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Introduction

Carotid body tumors (CBTs) are rare neuroendocrine tumors 
with a reported incidence of 1:30,000 to 1:100,000.1–4 Due to 
the risk of malignancy, CBT resection is recommended in all 
healthy patients.5–7 Although surgical adjuncts such as pre-
operative embolization have been utilized in CBT resection, 
their effect on clinical outcomes remains poorly defined.6–10

The effect of preoperative embolization  
on surgical outcomes for carotid  
body tumor resection

Robin Osofsky , Ross Clark, Jaideep Das Gupta , Nathan Boyd, 
Garth Olson, LeAnn Chavez, Sundeep Guliani, Mark Langsfeld, 
John Marek and Muhammad Ali Rana

Abstract
Objective: Compare the effects of preoperative embolization for carotid body tumor resection on surgical outcomes to 
carotid body tumor resections without preoperative embolization.
Methods: Single-center retrospective review of all consecutive patients who underwent carotid body tumor resection 
from 2001 to 2019. Surgical outcomes with emphasis on operative time (estimated blood loss and cranial nerve injury) of 
patients undergoing carotid body tumor resection following preoperative embolization were compared to those undergoing 
resection alone using unpaired Student’s t-test and Fisher’s exact test.
Results: Forty-six patients (15% male, mean age 50 ± 15 years) underwent resection of 49 carotid body tumors. Patients 
undergoing preoperative embolization (n = 20 (40%)) had larger mean tumor size (4.0 ± 0.7 vs 3.2 ± 1 cm, p = 0.006), 
increased Shamblin II/III tumor classification (18 (90%) vs 22 (76%), p < 0.001), operative time (337 ± 195 vs 199 ± 100 min, 
p = 0.004), and cranial nerve injuries overall (8 (40%) vs 2 (10%), p = 0.01) compared to patients undergoing resection without 
preoperative embolization (n = 29 (60%)). In subgroup analysis of Shamblin II/III classification tumors (n = 40), preoperative 
embolization (n = 18) was associated with increased tumor size (4.1 ± 0.6 vs 3.5 ± 0.9 cm, p = 0.01), operative time (351 ± 191 
vs 244 ± 105 min, p = 0.02), and cranial nerve injury overall (8 (44%) vs 2 (9%), p = 0.03) compared to resections alone 
(n = 19). In further subgroup analysis of large (⩾ 3 cm) tumors (n = 37), preoperative embolization (n = 18) was associated 
with increased operative time (350 ± 191 vs 198 ± 99 min, p = 0.006) and cranial nerve injury overall (8 (44%) vs 2 (11%), 
p = 0.03) compared to resections alone (n = 19). There were no significant differences in estimated blood loss, transfusion 
requirement, or hematoma formation between any of the embolization and non-embolization subgroups.
Conclusion: After controlling for tumor Shamblin classification and size, carotid body tumor resections following 
preoperative embolization were associated with increased operative time and inferior surgical outcomes compared to those 
tumors undergoing resection alone. Nonetheless, such results remain susceptible to the confounding effects of individual 
tumor characteristics often used in the decision to perform preoperative embolization, underscoring the need for prospective 
studies evaluating the utility of preoperative embolization for carotid body tumors.

Keywords
Carotid body tumor, Shamblin classification, preoperative embolization, cranial nerve injury, high-altitude

Date received: 23 January 2021; accepted: 4 March 2021

School of Medicine, University of New Mexico, Albuquerque, NM, USA

Corresponding author:
Muhammad Ali Rana, School of Medicine, University of New Mexico, 
1-University of New Mexico, MSC 10 5610, Albuquerque, NM 87131, 
USA. 
Email: mrana@salud.unm.edu

1005229 SMO0010.1177/20503121211005229SAGE Open MedicineOsofsky et al.
research-article2021

Original Research Article

https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/smo
mailto:mrana@salud.unm.edu


2	 SAGE Open Medicine

The etiology of CBTs is sporadic, familial, or hyperplas-
tic, with sporadic being the most common.8,11–13 The familial 
etiology of this disease is associated with germline mutations 
and account for 10% of tumors.2,9 The hyperplastic etiology 
is thought to be related to chronic hypoxia due to factors 
such as chronic lung disease and high altitude.12,14

High-altitude environments have unique CBT epidemiol-
ogy with increased overall incidence, increased female pre-
dominance, and a decreased proportion of bilaterality.15,16 At 
5700 feet above sea level, New Mexico has the fourth high-
est mean altitude in the United States.17 The University of 
New Mexico Health Sciences Center in Albuquerque, New 
Mexico, manages a significant proportion of CBTs occurring 
in our region.

CBT resection carries a moderate risk for complications, 
with cranial nerve injury (CNI) being the most common, fol-
lowed by hematoma, perioperative stroke, and wound infection.1 
In recent metanalysis of 4418 patients and 4743 CBTs, the 
overall incidence of CNI was 25.4% with 11.5% of patients 
developing permanent CNIs (symptoms ⩾ 30 days).1 In addi-
tion, tumor size and the tumor’s anatomic relationship to the 
carotids, known as Shamblin classification, are associated with 
increased operative time, estimated blood loss (EBL), CNI, and 
perioperative stroke.1,10,18,19 In 1971, Shamblin and associates20 
first described a classification system for the difficulty of surgi-
cal resection which characterized CBTs into three groups based 
on their relationship to the internal and external carotid arteries. 
Group 1 tumors are localized and with minimal attachment to 
the carotid vessels. Group 2 tumors are generally larger with 

moderate arterial attachment. Group 3 tumors are also large but 
encase the carotid vessels, presenting the greatest operative 
challenge. A representative diagram of the each Shamblin clas-
sification group is given in Figure 1(a).

In an effort to facilitate resection of challenging CBTs as 
well as decrease tumor size and minimize intraoperative 
blood loss, preoperative embolization was first employed by 
Schick et al.21 in 1980. The blood supply to the carotid body 
is primarily provided by the ascending pharyngeal branch of 
the external carotid artery (ECA), which plays a central role 
in preoperative embolization.7,21 The technique involves 
injection of an embolic agent, typically polyvinyl alcohol, 
directly into CBT feeding vessels under fluoroscopic guid-
ance. Successful embolization is characterized by cessation 
of contrast opacification to the target artery and tumor.4,6,11

Whether preoperative embolization in CBT resection 
improves surgical outcomes remains controversial.6,7,9,10 A 
meta-analysis by Texakalidis et  al.10 reviewed 25 studies 
involving 1326 patients and found that preoperative emboliza-
tion for CBT resection decreased both operative time and EBL. 
However, no significant differences were found in the rates of 
CNI, stroke, or length of hospital stay.10 However, Power 
et al.,6 in a large single-center study, found no differences in 
operative time, EBL, or CNI when comparing patients under-
going preoperative embolization with those who did not.

The aim of this study is to compare the effects of preop-
erative embolization for CBT resection on surgical outcomes 
to CBT resections without preoperative embolization, with 
particular emphasis on operative time, EBL, and rate of CNI.

Figure 1.  Shamblin classification: (a) Diagram of Shamblin classification of difficulty of CBT resection. Group 1 tumors are localized 
with minimal attachment to the carotid vessels. Group 2 tumors are generally larger with moderate arterial attachment. Group 3 
tumors are also large and encase the carotid vessels, thus presenting the greatest operative challenge and (b) Examples of radiographic 
Shamblin classification of CBT.
CBT: carotid body tumor; ICA: internal carotid artery; ECA: external carotid artery.
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Methods

A single-center retrospective review was performed on all 
consecutive patients undergoing CBT resection from 26 
September 2001 to 12 July 2019 at University of New 
Mexico Health Science Center in Albuquerque, New Mexico. 
The CPT code 60605 for carotid body tumor resection was 
utilized as inclusion criteria to identify subjects. Patients 
who had not undergone CBT resection were excluded from 
the study. Institutional review board approval from the 
University of New Mexico Health Science Center Human 
Research Protection Office (HRPO) was obtained for the 
study (#19-147). Clinical data regarding subjects were 
abstracted from the electronic medical record system includ-
ing laboratory results, operative reports, pathology reports, 
radiographic imaging, and clinical notes.

Patients undergoing CBT resection with preoperative 
embolization (EMB group) were compared to patients under-
going CBT resection without preoperative embolization 
(NEMB group). To control for tumor factors that may influ-
ence the decision for embolization, both Shamblin II/III clas-
sification and large tumors ⩾ 3 cm underwent comparative 
subgroup analysis. The above tumor Shamblin and size thresh-
olds were chosen as they were thought to be most representa-
tive of described criteria for embolization in the literature.6,22,23 
Hence, patients with Shamblin II/III CBTs with undergoing 
resection with preoperative embolization (SII/III-EMB group) 
were compared to subjects with Shamblin II/III CBTs under-
going resection without preoperative embolization (SII/III-
NEMB group). In addition, patients with large CBTs (⩾3 cm) 
undergoing resection with preoperative embolization (L-EMB 
group) were compared to patients with large CBTs (⩾3 cm) 
undergoing resection without preoperative embolization 
(L-NEMB group). Tumor Shamblin classification and size 
(maximal diameter) was determined for each patient by 
research team via blinded review of each patient’s preopera-
tive imaging. Examples of radiographic Shamblin classifica-
tions are shown in Figure 1(b).

Statistical analyses

All clinical data were evaluated with descriptive analysis. 
Outcomes between groups were compared using unpaired 
Student’s t-test and Fisher’s exact test for continuous and cat-
egorical data, retrospectively, using GraphPad Prism version 
8 (GraphPad Software, San Diego, CA, USA). All tests with 
a two-sided p value of < 0.05 were considered significant.

Carotid body tumor resection

CBT resection was performed by a total of 10 surgeons from 
the Divisions of Vascular Surgery and Otolaryngology. 
Patients with bilateral tumors initially underwent resection 
of the larger tumor. The contralateral tumor was either fol-
lowed clinically or underwent interval resection.

All patients underwent CBT resection under general anes-
thesia. Use of electroencephalogram (EEG) monitoring was 
determined by surgeon preference. Cervical incision was per-
formed in either oblique or transverse fashion. Subplatysmal 
flaps were then created and the sternocleidomastoid muscle 
was mobilized to expose the carotid sheath. Both monopolar 
and bipolar electrocautery were employed for surgical dissec-
tion. The cerebrovascular structures were routinely identified 
and controlled. Feeding vessels to the carotid body tumor 
were ligated and divided. Cranial nerves, including the vagus 
and hypoglossal, were routinely identified and protected from 
injury. Need for ICA clamping was based on patient anatomy 
and surgical necessity. If ICA clamping was performed, hepa-
rin was administered to achieve ACT of >250 s. When neces-
sary, cerebrovascular reconstruction was performed according 
to surgeon preference and anatomical needs. Cranial nerves 
were resected en bloc with the tumor if complete nerve 
encasement was observed. Selective lymph node dissection 
was performed based on lymph node appearance and surgeon 
practice pattern. Wound closure and use of subcutaneous sur-
gical drains were carried out according to surgeon preference. 
Technical success of CBT resection was defined as no gross 
tumor remaining following resection.

Preoperative carotid body tumor embolization

Historically, our institution does not have a universal selec-
tion criterion for preoperative embolization. Rather, the deci-
sion to perform preoperative embolization of CBT was 
determined by the operating surgeon based on practice pat-
terns or individual tumor characteristics. Lack of a specific 
institutional embolization criterion creates a unique data 
pool where CBTs undergoing preoperative embolization can 
be compared to CBTs undergoing resection alone with other-
wise similar tumors characteristics.

All patients that underwent preoperative embolization 
were admitted to the ICU for neuromonitoring. Embolization 
was performed under procedural sedation by an interven-
tional neuroradiologist or neurosurgeon using transfemoral 
access. The distal ascending pharyngeal artery was fluoro-
scopically interrogated to determine feeding vessels to the 
CBT. A 1:1 mixture of contrast solution and polyvinyl alco-
hol particle solution (300–500 micrometers) was then 
injected into the target vessel until no further forward flow 
was identified. Completion arteriogram was then performed 
to verify technical success and ensure no distal embolic com-
plications. Technical success was considered to be apparent 
angiographic devascularization > 50% of the CBT.

Results

Patient profile

From 26 September 2001 to 12 July 2019 a total of 46 patients 
underwent resection of 49 CBTs (Table 1). There were 7 
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males (15%) and 39 females (85%) with mean age of 
50 ± 15 years at time of surgery. Resected CBT laterality was 
20 (41%) right and 29 (59%) left. Six patients (13%) pre-
sented with bilateral tumors. Of these, three (7%) patients 
underwent resection of both tumors in an interval fashion 
with resection of the larger tumor first. Mean time from initial 
tumor resection to contralateral tumor resection was 30 (2 
–121) months.

The most common presenting symptom was a neck mass, 
seen in 30 patients (65%). In 10 cases (22%), the CBT was 
detected incidentally on an imaging study obtained for unre-
lated reasons. Other presenting symptoms are listed in Table 
1. Median time from symptom presentation to CBT diagno-
sis was 1.7 (0–10) years. Once CBT diagnosis was obtained, 
median time to surgical resection was 0.4 (0–5) years.

Diagnosis and workup

CBT diagnosis was determined with the following imaging 
modalities: CT arteriogram in 40 patients (86%), ultrasound 
in 24 (53%), MRI in 27 patients (37%), and radionucleotide 
scan (123I-metaiodobenzylguanidine scintigraphy) in 4 (8%), 
with 32 (70%) undergoing multiple imaging modalities. 
Tumor size was obtained by measurement of largest tumor 
dimension with mean size of 3.5 ± 0.9 cm. Preoperative 
imaging was utilized for determination of radiographic CBT 
Shamblin classification. Nine tumors (18%) were Shamblin I, 
28 (57%) were Shamblin II, and 12 (24%) were Shamblin III.

Functional tumor studies with 24-h urine catecholamine 
and metanephrines were obtained in 25 patients (54%) due 
the presence of clinical hypersecretion symptoms or surgeon 
practice-pattern. Two patients (4%) were found to have func-
tional tumors and preoperative adrenergic blockade was uti-
lized in one (50%) of those patients. Four patients (9%) had 
family history of CBTs. Genetic testing was obtained in all 
patients with family history of CBTs and in specific patient 
scenarios. A total of five patients (9%) underwent genetic 
testing, with succinate dehydrogenase (SHD) gene muta-
tions found in two patients (4%).

Preoperative CBT embolization

Twenty-three patients (47%) underwent preoperative CBT 
embolization with technical success achieved in 20 patients 
(87%) (EMB group) (Table 2). Within the EMB group, the 
majority of patients underwent preoperative embolization 
the day prior to CBT resection, (median = 1 (0–14) days). Of 
the patients who underwent attempted preoperative emboli-
zation, one (4%) patient required emergent intubation fol-
lowing preoperative embolization. No other complications 
directly related to embolization were noted, including 
periprocedural stroke or arterial access complications such 
as hematoma or pseudoaneurysm formation.

CBT resection

Technical success was achieved in all 49 CBT resections 
(100%) (Table 3). Mean operative time for CBT resection 
was 256 ± 160 min with a median estimated blood loss of 150 
(5–1200) mL. Five patients (10%) required blood transfusion 
during the resection. Selective lymph node dissection was 
performed in 38 operations (78%). The majority of CBT 
resections did not require any carotid artery management 

Table 1.  Demographics, presentation, investigations, and tumor 
characteristics.

Variable

Demographics
  Total patients 46
  Total CBT resections 49
  Age, years
    Mean    50 ± 15
  Gender
    Male 7 (15%)
    Female 39 (85%)
  BMI 31.7 ± 7.7
  Concurrent contralateral CBT 3 (7%)
  Family history of CBT 4 (9%)
  SDH mutation 2 (4%)
Presentation
  Neck mass 33 (72%)
  Cranial nerve palsy 3 (7%)
  Dysphagia 3 (7%)
  Headache 4 (9%)
  Presyncope or syncope 4 (9%)
  Vertigo 2 (4%)
  CVA 2 (4%)
  Incidental finding 10 (22%)
  Multiple symptoms 16 (35%)
Functional studies
  Performed 25 (54%)
  Functional tumor 2 (4%)
Imaging
  CT arteriogram 42 (86%)
  MRI 18 (37%)
  Ultrasound 26 (53%)
  Radionucleotide scan 4 (8%)
Tumor
  Maximal diameter, cm   3.5 ± 0.9
  Laterality of resected tumor
    Right 20 (41%)
    Left 29 (59%)
Shamblin classification
  Shamblin I 9 (18%)
  Shamblin II 28 (57%)
  Shamblin III 12 (24%)

CBT: carotid body tumor; BMI: body mass index; SDH: succinate dehy-
drogenase; CVA: cerebrovascular accident; CT: computed tomography; 
MRI: magnetic resonance imaging.
Categorical variable are presented as a number (n, %). Continuous vari-
ables are presented as a mean ± standard deviation or median (range).
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(n = 34 (78%)). Tumor extension necessitated ECA ligation in 
11 resections (22%) and ICA repair or reconstruction in six 
resections (12%), with either patch angioplasty (n = 3 (6%)) 
or interposition graft (n = 3 (6%)). Conduits for interposition 
grafts utilized included Dacron graft in one patient (2%) and 
reverse saphenous vein graft in two patients (4%). A surgical 
drain was placed in 35 patients (71%) at the end of operation 
with a mean duration of drainage of 2.8 ± 2.3 days. The 
majority of patients were observed in the ICU postoperatively 
(n = 32 (65%)) with one patient (2%) remaining intubated fol-
lowing CBT resection. Mean hospital length of stay was 
2.9 ± 2.5 days with home discharge disposition for all 
patients. There were no perioperative mortalities.

Outcomes and complications

The rate of overall complications following CBT resection 
was 31%, with CNI overall being the most common, occur-
ring in 10 patients (20%) (Table 4). CNIs were identified by 
either direct laryngoscopy demonstrating ipsilateral vocal 
cord hypomobility or immobility, presence of ipsilateral 
tongue weakness or paresis, or new postoperative dysphagia 
which was confirmed by fluoroscopic swallow study. CNIs 
were differentiated into transient (n = 5 (10%)) resolving 

within 30 days, or permanent (n = 5 (10%)) persisting ⩾  
30 days postoperatively. Distribution of specific nerve inju-
ries were seven (14%) recurrent laryngeal nerve injuries, six 
(12%) hypoglossal nerve injuries, and three (6%) glos-
sopharyngeal nerve injuries. Two patients (4%) developed 
postoperative hematomas with one patient (2%) requiring re-
exploration. Surgical site infection (SSI) developed in one 
(2%) patient and required incision and drainage. Two (4%) 
patients developed perioperative stroke, however neither 
patient had persistent sequelae on follow-up. Following CBT 
resection, there were no occurrences deep venous thrombo-
sis (DVT) or pulmonary embolism (PE) in our series. 
Pathology revealed malignant CBT with microscopic lymph 
node involvement in one patient (2%). There were no 30-day 
mortalities. Median duration of patient follow-up was 7.4 
(0.1–100.8) months. During the follow-up period, imaging 
studies were obtained in 24 patients (52%), which included 
ultrasound in 16 (35%), MRI in 7 (15%), and CT arteriogram 
in 5 (11%). Over the follow-up period, no patients were 
noted to have a clinical tumor recurrence.

Effects of preoperative embolization

Surgical outcomes were compared between the EMB group 
(n = 20 (40%)) and NEMB group (n = 29 (60%)) and are 

Table 2.  Preoperative embolization.

Variable

Attempted 23 (47%)
Successful 20 (87%)
Time prior to resection, days 1 (0–14)

Categorical variable are presented as a number (n, %). Continuous vari-
ables are presented as a mean ± standard deviation or median (range).

Table 3.  Carotid body tumor resection.

Variable

Operative time, min 256 ± 160
Estimated blood loss, mL 150 (5–1200)
Transfusion requirementa 5 (10%)
Carotid artery management
  Tumor resection alone 38 (78%)
  ECA ligation 11 (22%)
  ICA repair, any 6 (12%)
    Patch angioplasty 3 (6%)
    Interposition graft 3 (6%)
      Reverse saphenous vein 2 (4%)
      Dacron 1 (2%)
Selective lymph node dissection 38 (78%)
Surgical drain placement 35 (71%)
Duration of surgical drain, days  2.8 ± 2.3

ECA: external carotid artery; ICA: internal carotid artery.Categorical 
variable are presented as a number (n, %). Continuous variables are pre-
sented as a mean ± standard deviation or median (range).
aTransfusion requirement for ⩾1 unit pRBC.

Table 4.  Pathology, hospital course, complications, and follow-up.

Variable  

Pathology
  Malignant 1 (2%)
  Positive margins 20 (41%)
  Positive lymph nodes 1 (2%)
Hospital course
  Length of stay, days 2.9 ± 2.5
  ICU length of stay, days 1.5 ± 1.7
Complications
  30-day mortality 0 (0)
  Overall complication 15 (31%)
  Stroke 2 (4%)
  Hematoma 2 (4%)
  Surgical site infection 1 (2%)
  Cranial nerve injury
    CNI overall 10 (20%)
    Transient CNI 5 (10%)
    Permanent CNI 5 (10%)
    Distribution of CN injuries
      Recurrent laryngeal 7 (14%)
      Hypoglossal 5 (10%)
      Glossopharyngeal 3 (6%)
Follow-up
  Duration of follow-up, months 7.4 (0.1–100.8)
  Recurrence 0 (0%)

CNI: cranial nerve injury.
Categorical variable are presented as a number (n, %). Continuous vari-
ables are presented as a mean ± standard deviation or median (range).
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detailed in Table 5. The groups did not differ in age, sex 
ratio, comorbidities, family history, or presenting symptom-
atology. Patients in the EMB group had a larger mean tumor 
size (4.0 ± 0.7 vs 3.2 ± 1 cm, p = 0.006), increased Shamblin 
II/III tumor classification (18 (90%) vs 22 (76%), p < 0.001), 
longer operative time (337 ± 195 vs 199 ± 100 min, 
p = 0.004), increased length of hospital stay (3.8 ± 2.9 vs 
2.3 ± 2.1, p = 0.04), increased occurrence of overall compli-
cations (10 (50%) vs 5 (17%), p = 0.03), CNIs overall (8 
(40%) vs 2 (10%), p = 0.01), and transient CNIs (5 (25%) vs 
0 (0%), p = 0.035) compared to patients in the NEMB group. 
There were no significant differences in EBL (242 ± 178 vs 
242 ± 320 mL, p > 0.99), transfusion requirement (3 (15%) 

vs 2 (7%), transfusions, p = 0.39), need for ECA ligation (6 
(30%) vs 5 (17%), p = 0.32), need for ICA repair or recon-
struction (3 (15%) vs 3 (10%) repairs or reconstructions, 
p = 0.68), development of permanent CNIs (3 (15%) vs 2 
(7%), p = 0.39), postoperative hematomas (2 (10%) vs 0 
(0%), p = 0.16), or SSIs (1 (5%) vs 0 (0%), p = 0.41) between 
the EMB and NEMB groups.

Surgical outcomes were then compared between patients 
with Shamblin II/III tumors undergoing preoperative embo-
lization (SII/III-EMB group, n = 18) to patients with 
Shamblin II/III tumor undergoing CBT resection alone (SII/
III-NEMB group, n = 22), detailed in Table 6. The groups did 
not differ in age, sex ratio, comorbidities, family history, or 
presenting symptomatology. Despite controlling for high 

Table 5.  Comparison of EMB and NEMB groups.

Variable EMB NEMB p value

Demographics
  Total patients 20 28  
  Total CBT resections 20 29  
  Age, years
    Mean    47 ± 16    52 ± 14 0.33
  Gender >0.99
    Male 3 (15%) 5 (18%)  
    Female 17 (85%) 23 (82%)  
  BMI 31.3 ± 8.5 32.4 ± 7.2 0.65
Tumor
  Maximal diameter, cm   4.0 ± 0.7   3.2 ± 1 0.006*
  Shamblin class II or III 18 (90%) 22 (76%) <0.001*
Operative
  Operative time, min  337 ± 195  199 ± 100 0.004*
  Estimated blood loss, mL  242 ± 178  242 ± 27 >0.99
  Transfusion requirementa 3 (15%) 2 (7%) 0.39
  Carotid artery management
    Tumor resection alone 14 (70%) 24 (82%) 0.32
    ECA ligation 6 (30%) 5 (17%) 0.32
    ICA repair, any 3 (15%) 3 (10%) 0.68
      Patch angioplasty 1 (5%) 2 (7%) >0.99
      Interposition graft, any 2 (10%) 1 (3%) 0.56
Hospital course
  Length of stay, days   3.8 ± 2.9   2.3 ± 2.1 0.04*
  ICU length of stay, days   2.5 ± 2.1   0.8 ± 0.7 <0.001*
Complications
  30-day mortality 0 (0%) 0 (0%) >0.99
  Overall complication 10 (50%) 5 (17%) 0.03*
  Stroke 1 (5%) 1 (3%) >0.99
  Hematoma 2 (10%) 0 (0%) 0.16
  Surgical site infection 1 (5%) 0 (0%) 0.41
  Cranial nerve injury (CNI)
    CNI overall 8 (40%) 2 (7%) 0.01*
    Transient CNI 5 (25%) 0 (0%) 0.01*
    Permanent CNI 3 (15%) 2 (7%) 0.39

CBT: carotid body tumor; ECA: external carotid artery; ICA: internal 
carotid artery; CNI: cranial nerve injury.
Categorical variable are presented as a number (n, %). Continuous vari-
ables are presented as a mean ± standard deviation or median (range).
Bold and “*” represent statistically significant values where p values < 0.05.
aTransfusion requirement for ⩾1 unit pRBC.

Table 6.  Comparison of SII/III-EMB and SII/III-NEMB groups.

Variable SII/III-EMB SII/III-NEMB p value

Demographics
  Total patients 18 21  
  Total CBT resections 18 22  
  Age, years
    Mean 46.2 ± 14.9 49.1 ± 15 0.54
  Gender >0.99
    Male 3 (17%) 3 (14%)  
    Female 15 (83%) 18 (86%)  
  BMI 31.2 ± 8.7 32.5 ± 8.4 0.65
Tumor
  Maximal diameter, cm   4.1 ± 0.6   3.5 ± 0.9 0.01*
Operative
  Operative time, min  351 ± 191  244 ± 105 0.02*
  Estimated blood loss, mL  244 ± 183  296 ± 356 0.59
  Transfusion requirementa 3 (17%) 2 (9%) 0.64
  Carotid artery management
    Tumor resection alone 12 (67%) 17 (77%) 0.5
    ECA ligation 6 (33%) 5 (23%) 0.5
    ICA repair, any 3 (17%) 3 (13%) >0.99
      Patch angioplasty 1 (6%) 2 (9%) >0.99
      Interposition graft, any 2 (11%) 1 (5%) 0.59
Hospital course
  Length of stay, days   3.9 ± 3   2.7 ± 2.3 0.15
  ICU length of stay, days   2.6 ± 2.2   0.9 ± 0.8 0.003*
Complications
  30-day mortality 0 (0%) 0 (0%) >0.99
  Overall complication 10 (56%) 4 (18%) 0.02*
  Stroke 1 (6%) 1 (5%) >0.99
  Hematoma 2 (11%) 0 (0%) 0.2
  Surgical site infection 1 (6%) 0 (0%) 0.45
  Cranial nerve injury (CNI)
    CNI overall 8 (44%) 2 (9%) 0.03*
    Transient CNI 5 (28%) 0 (0%) 0.01*
    Permanent CNI 3 (17%) 2 (9%) 0.64

CBT: carotid body tumor; ECA: external carotid artery; ICA: internal 
carotid artery; CNI: cranial nerve injury.
Categorical variable are presented as a number (n, %). Continuous vari-
ables are presented as a mean ± standard deviation or median (range).
aTransfusion requirement for ⩾1 unit pRBC.



Osofsky et al.	 7

tumor Shamblin classification (II/III), CBTs in the SII/III-
EMB group were significantly larger than those tumors in 
the SII/III-NEMB group (4.1 ± 0.6 vs 3.5 ± 0.9 cm, p = 0.01). 
In addition, patients in the SII/III-EMB group had longer 
operative time (351 ± 191 vs 244 ± 105 min, p = 0.02), 
increased rate of overall complications (10 (56%) vs 4 
(18%), p = 0.02), increased rate of CNI overall (8 (44%) vs 2 
(9%), p = 0.03), and increased rate of transient CNI (5 (28%) 
vs 0 (0%), p = 0.01) compared to patients in the SII/III-
NEMB group. However, there were no significant differ-
ences in the rates of permanent CNI (3 (17%) vs 2 (9%), 
p = 0.64) or the remaining complications listed in Table 6 
between the SII/III-EMB and SII/III-NEMB groups. 
Furthermore, there were no differences between the SII/III-
EMB and SII/III-NEMB groups in respect to EBL (244 ± 183 
vs 296 ± 356 mL, p = 0.59), transfusion requirements (3 
(17%) vs 2 (9%), p = 0.64), or carotid artery management.

Finally, patients with large tumors (⩾ 3 cm) undergoing 
preoperative embolization (L-EMB group, n = 18) were com-
pared to patients with large tumors (⩾3 cm) undergoing CBT 
resection alone (L-NEMB group, n = 19), detailed in Table 7. 
Between the L-EMB and L-NEMB groups, there was no sig-
nificant difference in tumor size (4.1 ± 0.6 vs 3.8 ± 0.7 cm, 
p = 0.12) or proportion of Shamblin II/III tumor classifica-
tion (18 (100%) vs 17 (89%), p = 0.49). In addition, the 
groups did not differ in age, sex ratio, comorbidities, family 
history, or presenting symptomatology. The L-EMB group 
was found to have significantly longer operative time 
(351 ± 191 vs 198 ± 99 min, p = 0.006), increased overall 
complications (10 (56%) vs 3 (18%), p = 0.02), incidence of 
overall CNIs (8 (44%) vs 2 (11%), p = 0.03), and transient 
CNIs (5 (28%) vs 0 (0%), p = 0.02) compared to the L-NEMB 
group. Although, the incidence of permanent CNIs (3 (17%) 
vs 2 (11%), p = 0.66) and other complication listed in Table 7 
were comparable between the L-EMB and L-NEMB groups. 
Furthermore, EBL (244 ± 183 vs 295 ± 373 mL, p = 0.61), 
rates of transfusion requirements (3 (17%) vs 2 (11%), 
p = 0.66), and carotid artery management were similar 
between the L-EMB and L-NEMB groups.

Discussion

This study had several key findings. First, in our single- 
centered retrospective review, those patients who underwent 
preoperative embolization for CBT resection had greater 
proportions of Shamblin II/III classification tumors and the 
tumors were larger in size, compared to those patients who 
underwent resection alone. Furthermore, such patients 
undergoing CBT resection with preoperative embolization 
had increased operative time and inferior surgical outcomes 
compared to those patients undergoing resection alone. After 
controlling for tumor Shamblin classification and tumor size, 
preoperative embolization was still associated with increased 
operative time and inferior surgical outcomes compared to 
patients undergoing resection alone.

Although there exists no universal criterion for preopera-
tive embolization of CBT, generally anatomic features and 
size of the tumor are taken into consideration.6,22,23 Our insti-
tution does not universally adhere to a specific tumor size 
threshold with regard to preoperative embolization, nonethe-
less we found patients whom had undergone preoperative 
embolization had greater proportions of Shamblin II/III 
tumors as well larger tumors. This correlation of tumor size 
and likelihood to undergo preoperative embolization is cor-
roborated in the literature.6,7,22,24–26 Furthermore, as both 
increased size and higher Shamblin classification can inde-
pendently increase operative difficulty and worsen surgical 

Table 7.  Comparison of L-EMB and L-NEMB groups.

Variable L-EMB L-NEMB p value

Demographics
  Total patients 18 18  
  Total CBT resections 18 19  
  Age, years
    Mean    46 ± 15 48.6 ± 16 0.63
  Gender >0.99
    Male 3 (17%) 4 (22%)  
    Female 15 (83%) 14 (78%)  
  BMI 31.2 ± 8.7 32.1 ± 7.9 0.77
Tumor
  Maximal diameter, cm   4.1 ± 0.6   3.8 ± 0.7 0.12
  Shamblin class II or III 18 (100%) 17 (89%) 0.49
Operative
  Operative time, min  350 ± 191  198 ± 99 0.006*
  Estimated blood loss, mL  244 ± 183  295 ± 375 0.61
  Transfusion requirementa 3 (17%) 2 (11%) 0.66
  Carotid artery management  
    Tumor resection alone 12 (67%) 15 (79%) 0.48
    ECA ligation 6 (33%) 4 (21%) 0.48
    ICA repair, any 3 (17%) 2 (11%) 0.66
      Patch angioplasty 1 (6%) 1 (5%) >0.99
      Interposition graft, any 2 (11%) 1 (5%) 0.6
Hospital course
  Length of stay, days   3.9 ± 3   2.4 ± 2.2 0.08
  ICU length of stay, days   2.6 ± 2.2   0.9 ± 0.8 0.004*
Complications
  30-day mortality 0 (0%) 0 (0%) >0.99
  Overall complication 10 (56%) 3 (16%) 0.02*
  Stroke 1 (6%) 1 (5%) >0.99
  Hematoma 2 (11%) 0 (0%) 0.23
  Surgical site infection 1 (6%) 0 (0%) 0.49
  Cranial nerve injury (CNI)
    CNI overall 8 (44%) 2 (11%) 0.03*
    Transient CNI 5 (28%) 0 (0%) 0.02*
    Permanent CNI 3 (17%) 2 (11%) 0.66

CBT: carotid body tumor; ECA: external carotid artery; ICA: internal 
carotid artery; CNI: cranial nerve injury.
Categorical variable are presented as a number (n, %). Continuous vari-
ables are presented as a mean ± standard deviation or median (range).
aTransfusion requirement for ⩾1 unit pRBC.
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outcomes,1,10,18,19 a need to control for such tumor character-
istic was imperative to determine the effect of preoperative 
embolization. Hence, subgroups with tumor size of ⩾3 cm 
and Shamblin II/III classification were chosen for analysis as 
they were thought to be most representative of described cri-
teria for embolization.6,22,23

After controlling for tumor Shamblin classification and 
tumor size, we found that preoperative embolization for 
CBT resection was associated with increased operative time, 
overall complications, CNIs overall, and transient CNIs. In 
addition, we observed no significant decreases in EBL, 
transfusion rates, or hematoma formation in any of the EMB 
subgroups when compared to their respective NEMB sub-
group. The detrimental effects of preoperative embolization 
observed here may be explained by the resultant inflamma-
tion obscuring the surgical planes leading to paradoxically 
increased dissection difficulty thus increasing operative time 
and the likelihood for iatrogenic nerve injury.

Compared to a recent meta-analysis by Robertson et al.,1 
we demonstrate similar rates of overall (20% vs 25.4%) and 
permanent CNIs (10% vs 11.2%). However, we demonstrate 
a reduced rate of transient CNIs (10% vs 20.4%). This appar-
ent discrepancy in rates of transient CNIs may reflect differ-
ences in the clinical definitions of CNI and detection 
methodology for occult nerve injuries between studies. 
Moreover, this raises questions as to the clinical significance 
of transient cranial nerve dysfunction observed during the 
postoperative period.

Our study has several limitations. First, with a sample 
size of 49 CBT resections, our study is sufficiently robust 
for a single-center retrospective series, but nonetheless sus-
ceptible to type II error. Second, the retrospective nature of 
the study itself and review period of 18 years renders our 
data prone to selection, reporting, and misclassification 
bias. Furthermore, disparate practice patterns between sub-
specialists and provider threshold for bedside laryngoscopy 
may influence the rate at which transient CNI is detected 
postoperatively, potentially confounding the true frequency 
CNIs in our study. In addition, the retrospective nature of 
the study prevents insight the rationale for selection preop-
erative embolization. It remains unclear if decision to per-
form preoperative embolization was based on provider 
practice patterns, individual tumor characteristics, or other 
factors. Finally, our results beg the question if our study 
adequately controlled for the effects tumor size or if the 
results remain confounded by tumor size. The limitations 
mentioned above underscore the need for prospective multi-
center studies evaluating preoperative embolization for 
CBT resection which control for selection bias, tumor 
Shamblin classification, tumor size, and discrepancies in 
detection of occult CNIs. Furthermore, more robust multi-
center or database studies may reveal additional predictors 
for the likelihood of suffering a CNIs during CBT resection. 
The results from our study currently do not support the use 
of preoperative embolization for CBT resection regardless 

of size of Shamblin classification. This study adds to the 
existing clinical equipoise in the literature regarding the 
advantages and disadvantages of preoperative embolization 
for CBT resection.6,7,9,10

Conclusion

This retrospective review indicates CBTs in patients under-
going preoperative embolization represent a distinct group 
that have higher proportions of Shamblin II/III classification 
and are larger in size. After controlling for tumor Shamblin 
classification and size, patients undergoing preoperative 
embolization for CBT resection had increased operative 
time, inferior surgical outcomes, and no difference in EBL 
compared to those undergoing resection alone. Nonetheless, 
such results remain susceptible to the confounding effects of 
individual tumor characteristics often used in the decision to 
perform preoperative embolization, underscoring the need 
for prospective studies evaluating the utility of preoperative 
embolization for CBT resection.
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