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INTRODUCTION

Primary tumors such as paraganglioma, schwannoma, 
and lymphomas at the carotid bifurcation are uncommon. 

Paraganglioma is the most common primary tumor at the 
carotid bifurcation which is often called carotid body tu-
mor. It arises from the neural crest-derived chemoreceptor 
(carotid body) located at the medial wall of the carotid bi-
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furcation [1]. 
Schwannoma is a type of neurogenic tumor derived 

from Schwann cells of the nerve sheath. The cervical 
schwannoma usually arises from the vagus nerve or cervi-
cal sympathetic chains [2]. 

Schwannoma is even rarer, but these two tumors have 
different clinical features as well as imaging characteristics, 
and carries different postoperative complications rates after 
surgical resection of the tumor. To predict outcomes of sur-
gical treatment of the tumors, it needs to be differentiated 
preoperatively. 

According to the Health Insurance Review and Assess-
ment Service data, the incidence of paraganglioma is one 
(0.7 to 1.1) out of 500,000 in Korea over the past seven 
years (2012 to 2018) [3]. This is even lower than other stud-
ies reporting between 1/30,000 and 1/100,000 [4]. Due to 
rarity, it is hard to have sufficient experience of these tu-
mors. In this report, we would like to share our experience 
on treatment of these tumors focusing on their different 
characteristics and postoperative complications. 

MATERIALS AND METHODS

After being approved by institutional review board (IRB) 
of Samsung Medical Center (IRB no. 2009-11-042), a ret-
rospective study was conducted using database of patients 
who underwent surgical resection of tumors located at the 
carotid bifurcation between 1995 and 2018 in the vascular 
surgery division of a Korean tertiary medical center. In-
formed consent from individual patients was waived from 
IRB for this study. We retrospectively reviewed demograph-
ic, clinical features, and imaging studies of these patients.

For preoperative work up for the carotid bifurcation 
tumor, contrast-enhanced computed tomography (CT) was 
ordered routinely. Then, magnetic resonance imaging (MRI) 
and transfemoral carotid angiography were selectively 
performed for further differential diagnosis and preopera-
tive tumor embolization. Preoperative assessment of 24-
hour urine metanephrine and normetanephrine level using 
high performance/pressure liquid chromatography method 
was selectively performed for patients with hypertension 
or bilateral lesions to rule out functioning paraganglioma. 
Genetic analyses for mutation of succinate dehydrogenase 
(SDH) subunits were also selectively performed for paragan-
glioma patients with metastasis or tumor recurrence after 
surgical excision, bilateral tumors, and presence of family 
history. Making a definitive diagnosis depended on histo-
logic examination of the surgical specimen.

For the tumor embolization, a transfemoral catheter was 
introduced to the ipsilateral carotid artery and cyanoacry-
late glue (N-butyl cyanoacrylate; Codman Neurovascular, 

Inc., Raynham, MA, USA) was injected into the branches of 
the external carotid artery (e.g., ascending pharyngeal or 
superior thyroid artery).

During the removal of the tumor, incision and dissection 
similarly followed procedural steps practiced in carotid end-
arterectomy. We tried to keep the precise surgical plane to 
avoid tumor bleeding or carotid injury, as well as to achieve 
early division of feeding vessels to reduce the amount of 
bleeding. We preferred using a bipolar electrocoagulator 
to prevent adjacent nerve injury. For patients with a high-
lying tumor, we performed surgery with otolaryngologists. 
They exposed a high-lying tumor with mobilization of the 
parotid gland. 

Postoperatively, neurologic examination was routinely 
performed to detect injury of hypoglossal, vagus, recurrent 
laryngeal, mandibular branch of the facial nerves, or cervi-
cal sympathetic ganglions.

Categorical variables were expressed in number and per-
centage, and continuous variables were expressed in mean 
value±standard deviation.

Table 1. Demographic, clinical, and imaging characteristics 
(n=21)

Feature
Pathology of the tumor

Paraganglioma Schwannoma

Number 16 (76.2) 5 (23.8)

Female 11 (68.8) 0

Age (y) 42.6±14.8 39.6±11.8

Site of tumor
   Right
   Left
   Bilateral

9 (56.3)
5 (31.3)
2 (12.5)

3 (60.0)
2 (40.0)
0

Clinical presentations
   Non-tender neck mass
   Neck pain or discomfort
   Otalgia
   Headache
   Dysphagia and hoarseness

14 (87.5)
3 (18.8)
1 (6.3)
1 (6.3)
1 (6.3)

5 (100.0)
0
0
1 (20.0)
0

CT findings
   Splay of carotid bifurcation
   Medial deviation of ICA
   Hypervascular tumor 
   Hypovascular tumor

16 (100.0)
4 (25.0)

16 (100.0)
0

3 (60.0)
0
0
5 (100.0)a

Shamblin classification:
   Class I
   Class II
   Class III

1 (6.3)
11 (68.8)
4 (25.0)

NA

Values are presented as number (%) or mean±standard deviation. 
CT, computed tomography; ICA, internal carotid artery; NA, not 
applicable. 
aAmong 5 patients with schwannoma, 2 (40.0%) patients showed 
regional contrast enhancement within the tumor.
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RESULTS

During the period from January 1995 to January 2018, 
we experienced surgical resections of 22 carotid bifurca-
tion tumors including 16 (72.7%) paragangliomas, 5 (22.7%) 
schwannomas, and 1 (4.5%) leiomyosarcoma. Among them, 
we included 16 paragangliomas and five schwannomas to 
compare clinical characteristics and treatment outcomes. 
The demographic and clinical features of the patients are 
summarized in Table 1.

The mean ages of the patients were 42.6±14.8 and 
39.6±11.8 years in paraganglioma and schwannoma, respec-
tively. There was female predilection (68.8%) in patients 

with paraganglioma. Paragangliomas were bilateral in two 
(12.5%) patients. However, we could not find any family 
history.

The most common clinical feature was a non-tender 
cervical mass in both paraganglioma and schwannoma. In 
patients with Shamblin class III paraganglioma, one patient 
complained of headache and dizziness, and another patient 
presented with dysphagia and hoarseness at the initial 
presentation. In the later patient, vocal cord palsy was con-
firmed on preoperative laryngoscopic examination. 

On preoperative contrast-enhanced CT images, all the 

Table 2. Details of surgical procedure 

Pathology of the tumor

Paraganglioma 
(n=16)

Schwannoma 
(n=5)

Preoperative tumor embolizationa 5 (31.3) NA

Carotid reconstruction 
    Patch angioplasty
    Interposition graft

0
1

0
0

Cranial nerve sacrifice 2 (12.5) 0

IJV resection 1 (6.3) 0

Use of carotid shunt 1 (6.3) 0

Joint operation with ENT surgeon 2 (12.5) 0

Operation time (min) 179.6±86.4 112.2±17.6

Values are presented as number (%) or mean±standard deviation. 
NA, not applicable; IJV, internal jugular vein; ENT, ear nose throat.
aCatheter tumor embolization was performed by injection of cya-
noacrylate glue into the tumor via branches of the external ca-
rotid artery (e.g., ascending pharyngeal or superior thyroid artery) 
before mean 2.5 days (range, 1 to 5) of surgical excision of the 
tumor.

A B

Fig. 1. Axial view of the contrast-enhanced computed to-
mography images of carotid bifurcation tumors. (A) Sham-
blin class III paraganglioma (arrows) at the left carotid 
bifurcation which shows hypervascularity and splaying of 
the carotid bifurcation. (B) Schwannoma (arrows) at the 
left carotid bifurcation which shows hypovascularity and 
antero-lateral deviation of the internal carotid artery. 

A B

Fig. 2. Images of metastatic paragangliomas. (A) An axial computed tomography image of 19-year-old female patient 
shows multiple lung nodules and osteoblastic lesion (arrow) of the thoracic spine at 12 years after surgical excision of 
paraganglioma. (B) An 18 fluorodeoxyglucose positron emission tomography image shows multiple bone metastases (arrows) 
in a 41-year-old female patient at 5 months after surgical excision of the cervical paraganglioma. 
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paragangliomas showed characteristic widening or splaying 
of the carotid bifurcation and hypervascularity of the tu-
mors (Fig. 1A, 4A). Schwannomas showed splaying sign and 
displacement of ipsilateral internal carotid arteries postero-
laterally or anterolaterally in 60% (Fig. 1B). On the contrary 
to the paragangliomas, schwannomas showed hypovascu-
larity but with regional contrast enhancement in 40% (Fig. 
1B). 

Preoperative 24-hour urine metanephrine and normeta-
nephrine levels were measured in 10 hypertensive patients 
which revealed no abnormality in this series. Genetic analy-
ses for mutation of SDH subunits were conducted in two 
female patients with metastatic paraganglioma (Fig. 2), 
which resulted in SDH subunits B (SDHB) mutation in one 
patient. 

Surgical procedures are summarized in Table 2. Preop-
erative tumor embolization was performed for 5 (31.3%) 
paraganglioma patients at mean 2.5 days (range, 1 to 5) 

before surgical excision of the tumor. There was no com-
plication related to preoperative tumor embolization in our 
series. 

One patient with Shamblin class III paraganglioma re-
quired a segmental resection of the internal carotid artery 
(ICA) along with the tumor, which required carotid shunt-
ing and ICA reconstruction with autogenous vein graft. For 
two patients with high-lying paraganglioma (Fig. 3), we 
performed surgery with assistance of otolaryngologist. 

As shown in Table 3, all complications related to cervi-
cal nerve injury developed in patients with Shamblin class 
III paraganglioma (n=2) or schwannoma (n=3). One patient 
with paraganglioma had ipsilateral lower lip drooping, but 
the other patient had Horner syndrome, dysphagia, and 
hoarseness. Among three patients with schwannoma, one 
patient experienced first bite syndrome and Horner syn-
drome, and another patient had only first bite syndrome, 
while the other patient had hoarseness and dysphasia. 

Table 3. Postoperative complications (mean follow-up duration: 25 months, median 1.3 months, range 1 to 163 months)

Complications
Shamblin class of paraganglioma

Schwannoma (n=5)
I (n=1) II (n=11) III (n=4)

None 1 (100.0) 11 (100.0) 2 (50.0) 2 (40.0)

Early postoperative

   Dysphagia 0 0 1 1

   Hoarseness 0 0 1 1

   First bite syndromea 0 0 0 2

   Horner syndrome 0 0 1 1

   Ipsilateral lower lip drooping 0 0 1 0

Late postoperative

   Distant metastasisb 1 (9.1) 1 (25.0) 0
aFirst bite syndrome denotes postoperative symptom of an acute and intense pain in the ipsilateral parotid region occurred with the first 
bite of each meal. bDistant metastases were detected in 2 paraganglioma patients at 12 years and 5 months each after the primary sur-
gical resection.

A B C

Fig. 3. High-lying bilateral cervical paragangliomas in a 19-year-old male patient. (A) Magnetic resonance imaging shows 
bilateral high-lying cervical tumors suggestive of paraganglioma which shows characteristic feature of “salt and pepper” 
appearance. (B) A sagittal view of contrast-enhanced computed tomography (CT) shows the right carotid body tumor. (C) A 
sagittal view of contrast-enhanced CT shows the left carotid body tumor extending to the skull base.
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There was no stroke postoperatively. 
During the follow-up period of 25 months (mean: range, 

1 to 163 months), distant metastases occurred in two 
patients with paraganglioma. In a 19-year-old patient of 
Shamblin class III, paraganglioma developed back pain at 
12 years after the surgery. The imaging studies revealed re-
curred mass extending to the skull base and distant metas-
tases to the lung and spine (Fig. 2A). In the other 41-year-
old patient of Shamblin class II paraganglioma, multiple 
bone metastases to the spines and scapula were detected at 
5 months after primary surgery (Fig. 2B). 

For the treatment of metastatic paraganglioma of the 
younger patient, targeted radiation therapy with 131I-MIBG 
(metaiodobenzylguanidine) was performed twice. After 
then, other metastatic nodules developed in the right breast 
at seven months after the therapy. We performed partial 
mastectomy and confirmed that it was metastatic paragan-
glioma. Five years later, follow-up imaging studies showed 
progressive metastases to the lungs and spine again, pallia-
tive radiotherapy was performed. On the follow-up visit a 
year after the radiotherapy, there was no evidence of recur-
rence. Her gene study did not show mutation of the SDH 
subunits.

The 41-year-old patient developed tenderness over the 
left shoulder at 5 months after primary surgery of the 
Shamblin class II paraganglioma. Imaging study revealed 
multiple bone metastases to the left scapula and thoracic 
vertebra (Fig. 2B), and we confirmed metastatic paragan-
glioma through bone biopsy. Her gene study revealed SDHB 
mutation, thus familial evaluation was recommended. She 
underwent radiotherapy to the metastatic bone lesions, 

and there was no recurrence developed during 60-month 
follow-up. 

DISCUSSION

Paraganglioma arising from the carotid body is an as-
ymptomatic and slow growing tumor, which accounts for 
60% to 70% of head and neck paragangliomas [5].

The most common reason to seek medical attention is 
a non-tender, palpable neck mass at the carotid triangle of 
the neck [5]. The majority of cervical paragangliomas are 
nonfunctioning, while less than 5% of the cervical para-
gangliomas are functioning with secretion of the catechol-
amine from the tumor [6]. 

An etiology of paraganglioma has not been well known, 
however, exposure to chronic hypoxia or germ line muta-
tion of SDH subunits are accepted as one of the etiology [7]. 
The mutation of SDH is known to activate chronic hypoxia 
pathways in the cells then induces paraganglioma from the 
carotid body [8]. Whether which one comes first, chronic 
hypoxia seemed to play an important role in pathogenesis 
of paraganglioma of the carotid body. 

In 1971, Shamblin et al. [9] classified paraganglioma 
into three categories; class I, tumor localized at the carotid 
bifurcation not adherent to the arteries; class II, tumor ad-
herent or partially surrounding carotid arteries; and class 
III, tumor encasing carotid artery. The classification was 
designed to predict technical difficulty during surgical ex-
cision of the tumor, in other words, to predict likelihood of 
occurrence of the cervical nerves or carotid artery damage 
during the operation. 

A B C D E

Fig. 4. (A-C) A paraganglioma at the carotid bifurcation in a 31-year-old male patient. (A) Preoperative carotid angiography 
showing a hypervascular tumor at the carotid bifurcation which splays the internal and external carotid arteries. (B) Surgi-
cal findings of a hypervascular paraganglioma adherent to the carotid arteries. (C) A photograph of the surgical field after 
removal of the paraganglioma which shows the well-preserved hypoglossal nerve. (D, E) A schwannoma at the carotid bifur-
cation in a 38-year-old male patient (D) A photograph of the surgical field before tumor resection shows clear demarcation 
between the tumor and carotid arteries. (E) After tumor resection, tumor is well encapsulated unlike that of paraganglioma.
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During the operation of carotid paraganglioma, keeping 
dissection plane at the subadventitial layer of the carotid 
bifurcation has been emphasized (Fig. 4B) [10]. The other 
important point is early division of the feeding vessels to 
the tumor to reduce the amount of tumor bleeding. Para-
gangliomas usually receive their blood supply from the 
branches of external carotid artery, most commonly from 
the ascending pharyngeal branch [11]. Some authors have 
asserted the importance of preoperative tumor emboliza-
tion to reduce intraoperative bleeding and to allow easier 
dissection during the removal of the hypervascular tumor 
[12,13]. However, there has been controversy over the risk 
versus benefit of preoperative tumor embolization. Some 
authors reported stroke or retinal artery occlusion after 
embolization [14,15]. A recent meta-analysis regarding the 
tumor embolization reported that there was no significant 
difference in the postoperative re-exploration rate due to 
neck hematoma between embolization and no-emboliza-
tion groups [11]. About 20% of our patients underwent 
preoperative tumor embolization in the earlier part of the 
study period. There was no complication related to preop-
erative tumor embolization in our patients. However, we 
do not currently perform preoperative tumor embolization 
considering risk-benefit of it. 

Among our patients, one patient with Shamblin class III 
paraganglioma underwent carotid artery reconstruction 
with interposition graft. For those whose ICA is expected 
to be permanently ligated, balloon test occlusion (BTO) can 
be performed preoperatively to estimate the risk of stroke 
after permanent occlusion of an ICA. However, considering 
the test related complications including permanent neuro-
logic deficit [16] and the absence of a universally accepted 
method to monitor the BTO [17], we do not conduct BTO in 
our institution. 

Two main difficulties in surgery of carotid bifurcation 
tumor are risk of injuries to the carotid artery and cervical 
nerves (Fig. 4C). Carotid injury during the tumor resection 
may cause stroke or cervical nerve damage by obscuring 
the surgical field. In our series, ICA reconstruction was re-
quired in one patient with Shamblin class III paraganglioma. 

A recent European meta-analysis reported that proce-
dural risks of paraganglioma surgery are much higher than 
that of carotid endarterectomy in terms of cranial nerve in-
jury (25%) [11]. Although we did not experience postopera-
tive stroke, 30-day stroke rate has been reported up to 3.5% 
after cervical paraganglioma surgery [11]. In the study of 
Gwon et al. [18], they reported 23% of postoperative stroke 
rate. They mentioned that the postoperative stroke rate 
was associated with higher Shamblin classification along 
with ICA manipulation including repair of injury. We also 
had ICA reconstruction in one patient, but it was a planned 

procedure, in contrast to that unplanned ICA manipula-
tion which occurred in 35% of the patients in the previous 
study. 

Schwannomas arising from the vagus nerve or cervical 
sympathetic chains may present as a carotid bifurcation 
tumor. Its true incidence has not been well known. Unlike 
paragangliomas, cervical schwannomas are hypovascular 
on contrast-enhanced CT images [19]. On MRI, they often 
show hypointense and hyperintense on the T1 and T2-
weighted images [20], respectively. Schwannomas arising 
from the vagus nerve tend to displace the internal jugular 
vein and ICA posteriorly without splaying carotid bifurca-
tion, and schwannoma originated from the sympathetic 
chain may displace the vessels slightly posterolaterally [21]. 
We felt that dissection is somewhat easier in schwannoma 
than that of paraganglioma due to less adherences to the 
carotid arteries (Fig. 4D), better encapsulation of the tumor 
(Fig. 4E), and less bleeding during the tumor resection. Re-
currence has been known to be extremely rare after com-
plete removal of the cervical schwannoma [22]. However, 
we found that postoperative neurologic complications were 
more frequent in schwannoma compared to in paragangli-
oma. First bite syndrome denotes postoperative symptom 
of acute and intense pain in the ipsilateral parotid region 
which occurs with the first bite of each meal and usually 
persists for less than one minute [23]. It is typically seen 
after parapharyngeal or deep parotid space surgery [23]. We 
experienced this complication in two patients with schwan-
noma. Though intra-parotid injection of botulinum toxin A 
has been recommended to treat it [24], the symptoms were 
resolved spontaneously by pain medication in our patients. 

Preoperative measurement of urine catecholamine me-
tabolites (metanephrine and normetanephrine) is required 
to avoid unexpected intraoperative hypertensive crisis in 
patients with functioning paraganglioma. Presence of pre-
operative symptoms such as fluctuating hypertension, fa-
cial blushing, or palpitation can be a clinical clue to identify 
functioning paraganglioma [25], and are indicated for urine 
test. However, the incidence of functioning paraganglioma 
has been reported to be very low in head and neck para-
gangliomas [26].

We experienced malignant paraganglioma in two (12.5%) 
patients. In a comparative study of malignant head and 
neck paragangliomas, they reported that younger mean age 
at the time of diagnosis (38 years in their study), hormone-
secreting tumors, and multifocal tumors constitute risk 
factors for malignancy [27]. Genetic component also has 
been known as an important risk factor for malignant para-
ganglioma; SDHB mutation is associated with metastatic 
disease at an early age [28]. 

Malignant paraganglioma is diagnosed by histologic 
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confirmation of metastasis to non-neuroendocrine tissues 
such as regional lymph nodes, lung, liver, bone, or skin [29]. 
For detection of metastatic paraganglioma, MIBG scan can 
be used. An overall sensitivity of MIBG to detect function-
ing paraganglioma has been reported up to 90% to 95% 
and specificity up to 99% [30]. We did not perform MIBG 
scan as a routine diagnostic study. 

There is a general agreement that surgical removal is the 
treatment of choice for patients with carotid bifurcation 
tumors when it is feasible. However, operation may be quite 
challenging in particular for the patients with cephalad 
extension of the tumor. For those patients, joint operation 
with otolaryngeal surgeon was helpful in dissection of the 
high-lying tumor through proximal extension of skin inci-
sion and mobilization of the parotid gland. In patients with 
very high-lying tumor close to the jugular foramen, radia-
tion therapy is recommended rather than surgical treatment 
[13].

As described before, cervical nerve injuries seemed more 
likely to be associated with Shamblin class III paragan-
gliomas and schwannomas. To avoid those complications, 
surgical treatment in earlier stage of the tumor is recom-
mended.

Although this study is limited due to a small number 
of patients, differential diagnosis can prepare surgeons to 
predict possible intraoperative difficulties, possible post-
operative complications, and disease course of these rare 
conditions.

CONCLUSION

In conclusion, for patients with carotid bifurcation tu-
mor, early and correct diagnosis can be made preoperative-

ly with contrast-enhanced CT or MRI. Various neurologic 
complications developed more frequently after surgical 
resection of Shamblin class III paraganglioma or schwan-
noma. Although the incidence of metastatic paraganglioma 
was not high, we recommend postoperative periodic sur-
veillance for prompt detection of possible distance metas-
tasis. 
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