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Adrenal lesions are very commonly found during 
CT and MR examinations of the abdomen. Most of them 
represent benign adenomas, even in patients with a his-
tory of malignancy, with the exception of small cell lung 
cancer1-4. It has been reported that adrenal adenomas are 
discovered in 5% of abdominal CT examinations and in 
2-9% of autopsy studies5,6. Before the application of ad-
vanced CT and MR techniques for the evaluation of these 
lesions, the only mean to specify the nature of an adrenal 
mass was US or CT guided percutaneous biopsy. How-
ever, advances in CT and MR imaging during the last 15 
years, have changed the diagnostic approach of adrenal 
lesions reducing the number of adrenal biopsies7-13. Using 
a threshold of 0 or 10 HU in unenhanced CT imaging , the 
percentage enhancement wash-out technique and the in 
and opposed phase MR imaging, have changed the con-
cept in characterizing adrenal masses. Nowadays, there 
are several imaging algorithms for the evaluation of adre-
nal lesions at different institutions. The goal of these al-
gorithms is to distinguish only the suspicious lesions that 
have to be biopsied. This is essential in cancer patients, 
in whom an adrenal metastasis may be the only marker of 
metastatic disease and alters the stage of the disease and 
the treatment plan1,14.

The objective of this study was to evaluate the use-
fulness of CT guided adrenal biopsy in the evaluation of 

adrenal lesions with equivocal imaging characteristics in 
chemical shift MR imaging , that were discovered either 
during staging or following up of a known malignancy 
or coincidently during imaging of the abdomen for other 
reasons. With the term “equivocal”, we mean lesions 
without evidence of lipids that may include true non-ad-
enomas and lipid-poor adenomas. 

Materials and Methods
From January 2000 to April 2005, 388 patients (M: 

208, F: 180, 23-91 years old, mean age: 54.6), with re-
cently discovered adrenal mass in CT or MR imaging, 
were enrolled in the study. All lesions were further evalu-
ated with MRI and chemical shift imaging. Patients with 
advanced metastatic disease, including adrenal glands, 
patients with lesions with typical CT findings of benignity 
(myelolipoma or cyst) and 2 patients with huge masses, 
typical of malignancy(finally proven adrenal carcinomas) 
were excluded from the study. Three hundred twenty nine 
of them (84.8%) were not subjected to biopsy because 
MR imaging findings were suggestive of benignity (sig-
nal loss less than 20% during opposed phased sequences), 
while in 2 patient (0.5%), laboratory tests before biopsy 
were suggestive of pheochromocytoma, and adrenal bi-
opsy wasn’t performed because of the risk of hemody-
namic instability during biopsy15. 
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Finally, 57 patients (14.7%, M:30, F:27, 33-82 years 
old, mean age: 58.8) , with equivocal findings in chemi-
cal shift MR imaging, were subjected to CT guided per-
cutaneous adrenal biopsy. Before biopsy, coagulative 
mechanism and serum and urine catecholamine levels 
were controlled. 32 of them were monitored for a known 
malignancy (mean age: 63.1 years), while the rest 25 
were subjected to abdominal imaging for other reasons 
(mean age: 53.2 years). As equivocal lesions were de-
fined lesions with signal loss less than 20% during op-
posed phased sequences. In oncology patients, inhomog-
enous lesions with areas devoid of lipids (2 cases), even 
when the rest of the lesion had imaging findings typical 
of adenoma in chemical shift MR imaging, were consid-
ered suspicious of collision tumors (metastasis to adrenal 
adenoma), and were subjected to biopsy. In these cases, 
the nonlipid region in the lipid containing mass was tar-
geted during biopsy. In non oncology patients, such areas 
were considered as central degeneration of an adenoma, 
and follow up was proposed. 

Patients with findings typical of benignity in chemi-
cal shift MR imaging (329 patinets-84.8%) were not sub-
jected to biopsy and were advised to re-evaluate the le-
sion after a specified time interval, either with CT or with 
MRI (Figure 1). 

CT scans were obtained with a Picker PQ 5000 CT 
scanner device with 3 mm slice thickness, pitch 1-1.5, re-
construction interval 3 mm, scan time 1sec, 120 kVp, 200 
mA, with a FOV ranging from 140-160 mm, depending 
on the patient’s size. Images were obtained before and af-

ter contrast agent administration. A bolus injection of 100 
ml of non-ionic contrast medium (Ultravist 300, Shering, 
Germany) was given.

MR scans were obtained with a Siemens 1 T scanner 
(Siemens Expert Plus). Before administration of contrast 
agent, Haste T2WI and Flash T1WI images were ob-
tained, with a slice thickness of 8 mm, FOV 340-400 mm, 
depending on patient’s size and a matrix of 256X192. 
In phase (TR=150ms, TE=7 ms) and opposed phase 
(TR=150 ms, TE=3.6 ms) images were also obtained be-
fore contrast administration with a dual GRE sequence, 
with a slice thickness of 7 mm, FOV 340-400 mm, de-
pending on patient’s size and a matrix of 256X144. After 
the administration of contrast agent (15-20 ml, Magnev-
ist, Shering, Germany), Flash T1WI images in axial and 
coronal plane were obtained, using the same parameters 
as before the administration of contrast agent. 

CT guided adrenal biopsies were performed using 18-
22  gauge aspiration needles (29 patients) or 16-20 gauge 
cutting needles with the coaxial technique (28 patients). 
All biopsies were performed by one specialised radiolo-
gist in adrenal biopsies, with 18 years of experience (I.T). 
Posterior paraspinal approach was used in 48 patients and 
lateral decubitus position in 9 patients, with the side to be 
biopsied dependent, in order to reduce the risk of pneu-
mothorax. Triangulation methods weren not used. Local 
anaesthesia with lidocaine was used in all patients and 2-4 
biopsy samples were obtained for every patient. Samples 
were sent to the pathologist the same day. All patients 
were informed about the purpose of the study and gave 
their written consent before CT guided biopsy.

The size of the lesion was expressed at its maximum 
axial dimension.

Biopsy results were classified in 4 groups: 1) metas-
tases, 2) adenoma, including samples with benign corti-

Figure 1. A) Bilateral adrenal lesions in a 64 year old fe-
male subjected in abdominal CT for cholecystidis. B) Right 
adrenal lesion in a 65 year old woman with history of large 
intestine cancer. 
MR evaluation of the lesions in both cases with in phase 
and opposed phase images is characteristic of bilateral ad-
enomas, with mean signal loss at opposed phase sequences 
more than 40%. In 1A, the central lipid poor strap represents 
central degeneration of the adenoma. In oncology patients, 
such lesions were subjected to biopsy because of the risk 
of collision tumor. Follow up of the lesions in both cases, 
showed stability of the findings.

Figure 2. Boxplot of the lesions size. There is a statistically 
significant difference between lesions size (F=12,4, df=3, 
p<0,01)
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cal like tissue, 3) other, including cortical carcinoma and 
pheochromocytoma and 4) non diagnostic.

Statistical analysis was performed by the Statistical 
Package for Social Sciences (SPSS) v.12.0. ANOVA, T-
test, and x2 test were used, and differences were consid-
ered significant when p<0.05. 

Results
Adrenal biopsies under CT guidance were performed 

in 57 patients (mean age: 58.8 years), 30 men (mean age: 
58.17 years) and 27 women (mean age: 59.5 years). In 28 
patients the mass was in the right adrenal gland (49.1%) , 
in 26 in the left adrenal gland (45.6%) whereas 3 patients 
had bilateral lesions (5.3%). Two of the patients (3.5 %) 
developed a small hematoma immediately after biopsy, 
which resolved spontaneously and 1 patient (1.8%) de-
veloped self-limited asymptomatic pneumothorax. No 
other major complications were observed.

The mean size of the lesions was 3.9 cm (1.3 -7.8 cm). 
In patients with history of malignancy the mean size of 
the lesions was 4.3 cm, while in patients without history 
of malignancy the mean size was 3.4 cm, differing signif-
icantly (t=2.287, df=55, p<0.05). Metastases ranged from 
1.9 cm to 7.1 cm with mean size 4.5cm, while adenomas 
ranged from 1.9 cm to 4.2 cm with mean size 2.9cm, dif-
fering significantly (t=5.11, df=49, p<0.01) (Figure 2). 

Of the 57 lesions biopsied, 31 lesions proved to be ad-
renal metastases (54.4%), 20 lesions adenomas (35.1%), 
3 lesions adrenal carcinomas (5.3%), 1 lesion benign 
pheochromocytoma(1.8%) and 2 tissue sambles were 
non diagnostic (3.5%) (Figures 3,4,5). Metastases were 
solitary in 21 cases (67.7%) and among other metastases 
in 10 cases (32.3%). 

In the 3 cases of cortical carcinoma and the case of 
pheochromocytoma, diagnosis was confirmed after sur-
gical removal. In patients with history of malignancy, 
biopsy revealed metastasis in 28/32 (87.5%), adenoma 
in 3/32(9.4%) and  in 1 case (3.1%) tissue sample was 

non diagnostic. In patients without history of malignancy, 
3/25 (12%) of the lesions proved to be unsuspected me-
tastases from unknown origin,  17/25 (68%) adenoma, 
3/25 (12%) adrenal carcinoma, 1/25(4%) pheochromocy-
toma and  in 1 case (4%) tissue sample was non diag-
nostic. Table statistical analysis showed correlation be-
tween biopsy result and patient history (x2= 33.609, df=3, 
p<0.01) (Table 1).

The primary neoplasm in patients with adrenal 
metastases was lung carcinoma in 18/31(58.1) of the 
cases, breast carcinoma in 4/31(12.9%), lymphoma in 
2/31(6.5), renal carcinoma in 2/31(6.5), melanoma in 
1/31(3.2%), pancreatic carcinoma in 1/31(3.2%), esopha-
geal carcinoma in 1/31(3.2%), large intestinal carcinoma 
in 1/31(3.2%) and osteosarcoma in 1/ 31(3.2%). In the 
cases with unknown primary lesion, the primary lesion 
finally proved to be 1 lung carcinoma, 1 breast carcinoma 
and 1 melanoma. 

In the 2 lesions with non diagnostic biopsy results, 
core biopsy tissue sample contained blood clots, adipose 
tissue and connective tissue. Follow up of these 2 patients 
, revealed stability of the lesion of the patient without his-
tory of malignancy while in the other patient with history 
of lung cancer, the lesion increased from 1.3 cm to 3.1 
cm within 6 months, and a second biopsy confirmed the 
diagnosis of metastasis.

Six to eighteen months follow up in patients without 
malignancy and lesions with chemical shift MR findings 
typical of benignity that did not require biopsy, either 
with CT or with MRI, did not reveal suspicious enlarge-
ment of any of the lesions. The 2 patients with laboratory 
evidences of pheochromocytoma were operated, and di-
agnosis was confirmed after biopsy.

Discussion
Adrenal glands, weighing about 5 gr. each, are one 

of the commonest organs involved in metastatic disease, 
especially in lung cancer. Moreover, adrenal adenomas 

Table 1. Biopsy results in oncology and non oncology patients
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are a very common incidental finding during abdominal 
imaging, comprising the majority of adrenal lesions, even 
in patients with a history of malignancy, with the excep-
tion of  small cell lung cancer1-4,16,17. Consequently, the 
definite diagnosis of an adrenal lesion is of major impor-
tance, especially in oncology patients, where it may be 
the only marker of metastatic disease with significant im-
pact in management of these patients18.

Adrenal biopsy is nowadays considered as a safe proce-
dure for establishing the final diagnosis of an adrenal mass, 
but the risk of a complication, the psychological impact to 
the patient and the high probability of an adrenal lesion being 
benign, have upgraded the significance of dedicated adrenal 
imaging with CT and MR techniques, in order to reduce as 
much as possible the needless adrenal biopsies7-13. Further-
more, recent advances in PET and PET/CT  are continu-
ously altering the role of imaging in characterizing adrenal 
lesions, due to the increased glycolytic activity and 18F-
FDG uptake by the metastatic adrenal lesions19-21. 

Although the percentage of adenomas in our study 
was lower than previously published studies4,22-25, it 
would have been much lower if we had used more strict 
chemical shift MR criteria (higher threshold of signal 
loss in opposed phase sequences) and combination with 
CT enhancement washout findings in order to exclude 
lesions with adenoma like imaging findings, especially 
in patients without a history of malignancy. The risk of 
missing a malignant adrenal lesion enforced us to be 
more aggressive in these patients. 

In our study, 6/25 (24%) of the incidental adrenal le-
sions with equivocal chemical shift MR findings in pa-
tients with no history of malignancy, finally proved to be 
malignant (3 metastases and 3 cortical carcinomas). The 
risk of malignancy in incidental adrenal masses in our 
study was higher than previously reported rates22. 

In patients with a history of malignancy, 28/32 
(87.5%) of the lesions that were submitted to biopsy, 
proved to be metastases. Previous published studies how-
ever, reported that the most frequent adrenal lesions, even 
in oncology patients, are benign adenomas. We believe 
that dedicated MR imaging prevented needless biopsies 
in this group of patients. Positive predictive value of an 
adrenal biopsy which demonstrates malignancy in a pa-
tient with known malignancy is believed to be 100% 4 
.We consider that all of the biopsies that demonstrated 
metastases in our oncology patients were true positive. 
Negative predictive value of negative biopsies in oncol-
ogy patients, is also mentioned to be 100%18. Follow up 
of our patients with negative biopsy (3 adenomas and 1 
non diagnostic), revealed that only the patient with the 
non diagnostic sample had adrenal metastasis that biopsy 
failed to discover, while the 3 cases of adenoma remained 
stable. Thus, negative predictive of biopsy in our group 
of oncology patients was 75% (3/4). 

Non diagnostic biopsies were only 2/57(3.5%), much 
lower than previously reported rates4,15,25. We consider 
that the relatively small size of the lesions (1.3 and 2.7 
cm) was the cause of non diagnostic tissue samples. 

Figure 3. Adrenal lesion of a man discovered during staging 
of lung cancer. Right decubitus position was difficult in this 
non co-operative patient and posterior paraspinal approach 
was used. Chemical shift MR findings were highly suspi-
cious of a non adenomatous lesion. Biopsy result was meta-
static adenocarcinoma
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Despite of the significant difference between the 
mean size of the metastatic adrenal lesions (4.49 cm) and 
adenomas (2.8cm), (t=5.114, df=49, p<0.01), there is a 
wide overlap that prevents the definition of the nature 
of the lesion according to its size (Figure 2). However, 
an adrenal lesion with a maximum diameter bigger than 

Figure 4. Right adrenal lesion of a woman with history of 
low grade NHL. In visual assessment, lesion seems not to 
contain lipids. Quantitative chemical shift MR findings are 
suggestive of malignancy, since the mean signal loss is low-
er than 20%. Biopsy confirmed the infiltration of the adrenal 
gland by the lymphoma

Figure 5. Left adrenal lesion incidentally discovered in a man 
subjected in abdominal CT for lumbago. Chemical shift MR 
findings were highly suspicious of a non adenomatous lesion. 
Biopsy result was nonfunctioning benign pheochromocytoma
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4 cm, especially in cancer patients, is highly suspicious 
of a metastasis. Similar results have been already pub-
lished7,12,22,26.

In the case of pheochromocytoma, the patient had 
normal urine catecholamine levels before biopsy, but for-
tunately, biopsy didn’t cause blood-pressure alteration. It 
is mentioned that 14% of patients with pheochromocy-
toma may be asymptomatic and have normal biochemical 
studies27. 

The major limitation of our study is that CT enhance-
ment washout technique was exceptionally used since it 
is not included in our institution default imaging algo-
rithm when encountering with adrenal lesions. We be-
lieve that our results would have been stronger if we have 
compared CT washout findings with chemical shift MR 
findings and some of the biopsies in adrenal adenomas 
might have been avoided. 

In conclusion, CT guided percutaneous adrenal bi-
opsy is a safe and specific technique and is probably the 
method of choice for characterizing adrenal lesions with 
doubtful MR imaging findings. Chemical shift adrenal 
imaging alone seems to be a reliable method for selecting 
which lesions are suspicious of malignancy and have to 
be investigated with biopsy. 

This seems to be especially important in cases where 
iodine contrast media is contraindicated (allergy, renal 
failure), where an alternative to CT enhancement wash-
out technique has to be established in order to character-
ize adrenal lesions. 
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