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6-18F-fluoro-L-3,4-dihydroxyphenylalanine (18F-DOPA) PET is a
useful tool for the detection of certain neuroendocrine tumors,
especially with the preadministration of carbidopa, an inhibitor
of DOPA decarboxylase. Whether carbidopa also improves
18F-DOPA PET of adrenal pheochromocytomas and extraad-
renal paragangliomas is unknown. The aim of this study was to
investigate the sensitivity of 18F-DOPA PET in the detection of
paraganglioma and its metastatic lesions and to evaluate
whether tracer uptake by the tumors is enhanced by carbidopa.
Methods: Two patients with nonmetastatic adrenal pheochro-
mocytoma, and 9 patients with extraadrenal abdominal paragan-
glioma (1 nonmetastatic, 8 metastatic), underwent whole-body
CT, MRI, baseline 18F-DOPA PET, and 18F-DOPA PET with oral
preadministration of 200 mg of carbidopa. The dynamics of
tracer uptake by these lesions and the physiologic distribution
of 18F-DOPA in normal tissues were recorded. Results: Seventy-
eight lesions were detected by CT or MRI, 54 by baseline 18F-
DOPA PET (P 5 0.0022 vs. CT/MRI), and 57 by 18F-DOPA PET
plus carbidopa (P 5 0.0075 vs. CT/MRI, not statistically significant
vs. baseline). In reference to findings on CT and MRI, the sensitiv-
ities of baseline 18F-DOPA PET were 47.4% for lesions and 55.6%
for positive body regions, versus 50.0% (lesions) and 66.7% (re-
gions) for 18F-DOPA PET plus carbidopa (neither is statistically
significant vs. baseline). Compared with baseline, carbidopa de-
tected additional lesions in 3 (27%) of 11 patients. Carbidopa in-
creased the mean (6SD) peak standardized uptake value in
index tumor lesions from 6.4 6 3.9 to 9.1 6 5.6 (P 5 0.037). Pan-
creatic physiologic 18F-DOPA uptake, which may mask adrenal
pheochromocytoma, is blocked by carbidopa. Conclusion: Car-
bidopa enhances the sensitivity of 18F-DOPA PET for adrenal
pheochromocytomas and extraadrenal abdominal paragangliomas
by increasing the tumor-to-background ratio of tracer uptake. The
sensitivity of 18F-DOPA PET for metastases of paraganglioma
appears to be limited.
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Apart from its well-established role in the assessment of
striatal dopaminergic function in Parkinson’s disease (1),
6-18F-fluoro-L-3,4-dihydroxyphenylalanine (18F-DOPA) PET
has emerged as a useful tool for the localization of gas-
trointestinal carcinoid tumors, a common form of neuro-
endocrine tumor (2–5). This examination is based on the
capability of neuroendocrine tumors to take up, decarbox-
ylate, and store amino acids, such as DOPA, and their
biogenic amines (6). With respect to other neuroendocrine
tumors, 18F-DOPA PET studies have yielded promising
results in the imaging of paraganglioma (7–9). Paragangli-
omas derive either from sympathetic tissue in adrenal and
extraadrenal abdominal or thoracic locations or from para-
sympathetic tissue of the head and neck (10). A paragan-
glioma arising from the catecholamine-producing cells of
the adrenal medulla is also commonly referred to as a
pheochromocytoma (11,12).

18F-DOPA PET of the brain is generally preceded by the
oral administration of carbidopa, a peripheral aromatic
amino acid decarboxylase inhibitor, which decreases the
decarboxylation and subsequent renal clearance of 18F-
DOPA (13), thereby increasing tracer availability in the
striatum (14). Carbidopa is also used to increase 18F-DOPA
uptake by tumor cells in the imaging of neuroendocrine
tumors (5,15). Previous investigations of 18F-DOPA PET
in patients with paraganglioma did not include administra-
tion of carbidopa (7,8). As in functional imaging of other
neuroendocrine tumors, carbidopa may largely improve the
diagnostic performance of 18F-DOPA PET in the localiza-
tion of paraganglioma.
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The aim of this study was to evaluate the usefulness of
18F-DOPA PET in the localization of benign and malignant
paraganglioma. Of primary interest was whether preadmin-
istration of carbidopa enhances the uptake of 18F-DOPA by
paraganglioma and improves diagnostic accuracy. In addi-
tion, the effects of carbidopa on the dynamics of tracer
uptake by paraganglioma and the physiologic distribution
of 18F-DOPA in normal tissues were studied. Eleven pa-
tients with nonmetastatic (n 5 3) or metastatic (n 5 8)
paraganglioma underwent 18F-DOPA PET with and without
preadministration of oral carbidopa.

MATERIALS AND METHODS

Patients
Between June and October 2006, 11 consecutive patients (6

men, 5 women) with a mean age (6SD) of 45.7 6 7.6 y were
evaluated 11.8 6 8.1 y after a histologically confirmed diagnosis
of adrenal pheochromocytoma or extraadrenal abdominal para-
ganglioma. Of these, 5 patients had an underlying mutation of the
succinate dehydrogenase subunit B gene; 1 patient, of the succi-
nate dehydrogenase subunit D gene; and 2 patients, of the
‘‘rearranged during transfection’’ oncogene. In 3 patients, the
complete results of genetic testing are pending. Clinical details of
individual patients are provided in Table 1. At the time of the PET
studies, 3 patients had nonmetastatic paraganglioma: the first
(patient 2) had an extraadrenal periaortic paraganglioma; the
second (patient 5), a right adrenal pheochromocytoma; and the
third (patient 9), a recurrent left adrenal pheochromocytoma.
The remaining 8 patients had biochemical and radiologic evidence
of metastatic extraadrenal abdominal paraganglioma, defined as
the presence of metastatic lesions at sites where chromaffin tissue
is normally absent (16). Systemic therapies, that is, either che-
motherapy or 131I-methyliodobenzylguanidine therapy (Table 1),
if any, had been completed within a range of 11 mo to 9 y before
the study.

The study protocol was approved by the Institutional Review
Board of the National Institute of Child Health and Human Devel-
opment at the National Institutes of Health. All patients provided
written informed consent.

CT and MRI
CT of the neck, chest, abdomen, and pelvis was performed on

all patients, using a LightSpeed Ultra (GE Healthcare), Light-
Speed QX/i (GE Healthcare), or Mx8000 IDT (Philips) scanner.
Section thickness was 2–2.5 mm in the neck and 5 mm through the
chest, abdomen, and pelvis. Studies were performed with a rapid
infusion of nonionic water-soluble contrast agent, as well as oral
contrast material.

In 6 of 11 patients, MRI of the neck, chest, abdomen, or pelvis
was performed, using a 1.5- or 3-T scanner (GE Healthcare and
Philips). Phased-array coils were used for neck imaging, and
either phased-array torso or quadrature body coils elsewhere. T1-
weighted gradient-echo and short-t inversion recovery or fat-
suppressed fast spin-echo T2-weighted imaging parameters were
adjusted so as to minimize examination time while achieving
desired anatomic coverage. Image thickness was 5 mm for neck
studies and 5–8 mm for other body regions. Preinjection images
were obtained in the axial plane. Studies included injection of a
gadolinium-diethylenetriaminepentaacetic acid contrast agent, using
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fat-suppressed T1-weighted gradient-echo imaging, generally in
both axial and coronal planes.

18F-DOPA PET
All patients underwent 18F-DOPA PET. Before scanning, an

index lesion was selected in each patient, based on previously
performed CT or MRI. In cases of multiple metastases, the largest
tumor was taken as the index (Table 2). Each patient underwent 2
18F-DOPA PET scans, 1–4 wk apart. The baseline scan was
performed without carbidopa, and the second scan was preceded
by oral administration of 200 mg of carbidopa, 1 h before tracer
injection. The patients fasted for at least 4 h before the 1-min
intravenous injection of 469 6 12 MBq (12.67 6 0.33 mCi) of
18F-DOPA at baseline and 452 6 22 MBq (12.20 6 0.61 mCi,
P 5 not statistically significant [NS] vs. baseline) after carbidopa.
An Advance scanner (GE Healthcare) with a 15-cm axial field of
view was used with a rod source attenuation correction. During
the first 25 min after tracer injection, dynamic scanning at the
level of the index lesion was performed by acquiring 12, 4, 4, and
7 frames of 5-, 15-, 30-, and 180-s durations, respectively. For
subsequent whole-body scanning, 5-min emission images in the 2-
dimensional mode from the top of the skull to the mid thigh were
obtained, starting 30 min after tracer injection. After whole-body
scanning, a delayed 5-min emission image was obtained at the
level of the index tumor lesion, starting 105 min after tracer
injection. PET images were reconstructed on a 256 · 256 matrix
using an iterative algorithm provided by the manufacturer. Anal-
ysis was performed on attenuation-corrected images.

Analysis of Data
CT and MRI images were read by radiologists who were

unaware of the results of 18F-DOPA PET. Lesions detected by
CT or MRI that were typical of or highly suggestive of paragan-
glioma were considered positive.

18F-DOPA PET studies were each read independently, in a
masked fashion, by 2 nuclear medicine physicians. Lesions were
graded on a scale of 1–5 (1 5 not paraganglioma, 2 5 probably
not paraganglioma, 3 5 equivocal, 4 5 probably paraganglioma,

5 5 definitely paraganglioma). Lesions with scores of 4 and 5
were counted as positive findings. Discrepancies were resolved by
consensus review.

Lesions on CT and MRI were counted in the following 3
separate body regions: neck, thorax, and abdomen/pelvis. The
lesions that were counted included both soft-tissue and bone
lesions. Coronally reprojected lesions on 18F-DOPA PET using
Medimage software were counted in the same regions and in an
additional region, that is, the head. If the number of lesions in a
region exceeded 10, the count was truncated at 10 to avoid bias
toward that region. Total lesion counts per scan were calculated as
the sum of separate region counts. Because the head was not
scanned by CT and MRI, head lesions were excluded from the
comparison of total lesion counts between CT or MRI and 18F-
DOPA PET. Apart from counting individual lesions, we compared
the number of positive regions, that is, regions containing at least
1 lesion, between imaging modalities, again excluding the head
region for comparison between CT or MRI and 18F-DOPA PET.
The sensitivity of 18F-DOPA PET was calculated as the number of
lesions and positive regions detected by 18F-DOPA PET in ref-
erence to lesions and positive regions detected by CT or MRI as
the gold standard.

Standardized uptake values (SUVs) corrected for the lean body
mass were calculated (SUV 5 Bq/g per Bq injected · lean body
mass). Regions of interest were manually drawn around the index
tumor lesions and around the basal ganglia, lungs, myocardium,
liver, kidneys, and—when visible—the pancreas. Throughout the
article, SUV results refer to maximum SUV, unless stated other-
wise. Time–activity curves of the index tumor lesions were con-
structed from appropriately thresholded regions of interest on early
dynamic scanning and static images at the tumor level, using IDL
software based on region-of-interest routines (ITT Visual Infor-
mation Solutions). Peak SUVs and time to peak were obtained
from interpolated curves using 4-point least-squares quadratic
interpolation implemented in IDL.

Statistics
Results are given as mean 6 SD unless stated otherwise. The

McNemar test was used to compare the number of lesions and
positive regions and sensitivities between different imaging mo-
dalities. SUVs, peak activities, and time intervals until peak
activity were compared between 18F-DOPA PET scans with and
without carbidopa preadministration, using the paired Student t
test. A 2-sided P value of less than 0.05 was considered signif-
icant. Statistical analysis was performed using Statistical Package
for the Social Sciences (SPSS for Windows 12; SPSS Inc.).

RESULTS

Detection of Tumors

The interval between the baseline and carbidopa 18F-
DOPA PET scans was 1 wk in 9 patients, 2 wk in 1 patient
(patient 6), and 4 wk in 1 patient (patient 1), depending on
the availability of the PET scanner. One patient (patient 2),
in whom the baseline 18F-DOPA PET findings were neg-
ative, had inadvertently taken 40 mg instead of 200 mg of
carbidopa before the second scan. This second scan was ex-
cluded from the analysis. Discrepant readings between the
2 nuclear physicians were solved by consensus for 4 lesions

TABLE 2
Tumor Detection

18F-DOPA PET

Parameter CT or MRI Baseline Carbidopa

Number of lesions

Head — 7 7

Neck 4 4 5

Chest 16 17 17
Abdomen/pelvis 58 33* 35*

Total, except head 78 54* 57*

Total, including head — 61 64
Number of positive regions

Head — 4 4

Neck 3 2 2

Chest 5 4 4
Abdomen/pelvis 10 7 9

Total, except head 18 13 15

Total, including head — 17 19

*P , 0.01 vs. CT or MRI.

CARBIDOPA 18F-DOPA PET IN PARAGANGLIOMA • Timmers et al. 1601



on baseline 18F-DOPA PET and 2 lesions on carbidopa 18F-
DOPA PET.

The locations of primary tumors and metastatic lesions
detected by CT or MRI in individual patients are indicated
in Table 1. In the 11 patients, 78 lesions in total were
detected by CT or MRI, versus 54 lesions by baseline 18F-
DOPA PET (P 5 0.0022 vs. CT/MRI) and 57 lesions by
carbidopa 18F-DOPA PET (P 5 0.0075 vs. CT/MRI, NS vs.
baseline 18F-DOPA PET, Table 2). Carbidopa 18F-FDOPA
PET identified 1 neck lesion and 1 chest lesion that were
missed by CT or MRI. The total numbers of positive body
regions were 18 on CT or MRI, 13 on baseline 18F-DOPA
PET (P 5 NS vs. CT/MRI), and 15 on carbidopa 18F-
DOPA PET (P 5 NS vs. CT/MRI, P 5 NS vs. baseline 18F-
DOPA PET). These findings correspond to sensitivities of
baseline 18F-DOPA PET of 47.4% for individual lesions and
55.6% for positive regions. The sensitivities of carbidopa
18F-DOPA PET were 50.0% for lesions and 66.7% for
regions (both P 5 NS vs. baseline 18F-DOPA PET).

Compared with baseline 18F-DOPA PET, carbidopa pre-
treatment resulted in the detection of 3 additional lesions in
3 patients. In patient 1, in whom CT and MRI showed
multiple metastases in the mediastinum and abdomen
(lymph nodes and spine), baseline 18F-DOPA PET did not
show any abdominal lesions, whereas after carbidopa, the
scan revealed pathologic activity in the lower abdomen. In
patient 8, who had multiple metastatic lesions in the spine,
liver, and abdominal lymph nodes, 18F-DOPA PET showed
3 pathologic cervical spine foci at baseline, versus 4 after
carbidopa pretreatment. In patient 9, a recurrent paragan-
glioma in the left adrenal bed was detected by CT, MRI,
and 18F-DOPA PET after carbidopa but not by baseline 18F-
DOPA PET. Baseline 18F-DOPA PET was false-negative
because the tumor was masked by physiologic uptake by
the pancreas (Fig. 1). The diagnosis was later confirmed
histologically.

Dynamic Studies of 18F-DOPA Uptake by Index Tumor
Lesions

All index tumor lesions were positive on 18F-DOPA PET,
except for the index liver lesion of patient 10. The time–
activity curves of 18F-DOPA uptake by the individual index
tumor lesions at baseline, that is, without carbidopa, versus
after carbidopa pretreatment are depicted in Figure 2. In 4
patients (patients 1, 4, 6, and 9), a brief peak in activity was
observed within the first 2 min after tracer injection. These
initial peaks were attributed to transient tracer flow in
adjacent blood vessels or vascular tumor blush and were
discarded from the analysis. In these 4 cases, the second,
more persistent, peak was taken as the actual peak in tracer
accumulation by tumor cells. Peak SUVs and time intervals
until peak are indicated in Table 3. Mean peak activity
(6SD) was higher after carbidopa (9.1 6 5.6) than at
baseline (6.4 6 3.9, P 5 0.037). Mean time interval (6SD)
until peak was longer after carbidopa (85.2 6 25.1 min)
than at baseline (60.6 6 34.7 min, P 5 0.010).

Physiologic Uptake of 18F-DOPA

Uptake of 18F-DOPA by the basal ganglia, lungs, myo-
cardium, and liver increased markedly after carbidopa
administration, as indicated by significantly higher SUVs
(Table 4). At baseline, the pancreas was clearly visible on
18F-DOPA PET in all patients, whereas after carbidopa, the
pancreas could not be discerned, except in 1 patient (patient
4). In this patient, maximum and mean pancreatic SUV
decreased from 6.01 and 3.10 at baseline to 5.00 and 2.41
after carbidopa. Physiologic excretion into bile ducts, the
gallbladder, and the urogenital system continued to be seen
after carbidopa.

DISCUSSION

Compared with baseline 18F-DOPA PET, oral preadmin-
istration of carbidopa resulted in the detection of additional
lesions in 1 of 3 patients with nonmetastatic paraganglioma
and in 2 of 8 patients with metastatic paraganglioma.
Carbidopa enhanced the uptake of 18F-DOPA by paragan-
glioma lesions and significantly blocked physiologic tracer
uptake by the pancreas. Pancreatic uptake is a potential con-
founder in the detection of adrenal lesions. Despite carbi-
dopa enhancement, however, only 50% of suspected tumor
lesions detected by CT or MRI were positive on 18F-DOPA
PET.

18F-DOPA PET of Paraganglioma

Paraganglioma can be localized using a very specific
radiopharmaceutical such as 123I-metaiodobenzylguanidine
or 18F-fluorodopamine, which are actively transported into
neurosecretory granules of catecholamine-producing cells
via the cell membrane norepinephrine transporter system
(17). However, these highly specific tracers may yield false-
negative results, especially in malignant paraganglioma
(18,19). In the search for alternative imaging strategies
for these tumors, we have found that 18F-FDG PET is the
preferred technique for localizing metastatic lesions of
succinate dehydrogenase subunit B–related paraganglioma
(20). In addition, others have shown that 18F-DOPA PET
provides an additional alternative for the functional imag-
ing of sympathetic (8) and parasympathetic (7) paragan-
glioma. Like other neuroendocrine tumors, paraganglioma
cells have the ability to take up, decarboxylate, and store
amino acids and their biogenic amines (6,17). 18F-labeled
DOPA enters neuroendocrine tumor cells through the mem-
branous amino acid transporter. Hyperproduction of cate-
cholamines in paraganglioma cells occurs via decarboxylation
of DOPA into dopamine and subsequent conversion into
norepinephrine and epinephrine (21). Therefore, compared
with noncatecholamine-secreting neuroendocrine tumors,
paraganglioma is theoretically expected to be particularly
well targeted by 18F-DOPA–based imaging.

In a previous study of 17 patients with nonmetastatic
adrenal and extraadrenal sympathetic paraganglioma, 18F-
DOPA PET detected tumors with a strikingly high sensi-
tivity and specificity of 100% for both (8). Our study of
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patients with predominantly metastatic paraganglioma sug-
gests a lesion-based sensitivity for 18F-DOPA PET of only
50%. A possible explanation for this discrepancy is that
18F-DOPA uptake is higher in primary nonmetastatic tu-
mors than in metastatic lesions. Theoretically, results may
also have been influenced by a relative overrepresentation
in our group of patients with paraganglioma due to an
underlying gene mutation, that is, mainly of succinate
dehydrogenase subunit B. In addition, we used lesions
detected by CT and MRI as our gold standard for sensitivity
calculations of 18F-DOPA PET. CT and MRI have been
shown to have an excellent sensitivity (.90%) for para-
ganglioma but to lack specificity (22). Therefore, false-
positive lesions on anatomic imaging may have unfairly
lowered our estimates of 18F-DOPA PET sensitivity. His-
tologic confirmation of disease would be the ideal standard
of reference, but for obvious reasons, surgery or biopsy of
all lesions on CT and MRI is not feasible. Furthermore,
lesion counts may be discrepant when multiple adjacent
lesions on CT or MRI are counted as individual lesions but
are not discriminated as separate lesions by 18F-DOPA PET
because of limitations in resolution.

The performance of 18F-DOPA PET in the localization of
paraganglioma has not been systematically compared with
that of other functional imaging modalities. In the previ-
ously mentioned study by Hoegerle et al. (8), a subset of
the patients also underwent 123I-metaiodobenzylguanidine
scanning, which yielded a sensitivity of 71%. We are cur-
rently conducting a large study for head-to-head comparison
of 18F-DOPA PET, 123I-metaiodobenzylguanidine scintig-
raphy, 18F-fluorodopamine PET, and 18F-FDG PET in pa-
tients with paraganglioma.

Effects of Carbidopa on 18F-DOPA PET of
Paraganglioma

18F-DOPA PET protocols for the evaluation of the
central dopaminergic system and carcinoid tumors often
include oral preadministration of 100–250 mg of carbidopa.
This agent decreases peripheral 18F-DOPA decarboxylation
and subsequent renal clearance of 18F-DOPA metabolites
(13), thereby increasing tracer availability and uptake by
target tissues, such as the basal ganglia (14) and carcinoid
tumors (5,15), thus improving the quality of imaging. The
present findings clearly indicate that carbidopa also en-
hances the uptake of 18F-DOPA by paraganglioma. Dy-
namic curves of 18F-DOPA uptake by index tumor lesions
show a considerable increase in peak activity. Moreover,
carbidopa-enhanced scanning revealed additional paragan-
glioma lesions in one third of patients, compared with
baseline 18F-DOPA PET.

FIGURE 1. CT scan (A) and 18F-DOPA PET scans without
carbidopa (B) and after carbidopa (C) in patient 9. In PET scans,
anterior reprojected images are at left, details of anterior
reprojected images are at top right, and transverse sections

at tumor level are at bottom right. CT scan shows (recurrent)
tumor in left adrenal bed, near tail of pancreas, consistent with
abnormal left adrenal focus on 18F-DOPA PET after carbidopa.
On baseline 18F-DOPA PET, left adrenal bed is masked by
physiologic uptake by pancreas.
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A potential limitation of 18F-DOPA PET in the detection
of adrenal paraganglioma is the substantial physiologic
uptake in the pancreas. Other pitfalls of 18F-DOPA PET of
paraganglioma include tracer accumulation in the gallblad-
der and renal collecting system, mimicking an extraadrenal
tumor (23). In the present study, we showed that masking of
a pheochromocytoma could be prevented by blockade of
pancreatic uptake by carbidopa. A decrease in the pancre-
atic uptake of the tracers 18F-DOPA and 11C-5-hydroxy-
tryptophan by carbidopa has been previously reported
(15,24). The mechanism by which carbidopa blocks tracer
accumulation in the pancreas is unknown. De Lonlay et al.

have speculated that pancreatic visualization is due to intra-
cellular decarboxylation of 18F-DOPA into 18F-dopamine
and subsequent intracellular ‘‘trapping’’ of 18F-dopamine,
and that inhibition of DOPA decarboxylase by carbidopa in
the pancreas may result in diffusion of 18F-DOPA back
from the cell into the extracellular space and prevention of
intracellular accumulation of 18F-dopamine (24). In their
immunohistochemical studies, low DOPA decarboxylase
levels were found (24). We postulate that in paraganglioma
cells, both the decarboxylase enzyme and transmembrane
amino acid transporters are upregulated as part of overac-
tive secretory pathways, similar to observations in other

FIGURE 2. Dynamics of 18F-DOPA tumor uptake. Time–activity curves of 18F-DOPA uptake by index lesions at baseline (no
carbidopa) vs. after carbidopa. Patient numbers and locations of index lesions are indicated in graph titles.
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neuroendocrine tumors (25,26). In paraganglioma, the
competitive inhibition by carbidopa of intrinsically upregu-
lated decarboxylase may therefore be only partial and may
be outweighed by larger tracer availability and uptake,
resulting in a net increase in tracer accumulation. Similarly,
variability in intrinsic DOPA decarboxylase activity among
tumors may explain why some paragangliomas are detected
by 18F-DOPA PET and others are not.

Administration of carbidopa and 18F-DOPA, which in
this setting represents off-label use, was well tolerated by
the patients. Koopmans et al. have reported a patient with
metastatic carcinoid in whom a carcinoid crisis was trig-
gered by rapid injection of 18F-DOPA after oral adminis-
tration of carbidopa (27). We did not observe any signs or
symptoms relating to a surge in catecholamine release by
the tumors, such as palpitations, sweating, or headache.
With respect to acquisition parameters for carbidopa-
enhanced 18F-DOPA PET of paraganglioma, the time–
activity curves suggest that most patients reach 85% of
the maximal tumor uptake within 30 min and thus imaging
could commence at 30 min after injection. However,
imaging at later times is also possible since there is very
little release of the tracer from tumor over the 105 min of

imaging. Our results are in line with a previous report on
18F-DOPA PET in neuroendocrine tumors indicating no
advantage of a 90-min scan over a 30-min scan with respect
to either visual interpretation or lesion SUVs (2).

CONCLUSION

The sensitivity of 18F-DOPA PET for the localization
of paraganglioma is improved by preadministration of
carbidopa, which enhances the uptake of 18F-DOPA by
paraganglioma lesions and allows better discrimination
between paraganglioma and physiologic tracer uptake by
normal surrounding tissues. However, this initial study in
malignant paraganglioma also suggests that the sensitivity
of 18F-DOPA PET for detecting metastatic lesions is lim-
ited.
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*P , 0.01 vs. baseline.
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