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Computed tomography (CT) plays a leading role in the evaluation of non-

malignant disease of the adrenal gland. CT is highly accurate in the localiza-

tion of adrenal masses in patients with diseases associated with hyperfunc-

tioning adrenal glands such as Cushing syndrome and Cushing disease,

Conn syndrome, adrenal tumors leading to virilization or feminization, and

pheochromocytomas. CT permits a specffic diagnosis of acute or subacute

adrenal hematoma and myelolipoma. Hematomas are round to oval and

have increased attenuation (50-90 HU) that decreases on follow-up CT

scans. Myelolipomas typically manifest as a well-defined suprarenal mass

with an attenuation of-30 to -1 15 HU. Adrenal cysts are usually round to

oval and manifest as a hypoanenuating mass with a smooth, thin wail. CT is

useful in the evaluation of patients with Addison disease, particularly the

subacute form secondary to tuberculosis or disseminated histoplasmosis.

Findings typically include bilateral adrenal enlargement with a central ne-

crotic area of hypoattenuation and peripheral enhancement. Thin-section

unenhanced CT permits accurate measurement of attenuation and can be

used to differentiate adrenal adenoma from metastasis in a cancer patient

with an indeterminate mass: Attenuation of 10 HU or less usually indicates

adenoma rather than cancer. if the mass is found incidentally at contrast

material-enhanced CT, delayed scans obtained as early as 5- 1 5 minutes af-

ter intravenous administration of contrast material appear to have compa-

rable accuracy.

Abbreviation: ACTII = adrenocorticotropic hormone
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Figure 1. Diagrams show normal cross-sectional anatomy of the right (a) and left (b) adrenal
glands. IVC = inferior vena eava.
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U INTRODUCTION

Computed tomography (CT) plays a significant

role in the radiologic evaluation of adrenal le-

sions (1 ,2). Adrenal masses are often discov-

ered incidentally during the evaluation of a va-

riety of abdominal complaints, and their pres-

ence has been reported in 0.5%-5% of all

abdominal CT examinations (3,4). In addition,
CT is the primary modality for localizing adre-

nal diseases that cause hyperfunction or hypo-

function (5).

Recent articles on adrenal imaging have fo-

cused on the differentiation of benign adeno-

mas from metastases (6- 10). In this article, we

present a comprehensive review of nonmalig-

nant conditions of the adrenal glands. These

conditions have been subdivided into three ma-

jor categories: those characterized by hyper-

functioning adrenal glands, nonfunctioning ad-

renal glands, and adrenocortical insufficiency

(ic, Addison disease). In addition, we describe

our standard CT technique and normal adrenal

anatomy, as well as illustrate key CT findings
with representative cases.

U CT TECHNIQUE
Routine CT with 7-10-mm collimation (de-

pending on the scanner) can be used to image

the adrenal glands. For a dedicated study, how-

ever, CT of the adrenal glands should be per-

formed with 3-5-mm sections. Thinner see-

tions must be used when smaller lesions are

suspected and in all patients with Conn syn-

drome. From the raw scan data, a targeted re-

construction of the adrenal gland can be made
with a smaller display field of view, which al-

lows better spatial resolution.

Unenhanced studies are sufficient for the

evaluation of conditions associated with adre-

nal hyperfunction. Unenhanced CT with thin-

ncr sections permits accurate measurement of

attenuation and can be used to differentiate an

adrenal adenoma from metastasis in a cancer

patient with an indeterminate adrenal mass

that has been demonstrated previously at rou-

tine contrast material-enhanced CT.

Acute to subacute hematomas can be seen

at unenhanced CT and have a high attenuation

that usually ranges from 50 to 90 HU.

The use of contrast material is sometimes

helpful in characterizing an adrenal lesion in

terms of the presence, degree, and pattern of



Figure 2. Left renal eetopy in a 40-year-old man.

Contrast-enhanced CT scan reveals a linear rather

than an inverted Y confIguration of the ipsilateral

adrenal gland (the “elongated adrenal” sign).
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enhancement. Contrast-enhanced CT may also

help determine the organ of origin of a mass

when it is unclear from the unenhanced study

whether the mass arises from the liver, the ad-

renal gland, or the kidney.

The value of helical (spiral) CT for cvalua-

tion of the adrenal gland has yet to be deter-

mined, but small lesions (<5 mm) should be

easier to identify with this technique. Com-

pared with conventional axial CT, multiplanar
reformatted images generated from helical CT

data permit more accurate localization of the
lesion in relation to adjacent organs without

misregistration.

U NORMAL ADRENAL ANATOMY

The adrenal glands are located in the perirenal

space, usually in a suprarenal position. Occa-

sionally, however, an adrenal gland may be 1-

cated anterior to the kidney, especially on the

left side (Fig 1).

The right adrenal gland is located posterior

to the inferior vena cava and medial to the

liver. The gland is triangular at the top, but

more caudally, it has an inverted V or Y shape.

These projections are called the lateral (he-

patic) and medial (crural) limbs. Using the infe-

rior vena cava as a guide, one can identify the

“split-tail tadpole” or “sperm” sign. The left ad-

renal gland is situated lateral to the aorta and

posterior to the pancreas and splenic vein. Like

the right adrenal gland, it has an inverted V or

Y shape (the “Mercedes Benz” sign) inferiorly.

In patients with renal agenesis or ectopy, the

ipsilateral adrenal gland has a linear rather than

an inverted Y configuration (the “elongated ad-

renal” sign) (Fig 2).

The adrenal gland is divided into the cortex

and the medulla. The cortex is subdivided into

three zones: the glomerular zone, which pro-

duces aldosterone; the fascicular zone, which

produces cortisone; and the reticular zone,

which produces androgens. The medulla is the

site of catecholamine synthesis.

U CONDITIONS ASSOCIATED WITH

HYPERFUNCTIONING ADRENAL

GLANDS

. Cushing Syndrome and Cushing
Disease

Cushing syndrome is due to an excess of gluco-

corticoids from either exogenous or endog-

enous sources. The syndrome consists of ti-un-

cal obesity, hirsutism, acne, moon face, facial

plethora, purple striae, fatigue, weakness, hy-

pertension, edema, impaired glucose tolerance,

atherosclerosis, amenorrhea, and osteopenia.
It is seen often in patients aged 30-40 years.

Women arc affected more frequently than men

by a 4: 1 ratio. Cushing disease, or adrenal hy-

perplasia due to overproduction of adrenocorti-

cotropic hormone (ACTH), constitutes 70% of

cases of endogenous Cushing syndrome.

Cushing disease is caused by either a pituitary

adenoma or, rarely, an ACTH-producing pri-

mary neoplasm elsewhere in the body.
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Figures 3-5. (3) Surgically proved hyperfunetion-

ing adenoma in a 45-year-old woman with Cushing

syndrome. Unenhanced CT sean demonstrates a well-

defined, 2.5-cm-diameter oval mass arising from the

posterior aspect of the right adrenal gland. Note the

atrophy of a portion of the remainder of the gland

projecting out from the adenoma as well as abundant

fat. Demineralization of the vertebral body is better

appreciated with the bone window setting (not

shown). (4) Bilateral adrenal hyperplasia in a 49-year-

old man with Cushing syndrome. Contrast-enhanced

CT scan demonstrates symmetric enlargement of the
adrenal glands. (5) Surgically proved massive macro-

nodular adrenocortical disease in a 48-year-old man

with Cushing syndrome. Contrast-enhanced CT scan

reveals massively enlarged multinodular adrenal

glands.

Cushing syndrome results from an adrenal ad-

enoma in 20% of cases and from an adrenal car-

cinoma in 10% of cases.

In most cases, adrenal adenomas causing

Cushing syndrome measure 2-4 cm in diam-

eter. A hyperfunctioning cortical adenoma

may be suspected at CT when a focal mass is

present in one adrenal gland and the other

gland is small (Fig 3). Adenocarcinoma is sug-

gested when the mass is larger than 4 cm and

central necrosis is present. In Cushing disease,

there is bilateral, diffuse, uniform thickening of

the adrenal glands (Fig 4); occasionally, there is

bilateral macronodular enlargement. In long-

standing disease, the adrenal glands can be-

come nodular in appearance, a process known

as multinodular hyperplasia (1 1). Although

these lesions are usually ACTH-dependent,

they are occasionally autonomous and quite

large with multiple macronodules (Fig 5) (12).

This entity is called massive macronodular hy-

pet-plasia and requires bilateral adrenectomy

for treatment. Primary pigmented nodular adre-

nal disease, a rare cause of Cushing syndrome,

is characterized by multiple small, pigmented

adrenocortical nodules (1 3). This unusual en-

tity may be familial and is associated with the

Carney complex, which includes spotty skin

pigmentation (lentigines), calcified Sertoli cell

tumors of the testes, and cardiac and soft-tissue

myxomas. Ectopic ACTH-producing primary

neoplasms, a rare cause of Cushing disease,

usually arise from the lung and mediastinum

and include oat cell carcinoma and bronchial

or thymic carcinoid. Chest CT has proved use-

ful in diagnosing these lesions (14).
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Figure 6. Surgically proved adenoma in a 65-year-

old man with Conn syndrome. Unenhaneed helical

CT scan (4-mm collimation, 3 mm/sec table feed) re-
veals a well-defined, hypoattenuating mass arising

from the lateral rim of the right adrenal gland. Note

the atrophic portion of the remaining right adrenal
gland projecting from the adenoma. The left adrenal

gland is also atrophic.

. Conn Syndrome
Conn syndrome (primary aldosteronism) re-

sults in excess aldosterone production and may

be caused by either adrenal adenoma or hyper-

plasia. Aldosteronomas are present in approxi-

mately 80% of cases, whereas bilateral adrenal

hyperplasia is found in 20% of cases (15). Conn

syndrome is characterized by hypotension, hy-

pokalemia, and sodium retention. The hypo-

kalemia manifests as muscle weakness, cardiac

arrhythmia, carbohydrate intolerance, and

nephrogenic diabetes insipidus.

Adenomas can be seen at CT in 70% of

cases. In a recent review of aldosteronomas de-

tected with CT, the average diameter was less

than 2 cm (15). Therefore, CT should be per-

formed with a collimation of 5 mm or less

when Conn syndrome is the primary consider-

ation. At CT, the adenoma appears as a hypo-

attenuating nodule in the adrenal gland (Fig 6).

Among hyperfunctioning adenomas, aldoster-

onomas tend to have the lowest attenuation

(15, 16). However, in a study by Doppman et a!

(1 7) of patients with surgically proved aldoster-

onomas, CT failed to reveal adrenal nodules in

50% of cases, resulting in a misdiagnosis of hy-

perplasia. With hyperplasia, the adrenal glands

may be normal or may have a nodular or mu!-

tinodular appearance. One or both adrenal

glands may be enlarged. Medical therapy rather

than surgery is usually indicated. When CT re-

veals normal adrenal glands bilaterally, bilateral

nodules, or unilateral nodules with evidence of

associated hyperplasia, correlation with func-

tional studies is warranted for localization and

characterization of the disease (17,18).

. Virilization and Feminization from
Adrenal Tumors
Benign or malignant adrenal cortical tumors oc-

casionally cause virilization or, rarely, feminiza-

tion (1). Adrenal adenomas usually range from

2 to 6 cm in diameter and appear homoge-

neous, whereas carcinomas tend to be larger

and appear heterogeneous. Adrenal virilization

may result from congeniLa! adrenal hyperplasia

due to impaired cortisone or aldosterone syn-
thesis secondary to an enzyme defect with in-

creased ACTH stimulation by the pituitary

gland (adrenogenital syndrome).

. Pheochromocytoma

Pheochromocytomas are tumors composed of

chromaffm cells and may secrete catechola-

mines such as norepinephrine or epinephrine,

causing elevated levels of catecholamine in the

blood serum and urine. Alternatively, pheo-

chromocytomas may be described as paragan-

gliomas of the adrenal medulla. Urinary meta-

nephrine or vani!lylmande!ic acid levels are e!-

evated in over 90% of patients from whom

24-hour urine collections are obtained. Patients

present clinically with hypertension, which

may be paroxysmal, as well as palpitations, per-
spiration, and headaches. Pheochromocytomas

have been called the “ten percent tumor” : Ap-

proximately 10% are bilateral, 10% are extra-

adrenal (paragangliomas of the retroperitone-

um, mediastinum, or urinary bladder), 10%

occur in children, and 10% are malignant.

Pheochromocytomas are associated with mul-

tiple endocrine neoplasm syndrome, von Hip-

pel-Lindau syndrome, and neurofibromatosis.

These entities are usually associated with bilat-

era! pheoehromocytomas, some of which do
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Figures 7, 8. (7) Pheochromoeytoma in a 43-year-old woman with a family history of von Hippel-Lindau dis-

ease. Contrast-enhanced helical CT scan shows a 1-cm-diameter mass in the left adrenal gland (arrow) with

marked contrast enhancement and a small hypoattenuating center. (8) Surgically proved bilateral pheochromocy-

tomas in a 37-year-old man with a history of von Hippel-Lindau disease. (a) Contrast-enhanced CT scan demon-
strates a large right adrenal mass with a cystic area (arrow) and a small left adrenal mass with punctate calciflea-

tions (arrowhead). (b) CT scan obtained through the kidneys reveals cysts (open arrows), a cystic mass (curved

arrow), and a solid mass (straight solid arrow).

not produce abnormally high levels of cat-

echolamine. The manifestations of the syn-

drome may not all occur simultaneously. Pa-

tients with sporadic pheochromocytomas may

carry the gene for multiple endocrine neo-

plasm syndrome and von Hippcl-Lindau syn-

drome but may have the adrenal tumor as its

only manifestation (19).

At CT, pheochromocytomas are usually 3

cm or larger (Fig 7). Large pheochromocyto-

mas are relatively cystic because of necrosis

(Fig 8). Calcification is present in about 10% of

cases. In patients with von Hippel-Lindau dis-

ease and multiple endocrine neoplasm syn-

drome, CT may reveal masses in the pancreas,

kidney, and spinal cord (Fig 8). Pheochromocy-

tomas are hypervascular tumors and exhibit

marked enhancement after intravenous admin-

istration of contrast material (Fig 7). These

studies should be performed with caution be-

cause some patients with pheochromocytoma

have experienced a hypertensive crisis after ad-

ministration of ionic iodinated contrast mate-
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Figure 9. Bilateral adrenal hematomas in a 21-year-old man with a history of blunt abdominal trauma. (a) Con-
trast-enhanced helical CT scan reveals well-defmed oval hematomas of both adrenal glands. Retroperitoneal hem-

orrhage is also present (arrows). Note the large hematoma and laceration in the right hepatic lobe with a perihe-

patie hematoma. (b) Follow-up enhanced CT scan obtained approximately 4 weeks later shows an interval de-

crease in the size and attenuation of the hematomas of the adrenal glands and the liver, as well as improvement

of the periadrenal and perihepatic hematoma.

a.

rial. Some investigators have suggested that pa-

tients being evaluated for suspected pheochro-

mocytoma be premedicated with an a-adrener-

gic blocking agent as a precaution against this

complication (20,21). However, in a review of

20 cases of pheochromocytoma studied at the

National Institutes of Health with nonionie con-

trast media but without adrenergic blockage,

no adverse effects were observed (2). In a re-

cent report by Mukherjee et a! (22), no statisti-

cally significant elevation of serum epinephrine

or norepinephrine levels was found in 10 pa-

tients with pheochromocytomas and six

healthy control subjects after intravenous ad-

ministration of iohexol for contrast-enhanced

CT. Larger studies will be necessary to deter-

mine the safety of intravenous administration

of nonionic iodinated contrast material in pa-

tients with pheochromocytomas.

U CONDITIONS ASSOCIATED WITH

NONFIJNCTIONING ADRENAL GlANDS

. Hematoma

Traumatic Hematoma. -Adrenal injury oc-

casionally occurs in the setting of multiple se-

verc trauma. The prevalence of radiographi-

cally detected abnormalities is 2% (23), a!-

though adrenal injury has been reported in 28%

of patients studied at autopsy who had sus-

tained significant abdominal trauma (24). Adre-

nal hematomas resulting from blunt trauma

arise in the medulla and stretch the cortex

around the hematoma. Such hematomas main-

fest as a round to ovoid adrenal mass. The in-

jury occurs in the right side in up to 90% of

cases (25). This predilection has been attrib-

uted to direct compression of the gland by the

spine and liver from blunt abdominal trauma,

shearing of small vessels perforating the adre-

nal capsule by deceleration forces, and short-

term rise in intraadrenal venous pressure due

to compression of the inferior vena cava (23-

26).

CT is the modality of choice for detecting
adrenal injury, especially hematoma. The most

common CT feature of adrenal injury is a round

to oval adrenal hematoma (83% of cases) (Fig

9), followed by diffuse irregular hemorrhage

obliterating the gland (9%) and uniform adrenal

enlargement (9%) (23). Periadrenal hemor-

rhage is usually present and is evidenced by an

ill-defined adrenal margin, periadrenal strand-

ing, and asymmetric thickening of the dia-
phragmatic crus.



Figure 10. Adrenal hematoma in a 55-year-old
woman who had undergone orthotopic liver trans-

plantation. Unenhanced CT scan reveals a well-de-

fined, hyperattenuating mass of the right adrenal
gland, consistent with acute hemorrhage. The trans-

planted liver is surrounded by minimal ascites.

400 U Scientific Exhibit Volume 18 Number 2

Hematomas vary in attenuation depending

on their age. Acute to subacute adrenal he-

matomas have increased attenuation ranging

from 50 to 90 HU. They gradually diminish in

size, and there is a corresponding decrease in

attenuation at follow-up CT. Calcifications may

develop a few months after adrenal hemor-

rhage (27).

Adrenal biopsy may be necessary to differen-

tiate adenoma from metastasis and has a high

degree of accuracy (28). Furthermore, it is a

safe procedure; major complications following

adrenal biopsy have been reported in only 3%

of cases (28). The most common complica-

tions are pain, bleeding resulting in an adrenal

and periadrenal hematoma, and pneumotho-

rax.

Hemorrhagic infarction and hematoma for-

mation in the right adrenal gland have been re-

ported in patients who undergo orthotopie

liver transplantation and are attributed to liga-

tion and division of the right adrenal vein dur-

ing hepateetomy (Fig 10) (29).

Adrenal hematoma may occur as a result of

adrenal venous sampling. A hematoma may

also occur in the surgical bed after adrenec-

tomy.

Nontraumatic He,natom.a. -Spontaneous

adrenal hemorrhage is usually associated with

anticoagulant therapy (Fig 1 1) or with stress

caused by surgery (Fig 1 2), sepsis, or hypoten-

sion (30). Most anticoagulant-associated adre-

nal hemorrhage occurs during the initial 3

weeks of treatment (31). Nontraumatic adrenal

hematomas can be either unilateral (Fig 1 1) or

bilateral (Fig 12). Like traumatic hematomas,

they are round or oval and may contain peri-

adrenal hemorrhage. The attenuation of these

lesions at CT depends on the age of the he-

matoma.

Spontaneous unilateral adrenal hemorrhage

may be idiopathic but has been reported to be

associated with an underlying adrenal condi-

tion such as a cyst, adenoma, hemangioma, my-

elolipoma, or metastasis (32).

. Cyst
Adrenal cysts are increasingly being detected

incidentally at CT. Adrenal cysts are usually uni-

lateral and solitary and have 110 side predilec-

tion. Most cysts are found in the 5th and 6th

decades of life. The literature reports a 3: 1 fe-

male preponderance (33). Patients with adre-

nal cysts are usually asymptomatic unless the

cyst produces a mass effect on adjacent struc-

tures or is complicated by hemorrhage or in-

fection.
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Figures 11, 12. (11) Adrenal hematoma in a 44-year-old man receiving coumarin for pulmonary emboli

from deep venous thrombosis. Unenhaneed CT scan reveals a large, high-attenuation hematoma of the left

adrenal gland. (12) Bilateral adrenal hematomas in a 46-year-old man who had undergone spleneetomy. Con-

trast-enhaneed spiral CT scan reveals ill-defined hematomas of both adrenal glands associated with pen-

adrenal stranding.

Nonparasitic adrenal cysts are divided into

three categories on the basis of histologic

findings: endothelial cysts (48% of eases),

pseudocysts (42%), and epithelial cysts (10%)

(33).

Endothelial cysts can be either angiomatous

or lymphangiomatous. The latter are more

common and are typically multiple small, 1-15-

mm-diameter cysts or locules found inciden-

tally at autopsy. Rarely, they may be solitary

large, cystic lesions. Large lymphangiomatous

endothelial cysts are also known as cystic lym-

phangiomas.

Pseudocysts represent the most common va-

riety of adrenal cysts discovered clinically. The

majority of these cysts are believed to result

from hemorrhage and subsequent clot organi-

zation within a normal adrenal gland or an ad-

renal tumor. Septation, hemorrhage, or calcifi-

cation may be present in pseudocysts.

Epithelia! cysts include unusual cystic ad-

enomas, glandular or retention cysts, and cystic

transformation of embryonal remnants.

At CT, adrenal cysts typically manifest as a
hypoattenuating mass with a smooth, thin wall

(Fig 1 3). These cysts may be lobulated but are

usually round or oval. The inferior wall of the
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Figures 13, 14. (13) Adrenal cyst in a 23-year-old woman who presented with abdominal pain. (a) Contrast-

enhanced helical CT scan of the right adrenal gland shows a hypoattenuating mass of 8 HU. (b) Sagittally refor-
matted image reveals a relationship between the mass and the upper pole of the right kidney. (c) Transverse

abdominal ultrasound (US) image reveals a sharply demarcated aneehoic mass with increased through-trans-
mission, indicative of a cyst. An unenhaneed CT scan (not shown) obtained subsequently demonstrated a mass

with an attenuation similar to that seen at enhanced CT (ef a). The patient continues to be followed up with
no change in the appearance of the lesion. (14) Adrenal pseudocyst in a 66-year-old woman. Unenhaneed heli-
cal CT scan reveals a large, well-defined hypoattenuating mass with a rim of calcification at the periphery.

mass is flat or concave. Radiologically, calcifi-

cation is seen in adrenal cysts in 1 5% of cases
and is often peripheral and curvilinear (Fig 14)

(34). CT is more sensitive in detecting calcifica-

tion than is conventional radiography. Cysts

without calcification may be indistinguishable
from adenomas because of their similar attenu-

ation at CT. Both unenhanced and contrast-en-

hanced CT are of value in demonstrating the

true nature of adrenal cysts because these cysts
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Figure 15. Surgically proved cystic lymphangioma
of the adrenal gland in a 46-year-old woman. Con-
trast-enhanced spiral CT scan reveals a well-defined,

multiloculated cystic mass. Scattered ealeifications

are present at the “pencil-thin” walls and septations.
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Figure 16. Disseminated tuberculosis in a 1 2-month-old boy who failed to respond to conventional antitu-
bereular therapy. (a) Contrast-enhanced CT sean reveals enlargement of the left adrenal gland, which contains
hypoattenuating nodules and has a rim of enhancement. Note caseous lymphadenitis in the peripancreatic re-

gion and easeous granulomas in the spleen. (b) Contrast-enhanced CT chest scan obtained at the level of the

hila with lung window settings demonstrates a left eavitary lesion and bilateral miliary nodules. Note left hilar

and mediastina! adenopathy.

do not enhance. In a recent report of 37 cases

of benign adrenal cysts studied with CT, Rozen-

blit et a! (35) found calcification in 20 cases

(54%) and wall calcification (with or without

central calcification) in 19 cases (51%). In less

than 20% of cases, benign cysts demonstrated

hyperattenuation (>60 HU) due to intracystic

hemorrhage. Cystic lymphangiomas appear as

a unilocular or multilocular cystic mass with an

imperceptible wall (Fig 15).

When the wall is thickened or irregular, it is

possible that the lesion represents hemorrhage

into a benign or malignant tumor masquerading

as a cystic mass. Clot in a hemorrhagic cyst

may also appear as a solid component in the

cystic mass. Interval change in the size and ap-

pearance of a solid component at serial imag-

ing studies suggests the presence of a clot (36).

. Infections

Granulomatous Infection. -Tuberculosis is

the most common infectious cause of Addison

disease, accounting for 10%-30% of cases (37).

The CT appearance of granulomatous infection

depends on the time course and activity of the

inflammatory process. CT fmdings of early tu-

berculous “adrenalitis” typically include bilat-

eral adrenal enlargement with a central ne-

erotic area of hypoattenuation and a peripheral

enhancing rim (Fig 16) (37,38). In the healing
stage of the disease, the adrenal glands become
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Figure 18. Biopsy-proved disseminated histoplasmosis of the adrenal glands in a 64-year-old man who had
undergone esophagectomy for esophageal cancer. (a) Unenhanced CT scan reveals enlargement of both adre-

nal glands. (b) Contrast-enhanced CT scan reveals that both adrenal glands have necrotic centers and a rim of

contrast enhancement.

calcified and atrophic. However, its CT appear-

ance is indistinguishable from that of other

long-standing granulomatous infections, previ-

ous hemorrhage, and idiopathic adrenal calcifi-

eations (Fig 17).

Disseminated histoplasmosis usually occurs

in endemic areas. It occurs in the setting of a!-

tered host immunity (eg, in patients with neo-
plasms and acquired immunodeficiency syn-

drome) (39). About 50% of patients with dis-

seminated histoplasmosis ultimately develop

Addison disease, and adrenal insufficiency due

to histoplasmosis is invariably fatal if left un-

treated (40). The adrenal glands may be the

only demonstrable sites of disseminated dis-

ease (41).

In disseminated histoplasmosis, CT typically

reveals bilateral symmetric enlargement of the

adrenal glands with central hypoattenuation
and peripheral contrast enhancement (Figs 18,

1 9). The affected adrenal gland may contain

variable amounts of calcification depending on

the stage of the disease process. Disseminated

histoplasmosis can be diagnosed at fine-needle

aspiration biopsy, but the correct diagnosis

may be missed unless special stains are used

and the pathologist is alerted to the possibility

of fungal infection (42).

Figure 17. Idiopathic adrenal caleifications in a
35-year-old man with normal adrenal function. tJn-

enhanced helical CT scan demonstrates coarse calci-

fleations in the adrenal glands bilaterally. an appear-

ance indistinguishable from that of other entities

such as long-standing granulomatous infections and

previous hemorrhage.

Pneumocystis carinii Infection. -Although

Pneurnocystis carinii is usually considered a

respiratory pathogen, in immunocompromised

patients such as those with acquired immuno-

deficiency syndrome, generalized dissemina-
tion of P carinii infection from the lungs may
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Figure 19. Disseminated histoplasmosis of the ad-
renal glands in a 57-year-old man with a history of

Addison disease. Contrast-enhanced helical CT scan

reveals enlargement of both adrenal glands. The di-

agnosis of disseminated histoplasmosis was estab-

lished with biopsy of a nodule of the groin.
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occur as a result of failure to achieve adequate

blood levels of aerosolized pentamidine (43).

Unenhanced abdominal CT may reveal punc-

tate or coarse calcifications in the adrenal

glands as we!! as in the spleen, liver, kidneys,

and lymph nodes (Fig 20) (43).

Abscess. -Adrenal abscesses are rare, and

most have been found in neonates with preex-

isting adrenal hemorrhage (44). In the setting

of suspected neonatal hematomas, US is the

imaging modality of choice. Along with the

patient’s clinical course, failure of an adrenal

hematoma to resolve on serial images should

indicate the need for further evaluation with

aspiration and drainage under US or CT guid-

ance. Contrast-enhanced CT typically shows a

thick-walled cystic mass in the gland (45).

. Nonfunctioning Benign Tumors

Nonfunctionin,g Cortical Adenoma. -Corti-

cal adenomas are incidental findings in 9% of

autopsy patients (6). Most such lesions can be

further characterized noninvasively; biopsy is

reserved for atypical cases. Such adenomas

tend to be round or oval, are usually less than 3

cm in diameter, and have homogeneously de-

creased attenuation with a smooth, well-de-

fmed margin.

Figure 20. Disseminated P carinii infection in a

46-year-old man with acquired immunodefieiency

syndrome. Unenhanced CT scan reveals punetate

ealcifleations in the left adrenal gland (arrow). Note

almost complete calcification of the spleen and

punctate calcifleations in the kidney and lymph

nodes.

Cortical adenomas frequently contain a large

amount of intracytoplasmic lipid, which allows

quantitative analysis of the lesion with attenua-

tion measurements at unenhanced CT (46).

In a series of 1 24 patients with 1 35 adrenal

masses, lesions with an attenuation of less than

1 8 HU on unenhanced CT scans were all

shown to be adenomas (9). On the basis of

their review of previously published series

combined with their own results, Korobkin et

a! (9), using a threshold of 10 HU, found an

overall sensitivity of 73% and a specificity of

96%. Thus, they concluded that further work-

up is unnecessary when the lesion has an at-

tenuation of 10 HU or less.

Unfortunately, most adrenal masses are de-

tected on contrast-enhanced CT scans because

most abdominal CT procedures are performed

after intravenous administration of contrast ma-
terial. However, even in this setting, Korobkin

et al (10) have shown that lesions with an at-

tenuation of less than 30 HU on CT scans oh-

tamed 1 hour after contrast material injection
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Figure 21. Adenoma in a 63-year-old man. (a) Con-
trast-enhaneed helical CT scan obtained during the

eorticomedullary junction phase shows an indetermi-

nate mass of the right adrenal gland with an attenua-
tion of 29 HU. (b, c) Delayed CT scans obtained 15

minutes 0)) and 70 minutes (c) after intravenous ad-
ministration of contrast material show the mass with

an attenuation of 1 1 HU and -8 HU, respectively.

most likely represent benign adenomas be-

cause they demonstrate faster contrast material
washout and lower postenhancement attenua-

tion (Fig 21) than do other solid adrenal le-

sions. More recent studies have shown that dif-

ferentiation of adenomas from nonadenomas is

possible as early as 5- 1 5 minutes after contrast

material injection (10,47-50). Lesion attenua-

tion measurement at dynamic contrast-en-

hanced CT performed less than 180 seconds

after starting intravenous administration of con-

trast material has not proved useful in differ-

entiating adenomas from metastases because

there is considerable overlap between the two

groups (10,47-50). Performing early delayed

CT is an attractive alternative to scheduling

separate unenhanced CT or magnetic reso-

nance (MR) imaging when an adrenal mass is

found at routine contrast-enhanced CT. De-

layed contrast-enhanced CT should be per-

formed if the lesion has an attenuation of more

than 10 HU at unenhanced CT or if the mass is

indeterminate at chemical shift MR imaging. if

the mass has an attenuation of more than 37

HU, further evaluation by means of percutane-

ous biopsy or surgical excision is usually indi-

cated.

The absence of fat in an adrenal mass does

not preclude the diagnosis of adenoma be-

cause some adenomas do not contain demon-

strable fat. Biopsy may be indicated for lesions

2 cm or more in diameter to exclude metasta-

sis in patients with known extraadrena! pri-

mary neoplasms.

Atypical adrenal adenomas may be difficult

to differentiate from adrenal cortical adenocar-

cinomas, particularly if they are more than 5

cm in diameter or demonstrate tumor calcifica-

tions (Fig 22) or if intratumoral hemorrhage or

necrosis is present (Fig 23). Fine-needle biopsy

may have limited value in differentiating ad-

enoma from well-differentiated adenocarci-

noma because of their similar cytologic find-

ings.

However, distinguishing cortical adenomas

from cysts and ganglioneuromas remains diffi-

cult because of their low attenuation at unen-

hanced CT. An adrenal cyst can be diagnosed
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Figures 22, 23. (22) Surgically proved calcified adrenal adenoma in a 65-year-old man. Unenhanced CT scan

reveals a large right adrenal mass containing coarse ealeifleations. (23) Surgically proved adrenal adenoma

with intratumoral hemorrhage in a 48-year-old woman. CT scan obtained after an excretory urogram (not

shown) reveals a large cystic mass containing areas of increased attenuation. Note the flecks of calcification at

the wall (arrow).

Figures 24, 25. (24) Myelolipoma in a 59-year-old man with a history of squamous cell carcinoma of the

lung. Unenhaneed CT scan demonstrates a 7.5 x 10-cm soft-tissue-attenuation mass containing predominantly
fatty components. (25) Myelolipoma in a 45-year-old man with a history of chronic renal insufficiency. Unen-

hanced CT scan shows a well-defmed fatty mass of the right adrenal gland with coarse ealeifications.

because of its thin-walled, rimlike calcifica-

tion and the absence of contrast enhancement.

Myelollpoma� -Myelolipomas are usually

asymptomatic masses composed of mature fat

and bone marrow. Symptoms may occasionally

result from hemorrhage within the mass or

from mass effect if the lesion is large (51). My-

elolipomas may occasionally be bilateral but

are usually unilateral and have no side predilec-

tion. Calcification occurs in up to 20% of cases

and may be related to previous hemorrhage

(52).

The CT appearance of myelolipomas de-

pends on their histologic composition and

ranges from a fat-dominant mass to a com-

pletely nonfatty soft-tissue mass (Figs 24, 25).
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Figure 26. Surgically proved hemangioma in a 69-

year-old man. (a) Contrast-enhanced helical CT scan re-

veals a large soft-tissue-attenuation mass of the left ad-

renal gland with peripheral areas of enhancement.

(b) I)elayed CT scan demonstrates heterogeneous en-

hancement. (c) Left infraphrenic angiogram (arterial

phase) reveals pooling of contrast material in the pe-

riphery of the mass. Persistent pooling of contrast ma-

terial was also present during the venous phase (not

shown).

In most cases, however, CT reveals a well-de-

fined suprarenal mass with a fine capsule and

containing areas of fat. The mass typically has

an attenuation ranging from -30 to -1 15 HU,

significantly lower than the attenuation of corti-

cal adenomas (52,53). The tumor may contain

small calcifications (Fig 25). Enhancement is

observed in the soft-tissue component of my-

elolipomas after intravenous administration of
contrast material and may mask the fat attenua-

tion. When the tumor has bled, CT may show

high- or low-attenuation fluid collections de-

pending on the age of the blood. In equivocal

cases, a definitive diagnosis can be made with

CT-guided needle biopsy to confirm the pres-

ence of mature adipose tissue and normal he-

matopoietic tissue.

Hemangioma. -Adrenal hemangiomas are

rare benign tumors of the adrenal gland; less

than 30 cases have been reported in the litera-
ture. Typically, adrenal hemangiomas are dis-

covered incidentally and are more than 10 cm

in diameter (54,55).

At unenhanced CT, adrenal hemangiomas

appear as a well-delineated hypoattenuating or

heterogeneously attenuating mass (54-57). Cal-

cification may be present in approximately

two-thirds of eases. Irregular or crescent calcifi-

cation from a previous hemorrhage or from

thrombosis or necrosis may be present. The

presence of phleboliths within the lesion is

characteristic of a hemangioma. After intrave-
nous bolus administration of contrast material,

CT shows multiple peripheral nodular areas of

marked enhancement corresponding to angio-

graphic findings and persistent pooling of con-

trast material at the periphery of the lesion (Fig

26). However, a filling-in phenomenon, fre-

quently described in cavernous hemangioma of

the liver, may also rarely occur in adrenal he-
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mangioma because of the presence of necrosis,

fibrosis, and thrombosis in the center of the tu-

mor.

Ganglioneuroma. -Ganglioneuromas are tu-

mors arising from sympathetic ganglia. Forty-

one percent of abdominal ganglioneuromas oc-

cur in the adrenal glands (58). Patients with

neurogenic tumors arising from sympathetic

ganglia (ie, neuroblastoma, ganglioneuroblasto-

ma, ganglioneuroma) occasionally present with

diarrhea, sweating, hypertension, virilization,
or myasthenia gravis (58). At histologic analy-

sis, ganglioneuroblastomas exhibit a degree of

differentiation that is intermediate between

those of neurob!astomas and ganglioneuromas

and are potentially malignant. Ganglioneuromas

are better differentiated than ganglioneuro-

blastomas and occur in older children and

adults.

Figure 27. Surgically proved ganglioneuroma in a

40-year-old man. (a) Unenhanced CT scan reveals a

well-defined hypoattenuating mass of the right adre-

nal gland relative to muscle. (b) Contrast-enhanced

helical CT scan shows minimal enhancement. Water

was administered orally as a negative contrast mate-

rial. (C) Fat-saturated spin-echo T2-weighted (repeti-

tion time msec/echo time msee = 2,000/70) MR im-
age demonstrates a hypenintense mass relative to
the liver. A spin-echo Ti-weighted MR image (not

shown) showed the mass to be isointense relative to

the liver.

At CT, ganglioneuromas appear as welkie-

fined masses (59-61). In a recent series by

Radin et al (60), ganglioneuromas appeared ho-

mogeneous and hypoattenuating relative to

muscle on both unenhanced and contrast-en-
haneed CT scans (Fig 27). After intravenous ad-

ministration of contrast material, some degree

of heterogeneity may be seen in large lesions.

Calcification may also be present. Either CT-

guided biopsy or surgical resection is required

to confirm benignity.

U ADDISON DISEASE
Addison disease may be either acute, subacute,

or chronic (62). Acute Addison disease is rare

and may result from bilateral adrenal hemor-

rhage (adrenal apoplexy), which is usually due

to severe shock and sepsis or occasionally to a

hemorrhagic diathesis (30). Bilateral traumatic

adrenal hematomas occasionally result in adre-

nal insufficiency, which occurs a few weeks to

months after the trauma. In this setting, the
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demonstration of bilateral adrenal hematomas

at CT may be the first clue to the diagnosis be-

cause the clinical manifestations are not spe-

cific for the diagnosis.

Disease that has been present for less than 2

years is defmed as a subacute form of Addison

disease. CT plays a critical role in the evalua-

tion of such cases, typically revealing enlarge-

ment of both adrenal glands, with necrotic cen-

ters and a rim of contrast enhancement (42,63)
(Fig 19). CT-guided biopsy is indicated to estab-

lish a cause that may include active adrenalitis

secondary to tuberculosis, histoplasmosis, and

other fungi. Appropriate therapy for specific

organisms and direct hormone replacement

can be initiated.

CT provides little information in patients
with chronic Addison disease compared with

the acute and subacute forms. However, CT

may suggest the cause of disease in such cases

(63,64). Idiopathic atrophy, probably due to

autoimmune disorder, is the most common

cause of chronic Addison disease in the United

States, followed by previous granulomatous

adrenalitis secondary to tuberculosis and histo-

plasmosis. CT fmdings in idiopathic Addison

disease include small, atrophic remnants of the

adrenal glands bilaterally without calcifica-

tion; in practice, however, it is difficult to tell

whether the normally small adrenal glands are

atrophic. At plain radiography, calcification is

present in one or both adrenal glands in 25% of

patients with Addison disease (65). Calcifica-

tions have been reported to be present at CT in

50% of patients with Addison disease second-
ary to tuberculosis (64). However, bilateral ad-

renal calcifications are not pathognomonic for

previous granulomatous adrenalitis and are ra-

diologically indistinguishable from idiopathic

calcifications and calcifications from previous

adrenal hemorrhage (Fig 17). Clinical and hor-

mona! correlation is essential because adrenal

glands with irregular calcifications may have

preserved adrenal function (62,66).

U CONCLUSIONS
CT plays a significant role in the radiologic

evaluation of adrenal lesions. In most cases, CT

can be used to make a specific diagnosis and to

guide appropriate management. Thin-section

helical CT is highly accurate in the localization

of an adrenal mass in patients with diseases as-

sociated with hyperfunctioning adrenal glands.

A specific diagnosis of acute or subacute adre-

nal hematoma or myelolipoma can be estab-

lished with CT. In addition, CT is useful in the

evaluation of patients with Addison disease,

particularly when the disease is secondary to

disseminated histoplasmosis and tuberculosis.

Attenuation of 10 HU or less at unenhanced CT

usually helps differentiate a benign cortical ad-

enoma from metastasis. Delayed contrast-en-

hanced CT performed as early as 5- 1 5 minutes

after intravenous administration of contrast ma-

terial may allow differential diagnosis of an in-

determinate mass at unenhanced CT or chemi-

cal shift MR imaging. If the mass has an attenu-

ation of more than 37 HU, CT-guided biopsy or

surgical removal is required.
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