mechanisms to
explain the postprandial hypoglycemia should be explored. Nuclear gastric emptying
studies to detect accelerated transit as a cause of postprandial hypoglycemia should be
considered.
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CASE #3: FACTITIOUS HYPOGLYCEMIA

Case Description
A 37-yr-old woman was evaluated at an outside institution with a 1 yr history of epi-

sodic blurred vision, tremor, fatigue, diaphoresis, and perioral paresthesiae. On two occa-
sions she lost consciousness and drove her car off the road. Repeated emergency room
visits documented plasma glucose levels ranging between 15 and 20 mg/dL. She reported
that symptoms occurred at any time during the day with no apparent relationship to the
ingestion of food. Symptoms occurred almost daily and were relieved within 15 min of
ingestion of orange juice.

Physical examination was normal. Past medical history included depression. There
was no family history of diabetes. Medications included amitriptyline 75 mg at night.
Prior to referral to our institution, she presented to an emergency room in an obtunded
state. At that time, plasma glucose was 42 mg/dL, insulin 16 µU/mL, and C-peptide 600
pmol/L. A diagnosis of hypoglycemia secondary to an insulinoma was made. Preopera-
tive abdominal CT and ultrasound of the abdomen were negative. Exploratory laparo-
tomy was performed. Although palpation suggested slight thickness of the pancreatic
head, intraoperative ultrasonography was negative. No further surgical intervention was
made. She was diagnosed with an occult insulinoma and referred to our institution for
further evaluation.

She underwent a 72 h fast by protocol. Twenty-one hours into the fast she developed
blurred vision, diaphoresis, and dull mentation. Laboratory data at the time of these
symptoms are shown in Table 2.



332 Natt and Service

She was on medical assistance and extremely concerned, as she was unable to pay for
her medical bed or hospital evaluation. She also could not afford to pay for a hotel should
she have to undergo outpatient evaluation. Social services were contacted to help deal
with this issue. In view of the patient’s financial concerns and the fact that outside pre-
operative localization studies were negative, a selective arterial calcium stimulation test
was performed to expedite the evaluation. While waiting for the results of this test, the
plasma sulfonylurea screen was reported positive for glipizide. Subsequently, results of
the calcium stimulation test were available and showed a flat insulin response.

The patient was told that glipizide had been detected in her blood. She could offer no
explanation for this and steadfastly denied taking the medication. She had not brought
her medications with her. She declined psychiatric evaluation and was dismissed with a
diagnosis of factitious hypoglycemia secondary to sulfonylurea use.

Discussion
This case of factitious hypoglycemia illustrates several potential pitfalls in the evalu-

ation of a patient with hypoglycemia. Sulfonylurea agents produce hypoglycemia by
liberating preformed insulin from beta cells by a direct action. Thus in the presence of
sulfonylurea-induced hypoglycemia, insulin and C-peptide levels are inappropriately
elevated (as demonstrated in this patient). Because the pattern of beta cell polypeptides
and insulin surrogate parameters obtained when a patient is hypoglycemic from use of
sulfonylureas is identical to that observed in insulinoma, differentiation of sulfonylurea-
induced hypoglycemia from insulinoma is impossible without analysis for sulfonylureas
in the same blood sample drawn for the other measurements.

The evaluation of insulinoma traditionally involves a two-step approach that requires
biochemical confirmation of the presence of endogenous hyperinsulinemia in a sulfonyl-
urea-negative patient, followed by an attempt to localize the tumor preoperatively. Indeed
the major purpose of conducting the 72 h fast in this patient was to determine the mecha-
nism of hypoglycemia, as Whipple’s triad had been demonstrated previously. We were
influenced by the financial concerns voiced by this patient and hence did not strictly fol-
low the recommended approach for the evaluation of the patient with hyperinsulinemic
hypoglycemia. Measurement of plasma sulfonylurea is an essential component of the 72 h
fast and the results should be available before pursuing localization procedures. At our
institution liquid chromatography tandem mass spectrometry can detect both first- and
second-generation agents and repaglinide at low concentration.

It is important to recognize that misuse of sulfonylureas may be deliberate or unintended
e.g. a dispensing error. In addition, accidents may occur if the patient or an elderly partner
becomes confused as to the medication to be taken. Because of the potential for drug
errors, the physician or pharmacist should identify all medications taken by the patient.

Table 2
Case #3: End-of-Fast βββββ-Cell Polypeptide and Insulin Surrogate Levels

β- ∆ plasma
Glucose Insulin C-peptide Hydroxybutyrate glucose
(mg/dL) (µU/mL) (pmol/L)  (mmol/L) (mg/dL)

33 40 1600 0.2 50
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Occasionally it is necessary to perform a little “detective work” to determine the types
of medications kept in the patient’s house.

The true incidence of factitious hypoglycemia is unknown and likely to be under-
reported. The clinical history may be indistinguishable from that obtained in a case of
insulinoma and may extend over a period of many years sometimes with a long remis-
sion. The use of sulfonylurea agents must therefore be considered in the differential diag-
nosis of all patients who present with a hypoglycemic disorder. It is not unusual for patients
with factitious hypoglycemia to have undergone one or more pancreatic explorations in
search for an occult insulinoma (1). Management of the patient with factitious hypoglyce-
mia is difficult. Patients often deny surreptitious sulfonylurea use even in the face of over-
whelming evidence and are unwilling to undergo psychiatric treatment. Little information
is available on the long-term treatment and outcome of patients with factitious hypogly-
cemia. A small number of follow up studies indicate a poor long-term prognosis (2).
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CASE #4: REOPERATIVE INSULINOMA

Case Description
A 38-yr-old woman had episodes of confusion over a 3 yr period. The first episode

occurred in the late morning while at home recovering from influenza. Her husband tele-
phoned her from work and was concerned to find her incoherent. Their 5-yr-old son came
on the phone and told his father that mother was yelling at him and behaving abnormally.
On arrival at home he found his wife confused, sitting in a chair with a strange look on
her face. While waiting for the paramedics to arrive, he gave her some juice and her
condition improved. In the emergency room her blood glucose was 36 mg/dL. She fully
recovered following intravenous (iv) dextrose administration. She was dismissed with
no follow-up evaluation. Her symptoms were attributed to influenza. Following this epi-
sode she noticed that she was slow to wake up in the morning and found it difficult to
focus. She felt better after eating breakfast. Her husband described that she was often
incoherent and confused in the morning. On routine testing a fasting plasma glucose level
was 32 mg/dL. She was referred to an endocrinologist for further evaluation.

The following biochemical results were obtained during a spontaneous episode of confu-
sion: plasma glucose 40 mg/dL, insulin 10 µU/mL, C-peptide 888 pmol/L, and negative
sulfonylurea screen. The patient was diagnosed with an insulinoma and underwent pre-
operative portal venous sampling. This revealed a step-up in insulin levels in the region
of the head of the pancreas. On the basis of this result, she underwent exploratory laparot-
omy. At surgery, palpation of the pancreas and intraoperative ultrasound failed to reveal
a tumor. A Whipple’s procedure was performed. Pathological examination was negative
for insulinoma. Postoperatively, she continued to have low plasma glucose values and
3 mo later symptoms recurred. Once again she found it difficult to wake up fully in the
morning and was unable to process information. Her husband stated that she would look
drunk and wander aimlessly around the house. Drinking orange juice or eating chocolate
relieved these symptoms within 15 min of ingestion. On occasion she would resist food
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presented to her. Further localization studies for insulinoma were performed. No tumor
was seen on angiography and repeat portal venous sampling was nondiagnostic. CT scan
of the abdomen was negative. She was treated with diazoxide 100 mg twice daily, which
successfully prevented symptoms of hypoglycemia.

Six mo later, the patient was evaluated at our institution having been instructed to
discontinue her diazoxide 5 d prior to her appointment. She developed neuroglycopenic
symptoms 5 h into a fast conducted in our outpatient endocrine testing center. Concurrent
biochemical data was as follows in Table 3.

The sulfonylurea screen was negative for first- and second-generation agents. Review
of the outside CT scan of the abdomen suggested a 3-cm lesion in the left lobe of the liver.
A selective arterial calcium stimulation test was performed primarily to determine whether
the hepatic lesion was secreting insulin, i.e., was a metastatic lesion. This test showed a
flat insulin response following injection into all relevant arteries. Transabdominal ultra-
sound revealed a 0.5-cm lesion in the body of the pancreas. Spiral CT scan of the abdomen
demonstrated a small hepatic cyst and a very subtle 0.5-cm enhancing area in the anterior
portion of the body of the pancreas corresponding to the abnormality seen on ultrasound.
The patient underwent exploratory laparotomy. Intraoperative ultrasound confirmed the
presence of a 0.7-cm lesion in the anterior portion of the body of the pancreas. Palpation
of this area revealed a thin small nodule that was difficult to differentiate from scar tissue.
The area was enucleated. No hepatic tumor was identified. Pathology of the resected
pancreatic tissue confirmed a 0.7-cm islet cell adenoma consistent with insulinoma. To
date, the patient has remained symptom-free.

Discussion
This case of reoperative insulinoma illustrates several important points in the preop-

erative localization and surgical management of a patient with insulinoma. Before pro-
ceeding to further evaluation, the diagnosis of insulinoma should be reconfirmed in all
cases of hypoglycemia persisting after surgical exploration

Surgical failures occur primarily as a result of surgical inexperience, multicentric
disease, malignant tumors or improper diagnosis, such as factitious disorders (1). On rare
occasions, an occult solitary adenoma is missed by even the most experienced surgeon
supported by intraoperative ultrasound. Despite the use of CT, ultrasound and magnetic
resonance imaging (MRI), the localization of insulinomas smaller than 2 cm remains a
problem. Even in the best of hands, transabdominal ultrasound and spiral CT may detect
only about 60% of insulinomas (2). Accurate preoperative localization of insulinoma is
desirable because in the hands of some surgeons as many as 10% of insulinomas remain
occult to palpation at the time of surgery (3). Experts differ in their preferred approaches
to radiologic localization, most likely because of differences in their expertise. Our

Table 3
Case #4: End-of-Fast βββββ-Cell Polypeptide and Insulin Surrogate Levels

Plasma β- ∆ plasma
glucose Insulin C-peptide Proinsulin Hydroxybutyrate glucose
(mg/dL) (µU/mL) (pmol/L) (pmol/L)  (mmol/L) (mg/dL)

48 9 400 17 0.5 50



Chapter 18 / Hypoglycemia 335

preferred approach is to obtain transabdominal ultrasound then spiral CT of the pancreas.
The selective calcium stimulation test is reserved for some patients with negative imag-
ing studies, and other complex cases. Intraoperative ultrasound (IOUS) is utilized at the
time of surgical exploration to confirm the location of the tumor and aid in its excision.

This patient underwent portal vein sampling as her initial localization study for insuli-
noma. This method can regionalize a tumor to the head-uncinate or body-tail regions. We
do not use portal venous sampling because it is highly invasive and rarely offers useful
information over that obtained with more conventional preoperative localization methods
and IOUS. The calcium stimulation test was performed in this patient primarily to eluci-
date the nature of the hepatic lesion seen on an outside CT scan. The insulin response to
calcium stimulation of the pancreas likely showed a flat response due to the altered
vasculature caused by the initial surgery.

It is generally accepted that IOUS provides the highest success rate in the localization
of insulinomas. The technique can occasionally localize insulinomas that remain unde-
tected by surgical exploration (4) and appears to be particularly valuable for the detection
of deep-seated tumors within the pancreas (particularly those located in the head which
are usually more difficult to palpate). IOUS can not only reveal the location of an insuli-
noma but also provides useful information about the precise relationship of the tumor to
surrounding vital structures especially the pancreatic duct. This information can help the
surgeon choose appropriate surgical procedures such as enucleation or pancreatic resec-
tion. Although complete mobilization and palpation of the pancreas by an experienced
surgeon in combination with IOUS performed by a skilled radiologist is successful in
localizing almost all insulinomas, information gained from preoperative radiologic stud-
ies remains desirable as it allows the surgeon to plan the surgical approach ahead of time
and facilitates explanation to the patient regarding the anticipated extent of surgery.

Blind distal resection of the pancreas at the time of initial exploration in the hope of
excising an occult tumor is not recommended for several reasons. Insulinoma is distrib-
uted evenly throughout the pancreas: thus the failure rate for successful resection of these
tumors is unacceptably high. Surgery results in scarred tissue planes and a pancreas that
is firmer than usual, making it difficult for the surgeon to palpate a small tumor at reoper-
ation. In addition, completion pancreatectomy with its attendant serious consequences
may be the only therapeutic option at the time of reoperation.

In summary, this patient presented with an occult insulinoma. We recommend preop-
erative localization studies in both initial explorations for insulinoma and reoperative
cases. In skilled hands, IOUS is the most sensitive method for detecting an insulinoma
and may aid the surgeon in resection of the tumor. The patient in whom an insulinoma
is not located at first operation should be referred to a center with considerable experience
in the management of these fascinating tumors.
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CASE #1: DIABETES
WITH FAMILIAL COMBINED HYPERLIPIDEMIA

Case Description
A 59-yr-old man presented with the diagnosis of type 2 diabetes. He was in good health

until 5 yr ago when he presented to the emergency room (ER) with an episode of chest
pain and numbness in his jaw that occurred as he was walking up stairs. He was admitted
to the hospital, and although an acute myocardial infarction (MI) was ruled out, an exer-
cise stress test was positive. Coronary angiography revealed triple-vessel disease, and a
coronary bypass operation was performed. Risk factors for coronary disease included the
following: family history—his father died of an MI at age 52, mild hypertension −145/88,
cigarette smoking—1 pack per day × 20 yr. He works as a bus driver and is 5 ft 9 in and
180 lbs. A lipid profile taken 2 mo postoperatively was as follows: cholesterol 250 mg/dL,
triglyceride 180 mg/dL, HDL 30 mg/dL, and LDL 184 mg/dL. Liver, renal, and thyroid
functions were normal.

The patient was begun on a β-blocker, aspirin, and 20 mg/d of simvastatin. A subse-
quent evaluation one month later included cholesterol 210 mg/dL, triglyceride 240 mg/dL,
HDL 28 mg/dL, LDL 144 mg/dL.

His primary care physician followed the patient for the next 3 yr with no change in his
medications and no new symptoms. Two weeks prior to his visit, he was seen for a routine
evaluation. He now weighs 210 lbs. His cholesterol was 240 mg/dL, triglycerides 600 mg/
dL, HDL 25 mg/dL, and LDL was not estimated. You order several additional tests includ-
ing Lp(a), small dense LDL measurement, glucose and HA1c. Lp(a) was less than 30, LDL
was pattern B (more small dense LDL), fasting glucose was 160, and HbA1c was 8.0%.
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Discussion
As is not uncommon, patients with prediabetes often present first with clinical evidence

of coronary artery disease. These patients often have a constellation of risk factors that
include low HDL, small dense LDL, hypertension, and insulin resistance (1). Although
this latter finding was not assessed in this patient, insulin levels are often elevated in this
situation.

In the course of treatment for his anginal syndrome, this man was appropriately given
β-blockers and a cholesterol-lowering medication, simvastatin. Although β-blockers
have been reported in one study to be associated with increased development of diabetes
(2), their positive effects to reduce cardiac death make their usage in this situation appro-
priate. It should also be noted that, as in this patient, β-blockers can increase triglyceride
and reduce HDL levels (3).

Another issue is the measurement of cardiac risk factors other than a lipid profile. A num-
ber of other blood tests have been associated with increased risk in several studies. These
include homocysteine, Lp(a) in Caucasians, but not blacks, and measurements of inflam-
mation such as C-reactive protein, tumor necrosis factor, and Interleukin-6 (IL-6). A
number of investigations have suggested that LDL particle size is associated with greater
cardiovascular risk; however, this effect seemed to be limited to subjects who also had
increased apoB levels—owing to either increased LDL or hypertriglyceridemia—or
reduced HDL (4,5). In other studies this measurement did not seem to add additional infor-
mation (6). In addition to hypertriglyceridemia, other predictors of small dense LDL include
abdominal obesity and, presumably, insulin resistance (7). Therefore, clinical assessment
might be as informative as direct measurement of this LDL subfraction in this patient.

The current problem is hypertriglyceridemia. Although the β-blocker may have con-
tributed to this, the likelihood is that the diabetes is the primary reason for the triglyceride
elevation. Occasional patients with mild hypertriglyceridemia will become severely hyper-
triglyceridemic with the onset of diabetes mellitus; some of these patients have a heter-
ozygous defect in lipoprotein lipase, the rate-limiting enzyme for triglyceride removal (8).
This may be the case in this patient. Although that enzyme can be measured in the blood
after a heparin injection and the patient’s gene can be sequenced, neither evaluation will
alter the clinical approach to the disorder.

The role of hypertriglyceridemia as a risk factor for cardiovascular disease has been
debated for several decades (9). Except for hypertriglyceridemia associated with estro-
gens or alcohol, these patients invariably have reduced HDL owing to transfer of VLDL
triglyceride for HDL cholesterol, a reaction mediated by the cholesteryl ester transfer
protein (10). Although a primary prevention trial of triglyceride-lowering agents has not
been done, a recent study in VA patients with established cardiovascular disease and low
HDL demonstrated that gemfibrozil reduces the incidence of recurrent events in a lower
HDL population (11). Gemfibrozil reduced triglycerides 25% and increased HDL 7%—
the lipid change responsible for the beneficial effect of the drug cannot be ascertained
because both changes occurred. Although the subjects in this VA study were not as hyper-
triglyceridemic as our patient, it is likely that triglyceride reduction would be of benefit.
Moreover, because triglyceride levels over 500 mg/dL are at a level associated with satu-
ration of lipoprotein lipase, there is concern that dietary indiscretion or worsening dia-
betes might lead to an acute, rapid increase in triglyceride leading to pancreatitis.

The primary approach to this patient is life-style modification and diabetes manage-
ment. Without control of his diabetes, the hypertriglyceridemia is unlikely to resolve.
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Weight reduction and exercise can sometimes lead to dramatic reductions in triglyceride;
this alone may well correct the problem. Diets should avoid alcohol completely, free
sugars and simple carbohydrates should be reduced, and fats that will exacerbate post-
prandial lipemia should be limited. After introduction of diabetes therapy, triglyceride-
lowering medications should be considered. In this situation, fibric acids—gemfibrozil
and fenofibrate—are probably the first line therapy. Occasionally, the improved glycemic
control will fully correct the triglycerides; sometimes the LDL will increase and the patients
may then benefit most by a statin. Alternatively, combination therapy may be needed,
however, with the patient’s statin therapy there is an increased the risk of development
of myositis. The patient needs to be warned to stop his medications and inform his phys-
ician if he develops myalgias. Niacin in low dose may be effective, but it may exacerbate
glucose intolerance. High-dose statins and fish oil also may be useful.
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CASE #2: LOW CHOLESTEROL SYNDROME

Case Description
A 72-yr-old man presented with a complaint of increased fatigue developing over

several months, and low blood cholesterol levels. He had a history of cigarette smoking,
two packs per day for 40 yr, until age 60 when he was hospitalized for a nontransmural
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MI. At that time he was 5 ft 9 in and weighed 210 lbs. His lipids prior to this event were
cholesterol 175 mg/dL, triglycerides 300 mg/dL, HDL 25 mg/dL, and LDL 90 mg/dL.
Family history was significant for a mother with type II diabetes and death in her 50s from
pneumonia and a father who died of a stroke at age 72. He was not hypertensive and did
not have diabetes at this time.

Subsequent to this episode, the patient was primarily followed by his cardiologist and
was treated with aspirin and β-blockers. He took sublingual nitroglycerin approximately
4–6 times per week for typical exercise-related angina that occurred with rapid walking,
ascending stairs, and in cold weather. Both his cardiogram and chest X-ray indicated car-
diomegaly, but the patient refused additional work-up stating that his symptoms were not
severe enough for him to agree to either surgical intervention or angioplasty. Lipid pro-
files taken over this period of time showed a total cholesterol of 150–170 mg/dL, triglyc-
eride of 200–350 mg/dL and HDL from 23–30 mg/dL.

At the current visit, the patient notes that walking even a block was associated with
marked fatigue. Although he had had mild pedal edema in the past, this had not changed.
In addition, he noted no dyspnea. Surprisingly, no angina had occurred for the past 3 mo.
His physical exam was unchanged and showed obesity, cardiomegaly, and clear lungs.

His Hct was 27% with normal indices. His chemistry profile and iron indices were
normal. His total cholesterol was 80 mg/dL, triglycerides 150 mg/dL, HDL 20 mg/dL,
and calculated LDL 30 mg/dL.

Discussion
Low levels of plasma cholesterol and LDL occur as a primary genetic disorder or, as

in this case, as an acquired problem. Low levels of apoB, the major protein in LDL and
VLDL, leads to hypobetalipoproteinemia. This occurs with genetic abnormalities in this
protein including truncations, deletions, and base substitutions. Homozygous or com-
pound heterozygous patients with complete absence of apoB have not been described.
Homozygous knockout of apoB in mice is an embryonic lethal; this suggests that apoB
has an important, but unclear, role in development. Humans with hypobetalipoprotein-
emia have no obvious medical problems and they have a very low risk of cardiovascular
disease. This genetic experiment suggests that such low levels of LDL are safe. These
LDL levels are lower than those achieved with any lipid-lowering medication.

The second genetic cause of very low LDL is a defect in microsomal triglyceride trans-
fer protein (MTP). This protein is required to add lipid to apoB within cells and is the
protein that is defective in abetalipoproteinemia (1). These patients are unable to assem-
ble apoB-containing lipoproteins (chylomicrons, VLDL, and LDL) in either the gut or
liver. This leads to defective absorption of fat-soluble vitamins and the clinical presen-
tation of these children is as vitamin deficiency syndromes (2).

Secondary causes of very low cholesterol occur in several settings. Malnutrition and
chronic disease lead to low cholesterol; this does not appear to be the problem in this
patient. Acute inflammatory conditions such as MI and pneumonia also reduce plasma
cholesterol levels.

In a more chronic situation such as this case, there are several disorders that can reduce
LDL to these levels. Such dramatic LDL decreases are found in myeloproliferative dis-
orders including polycythema vera and myelofibrosis. This man was found to have chronic
myelomonocytic leukemia; his white blood count (WBC) was 28,000 and his bone marrow
biopsy done as part of his anemia work-up was diagnostic. The etiology of the cholesterol
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reduction appears to be increased uptake of lipoproteins in the organs of the reticuloendo-
thelial system such as bone marrow and spleen (3). In some chronic leukemias, the activ-
ity of the disease can be correlated with cholesterol, presumably more neoplastic disease
is associated with increased uptake of circulating lipoproteins by the neoplastic cells (4).

The physicians attending this man assumed that his decrease in angina symptoms were
because of fatigue and reduced exercise, especially because anemia would have been
expected to lead to more angina. An alternative explanation for the decrease in angina
is that the reduction in LDL cholesterol led to an improvement in either endothelial
function or his atherosclerotic plaque burden. In support of this, is the recent observation
that over 40% of patients with mild angina had a symptomatic improvement when LDL
was reduced to, on average, 77 mg/dL (5).
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CASE #3: FAMILIAL HYPERCHOLESTEROLEMIA

Case Description
A 50-yr-old woman with a history of coronary artery disease (CAD) and familial

hypercholesterolemia presents with a recent exacerbation of her lipid disorder. At age 35,
this woman was admitted to the hospital with an episode of substernal chest pain asso-
ciated with ST depression in the lateral precordial leads. At that time, she gave a family
history of cardiac disease; her mother died at age 42 after several years of chest pain
on exertion and an older sister had a sudden death at age 37. She was rapidly evaluated
during this first hospitalization and underwent bypass surgery for LAD and right coro-
nary lesions of >70%. Postoperatively, she had a total cholesterol of 350 mg/dL, HDL
32 mg/dL, triglyceride 140 mg/dL, and LDL 290 mg/dL. She related that her cholesterol
had been as high as 450 mg/dL in the past. Her examination was significant for large
xanthomas on both Achilles tendons.

The patient had three children, ages 5, 9, and 11. None of her children had increased
cholesterol. She had never taken hormonal contraceptives. She was begun on lovastatin
that was gradually increased and then switched to 80 mg/d of simvastatin. This reduced
her cholesterol to 220 mg/dL and her LDL to 160 mg/dL. Cholestyramine, 4 scoops per
day, was then added and led to a further reduction in LDL to 130 mg/dL and total choles-
terol to 190 mg/dL. Regular niacin 1 g three times a day was eventually included and LDL
decreased to 105 and HDL increased to 38 mg/dL. Over the past 15 yr, her total cholesterol
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has remained between 170 and 220, depending on her compliance. One year prior to this
visit she was seen by her cardiologist and complained at that time of fatigue and non-
exercise related substernal aching. An exercise tolerance test was normal and a cardiac
catheterization done because of her high-risk status showed full patency of her grafts and
no critical lesions. The chest syndrome subsequently has subsided, but did not entirely
leave. It is an aching in the substernal region that is not related to either food or exercise.

At this visit she is perimenopausal and having periods once every 3 mo. Her choles-
terol has risen to 250 mg/dL despite continued compliance with her medications. Her
weight has increased 10 lbs over the year despite her adherence to a low fat/low choles-
terol diet.

Discussion

Although the principal cause of death in women, as in men, is atherosclerotic cardio-
vascular disease, this usually occurs at a later age. In premenopausal women, the devel-
opment of CAD is distinctly unusual but is found in association with collagen-vascular
disease, diabetes, and, as in this case, familial hypercholesterolemia.

This patient gives a classic presentation of familial hypercholesterolemia. This dis-
order is due to defective LDL receptors, leading to a reduction in hepatic removal of LDL
cholesterol from the bloodstream. Both her mother and sister are likely to have also had
this disorder. It is an autosomal dominant disease and heterozygous carriers have mark-
edly elevated cholesterol levels and premature coronary artery disease that begins in
early adulthood. The rare homozygous carriers have LDL levels that are twice as high as
was found in this patient and often develop vascular disease in childhood (1). Each of this
patient’s children has a 50% chance of inheriting this defective gene; therefore, screening
is required to identify carriers so they can received cholesterol-lowering treatment prior
to adulthood. Fortunately, none of the three children of this patient was affected. Although
neither genetic screening nor assessment of LDL receptors was performed in this patient,
the presence of Achilles xanthomas is virtually diagnostic for this disease. A second molec-
ular defect that can cause hypercholesteralemia is an abnormality of apoB, the major pro-
tein of LDL, that leads to a defect in the LDL receptor-binding region of this protein; the
ligand rather than the receptor is defective. This defect termed “familial defective apoB”
leads to the same lipoprotein abnormality. Although techniques are available to define both
of these defects on a molecular level, such information does not alter the treatment of these
patients and is therefore not usually obtained.

This woman’s very premature heart disease is because of her elevated LDL and the low
HDL level that she also inherited. The initial cholesterol of 350 mg/dL was obtained post-
operatively and was lower than that obtained previously. Postoperative stress and inflam-
matory conditions such as MI, stroke, and infectious disease will reduce cholesterol.
Patients with familial hypercholesterolemia usually require multiple lipid-lowering med-
ications. This patient was originally started on lovastatin on a “compassionate use” proto-
col prior to introduction of statin drugs to the market. She obtained the expected effect of
those medications leading to a greater than 45% decrease in LDL. It should be noted that
all statin medications tend to have their greatest effect using the starting dosage. There-
after, doubling the dose leads to an additional 7% reduction in LDL. Addition of resin,
cholestyramine or colestipol, can reduce LDL 20% more. This woman was instructed to
eat a high roughage diet including bran cereal each morning to prevent constipation from
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the resin. Some patients find it most convenient to only take the resin with their largest
meal, usually dinner. The ingestion of two scoops of resin in juice or water has the added
benefit of appetite suppression for many people.

Niacin leads to a similar LDL reduction as resin and it has the most beneficial effect
on HDL; an increase of 25% is not unusual. Lp(a) is also reduced 35% by niacin (2). Lesser
increases in HDL are found with fibric acid drugs. These drugs do increase the chances
of myositis and because this patient does not have concomitant hypertriglyceridemia fibric
acids are not appropriate in this situation.

This patient took regular over-the-counter niacin, 1 g with each meal. Niacin is asso-
ciated with a number of side effects most prominent of which is hepatitis, dyspepsia,
exacerbation of peptic ulcer disease, and worsening glucose tolerance in diabetes-prone
patients. Most dramatic is the cutaneous vasodilatation leading to flushing, a sunburn-
like reddening of the skin. This is transient, and is reduced by aspirin. Flushing occurs
more if the niacin is taken on an empty stomach, with hot beverages, or with alcohol. A
number of slow release forms of niacin are also available and a once-a-day form, Niaspan,
that is only taken at night.

Once a patient is on a stable dose of medication plasma lipoprotein profiles usually
do not change dramatically. The increase in this patient, therefore, requires some inves-
tigation. One possibility is a change in diet. The weight gain suggests that this could
have occurred, however, a review of the patient’s 7 d food record did not suggest a major
deviation from a diet low in saturated fat and cholesterol. A second possibility is reduced
compliance with medications. Except for history and pharmaceutical records this is often
hard to determine. Niacin therapy tends to raise plasma levels of uric acid and this mea-
surement is sometimes an indication of niacin use, or in this case nonuse. A third possi-
bility is menopause. Although LDL cholesterol levels generally rise after menopause, those
changes are usually less than 10% (3). Finally, a new disorder that could lead to increased
LDL may have developed. In this case, the patient was found to have an elevated TSH of
15 µU/mL, and LDL decreased to previous levels after initiation of thyroid replacement
therapy. Even mild hypothyroidism is associated with increased LDL cholesterol (4).

A final issue, as this woman approaches menopause, is the decision to use hormone
replacement therapy (HRT). Although epidemiologic and experimental data had sug-
gested that estrogen replacement was beneficial for heart disease protection, randomized
clinical trial data have not supported this (5). For this reason, the primary rationale for
choosing HRT is relief of intolerable menopausal symptoms. This can be done with either
oral or transdermal estrogen with progesterone.
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CASES #4 AND #5: UNUSUAL LEVELS OF HDL CHOLESTEROL

Case Descriptions

CASE #4: LOW HDL
A 29-yr-old man is referred to your office for evaluation of cardiac risk and low HDL.

He works for a publishing company and, although he avoids high fat/ high cholesterol
foods, he does not exercise regularly. In high school, he was a runner on the track team;
at college he played intramural sports. He weighed 150 pounds when he graduated from
college.

His family history, and the reason for this consultation, is remarkable for the sudden
death of his father at age 34 on a tennis court. Although he was a child at the time of his
father’s death, he recalls that his father was overweight and a cigarette smoker.

The patient has a regular girlfriend, is contemplating marriage in the near future, and
would like any information that about potential genetic problems that may have caused
his father’s death.

His physical examination is unremarkable. He is 5'10'' and weighs 170 pounds. His pulse
was 54 and regular and his blood pressure was 115/68 mmHg. He has no tendon or palmer
xanthomas, no xanthalasmas, and normal fundi. He is bradycardic, but has no murmurs
or gallops. Liver and spleen are not palpable and his neurological exam is normal.

Laboratory examination shows a normal chemistry profile. The total cholesterol is 200
mg/dL, HDL 27 mg/dL, triglyceride 90 mg/dL, and calculated LDL 165 mg/dL. Lp(a)
is 45 and homocysteine is not elevated. Because of his family history, he is evaluated by
a cardiologist who performs an exercise tolerance test  and an echocardiogram. The stress
test is negative, and the echocardiogram shows a normal sized heart and no valvular
pathology.

Exercise programs are discussed and he agrees to begin a three-time per week pro-
gram of cardiovascular fitness (treadmill) at a gym that he attends with his girlfriend. He
is seen by a nutritionist and loses 3 lbs over the next 6 wk. A repeat lipid profile shows a
10 mg/dL decrease in his total cholesterol and no change in his HDL. At this point you begin
statin therapy. 2 mo later on 20 mg/d of simvastatin, his LDL is reduced to 95 mg/dL,
HDL is 32 mg/dL, and triglycerides are 80 mg/dL.

Two weeks later the patient calls to inform you that he has investigated low HDL
syndromes on the Internet. The use of niacin had been mentioned and he is now prepared
to try this. You have him purchase niacin from the local health store and begin with 250 mg
with each meal. Although he develops flushing during the first week, thereafter he has
flushing only for the 2 d when the dose is increased and when he drinks alcohol. For this
reason, he agrees to stop drinking his usual nightly glass of wine until the niacin therapy
is adjusted. Increasing 250 mg each week, he is able to reach a dose of 1 g per meal. The
patient returns in 2 mo complaining of fatigue. His cholesterol is now 120, HDL 32, tri-
glyceride 50, and LDL 78. ALT, AST, and bilirubin are elevated. The niacin is stopped
and his liver functions and lipid profile return to pretreatment levels.
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CASE #5: ELEVATED HDL AND LDL
A 32-yr-old woman is referred for a “second opinion” regarding the need for lipid-

lowering medication. A recent lipid profile showed a total cholesterol level of 278 mg/
dL, triglycerides 55 mg/dL, HDL 72 mg/dL, and LDL 195 mg/dL. Her past medical his-
tory is negative for serious illness. She exercises 4–5 d/wk at a local health club, workouts
consisting of a combination of treadmill, cross-country skiing machine, and/or “stepper”
apparatus for a total of 45–60 min. A review of her diet indicates that it is well within
“prudent” guidelines.

Her family history is significant for her father having died of an acute MI at age 59,
after having had stable angina for a number of years. Her mother is alive and well at age
65. Both of her grandmothers lived into their late 80s.

Her physical examination is unremarkable. Her weight is 116 lb (height 64"). No tendon
xanthomas are noted.

The patient’s primary care physician had suggested to her that she start on statin
therapy to lower her LDL-cholesterol. The patient is extremely reluctant to take medi-
cation, and feels that her excellent level of HDL-cholesterol is sufficiently protective
against ischemic heart disease in the future.

Discussion
These two cases of unusual levels of HDL present two similar types of management

issues. Although the relationship between HDL and cardiovascular risk is well estab-
lished within the population, extremes in HDL may not represent the same pathophysi-
ological risk as found within the normal distribution.

Several diseases are associated with very low levels of HDL, lower than that found in
Case 4. These include LCAT (lecithin acyl transferase) deficiency, genetic mutations in
apoAI, including apoAI Milano, and Tangier Disease. Although apoAI deficiency is
often associated with premature heart disease, apoAI Milano is not (1). The risks of heart
disease with the other defects are variable. Similarly, although elevated HDL is usually
associated with less cardiovascular risk, increased HDL owing to a mutation of CETP
(cholesteryl ester transfer protein) or hepatic lipase is not associated with protection from
CAD (2). CETP is responsible for the transfer of cholesterol from HDL into triglyceride-
rich lipoproteins and the very large HDL produced with CETP deficiency may be defec-
tive in returning cholesterol to the liver. CETP deficiency is primarily found in the Japanese
population. Hepatic lipase deficiency is associated with increased concentrations of cir-
culating remnant lipoproteins; presumably this is the reason for the increased CAD risk
despite the elevated HDL.

The reasons for the low HDL in Case 4 are not clear. The level of HDL in most people
correlates with the rate of removal of apoAI, the major HDL protein, from the blood-
stream. Thus, HDL production is not usually impaired. HDL is formed as a nascent par-
ticle that is relatively depleted in lipids. It then acquires lipid from peripheral tissues and
the cholesterol is converted to a hydrophobic form, cholesteryl ester, via the actions of
LCAT. HDL also acquires lipids from the surface of triglyceride-rich lipoproteins (VLDL
and chylomicrons) during their intravascular lipolysis. HDL metabolism involves removal
of the entire lipoprotein from the bloodstream or selective removal of only lipid in the
liver followed by renal degradation of the small lipid depleted particles. Liver (and
adrenal gland) HDL lipid uptake is mediated by the scavenger receptor B-I (SRB-I).
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Case 4 might have a heterozygous genetic deficiency of some of the enzymes respon-
sible for HDL production. Heterozygous mutation in lipoprotein lipase may, especially
in younger people, present as a low HDL syndrome (3). This is because of reduced trans-
fer of lipid to the HDL and also loss of HDL lipid due to the CETP reaction. Less com-
monly, mutations in HDL proteins are found. Very low levels of HDL, below 15 mg/dL,
are associated with lipid deposits in the tonsils and spleen, a condition known as Tangier
Disease. This disease is due to a defect in an ATP binding cassette (ABC) transporter that
is required for cholesterol efflux from cells (4). These patients are unable to effect the pro-
cess of reverse cholesterol transport. A number of mutations of this transporter have been
found. Studies have also demonstrated that heterozygous defects in ABC1 are associated
with low cholesterol syndromes (5). A recent study of low HDL syndromes found that
increased hepatic lipase was often found in patients with HDL in this range (6). Hepatic
lipase is involved in the pathway of lipid uptake into the liver; higher levels of hepatic
lipase reduce HDL levels by increasing its catabolic rate.

Although in the future, it is likely that the genetic tools to diagnose the etiology of this
man’s HDL defect will be available, such analyses are currently limited to the research
setting. Although his father had several additional risk factors (obesity and cigarette
smoking), prudent management assumes that this patient has a high likelihood of having
increased risk because of his low HDL syndrome. Although, not always necessary in an
active young man, because of the bradycardia and the lack of recent exercise, the cardiac
evaluation was performed. In the future, asymptomatic coronary atherosclerosis might
instead be evaluated using noninvasive imaging (7).

This man’s lifestyle is not uncommon. He is well educated, aware of premature CAD
in his family, and attempts to eat a prudent diet. Like many busy people, exercise and
weight maintenance are more difficult. A good approach is to resume previous exercise
patterns, i.e., having runners run and swimmers swim. Another option is to perform exer-
cise with a buddy or spouse. A third option, especially in patients who have very limited
time to exercise, is to do home exercise such as running or bicycling when watching the
evening news.

One sure method to reduce this man’s cardiac risk is to lower his LDL. This approach
was beneficial in a group of middle-aged subjects with HDL below 50 mg/dL and LDL
of approximately 150 mg/dL (8). It is, therefore, likely that a similar approach would be
useful in this man. It should be noted, however, that because there are no randomized
clinical trials with patients whose HDL levels are at the extremes of these two cases; this
is not evidence-based medicine.

Because of the widespread information about cardiac risk factors, patients often obtain
information from multiple sources; a request to try additional methods of HDL eleva-
tion is common. Over-the-counter niacin preparations are a reasonable approach. Nico-
tinamide is a vitamin preparation that is ineffective as a lipid-altering medication. The
flushing that occurs is more akin to a sunburn than to a menopausal hot flash; the skin vaso-
dilates, but core body temperature does not increase and there is no sweating. Flushing
is reduced by taking the niacin with meals (this also reduces the gastrointestinal (GI)
upset) and may be decreased even further by aspirin. Patients who are averse to taking
“medication” are often attracted to niacin, and this is useful for the clinician trying to
convince a patient to accept pharmacologic therapy, the clinician needs to emphasize to
the patient that doses of niacin that are used for lipid-lowering are well beyond the
“vitamin” range. Niacin therapy has been somewhat simplified by use of the newer
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timed-release preparations (i.e., Niaspan), and this might be an attractive option for this
patient.

Although this man took his niacin appropriately, he returned with fatigue and a marked
reduction in cholesterol because of hepatitis. He recovered after stopping the niacin. This
side effect is dose related, but because the benefit of therapy in this situation is unclear,
the niacin was not restarted.

Case 5 is the mirror image of the first, a patient with a family history of longevity, rela-
tively elevated LDL, but high HDL. This patient presents a somewhat unusual, but not
rare, management problem. The question as to whether a markedly elevated HDL-cho-
lesterol exerts “blanket” protection against cardiovascular disease, regardless of the
LDL-cholesterol level, has long been debated. The answer is that the elevated LDL does
carry independent risk, and the authors have seen a number of patients with distinctly
elevated LDL-cholesterols who have developed CAD despite very high levels of HDL.
Some of these patients have had HDL >100 mg/dL; the LDL was also elevated.

This patient’s lipid abnormalities are almost certainly genetic, because her LDL-cho-
lesterol remained elevated despite an excellent diet, optimal body weight, and regular
exercise. Conversely, her HDL-cholesterol is almost certainly too high to be attributed
simply to her exercise program. In terms of her family history, one would be tempted to
assume that she has independently inherited her hyperalphalipoproteinemia from her
mother and the hypercholesterolemia from her father. The elevation of her LDL is not
in the range typical for heterozygous familial hypercholesterolemia, but is most likely
of the “polygenic” variety.

The patient is clearly quite health-conscious, and not atypical for this type of indi-
vidual, is reluctant to embark on “artificial” (i.e. pharmacologic) methods of cholesterol
lowering. Because the need for medication will almost certainly be life-long, one can
understand her potential doubts about the long-term safety of statin therapy, even though
such drugs have now been in use for nearly 20 yr without any evidence for “silent” dele-
terious effects. It might, therefore, be counterproductive to “push” her too hard to accept
such therapy especially at this age when the risk of disease is relatively low. Rather, this
case may be a situation where the use of the “prestatin” therapies (i.e., resins or niacin)
might be considered. Both of these agents are distinctly less potent than statins, but the
degree of cholesterol lowering required in this patient is easily achievable with either of
these agents. Given her single cardiac risk factor of a positive family history for CAD,
her target LDL-cholesterol would be 160 mg/dL.

In patients who are concerned about potential toxicity (short-term or long-term) from
statin therapy, resins have the attraction of their long-term safety record, as well as their
lack of systemic toxicity; it can be pointed out to patients that resins are inherently safe
because they are not absorbed from the intestinal tract. Resins are, of course, associated
with GI side effects, but this may not be a problem at the modest doses that would likely
be sufficient in this patient (10–15 g of colestid or 8–12 g of cholestyramine per day). The
other options for this patient are niacin and statins (9).
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INTRODUCTION

A knowledge of the normal range of pubertal development and the normal physical
changes of puberty is a prerequisite for the evaluation of disorders of puberty. Indeed,
many children are inappropriately referred for evaluation of abnormal puberty when they
are still within the normal range of pubertal development. On the other hand, among the
patients detailed in this chapter is one boy in which evaluation was delayed far beyond
the normal upper limit of the onset of puberty.

The very question of which age represents precocious puberty remains controversial
and practice patterns have recently changed. Data on the normal variation in pubertal
development in the United States were sparse and did not span the possible range of ages
of normal pubertal development (1–3). Thus, previous ranges of normal pubertal devel-
opment were partially derived from the United States data and partially extrapolated
from data from other countries, predominantly from the studies of Tanner et al. in Britain
(4,5). A recent longitudinal study of Caucasian boys and girls was meticulously carried
out, but started at 9.5 yr of age (6). While it aids the determination of the mean age of
attainment of stages of puberty and the upper limits of pubertal development, it starts too
late to determine the lower normal limit of pubertal development (6). A large cross-
sectional study of 17,070 girls visiting the office of 225 specially trained pediatricians
across the United States started at 3 yr of age of the girls, but ended at 12 yr of age and
so excludes a proportion of normal children who enter puberty at a later age (7). The mean
age of breast development of Caucasian girls in this later study was 9.96 yr with +/− 2.5
SD limited by 6.3 to 13.5 yr whereas the mean age for African-American girls was 8.9 yr
with −2.5 SD at 5 yr and +2.5 SD at 12.7 yr. Remarkably, 3.0% of apparently normal
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Caucasian girls had stage 2 breast development by 6 yr and 5.0% by 7 yr whereas 6.4%
of African-Americans had stage 2 breast development by 6 yr and 15.4% by 7 yr. It is
clear that guidelines previously published of the normal age of puberty of 8–13 yr in
North American girls must be modified or too many girls will undergo evaluation for
normal variation and too many parents will be unnecessarily worried.

A practical compromise reached by combining the various sources of information
from United States children in recent years is generally (but not universally) accepted.
Thus, the range of ages of normal onset of puberty in Caucasian girls is 7–13 yr and for
African-American girls is 6–13 yr. While African-American girls have an earlier onset
of pubertal development of about 1 yr, their average age of menarche in the cross-sectional
study was only 0.7 mo different (12.2 yr for African Americans and 12.9 yr for Cauca-
sians). It is notable that the average age of menarche for the United States has not changed
in the last 30 yr in spite of media references to the contrary (12.8 yr in 1970s vs the newer
ages of 12.2–12.9 yr noted above) (1–8). Thus, there are no data to prove that these earlier
guidelines for pubertal development in United States girls are due to a change in the biol-
ogy of puberty; the revisions of the limits of normal puberty are necessary because we
have not previously had data spanning this range of ages. Further, the height of children
in the United States at any given age has not changed in the last 30 yr, reflected in the
virtual identity of children’s heights at various ages on the United States growth charts
released in 2000 (found at http://www.cdc.gov/growthcharts/) compared to charts that
were presented in the 1970s.

New data for puberty in boys do not extend to such early ages as those for girls, but recent
studies (6) agree with the ages described in the 1970s (2). Thus, the mean age of onset
of puberty in boys is 11 yr with the limits of 2.5 SD at 9 to 13.5 yr of age (14 yr is usually
invoked as the upper limit to simplify communication). These figures are similar to those
recommended over the last decades.

Care is necessary in choosing candidates for expensive diagnostic tests and long-term
therapy, as many of the children that appeared to have mild sexual precocity in the past,
may represent normal variation. It is generally inappropriate to extensively study appar-
ently normal girls who enter puberty at ages above these lower limits. Of course, the
pubertal ages found in family histories, the rapidity of development, and the presence or
absence of symptoms of CNS or other disease must enter into the decision of whether to
evaluate children due to fear of significant disease or to simply watch them over time.

Objective description of the stages of puberty improve clinical care and communica-
tion with consultants and colleagues. The stages popularized by Tanner are used inter-
nationally and are variously called Tanner Stages or Sexual Maturity Ratings (Tables 1
and 2) (4,5).
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CASE #1: PREMATURE SEXUAL DEVELOPMENT IN A BOY

Case Description
A 2.1-yr-old male was brought in by his mother because of a 6 mo history of coarse

pubic hair growth. There has also been scrotal thinning and enlargement and growth of

Table 1
Normal Stages of Pubertal Development in Girls

Breast Development

B1 Prepubertal: elevation of the papilla only.
B2 Breast buds are noted or palpable with enlargement of the areola. (This stage is quite

subtle and often missed on casual examination.)
B3 Further enlargement of the breast and areola with no separation of their contours.
B4 Projection of areola and papilla to form a secondary mound over the rest of the breast.
B5 Mature breast with projection of papilla only.

Female Pubic Hair Development

PH1 Prepubertal: no pubic hair.
PH2 Sparse growth of long, straight, or slightly curly minimally pigmented hair, mainly on

the labia. (This stage is very subtle.)
PH3 Considerably darker and coarser hair spreading over the mons pubis.
PH4 Thick adult-type hair that does not yet spread to the medial surface of the thighs.
PH5 Hair is adult in type and is distributed in the classic inverse triangle.

Table 2
Normal Stages of Pubertal Development in Boys

Male Genital Development

G1 Preadolescent.
G2 The testes are more than 2.5 cm in the longest diameter, and the scrotum is thinning and

reddening.
G3 Growth of the penis occurs in width and length and further growth of the testes is noted.
G4 Penis is further enlarged and testes are larger with a darker scrotal skin color.
G5 Genitalia are adult in size and shape.

Male Pubic Hair Development

P1 Preadolescent: no pubic hair.
P2 Sparse growth of slightly pigmented, slightly curved pubic hair mainly at the base of the

penis. This stage is very subtle.
P3 Thicker, curlier hair spread laterally.
P4 Adult-type hair that does not yet spread to the medial thighs.
P5 Adult-type hair spread to the medial thighs.
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the penis. His stature increased from the 50th to 85th percentile with a corresponding
increase in weight. He has not demonstrated aggressive or other abnormal behavior. Pre-
natal history was normal, and the child was delivered at term with a birth weight of 7 lbs
4 oz. Past medical history was normal. Development was normal, as all milestones were
reached at a normal age.

His father had a history of premature pubertal development and early cessation of
growth. The father was 5'5" in height. The mother was 5'2" height and had normal onset
of puberty and menarche. There were no other children in this family. There were no other
related medical problems in the family and no history of infertility in close relatives.

On physical examination, he was a 2.1-yr-old male who was playful, alert, and bright.
He was muscular appearing, but his voice was of normal pitch. His vital signs were
normal with a height of 37 in (94 cm) (85th%) and a weight of 32 lbs (14.6 kg) (85th%).
Head, eyes, ears, nose, and throat examinations were normal, except for mild acne and
comedones on his face. There was no moustache, but the facial velus hair appeared
increased. The thyroid was not enlarged. Axillae demonstrated no glandular develop-
ment or hair. His abdomen was soft without masses. He had no café-au-lait spots on his skin.
His penis measured 2 × 8 cm. The right testis was 1.5 × 2.5 cm (4 mL), and the left was
1.75 × 3 cm (6 mL), so he was in stage III of genital development. He also had a tuft of
coarse pubic hair which extended below the base of the penis and laterally and described
the beginning of stage III of pubic hair development by its distribution. The scrotum was
thin and tended to be a reddish color. The neurological examination was normal, includ-
ing optic discs. An ultrasound showed both testes to be homogeneous with the right
bigger than the left, but no evidence of tumor. A magnetic resonance imaging (MRI) of
the testes demonstrated the same. X-rays of the hand and wrist showed a bone age of 4.6
yr, which was >7 standard deviations above normal. A routine chemistry panel, including
liver function tests and a sedimentation rate were normal. Endocrine laboratory test
results are shown in Table 3.

Discussion
This boy has the very early appearance of pubic hair, penile enlargement, and other

virilizing features. There is small, but definite testicular enlargement, although less than

Table 3
Laboratory Test Results for Case 1

Patient values Normal range

Androstenedione 84 ng/dL (5–40)
Testosterone 443 ng/dL (2–25)
17-Hydroxyprogesterone 50 ng/dL (20–80)
DHEA-S 9 ng/dL (1-40)
LH <0.1 mIU/mL (<0.3)
FSH <0.1 mIU/mL (<0.3)
Cortisol 9 µg/dL at 10 am (8–24)
Beta HCG <2.0 IU/mL (0–5)
CEA <0.5 (0–2.5)
Phosphorus 5.8 mg/dL (3.6–6.8)
Calcium 10.6 mg/dL (8.8–10.6)
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expected, compared to the testosterone level. Furthermore, the testes are not as large as
expected for the amount of virilization noted. The fact that the testes are enlarging makes
it likely that the testes are the source of the testosterone rather than other sites, such as
the adrenal glands. There is no irregularity of the testes suggesting an adenoma or carci-
noma as the etiology; this also limits the likelihood of hyperplastic adrenal rests resulting
from the increased adrenocorticotropic hormone (ACTH) secretion of congenital adre-
nal hyperplasia.

The serum testosterone level is quite high, with no notable elevation of testosterone
precursors (androstenedione is only slightly elevated), indicating that direct secretion of
testosterone, rather than conversion from a circulating precursor, is the cause of the viril-
ization. The gonadotropins are suppressed, eliminating true central precocious puberty
or any central nervous system (CNS) process as the etiology of the testosterone secretion.
Serum βhCG is not detectable, eliminating a human chorionic gonadotropin (hCG) pro-
ducing tumor of the liver, CNS or other area as the source of testicular stimulation. The
rather low serum concentrations of adrenal androgens limit the possibilities of congenital
adrenal hyperplasia (CAH) or adrenal adenoma as the etiology of the androgens. An ACTH
stimulation test was performed; the rise in serum 17-OH Progesterone and DHEA were
normal, eliminating the possibility of CAH.

There appears to be a family history of male ancestors manifesting the same condition,
indicating an X-linked or sex-limited dominant trait. This boy has familial male-limited
gonadotropin-independent sexual precocity with premature leydig cell and germ cell matu-
ration (often called testotoxicosis), which is a gonadotropin releasing hormone (GnRH)
independent form of male isosexual precocity (1–7). Affected boys have secondary sexual
development with penile enlargement, which may be present at birth (3), and bilateral
enlargement of testes to the early or midpubertal range, but they remain smaller than
expected in relation to penile growth. The testes show premature Leydig and Sertoli cell
maturation and spermatogenesis and possibly Leydig cell hyperplasia (2,3,5). The nor-
mal pubertal enlargement of the testes is mostly caused by seminiferous tubular matura-
tion rather than the enlargement of Leydig cell mass. Thus, in this syndrome, mainly due
to luteinizing hormone (LH) receptor effect, the seminiferous tubules are less affected
than the Leydig cells and the testes remain rather small.

Growth rate is rapid and skeletal maturation is advanced, as in all forms of precocious
puberty. The level of serum dehydroepiandrosterone-sulfate (DHEA-S), correlates with
his chronologic age and adrenarche appears to be years away.

The disorder is because of heterozygous activating mutations of the heterotrimeric
Gs protein-coupled LH/CG receptor which transduces the LH/CG signal to the main
effector, adenyl cyclase (8,9). The LH receptor in the human is being encoded by a gene
localized to chromosome 2p21 (the same as the follicle-stimulating hormone [FSH] recep-
tor) (10–14). More than 11 constitutively activating heterozygous missense mutations,
all residing within exon 11, have been reported, mostly between amino acid residues 542
and 581 (8,9,15–21).

In patients with this disorder, there are prepubertal or suppressed basal and GnRH-
stimulated gonadotropin concentrations (3) whereas plasma testosterone values are in
the normal pubertal or adult range (3). Boys with GnRH-independent, pituitary gonado-
tropin-independent maturation of the testes do not respond to chronic administration of
a GnRH agonist with suppression of testosterone secretion because the condition is not
gonadotropin dependent (3,7), in contrast to the characteristic response in patients with
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true precocious puberty (3). However, in late childhood or early adolescence, a pattern
of pubertal LH secretion in the basal state and in response to GnRH is demonstrable due
to the development of secondary GnRH-dependent true precocious puberty (4) and the con-
dition then becomes controllable with a GnRH agonist. Fertility may ultimately be achieved,
accounting for the multigenerational presentations; this disorder is inherited as a sex-
limited autosomal dominant trait (3–7). A kindred with nine generations of affected males
has been reported (4); obligatory female carriers of the trait are unaffected (4,22).

Previously, testosterone secretion, height velocity and rate of bone maturation, and
aggressive and hyperactive behavior were decreased by treatment with oral or intramus-
cular medroxyprogesterone acetate (3,23). Newer therapies have come to the fore. Keto-
conazole suppresses gonadal and adrenal biosynthesis at several steps (24). In the dosage
used in testotoxicosis (200 mg every 8–12 h orally) (6,25) ketoconazole mainly inhibits
the enzyme cytochrome P-450c17, which regulates both 17-hydroxylation and the scis-
sion (17,20 lyase) of 17α-hydroxypregnenolone to dehydroepiandrosterone.

Ketoconazole causes a mild transient decrease in cortisol secretion and interferes with
binding of testosterone to TeBG. Ketoconazole can cause hepatic injury, which is usually
mild and reversible, but hepatotoxicity may rarely be severe (24). Further, reversible renal
injury, rash, and interstitial pneumonia have been reported in a patient who tolerated
lower doses, suggesting a dose response effect (26).

A more recent therapeutic approach is use of the antiandrogen (and antimineralocor-
ticoid) spironolactone combined with testolactone, an inhibitor of cytochrome P-450 aro-
matase (CYP19), the key enzyme in the conversion of androgens to estrogens (27). Thus,
the androgen effects are blocked and the bone maturing effects of estrogen are reduced
or eliminated. The addition of a GnRH agonist after the development of secondary central
precocious puberty is a useful step to suppress pituitary gonadotropin secretion (19) later
in the course of the condition.
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CASE #2: SMALL TESTES
AND GYNECOMASTIA IN AN ADOLESCENT

Case Description
A 17-yr-old boy presented because of concern about bilateral gynecomastia and small

testes, the latter noted on routine physical examination by his local physician. He first
noticed pubertal development at about 12 yr of age. He had no complaints about the
development or size of his penis or pubic hair.

Past history revealed that his birth weight was 3 kg after a normal pregnancy and deliv-
ery. His development was normal, as he started to walk and talk at an average age. His
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school performance has been problematic, as he was in his sophomore year of high school
with average to poor grades. He stated that he reads well and has no speech impediments.
He has had no serious accidents or CNS injuries. Surgical history included an orchiopexy
for an undescended testis at 2 yr of age. Family history showed his mother to be 167 cm
in height and his father to be 180 cm. The mother had her first menstrual period at 14 yr
of age. There was no available pubertal history for the father. The patient has a 14-yr-old
brother who is healthy and had reportedly normal pubertal development.

Upon physical examination, the patient was generally cooperative. His pulse was
66, blood pressure was 118/60 mmHg, and respiratory rate was 18. His height was 71 in,
(180 cm—75th percentile), and his weight was 150 lbs (68.2 kg—50th percentile).

His upper to lower segment ratio was 0.87 (below the mean for a Caucasian male). His
arm span was 180 cm (acceptable value for height). HEENT revealed some comedones and
some acne. He also had some facial hair. The thyroid gland was not enlarged. His abdomen
was soft without masses and his extremities were normal. He had gynecomastia with 4 cm
of palpable tissue on the left and 3 cm on the right. He had moderate axillary hair and a his-
tory of axillary odor. His phallus measured 2 × 10 cm. His testes measured 1.5 × 2.5 cm
(4–6 mL) bilaterally. He had pubic hair stage 4. His neurological exam was normal. Labor-
atory testing showed elevated levels of LH and FSH at 25 mIU/mL (normal 1.3–13) and
60 mIU/mL (normal 0.9–15 mIU/mL), respectively, a very low testosterone of 10.6 ng/
dL (300–1000) and a normal prolactin of 8 ng/mL (2–25).

Discussion
This boy has a history of normal onset of pubertal development, but small testes in

midpuberty associated with gynecomastia. This suggests Klinefelter syndrome by physi-
cal examination, which is supported by the elevated levels of serum LH and FSH. Serum
testosterone is in an acceptable pubertal range, which is found in Klinefelter syndrome,
but values may not rise by the end of puberty. Usually, there is a low upper to lower seg-
ment ratio, but only a modest or no increase in arm span compared to height, and he fits
these characteristics as well. The appropriate next step is a karyotype determination, with
the expectation of a 47 XXY or a variant in Klinefelter syndrome. However, the karyotype
in this patient returned as 46 XX. This suggests an XX male is the diagnosis. An Sry probe
revealed the Sry gene to be located on the X chromosome indicating that he is an XX male.
This manifests in a similar manner to Klinefelter syndrome.

Klinefelter syndrome, or seminiferous tubular dysgenesis, and its variants occur in
approximately 1 in 1000 males and are the most common forms of male hypogonadism
(1,2). The testes are small and firm (less than 3.5 cm in length), spermatogenesis is impaired,
and a male phenotype, usually with gynecomastia and eunuchoid proportions of the legs
is characteristic (1). After the onset of puberty, patients have a decreased upper/lower body
ratio without an increase in arm span (3). The onset of puberty usually is not delayed, but
slow progression or arrest of pubertal changes is due to impaired Leydig cell reserve and
low testosterone levels are characteristic. Tall stature for family size is common in this
disorder due to the disproportionate growth of the legs.

Prepubertal testes show only subtle histological changes, although the testes are small
and the germ cell content is reduced. Hyalinization and fibrosis of the seminiferous
tubules and pseudoadenomatous changes of the Leydig cells develop after puberty.

Before the age of 12, gonadotropin concentrations are in the prepubertal range, whereas
the characteristic elevated gonadotropin levels are found after the onset of puberty. The
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plasma concentration of testosterone tends to be in the normal range until about age 14,
after which it may fail to rise to normal adult levels because of decreased Leydig cell
function (4,5).

Testosterone replacement should be considered when the LH level rises above the
normal range of values. New studies have been designed to determine whether there is
benefit to early onset of testosterone administration on behavior or mood, but no conclu-
sions are available. Serum estradiol/testosterone ratios and TeBG levels are higher than
those in normal males, which indicates an increased estrogen effect and decreased testos-
terone effect. These factors probably account, at least in part, for the gynecomastia char-
acteristic of Klinefelter syndrome during adolescence (5–7). Testosterone administration
does not appear to reduce the gynecomastia, but dihydrotestosterone (8) may be effec-
tive. If the gynecomastia does not regress, a reduction mammoplasty may be required.
Aromatase inhibitors to reduce estrogen production and thus gynecomastia may be use-
ful, but the results of ongoing clinical trials of this approach are not yet available.

Severe mental retardation is uncommon in Klinefelter syndrome, although there is an
increased prevalence of speech and learning disorders and adjustment problems in ado-
lescence. Psychopathology is rare in most studies, and a 20 yr follow-up of 47 XXY indi-
viduals shows little or no variation from nonaffected controls in employment, social
status, mental or physical health, or criminality (9–11).

Klinefelter syndrome is associated with aortic valvular disease and ruptured berry
aneurysms (six times the normal rate) (12); breast carcinoma (20 times the rate in normal
men and one fifth that of women) (13); other malignancies such as acute leukemia, lym-
phoma, and germ cell tumors at any midline site (9); systemic lupus erythematosus (14,
15); and osteoporosis (25% are affected) (16,17). There is an increased risk of diabetes
mellitus and thyroid disease.

About 20% of mediastinal germ cell tumors are associated with Klinefelter syndrome.
These germ cell tumors secrete hCG and can induce sexual precocity. Klinefelter syn-
drome needs to be considered in boys with hCG-secreting germ cell tumors with or
without GnRH-independent sexual precocity, especially if the tumor is located in the
mediastinum (18–20). There are also increased incidences of fatigue, varicose veins, and
essential tremor.

Most patients have a 47 XXY chromosomal karyotype. The rare 46 XX male has some
features of Klinefelter syndrome (1). The SRY gene, located at the pseudoautosomal boun-
dary of the Y chromosome, is the testes determining gene in human beings. The bipotential
gonad will differentiate into an ovary in most 46 XX individuals without the SRY while
46 XY individuals with the SRY will develop a testis. If the SRY is found on an X chromo-
some a 46 XX male can result. The prevalence of 46 XX males is 1 in 20,000 phenotypic
males. The physical findings are similar to those of Klinefelter syndrome except for a
lesser degree of skeletal proportion abnormalities. The etiology of 46 XX males is a
balanced translocation of the pseudoautosomal regions of the p segments of the X and Y
chromosomes that include SRY. About 20% of XX males lack the SRY gene; these situ-
a-tions presumably arise from mutations of downstream autosomal or X linked genes
involved in testes determination.
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CASE #3: PREMATURE APPEARANCE OF PUBIC HAIR IN A GIRL

Case Description
A 16-mo-old girl presented with an enlarged clitoris. Her parents thought she was born

with a large clitoris, but this was not reflected in physician records. Birth history revealed
a normal vaginal delivery induced at 38 wk. Birth weight was 8 lbs and 14.5 oz. Apgar
scores were 10/10 at 1 and 5 min. She had a five- and a-half-year-old brother who was
healthy, but slightly short for his age. No medications or substances were used during
pregnancy and there were no toxic exposures or other illnesses noted. The mother had no
evidence of a virilizing tumor. The girl’s development had been normal, sitting up at
5 mo, walking at 13 mo, and speaking 3–4 words at present. She was breast-fed until 14 mo,
and at the time, was eating table food bought at an ordinary food store. The family did not
engage in food faddism. She took no medications, had no surgery, and had no serious ill-
nesses. There were no androgens in the house that the child might have accessed. Family
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history revealed the mother to be 5 ft 3 in in height. She was of mixed Northern European
ancestry. Her menarche occurred at 12.5 yr. The father’s height was 6 ft 2 in. He was of
Ashkenazi Jewish background. There was no family history of infertility, hirsutism,
acne, or other related conditions. There was no history of infertility in the family.

Physical examination revealed this 1 yr 4 mo old to be quite active. Her length mea-
sured 74.9 cm (10th percentile), and her weight was recorded at 9.59 kg (25th percentile).
Her weight for height ratio was at the mean. She had no increase in muscularity. Her head
circumference was 46.5 cm. HEENT examination revealed no comedones, acne, or facial
hair. Her voice was of normal pitch. The thyroid was not enlarged. Her abdomen was soft
without masses. There was no pubic hair, axillary hair, or axillary odor. Her clitoris was
1.5 cm in length and 0.5 cm in width. There was no labial fusion. Her labia were normal
and without rugation or pigmentation. There was no estrogen effect on the vaginal
mucosa. Her neurological exam was normal. Her skin was normal. X-rays of her hand
and wrist showed a bone age of 2 yr. Laboratory testing is shown in Table 4.

Discussion
This young girl has a large clitoris, but no sign of prenatal virilization, as the vaginal

opening was quite normal without posterior fusion. There was no classic ambiguity of
the genitalia at birth, although the clitoral size was increased at presentation. She was not
growing rapidly by history nor was she tall for the family, so the virilization must have
been a new feature. Surprisingly, there were no other signs of virilization, such as pubic
or axillary hair, acne, comedones, muscular development, or lowering of the voice,
although other changes might follow in the untreated state. The elevated serum 170H-
progesterone suggests the 21 hydroxylase deficient form of congenital adrenal hyperpla-
sia (CAH-p450c21) and the age of appearance suggests nonclassical or late onset CAH.
Because the basal values already point to this diagnosis, an ACTH stimulation test may

Table 4
Laboratory Testing in Case 3

Patient values   Normal range

Sodium 135 mEq/L (136–145)
Potassium 4.7 mEq/L (3.3–5.0)
Chloride 104 mEq/L (95–110)
Bicarbonate 19 mEq/L (22–32)
BUN 6 mg/dL (3–7)
Creatinine 0.3 mg/dL (0.1–0.5)
Glucose 80 mg/dL (60–105)
LH <0.02 IU/mL 0.02–1.77
FSH 2.2 mIU/mL 0.68–6.7
DHEA-S 3 ng/dL (3–24)
17OH-Progesterone 3839ng/dL (4–115)
Androstenedione <0.1ng/dL (5–40)
Cortisol (am) 15 µg/dL (6–25)
11 Deoxycortisol 159 ng/dL 7–210
Testosterone 12 ng/dL <12
Free Testosterone 1.3 pg/mL <0.6
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not be necessary, but is usually performed, and was in this case (Table 5). With hydro-
cortisone administration, androgen secretion decreased and there were no further signs
of virilization.

Classic CAH presents in the newborn period with ambiguous genetalia in girls but no
change in appearance in boys (1). In the presence of the SRY, a bipotential gonad turns
into a testes, which in turn, produces testosterone to bring about virilization of the
primitive genital anlage (2). This girl would not have SRY and should have a normal
ovary and normal Mullerian derivatives (uterus and vagina). Androgens exert effects of
fetal sexual development between 9–13 wk of gestation to determine whether a clitoris
versus a penis forms or whether a scrotum versus the labia majora forms. If androgens
arise after the 13th wk or in the postnatal period, there is no posterior vaginal fusion of
the labia majora or the development of a penile urethra, and this patient did not have such
fusion. This patient has only clitoromegaly rather than ambiguous genitalia and so cannot
have congenital virilizing adrenal hyperplasia of the classic type. Late onset or nonclas-
sical CAH may present at any time after birth and does not include vaginal fusion or the
development of a penile urethra as features (3,4).

The most common type of CAH is 21-hydroxylase deficiency, leading to elevation of
17OH-progesterone as the precursor compound to the 21 hydroxylase enzyme. In late onset
cases, the basal value may be high enough to make the diagnosis, as here, but more com-
monly, an ACTH stimulation test must be invoked to make a firm diagnosis (5,6).

Mutations of the CPY21 gene for 21 hydroxylase are transmitted in an autosomal reces-
sive manner (7). The enzyme is a member of the P450 superfamily of monooxygenases
bound to the endoplasmic reticulum. The gene is located on the short arm of chromosome
6 (6p21.3) within the human lymphocyte antigen (HLA) locus region. HLA-DR1, B14
occurs more frequently in the nonclassical form. There are two CPY21 genes, a func-
tional CPY21B gene and a pseudogene CPY21A. The genotype does not always deter-
mine the severety of the phenotype (8). Nonclassic CAH results from allelic variations
in the same gene causing classic CAH. Nonclassic CAH is found more frequently in the
Ashkenazi Jewish population, Hispanics and Yugoslavian individuals (9–11). The dis-
ease is the most common disorder in human beings with an overall frequency of 0.01.

Nonclassical CAH presents in girls who had normal female phenotypes at birth. They
may develop signs of elevated androgen secretion that present similar to premature adre-
narche at first (2,12–14). More significant androgen effects include advancement of the

Table 5
ACTH Stimulation Test in Case 3

Case 3 Normal
Case 3 Normal ACTH ACTH
basal  basal stimulated stimulated

17OHP 3839 ng/dL 4–115 30388 50–350
Androstenedione 65 ng/dL 5–51
DHEA 30 ng/dL 9–42 65 21–98
Compound S 159 ng/dL 7–210 291 98–360
Cortisol 9 µg/dL 6–25 15 22–40
Testosterone 12 ng/dL <12
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bone age with rapid early growth leading to early fusion of the epiphyses of the bones and
cessation of growth resulting in short stature if the clinical appearance is well before
epiphyseal fusion. In addition, cystic acne and, later in life, male pattern baldness and
menstrual irregularity may ultimately occur. Those females with late pubertal or early
adulthood onset of symptoms may manifest facial hair, severe acne, amenorrhea, and
other findings similar to those found in ovarian hyperandrogenism (polycystic ovarian
disease) (15–17).

Remarkably, within the same family manifesting classic 21 OH deficiency are some
members with serum androgen and precursor values similar to those of nonclassical CAH
patients, but who demonstrate no signs of virilization (18,19). This is cryptic CAH, which
may later manifest virilizing symptoms that wax and wane over years.

Treatment of nonclassical CAH presents problems. Patients may have adequate cor-
tisol secretion for daily life and may even mount normal stress responses of cortisol (this
patient did not mount an adequate response to ACTH stimulation). The administration
of glucocorticoid will suppress the androgen secretion to halt the progression of viriliza-
tion but will suppress ACTH and cortisol secretion. The patient may be rendered gluco-
corticoid deficient if glucocorticoid therapy is interrupted or if stress is encountered and
the patient does not take a double or triple dose of glucocorticoids at that time. Thus,
patients and families must be carefully educated about glucocorticoid management in
times of stress. Patients should wear an alert bracelet, or other warning, to inform others
about glucocorticoid deficiency in emergencies. In mild cases where one dose per day
of glucocorticoids may suppress manifestations, iatrogenic adrenal gland suppression
may be avoided (20).
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CASE #4: DELAYED PUBERTY IN AN 18-YR-OLD BOY

Case Description
An 18-yr-old boy presented because of lack of pubertal development. His mother

noted that for much of the last 10 yr, he looked many years younger than his chronological
age. He had no pubic hair development, growth of genitalia, or other findings of maturity,
according to mother. In addition, he had been moody and had labile emotions. He was
doing very well in school, but he had only a few friends. He had no plans for college, in
spite of his good grades. He was teased quite a bit because of his youthful appearance.
His appetite was good, and he was sleeping about 10 h/d. He had a very poor sense of
smell. He was born with undescended testes, which were treated by orchiopexy at 1 yr
of age. The mother denied any prenatal substance abuse. There were no prenatal com-
plications. Birth weight was 6 lbs 10 oz.

Family History revealed that his mother’s menarche occurred at 14 yr of age. Her
height was 5 ft 4 in. His father had puberty at about 13 yr of age. His height was 5 ft 5 in.
The rest of the family was of variable height. He had a 12-yr-old brother and a 10-yr-old
brother who were apparently doing well. Neither were said to have entered puberty as yet.

On physical examination, this young Caucasian man appeared many years younger
than his stated age; he could have easily been considered to be a 12-yr-old. His vital signs
were normal. His height was 62 inches (158 cm) (<5th percentile), and weight was 100
lbs (45 kg) (<5th percentile). He was thin and his skin revealed minimal acne and come-
dones on the face. The thyroid was not enlarged. His abdomen was soft and without
masses. He had scoliosis of 5–10º. His penis was 1.5 × 5.5 cm in length; volume of each
testes was 3 mL at most. He had pubic hair present, but it barely qualified as stage II. He
had no axillary hair. His neurological exam was normal, with the sole exception that he
could not recognize common smells offered to him. Laboratory test results are listed in
Table 6. GnRH stimulation produced no significant changes in LH or Testosterone levels.
X-rays of the hand and wrist showed a bone age of 15 yr. An MRI of the brain revealed
no abnormalities and there were normal olfactory sulci and olfactory bulbs.

Discussion
This boy has characteristics of both constitutional delay in puberty and of hypogonado-

tropic hypogonadism with hyposmia, which makes Kallmann’s syndrome likely. The
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normal CNS MRI directs the diagnosis away from Kallmann’s syndrome, but the MRI
of the CNS is not always abnormal in Kallmann’s syndrome. The short stature could be
familial or could be because of constitutional delay in puberty. Thus, both diagnoses
should be considered.

Healthy individuals with no complicating conditions who spontaneously enter puberty
after the age of 13 for girls and 13.5–14 yr for boys have constitutional delay in growth
and adolescence (1,2). They usually are short compared to peers throughout their child-
hood, although growth velocity and height are usually appropriate for bone age. There
is often a family history of the same, with mothers recalling delayed menarche and fathers
and siblings noting that they did not enter puberty until 14–18 yr of age. They have a delay
in the activation of the GnRH pulse generator and have a functional deficiency of GnRH
secretion for chronological age, but since their whole body is physiologically immature,
secretion of GnRH is appropriate for the stage of physiological development. Adrenarche
and gonadarche occur later in subjects with constitutional (idiopathic) delay in growth
and adolescence, whereas adrenarche usually occurs at a normal age in patients with iso-
lated gonadotropin deficiency (3,4).

Patients with constitutional delay in growth and puberty have a retarded bone age at pres-
entation but, on achieving a bone age of approximately 12–14 yr for boys and 11–13 yr
for girls, can be expected to show the earliest stages of sexual maturation. In contrast to
isolated gonadotropin deficiency, there is no impairment of olfaction and undescended
testes are uncommon in constitutionally delayed patients. Plasma gonadal steroid levels
may be low at the time of presentation (adrenarche as well as gonadarche is usually
delayed). However, as bone age advances, gonadotropin concentrations and pulsatile LH
secretion increase (initially at night), and the LH response to GnRH reflects maturation
of the hypo-thalamic–pituitary system. Patients with constitutional delay in growth and
adolescence will attain full sexual maturity, but the process takes longer than usual. Their
final height is in the normal range, but may be lower than expected from family heights.

Uncomplicated hypogonadotropic hypogonadism is often difficult to differentiate from
constitutional delay in puberty, as both manifest prepubertal or decreased serum gonado-
tropins and a prepubertal appearance. If a brain tumor or midline defect is the etiology
of hypogonadotropic hypogonadism, other symptoms may be found. However, when
there is no associated condition, the diagnosis may rest upon watchful waiting until serum
gonadotropins and sex steroids start to rise and secondary sexual development is noted.

Table 6
Laboratory Testing in Case 4

Patient values Normal values

Free T4 0.9 ng/mL 0.9–2
TSH 1.77 mIU/L 0.5–5
LH <0.03 mIU/mL 1.3–13 mIU/mL
FSH 0.5mIU/mL 0.9–15
Testosterone 20 ng/dL 300–1000 ng/dL
DHEAS 120 ng/dL 100–555
IGF 1 450 ng/mL 202–957
IGFBP 3 3.5 mg/L 2.2–4.2
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The most common genetic cause of hypogonadotropic hypogonadism, Kallmann’s syn-
drome, combines sexual infantilism with hyposmia. Kallmann’s syndrome is a genetically
heterogeneous disorder in which anosmia or hyposmia resulting from agenesis or hypopla-
sia of the olfactory lobes and/or sulci is associated with GnRH deficiency (5). Although
the extent of the defect in olfaction usually seems to correlate with the degree of GnRH
deficiency, even in patients with complete anosmia the GnRH deficiency may be partial
(the fertile eunuch syndrome) (6). The magnitude of the GnRH deficiency correlates with
the size of the testes (7). Undescended testes and gynecomastia are common in this and
all types of hypogonadotropic hypogonadism in boys (7). About one-half of males with
Kallmann’s syndrome have a micropenis (8). Associated defects include cleft lip, cleft
palate, imperfect facial fusion, seizure disorders, short metacarpals, pes cavus, neurosen-
sory hearing loss, cerebellar ataxia, ocular motor abnormalities (9), and unilateral, or
rarely bilateral, renal aplasia, or dysplasia that is limited to the X linked form (10). There
may be mirror movements of the upper extremities (5,11).

Coronal and axial cranial MRI scans of the olfactory bulbs and sulci may aid diagnosis
(12,13). In a review of MRI findings in 64 individuals with Kallmann’s syndrome, 56%
had bilateral agenesis of the olfactory bulbs (in 2% the agenesis was unilateral); 56% had
absent or abnormal olfactory sulci bilaterally (in 17% the abnormality was unilateral)
(14). Hence, in Kallmann’s syndrome less than 10% of individuals have a normal cranial
MRI. Serum LH and FSH may be indistinguishable from prepubertal children except for
the lack of or diminished nocturnal pulses of gonadotropin in Kallmann’s patients (15).

Kallmann’s syndrome may be transmitted as an X-linked, autosomal dominant, or
autosomal recessive trait (5). The molecular genetics of only the X-linked form are well
established. The KAL-1 gene encodes a 680-amino-acid glycoprotein with characteris-
tics of an extracellular neural adhesion molecule that putatively could function as a path-
finder in the guidance of GnRH neurons to the medial basal hypothalamus. The locus of
the KAL-1 gene is Xp22.3, an X-linked gene which escapes X-inactivation and maps 1.5
megabases proximal to the steroid sulfatase gene at the same locus. A variety of deletions
and mutations of the KAL gene have been described including large and small (exon)
deletions (16–18), point mutations, and a variety of nonsense mutations leading to frame-
shift and premature stop codons (14,19,20). A small proportion of familial cases in which
X-linked inheritance is well documented apparently do not have a mutation in the coding
region of the KAL gene; the defect in some of these patients may be located in the promo-
ter region of the KAL gene (21). Contiguous gene deletions in this region of the X chromo-
some can lead to an association of Kallmann’s syndrome with X-linked ichthyosis caused
by steroid sulfatase deficiency, mental retardation, and chondroplasia punctata (16,17).

Autosomal dominant inheritance of the phenotype is suggested by some studies (8,22),
and this pattern of inheritance is supported by a report of an affected male who fathered
an affected son after treatment with hCG (23). Apparent autosomal recessive inheritance
characterizes other kindreds (24). Thus, the various forms of Kallmann’s syndrome are
because of heterogeneous mutations (8,22,24) in which the phenotype can vary.

Hypogonadotropic hypogonadism may be transmitted by autosomal recessive inheri-
tance with none of the other features of Kallmann’s syndrome. Males with cerebellar
ataxia and deficient gonadotropin production have been reported in kindreds with X-
linked inheritance (possibly a variant form of Kallmann’s syndrome) and hypogonado-
tropic hypogonadism may be associated with the multiple lentigenes and basal cell nevus
syndromes.
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Kallmann’s syndrome may be found in the same kindred as constitutional delay in
puberty. This suggests that one cause of apparent constitutional delay in puberty is a form
fruste of Kallmann’s syndrome.
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CASE #5: DELAYED PUBERTY IN A GIRL
Case Description

A 16-yr-old girl presented with primary amenorrhea. Birth history revealed a full-term
labor with a birth weight of 5 lbs. Early childhood was complicated by three ear infections
leading to the placement of PE tubes. Otherwise, her health had been good. Her school
experience was generally going well, but she was having trouble understanding problems
in geometry regarding spatial orientation.

Family history revealed the mother’s height to be 5 ft 4 in and her menarche was at 12.5
yr of age. Her father’s height was 5 ft 8 in. He could not recall his age of puberty, but it
was felt to be average. There was no contributory other family history.

On physical examination the patient was a normal appearing girl who looked younger
than her stated age. Vital signs, including blood pressure, were within normal limits. Her
height was 5 feet (153 cm—5th percentile), and her weight was 100 lbs (45 kg—25th
percentile). HEENT examination showed no acne or comedones. Her mouth appeared
normal. Her neck was normal without goiter. Her hair line, wrists, and abdomen were nor-
mal. Her lungs and heart were normal. There was no breast tissue noted and the areolae were
normal. Pubic hair was at stage 2 and the genitalia were normal in appearance. A neurolog-
ical examination was within normal limits. Laboratory testing (Table 7) was remarkable
for elevated gonadotropins with a low estradiol. A routine chemistry panel and complete
blood count (CBC) were normal.

Discussion

The elevated serum concentrations of LH and FSH indicate primary gonadal failure
and, without another explanation, Turner’s syndrome must be suspected. Her height was
in the normal range but even without short stature or other physical features of Turner
syndrome, a karyotype is indicated in girls with gonadal failure. Her karyotype was 45
X0/46 XX, indicating mosaic Turner’s syndrome.

The most common form of hypergonadotropic hypogonadism in the female is the syn-
drome of gonadal dysgenesis or Turner’s syndrome and its variants (1,2). This group of
sporadic disorders has an overall incidence of 1 per 2500 to 10,000 liveborn girls (2–6)
and is characterized by absence of all or part of the second sex chromosome. The 45 X
karyotype is associated with female phenotype, short stature, sexual infantilism, various
somatic abnormalities, and frequent fetal demise. Sex chromosome mosaicism or struc-
tural abnormalities of an X or Y chromosome may modify the features of this syndrome,
although about 40% of the individuals with the five features noted above have mosaicism
or structural abnormalities of the X chromosome (1).

Short stature and sexual infantilism are invariable features of 45 X gonadal dysgen-
esis, or classic Turner’s syndrome. This karyotype is found in approximately 60% of cases
of Turner’s syndrome (3,7). The short stature is owing to loss of a homeobox-containing
gene located on the pseudoautosomal region (PAR 1) of the short arms of the X (Xp22) and
Yp11.3 chro-mosomes (8,9) that encodes anosteogenic factor (9). The gene is called SHOX
(short stature homeobox-containing gene) (8) or PHOG (pseudoautosomal homeobox
osteogenic gene) (9).

Affected newborn infants may have loose skin folds of the neck that scar down to a
webbed neck or manifest lymphedema of the extremities (the Bonneville–Ullrich syn-
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drome). It is important to determine whether coarctation of the aorta and/or a bicuspid
aortic valve is present because of the risk of hypertension and aortic rupture or a tendency
to valvular infection.

Features noted during childhood are found in various locations in the body. The classic
features of Turner’s syndrome were not found in this patient, indicating the remarkably
variable nature of this condition. Frequent features are distinct facies with micrognathia
causing a “fishmouth” appearance, high-arched palate with dental abnormalities, epi-
canthal folds, ptosis, low-set or deformed ears, short neck with low hairline, and webbing
(pterygium colli), and recurrent otitis media, often leading to impaired hearing (7,10). A
broad shield-like chest leads to the appearance of wide-spaced nipples; the areolae are
often hypoplastic. Skeletal defects include short fourth metacarpals and cubitus valgus
(that may develop after birth), Madelung deformity of the wrist, genu valgum, and scoli-
osis (2,7). The skin demonstrates extensive pigmented nevi, a tendency to keloid forma-
tion, and hypoplastic nails (1,7). Lymphatic obstruction leads not only to the infantile
puffiness of extremities and pterygium colli, but to a distinctive shape of the ears. Cardio-
vascular anomalies include coarctation of the aorta (40% also usually have webbing of
the neck), aortic stenosis, and bicuspid aortic valves; the latter individuals are at risk for
a dissecting aortic aneurysm (11). An echocardiogram of the cardiovascular system must
be performed. Abnormal pelvocaliceal collecting systems, abnormal position or alignment
of the kidneys, and abnormal vascular supply to the kidney may be encountered and recur-
rent urinary tract infections are not uncommon (12). Defects of the gastrointestinal sys-
tem include intestinal telangiectasias and hemangiomatoses that can rarely lead to massive
gastrointestinal bleeding. Furthermore, the prevalence of inflammatory bowel disease is
increased (13–15). The uterus and fallopian tubes are infantile. Pelvic ultrasonography or
MRI usually permits the detection of even a small uterus in these patients and, commonly,
streak gonads.

Autoimmune diseases, such as Hashimoto’s thyroiditis and Graves’ disease, are common.
Glucose intolerance resulting from increased insulin resistance is also common after the
age of puberty, although in some this may be owing to associated obesity (16,17).Turner’s
syndrome patients commonly have have elevated serum cholesterol concentrations (18).

IQ is normal when verbal ability including comprehension and vocabulary are consid-
ered. However, spatiotemporal processing, visuomotor coordination (19,20), and math-
ematical ability (particularly in geometry) may be impaired in patients with Turner’s
syndrome, leading to a decrease in the overall IQ performance (21,22). Difficulties asso-
ciated with social adjustment and cognition are common (23). 45 X individuals in whom
the X is of paternal origin (Xp) show better adjustment and “social cognition” as a group
than Xm individuals (24,25). This difference has been attributed to the imprinting of a

Table 7
Laboratory Testing in Case 5

Patient values Normal values

LH 45 mIU/mL 0.6–15
FSH 80 mIU/mL 1–9.2
Estradiol 10 pg/mL 20–60
DHEAS 150 ng/mL 100–555
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gene that escapes X-inactivation inherited from the mother located on Xm, but that is not
imprinted on Xp (24). The first example of an imprinted gene on the X chromosome, this
locus resides in the pericentric region of the short arm or on the long arm of the X chromo-
some. Skuse et al. (24) postulate that this imprinted gene may play a role in male–female
differences in social behavior and developmental disorders. It is useful to monitor the
patient’s progress in high school mathematics so that assistance may be offered. Gender
identity and sexual orientation are female (21).

Patients are usually small at birth because of intrauterine growth retardation, exhibit
a relatively normal growth rate until a bone age of about 3 yr, and then a decrease in
growth with a profound reduction in growth rate at the time of expected puberty with fail-
ure to have a pubertal growth spurt (26–28). Individuals with Turner’s syndrome have
a mean final height of approximately 142–143 cm (27); but the adult stature of these
patients correlates with midparental height so that subjects with tall parents will tend to
be taller (6). Their pattern of growth does not suggest that these individuals are GH
deficient (28). However, growth hormone in pharmacologic doses is now approved for
use in this disorder and increases the mean final height, although to a variable extent. Spe-
cific growth curves are available for plotting the growth of affected children (27,28). In
a group of girls with Turner’s syndrome and spontaneous puberty, height velocity was
transiently higher during puberty than in girls with amenorrhea, but final adult heights
were not different (1).

Baseline gonadotropin concentrations and peak LH and FSH values after GnRH admin-
istration are above normal between birth and 4 yr of age and again after age 10. Baseline
values of FSH are 3–10 times higher than LH values. However, between ages 4 and 10,
mean gonadotropin concentrations in this syndrome are similar to the mean values in
normal girls and are lower than those before age 4 and after age 10 (29,30).

The appearance of pubic hair is often delayed in the syndrome of gonadal dysgenesis,
even though adrenarche, as assessed by an increase in concentration of plasma DHEAS,
occurs at the normal age (31). The pubic hair of affected individuals is sparse, but estro-
gen therapy increases the growth of pubic hair despite a lack of increase in adrenal andro-
gen secretion (32). The streak gonads usually result in sexual infantilism, but in about
10% of cases, puberty, menarche, and, even more rarely, pregnancy may occur because
the ovaries are not completely affected (1).

The bone density is decreased, at least in part, because of hypogonadism at puberty,
and this becomes more severe with age in patients who discontinue or do not receive
estrogen replacement therapy (ERT).
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CASE #6: GNRH-INDEPENDENT PRECOCIOUS PUBERTY

Case Description
A 3-yr-10-mo-old girl presented with breast development and skin lesions, as well as

other endocrine abnormalities. She was born after a 38-wk gestation by normal spontane-
ous vaginal delivery. Birth weight was 7 lbs 11 oz. There were no complications of preg-
nancy. Her mother used no substances nor had any illnesses during pregnancy. Abnormal
skin pigmentation was noted at birth, and a dermatologist performed a biopsy at 4 mo of
age. No diagnosis was established. At 2 yr of age, the mother noted a lump on the child’s
jaw. A head CT and MRI were performed and, after a biopsy of the lesion, the diagnosis
of fibrous dysplasia was made. The additional finding of café-au-lait spots led to the
diagnosis of McCune–Albright syndrome. Ophthalmologic evaluation revealed no com-
promise of the optic nerve.

On physical examination, this 3.8-yr-old was quite pleasant, cooperative, and of normal
intelligence. Her pulse was 93, blood pressure was 119/71 mmHg, and respiratory rate
was 20. Her height was 113.1 cm (>95th percentile), and weight was 19 kg (>95th per-
centile). HEENT examination revealed normal eyes, pupils equal and reactive to light,
and a normal pharynx. A palpable mass, about 2 cm in irregular diameter, was noted on the
right jaw. The thyroid gland was enlarged, with a 1.5-cm nodule on the left lobe. The rest
of the thyroid was palpable and the isthmus was thickened as well. There were no bruits
in the thyroid gland. The areolae were about 2 cm in diameter. The breast buds appeared
to be about the same size as the areolae, although the right side was greater than left.
Breast development was stage 2. Her abdomen was soft without masses or organomegaly.
Her extremities revealed no asymmetry and appeared normal. There was a slight scolio-
sis (20º to the left) and a small degree of lordosis of the lower back. There was no pubic
hair (stage 1). There was clear estrogen affect in the vaginal mucosa based upon the
thickness and the pinkish color of the mucosa. There was no axillary hair and no axillary
odor. Her left forearm revealed a café-au-lait spot of 11 × 6 cm. She had another very
large café-au-lait spot over the front of her trunk, which crossed the midline, covering
20% of the thorax and some of the neck, as it involved both the right and left sides of the
neck. It extended down the left arm as well. She had two café-au-lait spots on the back
of her leg, lower spine, and shoulder. The neurological exam revealed no deficits of the
cranial nerves, and she had normal DTRs and normal mentation.

Laboratory test results are shown in Table 8. A GnRH test showed a suppressed LH (peak
of <0.1 mIU/mL) and FSH (peak of <0.1 mIU/mL), but serum estradiol was 50 pg/mL.
Because of the increased serum T3 levels, she was begun on propylthiouracil 25 mg tid.

Discussion
This girl has GnRH-independent precocious puberty reflected in the low LH and FSH

levels in the face of elevated serum estrogen levels. The skin lesions and skeletal abnormali-
ties in association with precocious puberty, thyroid hyperactivity, and suggestion of auton-
omous GH secretion noted by the consistently measurable and indeed elevated growth
hormone concentrations all point to the McCune–Albright syndrome (1,2).

McCune–Albright syndrome occurs sporadically and for years the cause was unknown.
Recent studies demonstrate that it is owing to somatic activating mutations in the gene
(GNAS 1) encoding the α-subunit of the trimeric guanosine triphosphate (GTP-binding
protein (Gαs) that stimulates adenyl cyclase. It is characterized by the triad of
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1. irregularly edged hyperpigmented macules (café-au-lait spots);
2. a slowly progressive bone disorder, polyostotic fibrous dysplasia, that can involve any

bone and is frequently associated with facial asymmetry and hyperostosis of the base of
the skull and is about twice as often in girls than boys;

3. GnRH-independent sexual precocity, which is also more common in girls (3,4).

Autonomous hyperfunction most commonly involves the ovary, but other endo-
crine involvement includes thyroid (nodular hyperplasia with thyrotoxicosis or, remark-
ably, with euthyroid status), adrenal (multiple hyperplastic nodules with Cushing syn-
drome) (5), pituitary (adenoma or mammosomatotrope hyperplasia with gigantism and
acromegaly and hyperprolactinemia) (6), and parathyroids (adenoma or hyperplasia with
hyperparathyroidism) (3). In addition, hypophosphatemic vitamin D-resistant rickets or
osteomalacia can occur in this syndrome, either because of a putative phosphaturic factor,
phosphatonin (7), secreted by the bone lesions or an intrinsic renal abnormality leading
to the excess generation of nephrogenous cyclic adenosine 5'-monophosphate (AMP) in
the proximal tubule with decreased reabsorption of phosphate (8). At least two of the fea-
tures must be present to consider the diagnosis.

The skin manifestations may not be noted in infancy although they were noted in this
case. The café-au-lait macules usually do not cross the midline and often are located on
the same side as the main bone lesions and have a segmented distribution (1). In this case,
the lesions do cross the midline.

The skeletal lesions in the cortex are dysplastic and are filled with spindle cells with poorly
organized collagen support; they take the form of scattered cystic areas of rarefaction on
radiography and often result in pathological fractures and progressive deformities (9).
Technetium bone scintigraphy has been the most sensitive approach to the detection of bone
lesions before they are visible radiographically. If the skull is involved, there may be entrap-
ment and compression of optic or auditory nerve foramina, which can lead to blindness,
deafness, facial asymmetry, and ptosis. This patient is being frequently evaluated for these
features.

The heterotrimeric guanine nucleotide binding proteins (G proteins) are a subfamily
within the large superfamily of GTP-binding proteins and serve to transduce signals from
a large number of cell surface receptors with a common structural motif of seven mem-
brane-spanning domains to their intracellular effect; in essence, they couple serpentine
cell surface receptors to effectors. For Gs, the stimulatory G-proteins, the effector is adeny-
lyl cyclase that is controlled by Gs and inhibitory (Gi) G-proteins [reviewed in (10–12)].

Table 8
Laboratory Results for Case 6

Patient values Normal values

Serum T-3 320 ng/dL 105–269
Serum total T4 10.5 µg/dL 7.2–15.7
GH 6–8 ng/mL several occasions <1.0
TSH <0.05 mU/L 0.7–6.4
IGF-1 350 ng/mL 17–248
Bone age 5 yr 9 mo 2 SD above the mean
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The heterotrimer is composed of an α-subunit (39–45 kDa) that binds GTP and has intrinsic
GTPase activity that converts GTP to GDP, a β-subunit (35–36 kDa), and a smaller (γ sub-
unit (7–8 kDa) that are tightly associated with each other. Each of the subunits is encoded
by a distinct gene. The G proteins function as “conformational switches.” The GDP-
liganded α-subunit is bound to the β subunits and is in an inactivated state. When the cell
surface receptor is activated by its ligand or agonists, the GDP is catalytically released from
the α-subunit and enables GTP to bind. This leads to dissociation of the GTP activated
α-subunit, its dissociation from the bound β subunit and the effector adenylyl cyclase is
activated. When GTP is hydrolyzed by the intrinsic GTPase activity of the G-α, it and
G-β reassociate and the α-subunit is in the off or inactive conformation. The three- dimen-
sional structure of the heterotrimeric G proteins has been determined (13–17).

Recently a mutation in the gene encoding the “α-subunit of the stimulatory G protein
of the adenylyl cyclase was identified in tissue of children with the McCune–Albright
syndrome (18). This was a single base substitution of arginine with histidine at position
201 of the Gs protein. These activating mutations, which lead to constitutive excess cAMP
production and, in some tissues cAMP-induced hyperplasia (16), have a mosaic pattern
of hyperactivity and the proportion of mutant to normal cells varies, contributing, at least
in part, to varied clinical findings, severity, its sporadic nature, and the discordant occur-
rence in monozygotic twins. A germ-line mutation that would affect all cells is presumed
to be lethal to the embryo. Two gain of function missense mutations have been described
in this order, both of which involve the arginine 201 residue of the α-subunit (10), the
site of covalent modification by cholera toxin: Arg 201 with either a Cys or His substitu-
tion (4,19–21). The arginine 201 residue is critical for α-subunit GTPase activity, and each
of the two mutations decreases GTPase activity and causes constitutive activation. These
activating mutations have been found in cell tissues affected in the syndrome (22,23),
including bone lesions. The involvement of the adrenal cortex can lead to macronodular
adrenal hyperplasia and Cushing’s syndrome. Thyroid adenomas causing hyperthyroid-
ism along with hepatic involvement associated with hepatobiliary disease and jaundice
and pancreatitis can be early manifestations of the McCune–Albright syndrome in infancy
(24). Another nonendocrine manifestation is cardiac disease that carries the risk of car-
diac arrhythmia and sudden death.

The sexual precocity may begin in the first 2 yr of life and is frequently heralded by
menstrual bleeding. It is initially GnRH independent and the ovaries contain multiple fol-
licular cysts, but not corpora lutea and commonly exhibit asymmetrical enlargement as a
result of a large solitary cyst that characteristically enlarges and spontaneously regresses
only to recur later (3,5,25–27,34). Serum estradiol is elevated (at times to extraordinarily
high levels), but initially the LH response to GnRH is prepubertal, and the pubertal pat-
tern of nighttime LH pulses is absent (25,28,29). Later, when the bone age approaches
12 yr, the GnRH pulse generator becomes operative and ovulatory cycles ensue. Thus,
an affected girl may progress from GnRH-independent precocious puberty to GnRH-
dependent precocious puberty (25,28,30). GnRH agonists are not effective for treatment
in the early stages, but are effective when the condition becomes GnRH dependent.
Testolactone (40 mg/kg/d orally) (31), a relatively weak aromatase inhibitor, has been of
equivocal usefulness (32) and some patients become resistant to the drug (33). Tamoxifen
is under clinical study to determine if its antiestrogen effects can help control the advance-
ment of bone age (35).
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CASE #1: ACCELERATED GROWTH
DUE TO CONGENITAL ADRENAL HYPERPLASIA

Case Description
This 4-yr-4-mo-old boy presented to the local pediatric endocrinologist for evaluation

of accelerated growth velocity and development of pubic hair over the past year.
The family history was negative. Parents were healthy and both had normal puberty.

Mother’s height: 5 ft 6 in, father’s height: 5 ft 10 in. He did not have brothers or sisters
at that time and there was no history of endocrine disorders. Birth history was unremark-
able with an uncomplicated full-term pregnancy, normal vaginal delivery, and birth weight
of 3.5 kg. No neonatal problems. His past medical history was remarkable for mild lan-
guage delay and frequent ear infections.

He was described as a very tall white male who appeared older than his chronological
age. His initial physical exam at age 4 yr 4 mo showed: a height of 116.8 cm (well above
the 95th percentile), height age 6 yr 3 mo, weight 21.3 kg (50th percentile for weight/
height), B/P 80/50 mmHg, pubic hair Tanner III, penile length, 7.5 cm and testicles 1.8
cm (approximately 1 mL), with slightly increased consistency.

The initial laboratory exams showed the following: Na 141 mEq/L, K 4.2 mEq/L, T4
8.3 mcg/dL thyroid-stimulating hormone (TSH) 1.2 µIU/mL, luteinizing hormone (LH)
0.03 IU/L, follicle-stimulating hormone (FSH) 0.38 IU/L, testosterone 83 ng/dL (normal
<10 ng/dL), dehydroepi-androsterone sulfate (DHEAS) 281 mcg/dL (normal 5–57 mcg/
dL), plasma renin activity 610 ng/dL/h (normal 100–650 ng/dL/h). Bone age 11 yr.
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An adenocorticotropic hormone (ACTH) stimulation test (250 mcg) was performed
as shown in Table 1. Based on his tall stature, small testicles, early pubic hair, advanced
bone age, and ACTH stimulation test results, he was diagnosed with “late onset” adrenal
hyperplasia, 21-hydroxylase deficiency, and started on prednisone 7.5 mg bid for 3 wk
and then switched to hydrocortisone 10 mg tid. The initial pediatric endocrinologist
referred the patient to our clinic 2 mo after the diagnosis was made because the patient
moved to another state. At that time, his only complaint was weight gain (2.7 kg in 2 mo).
The physical exam was remarkable for tall stature, pubic hair Tanner III, and small testicles
(1–2 mL). Because the laboratory exam showed a 17-OH progesterone level of 122 ng/
dL, it was decided to decrease his hydrocortisone dose to 10, 7.5, 10 mg and to change
the diagnosis to congenital adrenal hyperplasia due to 21-hydroxlase deficiency, “simple
virilizing form” (late diagnosis).

The patient has been followed in our clinic since May 1992. It has been necessary
to modify the hydrocortisone dose several times to keep the 17-OH progesterone at an
acceptable level, but also to permit normal linear growth. The latest visit was at age 12 yr:
height146.3 cm (25–50th percentile); weight 59 kg (>95th percentile weight/height);
blood pressure 96/68 mmHg, pubic hair Tanner II, testicles 3 mL. He was receiving hydro-
cortisone 10, 7.5, 10 mg and the 17-OH progesterone level was 321 ng/dL (see Fig. 1). His
bone age was 13 yr.

Discussion
The evaluation of virilization in childhood is always a challenge. In this particular

case, we are dealing with a very tall 4-yr-4-mo-old boy with significant pubic hair, an
enlarged phallus, and small testicles. First, we need to decide whether it is a variation of
a normal or an abnormal condition.

Premature adrenarche is considered a variation of normal. It is the early development
of sexual hair, secondary to an increase in adrenal androgenic steroids (1,2). It usually
presents after age 6 yr and levels of DHEAS are typically elevated. In contrast with our
patient’s findings, the growth velocity and bone age are normal or only slightly acceler-
ated and no other secondary sex characteristics are present. Consequently, the likelihood
of premature adrenarche in our patient is minimal, and the alternative is that he has an
abnormal condition, called sexual precocity.

Sexual precocity can be central [gonadotropic releasing hormone (GnRH)-dependent]
or peripheral (GnRH-independent) (3). Central precocious puberty is either idiopathic or
secondary to a hypothalamic disease. On the other hand, causes of peripheral precocious

Table 1
Adrenal Steroid Hormone Response to ACTH Stimulation

Case Normal Case Normal
0’- Baseline- baseline range 60'-Stimulated stimulated range

ACTH  59 pg/mL
Cortisol  8.1 mcg/dL 3–21 mcg/dL  9.8 mcg/dL  12–36 mcg/dL
17-OH progesterone  3183 ng/dL  3–90 ng/dL 23900 ng/dL  <700 ng/dL
17-OH pregnenolone  525 ng/dL  15–221 ng/dL  2799 ng/dL  45–600 ng/dL
11-deoxycortisol  28 ng/dL  20–155 ng/dL  48 ng/dL  40–300 ng/dL
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Fig. 1. Growth chart for height for a boy with simple virilizing congenital adrenal hyperplasia. Note
the accelerated growth velocity between age 2 and 4 yr before diagnosis. The growth velocity returned
to normal after starting hydrocortisone treatment at age 4 yr. The rate of biological (bone age) matu-
ration slowed after initiating treatment. G&P: Greulich and Pyle atlas, a standard bone age method
for children and adolescents.

puberty in boys include: congenital adrenal hyperplasia (CAH), adrenal tumors, McCune–
Albright Syndrome, testicular tumors, testotoxicosis, and GnRH secreting tumors (4).
With the exception of the rare GnRH secreting tumors, all causes of peripheral preco-
cious puberty are associated with small testicles (<2.5 cm) or at least with a testicular size
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that is inconsistent with the degree of virilization; in contrast, central precocious puberty
is associated with pubertal or adult size testicles. Based on the striking virilization in our
patient and small testicles, it was thought that peripheral precocious puberty was the most
likely cause. Because CAH is by far the most common cause of peripheral precocious
puberty, an ACTH stimulation test was performed, the basal and post-ACTH 17-hydroxy-
progesterone (17-OHP) levels were consistent with this diagnosis.

CAH is an inherited inability to synthesize cortisol and may be caused by defective trans-
port of cholesterol into mitochondria (5,6) or, more commonly, by mutations in steroid-
ogenic enzymes. More than 90% are caused by a deficiency of the 21-hydroxylase activity
required to convert 17-hydroxyprogesterone to 11-deoxycortisol (7,8). CAH, due to 21-
hydroxylase deficiency, occurs in a wide spectrum of clinical variants: a severely affected
type with a concurrent defect in aldosterone, called “salt wasting form,” a type with appar-
ently normal aldosterone biosynthesis: “simple virilizing form,” and a mild “nonclassic
form” that may be asymptomatic or may be associated with mild signs of androgen excess
developing during childhood or at puberty, [“late onset”] (9).

Our patient was diagnosed initially with “late onset” CAH, but we decided to change
it to “simple virilizing form” of CAH. Why? Because there is no evidence or history of
a salt wasting crisis, it is clear that he does not have the “salt wasting form.” He presented
with significant virilization early in life, which is a characteristic of the “simple virilizing
form,” but not of the “late onset form”; moreover, the robust increase in 17 OHP levels
after ACTH stimulation is more consistent with the “simple virilizing form” than with
the “late onset form” (10,11).

Recently, there has been a tendency to consider CAH owing to 21-hydroxylase defi-
ciency as a continuum of disorders, rather than a disorder with discrete subtypes (12).
Several large studies have shown good phenotype-genotype correlations (13,14). Specific
mutations in the CYP21 gene (gene that encodes for 21-hydroxylase) have been associ-
ated with different phenotypes and enzyme activity. Mutations such as deletions or non-
sense mutations that ablate enzyme activity are most often associated with salt-wasting
disease. Ile172Asn, a missense mutation (15), yields an enzyme with 1–2% normal activ-
ity and is carried predominantly by patients with simple virilizing disease. Mutations
such as Val281Leu and Pro30Leu (16,17) produce enzymes with 20–60% of normal
activity and are most often associated with the nonclassical disorders.

What would have been the role of neonatal screening in our patient? The diagnosis of
21-OH deficiency can be made in some states in the United States by microfilter paper
radioimmunoassay for 17-OH progesterone, similar to the existing screening programs
for phenylketonuria and hypothyroidism (12). There are several obvious advantages of
neonatal screening for CAH, such as earlier diagnosis, avoidance of salt crisis, and an
early correct gender assignment (18). Because our patient is a nonsalt losing male, the
only potential benefit of screening would have been the possibility of early diagnosis,
although it would have been very difficult to differentiate the salt-wasting form from
other forms without other diagnostic complement any tests such as genotyping (19,20).
An early diagnosis in our patient would had guaranteed more careful surveillance, and
very likely the disadvantages of severe virilization would have been minimized.

The problems associated with the treatment that our patient has had, including weight
gain and high glucocorticoid dose illustrate some of the difficulties that most patients
with CAH face. Adequate glucocorticoid therapy is needed to prevent signs and symp-
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toms of androgen excess, but also to allow normal growth and pubertal maturation and
fertility. In practice, the balance between overtreatment and undertreatment is quite com-
plex. The suggested hydrocortisone dose range has been decreased in recent years to
approximately 12–15 mg/m2/d as pediatric endocrinologists have become aware that
higher glucocorticoid doses figured prominently in impaired linear growth (21,22).

He has been receiving higher than average glucocorticoid doses for years, mainly
because controlling the progression of his bone age and virilization has been a priority.
Based on the physical findings and bone age at his last visit, we expect him to progress
normally into puberty and to reach a normal adult height, although it is very unlikely that
he will reach his mid-parental height (genetic potential). As stated by Blizzard (23), there
have been several reports showing that the adult height of patients with salt-wasting CAH
and simple virilizing CAH, who are diagnosed early and treated properly are less than ideal
or expected. There is some hope that in the near future the treatment for CAH patients
will be improved. Several examples of this effort toward a better treatment are the NIH
experimental multidrug regimen consisting of low-dose glucocorticoid, mineralocorti-
coid, androgen blocker (flutamide) and aromatase inhibitor (testolactone) (24), and a
recent study using carbenoxolone, an inhibitor of 11 β-hydroxysteroid dehydrogenase
[an enzyme important for inactivating cortisol] (25).
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CASE #2: GROWTH HORMONE DEFICIENCY

Case Description
A 17-yr-old male initially presented to our pediatric endocrinology clinic at age 3.5 yr

for the evaluation of short stature. The family history was positive for delayed puberty
in both parents: mother’s menarche was at age 15 yr and his father described himself as
a “late bloomer”; he stopped growing at 21 yr. Father’s height: 175 cm, mother’s height:
163 cm. His 6-yr-old sister was of average height (50th percentile). There was no family
history of endocrine disorders.

The birth history was normal: 40 wk pregnancy, uncomplicated vaginal delivery, APGAR
9-9, birth weight 3.8 kg, length: 50 cm. No neonatal problems; specifically, no history of
hypoglycemia. His past medical history was relevant only for mild chronic constipation.

Physical examination at age 3.5 yr showed: height 85 cm (<5th percentile), height age
21 mo, weight 13.5 kg (50th percentile for weight/height), blood pressure 91/62 mmHg.
He was described as a short, thin male with an immature face and frontal bossing, normal
male genitalia, Tanner stage I, both testes descended.

The initial laboratory tests included: normal biochemistry screen, T4 11.6 mcg/dL,
TSH 3.0 µU/mL, exercise growth hormone stimulation test peak = 3.6 ng/mL, insulin-
induced hypoglycemia stimulation test peak = 9.8 ng/mL, arginine stimulation GH test
peak = 16 ng/mL, bone age 2 yr. These were considered consistent with growth hormone
sufficiency and the patient was considered to have constitutional delay of growth; careful
follow-up evaluation by his pediatrician was recommended.
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The patient was followed by his personal pediatrician, who saw him only occasionally,
when he was sick. The growth pattern was not reassessed until age 10 yr, when it was
considered abnormal. He was evaluated again for short stature in the pediatric endocrine
clinic of the University of Virginia at age 10.6 yr. His mother stated that his growth rate
was very slow; she was concerned about psychosocial problems at school because of his
short stature (the smallest in class). At that time, his height was 121.0 cm (approximately
−3 SD), height age 8 yr, bone age 7.6 yr, IGF1 61 ng/mL, T4 7.1 mcg/dL, TSH 1.96 µU/
mL, clonidine growth stimulation test peak = 11.7 ng/mL. Although he did not fail the
growth hormone stimulation test, based on his significant short stature, physical appear-
ance, and body fat distribution consistent with growth hormone deficiency, severely
delayed bone age and low insulin-like growth factor 1 (IGF-1) level, it was decided to
perform a 6-mo clinical trial with human recombinant growth hormone therapy.

During the 6-mo trial, the patient grew at an accelerated rate of 15.2 cm/yr. Although
he did not have significant side effects from the treatment, his mother was concerned with
the struggle associated with the daily injections. He started puberty at age 13 yr and his
pubertal development has progressed normally. When he was 14 yr there was a 4-mo
period of time when his growth velocity decreased significantly, very likely because of
noncompliance with the medication.

Growth hormone (GH) therapy was continued for a total of 6 yr when chronological
age was 16.9, height was 170.8 cm (virtually his height predicted from the midparental tar-
get height), genitalia and pubic hair was Tanner stage V and bone age was 16.9 yr (see Fig.
2). We explained to the patient and his parents the importance of being retested for GH
deficiency in the near future to decide about the issue of adult GH deficiency. Although
he did not seem to be very interested with the possibility of restarting daily injections, his
parents did show interest in the metabolic benefits in case of GH deficiency as an adult.

Discussion
The parents of this patient presented with the very common concern of short stature.

Interestingly, both parents had significant delayed puberty, which immediately seemed
consistent with constitutional delay of growth. Because the patient had some clinical
findings consistent with GH deficiency (1–3), namely, frontal bossing, immature face,
characteristic fat distribution, delayed bone age, significant short stature, and growth
failure, it was decided to perform a GH stimulation test. Discouragingly, the GH stimu-
lation test, as often happens, was not conclusive. Most pediatric endocrinologists use a
cutoff level of 10 ng/mL to define a “normal response;” our patient’s response was 9.8
ng/mL to insulin and 16 ng/mL to arginine. These were considered “normal,” but careful
follow-up by his pediatrician was recommended. Unfortunately, he was not formally
reevaluated for growth failure until age 10.5 yr when he returned to our clinic.

There are at least two lessons from this patient’s presentation. First, the single most
important clinical manifestation of GH deficiency of all causes is growth failure. Second,
GH testing is not infallible (4,5). Careful documentation of the growth rate is critical to
confirming the correct diagnosis. Very likely, with a more careful follow-up, he would
have been referred sooner and treatment might have diminished the psychosocial prob-
lems of his perception of being extremely small.

The key difficulty of this case was making the diagnosis of GH deficiency. This
difficulty results mainly from the lack of appropriate tools to reliably make (or exclude)
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this diagnosis. A consensus view concluded that clinical assessment of the growth-
retarded child is the single most useful parameter in diagnosing growth disorders and
challenged the status of GH measurements as the diagnostic “gold standard” (6). In
general, the diagnosis of impaired GH secretion can be confirmed only if subnormal GH
secretion is observed during two tests. Insulin and arginine are the two most widely

Fig. 2. Height growth chart of a boy “responsive” to GH treatment. Note the “catch up” growth after
GH was started at age 10 and 9/12 yr. The growth rate was normal during puberty and the patient
attained an adult height (170.8 cm) appropiate for his genetic potential (175 cm). G&P: Greulich
and Pyle atlas, a standard bone age method for children and adolescents.
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employed for this purpose (7), exactly the two that we used in our patient. In essence, the
issue is not biochemical growth hormone deficiency, but responsiveness to GH therapy.

The limitations of provocative GH testing include:

1. they are nonphysiological;
2. the cutoff level of “normal” is arbitrary;
3. they are age dependent, and the role of sex steroid administration has not been adequately

defined, although it is known that priming prepubertal and peripubertal subjects with
estrogen increases the likelihood that a normal child will have a normal response to a
variety of stimuli;

4. they rely on GH assays of variably accuracy;
5. they are expensive, uncomfortable and carry some risks (mainly insulin-induced hypogly-

cemia);
6. their reproducibility has not been adequately documented (6).

The second time we evaluated the patient, the most striking element was the growth
chart; clearly, he was failing to grow. In addition, the bone age was severely delayed and
the IGF-1 level was low. Nevertheless, the GH stimulation test was “normal,” inconsistent
with the clinical picture. Because the medical insurance company considered GH defi-
ciency a biochemical diagnosis, GH therapy was initially denied. The first 6 mo of therapy
(“proof of principle” and supported by one of the pharmaceutical manufacturers) con-
vinced the insurance company that the patient was indeed GH responsive.

It is important to note that the psychological difficulties related to being very short,
played a relevant role in our patient. Although GH deficiency in children has been asso-
ciated with difficulties in psychosocial adjustment, including immaturity and difficulty
in socializing, and with higher rates of academic underachievement; no specific psychi-
atric symptoms have been linked to this disorder (8).

Finally, there is the issue of retesting for GH deficiency in the transition from adoles-
cence to adulthood (9). It is understandable that our patient did not like the idea of
restarting daily injections, but the potential benefits are significant (10,11). Patients with
GH deficiency and congenital hypothalamic–pituitary abnormalities probably do not
need to retested, because the condition is generally permanent (12). On the other hand,
patients without pathologic (organic) disease should have a stimulation test because a
significant percentage will no longer be GH deficient (13). The metabolic effects of GH
replacement therapy in adults with GH deficiency include: increase in lean body or fat-
free mass, decrease in fat mass, increase in bone mineral density, decrease in total choles-
terol, increase in HDL cholesterol, decrease in LDL cholesterol and decrease in triglycerides
(14,15); i.e., a more favorable cardiovascular lipid profile.
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CASE #3: HYPOPITUITARISM FROM SUPRASELLAR MASS

Case Description

This 12-yr-old female presented in December 1998 at age 11 yr to her personal oph-
thalmologist with decreased visual acuity of 6 wk duration. She was diagnosed with myopia
at age 8 yr when corrective lenses were prescribed for the first time. The myopia had been
stable and her glasses were changed only once since the initial prescription. However, her
father recently noticed that she was sitting closer to the computer screen, television set,
or to a book that she was reading. She had only occasional mild headaches, which resolved
after eating. There was no history of vomiting, polyuria, polydipsia, weight gain or loss,
behavioral problems, or changes in school performance. The growth rate was considered
to be normal.

Family history was unremarkable. Mother’s height was 167 cm and she was healthy.
Father’s height was 183 cm and also was healthy. One brother, 4 yr old, was of average
height (50th percentile). There was no family history of endocrine disorders. The birth
history was normal: gestational age 40 wk; birth weight 3.4 kg; length 50 cm; no neonatal
problems. She was not receiving any medication.

The ophthalmologist found no change in the refractive error, but noticed temporal
visual field defects bilaterally, decreased central acuity and optic atrophy. A magnetic
resonance imaging (MRI) study of the brain showed an 18 × 19 mm lobular suprasellar
mass, with homogeneous contrast enhancement and extension along the anterior and pos-
terior segments of the optic nerves. The appearance of the mass was considered consis-
tent with a glioma arising in the optic chiasm or hypothalamus. The patient was referred
to our pediatric endocrine clinic as part of the preoperative evaluation.

The first visit in our clinic was 1 wk after the ophthalmologist had evaluated her. Physi-
cal examination showed: Height 134.6 cm (5th–10th percentile), height age 9.6 yr, weight
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30.3 kg (50th percentile for weight/height), and blood pressure 95/57 mmHg. She was
very cooperative and interactive. The skin was normal to inspection and without nodules.
Lymph nodes in neck, axilla, and groin were not enlarged. Her neck was symmetric and
her thyroid was not enlarged. Oropharynx, mouth, nose, and throat were normal. Lungs
were clear to auscultation. Her heart had a normal rate and rhythm and no murmurs. Her
abdomen was soft, nontender, and without masses. Her extremities were symmetric with
normal motion. The neurologic evaluation was normal except for diminished eyesight
bilaterally and abnormal confrontational examination consistent with the previous oph-
thalmologic findings. Breast and pubic hair were Tanner stage I.

The initial laboratory tests included: TSH 7.75 µU/mL, T4 4.6 mcg/dL, T3 uptake 35%,
prolactin 28.8 ng/mL, LH <0.5 IU/L, FSH <0.5 IU/L, cortisol <1 mcg/dL, IGF-1 40 ng/mL,
α-subunit 0.2 ng/mL. The bone age was 8.10 yr.

Based on the imminent stress associated with surgery and nondetectable levels of corti-
sol, hydrocortisone acetate (5 mg tid) was started. In January 1999, she underwent surgery
(open biopsy) without complications for which she received stress doses of glucocorti-
coids. During the first week postsurgery, the patient developed diabetes insipidus and hypo-
thyroidism; consequently oral DDAVP (0.1 mg/d) and thyroxine (75 mcg/d) were started.

Histologic exam of the removed tumor tissue was consistent with a hypothalamic ger-
minoma; the patient received both radiation therapy (3600 cGy to the suprasellar region,
the “involved field” over 1 mo in 20 fractions) and chemotherapy consisting of vin-
cristine, cisplatin, etoposide, and cyclophosphamide. Six months after surgery, her growth
rate was 1.2 cm/yr, IGF-1: 44 ng/mL, and IGFBP3: 1.4 ng/mL. A GH stimulation test (argi-
nine and L-dopa) showed a GH peak of 0.4 mg/mL. The patient was considered growth
hormone deficient (now panhypopituitarism) and GH therapy was started.

The most recent visit was at age 12.1 yr; she was free of symptoms and compliant with
her medications including: GH (0.3 mg/kg/wk), oral DDAVP (0.05 mg/d), hydrocorti-
sone acetate 5 mg bid, and thyroxine (75 mcg/d). Her general appearance was very good
and she was full of energy. Her  height was 138 cm (5th–10th percentile), height age 10.5
yr, growth rate 12 cm/yr (based on the last 3 mo), weight 31.2 kg (25th–50th percentile
for weight/height), and bone age 10.6 yr. Her physical exam was unremarkable with
normal vision and neurological examination. Breast and pubic hair were Tanner stage I.
A head MRI was within normal limits.

Discussion
This patient illustrates the differential diagnosis of brain tumors in children and the

endocrinological consequences of them. Our patient presented with a frequent manifes-
tation of brain tumors, visual disturbance (1). The differential diagnosis of decreased
visual acuity in children is not large and should always include the possibility of brain
tumors. Midline supratentorial tumors are more likely to produce vision abnormalities
than tumors in other sites (2). Our patient was fortunate that a proper evaluation by her
personal physician led to a rapid diagnosis of the suprasellar mass with involvement of
the optic nerves and optic chiasm as the cause of her visual complaints. Although the
prognosis for pediatric brain tumors, in general, is much better than for adults, the earliest
possible diagnosis can be critical to achieving the best outcome (3).

What was the differential diagnosis of this tumor? Midline supratentorial tumors repre-
sent approximately 15% of all pediatric brain tumors; among them, the three most common
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are craniopharyngioma (5%), low-grade glioma (5%) and germ cell tumors (2%) (4).
Most children with craniopharyngiomas present with symptoms owing to increased intra-
cranial pressure, including headaches, vomiting and oculomotor abnormalities, as well
as growth failure. Usually, the MRI shows cystic and solid components of the tumor (5).
Because neither the clinical presentation, nor the radiologic findings were consistent
with a craniopharyngioma, it was not considered likely as the initial diagnosis. In this
particular patient, the absence of clinically evident diabetes insipidus (the most common
presenting abnormality in suprasellar germinomas), statistics and the MRI description
favored the possibility of glioma rather than germinoma. However, our current under-
standing of CNS germinomas may be limited because most of the information is based
on historical data that included patients without a histologically confirmed diagnosis. In
the past, many institutions utilized a trial of radiation therapy as a means of “radiodiag-
nosis and treatment,” and no tissue for histologic diagnosis was obtained (6).

This patient is a good example that obtaining pathologic confirmation is imperative
in the management of pediatric patients with brain tumors. Although some experts con-
sider that most patients with optic chiasmal gliomas present clinical and radiological
features sufficiently characteristic to obviate the need of biopsy (7), it would have been
a major mistake not to perform a biopsy in our patient. Although the histopathology of
a pediatric brain tumor sometimes can be predicted from its appearance and location on
diagnostic imaging, at present, the consensus is that tissue diagnosis is required to estab-
lish a correct diagnosis and to offer the best treatment possible (2,4).

There are special considerations in a growing child with a suprasellar germinoma.
Although germinomas are highly radio-sensitive tumors (8,9) and the results with cranio-
spinal irradiation are excellent, with a 10 yr relapse-free survival rates of approximately
90% (10,11); significant concerns regarding late effects of this specific radiation have
decreased its utility only to special cases (12). Delayed skeletal growth, impaired neu-
rocognitive skills and hormonal deficiencies can occur as a result of craniospinal irradia-
tion (13–15). Our patient received neoadjuvant chemotherapy followed by “involved field”
radiotherapy with the purpose of minimizing the radiation dose and volume. Matsutani
et al. (16) treated seven patients with intracranial germ cell tumors with three courses of
chemotherapy followed by involved-field radiation; all had a complete response follow-
ing chemotherapy alone. At a median follow-up of 4.3 yr, all patients are alive without
recurrence. Other investigators have shown similar outcomes using involved-field radio-
therapy combined with chemotherapy (17–19). This protocol is now the first line treat-
ment for intracranial germinomas in most cases.

Although some damage to the hypothalamic–pituitary unit of our patient was likely
to be caused by the combination of the biopsy procedure, chemotherapy, and radiation
therapy, we have to assume that there was tumor infiltration and damage to this area prior
to surgery, since cortisol insufficiency was documented in the preoperative evaluation.
Progression of the neuroendocrine dysfunction was expected and careful follow-up per-
mitted replacement of all the pituitary hormones, including GH, soon after surgery. It has
been shown that multiple factors contribute to poor growth after treatment of childhood
brain tumors, including radiation to the hypothalamic–pituitary axis, spinal irradiation
and chemotherapy (20,21). These facts enhance the importance of frequent and accurate
measurement of the growth velocity to facilitate early initiation of growth hormone
therapy and optimization of adult height in this specific population (22).
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Because the patient was 12 yr old at the most recent visit, it would be important to
evaluate her hypothalamic–pituitary–ovarian axis soon. If gonadotropins are absent, she
will require estrogen therapy to induce feminization. Considering that her bone age is
almost the same as her height age, we expect her to reach an adult height close to the 50th
percentile. The time at which estrogen is started should be decided after informed dis-
cussion with the patient and her parents; however, a reasonable age to start estrogen
would be at age 13 yr when her bone age will be close to 11 1/2 yr. Ross et al. (23) reported
a beneficial psychological role for estrogen replacement therapy initiated at a relatively
physiological age (12–14 yr) in patients with Turner syndrome. Conjugated estrogens,
if needed, will be started in a low dose (0.15–0.3 mg/d) and increased gradually to a
maintenance dose of 0.625 mg/d. Progestin therapy will be added, either when the first
breakthrough bleeding occurs or in the second or third year of therapy.
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CASE #4: SHORT STATURE OWING TO SARCOIDOSIS

Case Description

A 12 and 5/12-yr-old female with sarcoidosis presented for evaluation of short stature. A
definitive diagnosis of sarcoidosis was made at 11 yr of age by histologic examination of
a skin biopsy. Between the ages of 3 and 11 yr, she received daily systemic glucocorticoids
(prednisone, 10–25 mg/d) to control skin and pulmonary manifestations of this retro-
spectively diagnosed condition.

At age 6 yr, she developed blurred vision and photophobia, was diagnosed with anterior
uveitis and treated with topical corticosteroids. At age 11 yr, she underwent emergency
corneal transplant surgery secondary to corneal ulcers. During this admission (corneal
transplant), a skin biopsy showed noncaseating granulomas consistent with sarcoidosis;
at that time it was also necessary to start antidepressive medication (fluoxetine hydro-
chloride, Prozac). After age 11 yr she has been receiving inhaled and topical (ocular) gluco-
corticoids and very occasional short cycles of systemic glucocorticoids for pulmonary
exacerbations.

At age 12 yr, she had two tonic-clonic seizures; the evaluation was negative, including
a cranial MRI with emphasis on the hypothalamic–pituitary unit. Carbamazepine therapy
was started. During this admission, bilateral posterior subcapsular cataracts were docu-
mented, likely due to previous steroid use. At age 12 and 5/12 yr, she was referred for
evaluation of short stature because her growth rate was only 1.6 cm/yr (over the last 2.5 yr)
and she was the shortest adolescent in her class at school.

Her maternal grandmother raised her. Mother’s height was 173 cm and she was healthy.
No information is available on her father. She does not have brothers or sisters and there is
no family history of endocrine disorders. Pregnancy and delivery were reported to be normal.

Physical exam at chronological age of 12 and 5/12 yr showed: height 126.2 cm (<-4
SDS), height age 8 yr, weight 25.7 kg (50th–75th percentiles for weight/height), and
blood pressure 92/58 mmHg. She did not have Cushingoid features. Her skin was dry
with multiple reddish, flaky macules on her back, chest, and extremities. Bilateral cataracts
did not permit a proper funduscopic examination. The heart rhythm was normal and no
murmurs were noted but there were mild crackles in both lung bases. Her abdomen was
soft and nontender. Breast and pubic hair were Tanner stage I.

Initial laboratory evaluation included: T4 11.0 mcg/dL, TSH 1.6 µU/mL, IGF-1 40 ng/
mL, IGFBP-3 1.4 mg/L, LH <0.5 IU/L, FSH 2.3 IU/L, prolactin 12.6 ng/mL, cortisol 9.5 mcg/
dL, Na 143 mEq/L, K 4.6 mEq/L. After 7 h of water deprivation, serum osmolality was 285
mOsmol/kg and urine osmolality was 576 mOsmol/kg. The bone age was 6 and 3/12 yr.

A clonidine stimulation test showed a GH peak of 1.7 ng/mL, consistent with GH
deficiency. Six months after GH replacement was started, the growth rate was 14 cm/yr,
a remarkable “catch up” growth. The TSH was 3.58 µU/mL, and T4 was 4.9 mcg/dL;
it was decided to start thyroxine replacement.

She started puberty at age 16 yr, and had menarche at age 18. At that time height was
157.6 cm (10th–25th percentile), and weight was 75.2 kg, and she decided to discontinue
GH therapy. Her main concern was excessive weight gain; consequently caloric intake
restriction and regular exercise were recommended.

The most recent visit was at age 20 yr; she was free of symptoms and compliant with
her medications, including thyroxine (75 mcg/d), carbamazepine (600 mg/d) and Prozac
(20 mg/d). Her height was 160.4 cm and her weight was 76.7 kg.
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Discussion
This patient illustrates the difficulties in the evaluation of growth in children with

chronic diseases receiving glucocorticoids. In general, children with chronic disease
have a tendency to be short and to have delayed puberty. On the other hand, any child,
including chronically ill patients, with an abnormally slow growth velocity, should be
evaluated carefully, and the possibility of GH deficiency must be addressed.

Sarcoidosis is a systemic disorder of unknown etiology. Although our patient had
clinical manifestations of sarcoidosis in multiple organs since age 3 yr, the diagnosis was
not certain until a skin biopsy was performed. The current recommendation is to confirm
by biopsy all suspected cases to exclude infectious or malignant conditions (1). After
approximately 8 yr of supraphysiologic glucocorticoid therapy, the patient was referred
for evaluation of short stature. The key elements to consider were the effects of a systemic
chronic disease and glucocorticoid therapy on growth, but also the possibility of hypo-
thalamic–pituitary invasion.

The effects of glucocorticoid therapy on linear growth are well known (2,3), but the path-
ogenesis of growth suppression is complex and multifactorial. Glucocorticoids inhibit
bone formation directly through the inhibition of osteoblast function (4) and indirectly
by decreasing sex steroid secretion, attenuate GH secretion (5), and inhibit IGF-1 activity
(6). In our patient, the glucocorticoids might have contributed to stunted growth. How-
ever, between 10 yr and 12 and 1/2 yr her annual growth rate was only 1.6 cm/yr despite
not receiving any steroids.

Neurosarcoidosis has been reported to affect between 5–10% of all patients with sar-
coidosis (7,8). Hyperprolactinemia and diabetes insipidus are relatively common findings
of adults with hypothalamic sarcoidosis, but hypothalamic involvement is uncommon in
children (9). However, considering that at age 12 and 5/12 yr the height was <-4 SDS,
bone age was 6 and 3/12 yr, the growth velocity was subnormal (1.6 cm/yr) and there was
a history of seizures, evaluation of the hypothalamic–pituitary unit was mandatory. The
GH stimulation test was consistent with the clinical diagnosis of GH deficiency. More-
over, the robust “catch up” growth after GH therapy was started was proof of GH defi-
ciency. Interestingly, despite indirect evidence of CNS involvement (seizures and growth
hormone deficiency), a cranial MRI was reported normal. MRI scanning is highly sensi-
tive, with CNS abnormalities detected in 31 of 34 patients with neurosarcoidosis when two
large series are combined (10,11).

Six months after GH therapy, TSH levels increased from 1.6 µU/mL to 3.58 µU/mL,
and T4 levels decreased from 11.0 mcg/dL to 4.9 mcg/dL. The discussion at that time was
whether to start thyroxine therapy or not. Because our patient had proven neurosarcoidosis
and there have been reports of hypothalamic hypothyroidism in patients with neurosar-
coidosis (12), the risk-benefit ratio was considered to be in favor of starting treatment.
The patient appears to have had a beneficial effect of 75 mcg/d of levothyroxine.

The clinical manifestations of sarcoidosis were more significant between 3–11 yr of
age in our patient. It is not known why some patients recover spontaneously, whereas
others worsen or relapse even after apparent recovery (13,14). The presence of sarcoido-
sis in young children as well as seizures are associated with poorer prognosis (15,16);
thus, careful long-term follow-up is warranted in our patient.

Although multiple factors influence eating and satiety (17), the excessive weight in
our patient may be related with hypothalamic dysfunction, but there is no evidence to sup-
port this association. Unfortunately, despite good control of her depression and recom-
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mendations to eat healthier and exercise regularly, she continues gaining weight even
knowing that her linear growth is virtually finished.
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CASE #1: WHAT IS THE APPROPRIATE MANAGEMENT
OF AN OLDER PATIENT FOUND TO BE AT RISK

FOR MEDULLARY THYROID CARCINOMA?

Case Description
An 80-yr-old white man who had been treated for primary hypothyroidism presented

for evaluation of possible medullary thyroid carcinoma (MTC). His sister, diagnosed
with thyroid cancer in the 1970s, had undergone thyroidectomy for MTC. When the MTC
recurred in 1998, she was found to have a germline RET protooncogene mutation involv-
ing codon 618 (cys→phe, TGC→TTC). Her son and our patient were subsequently found
to have the same mutation. Further family history included that of a maternal aunt who
died of an unknown thyroid carcinoma.

An ultrasonogram showed a 1.2-cm thyroid nodule without evidence of lymphaden-
opathy, and fine needle aspiration of the nodule confirmed medullary thyroid carcinoma.
Calcium, intact parathyroid hormone (PTH), and 24-h urine analysis for catecholamines
and metanephrines were normal, thereby excluding hyperparathyroidism and pheochromo-
cytoma. Carcinoembryonic antigen (CEA) was 5.6 ng/mL (normal range, 0–3 ng/mL).
Otherwise healthy for his age, our patient suffered only from mild depression related to
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the recent death of his spouse from pancreatic cancer, and symptoms of benign prostatic
hypertrophy. His concern about malignancy prompted an initial decision to undergo
thyroidectomy, but he later reversed this decision. Subsequently, his daughter had sur-
gery for MTC, and she has tried to persuade him to do the same, as she experienced great
relief of anxiety after the tumor was removed.

Discussion
This older patient poses several unique questions. Given his advanced age, what should

the treatment recommendations be and what is his risk of dying from MTC? Does this
particular mutation hold a higher or lower risk of tumor progression and death than other
mutations? What is the optimal evaluation and follow-up in this unusual case?

Addressing these questions may begin with the first point, that an age of 80 yr is no
longer unusual. In 1980, the average age of death of white males was 70.9 yr (1) and by
1998 it had increased to 74.5 yr (2). The changes in longevity have affected management
of a wide spectrum of diseases. One example is the experience with primary hyperpar-
athyroidism. Previously, many older patients were merely observed in the belief that the
risk of surgery was higher than the perceived benefits. Given a rising life expectancy, and
evidence that surgical treatment increases bone mass and may alleviate other subtle symp-
toms, recommendations for surgery have changed. Currently, many elderly patients over
age 70 yr are treated surgically for hyperparathyroidism with low risk, minimal mortal-
ity, high cure rates, and short hospital stays (3). Older patients suffer from more advanced
disease, are at higher risk of hypercalcemic crisis, and are affected more commonly than
younger patients by mental impairment related to hyperparathyroidism. Therefore, sur-
gical cure may offer them relief of these symptoms.

The opposing viewpoint is that MTC in this patient appears to be a relatively benign
process, unlikely to cause death or significant morbidity at his age. Two lines of evidence
support the latter viewpoint. The first and most compelling is that germline mutations
occur in 6–8% of cases of apparently sporadic MTC, and evaluation of these families has
shown numerous examples of individuals with germline mutations who died from other
causes (4). A second piece of evidence that argues for limited progression of MTC con-
cerns survival statistics of patients with Multiple Endocrine Neoplasia type 2A (MEN
2A). A number of studies have shown that no more than 20% of patients with MEN 2A
actually die from metastatic MTC (5,6) (see Figs. 1 and 2). When these observations are
combined, an argument can be made that our patient’s risk of death from MTC is small.

Our patient is 80-yr-old and in excellent health. Both of his parents died in their
nineties, which makes it reasonable to believe that our patient could remain healthy for
another 10–15 yr. The major question then becomes; what is the probability that the 1.2-
cm focus of MTC in his thyroid will metastasize or cause local-regional symptoms before
he dies a natural death?

An important factor in the decision regarding thyroidectomy is the aggressiveness of
MTC caused by a codon 618 mutation of the RET protooncogene. The discovery of the
RET protooncogene mutation in 1993 and subsequent analysis of the clinical behavior
of specific mutations provides another method for assessing the potential for tumor pro-
gression in this patient. For example, there is convincing evidence that a codon 918 muta-
tion, be it germline or acquired through somatic mutation, is associated with the most
aggressive MTC (7). Mutations in codons 618, 634, 611, 620, and 891 are considered
high risk because metastases have been found in some children with these mutations.
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Intermediate risk has been ascribed to patients with mutations of codons 609, 768, 790,
791, and 804; these tumors have variable biologic behavior but are considered to be the
least aggressive mutations (Discussions at the Seventh International Workshop on Multi-
ple Endocrine Neoplasia). Further experience will be necessary to show definitive effects
on survival. Our patient’s codon 618 mutation appears to have an atypical biologic
behavior resulting from his early stage of disease and his advanced age.

A final factor in the decision-making process is the estimated life expectancy of this
patient. A life insurance analysis of survival in a normal 80-yr-old man predicts an
average survival of 10 yr, a reasonable estimate in this healthy man (see Fig. 3). Given
that death related to intrathyroidal MTC in MEN 2A in two large series (5,6) rarely
exceeded 20% over a 25–30-yr period, one could infer that the risk of death from MTC
in this patient before he dies of natural causes is less than 10%. In contrast, as shown in
Fig. 2, an individual who is 50 yr old is likely to have a much greater probability of death
from a tumor of the same size, simply because of longer life expectancy.

Another consideration is the risk of death or morbidity related to surgery. The risks of
anesthesia and surgical mortality of thyroidectomy in elderly patients are difficult to
document definitively, but they appear to be low and based on underlying co-morbidities,
extent of surgery, and expertise of the surgeon (8). For total thyroidectomy, the risk of
recurrent laryngeal nerve injury and/or hypoparathyroidism ranges from 1–14%, but in

Fig. 1. Survival to last follow-up (death) of 18 patients with multiple endocrine neoplasia type 2A.
Statistical analysis according to Kaplan-Meier method. (Adapted from ref. (6)with permission from
Cancer.)
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Fig. 2. Survival rate of patients with MTC associated with multiple endocrine neoplasia, type 2
and those with sporadic MTC (p< 0.005). (Adapted from ref. 5 with permission from The Endocrine
Society.)

major medical centers it is routinely less than 1% (8–11). The incidence of permanent
recurrent laryngeal nerve palsy, defined as persistence of paralysis for greater than 6 mo,
ranges from 0.5%–4.8% (10–12) calculated for nerves at risk but again in major medical
centers is less than 0.5% (8).

A reasonable approach, given the low probability that he will die or incur major mor-
bidity from MTC combined with his current reluctance to undergo surgery, is to perform
periodic (6–12-mo) ultrasound examinations of the thyroid gland and serial calcitonin
and CEA measurements. Because this patient’s major concern is local tumor progres-
sion, his decision to forego surgery could be reversed if there were evidence of significant
growth.

In summary, this case highlights some of the issues involved in the decision to perform
surgery for indolent MTC in an older patient. The major determinants include: mutation-
specific biologic behavior of the tumor, and the life expectancy of this patient. This is a
healthy elderly patient with familial MTC whose particular mutation is in a more aggres-
sive category. However, the overall survival rate of patients with MTC is approximately
90% at 10–20 yr. The risks of surgery in this elderly patient could result in significant
morbidity, and, once all factors are considered, the decision depends on the patient’s com-
fort level with observing a cancer. If observation is preferred, reasonable follow-up can
be arranged to monitor the tumor’s stability and detect changes that may sway the deci-
sion toward surgery.

GUEST
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CASE #2: SPORADIC VS HEREDITARY
MEDULLARY THYROID CARCINOMA: IS FAMILY HISTORY

A RELIABLE INDICATOR FOR EXCLUDING HEREDITARY DISEASE?

Case Description
A 42-yr-old man presented to his primary physician in 1989 with a mass in the right lobe

of the thyroid gland. He subsequently underwent a partial thyroidectomy for a 3-cm medul-
lary thyroid carcinoma. Residual tumor was left adherent to the right trachea, larynx, and

Fig. 3. Life insurance analysis of estimated survival based on Annuity 2000 Mortality table, National
Association of Insurance Commissioners, and created by the Society of Actuaries: http://data.insure.
com/life/chances.cfm
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strap muscles. During initial evaluation at the M. D. Anderson Cancer Center several
months later, he was noted to have focal areas of thallium uptake in the left submandibu-
lar and right supraclavicular regions, and in the thyroid bed. Screening at that time and
before surgery revealed a normal serum calcium level and a negative 24-h urine for cate-
cholamines and metanephrines. CEA was 6.4 ng/mL (normal range, 0–3 ng/mL). The
patient had no knowledge of any family history of thyroid cancer.

He subsequently underwent completion thyroidectomy and right modified radical
neck dissection. Pathologic evaluation of the resected specimen demonstrated metastatic
disease in 9 of 41 lymph nodes, and residual adherent tumor causing his physicians to
recommend external-beam radiotherapy to the neck and upper mediastinum. Following
completion of surgery and radiotherapy, the patient’s CEA was <1.5 ng/mL. Posttreat-
ment measurements of CEA were normal; basal calcitonin level was 33 pg/mL (normal
range, 0–40 pg/mL). A computed tomography (CT) scan of the neck performed 1 yr after
reoperative surgery revealed no evidence of recurrence but a pentagastrin stimulation
test in late 1992 revealed an abnormal result (see Table 1).

Ultrasonography of the neck at that time showed no evidence of recurrent disease, or
lymphadenopathy, and chest roentgenogram was normal. Although additional neck explo-
ration was discussed, the patient hesitated to proceed with repeat explorative surgery, and
he has been monitored by periodic screening with basal calcitonin and CEA measure-
ments that have remained normal. Ultrasound and computed tomographic scans of the
neck, chest roentgenograms, and physical examinations have also been normal.

During a routine study to detect the frequency of RET protooncogene mutations in
apparently sporadic MTC, this patient was found to have a codon 609 (cys→tyr, TGC→T
AC) mutation (1). Repeat questioning at this time revealed a poorly documented his-
tory of an uncle who died of papillary thyroid carcinoma. There was no family history
of sudden death nor evidence to suggest a pheochromocytoma. A family member had
nephrolithiasis, but no hyperparathyroidism was documented. To exclude germline trans-
mission of the codon 609 mutation, this patient’s parents, siblings, and children were
tested. Surprisingly many family members were found to be affected. Some members
had MTC whereas others had C-cell hyperplasia (see Fig. 4).

Subsequently, a sibling (see patient II-3, Fig. 4) with an elevated serum calcium, and
recurrent nephrolithiasis was found to have a 1-cm right thyroid nodule (see laboratory
evaluation, Table 2). Total thyroidectomy and cervical neck dissection showed a 2-cm
right-lobe MTC, and a 1.5-mm left-lobe MTC with adjacent C-cell hyperplasia, but with-
out metastases to the lymph nodes. A 2-cm left inferior parathyroid adenoma and a small

Table 1
Pentagastrin Stimulation Test Case 2

Time (min)  Calcitonin (pg/mL)

Baseline 36
2 313
5 458
10 320

Normal calcitonin increment after 0.5
µg/kg pentagastrin bolus is <106 pg/mL.
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hyperplastic parathyroid gland were also resected. He has done well and remains free of
disease.

Discussion
The finding of hyperparathyroidism in patient II-3 and nephrolithiasis in other family

members led to the conclusion that this mutation causes MEN 2A rather than familial
MTC (defined as MTC only), a distinction that is important to ensure periodic screening
for pheochromocytoma. Further discussion with this family revealed the history of another
sibling, also a gene carrier, who was treated for Hirschsprung disease as a child. Hirsch-
sprung disease was first identified in some families with MEN 2A (2,3) and subsequent
investigations showed that RET codon 609, 618, and 620 mutations may be associated
with Hirschsprung disease.

This family illustrates several points. The first is the difficulty of differentiating between
sporadic and hereditary MTC. Until the mutation was identified, our patient was considered
to have sporadic MTC. As events unfolded, it became clear that several important clues,
including a death from thyroid carcinoma and a family history of nephrolithiasis, had been
underappreciated. A second point is the difficulty of differentiating between familial MTC
and MEN 2A. In this family, hyperparathyroidism was proved in only one family member

Table 2
Laboratory Evaluation for Patient II-3 (Fig. 4), Case 2

Pentagastrin stimulation test Laboratory results

Time (min) Calcitonin (pg/mL) Calcium 10.6 mg/dL (8.9–10.5) 0
0 15 Phosphate 2.4 mg/dL (2.5–4.5)
2 235 Ionized calcium 6.1 mg/dL (4.7–5.2)
5 71 Intact PTH 83 pg/mL (10–65)

10 43 Roche CEA 2.3 (<2.5)
Urinary calcium 465 mg/24 h
Normal 24-h urine for
metanephrines/catecholamines

Normal calcitonin increment after 0.5 µg/Kg pentagastrin bolus is <106 pg/mL.

Fig. 4. Case 2 family tree. Arrow indicates the propositus, and darkened figures indicate family
members with either MTC or RET protooncogene mutations.
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and then only after a RET protooncogene mutation was identified. Additionally, there was
no evidence of pheochromocytoma, a point supported by earlier data showing the infre-
quency of pheochromocytoma with a codon 609 mutation (4).

Family history of pheochromocytoma is often lacking or inadequately investigated.
Although sudden death caused by cardiac arrest or stroke was common in families with
MEN 2A before this syndrome was elucidated in 1961, pheochromocytomas were only
rarely identified (5). In family history that focuses on cardiovascular events, the true inci-
dence of pheochromocytoma will be systematically underestimated. The fact that adreno-
medullary disease is found in only 12–42% of affected MEN 2A patients (6) further
reduces the reliability of family history.

Over the years, several studies have documented the difficulty of identifying pheo-
chromocytomas (7–9). Many cases are discovered at autopsy, after patients have died
from complications related to the pheochromocytoma. Death during surgery for condi-
tions other than pheochromocytoma carries a significant risk for a patient with undiag-
nosed pheochromocytoma. A large family in the Netherlands, eventually found to have
MEN 2A, lost five young women to hypertensive crises during childbirth before the diag-
nosis of MEN 2A was established (7). The events in this Dutch family highlight the vari-
ability of pheochromocytoma symptoms and signs that may include shaking, anxiety
attacks, headache, palpitations, sweating, and hypertension. The absence of symptoms in
patients with pheochromocytoma in this family highlights the need for persistent screen-
ing. In a series of 100 MEN 2A patients, sudden death occurred in 8.9%, but symptoms
suggestive of pheochromocytoma were seen in only 40% of these sudden-death cases.
Pheochromocytoma was diagnosed following systematic investigations in 43% after
MTC or parathyroid disease was identified (9).

Symptoms consistent with pheochromocytomas are often not given credence. A post-
mortem study of patients who died of pheochromocytoma, showed that typical symp-
toms were present for more than 3 mo in 61% of patients before they died, and less than
3 months in 29% of patients (8). The most common symptoms were palpitations, episodic
sweating, dyspnea, and headaches. Seventy-three percent of the patients were hyper-
tensive, whereas 10% were hypotensive. Four of 62 patients had some family history of
MEN 2 or neurofibromatosis. In 50% of patients who died of pheochromocytomas, the
disease was clinically unsuspected, and in 23% of those who died it was suspected but not
confirmed. Other series show similar findings (10,11). Given the absence of symptoms
and signs in many cases, it is imperative that screening for pheochromocytomas be per-
formed annually on family members with positive results of RET protooncogene analysis.

A frequently asked question is whether it is necessary to screen relatives of a patient
with MTC and negative RET protooncogene results (exons 10,11,13,14,15, and 16) by
calcium or pentagastrin stimulation. Use of Bayes’ theorem makes it possible to assign
a relative probability. A first-degree relative of an affected individual would have a 0.5
(probability of inheriting an autosomal dominant genetic mutation) × 0.07 (the probabil-
ity of the patient’s apparently sporadic MTC having a germline RET mutation) × 0.02 (the
percentage of families with proven hereditary MTC who do not have a germline RET
protooncogene mutation) = 0.07% (12). Most family members, when informed of a risk
of <0.1%, choose to forego pentagastrin or calcium testing for MTC. For the occasional
patient not reassured by this low probability, continued annual pentagastrin testing until
age 35 yr could be performed. Therefore, we recommend that all patients with MTC have
a germline analysis of the RET protooncogene (1,12).
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In summary, differentiating between sporadic and hereditary MTC is facilitated by the
use of RET protooncogene analysis. Before genetic mutational analysis was performed
for this family, the absence of an adequately detailed family history essentially excluded
the concern about hereditary disease. This family also illustrates that entities such as
Hirschsprung disease or symptoms suggestive of pheochromocytoma should lead to fur-
ther investigation. We suggest that further screening for MEN 2A or familial MTC is not
warranted in family members who do not have RET protooncogene mutational abnormal-
ities because their risk of developing disease is extremely low.
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CASE #3: DIFFERENTIAL DIAGNOSES
OF COMBINED ISLET CELL TUMOR AND PHEOCHROMOCYTOMA

Case Description
A 29-yr-old man presented to M. D. Anderson Cancer Center with nonspecific gas-

trointestinal symptoms. An abdominal computed tomogram (CT) showed an 8 × 6-cm
nodular right adrenal mass, a vascular pancreatic mass, and renal calculi (see Fig. 5). He
had no history of headaches or palpitations. He had a history of hyperparathyroidism,
with resection of a 1-g parathyroid adenoma. Biopsy results of two other glands were
reported as normal. Additionally, he had type I diabetes mellitus. His father had had a
nonsecretory islet cell carcinoma and rectal leiomyomas, but there was no other family
history of endocrine tumors, Zollinger-Ellison syndrome, hypoglycemia, kidney stones,
pituitary, or other brain tumors. Physical examination showed him to have normal blood
pressure and multiple skin lesions over his face and back (see Fig. 6). Table 3 shows the
results of his laboratory evaluation. Based on these test results, several preoperative
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diagnoses were considered, including hyperparathyroidism, pheochromocytoma, and
Zollinger-Ellison syndrome.

Before surgery for the adrenal and pancreatic masses, he received α-methyl tyrosine
and alpha-blockade. Four variably sized pancreatic tumors were identified and removed
(see Figs. 7 and 8). When the right adrenal gland was excised, it showed a pheochromocy-
toma and several cortical adenomas; the left adrenal was normal.

Biopsy of one facial skin lesion showed an angiofibroma. An ophthalmologic exam
was negative for retinal hemangiomas often found in von Hippel-Lindau syndrome (VHL).
The patient subsequently underwent two more parathyroid explorations for recurrent hyper-
parathyroidism.

Discussion
What is this patient’s multiple endocrine neoplasia syndrome? The presence of pri-

mary hyperparathyroidism, angiofibromas, islet cell tumors, pheochromocytomas, adre-
nal cortical adenomas, and type I diabetes mellitus does not easily meet Occam’s razor
for a single diagnosis. Both MEN 1 and VHL are considerations, but neither provides a
perfect fit (see Table 4).

The MEN 1 syndrome includes hyperparathyroidism, pancreatic tumors most com-
monly gastrinomas, and pituitary tumors (1). Additionally, angiofibromas, collagenomas
(2), and lipomas are often found, as are thyroid goiters and well-differentiated thyroid car-
cinomas. Adrenal cortical abnormalities are seen in 36–41% of MEN 1 patients including
adrenal adenomas, hyperplasia, nodular hyperplasia, and rarely carcinomas (3–6). Carci-
nomas have developed in patients with adrenal cortical hyperplasia after many years of
stable sized glands (7). Adrenal abnormalities are found only in patients with pancreatic
tumors, and the affected adrenal glands do not show the loss of heterozygosity seen in

Fig. 5.Computed tomography of abdomen in Case 3 showing large right pheochromocytoma (Pheo)
and large islet cell tumor of the head of the pancreas (Islet).
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Fig. 6. Representative photograph of angiofibromas shown by arrows.

Table 3
Laboratory Evaluation for Case 3

Gastrin 845 pg/mL (10–100) Prolactin 12 ng/mL (2–16)
Calcium 11.6 mg/dL (8.9–10.5) FSH 4 IU/mL (2–9)
Phosphate 2.8 mg/dL (2.5–4.5) LH 19 IU/mL (1.5–9)
Intact PTH 82 pg/mL (10–65) Testosterone 1096 ng/mL (350–1030)
Calcitonin 15 pg/mL (<26) 11 am cortisol 13 µg/dL (5–25)
Albumin 4.1 mg/dL (3.5–4.5) ACTH 37 ng/L (7–51)
DHEAS 119 µg/dL (100–450)

 24-H Urine Results
VMA 10.5 mg/d (0.7–6.8) Metanephrines 5.0 mg/d (0.3–0.9)
Norepinephrine 133 µg/d (16–125) Epinephrine 15 µg/d (3–38)

Urinary free cortisol 42 µg/d (11–84)

VMA-vanillylmandelic acid.

the pancreatic and parathyroid gland tumors, which suggests a mode of proliferation
different from that due to mutation of the MEN 1 tumor suppressor gene. Other inves-
tigations have excluded the pituitary and the hypothalamic-pituitary-adrenal axis as the
etiology of adrenal adenomas in these cases (7).

Pheochromocytomas are not commonly found in MEN 1. However, three recent articles
analyzing the incidence of pheochromocytoma and islet cell tumors in MEN 1 found up
to 3% of patients presenting with both islet cell tumors and pheochromocytoma (8).
Several other case reports have identified pheochromocytomas in MEN 1 patients (8).

VHL syndrome is an autosomal-dominant inherited neoplastic disorder more com-
monly associated with pheochromocytomas than MEN 1. Twenty-five to thirty-five per-
cent of VHL patients have pheochromocytomas, and 15–20% have pancreatic islet cell
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tumors (9,10). Renal cell carcinoma affects approximately 70% of patients by the age
60 yr (11). Retinal and cerebellar hemangiomas and testicular tumors are also common
findings. The absence or presence of pheochromocytoma permits further categorization
of VHL into type 1 (65–75% of total) and type 2 (25–35% of total) respectively. VHL
type 2A includes pheochromocytoma without renal cell carcinoma, and type 2B includes
both tumors. Islet cell tumors are found predominantly in the type 2 variant. Carney et
al. (12) described three patients with pancreatic islet cell tumors and pheochromocytoma
and suggested the existence of a separate syndrome. However, closer evaluation of these
families identified typical features of VHL in other family members.

Fig. 7. Adrenal gland from Case 3 showing pheochromocytoma and adrenal cortical adenomas.

Fig. 8. Bisected body of the pancreas and islet cell tumors from Case 3. The large islet cell tumor
(double arrows) and the smaller tumor (single arrow) are visualized in Fig. 5.
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The VHL gene is a tumor suppressor gene that is inactivated by production of a truncated
or nonfunctional protein in approximately 70% of cases. The molecular defect in the
remaining patients is a missense mutation associated with a higher incidence of pheo-
chromocytoma (VHL type 2) (13).

A less likely diagnosis to consider in this case is neurofibromatosis 1 (NF 1). Approxi-
mately 1% of patients with NF 1 develop pheochromocytoma (14). Neurofibromatosis 1 is
a multiple endocrine neoplasia syndrome in which rare patients will develop a syndrome
characterized by hyperparathyroidism and somatostatin-producing carcinoid tumors.
Islet cell tumors are seldom seen in this variant. The absence of neurofibromas and café
au lait spots and the presence of angiofibromas excludes NF 1. MEN 2 is associated with
pheochromocytoma, but there have been no reports of islet cell tumor, which effectively
excludes this disorder. Tuberous sclerosis, Sturge-Weber syndrome and other paragan-
glioma syndromes almost never have the clinical features seen in this patient.

The diagnosis of MEN 1 was proved definitively in this patient by the finding of an
inactivating mutation at exon 9 of the MEN 1 gene (8). His father and an unaffected cousin
were also found to carry the same mutation.

In summary, the key points in this patient’s differential diagnosis were the presence
of multiglandular hyperparathyroidism and cutaneous angiofibromata. Both of these
entities are common in MEN 1, but are not seen in VHL or the other less likely possibili-
ties. This case also illustrates the importance of including both pheochromocytoma and
cortical adenomas in the differential diagnosis of an adrenal abnormality in MEN 1.
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Electron beam computed tomography

(EBCT), 290
Endocrine problems

pregnancy, 269–284
End-stage renal disease (ESRD)

diabetes, 298, 316
diabetic nephropathy, 299–300
HPT, 224

Enteral hyperalimentation
diabetic gastroparesis, 280

Epidemiology of Diabetes Intervention
and Complications (EDIC), 295, 299

Epinephrine
familial pheochromocytomas, 180
systemic mastocytosis, 222

ESRD
diabetes, 298, 316
diabetic nephropathy, 299–300
HPT, 224

Essential hypertension
prevalence, 143

ETDRS, 290
Ethinyl estradiol, 254
Etidronate

HO, 228
hypercalcemia, 195

Euthyroid-sick syndrome, 19

F
Factitious hypoglycemia, 331–333
Familial benign hypercalcemia (FBH), 198
Familial combined hyperlipidemia

diabetes, 337–339
Familial hypercholesterolemia, 341–343

CAD, 341–343
Familial hypocalciuric hypercalcemia

(FHH), 196–199
genetic analysis, 199
parathyroidectomy, 197–198
pregnancy, 198–199
prevalence, 199

Familial male-limited gonadotropin-
independent sexual precocity

premature leydig cell germ cell
maturation, 353
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Familial pheochromocytomas
epinephrine, 180

FBH, 198
Female reproduction disorders, 253–266

amenorrhea
pituitary neoplasm, 257–259

hirsutism, 253–256
hypothalamic amenorrhea, 263–266
premature ovarian failure, 260–262

Females. see also Girls
thallium scanning, 289

Fenofibrate, 310
diabetes

familial combined hyperlipidemia, 339
Fertility

congenital bilateral anorchia, 251
Fetus

iodine, 283–284
l development

autoimmune Addison’s disease, 272
thyroid inhibition, 284

FHA, 263–264
FHH. see Familial hypocalciuric

hypercalcemia
Fludrocortisone, 231, 272

hypoaldosteronism, 34
Fluoxetine, 388
Follicular neoplasms, 96
Foot ulcers

diabetic, 312–314
Fosinopril, 307
Framingham Study, 307
Functional hypothalamic amenorrhea

(FHA), 263–264
Furosemide, 298

G
GAD antibodies, 292, 293
Gallium nitrate

hypercalcemia, 195
Gastric emptying, 280
Gastrojejunostomy

Roux en Y
morbid obesity, 223

Gastroparesis
diabetic, 279–280

Genes
pheochromocytoma, 176–181

Germ cell tumors, 386
Gestational diabetes, 168
GFR, 316

GH
deficiency, 380–383
testing, 381
therapy, 381

GH-releasing hormone (GHRH)
ectopic, 7–8

GHRH
ectopic, 7–8

Girls
delayed puberty, 366–368
premature pubic hair, 358–361
pubertal development

normal stages, 351
Glioma, 386
Glipizide, 318
Glomerular filtration rate (GFR), 316
Glomeruli

diabetic nephropathy, 316
Glucocorticoid-remediable aldosteronism

(GRA), 144
Glucocorticoids, 378–379

AIT, 56
growth, 389
NCAH, 256
osteoporosis, 239
stress, 361

Glutamic acid decarboxylase (GAD)
antibodies, 292, 293

Glyburide, 307, 315, 318
GnRH. see Gonadotropin releasing hormone
GnRH-independent precocious puberty,

370–372
Goiter

diffuse, 11
Gonadal dysgenesis, 366
Gonadotropin-independent precocious

puberty, 243–247
Gonadotropin releasing hormone (GnRH),

264–265
agonist, 247, 256
deficiency, 364
sexual precocity, 376–377
therapy, 266

Gonadotropin releasing hormone (GnRH)-
independent precocious puberty,
370–372

GRA, 144
Graves’ disease

adult vs. adolescents, 60
hyperthyroidism

adolescents, 58–61
painful, 73
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pregnancy, 279, 282–284
PTC, 88–92
surgery

indications, 63
thyroid cancer, 283
Turner’s syndrome, 367

Growth
accelerated

CAH, 375–379
glucocorticoids, 389

Growth and development disorders, 375–387
accelerated growth

CAH, 375–379
growth hormone deficiency, 380–383
hypopituitarism from suprasellar mass,

384–387
sarcoidosis

short stature, 388–390
Growth charts, 350

boy
CAH, 376–377
GH treatment, 382

Growth hormone (GH)
deficiency, 380–383
testing, 381
therapy, 381

GUSTO-I, 308
Gynecomastia

small testes
adolescent, 355–357

H
Hand-Schuller-Christian disease, 265
Hashimoto’s thyroiditis, 23

clinical spectrum, 69
etiology, 69
incidence, 69
painful, 73
recurrent painful, 67–71

incidence, 70
thyroidectomy, 70–71

Turner’s syndrome, 367
HDL

elevated, 345–349
low, 344–349

Headaches, 29
Heart Outcomes Prevention Evaluation,

299–300
Heart Outcomes Prevention Trials (HOPE),

309
Hemoptysis, 30

Heparin
acute hypoaldosteronism, 149

Hepatitis
niacin, 347
PTU-induced, 61

Herbal supplements
altered T4 dose requirements, 77

Herpes zoster
face, 12

Heterotopic ossification (HO), 225–228
bone scan, 227
radiograph, 227

HHM, 193, 195
High density lipoprotein (HDL)

elevated, 345–349
low, 344–349

High fiber diets
altered T4 dose requirements, 76

Hirschsprung disease, 397
Hirsutism, 253–256
HIV

adrenal dysfunction, 150–153
HMG-CoA reductase inhibitors, 310
HO, 225–228

bone scan, 227
radiograph, 227

Hook effect, 15
HOPE, 309
HOPE Study (Heart Outcomes Prevention

Evaluation), 299–300
Hormone replacement therapy (HRT), 343

end-stage renal disease (ESRD), 224
POF, 264

HPA axis, 238–239
HPT

tertiary, 222–225
HRT, 343

end-stage renal disease (ESRD), 224
POF, 264

Humoral hypercalcemia of malignancy
(HHM), 193, 195

Hungry bones syndrome, 189, 224
Hurthle cell neoplasms, 96
Hydralazine, 34
Hydrocephalus

obstructive, 17
Hydrochlorothiazide, 186, 202, 298
Hydrocortisone, 34

hypophysitis, 23
pituitary apoplexy, 25, 27

Hydroxyzine
systemic mastocytosis, 222
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Hyperaldosteronism
primary

diagnosis, 142
subtypes, 144

Hyperalimentation
enteral

diabetic gastroparesis, 280
Hyperamylasemia, 159
Hyperandrogenism

ovarian, 361
Hyperbaric oxygen

diabetic foot ulcers, 313
Hypercalcemia, 185–199

cancer, 209
clinical manifestations, 193
familial benign, 198
familial hypocalciuric, 196–199
incidence, 191
nonparathyroid hormone-mediated, 194
parathyroid hormone-mediated, 193
treatment, 195

Hypercholesterolemia
familial, 341–343

Hypercortisolism
diurnal rhythm, 122
treatment, 131

Hyperemesis gravidarum
type 1 diabetes, 278–281

Hyperglycemia
pregnancy

pheochromocytoma, 172
vascular injury, 309

Hypergonadotropic hypogonadism, 366
Hyperkalemia, 146–150

hyporeninemic hypoaldosteronism,
147–148

trimethoprim/sulfmethoxazole, 148
Hyperlipidemia

familial combined
diabetes, 337–339

Hyperparathyroidism, 185–199
primary, 185–189
tertiary, 222–225

Hyperpigmentation, 231, 233
Addison’s disease

vs. chloasma, 272
Hyperprolactinemia, 14, 31

sarcoidosis, 389
Hypertension

age of onset, 165
early diabetic nephropathy, 298–299
early onset, 144

essential
prevalence, 143

hypokalemia, 141–146
pheochromocytoma, 155, 165
type 2 diabetes, 316–317

Hyperthyroidism, 51–64
amiodarone-induced, 54–57
behavioral problems, 60
Graves’ disease

adolescents, 58–61
iodine-induced, 55–56
maternal, 279
pregnancy, 283
thyroid storm, 62–64
thyrotropinoma, 9–12
TSH-secreting pituitary adenoma, 51–54

Hypertriglyceridemia, 309
cardiovascular disease, 338

Hypoaldosteronism
fludrocortisone, 34
heparin, 149
hyporeninemic

acute hyperkalemia, 147–148
Hypobetalipoproteinemia, 340
Hypocalcemia, 201–212

cancer, 209
maternal, 207
osteoblastic bone metastases, 212
paresthesias, 211
renal insufficiency, 211
seizures, 206
treatment, 203

Hypocalciuric hypercalcemia
recurrent pancreatitis, 196–199

Hypoglycemia, 325–335
factitious, 331–333
NIPHS, 329–331
reoperative insulinoma, 333–335

Hypogonadotropic hypogonadism, 364
adrenal insufficiency, 231–236

Hypokalemia
hypertension, 141–146

Hypomagnesemia, 210
Hyponatremia

persistent, 33–37
SIADH, 38–42

Hypoparathyroidism, 201–212
hypocalcemia, 206
postsurgical

parathyroid autotransplantation,
201–204

pregnancy, 205–207
transplantation, 204
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Hypophysitis, 21–24
bromocriptine, 21–22
hydrocortisone, 23
lymphocytic, 23, 45–48
pregnancy, 23
thyroxine replacement, 23

Hypopituitarism, 17–32
CNFAs, 13
hypophysitis, 21–24
macroadenomas, 3
metastasis to pituitary, 29–32
neurosarcoidosis, 18
pituitary apoplexy, 24–29
radiation-induced, 42
sarcoidosis, 17–21
suprasellar mass, 384–387

Hyporeninemic hypoaldosteronism
acute hyperkalemia, 147–148
diagnosis, 148

Hyposmia, 364
Hypotension

adrenal insufficiency, 40
orthostatic, 280

Hypothalamic amenorrhea, 263–266
Hypothalamic chronic ovulation, 264
Hypothalamo-pituitary-adrenal (HPA) axis,

238–239
Hypothyroidism, 7

levothyroxine malabsorption, 75–77
pregnancy, 269–272
spontaneous resolution, 79
transient, 78–80

radioiodine, 61
Hysterectomy, 223

I
131I

improved uptake, 92
persistent PTC, 97
PTC, 85–86

chronic renal failure, 104–108
Ibuprofen, 225
ICA, 293
IGF-1, 239
IGF binding proteins (IGFBPs), 239
IGFBPs, 239
Incidental adrenal masses, 167
Incidentalomas

adrenal glands
DHEA-S, 141
incidence, 139
surgery, 140

Inferior petrosal sinus sampling (IPSS), 128
Infundibular mass, 43–48

MRI, 44
Insular thyroid carcinoma (ITC), 109–115
Insulin

changing, 294–297
chronic renal failure, 318
DKA, 305

Insulin-like growth factor 1 (IGF-1), 239
Insulinoma

negative fast, 330
preoperative localization, 334–335
reoperative, 333–335

International Study of Infarct Survival-II
(ISIS-II), 308

Intraoperative ultrasound (IOUS), 335
Iodine

fetus, 283–284
Iodine-induced hyperthyroidism, 55–56
IOUS, 335
IPSS, 128
Irbesartan, 317
Irradiation

HO, 227–228
ISIS-II, 308
Islet cell antibodies (ICA), 293
ITC, 109–115

J, K
Jod-Basedow, 55–56
Kallman’s syndrome, 258, 265, 362–365

MRI, 266
Ketoconazole, 247, 354

adverse effects, 354
hypercortisolism, 131
steroidogenesis, 152

Klinefelter syndrome, 356–357
mental retardation, 357

L
Labetalol, 34, 275

hypertension, 143
Lactic acidosis, 317
LADA, 291–294
Langerhans’ cell histiocytosis, 265
Lansoprazole, 325
Latent autoimmune diabetes in adults

(LADA), 291–294
LCAT (lecithin acyl transferase)

deficiency, 345
LDL

elevated, 345–349
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Lecithin acyl transferase deficiency, 345
Leg weakness

type 2 diabetes mellitus, 319–322
Leukemia, 211
Levothyroxine

Hashimoto’s thyroiditis, 67–71
malabsorption, 75–77
thyroid cancer, 86

LIN, 45–48
Lipase deficiency

liver, 345
Lipid abnormalities

CAD, 307–311
Lipoprotein metabolism disorders, 337–347

familial hypercholesterolemia, 341–343
HDL cholesterol, 344–349
low cholesterol syndrome, 339–341

Lispro, 280, 296
Lithium

calcium, 195
131I, 92

Liver
lipase deficiency, 345

Losartan, 317
Lovastatin, 342
Low cholesterol syndrome, 339–341
Low density lipoprotein (LDL)

elevated, 345–349
Low HDL syndrome, 346
Lung cancer, 31
Lymphocytic hypophysitis, 45–48
Lymphocytic infundibuloneurohypophysitis

(LIN), 45–48
Lymphoma

thyroid malignancies, 74

M
Macroadenomas, 2. see also

Thyrotropinoma; TSH-secreting
pituitary adenoma

cabergoline, 3
surgical cure rate, 3

Male reproductive endocrinology, 231–251
adrenal insufficiency, 231–236

Males. see also Boys
osteoporosis, 221

MALT, 74
Mastocytosis

systemic, 220–222
Maternal hyperthyroidism, 279
Maternal hypocalcemia, 207
Maternal zona fasciculata hypertrophies, 271

Mathematical ability
Turner’s disease, 367

McCune-Albright syndrome, 245, 370–372
MDI, 287, 295, 298
Medroxyprogesterone, 263–264
Medullary thyroid carcinoma (MTC)

older patient, 391–395
sporadic vs. hereditary, 395–399
thyroidectomy, 392–394

MEN, 187, 391–403
medullary thyroid carcinoma, 391–399
pheochromocytoma, 400

MEN 1. see Multiple endocrine neoplasia
type 1

MEN 2
clinical varieties, 178
pheochromocytoma, 177–181
pregnancy, 273–276

MEN 2A, 275
Mental retardation

Klinefelter syndrome, 357
Metabolic acidosis, 211
Metabolic bone disease, 215–228

heterotopic ossification, 225–228
Paget’s disease of bone, 215–219
systemic mastocytosis, 220–222
tertiary hyperparathyroidism, 222–225

Metastases
adrenal glands

breast cancer, 166
osteoblastic

prostate cancer, 208–212
vs. pheochromocytoma, 162–167
thyroid cancer, 83

Metformin, 317
Methimazole

Graves’ disease, 60
thyroid storm, 63
thyrotropinoma, 9
TSH-secreting pituitary adenoma, 52

Metoclopramide, 278–279
Metoprolol

hypertension, 155
Metyrapone

hypercortisolism, 131
Metyrosine, 275
MI

pulmonary edema
diabetes, 308

silent
diabetes mellitus, 289
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Microadenomas
surgical cure rate, 3
transsphenoidal surgery

morbidity, 3
Microalbuminuria

early diabetic nephropathy, 298–299
Micromegaly, 8
Microsomal triglyceride transfer protein

(MTP), 340
Midline supratentorial tumors, 385–386
Mineralocorticoid, 271, 272
Mineral supplements

altered T4 dose requirements, 77
Mithramycin

hypercalcemia, 195
Morbid obesity

Roux en Y gastrojejunostomy, 223
Morning sickness, 280
MTC

older patient, 391–395
sporadic vs. hereditary, 395–399
thyroidectomy, 392–394

MTP, 340
Mucosal associated lymphoid tissue

(MALT), 74
Mullerian inhibiting hormone, 249
Multiple daily injection (MDI), 287, 295,

298, 299
Multiple endocrine neoplasia (MEN), 187,

391–403
medullary thyroid carcinoma, 391–399
pheochromocytoma, 400

Multiple endocrine neoplasia type 2A (MEN
2A), 275

Multiple endocrine neoplasia type 2 (MEN 2)
clinical varieties, 178
pheochromocytoma, 177–181
pregnancy, 273–276

Multiple endocrine neoplasia type 1 (MEN
1) syndrome, 400–401

differential diagnosis, 403
parathyroid autotransplantation, 204
pheochromocytoma, 401
surgery, 202
total parathyroidectomy, 204

Myeloid leukemia, 85
Myocardial infarct (MI)

pulmonary edema
diabetes, 308

silent
diabetes mellitus, 289

Myopia, 384

N
NCAH, 253, 255
Nelfinivir, 150
Nephropathy

diabetic (see Diabetic nephropathy)
Nesidioblastosis, 330
Neuritis

steroids, 18–19
Neuroblastoma, 261
Neuroendocrine tumors

ectopic ACTH syndrome, 128–129
Neurofibromatosis, 155, 275
Neurofibromatosis type 1, 160

differential diagnosis, 403
Neurogenic diabetes insipidus, 45
Neurontin, 322
Neuropathy

diabetic, 315–318
Neuropeptides

adrenal medulla, 158
Neurosarcoidosis

hypopituitarism, 18
sarcoidosis, 389

Niacin, 343–349
diabetes

familial combined hyperlipidemia, 339
Nicotinic acid, 310
NIPHS, 329–331
Nonclassic adrenal hyperplasia (NCAH),

253, 255
Non-hypoglycemic spells, 325–328
Noninsulinoma pancreatogenous

hypoglycemia syndrome (NIPHS),
329–331

Nonobese type 2 diabetes, 292
Nonpalpable testes

delayed pubertal development, 247–251
diagnosis, 249–250

Nonparathyroid hormone-mediated
hypercalcemia, 194

O
Obesity, 307, 310

morbid
Roux en Y gastrojejunostomy, 223

Obstructive hydrocephalus, 17
Octreotide, 10

TSHoma, 54
Omeprazole

systemic mastocytosis, 221
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Ophthalmopathy
Graves’ disease, 60

Oral contraceptives, 256
Orthostatic hypotension, 280
Osmoreceptors, 34
Osteoblastic metastases

prostate cancer, 208–212
Osteomalacia, 207
Osteopenia, 185
Osteoporosis, 186

males, 221
premenopausal women, 221
prevention, 242
topical steroids, 238–241

Ovarian hyperandrogenism, 361
Ovulation

hypothalamic chronic, 264

P
Paget’s disease of bone, 215–219

bone scan, 217
radiography, 218–219
radionuclide bone scan, 216

Pamidronate
hypercalcemia, 195
Paget’s disease of bone, 217
systemic mastocytosis, 222

Pancreatitis
recurrent

hypocalciuric hypercalcemia, 196–199
Panhypopituitarism, 38
Panic attacks, 273
Papillary thyroid cancer (PTC)

chronic renal failure, 100–108
diffuse sclerosing, 81–86
Graves’ disease, 88–92
metastatic, 81–82
persistent, 94–99

Paralysis
hypokalemic, 11
periodic

thyrotropinoma, 9–12
Paraplegia, 225
Parasellar area

lesions, 14
Parathyroid autotransplantation

postsurgical hypoparathyroidism, 201–204
Parathyroidectomy

primary hyperparathyroidism, 188–189
Parathyroid hormone-mediated

hypercalcemia, 193

Parathyroid hormone (PTH), 192–196,
202–203

Paresthesias
hypocalcemia, 211

PCOS, 253, 255
Peptides of proopiomelanocortin (POMC), 126
Perchlorate

Type 1 AIT, 56
Percutaneous transluminal coronary

angioplasty (PTCA), 290
diabetes, 307–308

Pergolide
craniopharyngioma, 2

Persistent papillary thyroid cancer (PTC),
94–99

FDG-PET, 96, 98
Phenothiazines, 279
Phenoxybenzamine, 274

pheochromocytoma, 156, 163, 170
placental transfer, 275

Phentolamine, 275
pheochromocytoma crisis, 156

Phenytoin
hypocalcemia, 206
steroid metabolism, 152

Pheochromocytoma, 155–181
biochemical diagnosis, 275
catecholamines, 158, 166
clinical manifestations, 158–159
combined islet cell tumor

differential diagnosis, 399–403
computed tomography, 400
diagnosis, 398
family history, 398
genes, 176–181
hemodynamic decompensation, 159
hypercalcemia, 193
hypertension, 165
131I MIBG, 167
MEN 2, 177–181
MEN 1 syndrome, 401
vs. metastasis, 162–167
paroxysms

triggers, 160
pregnancy, 168–174, 274–275

hypertension vs. preeclampsia, 172
surgery, 173
vs. toxemia, 172

symptoms, 163–165
Pheochromocytoma crisis, 155–161
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Pheochromocytomas
familial

epinephrine, 180
Phosphate

primary hyperparathyroidism, 188
Pituitary

metastasis to, 29–32
radiation damage, 41–42

Pituitary adenoma, 26
surgical decompression, 28
TSH-secreting (see TSH-secreting

pituitary adenoma)
visual field defects, 28

Pituitary apoplexy, 24–29
corticosteroids, 27
transsphenoidal decompression, 25–26

Pituitary incidentaloma, 12–15
surgery, 15

Pituitary neoplasm
amenorrhea, 257–259

Pituitary tumors, 1–15
acromegaly, 5–8
incidentaloma, 12–15
prolactinoma, 1–4
thyrotropinoma, 9–12

Pneumocystis carinii infection
pain, 73–74

Pneumocystis carinii pneumonia, 150
POF, 260–262

differential diagnosis, 264
Polycystic ovarian disease, 361
Polycystic ovarian syndrome (PCOS),

253, 255
Polydipsia

infundibular mass, 43–48
Polyglandular autoimmune endocrinopathy

syndrome type 1, 234
Polyglandular autoimmune syndrome, 272
Polyglandular failure syndrome

autoimmune, 234
Polyneuropathy

diabetic, 320
distal symmetric, 320

Polyradiculopathy, 320
Polyuria

infundibular mass, 43–48
POMC, 126
Portal vein sampling, 335
Posterior pituitary, 33–48

hyponatremia, 33–37
SIADH, 38–42

infundibular mass, 43–48

Postsurgical hypoparathyroidism
parathyroid autotransplantation, 201–204

Prazosin, 275
Precocious puberty

diagnosis, 245
gonadotropin-independent, 243–247

Prednisone, 231, 233, 238
amiodarone-induced hyperthyroidism, 55
neurosarcoidosis, 18
ophthalmopathy

Graves’ disease, 60
sarcoidosis, 21
thyroid pain, 71

Preeclampsia, 283
Pregnancy

Addison’s disease, 269–272
endocrine problems, 269–284
FHH, 198–199
Graves’ disease, 279, 282–284
hyperthyroidism, 283
hypoparathyroidism, 205–207
hypophysitis, 23
hypothyroidism, 269–272
MEN-2, 273–276
pheochromocytoma, 168–174, 274–275
retinopathy, 280–281
thyrotoxicosis, 282–283

Premarin
neurosarcoidosis, 18

Premature adrenarche, 376
Premature leydig cell germ cell maturation

familial male-limited gonadotropin-
independent sexual precocity, 353

Premature ovarian failure (POF), 260–262
differential diagnosis, 264

Premature pubic hair
girls, 358–361

Premature sexual development
boys, 351–354

Premenopausal women
CAD, 342
osteoporosis, 221

Primary hyperaldosteronism
diagnosis, 142
subtypes, 144

Primary hyperparathyroidism, 185–189
calcium, 188
etiology, 187
incidence, 186
phosphate, 188
surgery, 188
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Progesterone, 271–272
Progressive diabetic nephropathy

type 1 diabetes, 297–300
Prolactin

cranial irradiation, 42
Prolactinoma

adolescent, 1–4
bromocriptine, 3
cabergoline, 3

Prolactin secreting adenomas, 264
Propranolol, 274, 283

pheochromocytoma, 156, 163
thyroid storm, 63

Propylthiouracil (PTU), 282–283
Graves’ disease, 60
hyperthyroidism, 59

Propylthiouracil (PTU)-induced hepatitis, 61
Prostate cancer, 190

osteoblastic metastases, 208–212
Provera

neurosarcoidosis, 18
Prozac, 388
Pseudoacromegaly, 8
Psoralens

urticaria pigmentosa, 222
Psoriasis, 238
PTC. see Papillary thyroid cancer
PTCA, 290

diabetes, 307–308
PTH, 192–196, 202–203
PTU, 282–283

hyperthyroidism, 59
PTU-induced hepatitis, 61
Pubertal development

delay, 233–234
delayed

nonpalpable testes, 247–251
normal stages, 351

Pubertal disorders
delayed puberty

boy, 362–365
girl, 366–368

GnRH-independent precocious puberty,
370–372

premature pubic hair
girls, 358–361

premature sexual development
boys, 351–354

small testes and gynecomastia, 355–357

Puberty
delayed

boy, 362–365
girl, 366–368

normal onset age, 350
Puberty disorders, 349–372
Pubic hair

premature
girls, 358–361

Pulmonary edema
pheochromocytoma crisis, 156, 159

Pulmonary fibrosis, 85

Q, R
Quinagolide

adolescents, 2
Radioiodine

Graves’ disease, 60
transient hypothyroidism, 61

Ramipril, 309
Recurrent pancreatitis

hypocalciuric hypercalcemia, 196–199
Reflectance meter glucose (RMG), 295
Renal failure

insulin, 318
Renal insufficiency

hypocalcemia, 211
Renin-angiotensin-aldosterone system, 271
Reoperative insulinoma, 333–335
Reproduction disorders

female, 253–266
Resin, 342
Retinal angiomatosis, 275
Retinoic acid

131I, 92
Retinopathy

diabetic, 315
pregnancy, 280–281

Rifampin
cortisol, 153
cytochrome P450, 152
steroid metabolism, 152

Risedronate
Paget’s disease of bone, 216–217

RMG, 295
Roux en Y gastrojejunostomy

morbid obesity, 223



Index 419

S
Sarcoidosis, 17–21

African-Americans, 20
diagnosis, 20
prevalence, 20
short stature, 388–390

SAT, 72–73
School performance

hyperthyroidism, 60
Sclerosing papillary cancer, 81–86
Secondary adrenal insufficiency

topical steroids, 238–241
Secondary sex characteristics

failure to develop, 231
Selective intraarterial calcium stimulation

test, 330
Sella turcica

lesions, 14
Seminiferous tubular dysgenesis, 356
Sepsis

pheochromocytoma crisis, 156
Sertraline

TSH elevation, 75–76
Sex characteristics

secondary
failure to develop, 231

Sexual development
premature

boys, 351–354
Sexual infantilism, 364
Sexual precocity, 372, 376–377
SF-1, 236
Short stature

sarcoidosis, 388–390
SIADH, 35, 38–42

reset osmostat variant, 36–37
Silent myocardial infarction

diabetes mellitus, 289
Silent pheochromocytoma, 165
Small cell lung cancer, 38

ectopic ACTH syndrome, 128–129
radiation, 42

Small testes
gynecomastia

adolescent, 355–357
Somatostatin receptor scintigraphy (SRS)

ectopic ACTH syndrome, 129–130
Somatroph adenomas

silent, 14
Spatiotemporal processing

Turner’s disease, 367

Spironolactone, 254, 354
hypertension, 142

Sporadic pheochromocytomas, 180–181
SRS

ectopic ACTH syndrome, 129–130
SSKI

hyperthyroidism, 61, 64
Statins, 310
Steroidogenesis

ketoconazole, 152
Steroids

neuritis, 18–19
topical

androgen deficiency, 238–241
Stiff-man syndrome, 292
Stress

glucocorticoids, 361
Stress echocardiography, 289
Subacute thyroiditis (SAT), 72–73
Subarachnoid hemorrhage

aneurysmal, 27
Sulfonylurea, 318

DKA, 305
misuse, 332–333

Superior mediastinal syndrome, 111
Superior vena cava syndrome, 109
Suppurative thyroiditis, 73
Suprasellar mass

hypopituitarism, 384–387
Syncope, 33
Syndrome of inappropriate antidiuretic

hormone secretion (SIADH), 35, 38–42
reset osmostat variant, 36–37

Systemic corticosteroids
adverse effects, 238–239

Systemic mastocytosis, 220–222

T
T4

altered dose requirements
causes, 76

Tachycardia
pheochromocytoma crisis, 156

Tangier Disease, 345
Tertiary hyperparathyroidism (HPT), 222–225
Testes

nonpalpable
delayed pubertal development, 247–251

small
gynecomastia, 355–357

Testicular implants, 251
Testolactone, 240, 354
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Testosterone, 231, 238, 251, 255–256
replacement, 357

Testotoxicosis, 353
Thallium scanning

women, 289
Theophylline, 231
THHG

vs. autoimmune thyrotoxicosis, 279–280
Thiazolidinediones, 309
THR, 53
Thrombolytic therapy, 310

diabetes, 308
Thymic carcinoid

ACTH-secreting, 130
Thymic neuroendocrine tumors

features, 130
Thymus

pseudotumors
ectopic ACTH syndrome, 129

Thyroid cancer, 81–115
children, 81–86

distant metastases, 83
mortality, 83
recurrence, 83

Graves’ disease, 88–92, 283
insular, 109–115
papillary, 81–86

chronic renal failure, 100–108
persistent, 94–99
sclerosing, 81–86

post-irradiation insular, 109–115
presenting as diffuse goiter, 82

Thyroidectomy, 392–394
complications, 393–394

Thyroid gland
pain, 71–74

causes, 71
etiology, 73–74

Thyroid hormone resistance (THR), 53
Thyroiditis

deQuervain’s, 72
Hashimoto’s (see Hashimoto’s

thyroiditis)
subacute, 72–73
suppurative, 73

Thyroid stimulating hormone (TSH )
inappropriate secretion, 10

differential diagnosis, 10–11
Thyroid storm, 62–64
Thyrotoxicosis, 11

amiodarone-induced, 55–56
prevalence, 55–56

autoimmune
vs. THHG, 279–280

hypercalcemia, 193
pregnancy, 282–283

Thyrotropinoma, 9–12
transsphenoidal surgery, 11

Thyroxine
hyperthyroidism, 59–60
replacement, 31–32

hypophysitis, 23
thyroid storm, 63

Tolbutamide, 318
Topical corticoids

systemic effects, 239
Topical steroids

androgen deficiency, 238–241
osteoporosis, 238–241
secondary adrenal insufficiency, 238–241

Transient hyperthyroidism of hyperemesis
gravidarum (THHG)

vs. autoimmune thyrotoxicosis, 279–280
Transient hypothyroidism

radioiodine, 61
Trimethoprim/sulfmethoxazole

hyperkalemia, 148
Troglitazone, 309
True Cushing’s syndrome

vs. Cushing’s phenotype, 120
TSH

inappropriate secretion, 10
differential diagnosis, 10–11

TSHoma. see TSH-secreting pituitary
adenoma

TSH-secreting pituitary adenoma
(TSHoma), 51–54

MRI, 51
prevalence, 51–52
radiation therapy, 54
signs, 11
transsphenoidal surgery, 54

Turner’s syndrome, 366–368
Hashimoto’s thyroiditis, 367

Type 1 amiodarone-induced thyrotoxicosis
(AIT), 55–56

Type 2 amiodarone-induced thyrotoxicosis
(AIT), 55–56

Type 1 autoimmune polyglandular failure
syndrome, 234

Type 2 autoimmune polyglandular failure
syndrome, 234
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Type 1 diabetes mellitus, 287–300
CAD, 287–291
hyperemesis gravidarum, 278–281
insulin

changing, 294–297
LADA, 291–294
progressive diabetic nephropathy, 297–300
vs. type 2 diabetes, 304

Type 2 diabetes mellitus, 303–322
CAD, 307–311
foot ulcer, 312–314
hypertension, 316–317
leg weakness, 319–322
MI

pulmonary edema, 308
neuropathy, 315–318
nonobese, 292
vs. type 1 diabetes, 304

Type 2 polyglandular endocrinopathy, 234

U
UAH, 144–145
UKPDS, 293, 316
Ultraviolet A

urticaria pigmentosa, 222
Unilateral adrenal hyperplasia (UAH),

144–145
United Kingdom Prospective Diabetes Study

(UKPDS), 293, 316
Urticaria pigmentosa, 220–221
Uterine didelphys, 273

V
Valsartan, 317
Vasopressin, 41
VCFS, 207
Velocardiofacial syndrome (VCFS), 207
VHL syndrome, 400–402

differential diagnosis, 403
Viagra, 25
VIPomas

hypercalcemia, 193
Virilization, 254–255

children, 376
Visual disturbance

brain tumors, 385
Visuomotor coordination

Turner’s disease, 367
Vitamin A

calcium, 195
Vitamin B12 deficiency, 223
Vitamin D

hypocalcemia, 203
Vitamin D

deficiency, 223–224
Von Hippel-Lindau syndrome (VHL)

syndrome, 275, 400–402
differential diagnosis, 403

W–Z
Waddling gait, 224
Wagner grade scheme, 313
Whipple’s triad, 326–328
Women. see Females
X-linked congenital adrenal hypoplasia, 235
Zidovudine (AZT), 150
Zona fasciculata hypertrophies

maternal, 271
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