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Primary aldosteronism is a potentially curable cause of hyperten
sion, especially when caused by an adrenal adenoma. Aldosterono-
mas because of their small size often elude techniques to locate
them. This case illustrates the advantages, disadvantages and
complications of noninvasive and invasive techniques used for their
diagnosis.

A patient with hypertension and hypokalemia underwent an
adrenal venous effluent sampling for measurement of aldosterone
concentrations. This procedure was complicated by an injury to the
right adrenal gland. Subsequently, it was difficult to control the
patient's hypertension and hypokalemia with medical therapy alone.
A re-assessment years after his initial diagnosis included a CT scan,
which now visualized a left adrenal tumor. The functional status of
this tumor and lack of function of the previously injured right adrenal
gland were demonstrated by NP-59 scintigraphy. This information
modified the surgical intervention (adenectomy rather than total
adrenalectomy) and the residual left sided adrenal tissue prevented
adrenocortical insufficiency. A year later the patient remains euad-
renal.
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-Trimary aldosteronism (/) is a rare but potentially curable
cause for hypertension. It may be caused by either an unilateral
adrenal tumor or bilateral adrenal hyperplasia. Adrenal tumors
causing aldosteronism are often small, hypovascular and unsat
isfactorily visualized by noninvasive radiological procedures.
Several localizing techniques have been devized to assist in
their diagnosis. These include adrenal venography with adrenal
venous sampling of aldosterone concentrations (2,3), arteriog-
raphy (4,5) and adrenal scintigraphy (6,7).

Venography, usually a safe procedure for most adrenal
tumors may be complicated by contrast extravasation and
adrenal hemorrhage when performed for aldosteronoma. These
complications are attributed to "fragile" adrenal venous anat

omy (Â¡V),although no specific histolÃ³gica! abnormalities of
blood vessels has been demonstrated and may follow injection
of as little as 0.5 cc of contrast medium (8).

The gold standard for lateralizing an aldosteronoma remains
the obtaining measurement of aldosterone concentration in
adrenal venous effluent samples. This method has all the
problems of an invasive venographic procedure, which are
compounded in the presence of a tortuous or short right adrenal
vein. Anatomical variations of the adrenal venous system,
especially of the right side, make cannulation difficult, and
often lead to either an unsuccessful or a complicated procedure.
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Adrenal scintigraphy is currently performed with NP-59 (6ÃŸ
I3ll-iodomethyl norcholesterol) (9,70) or 6/3 75Se-selenomethyl

norcholesterol (11 ) often with oral dexamethasone suppression.
This suppresses the glucocorticoid responsive inner adrenal
cortical tissue but allows aldosterone secreting cells to accumu
late NP-59 (12). By this method, the characteristic imaging
pattern of an aldosteronoma is the unilateral NP-59 imaging of

the tumor by days four or five postinjection.
We report a case of an aldosteronoma initially evaluated by a

venous effluent sampling procedure which was complicated by
adrenal hemorrhage. Years later, NP-59 scintigraphy lateralized
the functional adenoma and additionally determined the extent
of damage caused to the contralateral adrenal by the previous
venographic procedure. Scintigraphy permitted the rational
planning of the extent of his surgical intervention.

CASE REPORT
A 61-yr-old patient presented more than a decade after onset of

initial symptoms for rÃ©Ã©valuationof a left adrenal aldosteronoma.
The patient had been hypertensive since the early 1970s and
subsequently developed episodic anginal chest pain, atrial fibrilla
tion, congestive heart failure and presyncope. Multiple hospital
admissions later, the patient showed unprovoked hypokalemia. His
interim medications included quinidine, diazepam, verapamil, ena-
lapril, digoxin, nitroglycerine and lorazepam. In 1987, frustrated by
repeated failures to respond to medical therapy, he sought further
consultation. This evaluation included a normal coronary angio-
gram, while the concurrent hypertension and unprovoked hypoka
lemia initiated a search for aldosteronism.

Data obtained prior to his evaluation in our clinic included a low
plasma renin of 0.05 ng/l/sec (0.18 ng/ml/hr) and high aldosterone
of 3.2 nmole/liter (116 ng/dliter). An initial abdominal CT scan
was equivocal (Table 1) and was followed by an adrenal venous
effluent sampling procedure for aldosterone (Table 2) which was
complicated by contrast medium extravasation into the right
adrenal gland. The injury caused no symptoms, and since the
patient had demonstrated an allergic reaction to spironolactone,
amiloride and potassium supplements were added to the medical
regimen. These drugs reduced the episodes of uncontrolled hyper
tension and atrial fibrillation.

At the initial visit to our clinic in 1993, the patient was
asymptomatic. The blood pressure on optimum therapy was 1607
100 mmHg, pulse 62 beats/min, regular with no apex pulse deficit.
The pedal pulses were intact and there was no edema. The optic
fundi manifested tortuous and narrow arterioles with atrioventric-
ular nicking. The lungs were clear and the cardiac examination was
normal. No abdominal organomegaly or bruits were present and the
patient was neurologically intact.

A CT scan depicted a 1.8 cm mass in the left adrenal, while the
right gland was morphologically normal (Fig. 1A). One millicurie
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TABLE 1
Results of Serial CT Scans of the Adrenals

TABLE 2
Selective Venous Catheterization of Adrenal Glands (5/87)

Date Left adrenal Right adrenal

5/87 (prior to
venous
sampling)

6/87 (soon after
venous
sampling)

9/87

6/88

9/89

9/91
9/93 (at our

institution)

Mild thickening of
proximal portion of
lateral limb, with
tabulation
approximately 6 mm
diameter

Unchanged

Normal

Unchanged

Fullness in lateral limb
of left adrenal
unchanged since
5/87

1.2 cm mass in left
adrenal not definitely
visualized on earlier
studies

Unchanged since 1989
1.8 cm left adrenal

mass

2 cm soft tissue
density consistent
with hemorrhage
into the gland
resulting from
adrenal venography

Reduction in size of
soft tissue mass

Complete resolution of
right soft tissue
mass

Normal

Normal

of NP-59 was injected without dexamethasone suppression and
clearly visualized the left adrenal gland but not the right 5 and 8
days postinjection (Fig. IB). This allowed us to conclude that the
aldosteronism arose from the left adrenal gland, probably from an
adenoma, and that the right adrenal had no function. The patient
was advised to undergo selective surgical resection for the aldo-
steronoma. A left partial adrenalectomy was performed. Normal
adrenal tissue conserved on the left side allowed for preservation of
adrenocortical function. After surgery, the serum potassium nor
malized and the blood pressure was well-controlled with verapamil
alone (mean BP-140/70). Assessment of the adrenal secretory
reserve 6 wk after surgery, demonstrated a normal baseline cortisol
at 0.34 /Limole/liter (12 /xg/dl) which rose to 0.53 ju.mole/liter (19
/xg/dl) following cortrosyn stimulation. A year later the patient
remains normokalemic and a stimulated cortisol value was 0.66
jumole/liter (23 /xg/dl).

DISCUSSION
The patient's initial biochemical parameters were diagnostic

of primary aldosteronism and treatment with multiple medical
regimens was unsuccessful.

RegionPeripheral

plasma
IVC
Left adrenal vein
Right adrenal veinAldosterone

(nmole/liter)0.56271

35Norepinephrine/

epinephrine
(pmole/liter)191/1131426/5455

14270/57750

Peripheral plasma renin 0.044 ng/liter/sec

Initial CT scans revealed left adrenal fullness, and follow-up
scans demonstrated the development of an adrenal mass. Small
aldosteronomas are not always readily visualized by CT. When
larger than 0.8 cm, localizing accuracies range between 60%
and 80%, depending upon the type of scanner and the technique
used (13,14).

Adrenal effluent sampling performed early in the patient's

course, revealed high aldosterone levels bilaterally (Table 1).
The left-to-right aldosterone ratio although not diagnostic was
very suggestive of a left sided aldosteronoma. Additionally, the
extremely high epinephrine and norepinephrine levels on the
right suggest hormone release due to adrenal injury ofthat side.
We were unaware as to the reasons for the patient's protracted

medical course, since the biochemical and localizing studies
would have resulted in unilateral adrenalectomy at most centers.
We presume it was due to the concern for adrenal insufficiency
in the setting of contralateral adrenal injury.

This case illustrates one of the potential complications
encountered with venography and venous sampling. The most
serious complication, namely hemorrhage and infarction which,
if bilateral, may lead to complete loss of adrenal function. There
are several reports of bilateral adrenal infarction, adrenal
hemorrhage (8,15) with hypoadrenalism (16,17) and even
death (18) related to this procedure.

NP-59 scintigraphy for aldosteronism is usually performed
under dexamethasone suppression, but in this case, an unsup-
pressed NP-59 scan better served to demonstrate the function
(or lack of function) of the morphologically normal right
adrenal gland (19). The scintigraphic results permitted the
surgeon to choose tumor resection (adenectomy) rather than
total adrenalectomy, which is the usual and easier surgical
approach. Had it been present, normal NP-59 uptake on the
right side, would predict a low risk of hypoadrenalizm follow
ing a complete left adrenalectomy. Absence of NP-59 uptake,
and by inference adrenal function, depicted by scintigraphy
with normal morphology on CT scan could be due to organi-

G

FIGURE 1. (A)Abdominal CT (9/93) dem
onstrates a left-sided adrenal tumor and

a normal right adrenal gland. (B) Posterior
abdominal NP-59 scintigraphy (8 days
postinjection) demonstrates intense uni
lateral left adrenal tracer uptake (arrow),
strongly suggesting an aldosteronoma.
There is no significant functional adrenal
cortical tissue in the right adrenal gland.
H = normal liver uptake; G = normal gut
excretion of tracer.
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zation of a hemorrhage secondary to contrast extravasation at the
time of venous sampling. If performed appropriately, as in this
case, adrenal scintigraphy has the advantage of being noninvasive,
cost-effective and accurate in defining functionality of an adrenal
tumor. When performed under dexamethasone suppression, its
efficacy exceeds that of CT and MRI especially in the diagnosis of
bilateral adrenal hyperplasia. Series of NP-59 scintigraphy yield
varied results of efficacy due either to differences in techniques,
dexamethasone suppression protocols, and variation in interpreter
experience. In our experience an accuracy as high as 94% and
sensitivity of 96% has been noted (14).

When aldosteronism is biochemically confirmed (with high
plasma or urinary aldosterone levels and suppressed plasma
renin activity), an evaluation for the site(s) of aldosterone
hypersÃ©crÃ©tionmust be initiated. CT scanning or adrenal
scintigraphy usually correctly lateralize an aldosteronoma. CT
scanning is used first as it is widely available and may be
sufficient when it yields an unequivocal result. NP-59 is most
useful when CT results are equivocal, for the positive identifi
cation of bilateral hyperplasia and in problem cases such as this
one. Adrenal venous sampling is reserved for cases where both
the above tests fail to identify the adrenal abnormality.

Sampling in addition to being invasive, requires the admin
istration of iodinated contrast and the skills of a highly
experienced invasive radiologist. NP-59 scintigraphy plays an
important role in aldosteronism for tumor localization and the
differentiation from bilateral adrenal hyperplasia. Additionally
as this case illustrates, scintigraphy can locate sites of residual
adrenocortical function when there has been injury to one or
both adrenal glands. Adrenocortical radiopharmaceuticals are
widely available around the world, but in the United States
NP-59 remains an Investigational New Drug and thus must be
utilized as part of an experimental protocol which is a signifi
cant logistic hurdle in its widespread use.
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We present an 83-yr-old woman with a history of renal insufficiency,
diabetes and idiopathic thrombocytopenic purpura (IIP) who expe
rienced recurrent hemorrhage from gastric antral vascular ectasias
(GAVE). Methods: Extensive evaluation consisting of barium small
bowel series, colonoscopy, abdominal CT scan and visceral angiog
raphy excluded other causes of bleeding. Results: After 99mTc-

labeled red cell imaging to localize the bleeding to the antrum, an
antrectomy was performed. Seven months postsurgery, the patient
experienced no further hemorrhage. Conclusion: ""Tc-labeled

red cell scans can be used for the diagnosis of GAVE.
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vJastric antral vascular ectasia (GAVE) is a rare condition
associated with chronic iron deficiency anemia (1-5). GAVE
usually occurs in elderly women and has been reported in
association with achlorhydria (4) and cirrhosis (2). In 1984,
Jabbari et al. (5) coined the condition with the term "water
melon" stomach (5) due to the characteristic linear antral

streaking seen endoscopically.
Hemorrhage from GAVE (6) is rare. We describe a case of

GAVE with recurrent hemorrhage documented by a "'"Tc-

labeled red cell scan and reviewed the reported cases of this
entity.
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