
ABDOMI NAL CT-AN UPDA TE ON APPLICATIONS AND NEW DEV ELOPMENTS (H. TEH, SECTION EDITOR)

An Update of Practical CT Adrenal Imaging: What Physicians
Need to Know

Brinda Rao Korivi • Khaled M. Elsayes •

Silvana Faria de Castro • Naveen Garg •

Aliya Qayyum

Published online: 4 March 2015

� Springer Science+Business Media New York 2015

Abstract Computed tomography (CT) is increasingly

being utilized for patient care, with a subsequent increase

in the detection of incidental adrenal masses. It is important

for physicians to be familiar with the various current and

investigational CT techniques used to image and charac-

terize adrenal masses, including noncontrast CT, dual-en-

ergy CT, post-contrast imaging with percentage washout

calculations, and investigational techniques including his-

togram, perfusion, and biphasic CT analyses. Once an in-

cidental adrenal mass is detected, it is important to utilize

current CT adrenal imaging techniques to characterize

adrenal masses and differentiate the indolent adrenal

masses that may be left alone from malignant and symp-

tomatic masses that need timely medical or surgical man-

agement. Current CT imaging techniques can be utilized to

differentiate benign adrenal masses from malignant coun-

terparts. In this article, we describe the common CT fea-

tures of benign adrenal masses, including hyperplasia,

adenoma, pheochromocytoma, and myelolipoma. We also

describe the common CT features of malignant adrenal

masses, including metastases, and adrenal cortical

carcinoma.
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Introduction

The increased utilization of computed tomography (CT)

imaging has resulted in increased detection of incidental

findings in patients, including adrenal lesions. Ap-

proximately 4 % of CT scans have incidentally discovered

adrenal lesions [1–4]. Various imaging modalities can be

used for evaluating the adrenal gland, including MRI, PET

imaging, and CT. In this article, we discuss CT as the most

frequently used modality for initial evaluation of adrenal

masses owing to its high sensitivity and specificity wide-

spread availability. In one study, solitary adrenal lesions

greater than 1 cm were detected in 8.7 % of a selected

group of patients older than 65 years [5]. It is therefore

important to be familiar with the imaging features of

adrenal lesions and to the imaging characteristics that may

be helpful in distinguishing benign from malignant lesions.

With the advancement of adrenal imaging techniques,

imaging characterization of adrenal lesions readily and

efficiently performed, and can reduce the need for addi-

tional clinical work-up. Only in a small fraction of cases is

surgery indicated, since the majority of adrenal lesions are

benign, and are either hormonally inactive or have low

activity.

In this article, we review the various CT acquisition tech-

niques of imaging adrenal lesions, including noncontrast CT,

post-contrast attenuation measurements (including arterial,

venous, and delayed imaging), absolute and relative washout

measurements, dual-energy imaging, and histogram analysis.

After discussion of various CT techniques, we describe CT

features of commonly encountered adrenal lesions, including
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adrenal hyperplasia, adenomas, myelolipoma, adrenal cortical

carcinoma (ACC), and metastases.

CT Techniques for Imaging Adrenal Lesions

Noncontrast CT

The measurement of the unenhanced attenuation values of

adrenal lesions is important in diagnosing lipid-rich ade-

nomas. Typical scanning parameters for CT adrenal

imaging include a slice thickness of 3–5 mm, range of

200–300 milliampere second (mAs), and 120 peak kilo-

voltage (kVp). If an adrenal mass measures less than

10 Hounsfield units (HU), it is characteristic of a lipid-rich

adenoma, and no further work-up is required [3, 6].

Contrast-Enhanced CT

If an adrenal lesion measures [10 HU on noncontrast CT,

post-contrast imaging after intravenous contrast adminis-

tration in venous and delayed phases with calculation of

absolute and relative enhancement washout values may be

helpful. The washout calculation is the most widely uti-

lized technique for evaluation of adrenal masses [7•, 8].

For the absolute contrast enhancement washout

(ACEW), a noncontrast, 60 s post-contrast, and 10–15 min

post-contrast delayed phases are obtained, in which ap-

proximately half the mass is included in the measurement

field. The percentage of ACEW is calculated as:

contrast-enhanced HU at 60 s�delayed contrast HUð Þ=½
contrast-enhanced HU at 60 s�noncontrast HUð Þ��

100:In a study by Caoili, the ACEW with a 60 % washout

threshold to distinguish adenomas from non-adenomas had

a sensitivity of 98 % and a specificity of 92 %. The

specificity increased to 97 % if adenomas were compared

to metastases [9••].

Because ACEW measurements require a noncontrast

HU measurement and are not always obtained in daily

practice, relative contrast enhancement washout patterns

(RCEW) can be obtained as an alternate measurement [10].

The percentage of RCEW is calculated as: %RCEW ¼
contrast-enhanced HU at 60 s� delayed contrast HUð Þ=½

contrast-enhanced HU at 60 sð Þ� � 100:Caoli reported uti-

lizing 40 % as the threshold relative enhancement value for

the differentiation of lipid-poor adenomas from non-ade-

nomas, with a sensitivity of 82 % and the specificity of

92 % [11–15].

Dual-Energy CT

Noncontrast dual-energy CT has been utilized to differen-

tiate adenomas from non-adenomas, using the principle

that decomposition of material may be performed through

differences of attenuation at different energy levels. The

different levels of energy enable differentiation between

tissues with the same attenuation values on routine CT.

Dual-energy characterization is based on the principle that

an adrenal lesion exhibits different attenuations at different

voltage settings. In one study, 31 nodules were measured at

140 and 80 kVp. Adenomas exhibited a decrease in lesion

attenuation due to intracellular lipid content at 80 kVp

compared with 140 kVp, with 50 % sensitivity and 100 %

specificity [11]. Because of the low sensitivity (50 %), this

technique currently has limited use and is undergoing

continued investigation.

Dual-energy imaging has been performed with IV con-

trast, utilizing the adrenal protocol. The protocol includes

unenhanced images, early and delayed contrast-enhanced

CT images at 1 and 15 min. In one study, 49 adrenal

masses were studied utilizing 120 kVP noncontrast CT, and

80 and 140 kVp early and delayed post-contrast dual-en-

ergy CT [16]. Absolute percentage loss of enhancement

was calculated. It was determined that adrenal protocol

dual-energy using unenhanced CT and washout rate does

help in diagnosis of all lipid-poor adenomas. The at-

tenuation values on dual-energy unenhanced CT were

overall higher than a noncontrast CT. Therefore, the dual-

energy noncontrast CT and washout rate had a lower sen-

sitivity than noncontrast CT for lipid-rich adenomas [16].

A less common, experimental CT protocol of adrenal

imaging used to differentiate adenomas from non-adeno-

mas is quadriphasic imaging. The quadriphasic protocol in

one study included an unenhanced phase, arterial phase at

35 s, venous phase at 80 s, and a 5-min delayed phase [17].

Quadriphasic imaging is a relatively novel method that

allows for a faster workflow because of its 5-min delayed

scan instead of a 10- or 15-min delayed scan [18]. The

study demonstrated that the most frequent peak enhance-

ment for adrenal lesions was in the portal phase in 67 % of

lesions (70/104), versus in the arterial scan in which the

peak enhancement occurred in 20 % of lesions (21/104).

The arterial and portal venous phases were not as useful in

distinguishing adenomas from non-adenomas. However,

the relative peak washout represented the best imaging

parameter for distinguishing between the two. The accu-

racy of distinguishing adenomas from non-adenomas by

quadriphasic imaging was 86.5 % in unenhanced scans,

90.1 % with relative peak washout calculations with a

greater than 30 % threshold, and 85.7 % for absolute

washout calculations [18]. Quadriphasic imaging remains

an investigational method, and not commonly used because

of the need for delayed imaging at 10 and 15 min in order

to obtain washout calculations, despite the tendency to

better characterize non-adenomas from adenomas, as de-

scribed in a previous section above.
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Biphasic CT is another less common technique used to

differentiate adenomas from non-adenomas by utilizing a

relative wash-in ratio. In a study by Foti, noncontrast, ar-

terial, and portal phase images were obtained [17]. The

relative percentage wash-in ratio of adrenal lesions from

unenhanced to the portal venous phase was calculated as:

relative percentage wash-in ratio = 100 9 (PA - NA)/

NA, in which PA was the lesion attenuation in HU mea-

sured from the portal venous phase scan and NA was the

lesion attenuation on the unenhanced scan. Relative per-

centage wash-in ratio from the arterial phase to the portal

venous phase was also calculated as follows: relative per-

centage wash-in ratio = 100 9 (PA - AA)/AA, in which

PA was the lesion attenuation in HU measured on the

portal venous phase scan and AA was the lesion attenua-

tion on the arterial phase scan. The study examined the

difference in the relative percentage wash-in ratio in the

arterial and portal venous phases. It was theorized that

benign lesions theoretically have patent vessels that enable

easy contrast passage. Therefore, they have fast wash-in

and washout from the arterial to portal phases. On the other

hand, malignant lesions exhibit higher resistance to con-

trast flow and slow wash-in and washout patterns, due to a

high cellular density and densely packed vessels [17]. In

terms of wash-in techniques, venous phase post-contrast

imaging was demonstrated to be useful in distinguishing

adenomas from pheochromocytomas, which exhibits

overall higher enhancement values. A limitation of bipha-

sic imaging is that, due to overlap in contrast enhancement

patterns between adenomas and non-adenomas, the wash-

in patterns are not always reliable [17].

Perfusion Analysis

Adrenal gland perfusion analysis is another less common

investigational technique and is based on the premise that

blood flow perfusion of adrenal masses of various histo-

logical types is evaluated using deconvolution algorithm-

based CT perfusion software. The blood flow perfusion pa-

rameters of adenomas and non-adenomas are examined, in-

cluding blood flow, blood volume, mean transit time, and

permeability surface-area production, which reflect adrenal

nodule angiogenesis. Surface-area production and blood

volume parameters differ between adenomas and non-ade-

nomas. Adenomas have a higher permeability surface-area

production value than do non-adenomas. When the blood

volume was 9.325 mL/min per 100 g (P \ 0.05), adenomas

had a sensitivity of 76.9 % and specificity of 73.2 % [19].

Histogram Analysis

The histogram analysis method is another uncommon, in-

vestigational CT technique for characterizing adrenal

lesions, particularly adenomas. In this method, a cursor is

placed over approximately two-thirds of an adrenal mass,

not including areas of necrosis. The method measures the

number of pixels with negative attenuation and is used to

identify the negative pixels on enhanced and unenhanced

scans. The individual attenuation characterizes ap-

proximately 91 % of adenomas. Some studies have

demonstrated a need for a threshold of greater than 10 %

negative attenuation pixels for a high specificity. Although

the specificity is high (over 90 %), this analysis is not a

useful supplement for contrast CT scans due to a low

sensitivity of 12 %. Its results are also variable based on

the scanner and scanning technique used [20–24].

Commonly Encountered Adrenal Lesions

The normal adrenal gland has a variable shape and can be

linear, inverted V or Y, triangular (Fig. 1) [25, 26]. One

study found that normal adrenal limbs should be B3–5 mm

[26].

Fig. 1 Normal adrenal gland. a Contrast-enhanced axial CT scan

image and b coronal reformatted image show the triangular shape of

the adrenal glands (arrows) and its relationship to the diaphragm and

kidneys
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AdenomaAdenomas are the most prevalent adrenal le-

sion and have been detected in 2–9 % of autopsies. The

frequency of adenomas is related to age, with these lesions

occurring in approximately 0.14 % of 20- to 29-year-olds,

and 7 % of persons older than 70 years old.

The size of adenomas ranges, with the majority mea-

suring, 2–2.5 cm [27]. Rarely, adenomas are larger, mea-

suring up to approximately 4–6 cm [4]. No definitive size

criterion exists to definitively distinguish benign from ma-

lignant adrenal lesions. A study by Wajchenberg et al. found

that adrenal lesions less than 3 cm are likely to be benign

and lesions greater than 3 cm are likely to be malignant

[28]. Typically, with no history of cancer, adrenal lesions

smaller than 3 cm are likely to be benign. If an adrenal

lesion is larger than 5 cm, surgical removal is advised [29].

Adenomas are usually well defined. The majority are

homogeneous on noncontrast imaging. An important fea-

ture is the presence of intracellular lipid. The attenuation

values depend on the amount of lipid. Lipid-rich adenomas

range from -2 to 16 HU on noncontrast imaging (Fig. 2).

Lipid-poor adenomas constitute about 10–40 % of adeno-

mas, with higher attenuation on noncontrast imaging of

20–25 HU (Fig. 3) [25, 30]. Adenomas can be character-

ized by utilizing the washout calculations previously de-

scribed. Irrespective of the lipid content, adenomas

typically demonstrate rapid washout, with an absolute

percentage washout (APW) of greater than 60 % and

relative percentage washout (RPW) greater than 40 %.

Occasionally adenomas can hemorrhage, as depicted by

areas of increased attenuation and heterogeneity [29]. The

differentiation between nonfunctioning and hyperfunc-

tioning adenomas is a clinical diagnosis and cannot be

made on CT imaging.

Hyperplasia

One study found that normal adrenal limbs should

be B3–5 mm [26]. In adrenal hyperplasia, the medial and

lateral limbs are larger and can present as smooth, nodular,

or lobular. The CT attenuation is typically similar to that

for a normal adrenal gland, with pre-contrast imaging

lower in a few cases. In one study using a 3-mm cutoff,

sensitivity for hyperplasia was 100 % and specificity was

54 % [31]. In that study using a 5-mm cutoff, sensitivity

was 47 % and specificity was 100 % [31]. Hyperplasia can

be caused by hormonal abnormalities, including Cushing’s

syndrome (hypercortisolism) and Conn’s syndrome

cFig. 2 Lipid-rich adrenal adenoma. a Pre-contrast-enhanced axial CT

scan image demonstrates a well-defined round homogeneous lesion

(white arrows) in the right adrenal gland. The pre-contrast attenuation

measurement is -6 HU. b On the dynamic enhanced phase at 60 s

after intravenous administration of contrast material, the attenuation

measurement is 60 HU. c On the 15-min delayed image, the

attenuation of the lesion is 18 HU. The calculated absolute contrast

enhancement washout is 63 %, suggestive of a lipid-rich adenoma.

Patient is a 66-year-old woman with hepatic metastases from small

bowel neuroendocrine cancer (black arrows)
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(hyperaldosteronism) (Fig. 4) [25, 31]. Identification of

hyperplasia necessitates clinical evaluation, since it can be

associated with hormonal abnormalities.

Myelolipoma

Myelolipomas are benign, typically incidental tumors

composed of adipose tissue and hematopoietic tissue They

commonly originate from the adrenal gland and rarely from

an extra-adrenal location. Myelolipomas have been re-

ported to range in size from 2 to 17 cm, with an average of

10 cm [6, 32, 33]. The CT presentation features a well-

circumscribed lesion containing various amounts of soft

tissue and fat (Fig. 5). The presence of macroscopic fat

measuring -30 to -100 HU is characteristic of a

myelolipoma. One study found that 50–90 % of

myelolipomas contain fat, around 75 % have a pseudo-

capsule, and approximately 24 % have calcifications [34,

35].

A myelolipoma is a nonfunctional tumor and is typically

asymptomatic. Symptoms can arise due to hemorrhage; in

such cases patients can present with hypotension, pain, and

vomiting (Fig. 6). A myelolipoma can also undergo

necrosis or mass effect, also causing symptoms.

Adrenal Metastases

The most common malignant process involving the adrenal

gland is metastasis. The adrenal gland is a common site of

metastatic disease, preceded only by metastases of the

lung, liver, and bone. In non-adrenal-related cancers, ap-

proximately 50–75 % of detected adrenal masses are

metastases. Over 90 % of adrenal metastases in one study

were from carcinomas, including lung, breast, colon, renal,

pancreatic, esophageal, gastric, and hepatobiliary carcino-

mas [36, 37]. Approximately 56 % were adenocarcinomas,

15 % were squamous, and the remainder included me-

lanomas, sarcomas, and hematopoietic tumors. In patients

younger than 40 years old, common primary tumors with

Fig. 4 Adrenal hyperplasia. Contrast-enhanced axial CT scan image

demonstrates diffuse thickening of the limbs of the bilateral adrenal

glands (arrows) in a 27-year-old man with Cushing syndrome

Fig. 3 Lipid-poor adrenal adenoma. a Pre-contrast-enhanced axial

CT scan image demonstrates a well-defined homogeneous round

lesion in the left adrenal gland (arrows). The pre-contrast attenuation

measurement is 16 HU. b On the dynamic enhanced phase at 60 s

after intravenous administration of contrast material, the attenuation

measurement is 76 HU. c On the 15-min delayed image, the

attenuation of the lesion is 34 HU. The calculated absolute contrast

enhancement washout is 70 %, suggestive of a lipid-poor adenoma.

Patient is a 66-year-old man with melanoma
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adrenal metastases include lung cancer, stomach cancer,

and leukemia/lymphoma. One study reported that adrenal

metastases are bilateral in 49 % of cases; when unilateral,

metastases are more common on the left side [27, 38]. The

CT presentation of metastases is variable. Hypervascular

metastases, including those of renal cell carcinoma, can

enhance avidly like pheochromocytomas. Typically

metastases have noncontrast attenuation values [10 HU

[7•]. A study by Blake et al. demonstrated that pre-contrast

values range from 14 to 50 HU, with an average APW of

30.8 % and RPW of 15.3 % [39]. Metastases tend to have a

slower washout pattern on delayed imaging, with an APW

of \60 % and RPW of \40 %, in contrast to adenomas,

which tend to have an APW of [60 %, and RPW

of [40 % (Figs. 7, 8, 9, 10) [36, 40–42].

Adrenal Cortical Carcinoma

The prevalence of ACC is bimodal, with these tumors

occurring during the 1st and 4th decades. Because the tu-

mor is hormonally active, it is typically detected earlier.

Fig. 5 Myelolipoma. a Pre-contrast-enhanced axial CT scan image

demonstrates a well-defined heterogeneous lesion containing soft

tissue and macroscopic fat (white arrows). b Post-contrast-enhanced

axial CT scan image and c coronal reformatted image show the origin

of the mass (white arrows) from the right adrenal gland and

compression of the right kidney inferiorly, suggestive of a myelolipo-

ma. Patient is a 77-year-old man. Note the normal left adrenal gland

(black arrow)

Fig. 6 Myelolipoma with hemorrhage. a Pre-contrast-enhanced axial

CT scan image demonstrates a large heterogeneous fat lesion with

high attenuation content (arrows), suggestive of hemorrhage. b Post-

contrast-enhanced axial CT scan image shows the origin of the mass

from the right adrenal gland displacing the inferior vena cava

anteriorly, suggestive of a hemorrhagic myelolipoma. Patient is a

51-year-old man. Note the normal left adrenal gland (black arrow)
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Fig. 8 Adrenal metastasis. a Pre-contrast-enhanced axial CT scan image

demonstrates an enlarged lesion in the left adrenal gland (arrows), with

attenuation of 30 HU. b Dynamic enhanced axial CT scan image obtained

at 60 s after intravenous administration of contrast material demonstrates an

attenuation of 38 HU. c Delayed image demonstrates persistent enhance-

ment of the adrenal gland lesion, with an attenuation of 42 HU. There is no

washout of contrast at the delayed images. These imaging findings are

suggestive of an adrenal gland metastatic lesion. Patient is a 56-year-old

man with melanoma. Biopsy confirmed the diagnosis of metastasis

Fig. 7 Adrenal metastasis. a Pre-contrast-enhanced axial CT scan

image demonstrates an enlarged lesion in the left adrenal gland

(arrows), with attenuation of 35 HU. b Dynamic enhanced axial CT

scan image obtained at the portal venous phase after intravenous

administration of contrast material demonstrates an attenuation of

69 HU. c Delayed image demonstrates an attenuation of 55 HU. The

calculated relative washout is 20 % in this 73-year-old man with

melanoma suggestive of an adrenal gland metastatic lesion. Biopsy

confirmed the diagnosis of metastasis
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Patients may present with a palpable mass or abdominal

symptoms. In approximately 55 % of ACCs (range of

26–94 %), symptoms of hypertension, feminization, viril-

ization, or Cushing syndrome are detected [28]. ACCs are

typically large masses, with a size range of 4–25 cm and

the average being [6 cm. The degree of hormonal activity

is typically inversely proportionate to tumor size [28, 43].

On noncontrast imaging, ACCs are typically heteroge-

neous, particularly larger tumors, due to the presence of

necrosis. Calcifications, more commonly microcalcifica-

tions, have been identified in 19–33 % of cases in one

study [44]. The tumors typically exhibit heterogeneous

enhancement, occasionally with a thin-rim-enhancing

capsule (Fig. 11). The degree of heterogeneity and larger

size are more reliable features than the washout features.

ACCs typically have an RPW of less than 40 %. Invasion

of the inferior vena cava is a classic feature of advanced

ACCs [29, 44, 45]. The most common metastatic site is the

Fig. 10 Adrenal metastasis. Contrast-enhanced axial CT scan image

demonstrates avid enhancing lesions in the bilateral adrenal glands

(arrows) in a 70-year-old woman with renal cell carcinoma,

suggestive of bilateral metastatic lesions. Biopsy confirmed the

diagnosis of metastasis

Fig. 11 Adrenal cortical carcinoma. a Pre-contrast-enhanced axial

CT scan image demonstrates a large heterogeneous lesion with

calcifications (arrow) originating from the right adrenal gland.

b Contrast-enhanced axial CT scan image demonstrates the hetero-

geneous enhancement of the lesion (arrow), suggestive of an adrenal

cortical carcinoma. Patient is a 67-year-old woman

Fig. 9 Adrenal metastasis. Contrast-enhanced axial CT scan images

at baseline (a) and at 4 months after the diagnosis (b) demonstrating

an interval increase in size of the metastatic lesions (arrows) in the

bilateral adrenal glands of a 50-year-old man with non-small cell lung

cancer. Biopsy confirmed the diagnosis of metastasis

12 Page 8 of 11 Curr Radiol Rep (2015) 3:12

123



liver; other sites of involvement include the lung and

lymph nodes [44].

Pheochromocytoma

The prevalence of pheochromocytomas is 0.1–0.2 % in

patients presenting with hypertension. A common symp-

tom is new onset, paroxysmal, refractory, or recently

exacerbated hypertension [46]. Pheochromocytoma has

been shown to follow the rule of 10 s, with 10 % being

malignant, bilateral, extra-adrenal, and familial [36].

Approximately 10 % of pheochromocytomas are asymp-

tomatic. Patients with symptoms present with headache,

flushing, and palpitations [27]. In 10 % of cases,

pheochromocytomas can be associated with a variety of

syndromes, including von Hippel-Lindau disease, neurofi-

bromatosis, Sturge-Weber syndrome, tuberous sclerosis,

and multiple endocrine neoplasia type 2 [46]. The diag-

nosis of pheochromocytoma can be made from laboratory

tests. A 24-h vanillylmandelic acid, catecholamines, and

metanephrines can be obtained. Plasma-free metanephrine

levels can also be measured, typically when there is a high

clinical suspicion for pheochromocytoma. The size of

pheochromocytomas varies. They tend to be larger than

adenomas, but not as large as metastases. The functional

masses tend to be smaller than the nonfunctional ones. On

CT, the classic presentation is strong enhancement [47]. A

study demonstrated that nonionic intravenous contrast is

safe for pheochromocytoma patients not taking alpha-

blocker medications prior to the scan [48]. The contrast

washout pattern can be variable. Pheochromocytomas can

contain intracellular fat, calcification, and/or areas of cystic

degeneration. Approximately 3–19 % of pheochromocy-

tomas demonstrate fluid attenuation. The washout pattern

may mimic a lipid-poor adenoma, with an APW of greater

than 60 % and RPW greater than 40 %. A study by Patel

et al. found that in 24 cases of pheochromocytomas, there

was a 33 % overlap of enhancement patterns with lipid-

poor adenomas, when using absolute and relative washout

criteria with triphasic CT [49]. Dual-phase CT imaging has

been used to differentiate pheochromocytomas from lipid-

poor adenomas. A study by Northcutt et al. demonstrated

that pheochromocytomas tend to have higher degrees of

cFig. 12 Pheochromocytoma. a Pre-contrast-enhanced axial CT scan

image demonstrates a lesion in the right adrenal gland. Contrast-

enhanced axial CT scan image at the arterial phase (b) and portal

venous phase (c) shows intense enhancement of this lesion. d Con-

trast-enhanced axial CT scan obtained 15 min after the injection of

contrast shows washout of the lesion in a 16-year-old man with von

Hippel–Lindau disease. The pre-contrast, arterial phase, portal venous

phase, and delayed attenuation measurements are 45, 160, 180, and

80 HU, respectively. The relative calculated washout is 55.6 %
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enhancement in the arterial phase and tend to measure

greater than 110 HU in the arterial phase. That study also

demonstrated that pheochromocytomas tend to have

heterogeneous features in comparison with adenomas. [50]

In contrast, adenomas tend to have equivalent imaging

across the arterial and venous phases or increased en-

hancement on venous imaging instead of arterial imaging

[50]. Pheochromocytomas tend to have a greater percent

washout than metastases (Fig. 12) [51, 52]. A study

demonstrated that nonionic intravenous contrast is safe for

pheochromocytoma patients not taking alpha-blocker

medications prior to the scan.

Conclusion

Adrenal masses are commonly detected with the increased

use of CT imaging for medical diagnoses. It is important

for physicians to be familiar with the CT imaging tech-

niques commonly used to characterize adrenal masses as

well as the typical CT presentations of benign and malig-

nant masses in order to avoid unnecessary work-up and to

be able to determine which adrenal masses can be left

alone and which need to be medically or surgically

managed.
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