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Somatostatin Receptor Scintigraphy and
Thyroid Follicular Epithelial-Derived Cancers
Debra Margulies, M.D. and Manfred Blum, M.D.
New York University School of Medicine, Division of Endocrinology, New York, New York
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ntroduction

he incidental detection of nonmedul-
ary thyroid carcinoma by somatostatin
eceptor scintigraphy is a known phe-
omenon (1, 2). Additionally, in vitro
tudies have demonstrated both the
resence of somatostatin receptors and
he growth-regulatory effects of soma-
ostatin on tumoral thyroid cells (3, 4).
he full meaning of these findings and

heir implications for the treatment of
hyroid cancer are not well defined.
erein we report a case of a 73-yr-old
an with appendiceal carcinoid and
ürthle cell-type follicular carcinoma of

he thyroid, found during routine sur-
eillance with Indium-111-pentetreotide
cintigraphy. This interesting case high-
ights the potential use of somatostatin
eceptor scinitigraphy in the diagnosis
nd evaluation of follicular cell-derived
hyroid cancer and invites speculation
bout implications for therapy.

ase Description

73-yr-old man with appendiceal carci-
oid underwent routine surveillance for
etastases with somatostatin receptor

cintigraphy that revealed a focus of
vid Indium-111 activity in the right
ide of the neck (Fig. 1). Both ultra-
onography and CT scan of the neck
evealed a 2.8- � 1.8- � 3.5-cm lesion in
he right thyroid lobe of a multinodular
oiter (Fig. 2). Ultrasound-guided fine
eedle biopsy of the lesion was sugges-
ive of a thyroid follicular neoplasm
Figs. 3 and 4). The patient was euthy-
oid and free of antithyroid antibodies.
otal thyroidectomy was performed,
nd pathology revealed a 3-cm follicu-

ar, Hürthle cell carcinoma, with angi- a

Visit the Internet home of the
lymphatic invasion (Fig. 5). The tumor
ells were positive on immunohistochem-
cal staining for thyroglobulin, synapto-
hysin, and TTF-1 (Fig. 6), but negative

or calcitonin and chromogranin. After
otal thyroidectomy was performed, so-
atostatin receptor scintigraphy, ultra-

onography, I131 whole body scan, PET/
T, and stimulated thyroglobulin assay
ll revealed no evidence of cancer.

iscussion

ndium-111-pentetreotide is a radio-
abeled somatostatin (SST) analog that
inds to and images neuroendocrine
umors with SST receptors. The overall
alse positive rate of SST receptor scin-
igraphy using this particular agent is
eportedly 3/508 (5). In the patient pre-
ented here, Indium-111-pentetreotide
cintigraphy revealed a Hürthle cell,
ollicular thyroid cancer.

ST receptors are known to exist as five
ubtypes and are widely distributed
hroughout the body. The presence of
ST receptors on thyroid cells in partic-
lar has been demonstrated in vitro (4)
nd are predominantly of subtypes 3

igure 1. Preoperative octreoscan.
nd 5. The presence of subtype 2, how-

Endocrine Fellows Foundation w
ver, has been demonstrated on
ürthle cancer cells in one study (6).

ndium-111-pentetreotide binds with
igh affinity to receptor subtype 2 and,
o a lesser extent, subtypes 3 and 5.

ST ligand binding to the receptors
resent on thyroid cells has been ob-
erved in both normal thyroid and non-
edullary thyroid cancer cell lines (4).

everal studies have shown a positive
hyroid cell growth response with SST
nalog administration, thereby proving
he functionality of these receptors (4).

ith regards to mechanism of action, in
itro studies have demonstrated an in-
ibitory effect of SST on TSH-induced
hyrocyte proliferation, incorporation of

3H-thymidine into RNA of follicular
ells, and TSH-stimulated adenylate cy-
lase activity in tumoral thyroid tissue
3, 7, 8). An antiproliferative effect on
onmedullary thyroid cancer cells has
lso been observed (9).

everal small studies have produced
vidence to suggest that SST receptor
cintigraphy may be a useful imaging
ool in thyroid cancer, especially in
onradioiodine-accumulating cancer of
he Hürthle cell variety (10). One study
eported results from 12 patients, 10
ith Hürthle cell adenomas and 2 with
ürthle cell carcinomas, all producing
ositive Indium-111-pentetreotide scin-
igraphy results (11). A larger study
ooking at 29 patients with metastatic,
ürthle cell cancer was only successful

n detecting disease in 79% of patients
23/29) but was positive in 95% of pa-
ients with thyroglobulin levels above
0 ng/ml (21/22) (10).

continued on page 3
�ww.endocrinefellows.org



h
f
t
s
A
a
a
i
m
w
s

W
o
t
o
o
w
e
y

M
P

A
P
c
T

T

2

LETTER FROM THE PRESIDENT

a

This issue of EndoTrends marks the end of a challenging but
successful year for EFF. Although economic challenges have
impacted all areas of education and health care, we are fortu-
nate to be able to partner with others committed to training
and education to provide many new initiatives in 2010.

The grant program in endocrinology, diabetes, and metabolism
as been expanded. Grant awardees in 2009, as well as those close to but not awarded grant

unding, will be invited to an educational/research presentation before the American Diabe-
es Association Scientific Sessions June 24, 2010, in Orlando, FL. A new, exciting preceptor-
hip will begin in spring 2010 at the National Institutes of Health in diabetes and metabolism.
pplications will soon be available online. Additionally, web-based endocrine grand rounds
re currently being filmed and should be on our web site in January. The faculty is excellent,
nd we hope this opportunity to bring grand rounds to you online will be valuable. Our last
nitiative for 2010 will be case-based discussion groups online. We will be asking you to sub-

it a mentor-reviewed case study and lead an online educational case discussion group. We
ish to thank our corporate sponsors, specifically Amylin, Merck, Bristol-Meyers Squibb, and

anofi aventis, for making these projects feasible and so successful.

ith progress comes change, and EndoTrends is no exception. The economy and its impact
n traditional print publications make old means of communication no longer feasible. While
he printed version of EndoTrends will still be sent to fellows, programs, and subscribers in
ur database, it will no longer be mailed to those not registered either on the mailing list or
n MyEFF on the web page. However, all content will be available on our web site. In 2011,
e will be an environmentally friendly PDF journal only. In the meantime, we hope you will
njoy our new formats, programming, and initiatives. We at EFF look forward to working for
ou and meeting you in the coming year. See you on Facebook!

ark Stolar, M.D.
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ürthle cells are enlarged follicular
ells with eosinophilic and granular cy-
oplasm that often exhibit nuclear pleo-
orphism. A possible explanation for

he predilection of SST receptor scinitg-
aphy to detect these unique cells may
ie in their mitochondria-rich nature.
ST is known to mediate several cellu-
ar functions, including apoptosis. One
f the major pathways leading to apo-
tosis is mediated through the release
igure 2. Preoperative CT scan of the neck.

ndoTrends
f apoptogenic factors from the mito-
hondria (12). The SST receptor sub-
ype 2 has been shown to affect this
athway through the down-regulation
f the mitochondrial Bcl-2 protein (12).
erhaps this explains why pentetreo-
ide, an SST analog with high affinity for
ST receptor subtype 2, may be at-
racted to mitochondria-rich Hürthle
ells. Although thyroid cells predomi-
antly contain SST receptor subtypes 3
nd 5, the presence of subtype 2 has
een demonstrated on Hürthle cancer
ells (6).

igure 3. Cytopathology from FNA of thyroid
odule.

igure 4. Cytopathology showing round nuclei
ith smooth contour and granular nucleoli.
continued on page 4
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continued from page 3
espite evidence that SST receptor
cinitigraphy may be a useful imaging
odality, its utility is not well enough

stablished to warrant routine use in thy-
oid cancer. It has been proposed that
onflicting results may be due to the vari-
ble density and expression of SST recep-
or subtypes on the surface of thyroid
umor cells. As mentioned previously,
entetreotide is an analog with great af-
nity for SST receptor subtype 2 and this

s very useful in the imaging of tumors of
euroendocrine origin, such as carcinoid.
ome have proposed the use of other
adiolabeled SST analogs, such as dep-
eotide or DOTA-1-Na13-octreotide, which
ay demonstrate a more favorable recep-

or affinity profile for the detection of
hyroid cancer (4, 13).

ith regards to therapeutic implica-
ions, in vitro studies looking at the use
f available SST analogs have showed
n antiproliferative effect on thyroid

igure 5. Surgical specimen, thyroid.
igure 6. a, TTF-1 stain. b, Synaptophysin stain.
ancer cells (6). Clinical trials have so
ar failed to show a remarkable thera-
eutic benefit and results are widely
ariable (4, 10, 14). In addition to the
se of commercially available SST ana-

ogs (Eg, Sandostatin LAR), radiolabeled
nalogs have been proposed. A pilot
tudy of eight patients with radioiodine-
esistant, differentiated thyroid cancer
ere treated with Yttrium-90-labeled
ctreotide (DOTATOC). Thirty-five per-
ent of the patients demonstrated sta-
le disease, and 65% had progression
15). A recent publication using the
ame agent with a different dosing pro-
ocol looked at 24 patients with differ-
ntiated thyroid cancer resistant to
adioiodine therapy. Seven patients
29.2%) demonstrated a decrease in
hyroglobulin levels (median reduction
8.9%). Median follow-up was 14.9
onths, and an increased survival time

rom diagnosis was described (16).
hese and other findings do suggest a
ole for somatostatin analogs as treat-
ent for thyroid cancer. The current

ommercially available analogs act
ainly on SST receptor subtype 2. Per-

aps investigational SST analogs target-
ng different receptor subtypes, such as
OM-230 and DOTATOC, may present
ore effective results.

t is our hope that this case will encour-
ge new studies to evaluate this novel
se for SST receptor scintigraphy as a
iagnostic tool. It also raises interesting
oncepts with regards to therapy and
ay offer a fresh opportunity to revisit
he treatment of nonradioiodine avid,
ifferentiated thyroid cancer, especially
f the Hürthle cell variety.
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Donor-Transmitted Paraganglioma in
Recipient of Liver Transplant
Sarah Kim, M.D. and Anthony Patrick Heaney, M.D., Ph.D.
UCLA Department of Endocrinology, Los Angeles, California
ntroduction

ransmission of malignancies from or-
an donors to their recipients has been
ell described in the literature. We de-

cribe the first case of donor-
ransmitted paraganglioma in a
ecipient of a liver transplant.

ase

his is a case of a 78-yr-old female with
history of hepatitis B and cirrhosis
ue steatohepatitis who underwent or-
hotopic liver transplantation in 2002.
he did well shortly after transplanta-
ion, staying free of graft rejection and
pportunistic infections. Approximately
yr after her transplantation, however,

he began experiencing postprandial
bdominal pain. This pain was attrib-
ted to a ventral incisional hernia that
eveloped as a result of her initial oper-
tion. She sought a surgical evaluation
nd was tentatively planned for a her-
ia repair. Before this could be
chieved, however, she suffered an
cute episode abdominal pain, nausea,
omiting, and diarrhea, which
rompted hospitalization in late 2008.

pon arrival to the hospital, the patient’s
ital signs were notable for a blood pres-
ure of 175/75 mmHg with a pulse rate of
2 beats/min. She was ill-appearing and
er abdominal exam was significant for a
ender ventral hernia. A computed to-
ography scan of the patient’s abdomen
as promptly performed, and it demon-

trated the presence of two ventral her-
ias as well as three intrahepatic lesions
hat were not present at the time of
ransplantation. She had multiple lesions
n the left lobe of the liver, the largest
he right lobe measuring 36 mm. The le-
ions were described as hypodense on
oncontrast images and hyperenhancing
ith retention of contrast on delayed im-
ges. Given her particular risk factors,
hese lesions were most suspicious for
osttransplant lymphoproliferative dis-
ase vs. metastasis of an unknown pri-
ary malignancy. She therefore

nderwent ultrasound-guided fine-needle
iopsy of the left sided, 39-mm lesion un-
er conscious sedation, and she tolerated

t well, without hemodynamic instability.
he findings of this biopsy unexpectedly
onfirmed the presence of a paragangli-
ma. It was recalled that the patient’s
onor had a known paraganglioma at the
ortic bifurcation that was incidentally
ound at the time of organ harvesting.
he donor’s tumor was 3 cm in size and
as largely necrotic. The viable sections
f this tumor showed a cellular pattern
onsistent with paraganglioma and immu-
ohistochemistry staining was positive

or synaptophysin and chromogranin,
egative for S100. Immunohistochemical
taining of the patient’s liver lesion was
lso positive for synaptophysin and chro-
ogranin and negative for S100.

he patient was discharged after the liver
iopsy and referred to our endocrine
linic for further evaluation. Upon more
areful review of her medical history, the
atient has been hypertensive for several
ears with documented systolic blood
ressures ranging from 150–180. She had
ecently been placed on an angiotensin
eceptor blocker and � blocker with
ome improvement. She had also sought
edical care 1 yr prior for nonexertional,

pisodic shortness of breath and palpita-
ions. She underwent an extensive cardio-
ulmonary evaluation and was found to
ave no obvious pathology. She denied
eadaches, anxiety, or postural dizziness.
er past medical, family, and social histo-

ies were otherwise unremarkable. Her
edications included tacrolimus, myco-
henolate mofetil, epivir, metformin, pan-
oprazole, valsartan 80 mg daily, and
etoprolol 25 mg BID, which was added
uring her last hospitalization. Her physi-
al exam was notable for a blood pres-
ure of 150/80 mmHg and a regular pulse
ith a rate of 59.

he patient had completed two collec-
ions of 24 urinary catecholamines and
etanephrines at the time of our initial

valuation, the results of which are
hown in Table 1.

ther pertinent labs included normal
iver function tests, basic metabolic
anel and complete blood count,
hromogranin-A of 105.3 ng/ml (�36.4)
nd neuron-specific enolase of 8.1 �/liter
�8.6). Plasma catecholamines were also
hecked and confirmed excess produc-
ion of norepinephrine (Table 2). A
etaiodobenzylguanidine (MIBG) scan
as also performed but did not show any
ositive findings.

e initiated �-blockade with pheoxyben-
amine 10 mg twice a day and instructed
er to continue her ARB and � blocker.
fter discussion of her case at liver tu-
or board, it was decided that the best

ourse of action would include percuta-
eous radiofrequency ablation (RFA) of
he right-sided mass followed by left par-
ial hepatic lobectomy and intraoperative
epeat RFA of the right-sided mass. The
atient has very recently undergone both
rocedures. Her follow up catecholamine
easurements are pending.
continued on page 6
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continued from page 5
iscussion

onor-transmitted malignancies

he incidence of donor transmitted ma-
ignancies is estimated to be quite
mall. Data from the Organ Procure-
ent and Transplantation Network/
nited Network for Organ Sharing
stimate that 0.04% of organ donors
ave some type of malignancy and are
ransmitted at a rate of 0.017% (1).
ased on the Israel Penn Transplant
umor Registry that has collected data

rom the U.S. and internationally for
ver 4 decades, the rate of transmis-
ion of any known malignancy from do-
or to recipient is 42% (2). Among the
eported and confirmed cases of donor-
ransmitted malignancies, the risk of
ransmission appears highest in lung
60%), similar among kidney, liver, and
eart recipients (45%, 37%, and 30%
espectively) and smaller in pancreatic
25%). The rate of transmission also
aries by the type of malignancy, cho-
iocarcinoma being the highest (93%),
ollowed by melanoma (74%), kidney
61%), lung (43%), and breast (29%),
nd CNS (23%). Rarely have endocrine
umors been reported to be transmitted
n this fashion. There are three cases of
mall-cell neuroendocrine carcinoma
ransmitted via kidney and liver grafts
3). Additionally, there are two reported
ases of Merkle cell carcinoma transmit-
ed to kidney and heart recipients from
istinct donors (4). To our knowledge,
here have been no reported cases of
heochromocytomas or paragangliomas
ransmitted through organ transplanta-
ion in the literature. There is one re-
orted case of a cadaveric kidney donor

Ta
Urina

Norepinephrine
(15–80 �g/24 h)

Epinephrine
(0–20 �g/24 h)

Do
(6

Collection 1 122 0.9 14
Collection 2 109 0.9 10

Normotensive ranges are: Metanephrine 30–180 �
values pertain to hypertensive subjects.

Ta
Plasm

Norepinephrine
(70–750 pg/ml)

Epi
(0–

30199 �1
ho was found to have an ipsilateral
heochromocytoma with capsular inva-
ion at the time of organ harvesting. The
ecipient immunosuppression with cyclo-
porine, prednisolone and eventually aza-
hioprine. Two years after transplant, her
IBG scan and urinary catecholamines
id not suggest the presence of pheo-
hromocytoma (5).

aragangliomas

aragangliomas and extra-adrenal pheo-
hromocytomas are chromaffin cell tu-
ors of the neuroectoderm, derived

rom cells that ultimately form the au-
onomic nervous system. These tu-
ors can arise from anywhere within

he sympathetic or parasympathetic
ervous system, including the adrenal
edulla (in the case of pheochromo-

ytomas) and autonomic ganglia (in
he case of paragangliomas). Paragan-
liomas of the sympathetic nervous
ystem may or may not have the abil-
ty to secrete catecholamines,
hereas those from the parasympa-

hetic nervous system are universally
iochemically silent.

he genetics of paragangliomas have be-
ome an area of interest in the past de-
ade. Although pheochromocytomas and
aragangliomas were once believed to be

amilial in only 10% of cases, recent stud-
es have found this percentage is closer
o 25% (6). Most relevant to the genetics
f paragangliomas are the mutations in-
olving succinate dehydrogenase, a mito-
hondrial enzyme involved in the
xidation-phosphorylation pathway. Mu-
ations in SDHB, C, and D are implicated
n familial paragangliomas (PGL4, PGL3,

ests

ine
�g/24 h)

Metanephrine
(<400 �g/24 h)*

Normetanephrine
(<900 �g/24 h)*

19 935
37 2496

h and Normetanephrine 148–560 �g/24 h. aNormal

sts

rine
g/ml)

Dopamine
(0–29 pg/ml)

122
GL1, respectively). SDHB mutations tend
o be associated with extraadrenal sym-
athetic PGs located in the abdominal or
horacic cavity, whereas SDHC and SDHD
utations tend to generate head and

eck lesions (7–9). Genetic testing of the
atient’s resected lesion has yet to be
erformed.

etermining the origin of malignancy
n transplant recipients

lthough it is rather convincing that this
atient’s paragangliomas were transmit-
ed from her donor, the question of tu-
or origin in transplant recipients is not

lways clear. In the situation of nonsex-
atched donors, the number of X and Y

hromosomes can be used to make this
istinction. In sex-matched recipients,
odalities such as microsatellite allelic

nalysis and comparative genomic hy-
ridization can be utilized (3).
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Perioperative Management in Graves’
Disease and Conn’s Syndrome
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Richard Chang, Craig Cochran, and Francesco S. Celi
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Digestive and Kidney Diseases, National Institute of Health, Bethesda, Maryland
ntroduction
he risk of iodine overload-induced thy-
otoxicosis, potentially leading to life-
hreatening complications such as
hyroid storm in patients with poorly
ontrolled Graves’ disease and toxic
ultinodular goiter, is substantial. Here,
e describe the challenges associated
ith the diagnosis, localization studies,
nd the perioperative management of a
ase of primary hyperaldosteronism in
patient with thionamide-resistant
raves’ disease.

linical Case

36-yr-old African American female
ith a 2-yr history of poorly controlled
raves’ disease who initially presented
ith fatigue, insomnia, mild dysphagia
nd a 20-lb weight loss despite an in-
reased appetite. She was initially
reated with thionamides and
-blockers and referred to our institu-
ion for further evaluation and manage-
ent. The physical examination was

emarkable for bilateral exophthalmos
nd a large, diffuse, nontender goiter.
aboratory studies revealed a TSH level
f 0.08 �IU/ml (reference range 0.4–4
IU/ml), free T4 4 ng/dl (reference
ange 0.8–1.9 ng/dl), T3 794 ng/dl (refer-
nce range 90–215 ng/dl). She had a
ositive thyroid-stimulating Ig at 2.4
normal value � � 1.3 TSI index) and a
igh TSH receptor antibodies titer at
7% (normal value �16%). A thyroid
ptake scan showed the thyroid gland
as enlarged with diffuse uptake of
7.4% at 24 h. These studies were con-
istent with a diagnosis of hyperthy-
oidism secondary to Graves’ disease.
ltrasound of the thyroid revealed a
oderate heterogenous thyroid with a
m, left lobe measuring 3.4 � 3 � 5.5
m. There was a 1.4 � 0.8 � 1.2 cm
ell-defined echogenic nodule in right
pper thyroid. Fine needle aspiration
evealed a benign thyroid nodule. A de-
ision of performing a total thyroidec-
omy was made on the basis of poor
esponse to thionamide therapy, exoph-
halmos, compressive symptoms, and
atient preference.

uring the thyroid evaluation, hyper-
ension (systolic values ranging be-
ween 150 and 160 mmHg, and diastolic
alues ranging between 100 and 105
mHg), severe hypokalemia 1.6 mmol/

iter (reference range 3.3–5.1 mmol/
iter) and metabolic alkalosis 40 mmol/
iter (reference range 21–31 mmol/liter)
ere noted. A follow-up set of labora-

ory tests confirmed the hypokalemia
nd urine electrolytes showed low urine
odium, elevated potassium, and low
hloride. Upon further questioning, the
atient reported symptoms of nocturia,
olydipsia, and polyuria for at least 1
r. She denied abuse of liquorice. She
ad no palpitations, muscle weakness,
r cramping. An electrocardiography
EKG) revealed normal sinus rhythm
ithout EKG characteristic changes as-

ociated with hypokalemia. However,
he EKG pattern suggested left ventricu-
ar hypertrophy and left atrial enlarge-

ent. The evaluation for secondary
ypertension was significant for an ele-
ated serum aldosterone 49 ng/dl (ref-
rence �21 ng/dl) and suppressed
lasma renin (�0.6 ng/ml�h). The aldo-
terone to renin ratio was 81.6, and it
as strongly indicative of hyperaldoste-

onism. The diagnosis of hyperaldoste-
onism was confirmed with a saline
nfusion test with serum aldosterone
alues above 10 ng/dl throughout the
-h saline infusion.

he biochemical diagnosis of hyperaldo-
teronism would require further localiz-
ng modalities such as imaging and
drenal sampling studies with iodinated
adiocontrast medium. The timing and
ogistics of these studies posed a major
ilemma due to the risk of iodine-induced
hyrotoxicosis. This patient planned to
ndergo thyroidectectomy, and it was

ikely that she might be requiring adre-
alectomy for hyperaldosteronism. A big
hallenge arose in coordinating the diag-
ostics studies and planning for two po-
ential surgeries.

ocalization studies and preoperative
anagement were performed while the
atient was admitted to provide close
onitoring. A contrast computed to-
ography of the adrenals revealed a

eft 1.2 cm adrenal nodule. Adrenal vein
ampling was performed on the next
ay. The data clearly revealed a lateral-

zation corresponding to the side of the
esion (Table 1).

o avoid the risk of worsening hyper-
hyroidism after exposure to contrast
edium from the adrenal vein sampling

nd the CT study, the patient was
reated throughout the hospitalization
ith high-dose thionamides, SSKI, cal-
ium channel blockers, and aggressive
otassium replacement. Spironolactone
as added after the results of the ve-
ous sampling became available. A total
hyroidectomy was performed on hospi-
al d 4. Histopathologic examination of
he thyroid glands revealed hyperplas-
ic thyroid tissue, consistent with

continued on page 8
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raves’ disease and one small 0.3 cm
ocus of papillary carcinoma on the left
hyroid. A laparoscopic left adrenalec-
omy was then performed 12 d after the
hyroidectomy. Interestingly, the histol-
gy indicated diffuse adrenal hyperpla-
ia. The patient had an excellent
ostoperative course and both potas-
ium and antihypertensive medications
ere discontinued over 1 month. At the
-month postoperative follow up, serum
ldosterone level was 2 ng/dl, and se-
um renin was less than 6 ng/ml�h. Cur-
ently, her only medication is L-T4 112
g daily.

iscussion

raves’ disease is the most common
ause of hyperthyroidism, accounting
or 50–80% of the cases in the U.S.
mong patients with Graves’ disease,

he female to male ratio is between 5:1
nd 10:1 (1). Common available treat-
ent modalities include pharmacologi-

al treatment with antithyroid drugs
hat inhibit thyroid hormone synthesis
nd/or release, radioiodine therapy,
nd thyroidectomy. Surgery is the least
ften used treatment option but is used

n patients for whom radio-ablation is
ontraindicated; patients who have
omplications with antithyroid drugs,
arge goiters, or nodules suspicious for

alignancy; and patients with desire for
efinitive treatment.

n 1955, hyperaldosteronism was first
escribed by Dr. Jerome Conn in a pa-
ient with adrenocortical tumor and
as cured with adrenal tumor resection

2). The estimated prevalence has a
ange of 1.4% to 32% (3). For unilateral
ldosterone-secreting adenoma or hy-
erplasia, surgical resection is still the
reatment of choice.

Ta
Results of Adrenal Vein Sampling of a 37

a 1.2-cm Left Adrenal Nodule

Aldosterone (ng/dl)

Right Left Perip

�5 min 15 220 18
0 min 17 238 18
10 min 92 9200 62
15 min 116 8010 67
oncomitant Graves’ hyperthyroidism
nd primary hyperaldosteronism are
xtremely rare events. To the best of
ur knowledge, there is first case report
f surgical management of Conn’s syn-
rome associated with Graves’ disease.
previous report describes the as-

ociation of Conn’ syndrome to
hyrotoxicosis-associated hypokalemic
eriodic paralysis, but in this the man-
gement of hyperthyroidism was
chieved by means of thionamides (4).
nterestingly, our patient did not
resent with the classic symptoms even
ith severe hypokalemia.

ur patient had undiagnosed hyperten-
ion and hypokalemia secondary to pri-
ary hyperaldosteronism. Her recent

chocardiogram revealed mild concen-
ric left ventricular hypertrophy, a find-
ng consistent with prolonged exposure
o hyperaldosteronism. Since the diag-
osis of hyperthyroidism, she was
reated with a � blocker that might
ave partially masked the hypertension.

nterestingly, upon further questioning,
he patient stated that she was found to
ave hypokalemia during a routine
hysical examination several years be-

ore the diagnosis. While in a chronic
ypokalemic state, she developed poly-
ria, polydipsia, and nocturia. It is
onetheless surprising that despite
uch a severely low serum potassium
evel, she did not have any
ypokalemia-related muscle weakness
KG changes or cardiac arrhythmia.

his case illustrates the challenges
osted in evaluation and treatment of
rimary hyperaldosteronism in a pa-
ient with known Graves’ hyperthyroid-
sm and severe hypokalemia.
ocalization of aldosterone secreting
denoma requires diagnostic modalities

1
d Female with Hyperaldeosteronism and
cted in Abdominal CT Scan

Cortisol (�g/dl)

l Right Left Peripheral

10.4 5.2 2.4
12.3 5.8 2.6
322 153 9.0
316 157 10.4
ith iodinated radiocontrast medium.
odine may exacerbate thyrotoxicosis in
raves’ disease, known as the Jod-
asedow phenomenon (5). It is crucial

o treat this patient with high-dose thio-
amides and SSKI during the work up

or primary hyperaldosteronism. The
atient was treated with Spironolactone
nd potassium supplement before thy-
oidectomy to minimize the electrolytes
bnormalities and hypertension periop-
ratively. Thyroidectomy in patients
ith poorly controlled thyrotoxicosis
as been associated with increased
ostoperative death caused by thyroid
torm (6). Furthermore, because hyper-
hyroidism represents a risk factor for
erioperative complications, we de-
ided to perform total thyroidectomy
efore the adrenalectomy.

n summary, even if Graves’ disease and
rimary hyperaldosteronism are not
ncommon diseases, the concomitant
resence of Graves’ and Conn disease
equiring surgical treatment has not
een previously reported. Optimization
f perioperative management in these
atients should be sought to improve
he outcome.

cknowledgments
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iseases and National Institutes of
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Subcutaneous Recombinant Human
Parathyroid Hormone (PTH) Injection Provides
a Diagnostic Tool for Identification of Non-
Phenotypically Evident Pseudohypopara-
thyroidism by Unmasking PTH Resistance
K. Todorova-Koteva and J. C. Jaume
Endocrinology, Diabetes and Metabolism Section, Departments of Medicine, School of Medicine
and Veterans Affairs Medical Center, University of Wisconsin-Madison, Madison, Wisconsin
p
c
n
c
2
n
i
h
m
b
d
i
o
h
C
n
R
s
p
m
c
p

L
a
p
b
t
t
t
r
a
s
c
j
B
a
a
c
w
c
b

B

t
t
r
p
r
h
o
T
t
r
c
p

D

T
r
p
l

T
t

B
t
p
e
b
o
1
(

P
a
A
(
f
p
r
s
b
(
p
c

ntroduction

ypocalcemia and hyperphosphatemia in
he setting of elevated intact PTH and
ormal vitamin D metabolites, raises the
ossibility of PTH resistance or
seudohypoparathyroidism.

ase Presentation

ere we present the case of a 50-yr-old
an seen in our endocrine clinic July

008 with a chief complaint of chronic
ntermittent numbness and tingling in the
egs, arms, neck, and face. He had no-
iced no other abnormalities—
pecifically, no headaches, visual
hanges, diplopia, motor disturbances, or
hanges in sexual function, or bowel or
ladder function.

n December 2007 he was admitted to a
ocal emergency department for a near
yncopal episode and seizure like activ-
ty. Work up was negative for seizure dis-
rder. Head computed tomography scan
howed nonspecific extensive, dense, bi-
ateral basal ganglia calcifications, along
ith scattered other cerebral calcifica-

ions and moderate bilateral cerebellar
alcifications. Laboratory studies re-
ealed a low serum calcium level of 6.2
g/dl, with normal albumin of 4.4 g/dl,
igh serum phosphorus of 5.6 mg/dl,
igh intact PTH of 222 pg/ml, low
5(OH)D less than 6.0 ng/ml. Thyroid
unction tests were normal with TSH of
.43 �IU/ml and free T4 of 1.19 ng/dl. The
atient was treated with iv calcium,
hich corrected his hypocalcemia and

ed to resolution of the symptoms. He
as discharged home on oral calcium
nd vitamin D supplementation.

hen we saw him in July 2008, he was
n oral calcium 500 mg four times per

ay and Calcitriol 0.5 �g three times t

ndoTrends
er week. He still complained of
hronic intermittent numbness but had
ot had any further episodes of syn-
ope or seizures since December of
007. His past medical history was sig-
ificant for depression, bicycle accident

n 1990s, and left cataract surgery. He
ad a family history of hypocalcemia in
other, sister, sister’s daughter, and

rother. Physical exam revealed a well-
eveloped man with normal stature,

ntact visual fields, and normal findings
n neurological examination. None of
is metacarpals were shortened.
hvostek’s and Trousseau’s signs were
egative. He had no thyromegaly either.
esults of laboratory studies revealed
erum calcium of 9.0 mg/dl, PTH 161.1
g/ml, PO4 3.8 mg/dl, creatinine 1.0
g/dl, 25(OH)D 61 ng/ml; 24 h urinary

alcium was 103 mg, and urinary phos-
horus was low at 0.2 g.

ack of availability of iv PTH in the U.S.
nd Canada led us to contemplate the
ossibility of testing for PTH resistance
y using available sc formulation for os-
eoporosis treatment. Hence, we asked
he patient for permission to perform a
est designed by us; we named sc PTH
esistance challenge (scPTHrc). Patient
greed and subsequently underwent the
cPTHrc. Twenty micrograms of sc re-
ombinant human PTH (1–34) were in-
ected in the abdominal flank area.
aseline urinary cAMP, serum calcium
nd intact PTH were measured before
nd 2 h after the administration of re-
ombinant hPTH-(1–34). Urinary cAMP
as measured also 4 h after the PTH
hallenge. Results are summarized in Ta-
le 1.

ased on the small interval change in

he urinary cAMP from 0.166 nmol/mg
o 0.187 nmol/mg 2 h after the adminis-
ration of hPTH (1–34), our patient had
esistance to PTH action or pseudohy-
oparathyroidism. In addition to these
esults, patient had a significant family
istory of hypocalcemia but no features
f Albright’s hereditary osteodystrophy.
he constellation of signs and symp-

oms as well as the laboratory data in
esponse to the scPTHrc test led us to
onclude that our patient had
seudohypoparathyroidism type 1b.

iscussion

he idiopathic and inherited forms of PTH
esistance are referred to as pseudohypo-
arathyroidism (PHP). They are due to

ack of cellular response to PTH.

he first cases of documented PTH resis-
ance were described by Albright in 1942.

iochemically, PHP mimics hypopara-
hyroidism with hypocalcemia and hy-
erphosphatemia, but the PTH level is
levated and there is a markedly
lunted response to the administration
f PTH. There are several types of PHP
a, pseudopseudohypoparathyroidism
PPHP), 1b, 1c, and 2 (Table 2).

atients with PHP type 1a have a char-
cteristic somatic phenotype known as
lbright’s hereditary osteodystrophy
AHO), in addition to the biochemical
eatures of hypocalcemia, hyperphos-
hatemia, and secondary hyperparathy-
oidism (1). This phenotype includes
hort stature, round face, short neck,
rachydactyly, shortened metacarpals
4th and 5th), sc ossifications, and im-
aired mentation. PTH type 1a is
aused by autosomal dominant inheri-

continued on page 10
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continued from page 9
ance loss of function of one allele of
he gene (GNAS1) encoding the stimula-
ory G protein �-subunit (Gs�). This
roduces only 50% of normal level of
he Gs�-subunit, which couples the PTH
eceptor to adenylate cyclase. Because
s� also couples many other receptors

o adenylate cyclase, the expected
esult of this mutation would be a
eneralized disorder of hormonal unre-
ponsiveness. The presence of primary
ypothyroidism and primary hypogo-
adism in these patients indicates resis-
ance to TSH, LH, and FSH, and this
ccurs fairly commonly. Responsive-
ess to other hormones, such as ACTH,
lucagon is fairly normal (2).

PHP refers to phenotypical AHO with
ormal responsiveness to PTH. Patients
ith PPHP often are found in the same
indreds as those with PHP1a, and they
nvariably inherit the same abnormal
s� gene found in their PTH-resistant
elatives. When patients inherit the mu-
ant Gs� gene from their fathers, they
xhibit PPHP; when they inherit the mu-
ant Gs� gene from their mothers, they
xhibit PHP. This pattern, in which the
henotype depends on the parent of
rigin, is termed genetic imprinting. Re-
al expression of GNAS1 gene appears
o be determined only by the maternal
llele so that a defect only in the mater-
al allele of GNAS1 will result in unre-
ponsiveness of the renal tubule to PTH
inding. Patients with PPHP will have
he normal maternal allele for GNAS1
nd therefore their kidneys respond
ormally to PTH.

Ta
Results of

Laboratory test Baseline

Urinary cAMP/Cr (nmol/mg) 0.166
Serum calcium (md/dl) 9.2 (albumin
iPTH (pg/ml) 97.1

Ta
Types of Pseudo

Disorder
Urinary cAMP
response to PTH

Ur
res

PHP 1A Decreased De
Pseudo-PHP Normal No
PHP 1B Decreased De
PHP 1C Decreased De
PHP 2 Normal De
0

HP type 1b is defined by renal resis-
ance to PTH without clinical features of
HO and with normal Gs� levels in fibro-
lasts. It has been suggested that PTH
esistance is confined to the kidney in
his disorder leading to only hypocalce-
ia, hyperphosphatemia, and secondary
yperparathyroidism without any other
ndocrinopathies. PTH type 1b is also
inked to the GNAS1 locus, but does not
nvolve mutations in the coding region of
he GNAS1. It is a result of abnormal
ethylation of Gs� promoter region lead-

ng to a tissue specific Gs� abnormality.
he locus responsible for PHP1b has
een found to reside on chromosome
0q13.3, the same region that contains
he GNAS1 gene, encoding Gs�. The dis-
ase is inherited with the imprinting
haracteristic of PHP1a, but mapping
tudies suggest that the disease-causing
utations are close to but distinct from

he Gs� coding region. Approximately
alf of the cases of PHP type 1b have a
-kb deletion of DNA sequences located
pproximately 220 �B centromeric of the
NAS1 locus. This deletion removes sev-
ral exons of the STX16 locus (Fig. 1),
hich encodes syntaxin-16, a protein that
lays a role in intracellular trafficking.
lthough the development of PHP1b cor-
elates with maternal inheritance of this
ene defect, STX16 itself is not imprinted.
owever, deletions in this locus result in
loss of methylation at the distant A/B

ocus that contains an alternative pro-
oter that competes with the normal
NAS1 promoter. Transcription directed
y this unmethylated promoter does not
roduce appropriate levels of Gs� pro-

1
Challenge

2 h after PTH
challenge

4 h after PTH
challenge

0.187 (�2.4-fold increase) 0.241
8.8

138.8

2
parathyroidism

PO4
e to PTH

Other hormonal
resistance AHO

ed Yes Yes
No Yes

ed No No
ed Yes Yes
ed No No
ein in the renal cortex. Deletions in the
egion of DNA encoding NESP55, a
hromogranin-like neurosecretory pep-
ide, have also been found in PHP1b.
hese deletions also cause abnormal im-
rinting of exon A/B and presumably de-
ne a distinct imprint control region
ithin GNAS1.

HP type 1c includes patients with AHO
nd PTH resistance who have been
ound to have normal Gs� activity.

n PHP2, PTH infusions increase urinary
AMP normally; however, PTH does not
licit a phosphaturic response. This
yndrome, like PHP1b, lacks signs of
HO or resistance to other hormones,
ut unlike PHP1b, it is nonfamilial in
rigin. A similar biochemical phenotype
an also be observed in vitamin D defi-
iency, and some authors have sug-
ested that PHP2 is a manifestation of
itamin D deficiency rather than a dis-
inct clinical entity.

o confirm that resistance to PTH is
resent, patients can be challenged
ith iv PTH (Ellsworth-Howard test).
or this purpose, synthetic human PTH
1–34) (teriparatide acetate, 3 IU/kg
ody weight) is infused iv over 10 min,
nd urine is collected during the hour
receding the infusion, during the half-
our following the infusion, 30–60 min
fter the infusion, and 1–2 h after the
nfusion and assayed for cAMP and cre-
tinine. Data are expressed as nano-
oles of cAMP per liter of glomerular

ltrate, based on creatinine measure-
ents. Normally, there is an increase in

rinary cAMP of more than 300 nmol/
iter glomerular filtrate after administra-
ion of 3 IU/kg iv synthetic hPTH (1–34).
owever, iv synthetic human PTH (1–
4) is not available in the U.S. or Can-
da. The recombinant hPTH (1–34) that
s available in the U.S. can be used only
or sc administration in the treatment
f osteoporosis. Therefore, we designed
sc recombinant hPTH (1–34) resis-

ance challenge (scPTHrc) test to prove
or resistance to PTH in our patient.
ased on the study of Lindsay et al.
993 (3), we first determined the possi-
le kinetics and biochemical response
o sc recombinant hPTH (1–34). In that

continued on page 11
ble
PTH

4.5)
ble
hypo

inary
pons

creas
rmal
creas
creas
creas
EndoTrends



s
o
i
p
m
(
n
(
s
c
s

h
c
l
c
P
2
fi

C

W
p

fi
P
H
t
t

R

I

C
r
t
c
s
p
m
c
t
t
p
g
t
d
u
h

C

T
t
h
s
i
s

F

E

continued from page 10
tudy, a standard dose (400 U or 25 �g)
f recombinant hPTH (1–34) was admin-

stered sc to estrogenized osteoporotic
atients without resistance to PTH. Ad-
inistration of sc recombinant hPTH

1–34) led to 3-fold increase in the uri-
ary cAMP 2 h after the administration
3). If 20 �g were to be injected, we as-
umed 2.4-fold increase in the urinary
AMP 2 h after the administration
hould be expected. In our patient,

igure 1. GNAS1 locus.
ive at this visit, and remained so during
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owever, the administration of 20 mi-
rograms of recombinant hPTH (1–34)
ed to a blunted increase in the urinary
AMP from 0.166 nmol/mg (before the
TH administration) to 0.187 nmol/mg
h after the administration. This con-

rmed the resistance to PTH.

onclusions

e concluded our scPTHrc test was
ractical, sensitive and specific for con-
ass. Pathology was consistent with a
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rming the diagnosis of PHP and/or
TH resistance in other syndromes.
owever, larger populations should be

ested before implementation of such a
est is made a standard of care.

eferences
1. Shoback D, Sellmeyer D, Bikle DD. Metabolic bone

disease. Chapt 9. In: Shoback D, Gardner D, eds.
Greenspan’s basic and clinical endocrinology. 8th ed.
New York: McGraw-Hill, 2007.

2. Bringhurst FR, Demay MB, Kronenberg HM.
Hormones and disorders of mineral metabolism.
Chapt 27. In: Kronenberg H, Melmed S, Polon-
sky K, Larsen PR, eds. Williams textbook of
endocrinology. 11th ed. Philadelphia: Elsevier,
2008.

3. Lindsay R, Nieves J, Henneman E, Shen V, Cosman
F. Subcutaneous administration of the amino-
terminal fragment of human parathyroid hormone-
(1–34): kinetics and biochemical response in
estrogenized osteoporotic patients. J Clin Endocrinol
Metab. 1993; 77:1535–1539.
Familial Paraganglioma Syndrome
with SDHB Mutation
David Odegaard, M.D.
Department of Internal Medicine, Section of Diabetes, Endocrine, and Metabolism,
Nebraska Medical Center, Omaha, Nebraska
ntroduction

atecholamine-secreting tumors are
are, occurring in less than 0.2% of pa-
ients with hypertension (1, 2). They
an present as paroxysmal “spells” with
ymptoms such as palpitations, tremor,
allor, sweating, or headaches, or they
ay be detected incidentally on bio-

hemical or imaging work-up for hyper-
ension (3). The majority of these
umors are sporadic, but 15–20% of
heochromocytomas (adrenal) or para-
angliomas (extraadrenal) are heredi-
ary. The following case report
emonstrates the presentation, work-
p, and treatment of a patient with a
ereditary paraganglioma syndrome.

ase Presentation

he patient is a 20-yr-old Caucasian gen-
leman who presented to a student
ealth clinic in February of 2008 for
ymptoms of an upper respiratory tract
nfection. He was found to be hyperten-
ubsequent visits with his primary care
hysician, with systolic blood pressures
s high as the 170s. He had no symptoms
t that time, and specifically denied chest
ain, palpitations, headaches, blurred
ision, or diaphoresis.

work-up for secondary causes of hyper-
ension was initiated. During a renal ultra-
ound, a 4-cm hypoechoic mass was
oted in the left upper quadrant;

ollow-up computed tomography (CT)
can of the abdomen showed a left retro-
eritoneal mass which was suspicious for
pheochromocytoma. Twenty-four-hour
rine for metanephrines and cat-
cholamines revealed an elevated norepi-
ephrine of 1520 �g/d (normal 30–350
g/d), and an elevated normetanephrine
f 3861 �g/d (normal 50–650 �g/d).
lasma normetanephrine was also ele-
ated at 10.8 nmol/liter (normal 0.00–0.89
mol/liter). The patient was started on
henoxybenzamine in preparation for
urgery, and underwent resection of the
heochromocytoma or paraganglioma.
enetic screening for the RET proto-
ncogene mutation was negative.

he patient was doing well postopera-
ively but continued to have persistent
ildly elevated blood pressure (systolic
lood pressure in the 140s). His plasma
ormatanephrines also remained persis-
ently elevated. A CT of the neck and
bdomen was performed looking for
ther masses that may correspond to
ossible extraadrenal paraganglioma. A

ower thoracic left paravertebral mass
as noted on the abdominal CT (Fig. 1);
pon further review of his original CT,
his mass was noted as well. Magnetic
esonance imaging (MRI) of the tho-
acic spine also showed the paraverter-
ral mass (Fig. 2). An iodine-131-meta-

odobenzylguanidine (MIBG) scan with
ingle photon emission CT (SPECT) was
erformed, and was positive for focal
araspinal activity in the left inferior
hest corresponding to the area seen

continued on page 12
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continued from page 11
n CT and MRI (Fig. 3). No other in-
reased activity was seen on the MIBG
can.

he patient was therefore taken back
o the operating room and the
araspinal mass was removed. Pathol-
gy was consistent with pheochromo-
ytoma or paraganglioma. A sample
f the patient’s blood was sent to
he Baylor College of Medicine labora-
ory for mutation analysis of the suc-
inate dehydrogenase gene. The
ample tested positive for a heterozy-
ous unclassified familial missense
ariant (c.380T	G) in succinate dehy-
rogenase subunit B. This resulted

n a substitution of serine for isolu-
eine at position 127 of the SDHB
ene (I127S). The original tumor was
lso tested and found to be positive
or this same variant, with loss of het-
rozygosity.

igure 2. MRI of thoracic spine, demonstrating

igure 1. Thoracic CT scan with paraspinal
araganglioma (arrow).
Taraspinal paraganglioma.

2

he patient’s family underwent testing
or this mutation. His mother is positive
nd has a history of hypertension, but
orkup for pheochromocytoma or para-
anglioma has been negative to this
oint. His sister is also positive for the
utation, with negative work-up. His
aternal grandfather was tested and is

ositive for the mutation as well.

he patient was seen in clinic for
ollow-up. His blood pressure had nor-

alized (systolic blood pressure in the
10s), and he had recovered from his
urgery well. Urine catecholamines/
etanephrines and plasma metaneph-

ines were repeated. These were all
ound to be in the normal range, sup-
orting complete surgical resection of
is disease. He will continue to have
eriodic screening to assess for recur-
ence of his disease.

iscussion

his case illustrates several key
oints regarding the work-up and
reatment of catecholamine-secreting
umors. First, it demonstrates the im-
ortance of postoperative biochemical
valuation to assess surgical cure.

Figure 3. MIBG scan, showing increased p
his patient had a paraganglioma at
n additional site, and without post-
urgical monitoring, may have had his
herapy delayed, leading to other po-
ential health issues. Second, it rein-
orces the importance of genetic
esting in patients who present with
atecholamine-secreting tumors, even
n those with no family history of
heochromocytomas or paragangli-
ma. In this case, screening found an
bnormality in the SDHB complex;
haracterizing the mutation can help
redict the most likely areas of dis-
ase involvement and will allow coun-
eling about the increased risk of
alignant paragangliomas associated
ith SDHB mutations. Detection of the
utation in the index case made it
ossible to identify other carriers of
his mutation within the family so that
hey could have appropriate work-up
nd surveillance. It also allows screen-
ng of future generations to identify
t-risk individuals.

inally, the case illustrates the most
ommon presentation of hereditary
araganglioma resulting from a muta-
ion in the SDHB subunit. Extraadrenal

inal uptake corresponding to mass on CT.
continued on page 13
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continued from page 12

bdominal and thoracic tumors are
he most common, whereas head and
eck paragangliomas are rarer. Also,
lthough carriers of the mutation are
t increased risk for development of
araganglioma, there is not 100% pen-
trance, because 31% of carriers will
till be disease free at the age of
0 (4).
ng developed acne or skin tags.
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A Case of Hyperandrogenism in a
Postmenopausal Female
Hugo Lin, M.D. and Brinda Kalro, M.D.
Division of Endocrinology and Metabolism, University of Pittsburgh Medical Center, and Division
of Reproductive Endocrinology and Infertility, Magee Women’s Hospital, Pittsburgh, Pennsylvania
ntroduction
yperandrogenism is a common clini-
al presentation in women seen in an
ndocrine clinic. However, hyperan-
rogenmia in postmenopausal women

s less frequently seen, especially that
rom an ovarian source. Herein, we
resent a patient initially referred to
ur clinic for evaluation of acromeg-
ly and subsequently found to have
yperandrogenism, secondary to hy-
erthecosis.

ase Presentation

60-yr-old female with multiple medical
ssues, including hypothyroidism and
yperlipidemia, presented to our clinic

or evaluation of acromegaly. The pa-
ient noted that over the past 2 yr she
ad developed symptoms that were
oncerning for acromegaly. She had in-
reased wrist and ankle size. Her shoe
ize increased from size 10 medium to
1.5 wide. She noted increased ring size
rom 6 3/4 to 9, as well as neck size.
he noted increased prominence of her
houlders and increased size of her ab-
ominal flank area. She had a total 40-lb
eight gain in the past 6 months, most
f it occurring in a 2-month period just
efore her visit with us. She noted a

uller facial appearance, wider nose,
nd increased fine facial hair growth.
astly, she had been frequently biting her
ongue the last 6 months, but denied hav-
he patient has an extensive past medi-
al history which includes hypothyroid-
sm, hyperlipidemia, TIA, seizures, factor
III deficiency and atrial fibrillation. She
ad a hysterectomy at age 25, and has no
atural children. Both ovaries were con-
erved. She had seven miscarriages
hought secondary to problems with her
terine lining and factor XIII deficiency.
he developed menopausal symptoms
round age 50. Her medications included
-T4, atorvastatin, furosemide, and
igoxin. She does not smoke and rarely
onsumes alcohol. There is no family his-
ory of endocrine disorder, except for
ypothyroidism in her mother.

he patient’s physical exam showed a
lood pressure of 116/72 and pulse of
4. Her height was 68
 and she weighed
02 lb. A picture from her driver’s li-
ense was used for comparison, which
as taken from 3 yr before her office
isit. There was no noticeable enlarge-
ent of the frontal bones or the jaw.
n exam, the tongue was normal size,
nd her teeth were not widely spaced.
left thyroid nodule was palpated.

here was no dorsal or supraclavicular
at pad. The patient had mildly promi-
ent abdominal flanks; however, there
ere no abdominal striae. There was

oft tissue enlargement around her an-
les and the dorsum of her foot bi-
aterally. Although she had some
nlargement of her fingers proximally,
er fingers appeared to taper normally
trength was intact, and her neurologic
xam normal, including her reflexes.
he did not show signs of hirsutism.

he patient was initially evaluated for
cromegaly, which was negative. She
ad a normal random IGF-I level of 95
g/ml. Her 2 h oral glucose tolerance
est/GH challenge test was normal with
eak GH levels of 0.64 ng/ml at 30 min.

he patient’s androgen levels were evalu-
ted, given her clinical manifestations of
yperandrogenism. Her total testosterone
as elevated at 79 ng/dl (2–45 ng/dl),

ree testosterone level of 6.6 pg/dl (0.1–
.4 pg/dl), and % free testosterone of
.83 (0.5–2.0%). DHEAS, 17(OH)progester-
ne, and androstenedione levels were
ormal. FSH, LH, and estradiol were con-
istent with menopause. Thyroid function
ests and PRL levels were also normal.
asting glucose and insulin levels were
btained, and were 95 mg/dl and 42 �IU/
l, respectively, and indicative of hyper-

nsulinemia.

urther evaluation of her hyperandro-
enism included a 1 mg dexamethasone
uppression test, which showed a nor-
al suppressed cortisol level of 0.9 �g/
l. Transvaginal ovarian ultrasound
howed an echogenic focus measuring
.5 � 0.5 � 0.5 cm immediately adja-
ent to her right ovary. The right ovary
easured 2.1 � 1.6 � 1.8 cm and the

eft ovary measured 3.4 � 1.7 � 1.5 cm;

continued on page 14
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continued from page 13

oth larger than expected for a post-
enopausal female. Computed tomogra-
hy of the abdomen and pelvis with
ontrast did not show any abnormality
f the adrenals or ovaries.

iven her symptoms of hirsutism and
yperinsulinemia, she was started on
etformin and aldactone. After initiat-

ng treatment, the patient’s total testos-
erone declined to 30 ng/dl, free testos-
erone of 3.4 pg/ml, and % free
estosterone of 1.12. Because of the
oncern about the possible enlarged
ight ovary/right ovarian mass, and
iven her menopausal status and age,
he patient underwent a laparoscopic

ilateral oophorectomy. Pathology re-
orts revealed both ovaries to have
hysiologic changes and stromal hyper-
lasia that was consistent with hyper-
hecosis. Repeat androgen levels after
he oophorectomy revealed that total
estosterone had fallen to normal limits
t 9 ng/dl, a free testosterone level of
.4 pg/ml, and a % free testosterone of
.56. Since the surgery, the patient has
oted no further symptoms of hirsut-

sm, and clinically significantly better.

iscussion

yperandrogenism in a postmenopausal
oman is uncommon. However, when it

s noted, hyperthecosis is an important
tiology to consider. Hyperthecosis can
ccur in either pre- or postmenopausal
omen. Although the etiology of hyper-

hecosis in postmenopausal women is
nclear, it is thought that it may be sec-
ndary to abnormal gonadotropic regu-

ation of postmenopausal ovarian
unction leading to stromal hyperpla-
ia and luteinization of the ovarian
troma (1).

he rate of testosterone production nor-
ally decreases in postmenopausal
omen mostly because of a decline in

he peripheral production of testosterone

rom androstenedione. The postmeno- t

4

ausal ovary is a hormonally active endo-
rine gland. During menopause, ovarian
estosterone production remains rela-
ively constant, whereas there is a de-
line in estrogen production. Thus, the
varies become primarily androgen-
roducing glands. In hyperthecosis, the
elatively high rate of androgen produc-
ion is secondary to an increase in gonad-
tropin secretion that stimulates
teroidogenesis in ovarian hilar cells or
uteinized stromal cells (2).

linical features of hyperthecosis can
nclude obesity and amenorrhea or ir-
egular menstrual cycles. Patients can
xperience symptoms of hyperandro-
enism that includes hirsutism, clitoral
nlargement, temporal balding, and
eepening of the voice. Severe hirsut-

sm and virilization in postmenopausal
omen are more often due to hyperthe-
osis than virilizing ovarian tumors. Pa-
ients with hyperthecosis likely have an
ncreased risk of endometrial hyperpla-
ia and perhaps endometrial carcinoma.
correlation exists between the sever-

ty of hyperthecosis and degree of insu-
in resistance. Familial occurrences of
yperthecosis have been reported as
ell.

iochemical findings can include ele-
ated testosterone levels, with serum
otal testosterone levels above 200 ng/
l. DHEAS levels tend to be normal. As
ith our patient, hyperinsulinemia is
ommonly seen (3). The diagnosis of
yperthecosis can only be definitely
ade by histological analysis of tissue

ample with the presence of nests of
uteinized cells in the ovarian stroma.
ther findings that raise the suspicion
f hyperthecosis include marked bilat-
ral ovarian enlargement, with average
varian volume above 10 cm3. The nor-
al postmenopausal ovary has mean

olume of 2.5–3.7 cm3 (2).

efinitive treatment of hyperthecosis is
ilateral oophorectomy. Other modali-

ies that can be used to treat the symp-
oms of hyperthecosis include oral
ontraceptive pills in premenstrual
omen, aldosterone antagonists (e.g.

pironolactone), and GnRH agonists
e.g. leuprolide) (4). The testosterone
evel of our patient decreased with initi-
tion of aldactone. For patients found
o have insulin resistance, metformin
nd thiazolidinediones can be used (5).

varian hyperthecosis is an infrequent
ause of hyperandrogenism in post-
enopausal women, is rarely described

n the literature, and often only in the
orm of case reports. This case high-
ights the potential for the ovaries in a
ostmenopausal female to cause hy-
erandrogenism. One key point from
ur patient was the findings on ovarian
ltrasound, in which the patient’s ova-
ies were reported to be normal size by
adiology. However, when the patient’s
ostmenopausal status was taken into
ccount, the ovaries were in fact en-
arged. As mentioned above, marked
ilateral ovarian enlargement is a key
nding in hyperthecosis and will help in
etermining the etiology of hyperandro-
enism in the postmenopausal female.
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FF Is Now on Facebook!

FF has joined the social networking
orld and has a group page on Face-
ook. When you logon to Facebook,
earch for “Endocrine Fellows Founda-
ion” (not EFF). Several endocrine Fel-
ows are already on this page, so join
hem and network with your colleagues.

rant Award Recipients for the
009 Fall Cycle

ELLOWS DEVELOPMENT RESEARCH
RANT PROGRAM IN DIABETES,
BESITY, AND FAT CELL BIOLOGY

his research grant is supported by an
nconditional educational grant from
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ides for clinical grants in the area of
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warded for the 2009 Fall Cycle in the
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nd reproductive disorders. Two grants
ave been awarded for the 2009 Fall
ycle in the amount of $7,500.00 each.

avid Howard, M.D.—University of
olorado Denver
Circulating Triglyceride Saturation, Not
oncentration, Predicts Insulin Resis-

ance and Cardiovascular Disease in
umans”
rogram Director, Daniel Bessesen, M.D.

atalie Shaw, M.D.—Massachusetts
eneral Hospital

Effect of Sleep Apnea on Nocturnal
nRH/LH Pulsatile Secretion in Children

n Early Puberty”
rogram Director, Joseph A. Majzoub,
.D.

ycle 1, Spring 2010 Research
rant Applications

he on-line research grant application
rocess will be available at the end of
anuary 2010 for Cycle 1, Spring 2010
rant applications. Please see the EFF
eb site, www.endocrinefellows.org, for

ore information.
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