
Abstract. Aim: To describe the 18F-fluorodihydro-xyphenyl-
alanine (18F-DOPA), positron emission tomography (PET) and
magnetic resonance imaging (MRI) appearance of
pheochromocytomas, with a focus on the presence or absence of
typical MRI features. Materials and Methods: Eleven patients
with histologically-verified pheochromocytoma [sporadic (n=9),
multiple endocrine neoplasia (MEN) 2A syndrome (n=2)] were
enrolled retrospectively. All patients underwent an MRI
examination of the upper abdomen. Nine out of 11 patients
underwent 18F-DOPA PET/CT, and the remaining two patients
underwent independent PET and computed tomography (CT)
examinations. 18F-DOPA-PET/CT examinations were considered
positive when an increased tracer accumulation in the adrenal
region, as shown on CT images, was observed. When an adrenal
mass was detected on MRI, the T1 and T2 signal intensity and
contrast enhancement pattern were recorded. Based on MR
characteristics, the lesions were divided into typical and atypical.
Results: Ten out of 11 patients had one lesion, while one patient
had two lesions. All pheochromocytomas were detected by both
PET/CT and MRI. On 18F-DOPA scans, all lesions showed an
increased tracer accumulation, with a mean maximum
standardized uptake value (SUVmax) of 13.7±5.75. Eight out of
12 pheochromocytomas exhibited typical MRI features, with
intermediate signal intensity on T1-weighted images in-phase,
absence of signal drop on T1-weighted images out-of-phase, high
signal intensity on T2-weighted images, and clear contrast
enhancement in the arterial phase. The remaining four lesions
exhibited atypical MRI features, namely absence of one of the

listed criteria. Conclusion: In the assessment of
pheochromocytoma, the combination of 18F-DOPA PET with
MRI is superior to MRI-alone. 18F-DOPA PET/MRI may yield a
higher diagnostic confidence for the detection of
pheochromocytoma than 18F-DOPA PET/CT.

Pheochromocytoma is a catecholamine-producing tumor
arising from chromaffin cells located within the adrenal
medulla. The vast majority of patients with
pheochromocytomas present with symptoms related to
release of catecholamines, most frequently hypertension.
Complete surgical resection is the therapy of choice for both
benign and malignant pheochromocytoma (1-5). 

Plasma metanephrine and normetanephrine serve best as
biochemical markers for the presence of pheochromocytomas
(6, 7). The use of computed tomography (CT) and magnetic
resonance imaging (MRI) as anatomical imaging techniques,
and 123I/131I meta-Iodo-Benzyl-Guanidine (mIBG) single
photon emission tomography (SPECT) as a highly-specific,
functional imaging technique has been proposed for initial
imaging of the adrenals in patients with biochemical findings
suggestive of pheochromocytoma (8). More recently, 18F-
fluorodihydroxyphenylalanine (18F-DOPA) positron emission
tomography (PET) has gained a reputation for highly specific
assessment of pheochromocytomas (9-11). Consequently, 18F-
DOPA PET/CT, as the most-widely spread hybrid imaging
technique, is currently considered as the method of choice for
combined functional and anatomic, ‘one-stop-shop’ imaging
of pheochromocytomas. This might change, however, because
integrated PET/MRI devices are now commercially available
– after all, CT is inferior to MRI especially in terms of soft-
tissue contrast and lesion characterization (12). 

Therefore, in the present study, the 18F-DOPA PET and
MRI appearance of histologically-verified pheochromo-
cytomas is described. It was our particular interest to
determine how frequently these lesions exhibit the
characteristic MRI features for pheochromocytomas, and
how frequently MRI findings are atypical.  
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Materials and Methods 

Patients. Eleven patients [five women and six men; mean
age±standard deviation (SD)=51±3 years; age range=34-78 years],
with histologically-verified pheochromocytomas [sporadic (n=9),
(MEN) 2A syndrome (n=2)] were included in the present
retrospective observational study. Patients’ characteristics are
presented in Table I. Following biochemical verification, patients
were referred to the local PET and PET/CT Center for clinically-
suspected pheochromocytoma between February 2004 and January
2011. All patients gave written informed consent prior to the
investigations.

18F-DOPA PET and PET/CT. Nine out of 11 patients underwent
diagnostic 18F-DOPA PET/CT, and in the remaining two patients,
the 18F-DOPA PET and the CT examinations were acquired
separately. The PET-tracer L-6-[18F]-DOPA was commercially
obtained from IASON, Graz, Austria. 18F-Fluoro-DOPA is produced
according to a published method of Namavari et al. (13, 14).
Briefly, a trimethylaryl stannane precursor was reacted with 18F
fluorine, 18F-F2, by electrophilic aromatic substitution to give the
fluorinated compound with afterwards acidic hydrolysis by
hydrobromide, HBr, to 18F-Fluoro-DOPA. One patient was pre-
treated with carbidopa (200 mg) one hour before tracer injection to
increase tracer accumulation in the lesions. 

PET/CT was performed using an integrated PET/CT scanner
(Biograph TruePoint 64; Siemens, Erlangen, Germany) equipped
with a full-ring dedicated PET scanner and a 64-row CT scanner.
CT scans were acquired with a 2.5-mm slice thickness and a
rotational speed of 0.5 s per rotation, using a tube voltage of 120
kV and nominal current of 200 mA. Scanning speed was 15 mm/s.
In seven patients, a water-soluble tri-iodinated CT contrast agent
was administered intravenously with an automated injector, using a
biphasic contrast injection protocol. Unenhanced, arterial (with 35
s delay) and venous (with 70 s delay) phase CT acquisitions were
obtained in one patient, arterial and venous phase CT acquisitions
in three patients, and venous-phase acquisition in three patients
(one of them with two lesions). In the remaining four patients, the
CT examination was performed without contrast medium. CT
images were reconstructed with a soft-tissue kernel, as well as a
bone kernel.

The PET component of the PET/CT scanner was equipped with
a 21.6 cm axial field of view. Imaging time was 3 min per bed
position. Patients were scanned from the top of the skull to the
inguinal region. Images were reconstructed with a 168×168
matrix, using the iterative TrueX algorithm, with four iterations
per 21 subsets. Attenuation correction was performed using the
previously obtained CT scan reconstructed with an extended field
of view. After co-registration of CT and PET images, a color-
coded fusion axial dataset with a slice thickness of 5 mm was
assembled. 

For patients in which PET and CT were performed separately,
whole-body 18F-DOPA PET scans were carried-out using a
dedicated full-ring PET scanner (Advance; General Electric Medical
Systems, Milwaukee, USA) with an axial field of view of 15.2 cm.
Emission scans of 5 min acquisition time per table position and
subsequent transmission scans with 75,000,000 counts per bed
position using the built-in 68Ge rod sources were obtained. PET
images were reconstructed using the iterative ordered-subset
expectation maximization (OSEM) algorithm. 

MRI. All patients underwent MRI on a 3T scanner (Trio-Tim;
Siemens, Erlangen, Germany) with a maximum time interval of 60
days between the PET(/CT) and the MRI scans. Axial T1-weighted
images (in-phase and out-of-phase), and axial and coronal T2
HASTE images with and without fat saturation were obtained. In
addition, dynamic axial and coronal T1-weighted gradient echo
images with fat saturation (VIBE) were acquired before after
intravenous injection of 0.1 mmol/kg body weight of gadoterate
meglumine (Gd-DOTA, Dotarem®, Guerbet, France); contrast-
enhanced sequences were obtained in the arterial, portal-venous and
equilibrium phases. The technical parameters of the performed
sequences are reported in Table II. All imaging data were saved in
(Picture Archiving and Communication System). 

Image analysis. Two nuclear medicine physicians and two
radiologists evaluated the PET, CT, fused PET/CT and MR images
in consensus. The readers were blinded to the original clinical
reports of the scans. 18F-DOPA PET scans were considered positive
for the presence of pheochromocytoma when an increased tracer
accumulation in an adrenal lesion, as anatomically-verified by CT,
was observed. Maximum standardized uptake values (SUVmax) were
calculated, based on the formula:

[Bq/ml] measured radioactivity concentration
SUV=

[Bq] of injected radioactivity/[kg] body weight ×1,000

SUVmax measurements were based on a semi-automatic
computer-assisted definition of volumes of interest, which relies on
an isocontour threshold method.

On MRI, the T1 and T2 signal intensity as well as the type and
degree of enhancement after contrast medium administration were
recorded. Lesions with intermediate signal intensity on T1-weighted
in-phase images, absence of signal drop on T1-weighted out-of-
phase images, high signal intensity on T2-weighted images (the so
called ‘bulb light’ sign) and clear enhancement in the arterial phase
after contrast medium administration were classified as typical
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Table I. Patients’ characteristics. 

Patient Gender Age PHEO Lesion diameters in the 
no. (years) localization axial plane on MRI (cm)

1 m 48 l 2.8×2.6
*2 m 36 l 1.1×1.6
3 m 34 r (2×) 2.7×2.4

2.7×2.1
4 f 78 r 4.6×3.6
*5 f 56 l 3.6×2.8
6 m 55 r 4.8×4
7 f 43 l 2.6×1.8
8 f 47 r 4.3×4.1
9 f 55 r 4.5×3.82
10 m 62 r 5.9×4.9
11 m 47 r 3.6×3.2

*Patients with MEN2a. l: Left, r: Right, PHEO: pheochromocytoma, m:
male; f: female; MRI: magnetic resonance imaging. All lesions were
histologically verified.



pheochromocytoma. Those without at least one of the listed criteria
were considered atypical pheochromocytoma. The presence of
necrosis and/or cystic areas within lesions was recorded separately.

Results

Ten out of 11 patients had one lesion, and one patient had
two lesions on the right side. The mean lesion diameter,
measured by MRI, ranged from 1.6 cm to 5.9 cm (mean
value=3.6 cm). All pheochromocytomas were visualized by
all diagnostic modalities. On PET, a clear, increased 18F-
DOPA accumulation was visible within the
pheochromocytomas, with a mean SUVmax of 13.7±5.75
(range=3.1+21.8) (Table III). The tracer accumulation was
round and homogeneous, with a central cold spot in six
cases; round and homogeneous without a central cold spot
in one case; and round and inhomogeneous in three cases
and crescent-shaped in one case (Table III). 

On CT, pheochromocytomas presented as round or oval
lesions located in the adrenal region, with density values
greater than 20 Hounsfield units (HU). Six lesions exhibited
central necrosis. No lesion was calcified.

On MRI, eight out of 12 pheochromocytomas exhibited
typical features, with intermediate signal intensity on T1-
weighted in-phase images, absence of signal drop on T1-
weighted out-of-phase images, high signal intensity on T2-
weighted images and clear enhancement in the arterial phase
after contrast medium administration (Table IV). However, four
out of 12 pheochromocytomas exhibited atypical MRI features,
i.e. absence of one of the listed criteria. Six lesions exhibited
central necrosis, and one additional microcystic areas. 

Discussion

Pheochromocytomas are usually round or oval-shaped,
encapsulated masses, sometimes containing cystic, mucoid,
or hemorrhagic areas. In most cases, they are already quite
large at the time of initial diagnosis, with a mean size
between 3 and 5 cm. Pheochromocytomas can be either
benign, or locally aggressive, or malignant, and the
differentiation between these forms can be difficult. Locally
aggressive pheochromocytomas can infiltrate the renal

capsule or the inferior vena cava, while malignant
pheochromocytomas can metastasize to distant organs, most
frequently to the liver and the lungs. 

At present, in patients with biochemically-suspected
pheochromocytoma, the most commonly employed imaging
modalities are CT and 123I/131I mIBG-(SPECT) (8). 18F-
DOPA PET, alone or in combination with CT, as well as
MRI, has been proposed as an alternative. The rationale for
employing nuclear medicine modalities in diagnosing
pheochromocytomas is that these lesions are able to take-up,
decarboxylate, and store amino acid precursors, allowing for
the use of tracers that follow these pathways, such as 18F-
DOPA (9). 18F-DOPA PET has shown high selectivity for the
detection of pheochromocytomas, resulting in sensitivity and
specificity values of 95% up to 99% (10). In a recently
published study, Luster et al. showed that 18F-DOPA
PET/CT more accurately characterizes and localizes adrenal
and extra-adrenal masses suspicious for pheochromocytoma
than do 18F-DOPA PET or CT alone (11). The combined
procedure appears of be extremely useful in the initial
diagnosis/staging as well as in the follow-up of this
particular type of neuroendocrine tumor.
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Table II. Technical parameters of the magnetic resonance imaging sequences. 

T1w in-phase T1w out-of-phase T2w-HASTE DWI T1w VIBE

Plane Axial Axial Axial,coronal Axial Axial, coronal
TR/TE/FA 130/2.46/70 131/3.69/70 1800/150/15, 805/78/149 7138/73/90 2.67/0.97/11.96
FOV (mm) 320 320 256, 450 192 256
Slice thickness (mm) 4 4 4 6 1.9

TR: Repetition time; TE: echo time; FA: flip angle; FOV: field of view; T1w: T1-weighted; T2w: T2-weighted; DWI: diffusion weighted imaging;
VIBE: volume interpolated breath hold examination; HASTE: Half Fourier acquisition single-shot turbo spin-echo. 

Table III. Positron emission tomography results.

Patient 18F-DOPA SUV Description of 18F-DOPA accumulation
no. PET

1 + 21.8 Round, homogeneous with central cold spot
2 + 10.7 Round, homogeneous
3 + 11.6 Crescent-shaped

+ 14
4 + 17 Round, homogeneous with central cold spot
5 + 20.6 Round, homogeneous with central cold spot
6 + 15.8 Round, inhomogeneous
7 + 20.4 Round, homogeneous
8 + 13.4 Round, inhomogeneous
9 + 8 Round, homogeneous with central cold spot

10 + 3.1 Round, homogeneous with central cold spot
11 + 8 Round, homogeneous with central cold spot

18F-DOPA: 18F-Fluorodihydroxyphenylalanine, SUV: standardized
uptake value.



Notably, the contribution of CT is diagnosing pheochro-
mocytomas by means of PET/CT is confined to anatomic
lesion localization and delineation (8). MRI is superior to CT
in terms of soft-tissue contrast, and thus, also in terms of
lesion localization. Furthermore, MRI offers advanced lesion
characterization, such as a more reliable assessment of fat
content, which allows the differentiation from adenoma, and
the assessment of lesion vascularization, based on the high
signal intensity on T2-weighted images and the strong contrast
enhancement in the arterial phase. Indeed, the use of
gadolinium chelates further increases the accuracy of this
modality in definition of lesion dignity. Moreover, with MRI,
there is no exposure to ionizing radiation (12). 

In the present article we describe the appearance of 12
pheochromocytomas studied with both PET/CT and MRI. 18F-
DOPA PET showed a strong tracer accumulation in all lesions.
While CT was useful mainly for lesion localization, but not
lesion characterization, MRI was, in two-thirds of the lesions
(8/12), able to characterize the adrenal lesions as typical
pheochromocytomas, based on the combination of typical
imaging features on different pulse sequences (Table IV). This
includes two lesions with inhomogeneous tracer accumulation
(patients no. 7 and 8). The remaining four lesions that were
classified as atypical pheochromocytomas exhibited at least
some MRI features suggestive of pheochromocytoma. These
findings clearly confirm that MRI, even without additional
PET information, is a powerful tool for the assessment of
pheochromocytomas. Thus, although this topic has not been
formally investigated in the present study, we believe that MRI
in combination with PET could increase the diagnostic
confidence in diagnosing pheochromocytomas, compared to
PET/CT. Furthermore, in patients that undergo isolated 18F-
DOPA PET, MRI may be the method of choice for
confirmation of a positive scan result.

Our study results are mainly limited by the small sample
size, and the fact that we did not directly compare co-
registered 18F-DOPA PET/CT and 18F-DOPA PET/MRI. The
latter is due to our lack of an integrated PET/MRI device,
and to our retrospective study design – anatomical accuracy
for retrospective image co-registration would have been a
difficult task.

In conclusion, our results show that MRI demonstrated
characteristic pheochromocytoma features in two-thirds of all
patients, and thus, would greatly benefit from combination
with 18F-DOPA PET. On the other hand, for patients with a
positive 18F-DOPA PET scan, MRI appears to be better-suited
for confirming the diagnosis of a pheochromocytoma than CT
because pheochromocytomas lack specific CT features.
Consequently, we hypothesize that a combined 18F-DOPA
PET/MRI examination may yield a higher diagnostic
confidence for the detection of pheochromocytomas than 18F-
DOPA PET/CT. However, additional prospective studies are
required to confirm this theory.
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