
Bilateral adrenal abnormalities: imaging review
of different entities

Meshal Ali Alshahrani,1 Mnahi Bin Saeedan ,1 Tariq Alkhunaizan,1

Ibtisam Musallam Aljohani,1 and Fahad Mohammed Azzumeea2

1Department of Radiology, King Faisal Specialist Hospital and Research Center, MBC-28, P.O. Box 3354, Riyadh 11211, Saudi

Arabia
2National Guard Health Affairs, King Abdulaziz Medical City, Medical Imaging Department, Riyadh, Saudi Arabia

Abstract

Bilateral adrenal abnormalities are not infrequently
encountered during routine daily radiology practice. The
differential diagnoses of bilateral adrenal abnormalities
include neoplastic and non-neoplastic entities. The
bilateral adrenal tumors include metastasis, lymphoma,
neuroblastoma, pheochromocytoma, adenoma, and
myelolipoma. Non-neoplastic bilateral adrenal masses
include infectious processes and haematomas. There are
different diffuse bilateral adrenal changes such as adrenal
atrophy, adrenal enlargement, adrenal calcifications, and
altered adrenal enhancement. In this pictorial review
article, we will discuss the imaging features of these
entities with emphasis on their clinical implications.
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The advancement and the wide availability of cross-sec-
tional imaging have resulted in substantial increases in
the number of incidentally detected adrenal lesions.

Adrenal lesions are detected in about 4% of abdominal
CT scans obtained for different indications. The preva-
lence of detected adrenal lesion increases to approxi-
mately 10% among the elderly [1]. Most of these lesions
are unilateral and benign non-functioning adrenal ade-
nomas, representing the vast majority of such unilateral
lesions [2, 3]. Although adrenal lesions are commonly
asymptomatic on presentation, the endocrinology liter-
ature recommends further clinical evaluation and hor-
monal workup to assess for subclinical Cushing
syndrome, hyperaldosteronism, or pheochromocytoma.
Workup assessment includes urine or plasma
metanephrines, plasma aldosterone concentration-to-
plasma renin ratio, and a 1-mg dexamethasone sup-
pression test [4, 5].

17% and 23% of incidentally detected adrenal lesions
were reported to be bilateral [5, 6]. The differential
diagnosis of bilateral adrenal abnormalities includes
malignant and benign tumors, and different non-neo-
plastic entities. The bilaterality may narrow the differ-
ential diagnoses as bilateral adrenal lesions, being more
likely to represent metastases, lymphomas, and granu-
lomatous diseases, such as tuberculosis. In the case of
trauma or history of bleeding tendency, bilateral adrenal
hemorrhage is also a differential consideration.
Pheochromocytoma and neuroblastoma can be bilateral,
which should raise the possibility of genetic predisposi-
tion or familial syndromes.

Diffuse adrenal changes can be seen in different
entities, including adrenal atrophy in Addison’s disease,
adrenal enlargement in adrenal hyperplasia, diffuse
adrenal calcifications in Wolman’s disease, intense
adrenal enhancement in the hypoperfusion complex, and
reduced enhancement in adrenal infarction [7–9]. In this
article, we will review multi-modality imaging appear-
ances of these entities with emphasis on their clinical
implications.
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Adrenal tumors and mass-like lesions

Adenoma

About 75% of incidentally discovered adrenal lesions are
adenomas and 78% of these are lipid rich [3]. The
majority of adrenal adenomas are non-functioning and
about 20% are bilateral [3, 10]. Adrenal adenoma with
enlargement of the rest of the adrenal gland parenchyma
is suggestive of functioning adenoma with adrenal
hyperplasia [11, 12]. In one study, bilateral adrenal
adenomas and adrenal adenoma on one side with con-
tralateral non-adenomatous lesion represented the
majority of incidentally detected bilateral adrenal lesions.
It also showed a higher incidence of subclinical Cushing
syndrome as compared to patients with unilateral inci-
dental adrenal lesions [5]. Adrenal vein sampling helps in
localizing the side of hormone-secreting adenoma in the
case of bilateral adrenal adenoma. This will subsequently
determine the side of surgical resection [13].

An incidentally detected adrenal lesion in a patient
with no known malignancy is likely to be an adenoma. If
there is no previous imaging to document stability, fur-
ther evaluation should be performed with chemical shift
magnetic resonance imaging (CS-MRI) or non-contrast
CT. The CS-MRI is preferred because it is slightly more
accurate and carries no radiation hazard [14, 15]. The
typical imaging features of adrenal adenoma include
small size (usually < 4 cm), homogeneous internal tex-
ture, well-defined margins, intracellular fat, and washout
on a dedicated adrenal CT protocol. A cut-off of less
than 10 HU on a non-enhanced CT scan is generally used
to diagnose adrenal adenoma (Fig. 1). The proper mea-

surement of the adrenal lesion attenuation value on non-
enhanced CT is performed by placing a region of interest
over one-half to two-thirds of the adrenal lesion to avoid
noise-related sampling [3, 16].

Loss of signal seen on CS-MRI is due to the presence
of intra-cellular fat. The precession frequency of fat and
water protons is different. During in-phase (IP) imaging,
fat and water proton signals are aligned. During op-
posed-phase (OP) imaging, the fat and water signals are
opposite to each other, resulting in signal cancelation
and signal drop in both water and fat protons within the
same voxel (Fig. 2). Adrenal lesion signal loss is usually
assessed subjectively. Objective measures such as the
adrenal-to-spleen chemical shift ratio (ASR) or the
adrenal sensitivity index can be used. Subtraction tech-
niques (Subtracted images = OP images - IP images)
can improve the qualitative evaluation [14, 17].

Some of the indeterminate adrenal lesions in the non-
contrast CT (HU 10–30) will show drop in the out
phases. Adrenal lesions with HU more than 43 on non-
contrast CT are suspicious for malignancy and less likely
to represent adrenal adenoma [14, 15]. Some of the
adrenal adenomas are indeterminate on both non-con-
trast CT (HU > 10) and CS-MRI (no signal drop in the
opposed phase images). The adrenal CT protocol is the
proper diagnostic imaging choice for such indeterminate
cases. Adrenal adenomas tend to enhance rapidly with a
rapid loss of contrast medium ‘‘contrast washout,’’ un-
like most malignant lesions which enhance rapidly and
usually show a slower washout. The adrenal mass CT
protocol includes a pre-contrast scan, a portal venous
phase (70 seconds) scan, and a 15-minute delay scan. The
absolute percentage washout (APW) is derived from the

Fig. 1. Incidentally detected bilateral adrenal adenomas.
Axial non-enhanced CT image (A) shows bilateral low
attenuation adrenal nodules (arrows). The right adrenal
nodule has an attenuation of - 6 HU and the left adrenal
nodule has an attenuation of 6 HU, consistent with lipid-rich

adrenal adenomas. Coronal non-enhanced CT image (B) of a
different patient shows bilateral homogenous adrenal nodules
(arrows) of low attenuation (- 10 HU), consistent with lipid-
rich adrenal adenomas.
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following: ([enhanced HU - delayed HU]/[enhanced
HU - non-contrast HU]) 9 100. An APW value of 60%
or greater is diagnostic of an adenoma. In the absence of
unenhanced series, the relative percentage washout
(RPW) can be used and derived from: ([enhanced HU -

delayed HU]/enhanced HU) 9 100. An RPW value
greater than 40% is diagnostic of adenoma. Adrenal
contrast washout is not affected by the lesion intracel-
lular fat content and allows confident diagnosis of both
lipid-rich and lipid-poor adenoma [14, 15, 18].

Bilateral adrenal adenomas and unilateral adrenal
adenoma with contralateral benign or malignant adrenal
lesion should be considered as well when radiologists
encounter bilateral adrenal lesions. (Figs. 3 and 4).
Therefore, each adrenal lesion should be fully assessed
independently form the other contralateral adrenal le-
sions. It is important to know that clear cell renal cell
carcinoma (RCC) and hepatocellular carcinoma (HCC)
metastases may contain intercellular fat and may show
washout [19–21]. However, imaging features with no

Fig. 2. 55-year-old woman with renal cell carcinoma and
bilateral adrenal adenomas. Axial contrast-enhanced CT
images in portal venous phase (A, B) show bilateral
homogenous adrenal nodules (HU = 30). Abdominal MRI in-

phase T1 (C, D) and out-phase T1 weighted images (E,
F) show homogenous signal drop of both adrenal nodules in
the out-phase images, consistent with bilateral adrenal
adenomas.
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known primary malignancy are highly suggestive of
adrenal adenoma.

Metastasis

The adrenal gland is a fertile site for metastases from
lung, breast, gastric, renal, pancreatic, and colon carci-

nomas; melanomas and malignant lymphomas. Bilateral
adrenal metastases were reported in almost half of the
patients with pathologically proven adrenal metastasis
[22]. Incidental adrenal metastasis from unknown
malignancy is exceedingly rare [3]. Therefore, bilateral
adrenal metastases are usually diagnosed by imaging
with a high degree of certainty in the presence of known
malignancy without need for biopsy and pathology
confirmation. Patients with bilateral metastases are at a
higher risk of adrenal insufficiency, and therefore clinical
attention to such a possible complication is needed. The
detection of adrenal metastasis in patients with primary
malignancy indicates an advanced stage. However, sur-
gical resection of adrenal metastasis may improve long-
term survival in some cases (Fig. 3) [22].

The differentiation of metastatic disease from adrenal
adenoma in a patient with primary malignancy is critical.
Adrenal metastasis attenuation value is greater than 10
HU on unenhanced CT [16]. The presence of intracellu-
lar lipids in chemical shift imaging on MRI and washout
on CT is highly specific for adrenal adenoma; however,
clear cell renal cell carcinoma and hepatocellular carci-
noma metastases may contain intercellular fat and may
show washout on CT scans [19–21]. Other imaging fea-
tures that favor metastasis over adenoma include in-
creased T2 signal intensity, larger size, heterogeneous

Fig. 3. 72-year-old man with right renal cell carcinoma, IVC
invasion, right adrenal metastasis, and left adrenal adenoma.
Axial non-enhanced (A) and contrast-enhanced (B) CT
images show a heterogeneously enhancing right adrenal
lesion (arrows). Axial non-enhanced CT image (C) shows a
small homogenous left adrenal lesion of - 30 HU (arrow),
consistent with lipid-rich adrenal adenoma. Axial contrast-
enhanced CT image (D) shows bilateral adrenal enlargement

(arrows), suggestive of adrenal hyperplasia. Axial non-
enhanced (E) and contrast-enhanced (F) CT images show a
heterogeneously enhancing right renal lesion (arrows), and
enlarged IVC with enhancing tumor thrombus (dashed
arrows). A two-year follow-up (not shown) after right
adrenalectomy and nephrectomy shows stable left adrenal
adenoma with no signs of disease recurrence.

Fig. 4. Incidentally detected bilateral adrenal lesions. Axial
non-enhanced CT image shows a right adrenal lesion of low
attenuation (10 HU) consistent with adrenal adenoma
(dashed arrow), and a left adrenal lesion with macroscopic
fat consistent with myelolipoma (solid arrow).
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internal texture (Fig. 5), and irregular margins [23, 24].
Diffusion restriction is not very helpful in distinguishing
adrenal adenoma from metastasis [25]. Adrenal 18F-
fluorodeoxyglucose (FDG) uptake exceeding liver up-
take may cause suspicion of malignancy. Most adrenal
metastases are FDG-avid; however, some metastases
may demonstrate mild uptake (Fig. 6). Moreover, ade-
nomas can show mild FDG uptake. Therefore, mildly
FDG-avid lesion in a baseline study for a patient with a
history of malignancy should undergo further imaging
evaluation or biopsy [26, 27].

Lymphoma

Primary adrenal lymphoma without lymphadenopathy
or other extra-nodal disease is rare [28, 29]. Secondary
adrenal involvement is seen in about 4% of diffuse non-
Hodgkin’s lymphoma (NHL), and 43% of these cases are

bilateral [30]. About two-thirds of patients with bilateral
adrenal involvement had adrenal insufficiency [28].

Adrenal lymphoma tend to grow in an infiltrative
manner, maintaining the adreniform appearance. How-
ever, it may progress and have heterogeneous enhance-
ment with necrotic or cystic components, which would
pose a diagnostic challenge (Fig. 7). On CT, an adrenal
lymphomatous mass can be homogeneous with washout
features similar to other malignancies. Prior to treat-
ment, calcification is rare. The MR features are non-
specific and resemble metastases [29, 31]. Adrenal lym-
phoma show FDG uptake. After successful therapy,
FDG uptake decreases along with other involved sites
[32] and the involved adrenal glands usually regress in
size and may retain their normal configuration (Fig. 8).

Neuroblastoma

Bilateral neuroblastoma is rare and reported in less than
10% of neuroblastoma cases and in 20% of patients with
familial neuroblastoma. Most cases affect patients
younger than 6 months with higher incidence of Stage 4S
[33, 34]. On CT, neuroblastoma can show homogeneous
or heterogeneous internal texture. About 85% of the
abdominal neuroblastoma show calcifications on CT
scan. Neuroblastoma has a tendency to cross the midline
and encase the blood vessels without invasion (Fig. 9)
[35].

Pheochromocytoma

Bilateral pheochromocytoma occurs in 10% of the cases.
Bilateral pheochromocytomas represent approximately
one-third of pathologically examined bilateral adrenal
lesions. About two-thirds of bilateral pheochromocy-
tomas are associated with multiple endocrine neoplasia
type 2, neurofibromatosis type 1, Von Hippel–Lindau
disease, Sturge–Weber syndrome, non-syndromic famil-
ial pheochromocytoma, and Carney triad. Functioning
pheochromocytoma secretes catecholamines, resulting in
palpitations and refractory hypertension [7, 9, 36].

On imaging, pheochromocytoma is known as an
imaging ‘‘chameleon,’’ because it has variable imaging
appearances. It can be homogenous or heterogeneous,
can show low attenuation similar to adenoma on non-
enhanced CT, and may have areas of cystic degeneration.

Fig. 5. 60-year-old woman is a known case of melanoma
with lung and bilateral adrenal metastases. Coronal contrast-
enhanced CT image using soft tissue window shows a
heterogeneous large right adrenal masse (white arrow), more
homogenous left adrenal lesion (black arrow), and metastatic
pulmonary nodule (dashed arrow).
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Phaeochromocytoma classically shows intense enhance-
ment, but washout characteristics are variable and may
show washout values, similar to adrenal adenoma [37,

38]. The classic MRI appearance of phaeochromocytoma
is ‘‘light-bulb bright’’ on T2 weighted images; however,
these features are not specific and are not seen in all
phaeochromocytomas. About 10% of pheochromocy-
toma are malignant and show the presence of metastatic
disease (Fig. 10) or local invasion, which are reliable
signs of malignancy [14, 38, 39]. Metaiodobenzylguani-
dine (MIBG) has a high sensitivity and specificity for the
majority of pheochromocytomas (Fig. 10). MIBG is an
analogue of guanethidine and norepinephrine [40].

Myelolipoma

Myelolipoma is a common incidental, hormonally inac-
tive, benign adrenal tumor with no malignant potential.
It is bilateral in 5% to 13% of the cases. It contains
mainly fatty tissue with scattered haematopoietic ele-
ments similar to bone marrow histology. Myelolipoma is

bFig. 6. 68-year-old man with bilateral adrenal metastases
from hepatocellular carcinoma (HCC). Axial fat-saturated T2-
weighted (A), pre-contrast T1-weighted (B), post-contrast
arterial phase (C), and delayed post-contrast (D) images
show bilateral large heterogeneous adrenal masses of
intermediately high T2 signal, intermediate T1 signal, and
heterogeneous arterial enhancement with washout on the
delayed phase. Axial diffusion-weighted (E), and apparent-
diffusion coefficient (F) MRI images show moderate diffusion
restriction. Fused axial CT/PET-FDG image (G) shows mild
heterogeneous FDG uptake (arrows). Fused CT/PET-F18
choline (H) image few months after the CT/PET-FDG exam
shows interval increase in size and intense F18 choline
uptake consistent with HCC metastasis (arrows).

Fig. 7. 27-year-old man with diffuse large B-cell lymphoma.
Axial contrast-enhanced CT image (A) shows bilateral
adrenal homogenous masses (solid arrows). Axial contrast-
enhanced CT image (B) shows homogenous superior anterior

mediastinal soft tissue mass (asterisk). Fused axial CT/PET-
FDG images (C, D) show intense FDG uptake of both
adrenals and mediastinal masses (arrows), compatible with
lymphoma.
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Fig. 8. 64-year-old woman with diffuse large B-cell
lymphoma. Axial contrast-enhanced CT (A) and fused axial
CT/PET-FDG (B) images show heterogeneous and FDG-avid
bilateral adrenal masses (arrows) with aortocaval lymph node

(dashed arrow). Follow-up axial contrast-enhanced CT
(C) and fused axial CT/PET-FDG (D) images after full
course of treatment show near complete resolution of the
adrenal masses with complete metabolic response (arrows).

Fig. 9. 4-year-old girl with bilateral neuroblastoma. Axial and
coronal contrast-enhanced CT images (A, B) show bilateral
heterogeneous suprarenal masses (arrows). The left

suprarenal large mass shows heterogeneous calcifications.
The masses cross the midline and encase the blood vessels
without invasion (dashed arrows).
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usually asymptomatic, unless it is large, resulting in a
mass effect or, rarely, complicated by bleeding [14, 41].
Congenital adrenal hyperplasia (CAH) may be associ-
ated with adrenal myelolipomas, usually unilateral but
some are bilateral. It is assumed that prolonged exposure
to elevated ACTH levels plays a role in the development
of adrenal myelolipoma in patients [9, 42].

On imaging, the presence of macroscopic fat is the
main diagnostic feature. On CT, the lesion contains
macroscopic fat (HU < - 30) with interspersed soft
tissue attenuation myeloid tissue (Figs. 11 and 12).
Macroscopic fat on MRI shows high signal intensity on
both T1 and T2 weighted images, which suppresses with
frequency selective fat saturation. Exophytic renal an-
giomyolipoma and retroperitoneal fat-containing lesion
may occupy the suprarenal region mimicking adrenal
myelolipoma. Therefore, careful evaluation and deter-
mination of the lesion origin using different imaging
planes is essential [14]. Macroscopic fat is not exclusively

specific for adrenal myelolipoma. Differential consider-
ations of adrenal lesion with macroscopic fat are not
limited to myelolipoma and include adenoma with
myelo-lipomatous degeneration and adrenal cortical
carcinoma [43, 44]. However, some authors suggest that
any fat-containing adrenal lesion and macroscopic fat
representing more than 50% of lesion should be managed
as myelolipoma [45]. The fat represented more than 50%
of about 80% of radiologically and pathologically eval-
uated myelolipomas [43]. The presences of irregular
margins, heterogeneity, and local invasion should raise
the possibility of rare fat-containing malignancy.

Infectious adrenal process

Tuberculosis is one of the most common infectious
organisms affecting adrenal glands. The incidence of
adrenal tuberculosis is declining in the developed coun-
tries, but is still a common cause of bilateral adrenal

Fig. 10. 47-year-old woman is a known case of type 2 multiple
endocrine neoplasia with bilateral pheochromocytomas. Axial fat-
T2 weighted MR images (A, B) show bilateral intermediately high
signal adrenal lesions (arrows) with cystic changes (dashed
arrows). Arterial (C) and delayed (D) T1 post-contrast axial MR

images show enhancement of the peripheral and solid parts of
both adrenal lesions (arrows). Note the hepatic rim-enhancing
lesion (dashed arrow), consistent with a metastatic lesion. Iodine-
123 MIBG study (E) shows intense uptake of both adrenal lesions
(arrows) and the metastatic liver lesion (dashed arrow).
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lesions and adrenal insufficiency in developing countries.
Adrenal tuberculosis can result in progressive glandular
destruction, which may eventually lead to adrenal
insufficiency. The symptoms of adrenal insufficiency are
usually non-specific and insidious, including weakness,
fatigue, nausea, anorexia, and vomiting [7, 9, 46].

Both adrenal glands are affected in the majority of the
cases [7, 9, 46, 47]. At the early stage, CT examination
frequently shows adrenal mass-like enlargement. Also,
enlarged adrenal glands with preserved contour are a
suggestive feature of infectious etiology, as compared
with most of tumors, which commonly show round or

Fig. 11. 67-year-old patient with incidental bilateral myelolipoma. Coronal contrast-enhanced CT image (A) and two axial
images (B, C) show bilateral adrenal lesions containing macroscopic fat (arrows), consistent with bilateral adrenal myelolipomas.
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oval adrenal masses [46–49]. Adrenal enlargement with
central low attenuation and a peripherally enhancing rim
is another suggestive feature of adrenal tuberculosis
(Fig. 13). At an advanced stage, the enlarged adrenal
glands regress in size or may retain normal size and
configuration due to fibrosis and calcification. Although
calcifications can be seen during different stages of
adrenal tuberculosis, their prevalence is higher in chronic
cases [46–48]. The presence of atrophied adrenals with
calcification is highly suggestive of adrenal tuberculosis
[50]. Adrenal lesion with calcification is not typical in
primary adrenal malignancy, metastasis and untreated
lymphoma [46, 49].

Imaging features suggestive of extra-adrenal tuber-
culosis involving lungs, lymph nodes, peritoneum, and
the spine are helpful, but non-specific, clues in the diag-

nosis of adrenal tuberculosis. However, about 12% of
patients with adrenal tuberculosis may not have evidence
of extra-adrenal tuberculosis [51]. Also, other infectious
processes such as adrenal histoplasmosis can mimic
tuberculosis [52], adrenal lymphoma and metastasis, but
in the differential diagnosis of bilateral heterogeneous
adrenal lesions. Therefore, adrenal biopsy is appropriate
in such clinical settings to confirm diagnosis and com-
mence anti-tuberculosis drugs.

Haematoma

Adrenal hemorrhage is caused by trauma and other non-
traumatic etiologies. Bilaterality is seen in about 20% of
cases. Non-traumatic etiologies include coagulopathy,
stress, venous hypertension, and hemorrhagic tumor.

Fig. 12. Incidentally detected multiple bilateral adrenal
myelolipomas. Multiple axial contrast-enhanced CT images
(A–D) show multiple bilateral adrenal fatty lesions replacing

most of the adrenal glands (arrows), compatible with multiple
bilateral adrenal myelolipomas.

164 M. A. Alshahrani et al.: Bilateral adrenal abnormalities



Fig. 14. 51-year-old man with septic shock, on
anticoagulant. Axial and coronal non-enhanced CT images
(A, B) show bilateral adrenal enlargement with relatively
homogenous high attenuation (right adrenal HU = 68 and left

adrenal HU = 51), consistent with adrenal hemorrhage. Note
the surrounding high attenuation component (blood) and fat
stranding (dashed arrows).

Fig. 13. 70-year-old woman, known case of treated
lymphoma (classical Hodgkin’s lymphoma), presented with
abdominal pain. Axial contrast-enhanced CT image (A) few
years prior to the current acute presentation shows normal
adrenal glands (arrows). Axial contrast-enhanced CT (B) and
corresponding fused axial CT/PET FDG (C) images, at time of
current acute presentation, show new bilateral
heterogeneously enhancing and FDG-avid adrenals masses
(arrows). Non-enhanced axial chest CT image using lung
window (D) shows multiple lung nodules (arrows). Fused axial

CT/PET FDG image (E) shows FDG-avid lung nodule and
mediastinal lymph node. Coronal chest CT image using soft
tissue window (F) shows calcified and non-calcified
mediastinal and hilar lymph nodes (arrows), and bilateral
supraclavicular lymph nodes, some of them are showing
central low attenuation (dashed arrows). Imaging features
and history of lymphoma were highly suggestive of relapsed
disease; however, adrenal and lung biopsies revealed
disseminated tuberculosis.
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Stress causes that may result in adrenal hemorrhage in-
clude sepsis, hypotension, and surgery. The clinical
manifestations are variable and may present with upper
abdominal, back or flank pain with possibly signs of
blood loss. Bilateral adrenal hemorrhage is a rare cause
of Addison’s disease [53–55].

On non-enhanced CT, acute and subacute adrenal
haematoma appear as hyperattenuating (50–90 HU)
adrenal mass with peri-adrenal fat stranding and possible
extension into the perinephric space (Fig. 14). Over time,
haematoma shows reduction in size and attenuation
values, and usually resolves completely. Other possible
long-term outcomes of adrenal hemorrhage include cal-
cifications and pseudocyst formation. On MRI, hema-
toma in the acute stage (< 7 days) shows isointensity to
mild hypointensity on T1-weighted sequence, and
remarkable hypointensity on T2-weighted sequence.
During the subacute stage (1–7 weeks), haematomas
show hyperintensity on both T1-weighted and T2-
weighted sequences. Blood products of different stages
will result in heterogeneous signal (Fig. 15). Classically,
there is a dark rim on both T1 and T2 sequences during
the chronic stage (>7 weeks) secondary to hemosiderin
deposition [53–55].

In patients presenting with non-traumatic adrenal
hemorrhage without risk factors, it is essential to exclude
any underlying hemorrhagic neoplasm or venous con-
gestion. Adrenal congestion can be caused by adrenal
vein, renal vein, or IVC thrombosis. Adrenal congestion
can be suggested by adrenal thickening and surrounding
fat stranding [56]. Contrast-enhanced CT or MRI is
helpful to assess for any venous thrombosis or any
enhancing solid component using a subtraction tech-
nique. Follow-up imaging is also helpful to ensure
interval reduction in size and to rule out an underlying
tumor.

Miscellaneous lesions

Adrenal haemangioma is rare and bilaterality of such an
entity is even rarer. Adrenal haemangioma is usually

cavernous and encapsulated. They have rich peripheral
vascularity and complex central components secondary to
necrosis, calcification, fibrosis, thrombosis, and hemor-
rhage. CT scans usually show calcifications and may
clearly show phleboliths. They tend to have peripheral
enhancement. Centripetal enhancement is less common as
compared to liver haemangiomas because of the higher
tendency of central necrosis in adrenal haemangiomas. On
MRI, adrenal haemangioma shows heterogeneously low
signal intensity on T1-weighted MR images and bright
signal intensity on T2-weighted images except in the cen-
tral fibrotic areas, and the enhancement pattern is similar
to CT. Adrenal haemangioma may show cystic changes
with peripheral and septal enhancement [45, 57]. Adrenal
haemangioma usually poses a diagnostic challenge due to
their rarity, lack of specific imaging features, and central
necrosis and large sizemimickingmalignant lesion. In such
cases, surgical consultation and consideration of resection
is usually appropriate.

In this pictorial review, we have presented a rare and
unusual case of bilateral adrenal involvement in a patient
with Klippel–Trenaunay syndrome (Fig. 16). The dif-
ferential consideration of bilateral predominately cystic
adrenal lesions with scattered calcifications and periph-
eral and septal enhancement in this patient is suggestive
of thrombosed and organized haemangioma or
venolymphatic malformation. Klippel–Trenaunay syn-
drome with unilateral adrenal involvement was previ-
ously reported [58, 59].

Diffuse bilateral adrenal processes

Enlargement

Adrenal hyperplasia is a non-malignant growth and
enlargement of the adrenal glands parenchyma. Gener-
ally, normal adrenal limb thickness is less than 5 mm.
The normal shape of adrenal glands is variable and could
have inverted V, inverted Y, triangular, or linear con-
figuration. Adrenal hyperplasia can be congenital or
acquired, smooth or nodular, and adrenocorticotropic
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hormone (ACTH)-dependent or ACTH-independent
[60–64].

Hypercortisolism in ACTH-dependent cases derive
from pituitary origins (Cushing’s disease) or other non-
pituitary sources such as administration of exogenous
glucocorticoids or ectopic ACTH-secreting tumor
(Cushing’s syndrome). ACTH-dependent adrenal
hyperplasia are commonly smooth (Fig. 17) or lobular,
and less commonly nodular. In the case of Conn’s syn-
drome (hyperaldosteronism), with no imaging evidence
of adrenal adenoma, adrenal hyperplasia is suspected as
an underlying etiology [61, 62].

ACTH-independent hypercortisolism represents 15%
to 20% of Cushing syndrome cases, and is commonly due
to functioning adrenal adenoma or carcinoma. Other
rare causes of ACTH-independent Cushing syndrome
include primary pigmented nodular adrenal dysplasia
(PPNAD) and ACTH-independent macronodular adre-
nal hyperplasia (AIMAH). The PPNAD is known as
bilateral micronodular adenomatosis and micronodular
adrenal disease. The PPNAD can be isolated or associ-
ated with Carney complex. On imaging, adrenal glands
may be normal or mildly enlarged with multiple small
nodules. On the other hand, the AIMAH characteristi-
cally shows remarkably enlarged adrenal glands with
multiple large nodules and masses. The AIMAH may
show signal drop on OP images indicative of intracellular
fat and confusion with multiple adrenal adenomas
(Fig. 18). The treatment of choice for these two rare

entities is bilateral adrenalectomy and glucocorticoid
replacement [63–65].

In CAH, one of the enzymatic steps, most commonly
21-hydroxylase enzyme, required to form cortisol from
cholesterol, is deficient. This results in different degrees
of mineralocorticoid and cortisol deficiency. The inter-
ruption of negative feedback inhibition of ACTH by the
pituitary gland results in adrenal cortical hyperplasia. On
imaging, adrenal glands show enlargement (Fig. 19) with
preserved adrenal configuration [64]. The CAH can be
associated with adrenal myelolipoma [9, 42].

Not every adrenal enlargement is attributed to adre-
nal hyperplasia. Other pathological entities may present
on imaging mainly as adrenal enlargement, such as
adrenal metastasis, lymphoma [14], infectious processes
such as tuberculosis [46], adrenal congestion [56],
inflammatory processes such as Rosai–Dorfman disease
[8], and other systemic conditions such as neurofibro-
matosis type-1[64].

Atrophy

Adrenal insufficiency is due to inadequate release of
corticosteroids. Primary adrenal insufficiency is also
known as Addison’s disease. Secondary adrenal insuffi-
ciency is due to lack of stimulation of the adrenal gland
by the pituitary gland. Adrenal insufficiency is a clinical
and laboratory diagnosis. The most common cause of
Addison’s disease is idiopathic autoimmune disorders.
Granulomatous disease, such as tuberculosis, is the most
common cause in developing countries. Other causes
include sarcoidosis, bilateral adrenal hemorrhage, bilat-
eral neoplasms such as metastases and lymphoma [50,
60].

Imaging features depend on the cause and the course
of the disease. During the chronic stage, both adrenals
appear atrophic and small (Fig. 20). Associating adrenal
calcifications (Fig. 21) is highly suggestive of prior
granulomatous adrenalitis [60, 66]. Adrenal insufficiency
could also be present on imaging with adrenal enlarge-
ment, in the case of bilateral infectious process or adrenal
malignancy [48].

bFig. 15. 74-year-old woman post total knee replacement on
anticoagulant, complaining of abdominal pain. Axial and
coronal contrast-enhanced CT images (A, B) show bilateral
adrenal enlargement with increased attenuation and
surrounding fat stranding. Coronal T1-weighted (C) and T2-
weighted (D) MR images show bilateral adrenal enlargement
with heterogeneous and predominantly central low signal
intensity with peripheral foci of intermediately high signal
intensity (arrows). Axial and coronal contrast-enhanced CT
images (E, F) after 8 months show interval resolution of both
hematomas (arrows).
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Calcifications

Wolman’s disease is a rare autosomal recessive inborn
error of metabolism resulting in fat deposition in multi-
ple organs, including the liver, spleen, and lymph nodes.
Patients usually present during the first few months of
life, with diarrhea, vomiting, and failure to
thrive. Treatment of Wolman’s disease is primarily sup-
portive and generally carries a poor prognosis [67].

On imaging, both adrenal glands are enlarged and
calcified. The diffuse adrenal enlargement with predom-
inantly peripheral calcification is due to cholesterol and
fatty acid crystal deposition and saponification within
the adrenal cortex. On MRI, the calcifications show low
signal intensity on all sequences. CT may show hep-
atosplenomegaly, with diffuse liver low attenuation due
to fatty infiltration (Fig. 22). Also, low attenuation
lymphadenopathy can be seen [68, 69].

Intense enhancement: hypoperfusion complex

In unwell patients with hypoperfusion status, the adrenal
glands demonstrate symmetric bilateral intense
enhancement with attenuation values matching the great

vessels such as abdominal aorta or inferior vena cava
(IVC). IVC slit-like flattening, increased renal enhance-
ment and diffuse bowel wall thickening are another
supportive diagnostic imaging clues of hypoperfusion
complex (Fig. 23). This phenomenon is related to a
sympathetic response to shock to preserve the perfusion
of vital organs including the adrenals [70].

Fig. 16. 32-year-old woman is a known case of Klippel
Trenaunay syndrome. Coronal contrast-enhanced CT (A),
and coronal T2-weighted (B), pre-contrast T1-weighted (C),
and post-contrast T1-weighted (D) images show a
predominantly cystic bilateral adrenal lesions with peripheral
and septal enhancement (white arrows) and few calcifications
(black arrows). The adrenal lesions show high signal foci in
the pre-contrast T1 weighted images (dashed arrows) with no
corresponding enhancement, differential considerations
include blood product or proteinaceous fluid. The enlarged
heterogeneous spleen (white asterisk), retroperitoneal
insinuating cystic lesion (black asterisk, likely
lymphangioma), and left thigh subcutaneous and muscles
heterogeneous attenuation (image A) are related to the
disease involvement.

c
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Fig. 17. 37-year-old woman with Cushing syndrome. Axial
CT image at portal venous phase (A) shows smooth bilateral
adrenal enlargement with preservation of the adreniform
shape (arrows). Axial CT image utilizing lung window at the
level of lung bases (B) shows right lower lobe 9-mm nodule

(arrow). Resection and histopathological assessment of this
lung nodule revealed a carcinoid tumor. The overall findings
are indicative of ACTH-dependent Cushing syndrome due to
ectopic ACTH source from lung carcinoid tumor.

Fig. 18. 56-year-old man is a known case of rectal cancer
with incidental findings suggestive of adrenal hyperplasia.
Axial contrast-enhanced CT image (A) shows bilateral
adrenal thickening with relative preservation of the
adreniform shape (arrows). Axial in-phase T1 weighted MR

image (B) shows intermediate signal intensity of both adrenal
glands (arrows). Axial out-phase T1 weighted MR image
(C) shows diffuse signal drop of both adrenal glands (arrows),
consistent with intracellular fat.

Fig. 19. 16-year-old boy with congenital adrenal hyperplasia. Axial (A) and coronal (B) contrast-enhanced CT images show
bilateral adrenal diffuse nodular enlargement with preservation of the adreniform shape (arrows).
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Infarction

Adrenal infraction is rare, due to the rich blood supply of
the adrenal glands. The arterial supply of the adrenal
gland arises from the inferior phrenic artery, directly
from the aorta, and from the renal artery. There is a
single draining adrenal vein on each side. It is suggested
that microvascular and venous thrombosis in hyperco-
agulable states can lead to adrenal infarction. Adrenal
infarction commonly associated with hemorrhage.
However, adrenal infarctions without hemorrhage were

reported. On imaging, those cases showed adrenal
enlargement with no MRI signs of blood product, or
adrenal enlargement with normal attenuation on non-
enhanced CT or with no adrenal parenchymal enhance-
ment on enhanced CT (Fig. 24). Therefore, adrenal
infarction should be considered in the differential diag-
nosis in patients with abdominal pain, underlying
hypercoagulable state and enlarged adrenals on imaging.
Bilateral adrenal infarctions may result in adrenal
insufficiency [71–74].

Fig. 20. 32-year-old man is a known case of primary Addison’s disease for years. Axial and coronal contrast-enhanced CT
images show remarkably small atrophic adrenal glands (arrows) with no adrenal calcifications.
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Fig. 21. 79-year-old man is a known case of primary
Addison’s disease. Multiple axial contrast-enhanced CT
images (A–D) show small right adrenal gland and partially
calcified left adrenal gland (solid arrows). There is a calcified

retroperitoneal lymph node (dashed arrow). The presence of
calcified lymph node and left adrenal calcifications is
suggestive of prior granulomatous disease such as
tuberculosis.
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Fig. 22. 3-month-old male infant is a known case of
Wolman’s disease. Coronal CT image (A) shows diffuse
bilateral adrenal enlargement and calcification with
preservation of the adreniform shape (arrows). Note the
hepatosplenomegaly with diffuse liver low attenuation
suggestive of fatty infiltration (asterisks). Frontal abdominal
radiograph (B) of another 11-month-old infant with Wolman’s

disease shows bilateral enlarged calcified adrenal glands with
preservation of the adreniform shape (arrows). Coronal fat-
suppressed T2 weighted image (C) and T1-weighted
(D) images of the same patient in image (B) show bilateral
adrenal enlargement and peripheral low signal rim
representing calcification (arrows).
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Fig. 23. 58-year-old man is a known case of rectal cancer
complicated by perforation and shock. Axial contrast-
enhanced CT image few days prior to the acute
presentation (A) shows normal size and enhancement of
both adrenals. Axial and coronal contrast-enhanced CT
images (B–D) show interval mild bilateral adrenal
enlargement with intensely enhancement (solid arrows),

matching the great vessels attenuation. There is diffuse
small bowel wall thickening with inner wall hyperenhancement
(dashed arrows), free fluid (asterisks), foci of free air and
enhancing peritoneal lining (arrows with double line). These
findings are compatible with hypoperfusion complex due to
perforated viscus.
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Fig. 24. 44-year-old woman is a known case of anti-
phospholipid syndrome presented with bilateral adrenal
infarctions. Multiple axial contrast-enhanced CT images (A–
D) show bilateral mildly enlarged adrenals with diffuse
reduced enhancement of most the adrenal glands and
surrounding fat stranding (arrows). There is sharp
demarcation between the distal parts with preserved

enhancement and the more proximally less enhancing
glands (dashed arrows). Axial contrast-enhanced CT image
(E) few months prior to the adrenal infarction shows normal
adrenals (arrows). Axial contrast-enhanced CT image (F) few
years after the infarction at the same level in image (E) shows
interval reduction in size of both adrenal glands suggestive of
adrenal atrophy (arrows).
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Conclusion

Bilateral adrenal abnormalities can be manifested as
masses (Table 1), enlargement, atrophy, or abnormal
enhancement. Adrenal adenoma is the most common
adrenal lesion and usually diagnosed confidently using
non-enhanced CT, CS-MRI, or CT washout study.
Adrenal metastasis and lymphoma can show variable
and non-specific imaging features and both should be
highly considered in the presence of a known primary
malignancy or lymphoma. Pheochromocytoma and
neuroblastoma are primary adrenal lesions that may
present bilaterally, raising the possibility of familial or
syndromic association. Both usually show MIBG up-
take. Adrenal tuberculosis is usually bilateral and can
mimic malignancy, necessitating adrenal biopsy in some
instances. Adrenal hemorrhage can be bilateral and can
present as mass-like adrenal lesion. Imaging features and
clinical information are usually sufficient to diagnose
adrenal hemorrhage. Adrenal enlargement usually, but
not always, indicates underlying adrenal hyperplasia

(Supplementary material: Algorithm 1). Adrenal atrophy
suggests adrenal insufficiency, and is likely a sequel of
prior granulomatous disease when associated with
adrenal calcifications. Intense diffuse adrenal enhance-
ment should raise the possibility of hypoperfusion com-
plex. Adrenal enlargement with reduced or absent
adrenal enhancement may suggest adrenal infarct in
high-risk patients. Bilateral adrenal enlargement and
diffuse predominantly peripheral calcifications are classic
imaging findings of Wolman’s disease.
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Table 1. The differential diagnosis and imaging features of bilateral adrenal masses [10, 14, 15]

Entity Bilaterality
(%)

NECT CECT CS-MRI Other features

Adenoma 20 HU < 10 is
diagnostic for
70% of ade-
nomas (lipid
rich)

APW > 60% and
ARW > 40% are
highly specific for
both lipid-rich and
lipid-poor adenomas

Signal drop of in op-
posed-phase. Charac-
terize lipid-rich
adenoma and some of
the lipid-poor adeno-
mas

Typical adenoma is small (< 4 cm),
well defined, and homogenous.
Atypical adenoma may be large
and heterogeneous with hemor-
rhage, calcifications, or cystic or
fatty degeneration

Metastasis 50 HU ‡ 10, how-
ever, cystic/
necrotic chan-
ges can be
< 10

Hypervascular metas-
tases can washout in
the adenoma range

RCC and HCC metasta-
sis may show SI drop
on opposed-phase
imaging

In patient with a known malig-
nancy, FDG PET has high sensi-
tivity and specificity. Incidental
adrenal metastasis from unknown
malignancy is extremely rare

Lymphoma 43 HU ‡ 10, how-
ever, cystic/
necrotic chan-
ges can be
< 10

Variable attenuation
and enhancement

NA Usually PET FDG avid. Primary
adrenal lymphoma is rare. Look
for signs of lymphoproliferative
disease elsewhere

Neuroblastoma 10–20 Calcifications Variable attenuation
and enhancement

NA Usually MIBG avid. Tends to cross
the midline and encase adjacent
vessels

Age (usually < 3–4 years) is a use-
ful clue.

Pheochromocytoma 10 May simulate
adenoma.
Cystic and ne-
crotic change
can be £ 10
HU

Can washout in the
adenoma range

No reported cases Usually shows MIBG uptake. Con-
sider associating syndromes

Myelolipoma 5–13 Macroscopic fat NA India ink outlining
macroscopic fat on
opposed-phase

May show calcifications or hemor-
rhage

Granulomatous
infection

90 Variable, calcifi-
cation

Variable NA Cystic/necrotic changes may mimic
malignancy. Biopsy may be nec-
essary

Hematoma Usually
unilat-
eral

Variable
depending on
the stage of
hemorrhage

No enhancement Variable depending on
the age of blood prod-
ucts

Clinical history of trauma, stress or
bleeding tendency is usually
helpful clue
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