
© Gland Surgery. All rights reserved.   Gland Surg 2020;9(6):2331-2342 | http://dx.doi.org/10.21037/gs-20-559

Introduction

The adrenal gland is a retroperitoneal bilateral organ 
located in the suprarenal area, with medial and lateral 
limbs looking like an inverted Y, V or L in shape (1,2). 
Despite of their position, adrenal lesions are frequently 
detected nowadays by radiological examinations thanks 
to the development of new diagnostic modalities such as 

ultrasound examination (US), computed tomography (CT) 
and magnetic resonance imaging (MR) and their widespread 
use (3-5). It is often possible to discover incidentally adrenal 
masses, the so called adrenal incidentaloma (6-8).

Inc identa l  adrenal  les ions  are  encountered in 
approximately 4% to 6% of the population on cross-sectional 
imaging; this rate increase to 7–10% of scans in older  
patients (9).
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Adrenal lesion may be observed also in emergency 
settings (10,11) in which they can represent the principal 
emergency injury (hemorrhage, infarction or infection) or 
may be discovered in emergency settings incidentally in 
patient being investigated for non-specific acute abdominal 
pain (traumatic or not) (12-17).

The purpose of this narrative review is to describe CT 
and MR imaging features of adrenal lesions in order to 
distinguish first of all benign from malignant ones in order 
to direct patient management correctly. We present the 
following article in accordance with the NARRATIVE 
REVIEW reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-559).

Imaging of adrenal lesions

Ultrasonography (US) imaging

US is able to visualize adrenal lesions, but it is less sensitive 
and more operator dependent compared to computed 
tomography or magnetic resonance imaging (18-22). The 
examination of the right adrenal gland is possible in most 
of the cases. It seems to be more difficult to analyse the 
left gland because of the presence of the stomach and the 
smaller volume of the spleen (compared to the liver) (23).

Thanks to the lack of radiation, US should be considered 
as first step for the diagnosis of adrenal lesions and clinical 
management, when suspected, at least for children and 
pregnant women. Through US, it is possible principally 
to discriminate cystic mass respect to solid ones, but the 
definite and appropriate characterization of a mass remains 
difficult (24,25).

Computed tomography (CT) imaging

CT is surely the most useful and widespread technique to 
examine the adrenal gland especially on the axial plane by 
sections of f 2.5–3 mm (26-30). Thanks to the presence 
of perinephric fat, CT can easily demonstrate location of 
lesions, their size and features especially when performed 
with the use of intravenous contrast agent.

When an adrenal mass is found incidentally on imaging, 
a dedicated CT protocol is usually performed to evaluate 
the mass. The overlapping venous phase enhancement 
patterns of adenomas and non-adenomas requires a 
delayed image series executed 10–15 minutes after contrast 
medium injection to establish if the lesion shows washout 
or not (31,32). The absolute percentage washout (APW) 

and relative percentage washout (RPW) can be obtained 
through a set formula (29,31,33).

Magnetic resonance (MR) imaging

MR should be considered especially if CT is not diagnostic. 
Various MR imaging parameters can be used in order 
to characterize adrenal masses, but the most useful is 
represented by the Chemical Shift Imaging (CSI) which 
allows the detection of intracellular lipid that is contained 
in most frequent adrenal lesions (adenomas) with loss of 
signal in the “out of phase” sequence (OP) (33-35). The 
loss of signal intensity can be demonstrated also with a 
quantitative analysis through specific formula based on the 
adrenal-to-spleen chemical shift ratio (ASR) or the adrenal 
sensitivity index (SII) (31,36,37) avoiding liver and the 
muscle because of the frequent presence of fat content that 
may also cause signal loss on the OP sequences (31). 3T 
MRI system with the assessment of new sequences could 
allow to distinguish adenomas from non-adenoma but it has 
not contributed more than to the use of CSI (31,38).

 
MRI 

could be particularly useful to study adrenal lesions with an 
unenhanced CT attenuation between 10 and 30 HU, while 
contrast-enhanced CT might be more useful for analysing 
nodules with attenuation values greater than 30 HU (39). 
The use of diffusion weighted imaging (DWI) is not useful 
to distinguish adenomas from non-adenomas (3). Some 
studies have considered dynamic gadolinium-enhanced MRI 
in order to distinguish metastases from adenomas; even 
if is not more sensitive than CSI for the characterization 
of adenoma, it is an important diagnostic tool for some 
adenomas that are not well characterized by CSI (3). A 
possibility to improve the diagnostic possibilities in cases 
of indeterminate and heterogeneous masses seems to be 
magnetic resonance spectroscopy (MRS) (40). Examining 
the choline-to-creatinine ratio, MRS may differentiate 
adenoma from non-adenoma but further studies will be 
needed (41).

Benign adrenal conditions

Adenoma

Adenoma is the most common benign adrenal tumor that 
arise from the cortex and it is formed by intra-cytoplasmatic 
fat. Incidence of adenomas increases with age and most of 
them are non-functioning (9). At unenhanced CT, adenomas 
are often incidentally discovered and they usually show 
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Figure 1 Unenhanced axial CT imaging show a voluminous right adrenal mass, with regular margins, and negative attenuation values (−4 
UH) (A). This lesion is characterized by rapid contrast enhancement during the arterial phase (68 UH) and also fast wash-out in portal phase 
(18 UH ) (B,C,D).

Figure 2 MR imaging of right adrenal adenoma (A). Chemical Shift Imaging (CSI) which allow the detection of intracellular lipid that is 
present in most frequent adrenal lesions (adenomas) (B).
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round or oval shape, with homogeneous and attenuation 
values lower than 10 Hounsfield Units (HU) because of 
their high fat content (29) (Figure 1) even if 15–30% of 
them are characterized by higher attenuation values (39).  
In these cases, further and later acquisition phase should 
be added after 15 minutes from the intravenous contrast 
administration to differentiate assess diagnosis. Adenoma 
typically shows rapid and intense enhancement after 
contrast administration and a significant washout (APW 
>60%, RPW >40%) on delayed images both on CT or MR 

imaging (31). The loss of signal intensity on OP MRI is the 
most remarkable finding of adrenal adenoma (31) (Figure 2). 
Approximately 90% of adenomas presents a homogeneous 
or ring enhancement pattern on MRI and 60% of 
malignant lesions have a heterogeneous pattern (42) CSI 
has a sensitivity of 81–100% and specificity of 94–100%, 
similar to those of non-contrast CT (41). No significant 
difference has been found between CT and MRI for lipid-
rich adenomas (43). CSI has been considered to be superior 
to non-contrast CT in the characterization of lipid-poor 
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adenomas (43-45).

Hemangioma

Hemangioma are classified into 4 types: cavernous, venous, 
capillary type and mixed (46). On CT, hemangiomas 
can be homogeneous, even if in larger lesions is possible 
to discover calcifications which indicate previous 
hemorrhages (47). On contrast enhanced CT, hemangioma 
are often described with mainly peripheral enhancement, 
with or without centripetal pattern on delayed phases (47). 
At MR, hemangioma is hypointense on T1-weighted with 
a significant hyperintensity on T2-weighted images (47). 

Cyst

Regarding the adrenal gland we have to distinguish 
pseudocysts (as a result from previous hemorrhage), 
endothelial cysts (deriving from lymphatic or arteriovenous 
malformations), epithelial cysts (with thin wall and serous 
liquid content), and parasitic cysts (39). On CT and MR, 
adrenal cysts generally show definite margins, homogeneous 
content (hypodense on CT and on MR hyperintense on T2-
weighted images); pseudocysts may have inhomogeneous 
content presenting a thicker cyst wall (47). 

Myelolipoma 

Myelolipoma is a benign tumor that is formed by fat 
and hematopoietic cells (39). At CT, myelolipoma looks 
like a well-demarked mass and its density depends on 
the proportion of fat and myeloid components. After 
contrast agent injection, myelolipoma typically shows low 
enhancement because of its poor vascularization (47). MR is 
fundamental for the diagnosis because the fat macroscopic 
components are hyperintense on T1 and T2-weighted 
images instead of the hematopoietic parts are hypointense 
on T1- and moderately hyperintense on T2-weighted 
images. Therefore the India ink artefact on CSI at the 
nodule-adrenal interface on opposed-phase images should 
suggest the diagnosis of myelolipoma (48). 

Pheocromocytoma

Pheochromocytoma arises from the chromaffin cells 
of the adrenal medulla producing norepinephrine 
and epinephrine (49). Adrenal pheochromocytoma is 
commonly benign, although 10% of these lesions can 

be malignant (49). At CT, pheochromocytomas are 
very heterogeneous showing solid, cystic, calcific and 
necrotic components. After contrast administration, 
pheochromocytomas present high enhancement and their 
APW and RPW are similar to those of adenomas (50) so 
is often very difficult to differentiate pheochromocytomas 
from adenomas through CT adrenal protocol. MR is very 
sensitive for the diagnosis of pheochromocytomas (51)  
thanks  to  i t s  hypointensi ty  on T1-weighted and 
hyperintensity on T2-weighted images without loss of 
signal intensity on CSI, instead of the typical adenoma (39). 
The presence of somatostatin receptors makes possible the 
certain diagnosis of pheochromocytoma on PET imaging 
with 68Ga-DOTA-peptides (39).

Lymphangioma 

Lymphangiomas are rare adrenal benign lesions with 
very non-specific features on contrast CT/MR imaging; 
therefore they appear on CT as hypodense lesion with 
intralesional septations or calcifications and on MR they 
show low signal intensity on T1 and high signal on T2-
weighted images (52).

Schwannoma 

Schwannoma is a rare tumor arising from the sheath of 
the nerves (53); at CT, it appears as a well-circumscribed 
hypodense mass and at MR generally presents isointensity 
on T1-weighted images and slight hyperintensity on T2-
weighted images with heterogeneous contrast enhancement 
on both enhanced CT and MR imaging (53).

Teratoma

Teratoma of the adrenal gland is very uncommon (54). 
At CT it appears as a well-defined mass with cystic and 
fatty components and septations. Egg-shell calcification 
is a characteristic feature of an adrenal teratoma (54). On 
MRI, both T1- and T2-weighted images demonstrate 
the presence of many signals related to the different 
mass components. On enhanced CT and MRI, subtle 
enhancement of the solid part and internal septations with 
intense enhancement (54).

Adrenal hematoma 

In adults, hematoma usually appears after abdominal 
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trauma, especially when patients are under anticoagulant 
therapy (55). On CT the most specific feature of adrenal 
injury is a generalized enlargement of the gland with 
irregularity of adrenal shape (35) accompanied by high 
attenuation and regional fat inhomogeneity in up to 90% of 
cases (56-58). 

MR is useful to detect the age of the adrenal hematoma. 
Diagnosis of adrenal hematoma could be difficult if it is 
caused by acute rupture of neoplasm (55). Acute intra-
tumoral adrenal hemorrhage is seen in many conditions. 
Even if more commonly involves pheochromocytoma, 
hemorrhage has also been described in myelolipomas, 
metastatic lesions, adrenocortical carcinomas, adenomas, 
and hemangiomas and angiosarcoma (19). If there is an 
underlying tumor, morphologic imaging features could 
include intralesional calcification. Therefore, functional 
imaging through PET may show hypermetabolic activity 
and MR may be helpful for the detection of intralesional 
enhancement (55).

Adrenal infarction

Like other organs, it is possible to distinguish hemorrhagic 
and non hemorrhagic adrenal infarction. The first may lead 
to acute primary adrenal insufficiency and its own imaging 
features are similar to adrenal hematoma described above.

Non-hemorrhagic adrenal infarction is less common 
and it is often caused by thrombosis of the adrenal vein, 
which determine parenchymal necrosis (59). It may appear 
on CT as a hypoattenuating area that determine a diffuse 
enlargement of the adrenal gland, sometimes surrounded by 
a peripheral subtle line of hyperenhancement (the capsular 
sign) (60). It is frequent to notice stranding of fat and a 
small amount of fluid nearby the gland (60).

Adrenal Infection

Systemic viral infection may involve adrenal glands. Instead 
of vascular damage such as hematoma or infarction, adrenal 
infection may cause thickening of the gland surrounded by 
edema (61). 

Cytomegalovirus and fungal agents such as Histoplasma 
capsulatum involve often bilateral ly the adrenals 
determining adrenal insufficiency (62). Bacterial sepsis 
may determine bilateral adrenal hemorrhage and acute 
adrenal failure (the so-called Waterhouse-Friderichsen 
syndrome) (63). It is important to remember also that the 
adrenals could be the sites of Mycobacterium tuberculosis 

(TB) infection showing enlargement of their volume and 
calcifications (64).

Malignant adrenal conditions

Cortical carcinoma

Cortical carcinoma is an uncommon malignant adrenal 
tumor that has higher incidence in childhood and middle 
age (65) and may be functioning especially in females; 
on CT, it presents malignant features like necrosis, 
calcifications and hemorrhage with heterogeneous and 
mainly peripheral enhancement (65). On MR, cortical 
carcinoma shows low signal intensity on T1-weighted 
images, high signal on T2-weighted images, and avid and 
irregular contrast enhancement with slow washout (66,67). 
Adrenal carcinoma may infiltrate adjacent structures (kidney, 
inferior vena cava, splenic vessels) and disseminate to the 
liver, lung, and retroperitoneal lymph nodes (39).

Lymphoma 

The primary adrenal lymphoma is very rare and in 50% of 
cases is a bilateral and generally associated with pathologic 
lymph adenopathy (68). Lymphoma lesions are typically 
large and homogeneous. On CT and MR imaging, adrenal 
secondary lymphomas are usually seen as soft tissue masses 
with slow and progressive enhancement (68). 

Metastases 

Metastases are the most frequent malignant adrenal lesions. 
The most common primary tumor that metastasizes to the 
adrenal glands is lung cancer followed by breast, colon, 
melanoma, kidney, and hepatocellular carcinoma (39). 
These malignant lesions are often bilateral and clinically 
silent; at CT, adrenal metastases present enhancement on 
the portal venous phase, but slower washout compared to 
adenomas (69) (Figure 3). At MR they generally appear 
hypointense on T1-weighted and moderately hyper- 
intense on T2-weighted and they don’t show signal loss 
on OP images (70). The differential diagnosis between 
metastasis and primary carcinoma is very difficult; 
carcinoma generally presents higher local invasiveness, 
especially on vascular structures (39). As a functional 
imaging modality, 18F-FDG-PET/CT could be useful to 
distinguish indeterminate adrenal lesions when the suspect 
of malignancy is high (71). 
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Figure 3 CT imaging show bilateral adrenal lesions (A). Morphological features such as size, bilateralism and content may lead to metastatic 
lesions in a patient affected by lung adenocarcinoma (B,C).

B CA

Neuroblastoma 

Neuroblastoma is a neoplasm that arises from neural crest 
cells and is the second most common abdominal tumor 
in childhood after Wilms tumor (72). This lesion usually 
is heterogeneous showing calcification, necrosis, and 
intralesional hemorrhage (72). Generally, neuroblastoma 
becomes symptomatic when it invades or compresses 
adjacent structures (73). Neuroblastoma appears as a large 
heterogeneous lesion (73) on CT presenting intralesional 
calcifications that allows to distinguish this neoplasm from 
Wilms tumor (72,73). On MR neuroblastoma usually shows 
low signal on T1-weighted and high signal intensity on T2-
weighted images with heterogeneous contrast enhancement 
(72,73).

Methods

We carefully searched in databases: PubMed/Medline, Web 
of Science, Google Scholar and Embase, from 2010 to 2020 
to identify relevant studies, keywords including: “Adrenal 
gland” “computed tomography” “magnetic resonance 
imaging” “adrenal masses diagnosis”. Eligible studies had to 
satisfy the following inclusion criteria: (I) recent studies (no 
longer than ten years ago); (II) English articles; (III) studies 
focused on clinical experience of using CT and MRI in the 
diagnosis and management of adrenal lesions.

Discussion

Adrenal lesions may be often discovered incidentally 

in patient being investigated for example for non-
specific acute abdominal pain (10). Radiologists must 
to be aware that a certain diagnosis is necessary for 
clinical management. For example if patients with 
benign adenomas can be clinically followed, patients 
with malignancies such as adrenocortical carcinoma or 
pheochromocytoma will require surgical evaluation and 
patients with a suspect of metastases should have first of all 
a thoracic evaluation, if not performed yet, because 50% 
of adrenal metastases are due to lung cancer (10).

Adrenal lesions could be divided into functioning or 
non-functioning masses, primary or metastatic, and benign 
or malignant.

CT contrast enhancement imaging is useful, especially 
for a non-hyperfunctioning mass, to differentiate benign 
from malignant adrenal lesions through two fundamental 
element:

• the intracellular lipid concentration of a mass;
• intravenous contrast pattern and washout behavior of 

a mass (27).
First of all, radiologists should keep in mind that the 

most frequent adrenal lesion who incidentally can be 
discovered on CT is represented by adrenal adenoma, even 
in oncologic patients (74,75). 

Unenhanced CT scan is sufficient to assess diagnosis of 
typical microscopic lipid rich adenoma (less than 10 HU) 
and myelolipoma with greater component of macroscopic 
fat and lower attenuation values (−30 HU) (33). 

Regarding lesions above 10 HU on unenhanced CT is 
required contrast enhancement CT and/or MR imaging 
also with the study of the adrenal gland in the later phase 
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(after 15 minutes from contrast intravenous injection) (76).
In this setting radiologist could discriminate adrenal 

benign or malignant lesion only through morphological 
imaging patterns like size, shape, margins and content (77).

Necrosis, calcifications and hemorrhage foci are 
suggestive for malignancy.

According to the American College of Radiology, if the 
size of the lesion is more than 4 cm, or it increase more than 
1 cm in 6 months, surgical resection might be considered 
only after an appropriate imaging study with adrenal 
specific cross-sectional imaging (76).

Regarding size, in a study conducted by Ctvrtlík et al.,  
adenomas show significantly smaller size respect to 
malignant masses but differences in shape and margins 
of the tumor among the histological categories were not 
statistically significant (78). 

Adenomas show more percentage of homogeneous 
structure in comparison with primary carcinomas, 
metastases, and pheochromocytomas (79,80) instead of 
the presence of central hypodensity leading to necrosis 
that was found more frequently in primary carcinomas and 
pheochromocytomas. 

Finally adenomas have faster washout rates respect to 
primary carcinomas, metastases, and pheochromocytomas 
(79-82). 

These parameters are “suspicious imaging features”, so 
not definitive indicators of malignancy and they can only 
contribute partially to the differentiation of adenomas from 
non-adenomas (83).

When we discover an adrenal incidentaloma, CT 
examination could be not sufficient to assess diagnosis 
without the study of the lesion’s washout behaviour. 
Adenomas tend to de-enhance faster than non-adenomatous 
lesions because malignancies show vascular abnormalities 
and slow blood flow that allow the accumulation of contrast 
agents retaining it for a longer period (69).

Adrenal cysts are unilocular hypo-attenuated benign 
lesions with no enhancement and some of them show 
calcification of the wall without septations and blood 
products (84). 

As we said before, acute hemorrhagic infarction should 
not be confused in this phase for an adrenal metastasis or 
rare postoperative abscess (85). 

On the contrary when an organized adrenal hematoma 
show hypodense fluid central area is difficult to assess 
diagnosis and often a careful follow-up is necessary 
because only idiopathic hemorrhage typically decrease in  
volume (86).

According to us, the further clinical and diagnostic 
management of an adrenal incidentaloma is to differentiate 
patients with history of malignancy or not. In the first group 
of patients, less than 4-cm masses would be investigated 
with MR or CT adrenal specific examination without and 
with contrast. 

In the second group of patients with no history of 
malignancy the evaluation of less than 4-cm masses can 
be executed only through dedicated CT or MR imaging 
repeating the examination in 12 months. If there are 
morphological changes during follow up, surgical resection 
should be considered. On contrary, if there is no mass 
change, no other further evaluation is needed (6).

Bilateral adrenal masses usually are benign (adenoma, 
macronodular hyperplasia) but metastases, lymphoma and 
pheocromocytomas should also be taken into account (87).

A new interesting clinical issue to consider is represented 
by the possible adverse reaction of some drugs which can 
involve adrenal glands. Ipilimumab, an anti-CTLA-4 
receptor used for the treatment of many advanced 
malignant cancers such as melanoma or lung neoplasm 
could determine in most of cases hypophysitis but more 
rarely thyroid diseases or primary adrenal insufficiency 
(88,89). 

Particular settings involve also pregnant women and 
children.

Pregnancy has to be considerate as a para-physiologic 
state of hypercoagulability so the adrenal glands should 
be carefully investigated on MR in order to avoid 
ionized radiations if there is a clinical suspect of adrenal 
involvement (90). Adrenal infarcts could determine a diffuse 
hypointense enlargement of the adrenal gland with adjacent 
fluid/edema on T2-weighted images (90-93).

Adrenal hemorrhage are more common in children 
especially in neonates; in new-borns is more frequent 
compare to adults (18,94-96) because adrenal glands seem 
to be more commonly involved traumatically because of 
the larger size and the hypervascularization in the neonatal 
period. 

Conclusions

The most important aim of adrenal imaging is represented 
by the detection and, when possible, characterization of 
adrenal lesions in order to direct patient management 
correctly. In conclusion, when an adrenal mass shows 
malignant morphologic features at presenting contrast-
enhanced CT, this first examination would be not sufficient 
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for mass characterization particularly in patients with a 
known history of malignancy (83). It should be necessary 
therefore to perform either dedicated contrast-enhanced 
adrenal CT (with a phase 15 min later than contrast 
medium injection) or MR examination with CSI (3). 

The most significative implications for radiologists are 
nowadays represented by how to assess risk of malignancy 
on imaging, choosing the best second-stage imaging study 
to characterize indeterminate adrenal masses and what 
follow-up to indicate especially for adrenal incidentaloma 
(97-99).
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