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Pheochromocytomas are relatively rare catecholamine-
secreting tumors that arise from the chromaffin cells of 
the adrenal medulla or extraadrenal paraganglia. The 
incidence of pheochromocytoma in the general population 
was 0.05% in an autopsy study (1), with a prevalence of  
0.1-0.6% in hypertensive adults (2-4). There is a slight 
female predilection, with a female:male ratio of 1.4:1 (5). The 
mean age of presentation of sporadic pheochromocytomas 
is approximately 44 years, which is older than those with a 
genetic predisposition who present at approximately 25 years 
of age (6). Pheochromocytomas are exceptionally rare in the 
pediatric population, however, when they do occur there is a 
higher incidence of both malignancy (47% vs. 10% in adults) 
and genetic predisposition than in adults (7,8).

Until recently, the majority of pheochromocytomas or 
paragangliomas were classified as sporadic, with only 10% 
considered genetically associated. However, due to recent 
advances in molecular genetics it is now thought that at least 
one third of all patients with either a pheochromocytoma 
or paraganglioma harbor a genetic mutation (6,9) and this 
proportion will likely rise as further genes are formally 
characterized. To date, there are six pheochromocytoma/
paraganglioma-predisposing genes recognized: the von-
Hippel Lindau tumor suppressor gene (Figures 1,2), the RET 
proto-oncogene leading to multiple endocrine neoplasia type 
2 (Figure 3), the neurofibromatosis type 1 gene, and the three 
genes encoding subunits of B, C, and D of mitochondrial 

succinate dehydrogenase (10). Other inherited conditions 
(e.g., tuberous sclerosis and Carney triad) and non-familial 
syndromes (e.g., Sturge-Weber) are also associated with 
pheochromocytomas and paragangliomas. The panel at 
the First International Symposium on Pheochromocytoma 
recommended that it is neither appropriate nor currently cost 
effective to test every disease-causing gene in every patient 
with a pheochromocytoma and paraganglioma. To choose a 
proper genetic test, the biochemical profile of catecholamine 
secretion, age of the patient, location of the primary tumor, 
and previous family history are included in the genetic 
algorithm (11).

In approximately 3-7% of patients undergoing 
computed tomography (CT) an incidental adrenal lesion is  
identified (12). Adrenal adenomas are the most common 
adrenal incidentaloma in patients without cancer accounting 
for 80% of lesions, with myelolipoma accounting for 6% 
and pheochromocytoma for 3% (13,14). A wide spectrum 
of imaging findings on all modalities has been described for 
pheochromocytomas and they can mimic other benign and 
malignant adrenal lesions. It is important for radiologists 
to be aware of the spectrum of appearances that they 
can assume at imaging as pheochromocytomas are often 
clinically occult. 

Another important role of imaging is to assess for 
metastases as this is the only reliable criterion for the diagnosis 
of malignant pheochromocytoma (Figures 4,5). Some authors 
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Figure 1 A 25-year-old woman with a history of VHL. There are T2-hyperintense lesions (arrow) in the right (A) and left (B) adrenal glands 
on MR. The right adrenal lesion demonstrates homogenous avid enhancement (C), while the lesion on the left (D) has a central area that 
does not enhance which likely represents necrosis and a peripheral rim of marked enhancement of similar intensity to the right. These were 
both confirmed pheochromocytomas on resection.

Figure 2 A 30-year-old woman with VHL. There is a right adrenal lesion (arrow) which demonstrates predominantly marked enhancement 
post gadolinium on MR (A) and shows significant uptake on MIBG (B). This was confirmed as a pheochromocytoma on resection. MIBG, 
metaiodobenzylguanidine.

Figure 3 A 48-year-old woman with a history of medullary thyroid cancer. There is a left adrenal nodule (arrow) which demonstrates mild 
enhancement on CT (A), is T2 hyperintense on MR (B), and demonstrates heterogeneous predominantly peripheral enhancement after 
gadolinium administration (C). This was confirmed as a pheochromocytoma on resection. CT, computed tomography.
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Figure 4 A 27-year-old man who presented with hypertensive crisis. CT scan of the abdomen revealed a large heterogeneous left adrenal 
mass (arrow) (A). Pulmonary nodules were seen in the left lung base (arrows) (B). The adrenal mass was confirmed as a pheochromocytoma 
on resection. The lung nodules increased in size on follow-up imaging consistent with metastases. CT, computed tomography.

Figure 5 A 67-year-old man with a right adrenal mass which was heterogeneous on CT (A), had fluid-fluid levels on T2-weighted MR 
sequences (B), high attenuation on t1-weighted sequences consistent with hemorrhage (C), and demonstrated heterogeneous, predominantly 
peripheral enhancement (D). CT also demonstrated a posterior left rib lesion (arrow) (E), which showed uptake on MIBG compatible 
with a metastasis (F). The adrenal mass was confirmed as a pheochromocytoma on resection. CT, computed tomography; MIBG, 
metaiodobenzylguanidine.
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have suggested that the risk of malignancy is associated with 
increasing tumor size, however, there is no clear cutoff size 
to distinguish between benign and malignant lesions. One 
study found that malignant pheochromocytomas were larger 
than benign ones (7.6±4.2 vs. 5.3±2.3 cm), however, there 
was no significant difference between the size of malignant 
pheochromocytomas without local invasion or metastases 
and benign pheochromocytoma (6.1±3.1 vs. 5.3±2.3 cm) (15). 
An other study had patients with tumors as small as 2 cm 
which had synchronous metastatic disease and a patient with a  
1 cm tumor who developed metastatic disease within one year 
after surgical resection (16). It is therefore important that all 
patients be followed-up and not to assume that small tumors 
are always benign. 

Computed tomography (CT)

Pheochromocytomas can have a varied appearance on 
non-contrast CT ranging from low-density to soft-tissue 
attenuation, from solid to complex or cystic (Figure 6) (17). 
Almost all have an attenuation value of greater than 10 HU, 
however, rare fat-containing pheochromocytomas can have 
attenuation values similar to adenomas measuring less than 
10 HU (18). Conversely pheochromocytomas can be high 
density sue to the presence of hemorrhage. Calcifications, 
which are best perceived on non-contrast studies, can be 

found in approximately 10% of cases and in up to 21% of 
symptomatic pheochromocytomas (17).

A study comparing the imaging findings of incidentally 
discovered adrenal lesions on dual-phase (arterial and 
venous phases) CT found three criteria that may aid in 
differentiating adenomas and pheochromocytomas: (I) 
adenomas are more enhancing in the venous than in the 
arterial phase or have equivalent enhancement across both 
phases; (II) a mass than is greater than 110 HU in the 
arterial phase, particularly with higher enhancement in the 
arterial phase, is most likely a pheochromocytoma; and (III) 
pheochromocytomas are more likely to be heterogeneous 
than adenomas (19).

A dedicated adrenal-protocol  CT ut i l iz ing an 
unenhanced, enhanced (1 minute post-contrast), and delayed 
enhanced (15 minutes post contrast) has been established 
and validated as a specific method for differentiating adrenal 
adenomas from non-adenomas (Figure 7) (20-23). However, 
more recent studies have found that pheochromocytomas 
can mimic adenomas demonstrating absolute contrast 
washout of 60% or higher, or relative contrast washout of 
40% or higher (24-27). 

Magnetic resonance imaging (MRI)

The classical finding on T2-weighted sequences is a ‘light-
bulb’ bright lesion comparable to the signal intensity of 
CSF (Figure 1), however case series have found this in only 
1% to 65% of cases (28-30). Pheochromocytoma can even 
have low signal intensity on T2-weighted sequences in 
approximately 35% of cases (29). 

On T1-weighted sequences pheochromocytomas are 
typically isointense or hypointense to muscle, however, 
the appearance can be quite variable if there is necrosis 
or hemorrhage present, which would be hyperintense 
on both T1- and T2-weighted sequences (Figure 8) (17). 
Pheochromocytomas usually do not contain enough 
intra-cytoplasmic fat to cause a drop of signal between 
in- and out-of-phase sequences similar to adenomas 
(Figure 9), however rarely this can occur due to fatty 
degeneration (31,32). Pheochromocytomas typically 
demonstrate avid enhancement after the administration of 
gadolinium, however the presence of necrosis can make the 
enhancement pattern variable particularly centrally (33). 
Pheochromocytomas can also demonstrate venous invasion 
(Figure 10).

Diffusion-weighted imaging (DWI) is an imaging 
technique which allows insight into tissue cellularity and 

Figure 6 A 21-year-old man with a right adrenal mass (arrow), 
which demonstrates central cystic component/necrosis on this 
non-contrast-enhanced CT. The adrenal mass was confirmed as a 
pheochromocytoma on resection. CT, computed tomography.
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Figure 7 A 59-year-old woman with a large left adrenal mass (arrow) which measures 30 HU on the non-contrast study (A), 74 HU on the 
post-contrast study (B), and 55 HU on the 15-minute delayed scan (C), with an absolute washout of 43%. The adrenal mass also shows 
increased uptake on 18F-FDG PET (D). The adrenal mass was confirmed as a pheochromocytoma on resection. PET, positron emission 
tomography.

Figure 8 A 71-year-old man with a large right adrenal mass which is heterogeneous on T2-weighted MR sequences (A), has central high 
signal intensity on T1-weighted sequences consistent with hemorrhage (B), and demonstrates peripheral enhancement post administration 
of gadolinium (C). This was confirmed as a pheochromocytoma on resection.

Figure 9 A 55-year-old man with a left adrenal nodule (arrow), which is slightly hyperintense on T2-weighted MR sequences (A), does not 
demonstrate a drop in signal between the in-phase (B) and out-of-phase (C) sequences and demonstrates avid enhancement post gadolinium 
administration (D). This was confirmed as a pheochromocytoma on resection. 
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cell membrane integrity. In theory, malignant tumors have 
lower apparent diffusion coefficient (ADC) measurements 
compared to benign lesions, likely related to increased 
cellularity leading to restriction of water diffusion. 
Initial studies have suggested that benign adrenal lesions 
cannot be distinguished from malignant lesions because 
of considering overlap in ADC values (34,35). However, 
a study evaluating DWI in distinguishing benign from 
malignant pheochromocytomas found that the ADC 
was significantly different between the two groups and 
suggests that DWI may have a role to play in preoperative 
characterization and prognosis of pheochromocytomas, 
especially for those without obvious metastasis or vascular 
invasion (36). DWI may also be particularly advantageous 
in depicting lymph nodes and liver metastases and may 
have a higher rate of detecting metastatic lesions compared 
with metaiodobenzylguanidine (MIBG) or FDG- positron 
emission tomography (PET) (37). 

Another MR technique, which may help differentiate 
adrenal lesions, is MR spectroscopy with one study finding 
a unique MR spectral signature in pheochromocytomas that 
is thought to be due to the presence of catecholamines and 
their metabolites (38).

Radionuclide imaging

131I- and 123I-MIBG is the most common functional imaging 
technique used in the assessment of pheochromocytomas 
(Figures 2,5,11). MIBG is a norepinephrine analogue whose 
uptake is proportional to the number of neurosecretory 
granules within the tumor. 123I-MIBG has a reported 
sensitivity of 77-90% and a specificity of 95-100% (39-41). 

Factors involved in the lower sensitivity of MIBG include the 
variable affinity of MIBG to the amine transport system, the 
variable amount of cytoplasmic storage granules, and the loss 
of the amine transport system in dedifferentiated tumors (17). 
Other disadvantages of MIBG include expense, the length 
of the test as images may need to be obtained up to 72 hours 
after injection of the radionuclide, and the lack of sufficient 
anatomical detail to guide surgery. In cases of suboptimal 
localization of MIBG-avid foci SPECT/CT can help to 
define the anatomic location of these foci (42).

111In-pentetreotide is an analog of somatostatin, which 
pheochromocytomas can sometimes express receptors for. 
Although it is not considered a first-line diagnostic tool, 
it has a role to play in the assessment of dedifferentiated 
pheochromocytomas that no longer express the amine 
transport system and are therefore MIBG-negative, and for 
the detection of metastases (43).

PET is  a l so  used in  the diagnost ic  workup of 
pheochromocytomas (Figures 7,12). FDG is a glucose 
analogue that becomes trapped within cells with its 
concentration reflecting the intracellular metabolism. 
Adrenal FDG uptake is considered malignant in etiology 
if the intensity is higher than hepatic uptake (44). A study 
comparing FDG PET and MIBG found that although 
the sensitivity of MIBG was higher than that of FDG 
PET for the detection of both benign and malignant 
pheochromocytomas (83% and 88% vs .  58% and 
82%), all the MIBG-negative lesions showed avid FDG 
uptake (45). FDG PET may be of value delineating the 
distribution of those pheochromocytomas that fail to 
concentration MIBG (46). Newer PET-specific tracers 
such as 18F-fluorodopamine, 18F-dihydroxyphenylalanine 

Figure 10 A 52-year-old man with a left adrenal mass (star) which demonstrates left renal vein invasion (arrow) on T2-weighted (A), pre-
contrast T1-weighted (B), and post gadolinium (C) MR sequences. This was confirmed as a pheochromocytoma on resection. 
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Figure 11 A 56-year-old man who underwent a CT scan after trauma, which demonstrated an enhancing left adrenal nodule measuring  
115 HU (arrow) (A). This enhancement level has been described in pheochromocytomas (19). This also showed uptake on MIBG (B) and 
was confirmed as a pheochromocytoma on resection. CT, computed tomography; MIBG, metaiodobenzylguanidine.

Figure 12 A 72-year-old man who underwent a PET-CT for work-up of a lung nodule. There was a left adrenal nodule (arrow), which 
demonstrated enhancement post contrast, measuring 112 HU (A). This enhancement level has been described in pheochromocytomas (19). 
This also showed uptake on 18F-FDG PET (B), and was confirmed as a pheochromocytoma on resection. PET, positron emission tomography; 
CT, computed tomography.
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and 11C-hydroxyephedrine are under investigation and have 
shown promising results, however their lack of availability 
has limited their widespread application.

In conclusion, pheochromocytomas have some common 
imaging features that can suggest their diagnosis but also 
they demonstrate a variety of imaging appearances mainly 
due to the multiple pathological processes that they are 
prone to. When small in size pheochromocytomas are 
usually solid and hypervascular but may present as cystic/
necrotic or hemorrhagic adrenal masses and indeed may 
mimic a number of other adrenal masses. However, the 
diagnosis of pheochromocytoma is important not to 

overlook and its typical and atypical appearances should 
always be borne in mind on imaging interpretation of 
adrenal masses. 
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