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ABSTRACT

Background and aim. The adrenal tumors are a reasonably common pathology. Radiologic imaging detects an adrenal
neoplasm in approximately 4% of the patients incidentally. It is also a valuable tool that assists in determining a diag-
nosis. Furthermore, it may facilitate the further investigation and management of the lesion. This article aims to assess
imaging features that are characteristic of the most common adrenal tumors.

Materials and methods. A selective search was carried out for relevant studies concerning radiologic imaging of ad-
renal adenoma, myelolipoma, pheochromocytoma, carcinoma, metastases, neural crest tumors, lymphoma, hemangi-
oma, lymphangioma, and schwannoma. Medline (PubMed), Cochrane Library, SpringerLink and ScienceDirect data-
bases were used.

Results. US is helpful for the screening of masses in the suprarenal region. Nevertheless, its findings have to be verified
by CT or MRI. The golden standard of assessing adrenal tumors is native CT. Those lesions which present with probable
malignant features should be evaluated using dynamic contrast-enhanced CT. Chemical shift MRI is a feasible alterna-
tive, especially in lipomatous masses. PET/CT is recommended for patients with large or indeterminate lesions.
Conclusion. Adrenal CT protocol is the most reliable technique in the differentiation of these diverse neoplasms. On
the other hand, CS-MRI is indispensable for verifying intratumoral adipose tissue and, consequently, selecting the most
appropriate approach to manage the mass. Furthermore, PET/CT permits characterizing indistinctive tumors and their
potential metastatic spread.
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INTRODUCTION

The adrenal tumors are a reasonably common
pathology. Clinical manifestations of these le-
sions are various; they cause abdominal pain,
distention or fever [1]. However, the majority
of the masses are asymptomatic. Although they
originate from hormone-secreting cells in the
adrenal cortex or medulla, the tumors are usu-
ally non-functional [2]. Hence, an adrenal mass
often is a coincidental imaging finding. Adrenal
tumors are found incidentally in approximately
4% of the patients during an abdominal CT scan
due to unrelated symptoms [3].

Initial clinical workup, including examination of
the patient and laboratory tests, is used in distin-
guishing the probable type of the tumor. Radio-
logic imaging is also a valuable tool that assists
in determining an accurate diagnosis. Conse-
quently, precise evaluation of imaging findings

allows reducing the number of adrenal biopsies,
surgeries and complications [4]. Therefore, the
knowledge of imaging techniques and features
associated with a particular pathology is im-
mensely beneficial.

AIM

To evaluate radiologic imaging features that
are representative of the most common adre-
nal tumors.

MATERIALS AND METHODS

A selective search was carried out for relevant
studies concerning radiologic imaging of adeno-
ma, myelolipoma, pheochromocytoma, carcino-
ma, metastases, neural crest tumors, lymphoma,
hemangioma, lymphangioma, and schwannoma
of the adrenal gland. We chose databases from
the subscription list of Lithuanian University of



Health Sciences. Medline (PubMed), Cochrane
Library, SpringerLink and ScienceDirect data-
bases were used.

RESULTS

Adrenal lesions might not accurately visualize on
conventional ultrasound (US) due to small size,
stomach or intestinal gas, obesity or severe liver
steatosis. US is helpful for the screening of mass-
es in the suprarenal region. Nevertheless, its find-
ings have to be verified by computed tomography
(CT) or magnetic resonance imaging (MRI).

The golden standard of assessing adrenal tum-
ors is CT [5]. Smaller, slow-growth lesions are
presumably benign [6, 7]. Moreover, the attenu-
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ation value of 10 Hounsfield units (HU) or less
suggests a benign mass on native CT [8-10]. If
unenhanced CT scan displays feature associated
with malignancy, dynamic contrast-enhanced
CT (DCE-CT) with 15-min delayed acquisition
through the upper abdomen should be per-
formed [11].

Neoplasms of the adrenal gland have a distinctive
pattern of the contrast washout [12]. Moreover,
quantitative parameters, such as total percentage
washout (APW) and relative percentage washout
(RPW), can be calculated [13]. This radiolog-
ic framework allows differentiating the lesions
more precisely.

Adrenal tumors should also be evaluated using
chemical shift MRI (CS-MRI) [14]. The sequence

Figure 1. Axial unenhanced CT (A), DCE-CT during the portal venous phase (B) and 15-min delayed CT scans demon-
strate well-defined hypoattenuated adrenal lesion (arrow) with early enhancement and rapid washout. SUVmax of the
mass is 4.1 on 18F-FDG PET/CT (D). Imaging findings are suggestive of adrenal adenoma. (Humbert, AL, Lecoanet G,
Moog S, Bouderraoui F, Bresler L, Vignaud JM, Chevalier E, Brunaud L, Klein M, Cuny T. The computed tomography
adrenal wash-out analysis properly classifies cortisol secreting adrenocortical adenomas. Endocrine 2018; 59: 529-537)
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Figure 2. Myelolipoma of almost 100% macroscopic fat (circle) is observed in the right adrenal gland on axial unen-
hanced CT (A). Its attenuation value is lower than of myelolipoma containing approximately 10% macroscopic fat (B).
(Campbell MJ, Obasi M, Wu B, Corwin MT, Fananapazir G. The radiographically diagnosed adrenal myelolipoma: what

do we really know? Endocrine 2017; 58: 289-294)

Figure 3. A loss of Sl is displayed within adrenal my-
elolipoma (arrow) between the in-phase (A) and op-
posed-phase (B) axial CS-MRI. (Lesbats-Jacquot V,
Cucchi JM, Amoretti N, Novellas S, Chevallier P, Brune-
ton JN. Lipomatous tumors of the adrenals - a report on
18 cases and review of the literature. Clin Imag 2007; 31:
335-339)
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determines a loss of signal intensity (SI) on op-
posed-phase images compared to in-phase im-
ages. This signal drop correlates to intracytoplas-
mic fat and leads to a presumption of a benign
mass [15]. CS-MRI is superior to DCE-CT only
in those cases where the unenhanced attenua-
tion value of the adrenal lesion is < 80 HU [16].
If a hyperattenuating tumor presents, DCE-CT
achieves higher sensitivity than CS-MRI [17].
However, MRI is appropriate in pregnant pa-
tients or those with iodine hypersensitivity and
reduced renal function.

Diffusion-weighted MRI (DW-MRI) is not rou-
tinely used for separating adrenal neoplasms
[18].

Nuclear medicine, especially positron emission
tomography (PET), plays a role in the differen-
tial diagnosis of adrenal tumors. Various radio-
isotopes are used, the most common one being
fluorine-18-fludeoxyglucose (18F-FDG). A hy-
brid technique, PET/CT, is recommended for
patients with large or indeterminate lesions. In-
creased metabolic activity of 18F-FDG is charac-
teristic of malignant masses [8, 9, 19-22]. Even
though PET/CT demonstrates high accuracy, it
is still inferior to DCE-CT [23].
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Figure 4. A large pheochromocytoma (arrow) appears as
a heterogeneous lesion with inhomogeneous enhance-
ment and non-enhancing necrosis and cystic changes on
axial native (A), 1-min (B) and 15-min delayed (C) CT.
(Kim DW, Yoon SK, Kim SH, Kang EJ, Kwon HJ. Assess-
ment of clinical and radiologic differences between small
and large adrenal pheochromocytomas. Clin Imag 2017;
43:153-157)
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Figure 5. An avid peripheral uptake of radioisotopes with central photopenia (arrow) is depicted in the left adrenal gland
on axial attenuation-corrected 18F-FDOPA, 68Ga-DOTATATE, 18F-FDG PET (A-C) and PET/CT (D-F) images. These
features imply the presence of pheochromocytoma. (Taieb D, Jha A, Guerin C, Pang Y, Adams KT, Chen CC, Romanet P,
Roche P, Essamet W, Ling A et al. 18F-FDOPA PET/CT imaging of MAX-related pheochromocytoma. J Clin Endocrinol
Metab 2018; 103(4): 1574-1582)

9
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Figure 6. Adrenocortical carcinoma (arrow) presents
with a large central non-enhancing hypodense region
consistent with necrosis on axial native CT. (Thomas AJ,
Habra MA, Bhosale PR, Qayyum AA, Ahmed K, Vicens
R, Elsayes KM. Interobserver agreement in distinguishing
large adrenal adenomas and adrenocortical carcinomas
on computed tomography. Abdom Radiol 2018; 43: 3101-
3108)

Figure 7. A lack of 11C-MTO uptake within a necrotic adrenal carcinoma (long arrow) is assessed on PET (A). How-
ever, a reminiscent uptake (short arrow) can be seen. On the other hand, pheochromocytoma (arrow) does not take up
11C-MTO at any rate (B). (Hennings ], Lindhe O, Bergstrom M, Langstrom B, Sundin A, Hellman P. [11C] Metomidate
positron emission tomography of adrenocortical tumors in correlation with histopathological findings. J Clin Endocrinol
Metab 2006; 91(4):1410-1414)

10
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Figure 8. Adrenal metastasis is depicted on axial unenhanced CT (A), attenuation-corrected 18F-FDG PET (B) and fused
PET/CT images (C). CT displays a well-circumscribed left adrenal tumor (arrow); increased 18F-FDG uptake is observed
on PET and PET/CT. The primary lung cancer (continuous circle) and metastatic bone lesions (dashed circle) are seen
on coronal plane of these images (D-F). (Refaat R, Elghazaly H. Employing 18F-FDG PET/CT for distinguishing benign
from metastatic adrenal masses. Egypt ] Radiol Nucl Med 2017; 48: 1065-1071)

11
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Figure 9. Ganglioneuroma (arrow) of the right adrenal gland is demonstrated as homogeneous and hypointense on MRI
T1W image (A), heterogeneous and hyperintense on T2W image (B), homogeneous and isointense on fat-supressed
T1W image (C). After administration of the contrast agent, a slight and heterogeenous enhancement is observed (D).
(Qing Y, Bin X, Jian W, Li G, Linhui W, Bing L, Huiqing W, Inghao S. Adrenal ganglioneuromas: a 10-year experience in
a Chinese population. Surgery 2010; 147(6): 854-860)

Figure 10. A heterogeneous hypoattenuated mass (white
arrow), seen on axial contrast-enhanced CT, suggests

a neuroblastoma. Thrombosis of the inferior vena cava
(black arrow) is also displayed. It drains into a collateral
vein (arrowhead). (Mehta SV, Lim-Dunham JE. Ultra-
sonographic appearance of pediatric abdominal neuro-
blastoma with inferior vena cava extension. J Ultrasound
Med 2003; 22: 1091-1095)

12
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Figure 11. Increased 18F-FDG metabolic activity shows lymphoma of the left adrenal gland (arrow) on axial unenhanced
CT (A) and 18F-FDG PET/CT (B). Resolution of the disease after chemotherapy is determined on axial PET/CT (C) and
coronal PET (D) images. (Cistaro A, Asabella AN, Coppolino P, Quartuccio N, Altini C, Cucinotta M, Alongi P, Balma
M, Sanfilippo S, Buschiazzo A et al. Diagnostic and prognostic value of 18F-FDG PET/CT in comparison with morpho-
logical imaging in primary adrenal gland malignancies — a multicenter experience. Hell ] Nucl Med 2015; 18(2): 97-102)

13
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Figure 12. On axial DCE-CT, slight irregular peripheral enhancement and small calcifications during the arterial phase
and more intense peripheral enhancement during the delayed phase within a mass (arrow) suggests a cavernous heman-
gioma of the right adrenal gland. (Xu HX, Liu GJ. Huge cavernous hemangioma of the adrenal gland. ] Ultrasound Med
2003; 22: 523-526)

Figure 13. Coronal T2W MRI shows a multiloculated cyctic mass (arrows) in the left adrenal gland (A). On contrast-en-
hanced fat-saturated TITW MRI, only enhancement of intratumoral septations (dashed arrows) is seen (B). Findings are
characteristic of adrenal lymphangioma. (Secil M, Demir O, Yorukoglu K. MRI of adrenal lymphangioma: a case report.
Quant Imaging Med Surg 2013; 3(6): 347-348)

14
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Figure 14. A well-defined homogeneous lesion (arrow)

is displayed on axial native CT (A). After injection of the
contrast material, slight enhancement of the tumor is
observed during arterial phase (B) and delayed phase (C).
These features are indicative of Schwannoma. (Suzuki K,
Nakanishi A, Kurosaki Y, Nogaki J, Takaba E. Adrenal
schwannoma: CT and MRI findings. Radiat Med 2007;
25:299-302)

DISCUSSION

Adrenocortical adenomas are the most common
adrenal neoplasms [3, 24]. These tumors are
smaller than others [17, 25, 26] and they usually
do not expand. In the case of adrenal adenoma,
the mass is observed with cross-sectional imag-
ing over time to detect possible changes in size.
An increase of 1 cm is associated with a three
times higher risk of a tumor being non-adeno-
matous [17].

On US, the findings are not specific. Adrenal ad-
enoma is depicted as a small, well-defined solid
lesion in the suprarenal region [27].
Histologically,adenoma contains a relatively high
amount of intracytoplasmic lipid. This structural
particularity is associated with lower attenuation
value on native CT. A threshold of 10 HU is used
to distinguish adenomas from non-adenomas.
However, the quantity of intracellular fat may
vary. As a result, imaging findings also differ. The
majority of lipid-rich adenomas present as round
hypoattenuating (< 10 HU) masses with regular
margins on unenhanced CT [28, 29], contrary to
lipid-poor adenomas and non-adenomatous tu-
mors (> 10 HU) [25]. It is difficult, yet essential
to separate lipid-poor adenomas from malignant
lesions due to further diagnostic and treatment
strategy. The presence of hyperdense foci (> 10
HU) within a mass requires more detailed as-
sessment.

It should be noted that the 10 HU threshold has
high sensitivity, although it lacks specificity. As
stated by Iniguez-Ariza et al., a limit of 20 HU
would decrease the number of false positive
scans [7].

Moreover, the analysis of an unenhanced CT
histogram is superior to the assessment of unen-
hanced mean attenuation. The former has higher
sensitivity; a threshold of > 10% negative pixels
is used for identifying adenoma [30, 31].

While hyperattenuating lipid-poor adenomas are
difficult to differentiate from non-adenomatous
lesions on native CT, they respond to contrast
enhancement similarly to hypodense lipid-rich
adenomas [25]. Higher enhancement, earlier
and more rapid enhancement washout suggests
adenomatous, either lipid-rich or lipid-poor, a
tumor on DCE-CT (Figure 1) [12, 13, 25]. Still,

15
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comparing lipid-rich adenomas to those con-
taining a small amount of lipid, the former has
slightly lower enhanced attenuation values, as
well as delayed contrast-enhanced attenuation
values [12, 25, 32].

There is minor overlap between washout pat-
terns of adenomas and non-adenomas [12].
Hence, they are not pathognomonic.

For 10-min delayed CT, the thresholds of APW
and RPW are 50% and 40%, respectively, indi-
cating adrenocortical adenoma [33]. For 15-min
delayed CT, the thresholds are 60% and 40%,
accordingly [13, 25, 34, 35]. However, RPW and
15-min delayed CT is shown to be more precise
(12, 17, 33]. RPW is usually lower in lipid-poor
adenomas [32].

Perfusion CT is beneficial in the separation of
adenomatous and non-adenomatous lesions as
well; the adenomas demonstrate larger blood
volume values [36, 37]. Nonetheless, perfusion
CT is inferior to washout CT.

Considering that adrenal adenomas contain a
relatively large amount of lipid, CS-MRI has be-
come a valuable tool for discriminating them
from the other tumors [38, 39]. Adenoma can
be determined by decreased SI on T1-weighted
(T1W) opposed-phase images compared to TIW
in-phase images [40-44]. Indeed, this technique
is less appropriate for lipid-poor adenomas.
Quantitative parameters can also be calculated
using intratumoral SI on the in-phase and op-
posed-phase images. Adrenal-to-spleen ratio
(ASR) and SI index (SII) are shown to be the
most reliable parameters for the separation of
adenomas and non-adenomas on CS-MRI [45].
ASR < 0.71 or SII > 16.5% is suggestive of li-
pid-rich adenoma [46, 47]. However, SII is more
precise than ASR [47]. Considering the diagnos-
tic possibilities of CS-MRI, it is far more superior
to unenhanced CT [46], yet inferior to DCE-CT
(48], especially for the characterization of li-
pid-poor adenomas. CS-MRI has a remarkable
sensitivity if the attenuation value of the lesion is
< 20 HU on native CT. In other cases, the sensi-
tivity decreases [49].

A substantial overlap of apparent diffusion co-
efficient (ADC) values in adenomatous and
non-adenomatous tumors are observed on DW-
MRI [42, 50].
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On dynamic contrast-enhanced MRI (DCE-
MRI), the adrenocortical adenoma can be depict-
ed by homogeneous enhancement on the arteri-
al phase or capillary blush (increased SI higher
than liver) with rapid washout on the venous
phase [41, 43, 51]. In the case of lipid-poor ade-
noma, DCE-MRI is more valuable than CS-MRI
due to inadequate SI loss on the opposed-phase.
On the other hand, it should be used carefully in
patients with decreased renal function owing to
possible gadolinium-induced nephrogenic sys-
temic fibrosis [52].

Lower 18F-FDG uptake of the lesion compared
to uptake of the liver parenchyma indicates an
adenoma on PET/CT [23, 53]. Still, there is a
moderate overlap of 18F-FDG metabolic activ-
ity between adenomas and non-adenomas, e.g.,
hormone-secreting adenomas or those with
large amounts of intracytoplasmic lipofuscin can
mimic malignant adrenal neoplasms due to in-
creased 18F-FDG uptake [54, 55].

Myelolipoma is the second most frequent adrenal
incidentaloma [3]. It is always benign and most-
ly consists of adipocytes with some hematopoi-
etic elements. However, fat is not an imperative
element of the lesion. Although the majority of
tumors are found in the adrenal gland, extra-ad-
renal myelolipomas are also identified [56-59].
Myelolipomas are encapsulated or have definite
margins [60]. Atypical findings are hemorrhage
or calcification within the mass [61-63]. They
grow relatively slowly [64]. Nonetheless, the tu-
mors tend to become larger; those who exceed
10 cm in diameter are known as giant myeloli-
pomas. Bigger masses are likely to rupture and
produce hematomas [65].

On US, myelolipoma is depicted as a heteroge-
neous hyperechoic or isoechogenic mass in the
suprarenal region [62, 66-68]. Heterogenicity is
a result of the variable architecture of the lesion.
Low attenuation is characteristic of myeloid
components. Therefore, hemopoietic cells deter-
mine the presence of hypoechogenic foci within
the lipomatous tumor [68, 69].

Supersonic shear wave elastography may help dis-
tinguish myelolipomas from other benign adrenal
masses; myelolipomas are harder than nodular
hyperplasia or adenomas [70]. However, the US is
insufficient in the diagnosis of myelolipoma.



RADIOLOGY UPDATE VOL. 3 (5) ISSN 2424-5755

A round or oval well-circumscribed heterogene-
ous hypodense lesion is observed in a case of my-
elolipoma on unenhanced CT [71, 72]. Negative
attenuation values imply the presence of fat [68].
Hence, the attenuation of the tumor depends on
the amount of the adipose tissue (Figure 2).
Mild enhancement is detected in the hemato-
poietic regions after the injection of the contrast
material [72, 73].

On MR, features typical of myelolipoma might
vary. On T1W images, it can present as a homo-
geneous hyperintense or hypointense (if mye-
loid components predominate) mass with reg-
ular margins [71, 74]. On T2W images, high or
intermediate SI is observed [22, 71].

Using fat-saturated T2W images, loss of SI
within the fat allows identifying myelolipoma
(Figure 3) [72].

A signal drop, which indicates the presence of
adipose tissue, is also seen on opposed-phase
CS-MRI [74].

Gadolinium-enhanced MRI displays mild en-
hancement of the tumor [72].

Metabolic activity of 18F-FDG is lower in fat
compared to myeloid tissue [75]. Consequently,
the uptake of 18F-FDG is usually not increased
on PET/CT [76].

Pheochromocytoma is a rare adrenomedullary
tumor derived from chromaffin cells. Extra-ad-
renal pheochromocytomas, termed as paragan-
gliomas, arise from paraganglionic chromaffin
cells in the sympathetic nervous system. Most
patients with chromaffin-derived neoplasms
have hereditary or de novo germline mutations
in one of the susceptibility genes [77].

A portion of these masses secrete catechola-
mines. Thus, they can precipitate headache, car-
diac arrhythmias or life-threatening hyperten-
sion since adrenergic crisis may occur during
percutaneous biopsy [78, 79]. Laboratory tests
along with radiological imaging play an essential
role in the determination of pheochromocytoma
and its function.

On native CT, around homogeneous or, most-
ly, heterogeneous lesion with possible calcifica-
tion, cystic or hemorrhagic changes is observed
in a case of pheochromocytoma [80-83]. Cystic
degeneration and necrosis are more common
in larger masses [84]. The attenuation of pheo-

chromocytoma is usually > 10 HU, and it does
not significantly differ from the attenuation of
lipid-poor adenoma [81, 85, 86]. However, com-
pared to lipid-poor adenomas, pheochromocy-
tomas are more extensive [85, 86]. If a malignant
transformation has occurred, metastases in the
regional lymph nodes or liver parenchyma can
be detected [87].

DCE-CT is recommended as the first-line imag-
ing tool in patients with suspected adrenomedul-
lary neoplasm [88]. On DCE-CT, pheochromo-
cytoma presents as a heterogeneous hyperdense
lesion; its attenuation is higher than of adenoma
[34, 86, 89]. Regions with no enhancement can
be noticed if cystic or necrotic changes are pres-
ent (Figure 4) [81]. The contrast agent washout
of this tumor is variable. Lower APW and RPW
are representative of pheochromocytoma rather
than of adrenal adenoma [86]. Nonetheless, it
can frequently imitate adenoma due to a similar
washout pattern [81, 82, 84]. As stated by Woo
et al., 35% of pheochromocytomas display early
contrast enhancement and washout with coin-
ciding APW and RPW [90]. Thus, the exclusion
of this tumor should not be based only on the
findings of the DCE-CT.

On T1W images, pheochromocytoma is hypoin-
tense. On T2W images, it is depicted as a solid,
hypervascular, hyperintense mass [80]. However,
it can mimic other benign or malignant tumors
due to atypical features, such as fat, hemorrhage,
cysts or calcification.

CS-MRI is also beneficial; SIT < 16.5% and ASR
SI ratio > 0.71 imply pheochromocytoma [86].
Nonetheless, if a tumor is larger, an SI drop cor-
relating to a higher amount of intracytoplasmic
lipid can be observed on opposed-phase images.
DW-MRI may help differentiate pheochromocy-
tomas from adenomas. The use of ADC in sep-
arating adrenal neoplasms has been debatable
[91-93]. However, a new study shows that eval-
uating the heterogenicity of diffusion is more ac-
curate. According to Umanodan et al., increased
entropy of ADC values is characteristic to phe-
ochromocytomas rather than adenomas [94].
Hemorrhage, necrosis or cystic changes are more
frequent in pheochromocytomas, and these fea-
tures determine the heterogenicity of the tumor.
Therefore, a wider range of ADC values is seen in
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the ADC histogram.

Avid heterogeneous enhancement is character-
istic to pheochromocytoma on T1W gadolini-
um-enhanced images.

On PET/CT, pheochromocytoma is recognized
by high uptake intensity compared to the liver
parenchyma, regardless of the radioactive trac-
er (Figure 5) [95]. Still, 18F-FDG is the tracer of
choice in diagnosing this adrenomedullary tu-
mor [96]. Metabolic activity of the lesion helps to
make a distinction between a benign and malig-
nant pheochromocytoma. The latter is larger and
has a higher 18F-FDG maximum standardized
uptake value (SUVmax) [97].
Iodine-131-metaiodobenzylguanidine
(131I-MIBG), another tracer, is taken up by
catecholamine-secreting tumors. Thus, it is
useful in the diagnosis of pheochromocytoma.
131I-MIBG, being a pharmacologic analog of
guanethidine and norepinephrine, competes
with endogenic amines in adrenergic tissues.
18F-FDG and 131I-MIBG scans complement
one another in the identification of pheochro-
mocytomas [97]. However, 18F-FDG PET/CT
has higher sensitivity in detecting the dissemi-
nation of the disease [77]. Therefore, it should be
used if the metastatic spread is suspected [88].
18F-FDG PET/CT is useful in the diagnosis of
pheochromocytoma, yet this imaging technique
is inferior to CT or MRI [98].

Radioisotope gallium-68-DOTA-tyr3-octreotate
(68Ga-DOTATATE) is presumably superior to
18F-FDG and 1311-MIBG. The use of 68Ga-DO-
TATATE PET/CT in conjunction with 18F-FDG
PET/CT is beneficial in patients with the aggres-
sive phenotype of the disease. In such a case, low
68Ga-DOTATATE and high 18F-FDG uptake
are observed [95].

PET/CT with fluorine-18-dihydroxyphenylana-
nine (18F-DOPA) is valuable as well. As stated
by Fiebrich et al., it is more sensitive than other
imaging techniques in distinguishing catechola-
mine-secreting masses. Moreover, the metabol-
ic activity of 18F-DOPA correlates with plasma
and urine normetanephrine [99].

In spite of that, the uptake of radioactive tracers
is predisposed not only by the location, malig-
nancy or secretory function of pheochromocy-
toma but also by the underlying genetic status
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[97, 100-102]. Consequently, the results of ge-
netic testing should be taken into consideration
while evaluating PET/CT images.

Primary carcinoma of the adrenal gland is a
rare tumor, often found incidentally. Neverthe-
less, abdominal pain or a palpable mass can be
present. Moreover, endocrine dysfunction, such
as virilization, feminization or Cushing’s syn-
drome, is frequently observed in patients with
adrenocortical carcinoma [103, 104].

The prognosis of adrenal carcinoma is poor; the
5-year survival rate is approximately 50% [104,
105]. Older age, more significant lesion and met-
astatic spread is associated with malignancy and
lower survival rate [7, 105].

Radiologic imaging enables to diagnose this ag-
gressive neoplasm. On the US, a heteroechoic
mass is detected in the adrenal gland [106].

On unenhanced CT, carcinoma presents as a
round, oval or lobulated heterogeneous mass
[107, 108]. The attenuation values of carcino-
ma are higher than of adenoma, although there
is an overlap [28, 109]. Adrenocortical carcino-
ma may have a central hypodense region due to
hemorrhage or necrosis (Figure 6). Additional-
ly, hyperdense areas owing to calcification can
be seen [110]. Infiltration to the adjacent tissue,
including inferior vena cava liver or kidney, ad-
enopathy, and metastasis helps to differentiate
carcinoma from a benign tumor [110, 111].
After the injection of the contrast agent, inho-
mogeneous peripheral enhancement of the le-
sion is indicative of carcinoma [110]. RPW <
40% is consistent with malignancy [111, 112].
CT 3D reconstruction of the malignant lesion is
valuable for evaluating its invasion and choosing
the most suitable surgery plan [113, 114].

MRI is another useful imaging tool. A heter-
ogeneous hyperintense mass is observed in a
case of carcinoma on TIW and T2W images
[22, 115, 116].

Intracytoplasmic lipid is not typical. Nonethe-
less, fatty regions within the tumor may be pres-
ent in some cases. Thus, foci of decreased SI are
seen on opposed-phase images.

18F-FDG PET/CT offers high diagnostic perfor-
mance in separating malignant adrenal masses
[26, 117]. Intense heterogeneous metabolic ac-
tivity of 18F-FDG suggests carcinoma [115].
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Using carbon-11-metomidate (11C-MTO) as a
tracer, carcinoma can be differentiated from oth-
er adrenal lesions on PET. Extremely increased
uptake of this radioactive isotope is characteris-
tic of carcinoma, whereas pheochromocytoma
and metastasis are 11C-MTO negative [118,
119]. Regions lacking the 11C-MTO uptake
correlate to necrosis within the tumor (Figure
7). Nuclear medicine also contributes to the
staging of the disease and follow-up after the
treatment [120-122].

Primary tumors that disseminate to the adrenal
glands are usually found in the lungs and esoph-
agus [123-126]. Adrenal metastases are signifi-
cantly larger than benign adrenal masses [127].
Nonetheless, other radiologic findings associat-
ed with malignancy are more valuable for diag-
nosis [124].

The US has low sensitivity in differentiating adre-
nal lesions. Still, it can be used, if other radiolog-
ic techniques are contraindicated. The metastatic
tumor is recognized by its hypoechogenicity. On
contrast-enhanced endoscopic US (CE-EUS), it
appears as a hypervascular mass during the early
vascular phase with delayed enhancement [128].
Adrenal metastasis presents as a solid hyper-
dense mass with smooth or irregular margins on
native CT [123, 127, 129]. The majority of me-
tastases are heterogeneous. However, this feature
is not pathognomic [129, 130]. Regional lym-
phadenopathy, thrombosis of the renal vein or
inferior vena cava and invasion of the adjacent
tissues also allows differentiating malignant le-
sions from the benign ones. Furthermore, they
show a higher and more rapid increase in size
than benign lesions on follow-up images [129].
On DCE-CT, heterogeneous peripheral en-
hancement is observed [130].

Heterogeneous mass that is isointense on T1W
images and hyperintense on T2W images im-
plies the presence of metastasis.

CS-MRI demonstrates an insignificant signal
drop on the opposed-phase images [43].
Gadolinium-enhanced MRI shows moderate
and persistent peripheral enhancement without
washout suggestive of metastasis [41, 43].
PET/CT is a precise, non-invasive imaging tech-
nique, although it has a lower accuracy than
DCE-CT [23]. A combination of washout CT

and PET/CT is more accurate for the identifi-
cation of metastasis than these imaging tools
separately [123]. 18F-FDG uptake is higher or
equal that of the liver in patients with metastat-
ic foci (Figure 8) [21, 131-133]. These masses
have higher 18F-FDG metabolic activity than
benign lesions [21, 23]; SUVmax > 2.5 is char-
acteristic of metastasis [125, 126, 134]. In some
cases, the low metabolic activity of the radioiso-
tope may be observed. This finding is associated
with necrotic, hemorrhagic or especially small
metastases [135].

A broad spectrum of masses, other than phe-
ochromocytoma, arises from adrenomedullary
ganglion cells. One of them, ganglioneuroma is
a benign tumor. It originates from neural crest
cells and consists of Schwann cells, ganglion
cells, and nerve fibers. The majority of these
masses are asymptomatic, therefore, they are
found incidentally [136-138]. In other cases,
patients experience abdominal discomfort or
hypertension [137].

The radiologic features of ganglioneuroma are
non-specific. On the US, it is depicted as a
well-defined hypoechoic lesion, usually > 3 cm
in size [136].

The blood flow signal is not established on Color
Doppler US [136].

Unenhanced CT provides more information
about the adrenal pathology. An oval or lobulat-
ed encapsulated lesion of low-attenuation, yet >
10 HU, is observed in patients with ganglioneu-
roma [136, 138-140]. Its homogeneity depends
on the different proportions of Schwann cells
and ganglions. CT may also display either cen-
tral or peripheral speckled calcifications [136,
137, 140-142].

After the injection of the iodine-based contrast,
low to intermediate delayed heterogeneous en-
hancement suggests a ganglioneuroma [136,
137, 142, 143].

Low SI on T1W images and high SI on T2W
images are typical of ganglioneuroma (Figure
9) [136, 138, 139, 141, 144]. Nonetheless, it does
not allow to differentiate ganglioneuroma from
other neurogenic tumors.

DCE-MRI demonstrates weak delayed enhance-
ment, as seen on DCE-CT [145, 146]. Still, MRI
is inferior to CT owing to the ability of the latter
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to showcase intratumoral calcifications [147].
Nuclear medicine can help identify the lesion,
although the findings are not pathognomic.
Metabolic activity of 18F-FDG is frequently
mildly increased [136, 142, 146], yet gangli-
oneuroma sometimes does not take up the ra-
dioisotope at all [138].

If 1311-MIBG is used as a tracer, increased up-
take can be observed.

Another tumor that originates from neural crest
cells is neuroblastoma. It is a malignant mass
common in the pediatric population [1]. Clin-
ical symptoms characteristic of the tumor are
irregular fever, abdominal pain or a palpable
mass [148-150]. Neuroblastomas are extremely
aggressive; the five-year overall survival rate is
50.8% [150]. However, in rare cases, neuroblas-
toma may undergo histological maturation into
a benign ganglioneuroma [151].

A solid heterogeneously echoic lesion or an
anechoic cystic mass is displayed on the US
[152-156]. Bright echoes with acoustic shad-
owing, indicative of calcifications, may also be
detected [156].

Native CT allows assessing the mass more scru-
pulously. Heterogeneous hypodense irregular-
ly-shaped mass with granular calcifications is
suggestive of neuroblastoma. Additionally, ne-
crosis or cystic changes are frequent findings.
Features, associated with malignancy, such as
infiltration of the adjacent organs and lymphatic
metastases, are also typical (Figure 10) [148].
Moderate inhomogeneous enhancement, except
for the regions of necrosis and cystic changes, is
seen on contrast-enhanced CT [148, 157].

On MRI, neuroblastoma presents as hypointense
on T1IW images and hyperintense on T2W imag-
es, identical to ganglioneuroma [149, 158, 159].
On gadolinium-enhanced MRI, heterogeneous
enhancement of the mass is recognized [158].
Scintigraphy with 123MIBG or 131MIBG has
become a valuable tool for the identification
and staging of malignant neural crest tumors
[160]. Increased MIBG uptake is determined
in patients with neuroblastoma [161, 162]. Al-
though, a false-negative scan may be occasion-
ally observed [162]. Thus, 18F-FDG PET is rec-
ommended owing to its higher sensitivity [163].
According to Kroiss et al., gallium-68-DO-
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TA-tyr3-octreotide (68Ga-DOTATOC) PET
could also be helpful [164]. However, integrated
imaging of MRI and PET further increases the
accuracy in diagnosing neuroblastomas [165].
Ganglioneuroblastoma is a transitional mass
which contains cells of both benign ganglioneu-
roma and malignant neuroblastoma. It is less
differentiated than ganglioneuroma and is more
related to neuroblastoma by its aggressive be-
havior. The main distinction between these two
tumors is the regular margins of ganglioneuro-
blastoma and lower CT attenuation value due to
its hypocellularity compared to neuroblastoma.
Moreover, metastases are also more frequently
observed in patients with neuroblastomas [166].
Imaging features of ganglioneuromas, gangli-
oneuroblastomas, and neuroblastomas do not
significantly differ. Consequently, distinguishing
neural crest tumors is possible only by a histo-
logical examination. However, a study shows
that DW-MRI can be useful to separate these
lesions. They are all hyperintense on DW-MRI.
Nonetheless, ADC of malignant lesions is higher
than of the benign ones [167].

Adrenal lymphoma, a rare tumor, can be prima-
ry or secondary. The most common histolog-
ical type is non-Hodgkin lymphoma. Adrenal
lymphoma occurs in 4% of the patients with
non-Hodgkin lymphoma [168]. The mass usu-
ally presents with atypical symptoms, such as
abdominal pain, fever or weight loss [169-171].
Radiologic imaging plays a notable role in the
identification of the lesion. A heterogeneous hy-
poechoic mass with feasible hepatosplenomegaly
can be determined on the US [172, 173]. Howev-
er, the US lacks sensitivity in differentiating lym-
phoma from other adrenal malignant tumors.
On native CT, lymphoma is recognized as a
round, oval or lobulated mass which is hypo-
dense compared to the liver parenchyma, yet
its attenuation value is > 10 HU [169, 174-176].
Rarely, calcifications within the mass can be seen
[177]. Lymphoma is usually a well-defined lesion
without invasion of the adjacent organs [178].
DCE-CT shows a slight gradual, heterogeneous
enhancement [174, 175, 179].

Low to intermediate ST on MRI T1W images and
high SI on T2W images is characteristic of adre-
nal lymphoma [178].
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Using CS-MRYI, a loss of SI is not visualized on
opposed-phase images [174].

DW-MRI displays restricted diffusion within the
lesion [179, 180].

On gadolinium-enhanced MRI, solid mass with
homogeneous or heterogeneous contrast en-
hancement implies lymphoma [178-180]. In
some cases, enlargement of the regional lymph
nodes is established [181, 182].

PET/CT has higher accuracy in the differen-
tiation of adrenal lymphoma than DCE-CT
[117]. PET/CT images show avid 18F-FDG
uptake in patients with lymphoma (Figure 11)
[174, 183-185].

Cavernous hemangioma is an uncommon pa-
thology of the adrenal gland; it usually affects
skin and liver. Hemangioma is a benign vascular
mass that consists of angioblastic cells. Due to
their absent clinical manifestation, only enlarged
(> 10 cm) hemangiomas are diagnosed clinically.
Unfortunately, large hemangiomas may rupture
and cause retroperitoneal hemorrhage, leading
to hypotension [186].

Radiologic imaging determines the lesion acci-
dentally in most cases. On the US, hemangioma
appears as a well-defined hyperechoic inhomo-
geneous solid lesion in the suprarenal area [187,
188]. However, some patients present with a
lesion that consists of diffuse anechoic regions
with hyperechoic septa [189]. Intratumoral cal-
cified foci may also be observed [188].

On unenhanced CT, a heterogeneous hypoatten-
uated lesion with regular margins and peripher-
al calcifications is characteristic of hemangioma
[190-196].

The mass with the hypodense center is displayed
on DCE-CT [192, 197]. Early irregular peripher-
al enhancement with enhancement extending to
the center of the lesion during the delayed phase
suggests an adrenal hemangioma (Figure 12)
[189].

MRI does not show high sensitivity in the diag-
nosis of the tumor. The findings are non-specific,
i.e,, hemangioma is hypointense on T1W imag-
es and hyperintense on T2W images [187, 188,
198]. Regions of high SI within the mass are in-
dicative of hemorrhage or calcification [190].
On opposed-phase CS-MRI, SI does not change
significantly [190].

The enhancement pattern on DCE-MRI is simi-
lar to that on DCE-CT; early peripheral rim-like
enhancement with slow patchy centripetal en-
hancement is determined [189, 190].
Lymphangioma is another benign tumor. Histo-
logically, it is composed of multicystic owing to
irregular dilated lymphatic vessels [199]. Lym-
phangiomas are frequently found in the neck,
axilla, and mediastinum; adrenal lymphangioma
is an extremely rare pathology. Adrenal masses
are usually asymptomatic. However, abdominal
or back pain can be present [199].

The US, as a primary imaging method, depicts
the tumor as a well-defined multilocular anecho-
ic cystic lesion [200-202].

Adrenal lymphangioma should be included in
the differential diagnosis if a well-circumscribed
hypodense mass with subtle septal structures is
observed on native CT scans [203, 204]. Attenu-
ation values are similar to those of lipid-rich ade-
nomas. Nonetheless, only septal enhancement is
seen after the administration of the contrast ma-
terial in patients with lymphangioma [201, 204,
205]. Moreover, peripheral curvilinear or punc-
tate calcifications may be recognized within lym-
phangiomas, contrary to adenomas [200, 204].
Lymphangioma appears hypointense on MRI
TW1 images and hyperintense on T2W images
[206-208].

On gadolinium-enhanced MRI, isolated sep-
tal enhancement is typical of the tumor, corre-
spondingly to DCE-CT images (Figure 13) [202].
Although radiologic imaging has become highly
informative in distinguishing the adrenal tum-
ors, malignant lesions remain in the differential
diagnosis, if lymphangioma is present.

Adrenal schwannoma is a slowly growing benign
mass. It arises from Schwann cells of myelinated
sympathetic nerve fibers that innervate the ad-
renal medulla. Histologically, these tumors have
two principal microscopic patterns of growth.
The Antoni A pattern is highly cellular, the An-
toni B pattern is composed of myxoid and hya-
line degeneration. The tumor is usually asymp-
tomatic [209-211]. When large, schwannomas
develop degenerative (hemorrhagic or cystic)
changes. These degenerative lesions are known
as ancient schwannomas.

Schwannoma is frequently found incidental-
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ly during the US examination. It is displayed
as a hypoechoic mass with definite margins
[212, 213].

On native CT, non-specific findings are observed
in patients with adrenal schwannoma. The lesion
is well-circumscribed heterogeneous and low-at-
tenuated [214, 215]. Septa, cystic changes and
calcification related to the tumor wall may be
identified [214, 216, 217]. In such cases, schwan-
noma mimics a malignant tumor.

On DCE-CT, mild heterogeneous contrast en-
hancement during the hepatic arterial phase
with progressive enhancement during the portal
vein phase implies the presence of schwannoma
(Figure 14) [212, 214, 215, 218].

Schwannoma is hypointense to isointense on
MRI T1W images. On T2W images, it is inho-
mogeneous and hyperintense [211, 215, 218,
219]. T2W images are more informative; high-
er SI is characteristic of predominant Antoni
B tissue rather than of Antoni A tissue [220].
The chemical shift sequence does not show a
signal drop on opposed-phase images [215].
On DCE-MRI, schwannoma is identified by
early enhancement without significant wash-
out [221].

PET/CT demonstrates increased homogeneous
or heterogeneous 18F-FDG uptake [222].

In conclusion, non-invasive radiologic imaging
allows identifying typically asymptomatic tum-
ors of the adrenal gland. Adrenal CT protocol
is the most reliable technique in the differenti-
ation of these diverse neoplasms. On the other
hand, CS-MRI is indispensable for verifying in-
tratumoral lipomatous components and, conse-
quently, selecting the most appropriate approach
to manage the mass. Furthermore, PET/CT per-
mits characterizing indeterminate tumors and
their potential metastatic spread. Nonetheless,
some neoplasms do not display specific features
and cannot be distinguished only based on radi-
ologic imaging. Hence, clinical symptoms, labo-
ratory test, and biopsy are essential for making a
correct diagnosis.
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