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Abstract
Purpose The aim of this retrospective study was to compare the MRI features between typical and atypical pheochromocy-
tomas (Pheos) to specifically illustrate MRI features of atypical tumors for helping tumor diagnosis.
Methods A total of 22 patients (14 women and 8 men, median age: 53 years, age range: 25–82 years) with Pheos evaluated 
using a 3 T MRI scanner were retrospectively collected; in particular, all patients had one tumor lesion, except in two cases 
who had two and three lesions, respectively, for a total of 25 tumor lesions.
Results Of the total 25 tumor lesions included in our series, 12 lesions were classified as typical for their classical appear-
ance on MRI (T1 hypointensity, T2 hyperintensity, no signal drop on T1 out-of-phase, restricted diffusion and persistent 
contrast enhancement). Conversely, the other 13 tumors were classified as having atypical lesions because they did not show 
the MRI features observed in typical Pheos; in particular, 3 lesions showed signal intensity suggestive of tumor hemorrhagic 
changes, 2 lesions were totally cystic with an internal fluid–fluid level and a thin capsula, 3 lesions showed predominantly 
cystic signal intensity with residual solid tissue in the peripheral capsula, and the remaining 5 lesions appeared as rounded 
partially cystic lesions with associated areas of solid tissue.
Conclusion The imaging characterization of typical Pheos may be performed using MRI with specific imaging features; 
however, atypical Pheos represents a diagnostic challenge using MRI; in these tumors, cystic, necrotic, hemorrhagic, or fat 
changes may occur; thus, diagnostic pitfalls should be taken into consideration for MRI interpretation of such tumor type 
in clinical practice.
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Introduction

Pheochromocytomas (Pheos) are usually functional tumors 
of adrenal medulla chromaffin tissue [1]; hence, Pheos 
are commonly symptomatic for increasing catecholamine 

plasma and urinary levels; therefore, imaging evaluation is 
performed for lesion detection and successively to establish 
treatment options [2, 3]. In this regard, magnetic resonance 
imaging (MRI) and computed tomography (CT) are the 
imaging techniques of choice for scanning the superior abdo-
men. In particular, MRI provides specific imaging criteria to 
characterize Pheo; usually, as typical forms, Pheos appear 
as solid round masses of variable size with homogeneous 
increased signal intensity on T2-weighted and low signal 
intensity on T1-weighted images with clear enhancing and 
poor washout after contrast administration on T1-weighted 
dynamic contrast-enhanced (DCE) sequence [2, 4]. How-
ever, Pheos may have atypical imaging appearance when dif-
ferent types of lesion degeneration such as necrosis, hemor-
rhage, calcification, and cystic or intracellular lipid changes 
may occur; of note, in these atypical forms, the differential 
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diagnosis with other adrenal tumors may be difficult [2, 
5, 6]. In detail, Jacques et al. [5] reported increased MRI 
signal intensity heterogeneity correlating pathologically 
with high amounts of hemorrhage, necrosis, and fibrosis; of 
note, cystic degeneration may be so wide that only a small 
amount of viable cells may remain to identify the true nature 
of lesion [7]; different atypical types of Pheos such as cystic, 
hemorrhagic, calcific, and adipose have been reported. Thus, 
the diagnosis of these atypical Pheos is not clinically easy, 
specifically when adrenal function is normal, with delayed 
patient management [1, 8]. Furthermore, Pheos can present 
as adrenal incidentalomas, and they can occasionally be non-
functioning, conditions in which the diagnosis can prove 
more complex [9, 10].

The aim of this retrospective study was to compare the 
MRI features between typical and atypical Pheos to specifi-
cally illustrate MRI features of atypical tumors for helping 
tumor diagnosis in clinical practice.

Materials and methods

Study population

This retrospective study had regular approval by our insti-
tutional review board (protocol code: 10/17), and informed 
patient consent was obtained in all cases. Our institutional 
archive was searched to identify abdominal MRI scans of 
patients with adrenal lesions detected by previous ultra-
sound and/or computed tomography scans in the period 
from 2008to 2023; radionuclide imaging studies were also 
collected and reviewed when available. Patients with Pheos 
were extracted and included in the final study population 
using the following criteria: (1) Pheo diagnosis proven by 
histopathology or confirmed by radionuclide studies  ([131I]/
[123I] metaiodobenzylguanidine—MIBG); (2) pre-treat-
ment MRI study available; and (3) clinical and laboratory 
data related to adrenal pathology retrievable from medical 
records. MRI scans with significant artifacts were excluded.

MRI protocol

A 3 T device (Magnetom Trio, Siemens, Erlangen, Germany) 
with a surface–body coil was used to perform MRI studies. 
Imaging procedure included pre- and post-contrast sequences: 
CS T1 VIBE (TR/TE = 4.04/1.26 ms; TR/TE = 4.04/2.59; slice 
thickness = 3 mm; no gap) in- and out-of-phase on axial planes, 
T2 HASTE (TR/TE = 2000/90 ms; slice thickness = 3 mm; 
gap = 0.6  mm) with fat suppression on axial planes, T2 
HASTE (TR/TE = 2000/90  ms; slice thickness = 3  mm; 
gap = 0.6 mm) on axial and coronal planes, and axial diffusion-
weighted imaging (DWI) using an “echoplanar imaging single 
shot” (SS-EPI) sequence with fat suppression and integrated 

parallel imaging (GRAPPA-2) (TR = 5700 ms, TE = 69 ms, 
slice thickness = 4 mm; matrix size = 128 Å ~ 128; averages 
= 5; b-value = 50, 500, and 1000 s/mm, acquisition time = 
3.07 min); an ADC map was computed using a monoexponen-
tial model on the imaging console (Syngo VE 36 A, Siemens, 
Erlangen, Germany). DCE (0.1 mmol/kg Gd-DTPA Mag-
nevist, Bayer Pharma, Berlin, Germany) T1 VIBE 3D (TR/
TE = 3.3/1.1 ms; slice thickness = 2 mm; no gap) sequence was 
performed in arterial (30 s), portal (60 s), and delayed phases 
(5 min) on axial planes after injection.

Imaging analysis

MRI studies were evaluated by two radiologists expert in 
abdominal imaging working in consensus to detect adre-
nal tumors as well as to describe lesion structure, char-
acteristics, and size according to MR images. They were 
blinded to clinical and histopathological data. The MR 
images were anonymized and evaluated in a random order. 
In particular, all sequences of the same MRI study were 
contextually visualized to qualitatively assess tumor lesion 
signal intensity on T1, T1 CS, T2, and T1 DCE images; 
a 3-point scoring (0 = hypointensity compared to the liver, 
1 = isointensity compared to the liver, and 2 = hyperinten-
sity compared to the liver) was used to qualitatively assess 
tumor lesion signal intensity. Pheos were classified into two 
groups based on their typical or atypical features on MRI, 
as previously described [6]; typical Pheos consisted of a 
homogeneous solid mass with low T1 signal intensity, high 
T2 signal intensity, no signal drop on T1 out-of-phase CS 
sequence, and clearly enhancing and poor washout on T1 FS 
DCE sequence. On the contrary, atypical Pheos consisted 
of cystic, hemorrhagic, calcific, and adipose types; of note, 
cystic changes were total, predominant, or partial, as previ-
ously described [6].

Statistical analysis

Data extracted from medical records and MR images were 
organized in a digital spreadsheet, which was also used to 
perform descriptive statistics calculations. In particular, 
numeric variables were presented as mean ± standard devia-
tion of median and range as appropriate, while categorical 
variables as count and percentage (Excel 2020, Microsoft, 
Washington, WA, USA).

Results

Study population

A total of 22 patients, of which 14 (64%) were female with a 
median age of 53 years (age range: 25–82 years), with Pheos 
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were evaluated. In particular, since 2 patients had multiple 
lesions (i.e., 2 and 3, respectively), 25 Pheos were included. 
Half of the patients (11/22, 50%) were symptomatic, with 
the most commonly encountered clinical symptom being 
high blood pressure (9/11, 82%), while tachycardia and 
recurrent headache with night sweats were encountered in a 
single patient each. Final histopathology confirmation was 
available for 22/25 (88%) adrenal lesions; for the remaining 
cases, MIBG exams were used to confirm Pheos diagnosis 
[8]. Laboratory evaluation of adrenal medullary function 
showed hypersecretion in 12/22 (55%) patients. No MRI 
scan was excluded due to the presence of artifacts.

Imaging analysis

After image evaluation, 12/25 (48%) lesions in 10/22 (45%) 
patients were classified as typical according to MRI features 
(Table 1). The imaging example of a typical Pheo is shown 
in Fig. 1. Conversely, the other 12/22 (55%) patients pre-
sented 13/25 (52%) lesions classified as atypical Pheos due 
to the lack of typical Pheos features (Table 2). In particular, 
3/13 (23%) lesions showed areas of high signal intensity on 
T1 images, suggesting hemorrhagic changes. The remaining 
lesions (9/13, 77%) were either totally (2/13, 15%), predomi-
nantly (3/13, 23%), or partially (5/13, 39%) cystic, with two 
of the latter lesions showing fat inclusions (both from the 
same patient). Final diagnosis was confirmed by MIBG in 
one atypical and two typical Pheos, while all the remaining 
lesions were determined on histopathologic evaluation. The 

imaging examples of hemorrhagic, totally, predominantly, 
and partially cystic atypical Pheos are shown in Figs. 2, 3, 
4, and 5, respectively.

Discussion

Pheos are catecholamine-secreting tumors arising in the 
chromaffin cells of adrenal medulla [1–3]. The majority 
(90%) of Pheos are located within the adrenal glands, while 
extra-adrenal Pheos develop in paraganglionic chromaffin 
tissue of the sympathetic nervous system; these lesions may 
occur anywhere from the base of the brain to the urinary 
bladder and are named paragangliomas. Accurate pre-sur-
gical diagnosis is really important because untreated Pheos 
may determine clinically significant cardiac arrhythmias and 
hypertension with potential fatal clinical events. Of note, 
patients may be also completely asymptomatic, with up to 
10% of cases being clinically silent; despite their usual uni-
lateral and benign appearance, Pheos can be bilateral and 
malignant in 10% of cases.

Tumor diagnosis depends on imaging detection of an 
adrenal lesion associated with specific clinical symptoms 
and laboratory demonstration of increased catecholamine 
secretion. Usually, on CT, Pheos show specific imaging 
features as solid, hypervascular tumors with increased CT 
density (> 10 UH); rarely do they contain sufficient intracel-
lular fat to have an attenuation of less than 10 HU [2]. The 
common MRI appearance of typical Pheos is a mass with 

Table 1  MRI characteristics of typical pheochromocytomas

Patient #8 had tumor lesions
CS chemical shift, IP in phase, OP out phase, FS fat suppressed, CE contrast enhanced, na not available
a A 3-point scoring (0 = hypointensity compared to the liver, 1 = isointensity compared to the liver, and 2 = hyperintensity compared to the liver) 
was used to qualitatively assess tumor lesion signal intensityCS

# Patient MRI Tumor MRI  sequencesa

Sex Age (years) structure size (mm) T1 CS IP T1 CS OP T2 T2 FS DWI ADC Pre-CE T1 FS Post-
CE T1 
FS

# 1 F 82 Solid 23 0 0 2 2 2 0 0 2
#2 M 72 Solid heterogeneous 38 0 0 2 2 na na 0 2
#3 M 25 Solid 80 0 0 2 2 na na 0 2
#4 F 73 Solid 15 0 0 2 2 2 0 0 2
#5 F 32 Solid 48 0 0 2 2 na na na na
#6 M 56 Solid 50 0 0 2 2 na na 0 2
#7 M 58 Solid heterogeneous 29 0 0 2 2 na na 0 2
#8 a M 42 Solid (right) 9 0 0 2 2 na na 0 2
#8 b Solid (right) 20 0 0 2 2 na na 0 2
#8 c Solid (left) 50 0 0 2 2 na na 0 2
#9 F 57 Solid heterogeneous 30 0 0 2 2 na na 0 2
#10 F 42 Solid 18 0 0 2 2 2 0 0 2



 Clinical and Translational Imaging

low signal intensity on T1 sequence and high signal inten-
sity on T2 sequence; furthermore, Pheos commonly enhance 
avidly on T1 imaging after administration of a gadolinium-
based contrast material [2]. Radionuclide techniques may 

also be used to characterize Pheos using specific radiocom-
pounds such as MIBG and/or labeled somatostatin analogs 
[11–13]. However, Pheos may be incorrectly categorized as 
adenomas showing fat inclusions or may undergo a variety 

Fig. 1  Typical medium-sized (23  mm) left adrenal Pheo (#1, 
Table  1). A homogeneous left adrenal mass with regular mar-
gins and signal hyperintensity was detected on fat suppression (FS) 

T2-weighted MRI (A); the lesion had no change on T1-weighted out-
of-phase (B), showed restricted diffusion (C, D) and persistent con-
trast enhanced on FS T1-weighted delayed image (E)
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of tissue degeneration, such as tumor hemorrhage or lesion 
cystic degeneration (total, predominant, or partial), which 
compromises their typical imaging features; these changes 
reflect the “chameleon” epithet given to this tumor in its 
atypical appearance [5–8]. In particular, these atypical Pheos 
may be misdiagnosed since they occur more frequently in 
asymptomatic patients without biochemical abnormalities 

compared to typical solid tumors [8]. Of note, to avoid this 
misdiagnosis, MRI signal intensity heterogeneity has been 
reported, reflecting tumor changes in atypical Pheos [5]. 
Recently, MRI has been confirmed to be necessary to rule 
out Pheo diagnosis in the case of adrenal masses with HU 
more than 10 [14]. However, MRI signal intensity hetero-
geneity may also occur in other adrenal masses of different 

Fig. 2  Atypical large-sized (95  mm) hemorrhagic left adrenal Pheo 
(#10, Table  2). An inhomogeneous large left adrenal mass with 
regular margins and partial signal hyperintensity was detected on 
T1-weighted in-phase (A) reflecting intralesion bleeding; the lesion 

had no change on T1-weighted out-of-phase (B), showed inho-
mogeneous restricted diffusion (C, D) and enhancement on FS 
T1-weighted delayed image (E)
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nature [15]; thus, the detection of atypical Pheos represents 
a diagnostic challenge using MRI. Furthermore, although 
quantitative evaluation has been proposed in adrenal imag-
ing for lesion characterization [16], this approach shows 
wide limitations in the case of large heterogeneous adrenal 
lesions [17]. Furthermore, radiomics imaging studies using 
CT and FDG PET/CT have been reported to characterize 
Pheos [18, 19].

In this study, we evaluated the MRI features to charac-
terize typical or atypical Pheos by systematically compar-
ing imaging appearance of these tumors. In our experience, 
an interesting imaging finding was that the majority (54%) 
of patients with Pheos had atypical lesions. In detail, we 
observed 12 solid tumor lesions classified as typical, while 
the other 13 tumor lesions showed unusual MRI features and 
were classified as atypical. The majority (67%) of typical 
Pheos (8/12) showed homogeneous hyperintensity on T2 
images, while the remaining 4 lesions showed bright signal 
intensity, isointense to the cerebrospinal fluid (CSF), on T2 
images, confirming the low occurrence (33%) of the CSF 
lightbulb bright signal intensity as previously reported in 
the literature [5, 7]. All the typical Pheos showed no signal 

loss on T1 out-of-phase CS sequence and significant con-
trast enhancement on T1 FS post-contrast DCE sequence. 
Conversely, the majority (77%) of atypical Pheos (10/13) 
were cystic, suggesting that cystic changes represent the 
most frequent tissue degeneration in such lesions. Of note, 
five of these tumors were totally or predominantly cystic 
surrounded by a residual viable tissue in the peripheral cap-
sula or the remnant solid component, respectively; only five 
lesions appeared as partially cystic with contextual areas of 
solid tissue or fat inclusions. The remaining three atypical 
Pheos showed areas of high signal intensity on T1 images, 
suggesting hemorrhagic degeneration. The majority (92%) 
of atypical Pheos showed no signal loss on T1 out-of-phase 
CS sequence, confirming that the presence of intracytoplas-
mic lipid content is rare, as well as showed heterogeneous 
enhancement on T1 FS post-contrast DCE sequence accord-
ing to degrees of degeneration. Therefore, the results of our 
experience show that atypical Pheos may be frequent and 
there are no specific criteria to correctly identify such tumor 
lesions since cystic or hemorrhagic degeneration may also 
occur in other adrenal tumors [20, 21]. Finally, we wish to 
underline that while a few case reports on atypical Pheos 

Fig. 3  Atypical totally cystic Pheo measuring 50 mm (#4, Table 2). 
An inhomogeneous, well-capsulated, round adrenal mass with par-
tial signal hyperintensity and intratumor linear level was detected 

on axial T2-weighted fat-suppressed image (A); the lesion had no 
restricted diffusion (B, C) and showed only capsular enhancement on 
FS T1-weighted delayed image (D)
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have been published in recent years, there is an overall scar-
city of publications dealing with MRI features and providing 
multiple cases [22, 23].

Our study has some limitations that deserve to be 
acknowledged. First, the retrospective design and wide tem-
poral range of data collection expose to a risk of selection 
bias, which probably explains why the number of atypical 
Pheos was relatively higher than that of typical Pheos. Sec-
ond, for a minority of the included MRI scans, DCE was 
not available, which is again imputable to the retrospective 
design; however, this issue did not impact the Pheo classifi-
cation since the only typical Pheo without DCE showed all 
the remaining typical MRI features. Finally, histopathology 
was not available to confirm diagnosis in a few cases, but the 
high diagnostic accuracy of MIBG was deemed sufficient to 
serve as a reference standard for the purpose of this study 
[24].

In conclusion, the imaging characterization of typical 
Pheos may be performed using MRI with specific imaging 

features, but atypical Pheos represent a diagnostic chal-
lenge using MRI. For these tumors, a non-invasive accu-
rate pre-operative diagnosis is required to avoid the use of 
biopsy and to plan the appropriate treatment strategy. For 
this purpose, MRI together with biochemical evaluation is 
recommended to characterize such adrenal tumors; however, 
cystic, necrotic, hemorrhagic, or fat changes may occur in 
atypical Pheos; thus, diagnostic pitfalls should be taken into 
consideration for imaging interpretation of such tumor type 
in clinical practice.

Fig. 4  Atypical predominantly cystic Pheo measuring 57  mm (#3, 
Table  2). An inhomogeneous, well–capsulated, round adrenal mass 
with signal hyperintensity was detected on coronal T2-weighted 
image (A, white arrow); the lesion was predominantly cystic on coro-

nal FS T1-weighted image (B, white arrow); of note, the lesion had 
a hemorrhagic rim as detected on axial fat-suppressed T2-weighted 
image (C, white arrow) and axial fat-suppressed T1-weighted pre-
contrast image (D, white arrow)

Fig. 5  Atypical bilateral partially cystic Pheo with fat inclusions on 
the left side (#12, Table  2). Inhomogeneous round bilateral adrenal 
lesions, measuring each about 30 mm, are detected on T2-weighted 
MRI images (A, B); the right lesion had no change on T1-weighted 
out-of-phase, while the left lesion showed multiple foci of signal loss 
suggesting fat inclusion (C, D); both lesions showed inhomogene-
ous restricted diffusion (E, F) and enhancement on FS T1-weighted 
image (G, H)

◂
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