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Abstract: Background: Carotid body tumors (CBTs) are rare benign tumors that arise from the
chemoreceptor tissue located at the carotid bifurcation that require excision if symptomatic. Depend-
ing on the size and location of the tumor, the carotid artery may need to be repaired after resection.
This study aims to assess whether CBT excision with artery resection had higher rates of 30-day
postoperative outcomes compared with CBT excision without artery resection. Methods: This is a
retrospective cohort study. Patients were identified in the American College of Surgeons National
Surgical Quality Improvement Program (ACS-NSQIP) registry from 2005 to 2017. They were divided
into two groups, based on Current Procedural Terminology (CPT®) codes: group A had CBT excision
without carotid artery excision (CPT code 60600) and group B with carotid artery excision (CPT code
60605). Patient demographic characteristics, co-morbidities, and 30-days postoperative outcomes
were compared between the two groups. Categorical data were analyzed using Pearson’s X2 or
Fisher exact tests and presented as proportions (percentages). Continuous data were analyzed using
parametric or non-parametric tests as appropriate. Statistical significance was defined as p < 0.05.
Statistical analysis was performed using the SPSS statistical software package. Results: A total of
463 patients were identified, 410 (88.4%) in group A and 53 (11.4%) in group B. Overall, there were
291 (62.9%) women. A higher proportion of women underwent CBT excision only, compared to men
(91.1% [265/291] vs. 84.3% [145/172], p < 0.0001). Demographics and comorbidities were similar
between groups. There was no significant difference in the 30-day postoperative outcomes. The
reoperation rate was higher in group B (3.8% vs. 1.5%, p = 0.334), while the readmission rate was
higher in group A (3.2% vs. 0% p = 0.269), and both were not significantly different. Overall morbidity
and serious morbidity were higher in group B (7.5% vs. 5.9%, p = 0.626) and lower in group A
(5.7% vs. 3.9%, p = 0.544), respectively, but were not significantly different. Operative time (mean,
SD) was higher in group B (187 £ 107 vs. 138 & 66 min, p < 0.001). However, the median (IQR) of
hospital length of stay (LOS) was similar (2 [1, 4] vs. 2 [1, 3] days, p = 0.134). Conclusions: Overall, no
difference was noted in the 30-day postoperative outcome between the two surgical approaches of
CBT. However, operative time was longer when artery resection was performed. Further research to
determine the factors predicting the need for carotid artery resection among patient gender is needed.

Keywords: carotid body tumor; arterial resection; perioperative outcomes; ACS-NSQIP

1. Introduction

Carotid body tumors (CBTs) are a rare form of neck tumor arising from neural crest
cells. They are paragangliomas arising from chemoreceptor tissue at the carotid bifur-
cation and are the most common type of neck paraganglioma. Historically they have
been classified by the Shamblin classification system based on degree of carotid artery
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encasement [1] and are thought to have a slight predilection to female patients. Certain
succinate dehydrogenase mutations can cause familial tumors as well. The incidence of
CBT is 1-2 per 100,000 [2]. While most CBTs are asymptomatic and are found incidentally
either on physical exam or imaging, they can become symptomatic with adequate size. The
most common symptoms associated with CBT are pain, dysphagia, cranial neuropathy,
and autonomic dysfunction. While symptomatic patients should have their CBT resected,
debate remains on how asymptomatic patients should be treated as up to 10% of CBTs are
malignant at presentation. Likely due to the rarity of the disease, there is also no standard-
ized mechanism to follow the progression of those with CBT and no consensus guidelines
have been published recently regarding the treatment of CBT. Furthermore, the necessity of
resection of the carotid artery itself is unclear. Historically, carotid artery resection is associ-
ated with increased morbidity and mortality as compared to without resection [3]. Herein,
we review a large database including 463 case entries of CBT resection with and without
resection of the carotid artery and their 30-day outcomes from the American College of
Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) registry.

2. Methods
2.1. Study Population

We performed a retrospective, cohort study using 12 years of case entries into the
ACS-NSQIP® database (2005-2017). We identified patients who underwent excision of
carotid body tumors (CBTs), based on CPT codes, and divided them into two groups:
group A [those who had excision of CBTs without carotid artery excision (CPT code 60600)]
and group B [those who had excision of CBT with excision of carotid artery (CPT code
60605)]. The ACS-NSQIP® is a national database with blinded, risk-adjusted data including
surgical outcomes from multiple participating institutions across the United States. Data
included in the preoperative demographics and risk factors, intraoperative data, and
the incidence of 30-day postoperative morbidity and mortality. The two groups were
compared with regard to patient demographic characteristics and comorbidities. Outcomes
of interest were compared and included 30-day mortality and morbidity (serious and
overall), operative time, length of stay (LOS), and reoperation and readmission rates within
30 days. The definition of postoperative morbidity (minor, serious, overall) is based on a
published study utilizing the ACS-NSQIP data [4]. Minor morbidity was defined as having
documentation of the one of the following six minor ACS-NSQIP complications: superficial
surgical site infection (without preoperative wound infection), deep incisional surgical
site infection (without preoperative wound infection), pneumonia (without preoperative
pneumonia), unplanned intubation (without preoperative ventilator dependence), urinary
tract infection, and deep venous thrombosis. Serious morbidity was defined as having
documentation of the one of the following 12 major ACS-NSQIP complications: organ-space
surgical site infection, wound disruption, cerebrovascular accident or stroke, myocardial
infarction, cardiac arrest requiring cardiopulmonary resuscitation, pulmonary embolism,
ventilator dependence longer than 48 h (without preoperative ventilator dependence), acute
renal failure (without preoperative renal failure or dialysis), renal insufficiency (without
preoperative renal failure or dialysis), bleeding complication defined by transfusions in
excess of 4 units of packed RBCs, and sepsis or septic shock. Overall morbidity was defined
as having documentation of a serious morbidity or at least one of the minor morbidities.
Since the abstracted data was de-identified, the study was deemed to be exempt from
review by the Institutional Review Board (IRB) at the Western Michigan University Homer
Stryker M.D. School of Medicine.

2.2. Statistical Analysis

Descriptive statistics were calculated. Continuous approximately normally distributed
data were analyzed using an independent t-test and reported as mean (standard deviation).
Continuous skewed data were analyzed using a Mann-Whitney test and reported as median
(interquartile range). Categorical data were analyzed using the Chi-squared and Fisher’s exact
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tests, as appropriate, and were reported as frequency (percentage). All tests were two-sided.
Statistical analysis was performed using the SPSS statistical software package (IBM SPSS
Statistics for Windows, Version 28.0. Armonk, NY, USA: IBM Corp, 2021).

3. Results

A total of 463 patients were identified, 410 in group A (CBT excision without artery resec-
tion) and 53 in group B (CBT excision with artery resection). Overall, there were 291 (62.9%)
women in this cohort. A higher proportion of women underwent CBT excision only, compared
with men (91.1% [265/291] vs. 84.3% [145/172], p < 0.0001), Figure 1. Demographics and
comorbidities were not entirely similar between groups, Table 1. Those who underwent
carotid artery resection with the removal of a CBT were significantly younger (53.1 vs. 58.1,
p = 0.035) with a significantly lower BMI (28 vs. 30 p = 0.05). Those who underwent carotid
artery resection were also significantly more likely to have disseminated cancer (3.8% vs. 0.2%,
p = 0.05). There was no difference in 30-day postoperative outcomes, including mortality and
morbidity. Reoperation rate was higher in group B (3.8% vs. 2.4%, p = 0.636), readmission
rate was higher in group A (3.2% vs. 0% p = 0.396), and both were not significantly different.
Overall morbidity and serious morbidity were relatively higher in group B (7.5% vs. 5.9%,
p = 0.758), and relatively lower in group A (5.7% vs. 3.9%, p = 0.711), but were not significantly
different. Operative time was longer in group B (187 = 107 vs. 138 & 66 min, p < 0.001). The
difference was statistically significant. There was no difference in median [IQR] hospital LOS
between group B and group A (2 [1, 3] vs. 2[1, 4], p = 0.134), Table 2. Once stratified, there was
no significant difference between the two groups in types of morbidity (i.e., minor, serious, or
overall). Of note, bleeding complications in the carotid artery resection group were higher
(5.7% vs. 2.4%, p = 0.177), although not statistically significant, Table 3.

Distribution of Procedures of CBT by Patient Gender

91.07
84.30

® Female [Total 291)
m Male [Total 172]

15.70

= -

CPT 60600 (Total 410 = 265 F + 145 M] CPT 60605 (Total 53 = 26 F + 27 M])

Procedure Type and Gender

Figure 1. Of the 463 surgical interventions for carotid body tumors, 410 (88.6%) underwent excision
without carotid artery resection. The proportion of women undergoing carotid body tumor resection
without carotid artery resection and reconstruction was higher (91.07%) compared to male patients
(84.30%). Conversely, the proportion of male patients undergoing carotid body resection with resection
and reconstruction of carotid artery was higher (15.70%) compared to female patients (8.93%).
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Table 1. Demographic Patient Characteristics and Comorbidities *.

Group A Group B Total
[CPT Code = 60600] [Code = 60605] [N = 463] p-Value
[n = 410] [n =53]
Female Sex, n (%) 265 (64.6) 26 (49.1) 291 (62.9) 0.028
Age, years, mean (SD) 58.1 (16.0) 53.1 (18.0) 57.5 (16.2) 0.035
BMI, KG/M2, mean (SD) 30.0 (7.2) 28.0 (6.3) 29.8 (7.1) 0.05
Medical Comorbidities, n (%)
DM 74 (18.0) 9(17.0) 83 (17.9) 0.855
Smoking 75 (18.3) 9(17.0) 84 (18.1) 0.854
Dyspnea 27 (6.6) 3(5.7) 30 (6.5) 1.00
Functional St;z;se:nlzgrtllflly or totally 5(1.2) 0(0.0) 5(1.1) 0.644
Ventilator-dependent 1(0.2) 1(1.9) 1(0.4) 0.216
History of COPD 10 (2.4) 0(0.0) 10 (2.2) 0.388
History of CHF 1(0.2) 1(1.9) 2(0.4) 0.216
HTN requiring Medication 215 (52.4) 22 (41.5) 237 (51.2) 0.144
Acute Renal Failure 1(0.2) 0(0.0) 1(0.2) 1.000
Currently on dialysis 2 (0.5) 0(0) 2 (0.4) 1.000
Disseminated cancer 1(0.2) 2 (3.8) 3(0.6) 0.036
Chronic wound 2 (0.5) 0(0) 2(0.4) 1.000
Chronic Steroid Use 10 (2.4) 1(1.9) 11 (24) 1.000
Bleeding Disorders 12 (2.9) 2 (3.8) 14 (3.0) 1.000
Present with sepsis 1(0.2) 0(0) 1(0.2) 1.000

BMI, body mass index; Kg, kilogram; SD, standard deviation; DM, diabetes mellitus; COPD, chronic obstructive
pulmonary disease; CHF, congestive heart failure; HTN, hypertension. * No reported transfusion preoperatively and
no history of ascites or weight loss. CPT Code = 60600 = Excision of Carotid Body Tumor (CBT) WITHOUT excision
of Carotid Artery. Code = 60605 = Excision of Carotid Body Tumor (CBT) WITH excision of Carotid Artery.

Table 2. Aggregate Outcomes.

Group A Group B

[CPT Code = 60600] [Code = 60605] [NT:tZé?’] p-Value
[n = 410] [n =53]
Mortality (30-day) 1(0.2) 0(0.0) 1(0.2) 1.000
Morbidity *
= Minor 10 (2.4) 1(1.9) 11 (2.4) 1.000
= Serious 16 (3.9) 3(.7) 19 (4.1) 0.711
» Opverall 24 (5.9) 4(7.5) 28 (6.0) 0.758
Return to operating room 10 (2.4) 2 (3.8) 12 (2.6) 0.636
Readmission within 30 days 8 (2.0 0(0.0) 8 (1.7) 0.396
Operative Time, minutes, mean (SD) 138 (66) 187 (107) 144 (74) <0.001
Total Hospital LOS, days, median (IQR), 2(1,3) 2(1,4) 2(1,4) 0.134

SD, standard deviation, IQR, interquartile range, LOS, length of stay. * As defined in the manuscript text (Method
section).
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Table 3. Outcomes, morbidity stratified *.

Group A Group B Total
[CPT Code = 60600] [Code = 60605] [N = 463] p-Value
[n = 410] [n =53]

Superficial SSI 2(0.5) 0(0) 2(0.4) 1.000
Organ-Space SSI 1(0.2) 0(0) 1(0.2) 1.000
Pneumonia 4(1.0) 1(1.9) 5(1.1) 1.000
Unplanned Re-intubation 2 (0.5) 0(0) 2 (0.4) 1.000
Pulmonary Embolism 1(0.2) 0(0.0) 1(0.2) 1.000
Failure to wean of ventilation (>48 h) 1(0.2) 0(0.0) 1(0.2) 1.000
Renal Failure 1(0.2) 0(0) 1(0.2) 1.000
Urinary tract infection (UTT) 1(0.2) 0(0) 0(0) 1.000
Cerebrovascular accident (CVA) 5(1.2) 0(0.0) 5(1.1) 0.646
Myocardial Infarction 1(0.2) 0(0.0) 1(0.2) 1.000
Bleeding (intra-op/post op) 10 (2.4) 3(5.7) 13 (2.8) 0.177
Deep venous thrombosis (DVT) 1(0.2) 0(0.0) 1(0.2) 1.000

CPT Code = 60600 = Excision of Carotid Body Tumor (CBT) WITHOUT excision of Carotid Artery. CPT
Code = 60605 = Excision of Carotid Body Tumor (CBT) WITH excision of Carotid Artery. * No reported postopera-
tive occurrence of deep SSI, wound dehiscence, progressive renal insufficiency, intraoperative or postoperative
cardiac arrest requiring cardiopulmonary resuscitation (CPR), sepsis, or septic shock.

4. Discussion

This study found no significant difference in outcomes between patients who received
carotid artery resection or those that did not. This is similar to other contemporary studies
that have been recently published that showed arterial resection did not increase stroke,
mortality, or overall morbidity [5]. This, however, is in contrast with the older literature
that showed significantly higher complication rates among patients requiring vascular
reconstruction. Previous studies have shown that CBTs showing more extensive superior
progression towards cranial nerves in the neck are thought to be associated with neurologic
complication and those with vascular reconstruction have been shown to have higher rates
of neurologic deficit [6]. Shamblin et al. [1] classified these tumors into three groups based
on gross operative findings of tumor encasement in the internal and external carotid arteries
(grade I: small tumor with minimal attachment to carotid vessels; grade II: large tumor
with some arterial attachment; and grade III: large tumor that encases the carotid vessels)
and established that the vascular morbidity risk of surgical intervention depends mainly on
the relationship of the tumor with the carotid vessels. More recently a modified Shamblin
criteria was proposed by Luna-Ortiz et al. which uses imaging to observe infiltration of
the carotid wall by the tumor, as well as involvement of the vagus, hypoglossal, and the
superior laryngeal nerve to predict outcomes. While this was able to predict the need for
vascular resection more accurately, they note that further modification is necessary to better
predict outcomes [7]. Bogt et al. attempted to perform this by gauging the adherence of
the CBT to the carotid wall [8]. Increased distance from the skull base at the apex of the
tumor has also been linked to lower intraoperative blood loss and morbidity, favoring early
resection of tumors, but these guidelines still rely on Shamblin classification [9]. Other
attempts at lowering complications in CBT resection include preoperative embolization of
branches of the external carotid with interval resection, which has been shown to decrease
intraoperative blood loss as well as operative time; however, this had no effect on cranial
nerve palsy or stroke [10].

Diagnosis proves difficult for CBTs. Common diagnostic tests include ultrasound,
computed tomography (CT) scan, and magnetic resonance imagining (MRI). Even with
imaging, a study by Gad et al. found that 37.5% of CBTs were originally diagnosed as
lymph nodes. They further found that these misdiagnosed CBTs were more likely to require
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vascular reconstruction [11]. Both preoperative radiation and embolization have been used
to reduce the size and vascularity of CBTs prior to proceeding to the operating room [12,13].
In a study by van der Bogt et al. [8] comparing the standard CBT resection approach to
craniocaudal approach (i.e., from skull base to carotid bifurcation), they found that the
craniocaudal dissection was associated with significantly lower rates of both persistent
cranial nerve damage and intraoperative blood loss. The exact histologic location of CBT
with relation to the artery in early noninfiltrative tumors is debated. Some believe tumors
initially form within the adventitia of the carotid artery itself [14] and others believe the
tumors first form in the periadventitial plane [15,16]. If the latter is to be true this would
imply that resection of early, smaller, asymptomatic tumors would be prudent as to avoid
difficult dissections and vascular reconstructions that accompany tumors that are more
strongly adhered to the carotid artery. Tumors that progress to a Shamblin III classification
have been associated with significant blood loss, need for carotid resection, and high rates
of permanent cranial nerve damage [3]. Tumors that progress to the point of near occlusion
or those with apices near the skull base, making graft reconstruction difficult, a balloon
occlusion test can be considered prior to operation for tolerance to internal carotid artery
ligation [17]. The initial size and increased age of the patient are both negatively correlated
with the growth rate of tumors [18]. Malignant CBT is found in 10% of cases, and in these
cases, adjuvant postoperative radiation with or without peptide receptor radionuclide
therapies can be utilized [19], and post operatively octreotide scans can be used to monitor
for recurrence in certain CBTs. In this review of a large national database, it does appear
that more aggressive treatment is favored for younger patients with a disseminated disease,
both of which being significantly more prevalent in the arterial resection cohort.

Our study has several limitations: First, this is a retrospective study with all inher-
ent limitations of this kind of study. Second, the limited 30-day follow up potentially
misses adverse outcomes occurring after this period. Third, despite having a large co-
hort, 463 patients, only 53 (11.4%) underwent CBT resection with carotid artery resec-
tion/reconstruction, therefore, potentially limiting the power of the analysis to detect a
difference. Fourth, Shamblin classification and type of reconstruction is not included in the
ACS-NSQIP registry of the CBTs analyzed; therefore, we cannot stratify how the level of
encasement affects outcomes following CBT either with or without resection of a portion of
the carotid artery.

Despite these limitations, we believe the findings in this large study show the similarity
in the outcome between the two approaches. Additionally, this sample shows that a higher
proportion of women undergo CBT excision without carotid artery reconstruction; this is
an interesting observation that needs further research, possibly at a basic science level to
understand the disease process and gender-related factors predicting the need for carotid
artery resection. Due to the rarity of the pathology, it is unlikely that a randomized control
trial will be feasible. However, the establishment of large national databases like the
NSQIP and the Vascular Quality Initiative (VQI) will continue to be an important source for
evaluating rare surgical diseases such as CBT and expanding variables to include pathology
specific classifications, such as the Shamblin and modified Shamblin classifications for CBT.
Histopathologic assessments will play a significant role in understanding this disease and
possibly lead to a shift in management of this uncommon condition.

5. Conclusions

The surgical management of CBTs with and without excision of the carotid artery have
similar 30-day postoperative outcomes. While there was an increase in the operative time
where carotid artery was excised, this study demonstrates the safety of both procedures
for this rare condition. A higher proportion of female patients underwent CBT excision
without carotid artery resection compared with male patients.
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