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Abstract

Analysis of CT scan parameters to determine adrenal mass: Adrenocortical carcinoma, Lipid
poor adrenal adenoma, and Pheochromocytoma

Objective: The objective of this study is for clarity the important CT parameters to differentiate adreno-
cortical carcinoma, lipid poor adrenal adenoma and pheochromocytoma.

Materials and methods: Institutional review board approved a retrospective review. Including patients
who were diagnosed as adrenocortical carcinoma, adrenal adenoma and pheochromocytoma at Siriaj Hospital, under-
went abdominal CT scan from January 2005 to December 2013. All patients had surgery and the pathological records.
The adrenal adenoma with low density less than 0 HU (lipid-rich adenoma) was excluded. The data of all patients was
recorded in sex, age, presenting symptom and multiple parameters from CT scan including size, location, attenuation
on precontrast CT, homogeneity, border, calcification, hemorrhage, cystic or necrotic component, contrast washout
(%), ectatic vessel, local invasion and metastasis.

Results: Adrenocortical carcinoma had larger size and higher attenuation on precontrast CT when com-
pared to adrenal adenoma with statistically significant. Homogeneity, border, enhancement, calcification, cystic or
necrotic portion, local invasion, vascular invasion were also CT parameters helping distinguish three groups of adrenal
masses. Ectatic vessels in adrenal tumor indicated malignant potential.

Conclusion: A combination of various CT parameters can be useful to differentiate adrenal tumors.

*Division of Diagnostic Radiology, Department of Radiology,
†Department of Pathology, Faculty of Medicine Siriraj Hospital, Mahidol University
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Analysis of CT scan parameters to determine adrenal mass: Adrenocortical carcinoma,
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Introduction
Computer tomography for tumors of the adrenal

gland has benefit in diagnosis, staging, evaluation of ex-

tension, follow up result of treatment and surveillance

for recurrence. The most common tumor of the adrenal

gland is adrenal adenoma. It is usually small in size and

typical CT finding: a well-defined low density adrenal

tumor due to intracellular lipid content. In clinical prac-

tice, whenever the patient presented with abnormal hor-

mone production, CT scan is the image tool for diagno-

sis of adrenal tumor. However, there are non-specific

symptoms for each cell type of masses due to various

hormone production of adrenal gland and sometime the

adrenal tumor was incidentaloma from CT images. Fur-

thermore CT findings of each the adrenal tumors have

some overlap findings. Adrenal tumors included adreno-

cortical carcinoma, lipid poor adrenal adenoma and pheo-

chromocytoma are usually in differential dagnosis of CT

image if clinical text is not supported. This is challenge

the diagnosis from both clinical context and imaging find-

ings.

 Other adrenal tumors such as primary adrenal lym-

phoma, adrenal sarcoma which are rare. Lipid rich adre-

nal adenoma and adrenal myelolipoma have unique CT

characteristic to determine. Adrenal metastases are also

excluded from this study because of variety of imaging

characteristics from the different primary cancer and the

CT interpretation is based on underlying cancer.

Many studies1-4 try to differentiate adrenal tumors

by using CT characteristics, enhancement and washout

pattern, and also other image modalities: chemical shift

MRI, PET/CT. This study needed to focus on CT findings

because the CT scan is the main general use for diag-

nostic radiology. The objective of the study is to analysis

of CT scan parameters to determine the common prob-

lem adrenal mass: Adrenocortical carcinoma, lipid poor

adrenal adenoma, and pheochromocytoma.

Material and method

Institutional review board approved a retrospective

review included patients who were diagnosed as adreno-

cortical carcinoma, adrenal adenoma and pheochromocy-

toma, by ICD-10 at Siriaj Hospital as followed

- Malignant neoplasm of adrenal gland C74

(I) Cortex of adrenal gland (C74.0)

(II) Medulla of adrenal gland (C74.1) : Pheochro-

mocytoma

- Adrenal adenoma D35.0

- Pheochromocytoma

(I) Benign D35.0

(II) Malignant C74.1

All the patients included in this study had abdomi-

nal CT scan on Picture Archiving and Communication

System (PACS) at Siriraj Hospital before surgery from

January 2005 to December 2013 and had pathological

result in Éclair system of the Siriraj Hospital.

The exclusion criteria was as followed:

All masses with low density defined as density on

non-contrast phase CT scan less than 0 HU. (to exclude

definite of lipid rich adenoma).3,5

The CT Technique

All CT scans were performed with one of two MDCT

scanners (Somatom Definition, Siemens Medical Solu-

tion, Germany; and Light Speed VCT, General Electric

Medical Systems, Milwaukee, Wisconsin, USA).All CT

studies were obtained without and with intravenous con-
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trast administration.

Imaging analysis

The preoperative CT scan of each patient at Picture

Archiving and Communication Systems workstations

(PACS; Synapse, Fujifilm Medical Systems) was inde-

pendently re-evaluated by 2 radiologists who have expe-

rience in abdominal imaging (15 years-experience and 12

years-experience) The two radiologists were blinded in

clinical and pathological result. If there was any differ-

ence in each parameter, two radiologists discussed for

the consensual result. Numerical data of each patient

from two radiologists were calculated into mean for analy-

sis (size of mass, attenuation on precontrast phase, at-

tenuation on portovenous phase and attenuation on de-

layed phase). Contrast washout was calculated from mean

data of attenuation on precontrast phase, portovenous

phase and 10-min delayed phase.

Computer tomography parameters for mass

evaluation

- Size of mass (centimeters) defined as the longest

diameter of the adrenal mass on axial view by using

electronic caliper

- Location; left side, right side or both sides

- Attenuation on precontrast phase (Hounsfield unit,

HU) was measured by using circular region-of-interest

(ROI) cursors placed over the adrenal mass and not in-

cluded areas of calcification, hemorrhage, cystic and ne-

crosis. The edge of lesion was avoided to preclude par-

tial volume effect.

- Homogeneity classified as homogeneous or het-

erogeneous density

- Border classified as smooth or irregular.

- Calcification defined as area of density more than

100 HU on precontrast phase

- Hemorrhage defined as area of density about 30-

50 HU on precontrast phase

- Cystic or necrotic component defined as area of

density about 0-20 HU on precontrast phase and no en-

hancement after contrast medium administration.

- Ectatic vessels defined as dilated tortuous

intratumoral vessels seen on post contrast phases.

- Contrast washout (%), if the CT protocol is com-

plete for calculation and the formulas were as followed2,6,7

1.) Absolute contrast washout =

(HU on portovenous phase - HU on delayed phase 10 minutes) x 100

(HU on portovenous phase - HU on noncontrast phase)

2.) Relative contrast washout =

(HU on portovenous phase - HU on delayed phase 10 minutes) x 100

(HU on portovenous phase)

- Local invasion such as liver, kidney, diaphragm or

vascular invasion defined as mass abutting the adjacent

organ with loss of fat plain

- Metastasis

Statistic Analysis

Statistical analysis was computed by using SPSS

version 21.0 for Windows (IBM).

The frequency of presenting symptom, location and

gender were determined in term of number and per-

centage. The size of adrenal masses was not normal

distributed, resulting in the data was determined in term

of median and range. Age, attenuation on precontrast,

absolute percentage washout and relative percentage

washout were described as mean and standard devia-

tion.
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Sensitivity, Specificity, Positive predictive value

(PPV), Negative predictive value (NPV) of CT parameters

were calculated.

Result

Fifty-six patients met the inclusion criteria. Five

patients were excluded after density measurement of

adrenal mass with less than 0 HU (All 5 patients were

diagnosis as adrenal adenoma form pathological result).

Finally, fifty-one patients (15 men, 36 women) were in-

cluded in this study. The average age was 47.41 years ±

14.08 SD (range 25-74 years)

The definite diagnosis by pathological result in this

study consist of adrenocortical carcinoma in 14 of 51

patients (27.5%), adrenal adenoma in 25 of 51 patients

(49%) and pheochromocytoma in 12 of 51 patients

(23.5%).

Presenting symptom: classified to 5 groups.

1. Palpable mass or other symptoms cause by

mass, such as abdominal discomfort, deep vein throm-

bosis (DVT) and hydronephrosis

2. Primary hydroaldosteronism or Connûs syndrome

3. Cushing syndrome: conditions caused by high

cortisol level

4. Incidentaloma

5. Symptom from over-production of epinephrine

or norepinephrine

From 14 cases of adrenocortical carcinoma, the

major presenting symptom was palpable mass or other

mass effect which were 57.1% (8/14 cases), others were

Cushing syndrome and incidentaloma 28.6% (4/14 cases)

and 14.3% (2/14 cases), respectively (table 1). All of

patients presented with primary hyperaldosteronism were

lipid poor adenoma and all of patients with symptom

from over-production of epinephrine or norepinephrine

were pheochromocytoma (table 1).

Adrenal masses were left side in 58.8% (30/51),

right side in 37.3% (19/51), and both sides in 3.9% (2/

51) (table 1). There was no significant difference be-

tween the number of left, right, and both-sided lesions.

Bilateral lesions occurred in 1 patient with pheochro-

mocytoma and in 1 patient in adrenocortical carcinoma.

(for bilateral adrenal masses, the predominant adrenal

mass was evaluated)

Table 2 shows age, size of adrenal masses, attenu-

ation on precontrast, absolute percentage washout and

relative percentage washout of each group of disease.

Age: The average age of adrenocortical carcinoma

was 53.36 ± 15.32 SD (range 25-74 years). The average

age of pheochromocytoma was 43.42 ± 13.35 SD (range

29-67 years). The average age of lipid poor adenoma

was 16.00 ± 13.17 SD (range 27-74 years). No statisti-

cally significant difference in the age distribution between

3 groups of diseases was found.

Size of adrenal masses: Lipid poor adenoma were

significantly smaller than adrenocortical carcinoma and

pheochromocytoma (P<0.001). Median diameter of pheo-

chromocytoma (6.5 cm) was non-significant less than

that of adrenocortical adenoma (10.58 cm) (P=0.978) (table

3, 4).

Attenuation on precontrast; At precontrast phase,

the 14 adrenocortical carcinomas had a mean attenua-

tion of 37.5 HU ± 4.87 SD as compared with mean

attenuation of 19.16 HU ± 9.55 SD for 24 lipid poor

adenoma. The mean attenuation of adrenocortical carci-

nomas was significantly greater than the mean attenua-



JOURNAL OF SIRIRAJ RADIOLOGY

5

Vol. 4 No. 1 January - June 2017

Rawdhetubhai N, et al.

tion of lipid poor adenoma (P<0.001) (table 3). There

was no significant differences in attenuation between

the adrenocortical carcinomas and pheochromocytoma

(table 4).

Table 5 shows CT characteristics of 3 groups of

disease

Homogeneity: Unenhanced CT studies of 2 adreno-

cortical carcinomas (14.3%) demonstrated homogeneous

mass and 12 adrenocortical carcinomas (85.7%) demon-

strated heterogeneous mass. Heterogeneous appearance

of adrenocortical carcinomas was present more signifi-

cantly frequently than in lipid poor adenoma (p < 0.001).

Table 2 demonstrated age, size of adrenal masses, attenuation on precontrast CT, absolute percentage washout, and relative

percentage washout of 3 different groups

Diagnosis
P-value

Adrenocortical Carcinoma Lipid-poor adenoma Pheochromocytoma

Age 53.36 ± 15.32 16.00 ± 13.17 43.42 ± 13.35 0.157
Size of adrenal masses 10.58 (4.7-15.2) 1.6 (0.9-4.2) 6.5 (1.5-16.0) <0.001
Attenuation on precontrast 37.5 ± 4.87 19.16 ± 9.55 40.58 ± 8.88 <0.001
Absolute percentage washout 32.68 ± 16.11 58.51 ± 13.06 0 0.002
Relative percentage washout 27.42 ± 17.86 85.05 ± 36.46 0 0.006

Note.-mean ± standard deviations

Table 1 Demographic data of all patients classified by group of diseases.

Diagnosis

Adrenocortical Lipid poor Pheochromocytoma Total
Carcinoma adenoma (n=12)

(n=14) (n=25)

Gender
Male 5 (35.7) 7 (28.0) 3 (25.0) 15 (29.4)
Female 9 (64.3) 18 (72.0) 9 (75.0) 36 (70.6)

Location
Left 7 (50.0) 17 (68.0) 6 (50.0) 30 (58.8)
Right 6 (42.9) 8 (32.0) 5 (41.7) 19 (37.3)
Both sides 1 (7.1) 0 (0.0) 1 (8.3) 2 (3.9)

Presenting symptom
Mass or symptoms cause by mass 8 (57.1) 0 (0.0) 5 (41.7) 13 (25.5)
Primary Hyperaldosteronism 0 (0.0) 15 (60) 0 (0.0) 15 (29.4)
Cushing Syndrome 4 (28.6) 8 (32) 0 (0.0) 12 (23.5)
Incidentaloma 2 (14.3) 2 (8.0) 1 (8.3) 5 (9.8)
Over-production of epinephineprin 0 (0.0) 0 (0.0) 6 (50.0) 6 (11.8)

norepinephrine
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No statistically significant difference between adrenocor-

tical carcinomas and pheochromocytomas was noted (p

= 0.190).

Border: Majority of adrenocortical carcinomas had

irregular border (64.3%), whereas all of lipid-poor ad-

enomas had smooth margin. Adrenocortical carcinomas

had significantly tendency to be irregular border than

lipid-poor adenoma (P<0.001). As compared to pheochro-

mocytomas which mostly smooth in border (83.3%), no

statistically significant difference between adrenocortical

carcinomas and pheochromocytoma was found.

Fat: Only one case had fat component which was

lipid poor adenoma (Figure 1). No statistically significant

difference between presence of fat and other two types

of adrenal masses was found.

Calcification: The percentage of calcification in lipid

poor adenomas was significantly lower in comparison

with adrenocortical carcinomas (p = 0.007). There was

no significant difference in the presence of calcification

between adrenocortical carcinoma and pheochromocyto-

mas (p = 0.225).

Hemorrhage: Three adrenal masses had hemorrhagic

component (5.9%) in adrenocortical carcinoma and pheo-

chromocytoma. No statistically significant difference in

the presence of hemorrhage between the three histo-

logical types of masses was found.

Cystic or necrotic component: Frequency of cystic

or necrotic component in adrenocortical carcinoma (85.7%)

was statistically significant greater than that of lipid poor

adenoma (4%) (P=<0.001). Eight pheochromocytoma

(66.7%) had cystic or necrotic component in the lesion

(figure 2). There was no statistically significant differ-

ence in present of cystic or necrotic component of adreno-

cortical carcinoma and pheochromocytoma (P=0.365).

Ectatic vessel: There were 5 cases (35.7%) of

adrenocortical carcinoma showing ectatic vessel (figure

Table 4 compares average size of adrenal masses and attenuation on precontrast between adrenocortical carcinoma and pheochro-

mocytoma

Diagnosis
P-value

Adrenocortical Carcinoma Pheochromocytoma

Size of adrenal masses 10.58 (4.7-15.2) 6.5 (1.5-16.0) 0.978

Attenuation on precontrast 37.5 ± 4.87 40.58 ± 8.88 1.00

Table 3 compares average size of adrenal masses and attenuation on precontrast CT between adrenocortical carcinoma and lipid

poor adenoma.

Diagnosis
P-value

Adrenocortical Carcinoma Lipid poor adenoma

Size of adrenal masses 10.58 (4.7-15.2) 1.6 (0.9-4.2) <0.001

Attenuation on precontrast 37.5 ± 4.87 19.16 ± 9.55 <0.001
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Table 5 CT characteristics of 3 group of disease

Diagnosis

Adrenocortical Lipid poor Pheochromocytoma Total P-value
Carcinoma adenoma (n=12)

(n=14) (n=25)

Homogeneity
Homogeneous 2 (14.3%) 21 (84%) 5 (41.7%) 28 (54.9%) <0.001
Heterogeneous 12( 85.7%) 4 (16%) 7 (58.3%) 23 (45.1%)

Border
Smooth 5 (35.7%) 25 (100%) 10 (83.3%) 40 (78.4%) <0.001
Irregularity 9 (64.3%) 0 (0%) 2 (16.7%) 11 (21.6%)

Enhancement
Homogeneous 0 (0%) 5 (20.8%) 0 (0%) 5 (10%) 0.049
Heterogeneous 14 (100%) 19(79.2%) 12 (100%) 45(90.0%)

Fat
Present 0 (0%) 1 (4.0%) 0 (0%) 1 (2.0%) 0.588
Not present 14 (100%) 24 (96.%) 12 (100%) 50 (98%)

Calcification
Present 8 (57.1%) 3 (12%) 4(33.3%) 15 (29.4%) 0.012
Not present 6 (42.9%) 22 (88%) 8 (66.7%) 36 (70.6%)

Hemorrhage
Present 2 (14.3%) 0 (0%) 1 (8.3%) 3 (5.9%) 0.176
Not present 12 (85.7%) 25 (100%) 11 (91.7%) 48 (94.1%)

Cyst or necrosis
Present 12 (85.7%) 1 (4.0%) 8 (66.7%) 21 (41.2%) <0.001
Not present 2 (14.3%) 24 (96.0%) 4 (33.3%) 30 (58.8%)

Local invasion
Present 8 (57.1%) 0 (0.0%) 1 (8.3%) 9 (17.6%) <0.001
Not present 6 (42.9%) 25 (100%) 11 (91.7%) 42 (82.4%)

Vascular invasion
Present 7 (50%) 0 (0%) 0 (0.0%) 7 (13.7%) <0.001
Not present 7 (50%) 25 (100%) 12 (100%) 44 (86.3%)

Metastasis
Present 10 (71.4%) 0 (0%) 3 (25%) 13 (25.5%) <0.001
Not present 4 (28.6%) 25 (100%) 9 (75%) 38 (74.5%)

Ectatic Vessels
Present 5 (35.7%) 0 (0%) 1 (8.3%) 6 (11.8%) 0.004
Not present 9 (64.3%) 25 (100%) 11 (91.7%) 45 (88.2%)
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3). When compared to 1 cases (8.3%) of pheochromocy-

toma (figure 4), no statistically significant difference

(P=0.170). No case of lipid-poor adenoma showed ec-

tatic vessel. Adrenocortical carcinomas were more fre-

quently show ectatic vessel than lipid-poor adenoma with

statistically significance (P=0.003).

Enhancement: The frequency of heterogeneous en-

hancement on post-contrast phase in adrenocortical car-

cinomas was not significant difference from lipid poor

adenomas (P=0.137). All of adrenocortical carcinomas

and pheochromocytomas were heterogeneous enhanced,

so the statistic was not calculated.

Table 6-8 show statistic results of CT parameters

between subgroup analysis

Absolute percentage washout and Relative

percentage washout: The 49% (25/51) of all patients

underwent delayed phase CT which were 21 cases of

lipid poor adenoma and 4 cases of adrenocortical carci-

noma. Absolute percentage washout and relative per-

centage washout could be calculated. Al l of

Figure 1 Axial precontrast CT scan of abdomen with pathological diagnosis of adrenal adenoma at right adrenal gland: There

is small component of fat (arrow), measured density -68.25 HU. The rest of solid part was measured 12.5 HU.

Figure 2 Adrenal mass with cystic or necrosis and the pathological proved as adrenocortical carcinoma. A) Axial precontrast

CT scan, the mass shows peripheral enhancement and the central low density (arrow)  B) Axial portovenous phase the

central part of the mass showed no significant enhancement represented cystic or necrotic component of the mass.

A B

A B
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pheochromacytoma was missing. Mean absolute per-

centage washout of lipid poor adenoma was 58.51 ±

13.06 SD which was greater than that of adrenocortical

carcinoma (32.68 ± 16.11 SD) (P=0.002). Using thresh-

old of less than 50% absolute percentage washout, sen-

sitivity, specificity, PPV and NPV are 75%, 90.48%, 60%

and 95%, respectively.(table 9)

The 21 lipid poor adenomas had mean relative per-

centage washout of 85.05 ± 36.46 SD as compared with

mean relative percentage washout of 27.42 ± 17.86 SD

for 4 adrenocortical carcinoma. The mean relative per-

centage washout of lipid poor adenoma was significantly

greater than that of adrenocortical carcinoma (P=0.006)

Using threshold of less than 40% relative percent-

age washout, sensitivity, specificity, PPV and NPV are

75%, 80.95%, 42.86% and 94.44%, respectively.(table

10)

Local invasion: There were 8 cases of adrenocorti-

Figure 4 A malignant pheochromocytoma with hepatic and pulmonary metastasis. A) Axial CT scan on portovenous phase,

the mass with central necrosis and intralesional enhancing tubular structures were seen (arrow). Liver metastasis is

also noted (black arrow) B) Coronal plain with maximum intensity projection (MIP) image showed ectatic vessels

(arrow).

Figure 3 A) Axial CT scan of adrenocortical carcinoma showed ectatic vessels (arrow) B) Coronal plane with maximum

intensity projection (MIP) image showed continuous tubular structure of ectatic vessels (arrow).

A B

A B
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Table 6: CT characteristics of adrenocortical carcinoma and lipid-poor adenoma.

Diagnosis

Adrenocortical Carcinoma Lipid poor adenoma Total P-value

(n=14) (n=25)

Homogeneity

Homogeneous 2 (14.3%) 21 (84%) 23 (59%) <0.001

Heterogeneous 12( 85.7%) 4 (16%) 16 (41%)

Border

Smooth 5 (35.7%) 25 (100%) 30 (76.9%) <0.001

Irregularity 9 (64.3%) 0 (0%) 9 (23.1%)

Enhancement

Homogeneous 0 (0%) 5 (20.8%) 5 (13.2%) 0.137

Heterogeneous 14 (100%) 19(79.2%) 33 (86.8%)

Calcification

Present 8 (57.1%) 3 (12%) 11 (28.2%) 0.007

Not present 6 (42.9%) 22 (88%) 28 (71.8%)

Cyst or necrosis

Present 12 (85.7%) 1 (4.0%) 13 (33.33%) <0.001

Not present 2 (14.3%) 24 (96.0%) 26 (66.67%)

Local invasion

Present 8 (57.1%) 0 (0.0%) 8 (20.5%) <0.001

Not present 6 (42.9%) 25 (100%) 31 (79.5%)

Vascular invasion

Present 7 (50%) 0 (0%) 7 (27.9%) <0.001

Not present 7 (50%) 25 (100%) 32 (72.1%)

Metastasis

Present 10 (71.4%) 0 (0%) 10 (25.6%) <0.001

Not present 4 (28.6%) 25 (100%) 29 (74.4%)

Ectatic Vessels

Present 5 (35.7%) 0 (0%) 5 (12.8%) 0.003

Not present 9 (64.3%) 25 (100%) 34 (87.2%)
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Table 7 CT characteristics of adrenocortical carcinoma and pheochromocytoma

Diagnosis

Adrenocortical Carcinoma Pheochromocytoma Total P-value

(n=14) (n=12)

Homogeneity

Homogeneous 2 (14.3%) 5 (41.7%) 7 (26.9%) 0.190

Heterogeneous 12( 85.7%) 7 (58.3%) 19 (73.1%)

Border

Smooth 5 (35.7%) 10 (83.3%) 15 (57.7%) 0.014

Irregularity 9 (64.3%) 2 (16.7%) 11 (42.3%)

Enhancement

Homogeneous 0 (0%) 0 (0%) 0 (0%) .a

Heterogeneous 14 (100%) 12 (100%) 26 (100%)

Calcification

Present 8 (57.1%) 4(33.3%) 12 (42.2%) 0.225

Not present 6 (42.9%) 8 (66.7%) 14 (53.8%)

Cyst or necrosis

Present 12 (85.7%) 8 (66.7%) 20 (76.9%) 0.365

Not present 2 (14.3%) 4 (33.3%) 6 (23.1%)

Local invasion

Present 8 (57.1%) 1 (8.3%) 9 (34.6%) 0.014

Not present 6 (42.9%) 11 (91.7%) 17 (65.4%)

Vascular invasion

Present 7 (50%) 0 (0.0%) 7 (26.9%) 0.006

Not present 7 (50%) 12 (100%) 19 (73.1%)

Metastasis

Present 10 (71.4%) 3 (25%) 13 (50%) 0.018

Not present 4 (28.6%) 9 (75%) 13 (50%)

Ectatic Vessels

Present 5 (35.7%) 1 (8.3%) 6 (23.1%) 0.170

Not present 9 (64.3%) 11 (91.7%) 20 (76.9%)

a. No statistics are computed because Enhance is a constant.
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Table 8 CT characteristics of pheochromocyma and lipid-poor adenoma.

Diagnosis

Lipid poor adenoma Pheochromocytoma Total P-value

(n=25) (n=12)

Homogeneity

Homogeneous 21 (84%) 5 (41.7%) 26 (70.3%) 0.018

Heterogeneous 4 (16%) 7 (58.3%) 11 (29.7%)

Border

Smooth 25 (100%) 10 (83.3%) 35 (94.6%) 0.099

Irregularity 0 (0%) 2 (16.7%) 2 (5.4%)

Enhancement

Homogeneous 5 (20.8%) 0 (0%) 5 (13.5%) 0.146

Heterogeneous 19(79.2%) 12 (100%) 31 (86.5%)

Calcification

Present 3 (12%) 4(33.3%) 7 (18.9%) 0.183

Not present 22 (88%) 8 (66.7%) 30 (81.1%)

Cyst or necrosis

Present 1 (4.0%) 8 (66.7%) 9 (24.3%) <0.001

Not present 24 (96.0%) 4 (33.3%) 28 (75.7%)

Local invasion

Present 0 (0.0%) 1 (8.3%) 1 (2.7%) 0.324

Not present 25 (100%) 11 (91.7%) 36 (97.3%)

Vascular invasion

Present 0 (0%) 0 (0.0%) 0 (0%) .a

Not present 25 (100%) 12 (100%) 37 (100%)

Metastasis

Present 0 (0%) 3 (25%) 3 (8.1%) 0.028

Not present 25 (100%) 9 (75%) 34 (91.9%)

Ectatic Vessels

Present 0 (0%) 1 (8.3%) 1 (2.7%) 0.324

Not present 25 (100%) 11 (91.7%) 36 97.3%)

a. No statistics are computed because Enhance is a constant



JOURNAL OF SIRIRAJ RADIOLOGY

13

Vol. 4 No. 1 January - June 2017

Rawdhetubhai N, et al.

cal carcinoma invade adjacent organs. Five masses were

right-sided and 3 masses were left-sided. One case of

pheochromocytoma showed liver invasion. All cases of

right sided invasive mass invaded liver. One of these

masses also invaded right hemi diaphragm. Two of three

cases of left-sided mass invade left kidney. One of three

case of left-sided mass invade left hemi diaphragm. No

visible invasion to adjacent organ by lipid poor adenoma

was found. Adrenocortical carcinomas were significant

frequent invade adjacent organ than lipid poor adenoma

(P<0.001) and pheochromocytoma (P=0.014)

Vascular invasion: All of 7 lesions which showed

vascular invasion were adrenocortical carcinomas or 50%

of adrenocortical carcinomas (Figure 5). All right-sided

masses invaded inferior vena cava (IVC) and all left-sided

mass invaded left renal vein. One left-sided lesion also

invaded left renal vein and extended to IVC. Adrenocor-

tical carcinomas were significant frequent invaded ves-

sels than lipid poor adenoma (P<0.001) and pheochro-

mocytoma (P=0.006)

Metastasis: At the time of CT examination, tumor

dissemination was

seen in 13 cases (10 adrenocortical carcinoma and

3 pheochromocytoma). Eight (61.5%) cases had lymph

node metastasis. Seven cases (53.8%) had hepatic me-

tastasis and three cases (23.1%) had pulmonary me-

tastasis. Four cases (30.8%) had multiple organ metasta-

sis. Two cases were adrenocortical carcinoma and other

two were pheochromocytoma.

Discussion

The differential diagnoses of adrenal tumors are

sometime clinical problem. These depend on incidental

findings from widespread use of abdominal CT and MR

imaging and non-specific clinical presentations. Some ad-

renal tumors are non-hormonal secreting tumors or some

tumors are overlapping hormone producing.8,9 The pos-

sibility of malignancy is the major concern when adrenal

Table 9 Absolute percentage washout in adrenocortical carcinoma and adrenal adenoma

Absolute percentage washout (%) Adrenocortical carcinoma Lipid poor adenoma Total

<50 3 (75%) 4 (19%) 7 (28%)

≥50 1 (25%) 17 (81%) 18 (72%)

Total 4 (100%) 21 (100%) 25 (100%)

Table 10 Relative percentage washout in adrenocortical carcinoma and adrenal adenoma

Relative percentage washout (%) Adrenocortical carcinoma Lipid poor adenoma Total

<40 3 (75%) 2 (9.5%) 5 (20%)

≥40 1 (25%) 19 (90.5%) 20 (80%)

Total 4 (100%) 21 (100%) 25 (100%)
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Lipid poor adrenal adenoma, and Pheochromocytoma

mass is discovered. The precise characterization of adre-

nal masses is also important for therapeutic guidance,

surgical resection should be considered for patients who

have adrenal mass with a suspicious imaging findings.

Adrenocortical carcinoma and pheochromocytoma

are rare diseases. The incidence of adrenocortical carci-

noma is about 1-2/1,000,000 person/year10 and pheochro-

mocytoma have incident 0.8/100,000 person/year.11 The

most common presentation of adrenocortical carcinoma

is high level of hormone production which is called

Cushingûs syndrome.12 Occasionally, patients present

with symptoms of virilization or Conn syndrome. Most

of cases of pheochromocytoma produce catecholamine

causing new onset of refractory hypertension, palpita-

tion, headache, sweating, and flushing. About 10% of

cases are Clinically Silent Pheochromocytoma.13

Adrenal adenoma is benign lesion. Most of lesions

do not produce hormone. Korobkin et al14 observed that

the intracellular lipid content of resected adrenal adenomas

correlated with lower attenuation at nonenhanced CT.

Lipid poor adenomas which not contain large amounts

of lipid are about 10%-40% of all adenomas.6,15 This

later group has resemble density to other adrenal masses,

so lipid poor adenoma are challenged to differentiated

from adrenocortical carcinoma and pheochromocytoma

by CT scan.

Surgery is treatment of choice of adrenocortical

carcinoma and pheochromocytoma, even laparoscopic

or open surgery. Medication and radiation are additional

treatment variable by various institution. If there is no

excess hormone or worrisome feature of malignancy,

the adrenal mass can be followed up or consider bi-

opsy.16

A size previously believed to be safe for nonsurgi-

cal follow-up. Mitnick et al.17 monitored a series of pa-

tients for 1 year in whom small, nonfunctional adrenal

incidentalomas, and recommend that a diameter less

than 5 cm need not be followed further for possible

malignancy. But in recent studies, the chance that it is

malignant has reported approximately 70% in adrenal

lesion larger than 4 cm, (85% if larger than 6 cm)18,19

This study showed that adrenocortical carcinoma had

Figure 5 A) Axial CT scan portovenous phase shows left adrenocortical carcinoma with left renal vein invasion (arrow). B)

Coronal CT scan shows tumor thrombus in left renal vein (arrow).

A B
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significantly larger size in comparison with lipid poor ad-

enoma but no significant difference with pheochromocy-

tomas (p=0.978).

This study included only adrenal adenomas that were

surgical resection and the preoperative CT with attenua-

tion on precontrast phase more than 10 HU. In many

studies in 2000 - 2008 reported the mean attenuation on

precontrast CT on lipid-poor adenomas are 20.2-26 HU5.

Similarly, mean attenuation of adrenal adenoma on

precontrast CT in this study is 19.16 ± 9.55 SD. Adreno-

cortical carcinomas have mean attenuation values similar

to those of pheochromocytomas but significantly higher

than those of adenomas (P<0.001).

Boland et al.3 analyze 10 pooled data from 10 stud-

ies of 495 adrenal mass, record attenuation in Hounsfield

units (HU) from CT scan for differentiate adenoma from

nonadenoma. The result is isolated attenuation cannot

characterize adenoma form others. The result showed to

be confident with near certainty that a lesion is benign

(100% specificity), a threshold level of 2 HU should be

chosen. In our study, we excluded lipid-rich adenoma. A

threshold level of 27 HU (≤27 HU) for differentiate adre-

nal adenoma from pheochromocytomas and adrenocorti-

cal carcinomas shows PPV = 100%, Specificity = 100%.

For the differentiation of adrenocortical carcinoma from

other two histological groups using a attenuation thresh-

old of 30 HU (≥30HU), 100% sensitivity and negative

predictive value with as maximal specificity as possible

were obtained.

From most of studies1-4, try to differentiated ad-

enoma from nonadenoma with small number of adreno-

cortical carcinoma patients. Beyond the size and me-

tastasis, no other single characteristic can inferentially

differentiate adrenocortical carcinoma from others.

Ctvrtlík F et al.4 study in 2003-2007 about

incidentalomas by divided into 6 groups (62 adrenal

masses), including adrenocortical carcinoma, pheochro-

mocytoma and adrenal adenoma. This study analyze size,

shape, border, side of the expansion, homogeneous or

heterogeneous density before and after contrast admin-

istration, presence of central hypodensity, central calcifi-

cations, or fat. The result show three parameters ex-

clude adrenal adenoma from nonadenoma are density

before and after contrast medium administration, and

size. Only 4 adrenocortical carcinomas are included in

Ctvrtlík Fûs study. But in our study, we proved that there

is statistically significant difference in border, homoge-

neity before contrast administration, calcification and cystic

or necrosis between adrenocortical carcinoma and lipid

poor adenoma. Adrenocortical carcinomas are more fre-

quent irregular border, heterogeneous density on

precontrast phase, internal calcification, and cystic or

necrotic part in the lesion. Pheochromocytoma also show

heterogeneous density on precontrast phase with cystic

or necrotic component, but more smooth border with

statistically significant when compared to adrenocortical

carcinoma. (P=0.014). Calcification can be found in pheo-

chromocytoma about 33.3%, no statistically significant

difference from adrenocortical carcinoma and adrenal

adenoma. All adrenocortical carcinoma and pheochromocy-

toma and majority of adrenal adenoma have heteroge-

neous enhancement, thus no benefit from identify ho-

mogeneity on postcontrast phase CT scan.

Adrenocortical carcinoma are very aggressive tu-

mors with a poor prognosis. Tumor staging at initial pre-

sentation is the most important factor affecting survival.
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According to TMN staging, T4 defined as present of

adjacent organ invasion. Metastases are frequently found

at presentation: Regional and paraaortic lymph nodes,

lungs, liver, and bone are the common sites.[12,20] Ac-

cording to the WHO, malignancy of pheochromocytoma

is defined in the presence of metastasis. In this study no

adrenal adenomas have local invasion, vascular invasion

or metastasis. Small number of pheochromocytomas also

have local invasion and metastasis but less than adreno-

cortical carcinoma with statistically significance (P=0.014

and 0.018, respectively). Only one case of pheochro-

mocytomas has local invasion (adjacent organ invasion)

and this patient also has distance metastasis, thus the

diagnosis of this case is malignant pheochromocytoma.

Inferior vena cava (IVC) invasion has been reported

in 9-19% of adrenocortical carcinomas at presentation.21

In our study, 50% (7/14) of adrenocortical carcinomas

have vascular invasion, 28.6% (4/14) of adrenocortical

carcinomas invade IVC. Right-sided lesion usually invade

IVC and left sided lesion usually invade left renal vein. It

is confidently to use presence of vascular invasion to

differentiate adrenocortical carcinoma from pheochromocy-

toma and adrenocortical carcinoma (sensitivity, specific-

ity, PPV, and NPV are 50%, 100%, 100%, 84.09%, re-

spectively).

Ectatic vessel or dilated tortuous vascular structure

in the adrenal masses is found in only adrenocortical

carcinoma and pheochromocytoma which has distance

metastasis. This characteristic represents malignancy. This

study found that if ectatic vessel is present, adrenal ad-

enoma can be excluded (NNV=100% and P=0.023)

Adrenocortical carcinoma retain IV contrast mate-

rial and have absolute and relative percentage washout

of less than 60% and less than 40%, respectively, at 15

minutes after contrast administration or less than 50%

and less than 40%, respectively, at 10 minutes[2,20,22]

From study of Slattery et al.[2], which report about

contrast washout of adrenocortical carcinoma in CT scan.

Contrast washout from portovenous phase to delayed

phase (7-17minutes) in 7 patients found that relative

percentage washout of this group less than 40%. There

is limitation due to large size (mean = 9.8cm), central

necrosis or hemorrhage, and small number of patients.

In our study, only 4 adrenocortical carcinoma and 21

adrenal adenoma underwent 10-minutes delayed phase

CT scan. The results of our study show that adenomas

have a relative percentage washout and absolute per-

centage washout greater than adrenocortical adenoma

similar to previous study (P=0.002 and 0.006, respec-

tively). As using threshold as previous study, the result

show low sensitivity of adrenocortical carcinoma detec-

tion from absolute percentage washout and relative per-

centage washout (75% and 75%). Only one case of

adrenocortical carcinoma has higher absolute percent-

age washout and relative percentage washout than thresh-

old (52.85% and 47.79%, respectively), but this lesion

has maximal diameter of 6.3 cm. This lesion was not

missed in diagnosis of adrenocortical carcinoma with other

CT characteristics.

This study was limited by number of included

adrenocortical and the missing phase of CT protocol in

some cases to calculate enhancement washout pattern.

Conclusion

Both adrenocortical carcinoma and adenoma can

present with overlap symptoms from hormone over-pro-
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duction. CT scan is important to differentiate adrenocor-

tical carcinoma from other because early detection lead

to better prognosis. Beyond the metastasis, we found

that border irregularity, local invasion and vascular inva-

sion can differentiate adrenocortical carcinomas from lipid-

poor adrenal adenoma and pheochromocytoma with sta-

tistically significant. The percentage change in contrast

material washout is a useful adjunct to other CT charac-

teristics in differentiating adrenocortical carcinomas from

lipid-poor adenomas, particularly when size is indetermi-

nate. Pheochromocytomas have resemble characteris-

tics to adrenocortical carcinoma. The border of lesion is

similar between these two groups but ectatic vessel and

metastasis are characteristic to exclude adrenal adenoma.

A combination of various CT parameters can be useful

to differentiate adrenal tumors.
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