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ABSTRACT

Objectives: In this study, we present the late results of patients who underwent carotid body tumor (CBT) resection and compared
postoperative complication rates according to the Shamblin classification.

Patients and methods: Between April 2012 and April 2019, a total of 55 consecutive patients (20 males, 35 females; mean age: 56.2+1.8
years; range, 38 to 62 years) who were operated for CBTs were retrospectively analyzed. The patients were classified according to the
Shamblin classification. Demographic and clinical characteristics of the patients, postoperative complications, total amount of drainage,
and length of hospital and intensive care unit stay were recorded.

Results: Carotid body tumors were bilateral in five patients, while they involved only the right side in 23 and left side in 27 patients. The
CBTs were Shamblin type 1 in 16, type 2 in 31, and type 3 in eight patients. Intraoperative vascular reconstruction was required in eight
patients. Early postoperative morbidities were transient ischemic attack (TTA) in three, cranial involvement in nine, middle cerebral artery
occlusion in one, dysphonia in six, dysphagia in six, and hemiparesthesia in one patient. Permanent neurological damage (hoarseness
10.9%, ptosis 45%, internal carotid artery 1.81%) was seen in 18.2% of the cases. The length of stay in the hospital and intensive care
unit, total amount of drainage, rates of postoperative cranial nerve involvement, permanent neurological damage, disease recurrence,
postoperative TIA, and dysphagia were found to be significantly increased in patients in the Shamblin type 3 (p<0.005).

Conclusion: Surgery can be performed safely in Shamblin type 1 and 2 tumors, while surgery requires a more meticulous manipulation
for type 3 tumors, as these tumors are associated with high cranial nerve damage and complication rates.

Keywords: Carotid body tumors, neurological deficit, Shamblin classification.

Carotid body tumors (CBTs) are rarely vascular
neoplasms arising from paraganglionic cells (precursors
of neural cleft tissues) of the carotid bifurcation. The
incidence of CBT is about 1/30,000. These tumors
are bilateral in 10% and familial in 10% of the cases.””
Compared to all head and neck tumors, its overall
incidence is less than 0.5% and its annual incidence
is 0.001%.5! Clinically, CBTs are palpable on physical
examination as insensitive rubbery pulsatile masses.*!
These masses can be displaced both horizontally and
vertically due to their adhesion to the carotid artery.”)
Although these tumors are histopathologically benign,
they can be considered clinically malignant due to
their involvement in neurovascular structures and
intracranial invasion. The disease is thought to develop
secondary to chronic hypoxia at higher altitudes.?!

Surgical excision of CBTs is the gold standard for
curative treatment of CBTs.[! In 1971, Shamblin et
al.”! divided them into three categories according to
the tumoral invasion of the carotid artery (Table 1).
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Surgical removal of CBTs is challenging due to their
close proximity to the vital structures (Figure 1).[%

Asymptomatic patients usually present to the
outpatient clinic with complaints of swelling on the
neck. The diagnosis is often confirmed by Duplex
ultrasound, computed tomography (CT), magnetic
resonance imaging (MRI) and, rarely, conventional

angiography.’)

In this study, we present the surgical results of
CBT resection and long-term outcomes of patients
who underwent glomus tumor resection in our clinic.
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Table 1

Shamblin staging in carotid body tumors

Type 1
Type 2
Type 3

Tumor minimally invades the carotid artery. It is easy to excise
Tumor partially invades the carotid artery. It is adhered to adventitia.

Tumor completely surrounded the carotid arteries. Carotid revascularization is required.

Additionally, the necessity and complication rates
of vascular reconstruction without embolization and
devascularization of the external carotid artery (ECA)
in surgically resected CBTs were discussed.

PATIENTS AND METHODS

This single-center, retrospective study was
conducted at University of Health Sciences, Kosuyolu
High Specialty Education and Research Hospital,
Cardiovascular Surgery between April 2012 and
April 2019. A total of 55 consecutive patients
(20 males, 35 females; mean age: 56.2+1.8 years;
range, 38 to 62 years) who were operated for CBTs
were included. Duplex ultrasonography, CT, and
MRI were used for diagnostic purposes. Tumors were
classified according to the Shamblin classification.
Diagnostic angiography was performed for tumors
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Figure 1. Shamblin classification.
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larger than 4 cm. The purpose of performing
angiography in these patients was to identify
intracerebral circulation and determine the possible
indication of carotid artery clamping. Preoperative
embolization was not performed in any patient.

Demographic  data, clinical presentations,
bilaterality, family history, and tumor size were
recorded. Postoperative complications (neurological
events, cranial nerve injury), total amount of drainage,
stay in intensive care unit, and hospital stay were
evaluated. Early mortality was defined as hospital
mortality within 30 days. Follow-up data were
obtained from the outpatient records of the hospital
registry. The patients who were followed outside the
reference hospital were contacted by telephone and
the assessment was performed based on their medical
records.

Type I11
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Figure 2. Illustration for carotid body tumor resection.

Surgical technique

Under general anesthesia, all patients were placed
in supine position on the operating table with their
necks in hyperextension. After the head was brought
to extension, it was turned away from the side to be

operated. The area with the lesion was positioned on
the upper side. The surgical intervention was initiated
with a vertical 5 to 8-cm incision extended vertically
along the anterior edge of the sternocleidomastoid
muscle toward the earlobe and sternal (notch) jugulum.

Table 2
Baseline characteristics of study population
n % Mean+SD

Age (year) 56.2+1.79
Sex

Male 20 35.7

Female 35 62.5
Symptoms

Swelling in the neck 37 67.3

Dizziness 11 20

Others 7 12.7
Laterality

Right 23 41

Left 27 48.2

Bilateral 5 9.1
Shamblin types

1 16 28.6

2 31 55.4

3 8 14.3
Tumor size (on longitudinal axis)

<4 cm 30 3.6

>4 cm 25 44.6
SD: Standard deviation.
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Table 3
Postoperative complications

Complications n %
TIA 3 5.4
Cranial nerve involvement 8 14.5

5 1 1.8

7 4 7.2

9 1 1.8

10 1 1.8

12 1 1.8
MCA occlusion 1 1.8
Dysphonia 6 10.9
Dysphagia 6 10.9
Horner syndrome 2 3.6
Permanent neurological damage 10 18.2
Inadequate resection 7 12.7
TIA: Transient ischemic attack; MCA: Middle cerebral artery.

Common carotid artery, internal carotid artery (ICA),
ECA, and superior thyroid artery were wrapped,
retracted with a tape, and kept under control.

During the operation, arterial blood flow was
not interrupted by clamping, any shunt was not used
and, therefore, heparinization was not performed.
Before resection of the tumor, vagus and hypoglossal
nerves were identified. Bipolar cautery was used
to reduce bleeding and minimize nerve damage.
The necessary areas were dissected bluntly with
cautery. The cleavage between the carotid artery
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and the tumor was identified under adventitia, and
the dissection was initiated from the appropriate
place. Thanks to the appropriate surgical maneuvers
performed, the tumors were often resected almost
completely (Figure 2).

Since Shamblin type 3 tumors with a greater
diameter progressed toward the skull base and
surrounded vascular structures more closely, surgery
was terminated in a certain area. Blood pressure
was followed with arterial monitoring, and cerebral
oxygenation was monitored with cerebral near-infrared
spectroscopy. For monitoring, arterial blood pressure
were attempted to be kept at normotensive levels.

All patients were scheduled for follow-up using
Doppler ultrasound at one and six months and annually
thereafter. In patients with a positive family history
or tumor recurrence history, annual controls were

performed with MRI.
Statistical analysis

Statistical analysis was performed using the IBM
SPSS version 23.0 software (IBM Corp., Armonk,
NY, USA). Descriptive data were expressed in mean *
standard deviation (SD), median (min-max) or number
and frequency. The Kolmogorov-Smirnov normality
test was used to examine the distribution of variables.
One-way analysis of variance (ANOVA) was used
to compare variables showing normal distribution
among multiple groups, while the Tukey test and
Bonferroni correction analyses were used in the
comparison of subgroups. In a comparison of more

Table 4
Postoperative outcomes according to Shamblin classification

Shamblin 1 Shamblin 2 Shamblin 3
Postoperative complications n Mean+SD n Mean+SD n Mean+SD ?
ICU stay 1.9+0.1 1.9+0.1 5.4+2.4 0.003
Hospital stay 7.9+0.6 9.3x0.7 17.9+6.6 0.248
Drainage (mL) 48.46.3 68.8+12.8 118.8+26.6  0.004
Permanent neurological damage 1 2 7 0
TIA 0 0 3 0.01
Dysphagia 0 2 4 0.003
Dysphonia 0 3 3 0.055
Cranial nerve involvement 1 2 6 0.013
Recurrence 0 2 5 0.013
SD: Standard deviation; ICU: Intensive care unit; TTA: Transient ischemic attack.
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than two independent samples that were not normally
distributed, the Kruskal-Wallis test was employed. A p

value of <0.05 was considered statistically significant.

RESULTS

The patients presented to the outpatient clinic for
isolated swelling on the neck (n=37, 67.3%), dizziness
(n=11, 20%), and other indications (n=7, 12.7%).
Preoperative neurological findings were normal
in all patients. All patients were evaluated by
CT preoperatively. The MRI was performed in
33 patients and preoperative angiography in six
patients. Baseline characteristics of the patients
are presented in Table 2. The largest and the
smallest CBTs were 7.7x5.5x5.4 cm in diameter
and 1.13x0.77x1.3 cm in diameter, respectively.
In four patients with Shamblin type 3 CBTs,
ICA was repaired with grafts (n=4, 7.2%). A
saphenous patch was used in one (1.81%) patient,
and the polytetrafluoroethylene (PTFE) patch in
three (5.4%) patients. The ECA was ligated in three
(5.4%) patients.

The median follow-up was five (range, 2 to 9)
years. There was no disease-specific mortality during
the follow-up period. One (n=1, 1.81%). patient died
of coronary artery disease five months after surgery.
Disease recurrence (n=4) or insufficient resection
(n=3) was seen in seven (n=7, 12.72%) Patients.
These patients received postoperative radiotherapy.
Postoperative neurological complications were shown

in Table 3.

The length of stay in the intensive care unit,
duration of hospital, total amount of drainage, rates
of postoperative cranial nerve involvement, permanent
neurological damage, disease recurrence, postoperative
transient ischemic attack, and dysphagia were found to
be increased significantly in patients in the Shamblin
type 3 subgroup, compared to the other groups (p<0.05).
Table 4 shows the comparison of postoperative results
according to by Shamblin type.

DISCUSSION

Total resection is recommended due to the rare
malignant potential of CBTs. Resection can be
technically difficult in patients with a larger tumor
size and, particularly, in cases with Shamblin type 3.
Detection of the tumor when it is of small size results
in favorable surgical outcomes, whereas a scarce
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number of clinical symptoms in the early period may
lead to the establishment of the diagnosis of these
tumors in the long-term when they reach larger sizes.
In this study, almost half of the patients had tumors
larger than 4 cm. Surgical risk is higher in patients
with Shamblin type 3 CBTs and, particularly, in
cases with large tumoral masses. We believe that
the major challenge in CBT management is the late
referral of patients to surgery due to the difficulties
in diagnosis.

Histopathological analysis of the tumor reveals a
weak malignant potential in 5% of glomus tumors.
Therefore, malignancy is defined only by the presence
of distant metastases.'”) In this study, any evidence of
malignancy was not found in the follow-up period
of patients. There is a familial predisposition in
7 to 9% of the cases.”! In this study, family history
was obtained in only four (7.27%) patients. In this
series, 35 women (63.6%) and 20 men (36.6%) were
included. Bilateral CBTs were seen in 10% of the
cases. In this report, these rates are consistent with
the literature (9.1%) (Figure 3).

The risk of cranial nerve paralysis has been
reported at a rate of 10 to 40% in surgical resection of
CBTs.12 Therefore, the risk of serious complications
after surgical treatment appears to be an important
factor in decision-making for each individual patient.
In our study, this rate was 18.2%.

Figure 3. Computed tomography image showing bilateral
carotid body tumors.
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Surgery is the definitive treatment method
in the management of CBTs, but conservative
approaches or radiotherapy can be also used in these
patients.l') Despite the satisfactory results of the
early grade of tumors, Shamblin type 3 tumors and
tumors larger than 4 cm remain challenging cases
for surgeons. Some attempts have been considered
to facilitate surgery and reduce the associated
complications. In the 1980s, considering the
tumor receiving the blood supply from the ECA,
devascularization of the ECA was suggested.l']
Contrary to this assumption, in our experience,
ligation of the ECA does not often reduce blood loss
and does not facilitate dissection of the bifurcation.

Preoperative embolization before CBT surgery
has become to be a current trend to reduces tumor
size, surgical bleeding, and resection related
complications.' However, the effectiveness of
embolization is still controversial.l”? With the
advances in endovascular surgery and prevalent use
of coated stents, the collaterals of the tumor fed from
the ECA have been bypassed, leaving the tumor to
shrink or even disappear. These limited case reports
suggest that without the use of intra-arterial gel
foams, the risk of peri-procedural stroke may be
reduced." However, these techniques are rarely
used. In our study, we did not use any of the
aforementioned techniques.

Although external radiotherapy is still a
controversial treatment option, it can be used
in patients in whom CBTs cannot be surgically
removed.'®") It has been demonstrated that
radiotherapy slows down or temporarily stops tumor
growth, but it is not a curative approach.'” In
addition, in inoperable elderly patients and patients
with multisystemic disease, considering the slow
growth rates of their CBTs, watchful waiting or
external radiotherapy may be a more appropriate
treatment method.?>?) The long-term results of
this treatment have not been shown, yet. Although
radiotherapy is an appropriate approach for elderly
patients, it is not a sufficient treatment for the young
age group.?2?! In our seven patients, radiotherapy
was used due to inadequate resection or disease
recurrence.

In the treatment of Shamblin type 1 and 2 CBTs,
removal of the tumor with careful subadventitial
dissection is preferred. In type 3 tumors,
reconstruction of the ECA or ICA may be required.

Cardiovascular Surgery and Interventions, an open access journal
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If massive bleeding occurs in type 3 tumors, the
mass can be removed by clamping the arteries and,
in the event of further damage occurring during the
procedure, vascular reconstruction may be indicated.
While eight of our patients required reconstruction,
in three cases, ECA was ligated due to bleeding.
Surgical removal of the tumor should be definitely
preferred in patients with Shamblin type 3 tumors,
and in patients under 50 years of age with long life
expectancy.24

This study has several limitations that are
inherent due to the retrospective design. We were
unable to perform preoperative embolization to any
patient during our study period. In particularly,
the high complication rates in Shamblin type 3
class patients may indicate the need for pre- or
intraoperative devascularization strategies in this
patient group. In addition, the low number of
Shamblin type 3 patients in the study period may
have caused the complication rates in this patient
group to be overestimated.

In conclusion, we believe that Shamblin type 1
and type 2 tumors can be treated safely with surgery
and, since type 3 tumors are associated with high
cranial nerve damage and high complication rates,
a special attention is required during surgery, and
radiotherapy would be a treatment alternative in cases
with recurrent tumors and metastases.
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