
without thyroid hormone replacement results in subse
quent remnant growth, normal hormone secretion and
radioiodine accumulation (4â€”6).Unfortunately, the adre
nal cortex by virtue of its location deep within the retro
peritoneum is accessible only through invasive or high
resolution imaging with computed tomography (CT) or
angiography. However, even with finely detailed anatomic
imaging, only changes in glandular contour and anatomy,
such as the presence ofadrenal masses or gross hyperplasia,
can be appreciated with these modalities (7â€”10).The
accumulation ofthe cholesterol analog â€˜311-6$-iodomethyl
19-norcholesterol (NP-59) has been shown to depict adre
nocortical function (1 1). Both the pattern and level of NP
59 uptake can serve as a functional map of adrenocortical
tissues, and were used in the present study to document
alterations in adrenal cortical function in the remaining
adrenal after unilateral adrenalectomy and in the unaf
fected, normal adrenal gland in patients in whom the
contralateral gland had been replaced by a nonfunctioning
(in terms of adrenal cortical function), mass lesion.

PATIENTS AND METHODS

Seventeen patients were referred for study based upon an
abnormal CT scan done for reasons other than suspected adrenal
disease (10 patients), as follow-up for previously resected adrenal
neoplasms (2 patients) or for the evaluation of abnormal plasma
and/or urinary catecholamines (5 patients). CT was performed
using both oral and intravenous contrast. Contiguous slices of 1
cm or less taken through the region ofthe adrenals were obtained
on each patient and the scans were interpreted by experienced
radiologists. In each patient, a combination of blood and urine
biochemical measurements of adrenal function were performed.
These included basal determination of plasma catecholamines,
plasma and urinary cortisol, 17-hydroxycorticosteroids, 17-keto
steroids, and catecholamines; and plasma cortisol responses to
dexamethasone and adrenocorticotrophic hormone administra
tion. Plasma and urinary free cortisol levels were measured by
radioimmunoassay (12) Plasma epinephrine and norepinephrine
were determined by radioenzymatic methods (13) and 24-hr
urine 17-hydroxycorticosteroids, 17-ketosteroids, catecholamines
and metabolites were determined fluorometrically (14â€”16).All
medications that might interfere with the scintigraphic or bio
chemical evaluations were omitted prior to study. Three of the

To assess the compensatory functional and anatomic
changesin the remainingadrenalcortex after unilateralad
renalectomyor in the unaffected adrenal in patients with
unilateral adrenal destruction by neoplasm, i 7 patients with
a single,functioningadrenalglandand normalindicesof
adrenocortical function, nine after adrenalectomy and eight
witha unilateral,destructiveadrenallesionwere studiedwith
131I-6@3-iodomethyI-i9-norcholesterol(NP-59)scintigraphyand
computed tomography. Adrenal masses with a mean (Â±s.d.)
diameterof 2.8 Â±1.0 cm; (range 1â€”4cm; 95% confidence
interval(CI),2.5â€”3.1cm)wereidentifiedbycomputedtomog
raphyinsevenof ninepatientsinthe remainingadrenalcortex
at variabletimes(6.1 Â±5.9 y; range0.5â€”i9 y) after unilateral
adrenalectomy.Mean (Â±s.e.m.)NP-59 uptake was elevated
(p < 0.01) in both adrenalectomyand adrenal destruction
groups,mean uptake (Â±s.e.m.)was 0.32% Â±0.04% admin
istered dose (95% Cl, 0.24%â€”0.4%administereddose) as
comparedto normal (0.16% Â±0.05% administereddose,
95% CI, 0.06%â€”0.26%administereddose). The remaining
adrenal cortex may be anatomically abnormal after unilateral
adrenalectomy and demonstrate compensatory, increased
NP-59 uptake in the presenceof overall,normaladrenocorti
cal function.

J NucIMed 1991;32:1882â€”1887

he compensatory changes seen in endocrine organs
after subtotal resection are well recognized and in the
absence of exogenous hormone replacement, the remain
ing functioning tissues may increase their capacity to
produce sufficient hormone(s) for endocrine homeostasis
(1). Substrate accumulation by the remaining tissues in
creases to support a greater biosynthetic effort necessary
to meet demand and glandular hormone reserve; such
responses have been demonstrated for many endocrine
tissues (1-3). These compensatory changes have been
documented in the thyroid, where subtotal thyroidectomy
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Age Sex Dx (cm)Adrenal

mass
interval

(side)(y)Urine(,@mol/d)PlasmaNP-59
UPTAKE

(%admin.dose)l7OHtCORTISOLt17KS UFC (,anol/liter)E(pmol/liter)NE(pmol/Iiter)

HN= hypemephroma;AD= adrenaladenoma;P = pheochromocytoma;andACA= adrenocorticalcarcinoma.
e No mass lesions detected in remaining gland.

t After 1 mg p.o. dexamethasone at 2,000 hr and cortisol at 800 hr, normal greater than 138 ,@mol/Iiter.

* 17 hydroxycorticosteroids(14â€”29@moI/d);17KS= 17 ketosteroids(25â€”28zmol/d);UFC= urinaryfreecortisol(55â€”276nmol/d).E =
epinephrine(0â€”545pmol/liter); NE = norepinephnne(0â€”2955pmou/Iiter).

seventeen patients described in this study have been included in
previous reports dealing with the correlation of CT and â€˜@â€˜I-6$-
iodomethyl-l9-norcholesterol imaging in oncologic patients, and
the efficacy of 13I-6f3-iodomethyl-l9-norcholesterolscintigraphy
in the evaluation of the incidentally discovered, euadrenal mass
(17,18).

Scintigraphic studies were performed after institutional ap
proval and with the informed consent of the patients. One milli
curie of NP-59 was injected intravenously 48 hr after the admin
istration of Lugols' or saturated potassium iodide solution to
suppress the thyroidal accumulation of free â€˜@â€˜I(19). Adrenal
scintigraphy was performed 5â€”7days after NP-59 injection using
methods previouslydescribed(19). Posteriorand lateralabdom
inal images (50,000 counts/image) were obtained from each
projection. A mild laxative (bisacodyl) was also given (10 mg
daily) beginning 2 days before and on the day ofimaging in most
ofthe patients(20).AdrenalglandNP-59uptake(%administered
dose/gland) was measured using a semi-operator-independent
computer algorithm designed specifically for this purpose (21).
Adrenal gland uptakes were compared to normal single and
combined, bilateral gland values reported previously (22). Statis
tical analyses were performed using Student's t-test and the
confidenceintervalestimationfor the binomial parameter(23).

RESULTS

Computed tomography was performed in nine patients
after unilateral adrenalectomy as follow-up for previously
treated malignancies (hypernephroma in five), previous
adrenocortical disease (non-functioning cortical adenoma
in 2, a nonfunctioning adrenocortical carcinoma and a
pheochromocytoma (Table 1). Preoperative studies that
include nephrotomography and angiography in the earlier
and CT in the latter cases did not demonstrate anatomic
abnormalities in the contralateral adrenal cortex (the ad
renal cortex that was not removed and is the subject of
this report). The mean (Â±s.d.)interval from adrenalectomy

A
.@

FIGURE 1. (A)PosteriorNP-59scintiscandepictstheremain
ing left adrenal cortex as a focal collection of@ il radioactivity
(arrow) in a patient nineteen years after right radical nephrectomy
and adrenalectomyfor hypernephroma(B) AbdominalCT identi
fles the left adrenalmass(arrow).

to the present study was 6. 1 Â±5.9 yr (range 0.5â€”19yr). In
seven of these nine patients an incidental adrenal mass
was discovered by CT in the remaining adrenal gland (Fig.
1). Adrenal mass diameter (mean Â±s.d.) in these patients
was 2.8 Â±1.0 cm (range 1â€”4cm; 95% CI, 2.5â€”3.1cm).
An additional eight patients were studied while harboring
a nonadrenocortical mass of sufficient size to cause ipsi
lateral adrenocortical destruction and non-visualization on
an NP-59 scan (Fig. 2). The contralateral unaffected gland
was considered anatomically normal by CT. This group
was comprised of five patients with sporadic, unilateral
pheochromocytoma, two with metastatic lung cancer and
one with an adrenal cyst (Table 2). Mean (Â±s.d.)lesion
diameter in this group was 4.7 Â±1.2 cm (range 3â€”7cm;
95% CI, 4.4â€”5.0cm). In the five patients with pheochro
mocytoma, adrenal cortical function was normal while
plasma and/or urinary catecholamines were elevated
(Table 2). The serum cortisol response to cortrosyn (250
@Lgi.v.) was also normal in the remaining three patients
with unilateral, destructive adrenal lesions (Table 2). In
the five patients with pheochromocytoma a thin band of

TABLE I
Effect of UnilateralAdrenalectomy Upon Adrenal Function and NP-59 Uptake

54FHN3L1919.110.6145.841.7119.92807.30.5846FHN2R1216.935.866.70.2266MAD@â€˜A41

7.240.0239.341.7245.3862.90.2638FP3.5L4116.930.6457.8969.20.2343FHN4L5151.347.20.3467MHN3L620.836.416.70.2865FAD3L0.5137.527.80.3669FACAâ€”L321

.37.00.3056MHN1A121
.729.41 25.00.27
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FIGURE 2. (A)CT-guidedneedle(smallarrows)biopsyof a 5
cmleft adrenalmass(largearrow)from metastaticlungcarcinoma
(B)PosteriorNP-59scintiscanidentifiestherightadrenal(arrow),
noleftadrenalcorticalactivityisseen.

cortical tissue was recognized in the excised adrenal while
no gross anatomic abnormalities were noted in the contra
lateral gland at abdominal exploration. The diagnoses of
the remaining two cases of metastatic lung cancer and an
adrenal cyst were made by CT-guided adrenal biopsy.

Adrenal gland iodocholesterol uptake (mean Â±s.e.m.)
in the unilateral adrenalectomy and adrenal destruction
groups was 0.32% Â±.04% administered dose (95% CI,
0.24%â€”0.4% administered dose) (Fig. 3). There was no
difference in NP-59 uptake between these groups (p = ns).
Adrenal â€˜31I-6f@-iodomethyl-l9-norcholesteroluptake of
both groups was elevated (p < 0.01) as compared to the
unilateral uptake of normal subjects (0. 16% Â±0.05%
administered dose; 95% CI, 0.06%â€”0.26% administered
dose), and similar (p = ns) to the total (bilateral) uptake
of normal controls (Fig. 3) (22).

DISCUSSION

Post-adrenalectomy compensatory changes are well rec
ognized in the adrenal. In both acute (hours) and subacute
(days) intervals after unilateral adrenalectomy, a combi
nation ofadrenocortical hypertrophy and hyperplasia have
been noted (24â€”26).Early studies had suggested that ad
renocorticotrophin or other pituitary/hypothalamic-de
rived trophic substances may be responsible for these
anatomic and histologic changes, but more recent inves
tigations with concomitant dexamethasone suppression of
ACTH, in a variety of animal models did not inhibit the
compensatory response after unilateral adrenalectomy (25,
27-29). In hypophysectomized rats compensatory adrenal
changes can be blocked by the administration of aldoster
one, even in the presence ofadrenocorticotrophin (25,30).
This effect ofaldosterone may be related to suppression of
angiotensin II and its recently described participation in
the stimulation of platelet-derived (31) and other growth
factors in the adrenal zona glomerulosa and elsewhere (32,
33). Others have suggestedthat a major stimulus for
adrenal growth after unilateral adrenalectomy is neural
(34,35). Interruption of the neural circuit by hemisection
ofthe spinal cord has been shown to inhibit compensatory
adrenal changes in animals when performed on the con
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adrenal destruction consistently exhibited normal anat
omy of the unaffected gland by CT. It is not surprising
that in the unaffected gland, small hypertrophic and/or
hyperplastic changes might not be appreciated by multi,
thin slice, high resolution CT at an early time where
functional changes in that gland manifested as increased
â€˜31I-6@-iodomethyl-l9-norcholesterol (substrate) uptake
would be detected by scintigraphy.

We used adrenal non-visualization on the â€˜31I-NP-59
scintiscan as a means to identify the absence of unilateral
adrenocortical function. The rationale for this approach is
drawn from our previous studies which have demonstrated
the efficacy of scintigraphy in identifying the sources of
abnormal adrenal function (37â€”40).Although we cannot
be assured of complete functional obliteration of the af
fected adrenal in the group with destructive lesions, given
the absence ofdiscernible NP-59 uptake, the contribution
to circulating hormones from this gland must be very
small. The uptake of â€˜31I-NP-59has been used to charac
terize physiological changes of adrenal cortical function in
both man and animals (41,42). Furthermore, the patterns
of iodocholesterol accumulation can be used to discern
differential adrenal function in the context of overall nor
mal hormone secretion in patients harboring incidentally
discovered, adrenal masses (43â€”45).That a second pheo
chromocytoma occurring in the remaining adrenal at a
remote time after the removal of a primary lesion would
be an alternative explanation for an intraadrenal mass
lesion and must be a diagnostic consideration in the eval
uation of these particular patients. However, in our series
the presence of normal biochemistry and increased adre
nocortical iodocholesterol accumulation makes this a most
unlikely possibility, as a pheochromocytoma would be
depicted as a cortical defect or space occupying adrenal
lesion on iodocholesterol scintigraphy (46).

In the present study we believe that the increased uptake
of iodocholesterol in these remaining, intact adrenals re
flects the integrated effect of compensatory process(es)
triggered by contralateral adrenalectomy or unilateral ad
renal destruction. Mean adrenocortical NP-59 uptake is
significantly elevated over that of the normal single gland
and in some instances exceeds normal total (right + left)
adrenocortical NP-59 uptake (22). Thus, not only can
anatomic changes after unilateral adrenalectomy be appre
ciated, but chronic functional changes can also be docu
mented in the remaining adrenocortical tissues after ad
renalectomy or unilateral adrenal destruction by neoplasm
in man.

The consequences of prolonged replacement therapy
with gluco- and/or mineralocorticoids are well defined.
These may include symptoms and signs of glucocorticoid
excess or deficiency following abrupt cessation of therapy.
Most important is the suppression of the hypothalamic
pituitary-adrenal axis with its attendant risks during med
ical or surgical emergencies. Viewed in this context, the
current work suggests that after adrenalectomy the de

FIGURE 3. AdrenocorticalNP-59uptakeinadrenalectomy(S)
andadrenaldestruction(0) groupscomparedto normal,single
adrenalglanduptake(p< 0.01 comparedto normal)(ref.22).

tralateral side of the remaining adrenal (24). Unilateral,
hypothalamic lesions have been shown to abolish ipsilat
eral, but not contralateral adrenal growth in adrenalecto
mized rats (36).

There are no morphologic or biochemical studies of
adrenal activity and growth and/or anterior pituitary or
hypothalamic function in intact animals maintained either
on or off chronic adrenocortical suppression after unilat
eral adrenalectomy. The present investigation examined a
more chronic, post adrenalectomy condition, where the
shortest interval of study after operation was six months,
and where replacement adrenal steroids were not given
(Table 1). In all but two of the post-adrenalectomy group
adrenal masses were noted. Whether the formation of
adrenal masses represents a chronic tissue response to
adrenalectomy mediated by angiotensin II and/or other
growth factors cannot be established in the present study,
but the high proportion, seven of nine patients with dis
crete adrenal masses, is suggestive of such an effect. The
participation of the renin-angiotensin system cannot un
fortunately be assessed in these cases as an evaluation of
aldosterone and its secretogogues was not performed. The
level of NP-59 uptake in the remaining adrenal in the
adrenalectomy group was related to neither the size of the
adrenal mass nor the interval after operation, albeit the
sample size is small.

The normal remaining adrenal of the adrenal destruc
tion group represents the result ofprogressive, and in some
cases, rapid loss of functioning contralateral cortex in one
adrenal gland. Like adrenalectomy, this situation should
also result in a compensatory response(s) of ihe contralat
eral gland with increased size, function and substrate (NP
59) accumulation. That stress due to the primary non
adenocortical lesion (for example, a pheochromocytoma
or other neoplastic process) was not a factor in the com
pensatory response of these patients is suggested by the
lack of a difference in NP-59 uptake between the adrenal
ectomy versus the adrenal destruction groups. Further
more, the non-adrenalectomized patients with unilateral

1885The SolitaryAdrenalGlandâ€¢Grosset al



creasedâ€œadrenalreserveâ€•of the solitaryfunctioningadre
nal gland has no effect upon either basal adrenal function
or the response to stress (ACTH challenge). Therapy with
gluco-or mineralocorticoids would not therefore be mdi
cated in these patients. The anatomic distortion (adrenal
masses) developing in the remaining adrenal cortex after
unilateral adrenalectomy, poses interesting mechanistic
and etiologic questions that remain unanswered at this
point, but based upon the present study appear to be of
liule pathologic significance.

CONCLUSION
Compensatory anatomic and functional changes can be

depicted in the remaining adrenal cortex after adrenalec
tomy. These changes appear to have little effect upon
adrenocortical function, but when accompanied by signif
icant alterations of adrenal contour or the development of
an adrenal mass then it may require further diagnostic
evaluation.
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FIGURE1. Galliumscan48 hr post
injectionshowsintenselung activityand
absent liveractivity.

FIGURE2. Normalliver-spleenscanwithâ€˜@mTc
sulfurcolloid.

FIGURE3.Galliumscan7wkafterthe
initial scan shows normal liver uptake
and absentlung activity.

exposure and chemotherapeutic agents (6-8) and, recently,
gandolinum contrast for MRI (9).

In this patient, no significant liver pathology or hemato
logic abnormalities were demonstrated throughout the
hospital course nor did he receive any chemotherapeutic
or contrast agents. Consequently, the poor liver uptake was
ascribed to a â€œstealâ€•phenomenon by the acutely inflamed
lungs.
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Case Report: Hepatopulmonary Steal In PCP
Joseph Charalel and Zev W. Chayes
Nuclear Medicine/Ultrasound, Veterans Affairs
Medical Center, Bronx, New York

A gallium scan was performed on a 49-yr-old male HIV
positive patient admitted with fever, weight loss and res
piratory distress that required intubation. The chest x-ray
showed diffuse interstitial infiltration and his sputum was
positive for PCP. The gallium scan (48 hr postinjection)
showed massive uniform lung uptake bilaterally and non
visualization ofthe liver (Fig. 1). All standard lab test results
were unremarkable except for mild elevation of liver func
tion values. A liver-spleen scan with 99mTc@sulfurcolloid
(Fig. 2) and a hepatobiliary scan with 99mTc@MebrofeninÂ®
were found to be normal. The patient was treated with Penta
midine and Septra, which induced a dramatic clinical im
provement. A follow-upgallium scan performed after 6 wk
showed no lung uptake and normal liver activity (Fig. 3).

DISCUSSION
Absent or faint liver activity on gallium scans has been
ascribed to hemochromatosis and other causes of serum iron
elevation that block the binding sites. Other reduction in
gallium uptake includes competitive uptake by tumor or
inflammatory sites (1), prior administration of scandium
(2â€”4),lymphangiographic contrast agents (5), radiation




