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ABSTRACT: Background. The purpose of this study was to identify the
factors that may influence the management outcome in patients with
jugular paragangliomas.

Methods. The surgical records of 121 cases of jugular paraganglioma
(Fisch classifications C and D) were reviewed.

Results. The average follow-up was 88 months. Intracranial extension
(ICE; Fisch classification De and Di) constitutes 55.4% of the cases. Two
cases had a malignant jugular paraganglioma. Complete tumor resection
was achieved in 81.8% of the cases, and there was evidence of
recurrence in 4.0% from this group. Surgical tumor control was
achieved in 96% of cases. Perioperative complications consisted mainly

of cerebrospinal fluid leakage in 1.6% of the cases. The lower cranial
nerve (CN) was preserved in 63% of the patients mainly in the cases
without ICE.

Conclusion. The infratemporal fossa approach type A allows for
complete tumor resection with low perioperative morbidity and
recurrence rates. The significant influential factors were the severity of
ICE and internal carotid artery involvement. VC 2012 Wiley Periodicals,
Inc. Head Neck 00:000–000, 2012

KEY WORDS: jugular paraganglioma, glomus jugulare tumors,
surgical management, surgical control

INTRODUCTION
Jugular paragangliomas are rare benign neoplasms that

occur in a deep-seated complex anatomic region of the
lateral skull base. Jugular paraganglioma accounts for
0.6% of head and neck tumors and 80% of jugular fora-
men tumors.1 They have an insidious growth pattern with
destructive behavior and a tendency for bone and intracra-
nial extension (ICE) via finger like projections, which
may cause dysfunction of the facial and lower cranial
nerves (CNs). The choice of management either with sur-
gery or radiotherapy has been debated widely with the
main aim being minimal management morbidity. Nowa-
days, the surgical resection of jugular paraganglioma is
safe and excellent oncological control and minimal mor-
bidity is achievable due to advancements in interventional
neuroradiology and refinements in the microsurgical tech-
niques. For these reasons, surgery remains the primary
treatment of choice in many centers.2–5 Although pub-
lished evidence6–9 seems to indicate that radiotherapy
may be a valuable treatment modality, reported data do
not justify its use as the primary mode of treatment for

jugular paraganglioma. In fact, rather than eradication,
mostly tumor stabilization was achieved via radiotherapy.
The oncological outcomes from surgical management

of jugular paraganglioma have significantly improved in
recent decades. The surgery oncological controls range
from 72% to 98%5,10–17 (Table 1) with low reported peri-
operative mortality and morbidity, such as cerebrospinal
fluid (CSF) leaks. Tumors with intradural and circumfer-
ential internal carotid artery involvement, that were previ-
ously considered inoperable, are now technically resecta-
ble.18,19 In this article, we present our experience with
surgical treatment of jugular paraganglioma for the past
20 years and evaluate the factors that may influence the
oncological outcomes in the surgical management of
jugular paraganglioma. This study also aims to provide
sufficient surgical outcome data to confirm the efficacy
of surgical treatment of jugular paraganglioma.

MATERIALS AND METHODS
We reviewed a series of 156 cases of class C and D

jugular paraganglioma (Fisch classification)20 that under-
went surgical treatment at the Gruppo Otologico between
April 1988 and April 2011. Inclusion criteria were com-
plete patient records and a minimum of 1-year follow-up.
Thirty-five cases that had incomplete follow-up were
excluded from this review. One hundred twenty-one cases
met the criteria and were analyzed. All patients under-
went preoperative catecholamine level investigation and
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complete radioimaging evaluation. The imaging studies
included high-resolution CT with bone windows, gadolin-
ium-enhanced MRI, and 4-vessel angiography with man-
ual cross-compression testing. The tumor classification
was identified according to the radiological findings and
was confirmed by the intraoperative findings.
Follow-up included clinical examination as well as

high-resolution CT and MRI scans. The follow-up radio-
logical evaluation was usually performed at 6 months and
subsequently annually, unless otherwise indicated. The
facial nerve function was recorded according to the
House-Brackmann (H–B) grading system.21 Facial nerve
function was graded at each postoperative follow-up by a
member of the operating team and the patient was photo-
graphed using the technique described in our previous
article.4 All of the cases underwent otoscopic, hearing,
vocal cord, and lower CN assessment. The analyzed clini-
cal data included the surgical procedure, tumor classifica-
tion, intraoperative management of the facial nerve, pre-
operative and intraoperative management of the internal
carotid artery (ICA), and the preoperative and postopera-
tive lower CN function. We routinely used facial nerve
monitoring in all our skull base operations.
All the cases underwent endovascular embolization

between 2 to 4 days before surgery. Separate preoperative
endovascular treatments, either with balloon occlusion or
stent reinforcement, were carried out in the cases that had

severe ICA encasement. The indication and methods of
endovascular treatments have been discussed in the litera-
ture.18 The majority of the tumors in our series were
resected through the infratemporal fossa approach type A
with the details of the surgical technique described else-
where.20,22 Supplementary surgical techniques were used
in some of the cases, especially in staged surgical proce-
dures. The resection of an intradural portion during the
initial procedure is not advisable because connecting the
subarachnoid space with the neck spaces would increase
the risk of postoperative CSF leakage. Staged surgical
resection was mainly used in cases that had tumor class
Di2 (intradural tumor greater than 2 cm). The extradural
tumors were removed first, and then, after at least 3
months, the intradural portion was removed, mainly
through the petro-occipital transigmoid approach, with
extension to the clivus when required.22

Statistical analysis

The statistical analysis was performed using IBM SPSS
Statistics for Windows version 19 (SPSS, Chicago, IL).
Data were described in mean and percentage. Differences
between 2 categorical data were analyzed using the
chi-square test or the Fischer exact test. Odds ratio with
95% confidence interval was calculated when relevant.
The level of statistical significance was set at p < .05,
2-tailed.

RESULTS
There were 121 cases (41 male and 80 female patients).

The patients’ ages ranged from 16 to 75 years, with
a mean of 47 years. Our patient follow-up had a mean
duration of 88 months (range, 12–252 months). Sixty-six
of these tumors (54.5%) were on the left side and 54 on
the right side (44.6%). One of the cases (0.9%) had bilat-
eral jugular paraganglioma but 1 side was treated else-
where. The most common otologic presenting symptoms
were hearing loss in 87 cases (72%) and pulsatile tinnitus
in 82 cases (68%). Hoarseness was the most common
nonotologic presenting symptom, seen in 30 cases (25%).
Twenty-one of the cases (17.4%) presented with multi-
centric tumors. The multicentric cases are summarized in
Table 2. Eleven of the multicentric cases (52.4%) pre-
sented with ICE. However, statistically (Table 3), multi-
centricity did not significantly affect the surgical manage-
ment outcome (chi-square ¼ 0.541; df ¼ 1; p ¼ .462).

TABLE 3. Surgical management outcome in relation with tumor characteristics.

Total Subtotal

Chi-square df p valueNo. of patients % No. of patients %

Tumor extension
ICE 50 50.50 17 77.30 5.219 1 .022
ECE 49 49.50 5 22.70

Multicentric tumor
Yes 16 16.16 5 22.70 0.541 1 .462
No 83 83.84 17 77.30

Endovascular ICA management
Yes 12 12.12 10 45.45 13.440 1 <.001
No 87 87.88 12 54.55

Abbreviations: ICE, intracranial extension; ECE, extracapsular extension; ICA, internal carotid artery.

TABLE 2. Cases presented with multicentric tumor.

Multicentricity No. of cases (%)*
ICE, genetic mutation (%),
malignant change

JP þ CBT 8 cases (6.4) ICE (3 cases)
2 cases positive-SDHB
mutation

JP þ VP 9 cases (7.2) ICE (7 cases)
None had genetic mutation

JP þ VP þ
CBT

4 cases (3.3) ICE (1 case)
None had genetic mutation
1 malignant changed

Total 21 cases (16.9) 11 cases had ICE
(10 cases presented with
intradural extension)

Abbreviations: ICE, intracranial extension; JP, jugular paraganglioma; CBT, carotid body tu-
mor; SDHB, succinate dehydrogenase subunit B; VP, vagal paraganglioma.
* The age range is between 17 and 62 years with a mean of about 42 years.
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Malignant jugular paraganglioma was observed in 2 cases,
with the first patient, aged 26 years, presenting with ipsi-
lateral cervical lymph nodes metastases. Genetic studies
showed a mutation in succinate dehydrogenase subunit B.
The second patient, aged 46 years, had multicentric para-
gangliomas but genetic analysis did not show any muta-
tion. There were no cases with catecholamine-secreting
tumors.

Fisch classification and tumor growth pattern

The frequency of tumor extension by Fisch’s classifica-
tion is depicted (Table 4). This was confirmed from radi-
ological and intraoperative findings. Sixty-seven cases
(55.4%) had ICE. Forty-four of the 67 cases (36.5%) had
intradural extension and 23 (18.9%) had extradural exten-
sion. Fifty-four of cases (44.6%) had extracranial exten-
sion. The percentage of intracranial involvement
increased in proportion to tumor growth (Table 5; chi-
square ¼ 35.815; df ¼ 3; p < 0.001, p trend < .001).

Surgical approaches

One hundred four of the tumors (86.1%) were resected
via the infratemporal fossa approach type A. In 12 cases
(9.8%), the tumors were approached through a combina-
tion between infratemporal fossa approach type A and
other surgical approaches, in order to have adequate sur-
gical access for tumor removal. In view of the patients’

age and wishes in 5 cases (4.1%), the tumors were
removed via a petrosectomy approach. Complete tumor
resection was achieved in 99 cases (81.8%). In 22 cases
(18.2%), the tumors could not be removed completely.
The tumors needed to be dissected from the ICA in 83
cases (68.6%). Twenty-two of these 83 cases underwent
endovascular treatment of the ICA. Endovascular stent
reinforcement was carried out in 15 of the 22 cases.
Seven cases underwent permanent balloon occlusion. No
complications occurred during endovascular treatment or
during surgery in these cases. Planned 2-stage surgery
was performed in 17 cases (14%). Twelve of the 17 cases
(70.5%) had more than a 2-cm intradural tumor exten-
sion. Five of the 17 cases (29.5%) had less than a 2-cm
intradural extension. The average duration between the
first and second surgeries was 10 months, with a range of
3 to 21 months. Eight cases underwent the petro-occipital
transigmoid approach for their second-stage surgery. The
modified transcochlear approach was performed in 5
cases.23 Translabyrinthine approach was performed in 2
cases. Two cases underwent transotic20 and extreme lat-
eral approach,24,25 respectively. Ten of the 17 patients
(58.8%) undergoing staged surgery had carotid artery
management by either stenting (5 cases) or balloon occlu-
sion (5 cases). In 1 case, the intradural portion was unre-
sectable because it was attached to the vertebral and basi-
lar arteries, and the procedure was abandoned. The tumor
was controlled with gamma knife surgery.

Perioperative complications

All the cases underwent preoperative embolization. The
procedure was uneventful except in 1 case, which devel-
oped an H–B grade IV facial nerve paresis. Perioperative
mortality was not encountered in the present series. The
most frequent perioperative complication was CSF leak-
age, which occurred in 2 cases (1.6%). In the first case,
there was intradural extension and the CSF leak occurred
after the first-stage surgery. In the second case, the histo-
pathology showed a malignancy, and the CSF leak devel-
oped after second-stage surgery. In both cases, the CSF
leak required surgical closure where the area was inter-
sewn with a muscle plug.

Cranial nerve status

The preoperative and postoperative CN status is
depicted in Table 6. Sixty of the cases (49.6%) presented

TABLE 5. Association of Intracranial extension and extracapsular extension with Fisch class and lower cranial nerve deficit involvement.

ICE ECE

No. of patients % No. of patients % Chi-square df p value

Fisch class
C1 2 11.8 15 88.2 35.815 3 < .001*
C2 33 47.2 37 52.8
C3 29 93.5 2 6.5
C4 3 100.0 0 0

Lower CND
Yes 22 40.7 38 56.7 3.053 1 .081
No 32 59.3 29 43.3

Abbreviations: ICE, intracranial extension; ECE, extracranial extension; CND, cranial nerve deficit.
* Fisher exact test.

TABLE 4. Tumor classification (Fisch).

Fisch
class

No. of
ECE (%)*

No. of ICE (%)†

De1 De2 Di1 Di2

C1 15 (12.4) 0 0 2 (1.6) 0
C2 37 (30.6) 13 (10.7) 0 17 (14.0) 3 (2.5)
C3 2 (1.6) 6 (4.9) 2 (1.6) 11 (9.1) 10 (8.3)
C4 0 0 1 (0.8) 1 (0.8) 1 (0.8)
Total 54 (44.6) 22 (18.3)

(extradural)
45 (37.1)
(intradural)

Abbreviations: ECE, extracranial extension; ICE, intracranial extension; C1, no invasion of ca-
rotid; destruction of jugular bulb/foramen; C2, invasion of vertical carotid canal between fora-
men and bend; C3, invasion along horizontal carotid canal; C4, invasion of foramen lacerum
and along carotid into cavernous sinus; De1, intracranial/extradural extension up to 2-cm
dural displacement; De2, intracranial/extradural extension more than 2-cm dural displace-
ment; Di1, intracranial/intradural extension up to 2-cm; Di2, intracranial/intradural extension
more than 2-cm.
* The age range is between 17 and 75 years with a mean of about 47 years.
† The age range is between 16 and 68 years with a mean of about 45 years.
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preoperatively with at least 1 lower CN deficit. The ma-
jority of these cases (63.3%) had ICE and 36.7% did not
have ICE. Although there was a higher percentage of
lower CN deficit among cases with ICE compared to
extracapsular extension (ECE), the difference was not
statistically significant (Table 5; p ¼ .08; odds ratio ¼
1.9; 95% confidence interval ¼ 0.9–3.9). The most com-
monly involved CN was IX (28.8%) and X (31.2%). In-
traoperatively, the lower CN could be preserved anatomi-
cally in 78 cases (63%). Cases without ICE had the
greatest potential for functional lower CN preservation.
The lower CN could be preserved anatomically in 25 of
the 67 (37.3%) cases that had ICE. Postoperative follow-
up of at least 1 year showed that the most common new
CN deficit was seen in IX CN (24.1%), followed by X
CN (14.5%), XII CN (10.4%), and XI CN (9.6%). The 43
cases (64%) with ICE demonstrated some degree of func-
tional deficit. Eighteen of them had normal lower CN
function preoperatively. In these cases, their lower CN
were sacrificed due to tumor invasion particularly at the
level of intradural. In 7 cases without intradural exten-
sion, the medial wall of the jugular bulb was preserved
during surgery. All of these cases had good postoperative
lower CN function. Three cases had varying degrees of

aspiration, which resolved with conservative management
except in 1 case which required a feeding jejunostomy. A
medialization thyroplasty was performed in 4 cases
(3.3%) that had persistent dysphonia or aspiration symp-
toms. The surgical intervention was performed at least 6
months after tumor extirpation. Eighty-four cases under-
went permanent anterior transposition of the facial nerve.
One-year after primary surgery, we observed 59.6% of
them had good functional recovery (H–B grade I and II).

Surgical oncologic outcomes

Of the 121 cases in this series, 99 (81.8%) underwent
gross total tumor resection. From this number, 4 cases
(4%) developed tumor recurrence. The age of patients
who had recurrence ranged from 26 to 40 years, with a
mean age of 32.5 years. Two cases had recurrence 3 years
after surgery, 1 case 5 years after surgery and another 6
years after surgery. Three of the recurrent cases were
class C2, whereas the remaining recurrent case was a
C3Di2 tumor. Ninety-five cases (78.5%) showed no evi-
dence of tumor recurrence from clinical or radiologic
investigations at a mean follow-up of 88 months (7.3
years). The surgical tumor control was achieved in 96%
of the total resection cases. Twenty-two cases (18.2%)
underwent subtotal resection. Eleven of these cases had
carotid artery management either by stenting (7 cases) or
balloon occlusion (4 cases). Statistical analysis has shown
that the percentage of endovascular ICA management was
significantly higher in cases that underwent subtotal tu-
mor resection (Table 3; 45.45% vs 12.12%; chi-square ¼
13.440; df ¼ 1; p < .001). Nineteen of these 22 cases of
the residual tumor were intracranial involving the cavern-
ous sinus, foramen magnum, posterior fossa dura, prepon-
tine cistern, and the vertebral and basilar artery. For
extracranial residual tumors, partial resection was per-
formed in 2 cases due to significant cardiac comorbid-
ities. In 1 case, the extracranial residual tumor was
attached to a dominant sigmoid sinus. There was signifi-
cantly higher ICE among those who had subtotal resec-
tion (Table 3; 77.3% vs 50.5%; chi-square ¼ 5.219; df ¼
1; p ¼ .02).
The 2 cases that had malignancy presented with recur-

rence and regrowth of the disease at the primary site at 3

FIGURE 1. Axial and sagittal MR images of the patient who passed away 10 years after his primary surgery illustrating that the progressive tumor
regrowth leads to compression of the brain stem and right cerebellum.

TABLE 6. Cranial nerve function in preoperative, postoperative, and
number of cases that developed new cranial nerve deficit.

CN

Number of cases with CNDs (%)

Preoperative Postoperative*
Postoperative new CND,
mean 15.9†

IV 2 (1.6) 1 (0.8) Nil
V 1 (0.8) Nil Nil
VI 3 (2.4) 2 (1.6) Nil
VII‡ 17 (14.9) 41 (33.9) 24 (19.0)
IX 36 (29.8) 66 (54.5) 30 (24.7)
X 39 (32.2) 57 (47.1) 18 (15.0)
XI 24 (19.7) 36 (29.7) 12 (10.0)
XII 24 (19.8) 37 (30.6) 13 (10.8)

Abbreviations: CN, cranial nerve; CND, cranial nerve deficit.
* At least 1-year follow-up after primary surgical intervention.
† For lower cranial nerves the overall new postoperative deficits were seen in 15.1% of
cases.
‡ The facial nerve status was House–Brackman (H–B) grade II to VI.
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and 5 years, respectively. The first patient, aged 26,
developed recurrence in the internal acoustic canal and
the tumor was resected via combined infratemporal fossa
approach type A and translabyrinthine approach. The sec-
ond patient, aged 46, had regrowth of the residual tumor
at the cavernous sinus and was subjected to gamma knife
surgery. One of the residual cases died 10 years after his
primary surgery due to regrowth of the residual disease
despite 5 episodes of intratumoral embolization (Figure
1). The summary for these oncological outcomes is
described in Table 7.

DISCUSSION
Jugular paragangliomas are slow-growing tumors aris-

ing from paraganglia cells located within the adventitia of
the jugular bulb and along the Jacobson’s and Arnold’s
nerves, connected to venous channels.26,27 They tend to
grow along the planes of least resistance by following
preexisting pathways in the skull base (ie, fissures, air
cell tracts, vascular channels, and nerve foramina).28,29

These hypervascular tumors often develop unnoticed,
resulting in a delay in the diagnosis.
In previously published series, it has been reported that

jugular paragangliomas are diagnosed predominantly in
the fifth to sixth decades of life.5,30 However, in our pres-
ent series, the majority of the tumors occurred in the
fourth decade of life, with a female-to-male ratio of 2:1.
It has also been reported that catecholamine-secreting
tumors occur symptomatically in 1% to 3% of cases.31,32

Although we did not encounter such cases in the present
series, the preoperative screening for catecholamine-
secreting tumors was routinely performed in all patients
to avoid intraoperative anesthetic complications.
The Glasscock–Jackson33 and Fisch20 classifications

are commonly used in describing tumor extension. We
prefer the Fisch classification because as it is closely
related to surgical management and morbidity. Due to the
tumor’s complex and intimate relationship with important
neurovascular structures, a wide access is mandatory to
facilitate complete tumor resection while preserving the
important structures, when possible. For this, we believe
the infratemporal fossa approach type A is sufficient and
is a widely accepted surgical approach. By utilizing the

infratemporal fossa approach type A, the surgical tumor
control ranged from 72% to 100% (Table 1). Jugular par-
agangliomas that extend intracranially represent a treat-
ment challenge, which requires an appropriate manage-
ment approach. For the intradural portion, the tumors
were removed via staged surgical procedures to avoid a
potentially catastrophic communication between the sub-
arachnoid and neck spaces, leading to CSF leaks.4,34,35 In
our present series, there were no additional deficits or
morbidities related to these approaches.
The incidence of ICE in jugular paraganglioma has

been reported to range from 36% to 72%.16,36,37 In our
present series, ICE constitutes 55.4% of cases. The intra-
cranial involvement correlates well with the advancing tu-
mor stage. The severity of ICE also significantly influen-
ces the surgical outcome in the present series. Successful
surgical management in jugular paraganglioma requires
understanding its growth pattern and behavior. In the
present series, we found that the frequency of intracranial
involvement was higher in class C2 and C3 tumors. As
the tumor progresses from these 2 stages, it grows intra-
cranially more commonly along the lower CN rather than
along the ICA and extends toward the prepontine cistern,
foramen magnum, and vertebral and basilar artery. This
observation is particularly helpful and valuable for radioi-
maging studies and surgical planning strategies.
Although the ICA is no longer a limiting factor in jugu-

lar paraganglioma surgery, in the present series, the sever-
ity of its invasion by the tumor is significantly related to
the surgical oncologic outcome. Therefore, accurate pre-
operative radioimaging evaluation of the extent of ICA
invasion by the tumor is necessary in order to achieve a
favorable surgical outcome. Three of our recurrent cases
(75%) were in class C2, and 1 of them had malignancy.
In these cases, even though during surgery the tumor
could be resected completely from the ICA, there may be
microscopic deposits left around the wall of the artery.
Oncologically, the best solution to achieve favorable sur-
gical outcome in ICA involvement by paraganglioma is
arterial resection and this should be carefully and accu-
rately assessed by radioimaging investigation.
Our results support the observation that advancing

tumor stage and preoperative lower CN function influ-
ence the prospect of postoperative functional lower CN

TABLE 7. Surgical oncologic outcomes and summary of subsequent treatment in the subtotal resection and recurrence cases.

Total resection
(No: 99 cases) (81.8%)

Subtotal resection
(No: 22 cases) (18.2%)*

Recurrence after total
resection (No: 4 cases) (4.0%)

Mean age 48.0 y 47.8 y 32.5 y
Oncologic outcome
(mean follow-up:
88 mo)

Tumor free: 95 cases Tumors were stable: 12 cases
(watchful & rescan)†

Mean for the occurrences
mo of tumor recurrence:
51 mo (4.3 y)

Tumors were stable: 2 cases
(watchful & rescan)

Recurrence: 4 cases Tumors regrowth: 5 cases Reoperated: 1 case (stable)||

Surgical tumor
control: 96%

4 cases underwent gamma
knife surgery/RT (stable)‡

Intratumoral embolization:
1 case (stable)

1 case underwent multiple
embolization§

Abbreviation: RT, radiotherapy.
* Five of the residual cases were lost during the follow-up.
† Five of the residual cases, the tumors undergo spontaneous regression through routine MRI investigation after 5 years follow-up.
‡One of them was the malignant changed case, had persistent presence of tumor at cavernous sinus despite of revision surgery.
§ This patient died 10 years after his primary surgery.
|| The case had malignant changed, achieved complete removal in revision surgery.
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preservation. Sixty of the cases (49.6%) presented preop-
eratively with at least 1 lower CN deficit. In our present
series, the majority of the preoperative CN deficit
(63.3%) were developed in the tumors with ICE, reflect-
ing a tendency for late manifestation of lower CN deficit,
usually after ICE has already occurred.
The intrabulbar tumor removal technique, described

first by Gejrot38 and reproposed later by Al–Mefty and
Teixeira,11 consists of preservation of the anteromedial
wall of the jugular bulb and internal jugular vein, in order
to preserve the lower CN function. This intrabulbar
removal technique is possible whenever the tumor does
not breach the wall of the jugular bulb and is suitable for
jugular paragangliomas without ICE. In our present series,
we have observed that in jugular paraganglioma with
ICE, the tumor capsule was densely adherent to the lower
CN, making the preservation of the nerves almost impos-
sible. Makek et al39 demonstrated neurological infiltration
of CNs by paragangliomas and the degree of infiltration
increased with the size of the tumor, progressively involv-
ing further the perineurium and then endoneurium.39 This
explains and justifies the need for the lower CN resection
along with the tumor for a complete tumor removal, espe-
cially in cases that have ICE with risk of recurrence.
For the cases that have evidence of preoperative lower

CN dysfunction, total resection of the involved lower CN
is recommended. Hoarseness, aspiration, and dysphagia
are the recognized clinical features resulting from the
lower CN dysfunction. In persistent postoperative lower
CN dysfunction with poor compensation, rehabilitative
surgical procedures, such as vocal cord medialization and
cricopharyngeal myotomy, are recommended after at least
6 months.40 In the present series, most of the cases with
lower CN dysfunction regained satisfactory neurological
compensation and only 4 cases (3.3%) needed surgical
rehabilitation to overcome their prolonged lower CN
dysfunction.
Jugular paraganglioma can exhibit malignant transfor-

mation and metastasize. In our present series, the inci-
dence of malignancy was 1.6%, with 36 being the aver-
age age at presentation. The diagnosis of malignant
transformation requires a high index of suspicion. Re-
gional lymphadenopathy could be an indication of this
malignant transformation. Cervical lymph node metastasis
occurred in 1 of the cases. The primary treatment for
malignancy should be complete tumor resection along
with the ipsilateral lymphatic tissues. Postoperative radio-
therapy may be indicated in cases of positive surgical
margins or residual tumors. It has been reported that the
5-year survival rate for regionally confined malignant par-
agangliomas was 76.8%.41

The choices of treatment for the residual and recurrent
jugular paragangliomas are usually individualized. The
available treatment modalities include surgery, radiother-
apy, intratumoral embolization, and observation only. We
agree with Fayad et al42 that the aim of treatment for
these 2 tumor categories is to gain control of growth and
prevent further neurological deficits. In the present study
of 22 residual cases, tumor regrowth was observed in 5
cases (23%). Four of them underwent radiotherapy and
intratumoral embolization was performed in the remaining
1 case. Twelve stable residual tumors in the present study

underwent surveillance only. Five of these 12 cases had
spontaneous regression through routine MRI and or high-
resolution CT investigation after 5-year follow-up. The
reported rates of regrowth from the remnant tumor ranged
from 17% to 27%.10,43

Adopting an observation attitude in asymptomatic jugu-
lar paragangliomas seems a reasonable approach espe-
cially for patients who are medically unfit for surgery or
of an advanced age. In our institution, there were 21 such
patients who underwent conservative management and we
did not observe any changes in the size of their tumor
during follow-up (unpublished data). Long-term tumor
control rates remain to be established. Due to the slow
growth of paragangliomas, it is difficult to draw any con-
clusion about prognosis after relatively short follow-up
periods. In the present series, 1 of the residual cases suc-
cumbed to tumor regrowth 10 years after primary surgery.
Based on this observation, and on the indolent nature of
the tumor, it is reasonable that the postoperative follow-
up for jugular paragangliomas should be extended to at
least 10 years after the primary surgery.

CONCLUSION
Jugular paraganglioma may present in a variety of man-

ners. Ideally, the tumor should be surgically treated in the
early stages, in order to have a favorable oncological out-
come. Recurrence and malignancy tend to develop in a
younger group of patients. In our present series, jugular
paragangliomas have shown a predictable pattern of ICE
along the lower CN. The surgical oncologic outcomes
were significantly related to the severity of ICE and ICA
involvement by the tumor. These are the crucial factors to
be adequately assessed preoperatively, in order to achieve
an encouraging surgical outcome with minimal morbidity.
Future studies should shed light into the molecular bases
of paragangliomas, with particular regard to the biological
factors that stimulate tumor growth, formation of feeding
vessels, and metastatic progression. Then novel tumor
classifications and therapies based on these factors will
improve the management of patients with jugular
paraganglioma.
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