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BACKGROUND AND PURPOSE: A rapid and accurate MR imaging technique would be beneficial to
assess paragangliomas in the head and neck and to distinguish them from other lesions. The purpose
of this study was to determine whether the combination of elliptic centric contrast-enhanced MR
angiography (CE-MRA) and unenhanced and enhanced spin-echo imaging (conventional MR imaging)
is more accurate than conventional MR imaging alone to assess paragangliomas in the head and neck.

MATERIALS AND METHODS: Three radiologists retrospectively and independently reviewed CE-MRA and
conventional MR imaging in 27 patients with suspected paragangliomas. The overall image quality and the
probability of paraganglioma were recorded. The results of each technique and their combination were
analyzed for sensitivity and specificity. Receiver operating characteristic (ROC) analyses were performed by
using histologic analysis, imaging, and/or clinical findings as the reference standard.

RESULTS: Forty-six lesions were found in 27 patients. In the assessment of paragangliomas, the
combination of conventional MR imaging and CE-MRA was significantly superior to conventional MR
imaging alone. Sensitivity and specificity respectively were the following: for CE-MRA, 100% and
94%; and for conventional MR imaging, 94% and 41%. The specificity of CE-MRA was significantly
higher than that of conventional MR imaging (P � .004). There was good-to-excellent interobserver
agreement for the paraganglioma probability with CE-MRA (nonweighted �, 0.67–0.77), whereas there
was fair-to-good interobserver agreement with conventional MR imaging (nonweighted �, 0.50–0.65).

CONCLUSION: In combination with conventional MR imaging, CE-MRA yields an excellent diagnostic
value for the assessment of head and neck paragangliomas; hence, the 2 techniques should be
regarded as complementary.

In the head and neck, paragangliomas are slow-growing hy-
pervascular lesions that are most commonly located in 4

main sites: the carotid bifurcation, the foramen jugulare, the
middle ear cavity, and along the cervical portion of the vagus
nerve.1 These lesions occur in both sporadic and hereditary
forms (7% of cases). Multicentricity occurs in 10% of sporadic
paragangliomas and in 30%– 40% of familial paragangliomas.

Imaging techniques are used for suspected head and neck
paragangliomas to confirm this diagnosis.2 Accurate assess-
ment of tumor margins and invasion of adjacent structures are
also essential for proper staging and therapy.3 For this task,
MR imaging using unenhanced and enhanced fat-suppressed
spin-echo (SE) sequences is widely accepted as the method of
choice,4,5 in addition to high-resolution CT,6,7 in particular
when the skull base is involved. Nonetheless, SE MR imaging
has several limitations, particularly its sensitivity to artifacts.8

Moreover, the differentiation from other tumors and inflam-
matory lesions remains problematic. For example, the results
of SE imaging are often equivocal when processes in the area of
the jugular foramen are suspected.9,10 Somatostatin receptor
scintigraphy (SRS) may be useful in this situation but is not
always conclusive. Digital subtraction angiography (DSA) is
the current imaging reference standard for assessing the vas-
cular architecture of the tumor before embolic therapy, but
this method is invasive with a complication rate of

0.5%–1%,11 which is too high for a diagnostic examination.
Consequently, some investigators have discussed the utility of
more specific methods in MR imaging to differentiate para-
gangliomas from other tumors or vascular abnormalities (dy-
namic MR imaging,12 high-dose gadodiamide-injection dy-
namic MR imaging,13 or arterial and venous MR angiography
[MRA]9).

To our knowledge, the elliptical centric contrast-enhanced
MRA (CE-MRA) sequence has not been assessed for visualiz-
ing paragangliomas and differentiating them from other le-
sions. We postulated that CE-MRA has the potential to sim-
plify the interpretation of conventional MR imaging because
intense tumor blush on CE-MRA may be a sensitive and spe-
cific feature for paragangliomas.

The purpose of this study was to determine whether the
combination of CE-MRA and conventional MR imaging is
more accurate than conventional MR imaging alone to assess
patients with suspected paragangliomas.

Methods

Patients
We reviewed retrospectively the records of 27 consecutive patients

(19 women and 8 men; mean age, 45 � 14 years; age range, 18 –71

years) referred between July 2002 and January 2006 because of known

paragangliomas or in whom a paraganglioma was suspected on clin-

ical (pulsatile tumor, tinnitus, familial paraganglioma) and/or previ-

ous imaging findings (ultrasound, CT, or MR imaging). They were

assessed by a senior otorhinolaryngologist (with 20 years of experi-

ence in paragangliomas) for suggestion of paraganglioma, and all un-

derwent the same SE MR imaging sequences and CE-MRA in our

institution. The studied lesions included 34 paragangliomas (20 pa-

tients). Four of these 20 patients (5 paragangliomas) already had un-
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dergone surgery before MR imaging, and all had abnormalities sug-

gestive of recurrent disease. Seven patients had multiple

paragangliomas (1 of these patients had 5 localizations). Among these

7 patients, 5 had familial paragangliomas.

The other studied lesions (7 patients) were 3 schwannomas, 1

meningioma, 1 plasmocytoma, 1 venous malformation, and 1 dural

arteriovenous fistula (DAVF).

Reference Standard
Histologic analysis was performed in 20 patients (25 lesions: 19 para-

gangliomas, 3 schwannomas, 1 meningioma, 1 plasmocytoma, and 1

lymphadenopathy) by an otorhinolaryngologic pathologist (with 15

years of experience). The interval between MR imaging and surgery

ranged from 2 to 129 days (mean, 17 � 30 days).

One DAVF was diagnosed with DSA.

In 6 patients, pathologic correlation was not necessary or not

available: 5 patients had paragangliomas (elderly patients and/or bi-

lateral localizations) and 1 patient had a venous malformation. In

those 6 patients, both clinical and imaging findings were used as the

reference standard:

● Clinical findings, CT, MR imaging, and SRS were all available for 3

patients and supported the diagnosis of paraganglioma.

● Two patients had a jugulotympanic paraganglioma, which had a

typical aspect at otologic evaluation (1 of them had a hereditary

paraganglioma). CT and MR imaging supported the diagnosis of

paraganglioma.

● One patient had a venous malformation demonstrated on CT and

MR imaging. It was treated successfully by percutaneous

sclerotherapy.

Three lesions considered as paragangliomas were present in 1 pa-

tient and had a final diagnosis of reactive lymphadenopathies on clin-

ical and imaging follow-up (repeated examinations of these lesions by

MR imaging confirmed that they all disappeared). This patient with

lymphadenopathies had a paraganglioma in another location, which

was suggestive of multicentric disease.

MR Imaging Technique
MR images were available for all patients and were obtained with a

1.5T MR scanner (Signa; GE Healthcare, Milwaukee, Wis) with a

neurovascular phased-array coil. For MR images (called conventional

sequences), technical parameters were the following: axial unen-

hanced T1-weighted SE sequences (TR/TE, 500/11.7 ms; acquisition

time [TA], 128 seconds); T2-weighted fat-suppressed fast SE se-

quences (TR/TE, 2840/98.5 ms; TA, 194 seconds); contrast-enhanced

T1-weighted fat-suppressed SE sequences in the axial (TR/TE, 660/

13.6 ms; TA, 230 seconds) and coronal (TR/TE, 600/11.7 ms; TA, 207

seconds) planes, covering an area proximal from the carotid bifurca-

tion to the skull base region to detect the most common localizations

of paragangliomas (20 sections). All these SE sequences were per-

formed with a matrix of 320 � 224, a FOV of 24 � 18 cm, and a

section thickness of 4 mm with a 0.4-mm intersection gap.

Moreover, a contrast-enhanced 3D fast time-of-flight spoiled gra-

dient-recalled-echo sequence (CE-MRA) with elliptical k-space en-

coding was acquired in the coronal plane by using the following pa-

rameters: TR/TE � 6.2/1.5 ms; flip angle, 30°; number of sections,

125; matrix size, 320 � 224, section thickness, 1.4 mm; FOV, 30 �

22.4 cm; bandwidth, 31.25 kHz; 1 excitation. Zero-filling interpola-

tion was used. A 20-mL dose of gadoteric acid (Dotarem; Laboratoire

Guerbet, Roissy, France) was injected into the antecubital vein with a

flow rate of 2 mL/s, followed by a 25-mL bolus of normal saline by

using an automatic injector (Spectris; Medrad, Indianola, Pa). MR

SmartPrep technique (GE Healthcare) or fluoroscopic triggering

(Fluoro Trigger; GE Healthcare) was used to determine the time to

maximal enhancement of the arteries. For these patients, the injection

of gadolinium with a catheter was justified. Only a small additional

dose of contrast medium is necessary for MRA. The acquisition time

was 58 seconds, whereas that for the 4 SE sequences was 759 seconds

(12 minutes 39 seconds). The preparation of the injector for the MRA

sequence should be added to the duration of the examination.

Image Analysis
Conventional MR imaging images on the one hand and CE-MRA

images on the other were independently reviewed by 3 observers

blinded to the patient’s history and to the final diagnosis. The reading

order was randomized. One observer was a board-certified head and

neck radiologist (with 15 years of experience) and the 2 others were

junior radiologists (with 2 years of experience in radiology, including

6 months in a department of neuroradiology). For CE-MRA, images

could be reformatted by both maximum intensity projection (MIP)

and multiplanar reconstruction (MPR) techniques. The time avail-

able for interpretation was unrestricted. The 2 interpretation sessions

were spread over 2 months, with at least a 1-month interval between

them.

First, the readers were asked to rate the overall image quality on a

3-point scale. On this scale, 3 corresponded to a good or excellent

image quality; 2, to an acceptable image quality with confidence in

diagnostic content; and 1, to an insufficient image quality. The pres-

ence of artifacts was assessed. The lesions were categorized into the

following 5 locations: carotid, vagal, jugulotympanic, tympanic, or

other. Readers were asked to give section numbers of the delineation

of the mass to verify if they detected the same tumor. The greatest

dimension was measured in the axial or coronal plane. Images were

also analyzed for the presence or absence of flow voids. Finally, the

observers were also asked to assess the probability of paraganglioma

on a 3-point scale: 2 corresponded to probable; 1, to uncertain; and

zero, to improbable. If a lesion was not appreciated with one of the

techniques but needed to be included in the analysis because it was

seen with another technique, the unappreciated lesion was assigned to

an “improbable” lesion in category zero. For conventional MR imag-

ing, the diagnostic criteria were typical location, flow voids, typical

displacement of internal and external carotids arteries (depending on

the original site of the paraganglioma), and a “salt and pepper” aspect.

For CE-MRA, the diagnostic criteria were location of the lesion and,

above all, early and intense enhancement very similar to the arterial

vascular enhancement.12 Consensus was always obtained in cases of

discrepancy between readers.

Statistical Analysis
Statistical tests were calculated on the basis of the classifications of

each observer and for the consensual results. For the diagnosis of

paraganglioma, sensitivity, specificity, positive and negative predic-

tive values (PPV and NPV), and accuracy of each combination of MR

images (conventional and CE-MRA sequences) were calculated with

equivocal cases considered positive. To compare the results obtained

in the same patient with the 2 techniques, we used the McNemar test.

A logistic regression model was fitted for the probability to detect a

paraganglioma with the 2 different techniques. The prediction of each

model was expressed by the area under the receiver operating charac-

teristic (ROC) curve in logistic regression.
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To compare the performance of the conventional MR imaging

alone with the performance of the combination of conventional MR

imaging and CE-MRA, we conducted 2 logistic regressions for each

reader. The area under the ROC curve (Az) was compared by using the

nonparametric statistical test described by DeLong et al.14

The � values were calculated for interobserver agreement. A �

value � 0.40 was considered to indicate poor agreement; 0.40 – 0.59,

fair agreement; 0.60 – 0.74, good agreement; and 0.75–1.00, excellent

agreement.

Statistical analysis was performed by using SAS 9.13 (SAS Insti-

tute, Cary, NC). In all tests, the 2-sided significance level was fixed at

0.05.

Results
A total of 46 lesions were identified in the 27 patients. Except
contrary precision, consensual results of the 3 reviewers are
given.

Image Quality
The global quality of conventional MR images was scored as
good or excellent in 88.9%, acceptable in 7.4%, and insuffi-
cient in 3.7%. The images for CE-MRA were considered as
good or excellent in 96.3% (26/27) and acceptable in 3.7%.
Among the 27 studies, observers scored 1 MRA and 10 MR
imaging datasets as having susceptibility or motion artifacts.

Paragangliomas Characteristics
The studied lesions included 34 paragangliomas (20 patients).
The paragangliomas’ greatest dimension was 28 � 11 mm
(range, 8 –59 mm). There were 16 glomus jugulares, 8 carotid
body tumors, 8 vagal tumors, 1 retrothyroidian tumor, and 1
thoracic paraganglioma. Four paragangliomas were postoper-
ative residues.

Conventional MR Imaging
For the diagnosis of paraganglioma, the results of sensitivity,
specificity, PPV, NPV, and accuracy of each reader for both
techniques are given in Table 1. MR imaging showed 10 false-
positive results (5 were classified as “probable” and the other 5
were classified as “uncertain”). These false-positive results

were the following: 1 meningioma, 1 plasmocytoma, 4 reactive
lymphadenopathies, 2 schwannomas, 1 DAVF, and 1 postop-
erative scar in a patient previously treated for paraganglioma.
Uncertain findings (ie, rating of 1) were obtained with con-
ventional MR imaging in 8 cases. Three paragangliomas were
classified as “uncertain” on MR imaging. Two of these para-
gangliomas were postoperative residues, and 1 was malignant
with cervical nodal metastases.

MR imaging detected flow voids in 30 of the 32 paragangli-
omas (93.7%). The dimensions of the 2 paragangliomas that
did not show flow voids on conventional MR imaging were 16
and 32 mm. Conventional MR imaging showed flow voids in 5
other tumors (1 DAVF, 1 venous malformation, 1 schwan-
noma, 1 plasmocytoma, and 1 lymphadenopathy).

CE-MRA
All paragangliomas were detected with CE-MRA (sensitivity
of 100%). There was a very early and strong contrast enhance-
ment of paragangliomas (Figs 1 and 2) in comparison with the
meningioma (Fig 3), the plasmocytoma, or the schwannomas
(Fig 4). A minimal enhancement in CE-MRA was seen with
the meningioma and the plasmocytoma. However, their en-
hancement was much less intense than that associated with
paragangliomas. Only 1 lesion, which was not a paragangli-
oma, the DAVF, had an early and intense enhancement on
CE-MRA. Uncertain findings (ie, rating of 1) were obtained
with CE-MRA in this single case.

Comparison of CE-MRA with Conventional MR Imaging
In the assessment of paragangliomas, the Az for the 3 reviewers
for conventional MR imaging alone and the combination of
conventional MR imaging and CE-MRA was 0.71 versus 0.89
(P � .003), 0.65 versus 0.93 (P � .001), and 0.72 versus 0.93
(P � .001), respectively. In the assessment of paragangliomas,
the combination of the 2 techniques was significantly superior
to conventional MR imaging alone.

For readers 2 and 3 and for the consensual results, the spec-
ificity of conventional MR imaging was significantly lower
than that of CE-MRA (McNemar test, P � .05). For reader 1,
the specificity for conventional MR imaging and MRA was

Table 1: For the diagnosis of paraganglioma, sensitivity, specificity, PPV, NPV, and accuracy of each reader for both techniques

Reader 1 Reader 2 Reader 3 Consensus
Sensitivity, %

C MRI 94.1 (80.32–99.28) 94.1 (80.32–99.28) 91.1 (76.32–98.14) 94 (80.32–99.28)
CE-MRA 97 (84.67–99.93) 94.1 (80.32–99.28) 97 (84.67–99.93) 100 (89.72–100)

Specificity, %
C MRI 47 (22.98–72.19) 35.2* (14.21–61.67) 52.9† (27.81–77.02) 41‡ (18.44–67.08)
CE-MRA 76.4 (50.1–93.19) 88.2* (63.56–98.54) 88.2† (63.56–98.54) 94‡ (71.31–99.85)

PPV, %
C MRI 78 (62.39–89.44) 74.4 (58.83–86.48) 79.5 (63.54–90.7) 76.2 (60.55–87.95)
CE-MRA 89.2 (74.58–96.97) 94.1 (80.32–99.28) 94.3 (80.84–99.3) 97.1 (85.08–99.93)

NPV, %
C MRI 80 (44.39–97.48) 75 (34.91–96.81) 75 (42.81–94.51) 77.8 (39.99–97.19)
CE-MRA 92.9 (66.13–99.82) 88.2 (63.56–98.54) 93.8 (69.77–99.84) 100 (79.41–100)

Accuracy, %
C MRI 78.4 (44.39–97.48) 74.5 (34.91–96.81) 78.4 (42.81–94.51) 76.5 (39.99–97.19)
CE-MRA 90.2 (66.13–99.82) 92.1 (63.56–98.54) 94.1 (69.77–99.84) 98 (79.41–100)

Note:—C MRI indicates conventional MR imaging; in parenthesis, 95% CIs; CE-MRA, contrast-enhanced MR angiography; PPV, positive predictive value; NPV, negative predictive value.
*‡ CE-MRA performed significantly superior compared with conventional MR Imaging.
* P � .012.
† P � .031.
‡ P � .004.
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respectively 47% and 76.4% (P � .125). For each reader and
for the consensual results, sensitivity, PPV, NPV, and accuracy
with conventional MR imaging were lower than those ob-
tained with CE-MRA (statistically not significant). An analysis
performed with the equivocal cases (ie, rating of 1) considered
negative instead of positive yielded similar results (better spec-
ificity but lower sensitivity for conventional MR imaging). The
results concerning the uncertain findings for each reader were
the following:

● There were 21 uncertain findings with conventional MR
imaging. MRA allowed the correct diagnosis (rating of 2 for
a paraganglioma or zero for another lesion) in 17 of these 21
cases (81%).

● There were 15 uncertain findings with MRA. Conventional
MR imaging allowed the correct diagnosis (rating of 2 for a
paraganglioma or zero for another lesion) in 4 of these 15
cases (27%).

The large field of view of CE-MRA sequence allowed the
detection of 2 paragangliomas that were not visualized on con-
ventional MR imaging. The first one was located in the supe-
rior mediastinum in a patient who had 5 paragangliomas. For
this patient, all localizations (including the mediastinal one)

showed an intense uptake with SRS. The second one was dis-
covered by CE-MRA and was a retrothyroidian paragangli-
oma (Fig 1).

Interobserver Agreement for Paraganglioma Probability
For conventional MR imaging, the nonweighted � values were
fair or good: 0.65 (confidence interval [CI], 0.40 – 0.90) be-
tween reviewers 1 and 2; 0.46 (CI, 0.15– 0.78) between review-
ers 1 and 3; and 0.50 (CI, 0.22– 0.80) between reviewers 2 and
3. The multirater � value was 0.54 (CI, 0.32– 0.75).

For CE-MRA, the nonweighted � values were good or ex-
cellent: 0.71 (CI, 0.50 – 0.92) between reviewers 1 and 2; 0.67
(CI, 0.45– 0.89) between reviewers 1 and 3; and 0.77 (CI, 0.59 –
0.96) between reviewers 2 and 3. The multirater � value was
0.72 (CI, 0.56 – 0.87).

For the 2 MR imaging techniques, the difference between
interobserver agreements was statistically not significant, but
the � values for CE-MRA were higher than those for conven-
tional MR imaging.

Evaluation of Surgically Treated Paragangliomas
Four patients (5 tumors) already had undergone embolization
and surgery before MR imaging was performed. The tumors
were suggestive of recurrent disease. In 1 patient, recurrence
was confirmed by surgery. The other 3 patients did not un-
dergo surgery again, but surgical data revealed a tumor residue
in 3 patients and a complete treatment in 1 patient for a small
carotid body tumor with no evidence of any local recurrence
(clinical and imaging follow-up during 3 years). The probabil-
ity of paraganglioma was assessed correctly in all cases with
CE-MRA. In 3 cases, the probability of paraganglioma was
assessed as “uncertain” with conventional MR imaging. Be-
cause of the small number of cases, statistical testing was not
performed independently for them. The results of these 5 cases
(4 patients) are given in Table 2.

Discussion
Previous studies have showed that paragangliomas have a typ-
ical temporal contrast enhancement. Their authors reported
that this characteristic contrast enhancement can be useful in
the diagnostic work-up of lesions that may mimic paragangli-
oma.12,13,15 All the techniques used in these studies were dy-
namic CE methods. Recently, improvements in gradients and
sequences have made the use of elliptic centric CE-MRA pos-
sible to evaluate artery stenosis.16 For head and neck tumors,
this sequence may offer anatomic and functional information
about the vascular system. We postulated that intense tumor
blush on CE-MRA could be a sensitive and specific feature for
paragangliomas because these tumors are highly vascular-
ized.17 Our study showed that with a sensitivity of 100% and a
specificity of 94%, CE-MRA was accurate to diagnose head
and neck paragangliomas. Our results are in agreement with
those studies concerning the typical rapid and intense en-
hancement of paragangliomas. However, the limitations of
dynamic CE MR imaging are the small number of sections that
can be acquired or the large section thickness. Contrary to
dynamic CE MR imaging, CE-MRA can provide excellent spa-
tial resolution and a large field of view, which are essential to
explore paragangliomas.18 Previous studies18,19 have exam-
ined the sensitivity and specificity of unenhanced and CE

Fig 1. A 57-year-old woman with 2 paragangliomas: a residual vagal paraganglioma (solid
arrow) and a retrothyroidian paraganglioma (open arrow). The second one was missed by
DSA (because the feeding artery was not opacified) and by SE imaging (because it was
situated out of the FOV, under the carotid bifurcation). They were depicted by CE-MRA and
were both pathologically confirmed. CE-MRA coronal MIP image shows the 2 paragangli-
omas as intense tumor blush.

886 Neves � AJNR 29 � May 2008 � www.ajnr.org



3D time-of-flight and have recommended these sequences
to improve detection of paragangliomas. The major advan-
tages of CE-MRA in comparison with 3D time-of-flight
sequences are the rapid acquisition time and the large ac-
quisition volume.

In our study, the typical angiographic appearance of a para-

ganglioma (a hypervascular mass in a typical localization with
intense tumor blush and early draining veins) described with
DSA is also seen with CE-MRA. Paragangliomas showed this
aspect on CE-MRA in all cases, allowing an accurate detection.
The CE-MRA technique used in the present study had several
advantages.

Fig 2. A 52-year-old woman with a characteristic vagal paraganglioma. A, Axial T2-weighted fat-saturated image shows a
high-signal-intensity left-sided mass with prominent vascular flow voids. B, Axial contrast-enhanced fat-saturated T1-
weighted image shows an intensely enhancing mass. C and D, CE-MRA axial MPR image (C) and CE-MRA coronal MIP image
(D) show a typical tumor blush in the arterial phase (small arrow). Note the early draining internal jugular vein (large arrow).

Fig 3. A 36-year-old woman with a primary jugular foramen meningioma. A, Axial T2-weighted fat-saturated image shows a mass centered in the right-sided jugular foramen with vascular
flow voids mimicking a paraganglioma. B, Axial contrast-enhanced fat-saturated T1-weighted image shows strong enhancement of this mass. The tumor is difficult to differentiate from
a paraganglioma on SE sequences. C, CE-MRA axial MPR image does not show the typical tumor blush in the arterial phase, which indicates that this tumor is probably not a paraganglioma.

Fig 4. A 37-year-old woman with a cervical schwannoma. A,
Axial contrast-enhanced fat-saturated T1-weighted image
shows intensely enhancing well-circumscribed right-sided
cervical mass. Differentiation with a paraganglioma is diffi-
cult. B, CE-MRA axial MPR image does not show the typical
tumor blush in the arterial phase, which indicates that this
tumor is probably not a paraganglioma. Note the anterior
displacement of both the internal and external carotid arter-
ies due to the schwannoma.
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First, in the assessment of paragangliomas, the combina-
tion of conventional MR imaging and CE-MRA was signifi-
cantly superior to conventional MR imaging alone. For 2 read-
ers and for the consensual results, the specificity of CE-MRA
was significantly higher than that of conventional MR imaging
(P � .05). CE-MRA caused a false-positive diagnosis in 1 case
in comparison with 10 cases for MR imaging. This false-posi-
tive was a DAVF, which had an early and intense enhancement
on CE-MRA. Nearly all the false-positive diagnoses of para-
ganglioma with conventional MR imaging were corrected by
CE-MRA. The low specificity of conventional MR imaging
may be explained by the high number of uncertain findings
that where classified as positive for the statistical analysis. An
analysis performed with the equivocal cases considered nega-
tive instead of positive yielded similar results for CE-MRA.
Moreover, most of the lesions were seen with both techniques,
but the confidence of the observers in determining the prob-
ability of paraganglioma was superior with CE-MRA. Indeed,
uncertain findings (ie, rating of 1) were obtained with conven-
tional MR imaging in 8 cases and in only 1 case with CE-MRA.
Concerning the uncertain findings of each reader with con-
ventional MR imaging, MRA allowed the correct diagnosis in
81% of the cases. Uncertain findings with MRA were corrected
in only 27% of the cases by conventional MR imaging.

Second, CE-MRA is able to image from the aortic arch to
the skull base, whereas most of MR imaging examinations for
paragangliomas cover the temporal bone to the level of the
carotid bifurcation. In our study, 2 lesions that were clearly
detected by CE-MRA were outside the conventional MR im-
aging FOV.

Third, with a larger anatomic coverage, CE-MRA allows
short acquisition times and yields excellent image quality in
almost all examinations. Fat-suppression techniques are
prone to magnetic susceptibility artifacts from air-tissue inter-
faces.8 They result in inhomogeneous fat suppression. An-
other limitation of conventional MR imaging includes its fre-
quent exquisite sensitivity to motion artifacts because of a long
acquisition time. 3D reconstructed images may be used with
CE-MRA. The advantages of isotropic 3D imaging include the
avoidance of partial volume artifacts and the potential to re-
format images in any plane without loss of resolution.

Fourth, there was fair-to-good interobserver agreement in
the paraganglioma probability with conventional MR imaging
(�, 0.50 – 0.65), whereas there was good-to-excellent interob-
server agreement in the paraganglioma probability with CE-
MRA (�, 0.67– 0.77). The fact that we did not reach a signifi-
cant difference between the 2 techniques is probably related to
the small number of patients in this study.

Fifth, CE-MRA provided better differentiation of thera-
peutic changes from residual disease. The detection of residual

or recurrent tumors after surgery and/or radiation therapy is
difficult with SE imaging because of posttreatment changes,
which may cause misinterpretation. However, evaluations
with regard to postoperative residues were limited in this
study because of the small number of cases (we experienced 4
residual paragangliomas). SRS has been recommended in this
particular situation,20,21 but, to our knowledge, no results are
available in large patient groups. CE-MRA, in addition to SRS,
may be useful to confirm the complete tumor removal. Fur-
ther studies are needed regarding the effectiveness of CE-MRA
in this indication.

Paragangliomas typically show flow voids in SE imaging,22

but this feature is limited to lesions that are �10 mm.18 In this
study, conventional MR imaging showed flow voids in 5 other
tumors. Consequently, the signal-intensity voids within a tu-
mor are not specific to paraganglioma, have shortcomings,
and should be interpreted carefully, particularly in the skull
base lesions.

However, CE-MRA sequences could sometimes be difficult
to interpret because of fat surrounding the vessels. This fat has
an intermediary signal intensity that can be difficult to differ-
entiate from a very small ovoid blush.

CE-MRA is a noninvasive technique and has the advantage
over DSA that it can display vascular structures in the axial
plane without superimposition. Moreover, due to nonselec-
tive bolus application, CE-MRA visualizes all vessels within
the selected volumes. It is useful when tumors fed by several
arterial systems are only partially opacified in DSA or when
they are in an unusual location.17 In 1 examination of a retro-
thyroidian paraganglioma, CE-MRA was the only examina-
tion to show this lesion, which was not visible on DSA, even in
retrospect because the feeding arteries were not opacified dur-
ing the selective angiography. The inclusion of CE-MRA in a
standard imaging protocol could allow reducing substantially
the practice of DSA to distinguish paraganglioma from an al-
ternative diagnosis. Indeed, CE-MRA has a high specificity
value for the diagnosis of paraganglioma, which is required to
avoid an invasive angiographic procedure or a useless neck
dissection. Thus, CE-MRA has the potential to replace DSA as
the imaging reference standard.

SRS appears to be a reliable test to detect paragangliomas
(sensitivity, 94%–97%, specificity, 82%).21,23 It also appears
useful in detecting synchronous tumors and in the screening
of familial paragangliomas.20,24 Nonetheless, SRS has incon-
veniences: false-negative (small paragangliomas) and many
false-positive results are known as in other neuroendocrine
tumors, meningiomas, schwannomas, and small cell or breast
carcinomas.23 In our study, 2 patients with schwannomas un-
derwent SRS. The findings of the first were negative, the sec-
ond had a focal uptake, but the activity was much less intense

Table 2: Patients with suggested recurrence of paraganglioma (surgically treated paragangliomas)

Patient Localization
Interval Between
Surgery and MRI

Maximal Dimension
(mm)

Probability of PG Final Diagnosis
(reference standard)C MRI CE-MRA

1 Vagal 4 years 20 1 2 PG (surgery � pathology)
2 Jugulotympanic 9 months 16 1 2 PG (SD)
3 Vagal 4 years 22 2 2 PG (SD)
4 Jugulotympanic 6 months 41 2 2 PG (SD)

CBT 6 months 4 1 0 Postoperative scar (follow-up)

Note:—CBT indicates carotid body tumor; C MRI, conventional MR imaging; PG, paraganglioma; SD, surgical data (known tumor residue); 2, probable; 1, uncertain; 0, improbable.
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than that associated with known paragangliomas. SRS cannot
differentiate paraganglioma from meningioma or plasmocy-
toma. Mutations involved in paragangliomas have now been
characterized, but the penetrance of the mutation is vari-
able.25,26 SRS and MR imaging are used to screen patients with
hereditary paraganglioma genes.27 Further studies are needed
to study the accuracy of CE-MRA in this indication.

There are several potential sources of bias in our study. The
first limitation was the lack of pathologic correlation in certain
cases. Although the pathologic proof was not always present,
there were strong arguments such as familial form or associa-
tion with another characteristic localization of paraganglioma.
Moreover, other tumors in the head and neck region such as
hemangiopericytomas, endolymphatic sac tumors, and me-
tastases from highly vascular tumors (eg, renal cell carcinoma)
that may mimic paraganglioma were not present in this study.
We also had a selection bias; the sensitivity and specificity that
we obtained with MR imaging were seen in a preselected group
in which the indication was to confirm or to rule out paragan-
gliomas. Therefore, they do not reflect the true values for an
unselected population. Last, this study had a relatively small
number of patients. This can be explained by the fact that
paragangliomas are rare tumors and CE-MRA is a recent
technique.

We recommend adding CE-MRA to routine neck MR im-
aging when the clinical presentation evokes the diagnosis of
paraganglioma (pulsatile mass, tinnitus, familial form) or
when previous examinations showed arterial structures and a
localization next to the jugular foramen, the hypotympanum,
the carotid bifurcation, or the carotid space.

Conclusion
The typical appearance of a paraganglioma demonstrated with
DSA is also seen with CE-MRA. CE-MRA is able to explore
noninvasively and quickly a large field of view with an excel-
lent image quality. Moreover, CE-MRA is a more specific tech-
nique than conventional MR imaging for assessment of head
and neck paragangliomas and has the potential to provide the
radiologists with added confidence in their interpretation. In
the future, CE-MRA has the potential to replace DSA as the
imaging reference standard for the diagnosis of paragangli-
oma. CE-MRA should be routinely used for suggested para-
ganglioma and for lesions of the skull base. It could be added
to SE MR imaging for screening and follow-up of patients with
hereditary paraganglioma genes.
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