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Purpose: This study presented our 13-year experience managing patients with

CBTs (carotid body tumors) and was aimed to investigate the impact of pre-

TAE (preoperative transarterial embolization) on CBT surgical resection.

Methods: This retrospective study reviewed 169 surgically excised CBTs

between May 2007 and October 2020. According to whether to carry out

the pre-TAE, the patients were classified into the embolization (EG) (n = 130)

and non-embolization groups (NEG) (n = 39). Tumor classification was based

on Shamblin criteria and tumor size. The demographic data, clinical features,

and intraoperative and postoperative information about the patients were

retrieved and analyzed.

Results: The average tumor size was (43.49 vs. 35.44 mm, p = 0.04) for EG and

NEG. The mean surgical time (195.48 vs. 205.64 mins, p = 0.62) and

intraoperative BL (blood loss) (215.15 vs. 251.41 cc, p = 0.59) were less, but

the incidence of revascularization required (29% vs. 33%, p = 0.62) and total

complications (26% vs. 36%, p = 0.32) were lower in EG compared to NEG.

Similarly, according to the subgroup analysis, no significant differences were

detected in the surgical time, BL, adverse events (AEs), and the revascularization

in EGwhen compared to NEG for type I (n = 5 vs. 7), II (n = 105 vs. 27), and III (n =

20 vs. 5), respectively except for the surgical duration in type III (p < 0.05).
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However, a significantly lower incidence of AEs (230.25 vs. 350 cc, p = 0.038)

and a decline in BL (28.57% vs. 48.15%, p = 0.049) in EG were observed

compared to those in NEG patients for large CBTs (≥ 30 mm as the cutoff

point). No surgery-related mortality was observed during the follow-up.

Conclusions: CBTs can be surgically resected safely and effectively with a need

for pre-TAE, which significantly decreases the overall BL and AEs for large

lesions (≥ 30 mm).
KEYWORDS

carotid body tumor, preoperative embolization, blood loss, shamblin classification,
surgical resection
Highlights
1. CBTs can be surgically resected safely and effectively with

a need for pre-TAE.

2. Pre-TAE significantly decreased the overall BL and AEs

for large lesions (≥ 30 mm).

3. Pre-TAE also can partially shorten the operative time and

reduce the requirement for major revascularization.
Introduction

Carotid body tumors (CBTs) comprise a rare disease with

the potential for malignancy, and the standard gold treatment is

surgical resection (1). Since these are highly vascularized tumors,

surgical resection of CBTs remains challenging due to the

substantial intraoperative bleeding during excision (2, 3).

Specifically, as the size of the CBTs and the amount of

intraoperative bleeding increase, the likelihood of vascular and

neurologic adverse events rises (3–8). Preoperative transarterial

embolization (pre-TAE) decreased the overall blood loss (BL)

and improved visualization at surgery, thus facilitating tumor

resection, which was first introduced by Schick et al. in 1980 (9).

Since then, several studies have evaluated the impact of pre-TAE

on CBT surgery (4, 10–17). The results demonstrated that pre-

TAE is an effective and safe adjunct for surgical resection that

can reduce BL and operative time during surgery and decrease

the risk of perioperative complications, especially for Shamblin

class II/III tumors. However, recent reports have cast doubts and

questioned the benefits of pre-TAE on surgery in small case

series studies (1, 18–21), making it difficult to decide the optimal
02
treatment strategies. Hence, this study was aimed to investigate

the impact of pre-TAE on the surgical resection of CBTs.
Materials and methods

Patient population

Patients who underwent surgical resection of CBTs between

May 2007 and October 2020 were included in this retrospective

analysis. All specimens were confirmed pathologically. Image

processing, such as ultrasound (US), computed tomography

(CT), and/or magnetic resonance (MR), was performed for

each patient as a routine preoperative examination. The

decision to perform pre-TAE was made in agreement between

the patient and the participating surgeon. According to our

experiences, the pre-TAE of CBT was routinely recommended

for Shamblin class II and III tumors before surgical resection

unless the patient refused. For Shamblin class I tumors, routine

pre-TAE was performed in patients > 60-years-old. The patients

were classified into the embolization group (EG) and non-

embolization group (NEG) according to whether they

underwent preoperative superselective transarterial

embolization (pre-TAE). Subsequently, the patients were

divided into three subgroups according to the Shamblin

classification: Shamblin types I, II, and III (22, 23). The

patients’ baseline demographics, disease characteristics, and

surgical records, such as preoperative profiles, intraoperative

findings, and surgery-related adverse events (AEs) during

hospitalization, were reviewed. The study procedure was

carried out in accordance with the institutional guidelines, and

all patients signed the written informed consent for surgery and/
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or pre-TAE. Since this is a retrospective analysis, there were no

legal or ethical necessities in order to ask for a research ethics

review committee, institutional review board approval.
Preoperative transarterial
embolization procedure

Briefly, a 6-French (Fr) sheath was introduced into the

femoral artery under local anesthesia. Then, a 5-Fr

Headhunter catheter was advanced into the common (CCA)

or external carotid artery (ECA). Subsequently, embolization

was carried out after superselection into the feeding artery using

particle embolics. A final angiogram was performed to evaluate

the adequacy of embolization and patency of the internal carotid

artery (ICA). The surgery was scheduled for the following day

after embolization.
Surgical procedure

Briefly, after making an incision on the anterior border of the

sternocleidomastoid muscle under general anesthesia, subcutaneous

tissue and platysma were separated, and the CBT was exposed.

CCA, ICA, and ECA were controlled, and the common veins

potentially impeding the progress of surgery were ligated. The

feeding vessels of tumor were ligated meticulously. ICA and/or

CCA need to be resected and revascularized due to the adherence of

the tumor mass to the artery. Finally, all resected masses underwent

a histopathological examination.
Endpoints

The primary endpoint was the intraoperative BL and surgery-

related complications during the perioperative period and follow-

up, such as death, stroke, tongue bias, hoarseness, dysphagia,

incision infection, and hematoma. The secondary endpoint was

operative time and revascularization. Revascularization does not

refer to the ligation of many small anomalous feeding vessels arising

from the external carotid artery (ECA) and ECA sacrifice. In the

event that ICA and/or CCA need to be resected and revascularized

due to the adherence of the tumormass to the artery, an autogenous

venous conduit is preferred if an end-to-end arterial anastomosis is

not feasible. The central nervous function was assessed based on the

clinical symptoms and findings of the physical examination. The

stroke was diagnosed by CT and/or MR at our center.
Statistical analysis

The continuous variables were expressed as mean and

standard deviation or mean and interquartile range (IQR). The
Frontiers in Oncology 03
discrete variables were presented as percentages. Continuous

variables were compared using Wilcoxon rank-sum or Student’s

t-test as appropriate, and the chi-square test or Fisher’s exact test

was used to compare discrete variables. Spearman’s rank

correlation coefficients were computed to estimate the

correlation among tumor size, BL, or operative time. Data

analysis was performed using SPSS version 25.0. A p-value <

0.05 was considered statistically significant.
Results

Demography, diagnosis, and operation

A total of 161 patients with 180 CBTs were screened from

May 2007 to October 2020; of these, 161 patients (mean age,

37.24 ± 12.02 years) with 169 CBTs were enrolled (Figure 1). The

demographics and clinical features of the patient cohort are

summarized in Table 1. All tumors were presented as slow-

growing neck masses. The symptoms were as follows: fainting in

8 patients, pain in 7 patients, globus sensation in 2 patients, and

numbness of the jaw in 1 patient. The mean duration at

presentation was 2.91 years (range: 1 week–19 years). Among

these patients, only 1 was malignant andendocrinologically

active. CT scan was the most widely used diagnostic method

(82%) (Figure 2A) for preoperative imaging, while MRI was

performed in 12 tumors and US + CT in 18 tumors. The patients

were classified into EG and NEG based on pre-TAE. Among

these, 130 tumors were embolized with gelatin foam, PVA,

microspheres, and/or steel microcoils (Figures 2B, C) and

excised from the 125 patients in this period, while 39 tumors

were resected from the 36 patients without embolization. Each

Shamblin group was assessed: 5 group I, 105 II, and 20 III

tumors for EG while 7 I, 27 II, and 5 III tumors for NEG

(p = 0.052).
Outcomes and complications

Tumor and patient characteristics between the EG and NEG

are listed in Table 2. The tumor diameter was measured using

imaging methods, and that in EN and NEG was 43.49 and

35.44 mm (p = 0.004). Although variables, including tumor size

and Shamblin classification, in EG were larger than those in

NEG, no significant differences were detected in the operation

time (OT), BL, revascularization, and total complications.

Interestingly, a positive correlation was established between

the tumor size and BL (24, 25). However, the tumor size

43 mm in patients with preoperative embolization and 35 mm

in patients without embolization had similar BL. Hence, the

findings were explored in subgroups (Tables 3, 4).

However, pre-TAE could reduce the OT and BL of the

different types of CBTs at some extent without significant
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https://doi.org/10.3389/fonc.2022.930127
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Li et al. 10.3389/fonc.2022.930127

Frontiers in Oncology 04
difference (Table 3). In order to further elucidate the association of

tumor characteristics and BL, OT, correlation analysis was

performed (Figure 3). A correlation was established between

tumor size and BL (R = 0.30 vs, 0.70, p < 0.001) or OT (R =

0.32 vs. 0.66, p < 0.001) in EG and NEG, respectively. According to

the regression curve of tumor size and BL, the intersection value of

the two lines was 27 mm in tumor diameter. In addition, the X-tile

program was employed, and the cutoff point determines tumor

size (tumor size = 30 mm) and BL. Therefore, 30 mm was

considered as the threshold to analyze the data of two groups

using SPSS 25.0 software. The results showed that BL was

significantly decreased in EG (230.25 cc) compared to NEG

(350 cc) for CBTs with diameter ≥ 30 mm (p = 0.038), while

the median of BL was 51.82 cc in EG and 29.58 cc in NEG for

CBTs with diameter < 30 mm without statistical significance (p =

0.167). The median of OT was 118.18 and 202.63 mins in EG and

118.92 and 244.19 mins in NEG for CBTs with diameter < 30 mm

(p = 0.42) and ≥ 30 mm (p = 0.828), respectively.

Intraoperative carotid artery revascularization was essential

in 51 (30.2%) patients. Vascular reconstruction was common for

most Shamblin type II/III tumors after CBT resection but was

not required for type I tumor resections. Although tumor

embolization did not have a significant impact on major

vascular sacrifice, the incidence was higher in patients

undergoing surgery with large tumor size (Tables 3, 4).

The complications developed in the Shamblin type groups

after the procedure are listed in Table 3. The complications in 50

(29.58%) patients included cranial nerve injuries (tongue bias,

hoarseness, and dysphagia) in 23.67% of patients, stroke in

4.73% (Figure 4), persecution mania in 0.59%, and infections

in 0.59% of patients. Furthermore, the statistical analysis

revealed that the frequencies of AEs developing after surgery
FIGURE 1

Patient flow chart. CBTs, carotid body tumors. Pre-TAE, Preoperative transarterial embolization.
TABLE 1 Demographic and clinical characteristics of study
population (161 patients, 169 tumors).

Patient demographics Mean ± SD (range/IQR) or n (%)

Age, years 37.24 ± 12.02 (range, 10 - 63)

Sex, female 84 (52%)

Duration at presentation (years) 2.91 (0.38-3.00)

Body tumor location

Unilateral 142 (88%)

Bilateral 19 (12%)

Shamblin type

I 12 (7%)

II 132(78%)

III 25 (15%)

Concomitant symptom with mass 169 (100%)

Fainting 8 (4.73%)

Local tenderness 7 (4.14%)

Globus sensation 2 (1.18%)

Numbness of jaw 1 (0.59%)

Preoperative imaging 169 (100%)

CT 139 (82%)

MRI 12 (7%)

US+CT 18 (11%)

Embolic Agents 130

PVA 59

PVA + Microcoils 7

Gelatin sponge 29

Gelatin sponge + Microcoils 6

Microspheres 18

Microspheres + PVA 3

Microspheres + Gelatin sponge 7

Microspheres + Microcoils 1
Values are presented as mean ± SD/(IQR) or n (%).
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were significantly different in the tumor diameter ≥ 30 mm

between EG and NEG, while the complications were less

common and did not differ significantly between the two

groups in patients with tumor diameter < 30 mm (Table 4).

The positron emission tomography (PET)-CT scan of one

patient with a malignant tumor showed tumor recurrence 2

months after surgery on the ipsilateral side. Other patients did

not show any local tumor recurrence during the follow-up from

2 months to 13 years (mean, 5.45 years).
Discussion

This retrospective study showed that patients who received

embolization prior to CBT resection had significantly lower BL

and fewer AEs for ≥ 30 mm Shamblin class II/III lesions. The

rate of major revascularization was partly reduced, and the OT

was shortened in patients with pre-TAE at some extent.

Accumulating evidences suggested that pre-TAE decreases

the overall BL and improves visualization at surgery, thus
Frontiers in Oncology 05
facilitating tumor resection (4, 10–15, 17, 26); however, some

studies showed that pre-TAE does not significantly decrease

intraoperative BL and does not confer any advantage over direct

resection (1, 19–21). This controversy has lasted for decades.

Previous single-center retrospective studies with a small sample

size cannot show clinically significant improvement in outcomes

with pre-TAE. In the present retrospective study, 169 tumors

from 161 patients were analyzed. Hitherto, this is a

rather large cohort to assess the efficacy of pre-TAE for CBTs

in a single-center study with clinical significance.

Typically, pre-TAE application in CBTs is limited due to the

risk of devastating embolization-related complications,

including accidental ICA embolism-related stroke (27).

According to our experience, complications may occur for the

following reasons: radiolucent property and material size.

Particles, such as PVA or microspheres, have been successfully

used to achieve distal tumor penetration in this study. However,

a major disadvantage of the particle embolic agents is their

radiolucency, which increases the risk of ectopic embolism (28).

Therefore, we soaked the particles with contrast media
TABLE 2 Tumor and patient characteristics between the embolization group and non-embolization group.

Embolization group Non-embolization group P value

Shamblin type 130 39

I 5 (3.85%) 7 (17.95%) 0.052

II 105 (80.77%) 27 (69.23%)

III 20 (15.38%) 5 (12.82%)

Operative time (min) 195.48 ± 111.97 205.64 ± 117.82 0.62

Tumor size (mm) 43.49 ± 15.01 35.44 ± 15.52 0.04

Blood loss (cc) 215.15 (45.00-300.00) 251.41 (20.00-200.00) 0.59

Revascularization 38 (29%) 13 (33%) 0.62

Complications 36 (26%) 14 (36%) 0.32
front
Values are presented as mean ± SD/(IQR) or n (%).
A B DC

FIGURE 2

(A–D) A typical case of a severe complication after endovascular treatment of CBT. (A) Maximum-intensity-projection CTA images show a left
CBT, Shamblin II category (red box). (B) The lateral view of DSA image before embolization of the feeding arteries shows a highly vascularized
CBT (red box), and the embolization was carried out after superselection into the feeding vessel with 100–300 mm PVA particle. Almost all
blood supply was obstructed during the embolization procedure. During the procedure, the patient suffered a sudden onset of left visual loss.
(C) DSA manifested that the blood supply of CBT was significantly reduced and no abnormalities occurred in the main left ophthalmic artery. (D)
MRI did not show any abnormal signs in the left eye.
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intraoperatively to monitor their real-time direction and directly

assess the extent of tumor embolization. Furthermore, the

diameter of embolization materials has shown an association

with the risk of embolization in other highly vascularized tumors

(29). Smaller particles penetrate deeply but carry a greater risk of

inadvertent embolization of normal adjacent arterial feeders.

Figure 2D In this study, a patient suffered hemianopia in the

ipsilateral side during pre-TAE using 100–300 mmmicrospheres.

Although DSA and MRI did not show any abnormality in the

ipsilateral ophthalmic artery and brain, we suspected that some

small particles entered and embolized a small distal branch of

the ipsilateral ophthalmic artery and/or the blood supply to the

optic nerves. In addition, materials > 300 mm were used in most

patients (99.2%) in this study with pre-TAE, and no embolism-

related severe complications occurred. Therefore, superselective

pre-TAE is deemed sufficiently safe with appropriate

embolization materials, and we recommend > 300 mm
embolization materials for pre-TAE.
Frontiers in Oncology 06
The issue of significant BL and prolonged OT of the surgery

associated with CBT resection is a major point of pre-TAE and

could be attributed to the hypervascular network that makes the

dissection of the tumor capsule from the carotid arteries

challenging. In the current study, patients with embolization

did not demonstrate significant differences in OT, BL,

revascularization, and total complications when compared to

patients without pre-TAE, although the mean diameter of the

CBTs in EG and NEG was 43.49 and 35.44 mm. Previous studies

have shown that small CBTs are always localized and easily

resected without pre-TAE, while larger tumors are adherent,

surrounding even encasing vessels (24, 25). And a positive

correlation was established between tumor size and BL, which

was consistent with our study (24, 25). Additionally, to assess the

most suitable tumor for embolization, the X-tile program was

employed, and we found that the BL was significantly decreased

in EG compared to NEG for CBTs with a diameter of ≥ 30 mm

(the cutoff point), while no statistical significance was noted for <
TABLE 4 Differences between the embolization group and non-embolization group according to tumor size.

Patient demographics < 30 mm (n=23) ≥ 30 mm (n=146)

EG (n=11) NEG (n=12) P value EG (n=119) NEG (n=27) P value

Blood loss (cc) 51.82 (20.00-100.00) 29.58 (10.00-42.50) 0.17 230.25 (50.00-300.00) 350 (50.00-500.00) 0.038

Operative time (min) 118.18 ± 63.81 118.92 ± 46.94 0.42 202.63 ± 112.93 244.19 ± 119.75 0.83

Revascularization 2 (18.18%) 1 (8.33%) 0.48 36 (30.25%) 12 (44.44%) 0.16

Complications 2 (18.18%) 1 (8.33%) 0.48 34 (28.57%) 13 (48.15%) 0.049
front
Values are presented as mean ± SD/(IQR) or n (%).
TABLE 3 Differences between the embolization group and non-embolization group according to Shamblin classification.

Patient
demographics

Shamblin type I (n =12) Shamblin type II (n =132) Shamblin type III (n = 25)

EG
(n=5)

NEG
(n=7)

P
value

EG
(n=105)

NEG (n=27) P
value

EG (n=20) NEG (n=5) P
value

Tumor size (mm) 22 ± 5.70 18.86 ± 5.4 0.77 40.65 ± 10.61 35.07 ± 10.45 0.03 63.8 ± 17.52 60.60 ± 16.15 0.76

Operative time
(min)

86 ± 46.56 114.29 ±
24.23

0.41 186.71 ±
109.92

208.11 ± 121.73 0.3 260.37 ± 95.03 320.2 ± 60.126 0.045

Blood loss (cc) 16 ± 5.48 19.29 ± 14.27 0.37 149.62 (40-
200)

184.07 (50.00-
200.00)

0.44 630.53 (125.00-
950.00)

940 (100.00-
2000.00)

0.33

Revascularization 0 0 26 (24.76%) 8 (29.63%) 0.61 12 (60%) 5 (100%) 0.09

ICA reconstruction 0 0 8 (7.62%) 3 (11.11%) 5(25%) 1 (20%)

ECA sacrifice 0 0 12 (11.43%) 3 (11.11%) 4 (20%) 4 (80%)

Both 0 0 6 (5.71%) 2 (7.41%) 3 (15%) 0

Complications 2 2 0.68 24 9 0.26 10 3 0.69

Cranial nerve
injuries

2 2 0.68 19 6 0.63 8 3 0.42

Incision infection 0 0 0 0 1 0 0.61

Persecution mania 0 0 1 0 0.61 0 0

Stroke 0 0 4 3 0.13 1 0 0.61
i

Values are presented as mean ± SD/(IQR) or n (%). P value was calculated comparing Shamblin type I, II, and III groups.
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30 mm CBTs. These findings confirmed that pre-TAE with a

diameter ≥ 30 mm is beneficial to the surgery. In agreement with

the literature, pre-TAE is considered for large lesions (≥ 30 mm)

of Shamblin class II and III (30). These findings have been

further substantiated by other studies focusing on the utility of

embolization during the management of CBTs (4, 14, 31–34).

However, some other studies showed that BL and OT are not

affected by whether or not pre-TAE was performed (19, 21, 24,

35). The tumor size in pre-TAE was 4.0 cm while that in patients

without embolization was 3.04 cm, and the BL was similar to

that of our study and should be explored further (24). Adrienne

et al. (35), Sara et al. (1), and Vaux Robertson et al. (21) indicated

that preoperative embolization did not affect blood loss.
Frontiers in Oncology 07
However, they demonstrated this conclusion without the

comparisons of Shamblin classification and tumor size in EG

and NEG. Although Moustafa et al. (19) performed a

retrospective study on 53 CBTs undergoing pre-TAE based on

Shamblin classification, the small sample size, and absence of

tumor size drew unreliable conclusions. Hence, we suggested

that pre-TAE can significantly reduce BL and shorten the OT for

CBTs ≥30 mm.

With the development of safe embolization protocols,

surgical resection has become the preferred treatment option

in CBTs. However, due to its localization near large vascular

structures and cranial nerves, the surgical treatment is

challenging. In the current study, the incidence of
A B C

FIGURE 4

(A–C) Imaging evaluation of a 60-year-old patient with a CBT and occlusion of the left ICA post-surgery. (A) The coronal image of the
preprocedural CT angiography of CBT (red box). (B) After surgical resection with preoperative embolization of CBT (red arrow), the patient had a
sudden right limb weakness. The axial maximum-intensity-projection images from an MRA demonstrate occlusion of the left middle cerebral
artery. (C) T2WI demonstrates a large acute infarction involving almost all the left middle cerebral artery territory (red arrow).
A B

FIGURE 3

(A, B) The correlation between BL, OT, and tumor size. (A) A correlation was established between tumor size and intraoperative BL in those who
underwent preoperative embolization (EG) (R = 0.30) and patients who did not (NEG) (R = 0.70), respectively. The intersection point of the two
correlation lines was the tumor diameter of 27.95 mm. (B) A significant correlation was established between the tumor size and intraoperative
operative time in EG patients (R = 0.32) and NEG (R = 0.66), respectively. The intersection point of the two correlation lines was the tumor
diameter of 24.29 mm.
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perioperative complications after surgical resection of CBT was

26%, similar to previous reports (2, 8, 25). The incidence of AEs

was higher in the surgical resection without embolization, albeit

not significantly. Shamblin classification is useful to foresee the

probability of vascular and cranial nerve injuries (18, 36). Some

studies proved that cranial nerve injuries are more likely to occur

with Shamblin III tumors compared to Shamblin II tumors

(37, 38). Our findings were consistent with the literature, and

cranial nerve injury was more likely to occur with increasing

Shamblin class. Hence, early excision of CBTs is recommended

to prevent the development of large, locally advanced tumors

associated with a high incidence of operative nerve injury and

poor outcomes. Similarly, in our study, pre-TAE did not affect

the rate of cranial nerve injury (22%) compared to patients

without embolization (28%), albeit without significant difference

according to Shamblin criteria. Stroke is a complication that

severely affects the quality of life of patients. In agreement with

the literature (1, 11, 14, 33), the stroke associated with the

procedures did not show any statistical difference between the

two groups in our study. Interestingly, all the stroke cases were

patients who underwent carotid reconstruction procedures and

the incidence of stroke was higher in the surgical resection

without embolization group, which once again demonstrated the

importance of pre-TAE. Additionally, after grouping according

to the tumor size, pre-TAE with tumor diameter ≥30 mm can

significantly reduce the incidence of intraoperative AEs.

Consequently, pre-TAE is considered for large lesions (≥

30 mm) of Shamblin class II and III lesions to reduce the AEs.

Nevertheless, the present study has several limitations

inherent in all retrospective studies: potential selection bias

and the wild nature of the study. Although most of the current

findings are consistent with the current literature, randomized

controlled trials with a large patient population are required to

determine the efficacy of preoperative arterial embolization. In

addition, the small sample size of 39 CBTs did not facilitate

broad conclusions. Also, due to the extensive period of this

study, the surgery was not carried out by only one surgeon,

which might affect the robustness of the conclusions.
Conclusions

Herein, we presented the largest cohort of carotid body

tumors managed by preoperative embolization combined with

resection in the literature. Super-selective preoperative

embolization (pre-TAE) is sufficiently safe with appropriate

embolization materials (> 300 mm). Furthermore, pre-TAE

significantly decreased the overall BL and improved

visualization at surgery, thus facilitating tumor resection for
Frontiers in Oncology 08
large lesions (≥ 30 mm) of Shamblin class II and III and

reducing AEs.
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