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Abstract

The objective of this study is to evaluate the effect of preoperative embolization on carotid body tumor resection. A systematic
review and meta-analysis were conducted following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement. PubMed, Scopus, and Web of Science were screened for studies published between 2010 and 2022.
Primary outcomes investigated were intraoperative blood loss, operative time, length of hospital stay, and perioperative
complications such as transient ischemic attack (TIA)/stroke, vascular injury, and cranial nerve injury (CNI). A random effects
model was used in cases where study heterogeneity was high. Overall, 25 studies were included in the systematic review,
involving 1649 patients: 23 studies were eligible for meta-analysis. The incidence of vascular injury was significantly less in the
preoperative embolization group (odds ratio (OR) = 0.60; 95% Cl: 0.42-0.84; P = .003). There was no statistically significant
difference between the two groups regarding intraoperative blood loss, operative time, length of hospital stay, incidence of TIA/
stroke, and CNI. Subgroup analyses did not demonstrate significant difference between Shamblin |, Il, and Il subgroups
regarding operative time. This meta-analysis found preoperative embolization to be significantly beneficial in reducing incidence
of vascular injury.

Keywords
carotid body tumor, resection, meta-analysis, systematic review, perioperative complications, preoperative embolization

nearby structures (mainly glossopharyngeal, vagus, accessory,
and hypoglossal nerves).

A diagnosis is made through clinical examination and
imaging. Commonly used imaging modalities are computed
tomography (CT) and magnetic resonance angiography
(MRA), although digital subtraction angiography remains
“gold standard.”” CBTs are classified using the Shamblin
classification which divides the tumors into type I (small
tumors with minimal vascular attachment), type II (large

Introduction

Carotid body tumors (CBTs) or carotid body para-
gangliomas are rare neoplasms originating from the glomus
(chemoreceptor) cells of the carotid body, located at the
bifurcation of the common carotid artery.' They make up
approximately 60%-70% of all head and neck para-
gangliomas” and have an incidence ranging from 1 in
100,000 to 1 in 30,000 individuals.'* A higher prevalence
is observed among females, with a ratio reported between
1.4:1 and 4:1.” Typically, these tumors are diagnosed during

the fourth and fifth decades of life.* They are highly vas-
cularized, often receiving supply from branches of the
external carotid artery (ECA).

Patients are commonly asymptomatic at presentation with a
painless mass on the anterior neck. Characteristically, the
tumor can be displaced laterally but their vertical movement is
limited (Fontaine’s sign).’ Patients start to develop symptoms
including hoarseness, dysphagia, stridor, and foreign body
sensation® once the tumor gets large enough to compress
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tumors without total encasement of carotid arteries), and type
I (large tumors encasing the carotid arteries completely).®

The management of CBTs can be conservative
(i.e., radiotherapy) or surgical.! The primary goal of surgical
management is complete resection while preserving vascular
integrity and minimizing complications associated with cra-
nial nerve injury and carotid artery involvement. Preoperative
embolization of CBTs has been proposed by Shick et al.” in
1980 as a technique to reduce operative blood loss and
perioperative complications. However, the literature presents
varying results concerning the efficacy of this technique, and it
is not currently included in any established guidelines for CBT
resection. Therefore, use of preoperative embolization de-
pends largely on surgeon preference and tumor size.

Preoperative embolization is often carried out 24—
48 h prior to surgery via a trans-arterial or percutaneous (direct
intralesional) route.'® Variable embolic agents can be used
including those comprising of polyvinyl alcohol (PVA) or
microcoils."!

The aim of this study was to analyze the effect of pre-
operative embolization on operative time, intraoperative blood
loss, postoperative hospital stay, and perioperative compli-
cations such as transient ischemic attack (TIA)/stroke, vas-
cular injury, and cranial nerve injury in CBT resection surgery.

Methods

A systematic review and meta-analysis were conducted ac-
cording to the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) 2020 statement. '

Eligibility Criteria

All studies reporting data on patients who were managed with
surgical resection for a CBT and make comparisons on op-
erative time, intraoperative blood loss, postoperative hospital
stay, and perioperative complications between patients who
have received preoperative embolization and those who have
not were included in this study. All systematic reviews, meta-
analyses, and case reports were excluded. Studies in a lan-
guage other than English and studies published before Jan, 1,
2010 were excluded. Older studies were excluded to limit bias
and comparability in results due to differences in technology
and embolic agents used. 2010 was selected as the cutoff year
as newer embolization technology was introduced around this
year that was then utilized by some of the recent studies. A
sharp increase in papers published in CBT embolization is also
seen in 2010.

Information Sources

A literature search was conducted on PubMed, Scopus, and
Web of Science. In order to include articles that have very
recently been accepted for publication, we also screened ar-
ticles in press for the following journals: European Journal of

Vascular and Endovascular Surgery, Journal of Vascular
Surgery, Angiology, Journal of Cardiothoracic Surgery,
Journal of Thoracic and Cardiovascular Surgery, European
Journal of Cardiovascular Surgery, and Annals of Vascular
Surgery. The last date of access to these sources was De-
cember 26, 2022.

Search Strategy and Selection Process

There were no filters or limits used except for the language
(English) and the publication date. Keywords such as “carotid
body tumor,” “carotid body paraganglioma,” ‘“para-
ganglioma,” “carotid paraganglioma,” and “glomus carotid
body tumor” were combined with keywords such as “surgical
resection,” “embolization,” “tumor embolization,” “preoper-
ative embolization,” “embolism,” and “resection” to conduct
the search. On PubMed, medical subject headings (MeSH
terms) were identified and used whenever possible. The
keywords were connected via AND and OR Boolean oper-
ators. Details of the search query are provided as a supple-
mentary document in the appendix (Appendix A).

The search results were pooled on Endnote (version 20).
The same software was used to scan for duplicates in the
search results. The list of duplicates was manually scanned
before deletion to avoid mistakes related to the software used.
The remaining results were screened based on title, abstract,
and patient characteristics. Eligibility assessment was carried
out using the predetermined inclusion and exclusion criteria.
A PRISMA flowchart was used to demonstrate the results.

9 .

Data Extraction and Outcomes

Data regarding study name, publication year, study design,
patient enrollment period, country, total number of patients,
patient characteristics such as gender and mean age, mean
tumor diameter, Shamblin classification, type of embolization,
embolic agent used, time from embolization to surgery, and
follow-up period were extracted.

Data regarding outcomes of mean operative time, intra-
operative blood loss, postoperative hospital stay, and inci-
dence of perioperative complications such as TIA/stroke,
vascular injury, and cranial nerve injury were extracted. While
extracting data for cranial nerve injuries all reports of tem-
porary or permanent nerve paralyses were included. While
extracting data for vascular injury, all reports of vascular
events during surgery such as artery rupture, resection, liga-
tion, or reconstruction were included.

Two authors (M.G.K. and D.B.) completed data extraction
independently from each other. Extracted data were cross-
checked for any inaccuracies. A third author (S.R.) was
consulted to resolve any disagreements.

A dataset was formed from the extracted data and was
demonstrated using a Microsoft Excel (version 16.49)
spreadsheet.
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Data Preparation Measures
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Any missing data was identified with a “-” on the dataset. In
cases where multiple data were provided for a single outcome
within one patient group (i.e., operative time reported per
Shamblin grade in an embolization group), a weighted average
was calculated in order to obtain one single data point for that
outcome or characteristic. Where standard deviation was
missing, the equation provided by Hozo et al.'* was used to
calculate mean and standard deviation from median and
interquartile range (IQR).

Risk of Bias Assessment

Risk of bias was determined using the Newcastle-Ottawa
Scale (NOS). Bias was assessed for each study on 3 do-
mains: selection, comparability, and outcome assessment with
a maximum attainable score of 9. Funnel plots and Egger’s
regression test were used to assess possible publication bias
for each outcome with >10 selected studies.

Data Synthesis and Analysis

RevMan (version 5.4, The Cochrane Collaboration, Lon-
don, UK) was used as software to conduct the statistical
analysis. For continuous outcomes, standardized mean
difference (SMD), 95% confidence intervals (Cls), and
P-value are reported. For dichotomous data, an odds ratio
(OR) is reported, with 95% confidence intervals. Hetero-
geneity was assessed by utilizing Higgins I? statistic.
I> <50% indicated low heterogeneity, whereas I> >50% was
considered indicative of significant heterogeneity. A ran-
dom effects model was preferred in cases where there was
high study heterogeneity. Results were demonstrated with
the use of Forest plots.

Results

Study Selection

The study selection process is demonstrated in Figure 1. A
total of 2320 studies were identified during the initial search;
1081 of them were duplicates and were removed. The re-
maining 1239 studies were screened on title and abstract for
eligibility criteria; 952 studies were removed on the grounds
that they reported data on other paragangliomas, focused on
diagnosis of CBTs rather than management of it or reported
data on patients managed conservatively.

The remaining 287 studies were assessed on their full text;
262 studies were excluded for failing to meet the eligibility

criteria. Most common reason of exclusion was the study
being a case report. Finally, 25 studies in total were eligible for
systematic review and 23 studies were eligible for meta-
analysis.

Study and Patient Characteristics

Characteristics of the selected studies are summarized in
Tables 1 and 2. Twenty-four studies were retrospective
studies, and one s‘cudy14 was a randomized trial. Of total,
1649 patients were included in total, 663 were managed by
preoperative embolization followed by a surgical resection of
the tumor (EMB) whereas 986 were managed by surgical
resection alone (NEMB). Patient enrollment period ranged
from 1972 to 2020.

All studies reported embolization via a trans-arterial route.
The most frequently used embolic agent was polyvinyl al-
cohol (PVA). Time from embolization to resection of the
tumor ranged from 0 to 144 h, although embolization was
carried out within 48 h before surgery at most centers.

Patient characteristics of selected studies are summarized in
Table 3. Overall, more female patients were enrolled than male
patients. The pooled mean age was 54.67 + 8.96 years. The
mean tumor size in the embolization group was 4.49 +0.44 cm
(range 3.5 to 6 cm), while in the non-embolization group, it
was 3.98 £0.56 cm (range 3 to 5.09 cm). This was statistically
comparable between the two groups (P > .05).

Five studies'”'®?%?73¢ did not report Shamblin classifi-
cation. Two**** studies did report it but did not differentiate
between the embolization and non-embolization groups.
Regarding those studies that did report the Shamblin groups
specific for each patient group, the total number of patients
with each Shamblin grade were more or less equal in the
embolization and the non-embolization groups.

Outcomes

The primary outcomes (operative time, intraoperative blood
loss, post-op hospital stay, TIA/stroke, vascular injury, and
cranial nerve injury) of this study are summarized in Table 4.
Two studies®'** were excluded from the meta-analysis as they
had missing data making the calculation of standard deviation
not possible. The results of the meta-analysis are demonstrated
in Figures 2-3.

Operative Time. Eleven studies'®*'272%273 reported data on
mean operative time. Pooled analysis demonstrated that there
was no statistically significant difference in operative time
between those patients who were treated with preoperative
embolization and those who were not (SMD = —0.41; 95%
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10 abstract from
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Figure |. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flowchart. CBT indicates carotid body tumor.

CI: —0.93 to 0.11; P = .12) (Figure 2). Significant hetero-
geneity was found among selected studies (I° = 86%, P <
.00001) (Figure 2).

Intraoperative Blood Loss. Fifteen studies'>'¢-'821727-29-30-33.37.38
reported sufficient data on estimated intraoperative blood loss.
Pooled analysis demonstrated that there was no statistically
significant difference in intraoperative blood loss between pa-
tients who were managed with preoperative embolization and
those who were not (SMD = —0.47; 95% CI: —1.00 to 0.06; P=
.08) (Figure 2). There was significant heterogeneity between
studies (F = 89%; P < .00001) (Figure 2).

Postoperative Hospital Stay. Seven studies'’-*32%-26:29-35:37 re.
ported sufficient data for postoperative hospital stay. Pooled
analysis demonstrated that there was no statistically significant

difference in postoperative hospital stay between patients who
were managed with preoperative embolization and those who
were not (SMD = —0.19; 95% CI:. —2.01 to 1.63; P = .84)
(Figure 2). There was significant heterogeneity between
studies (7 = 99%; P < .00001) (Figure 2).

Perioperative Complications

A major criterion of exclusion from the meta-analysis was
studies failing to report incidence of complications separately
for each group (EMB and NEMB).

TIA/Stroke. Twelve — studies!’-2072426:29:30.32.3435  rerted
sufficient data for TIA/stroke incidence. Pooled analysis
demonstrated that there was no significant difference in in-
cidence of TIA/stroke between patients who underwent
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Table 1. Study Characteristics of Included Studies.

Study Patient enrollment Total patients in Total patients in Follow-up period
Author and year design period Country EMB NEMB (months)
Amato et al.,, 2019"* RT 20042016 Italy 10 23 2648
Avgerings et al., R 1975-2009 Greece 4 23 6-288
2011
Bercin et al., 2015'® R 20102014 Turkey 7 6 -
Cobb et al.,, 2018'7 R 2006-2013 USA 75 453 -
del Guercio et al., R 19722012 Italy 5 20 9-216
2013'®
Gézen et al., 2020'° R 2012-2019 Turkey 15 I -
Gwon et al., 201 1% R 1998-2008 South 14 2 -
Korea
Ikeda et al., 2018 R 1995-2015 Japan 76 18 -
Law et al., 201722 R 19942014 China 9 I 94
Li et al., 2010% R 19972007 China 33 29 13-96
Li et al., 2022%* R 2007-2020 China 130 39 2-156
Lim et al,, 2010%° R - South 7 6 15-64
Korea
Liu et al., 20182 R 2002-2016 China 31 27 -
Mohebali et al., 2020’ R 1996-2018 USA 27 4 -
Mourad et al., 201628 R 1997-2014 USA 53 43 3-84
Osofsky et al., 2021%° R 2001-2019 USA 20 28 -
Power et al., 2012%° R 19852010 USA 29 69 0-236
Rao et al., 20173 R 2010-2015 India I 6 12
Sen et al., 201332 R 2005-201 | India 15 19 1-60
Wernick et al., 2020°3 R 2002-2019 USA 9 16 -
Wau et al,, 202234 R 2003-2019 China 28 28 1—48
Yazman et al., 20223 R 2005-2020 Turkey 23 27 3-90
Zeitler et al., 2010%° R 1989-2009 USA 10 15 -
Zhang et al., 2012% R 2005-2010 China 21 8 1248
Zhang et al., 20183 R 2006-2016 China I 18 12-156
Abbreviations: RT: randomized trial; R: retrospective study; EMB: embolization group; NEMB: non-embolization group; “-” indicates no data provided.

preoperative embolization and those who did not (OR = 1.07;
95% CI: 0.56-2.03; P = .84) (Figure 3). There was low
heterogeneity between studies (F = 23%; P = .21) (Figure 3).
Vascular Injury. Fourteen studies'®!0-'%-22724.20.28-30.34-36.38
reported sufficient data for incidence of vascular injury. A
total of 783 patients (409 patients in embolization (EMB)
group and 374 in non-embolization (NEMB) group) were
included in total. Comparative analysis demonstrated that
incidence of vascular injury was significantly lower in patients
who had preoperative embolization (OR = 0.60; 95% CI:
0.42-0.84; P =.003) (Figure 3). There was low heterogeneity
between studies (= 42%; P = .05) (Figure 3).

Cranial Nerve Injury. Fifteen studies!17-1921:232426.28-3032.34-36.38
reported sufficient data for incidence of cranial nerve injury for
both groups of patients. No significant difference was found
between patients who were managed with preoperative emboli-
zation and those who were not (OR = 1.35; 95% CI: 0.96-1.88;
P =.08) (Figure 3). There was low heterogeneity between studies
(P = 40%; P = .06) (Figure 3).

Sub Analysis According to Shamblin Grade. A subgroup analysis
according to Shamblin grade was performed for the outcome
of operative time. Two studies®'*** reported sufficient details.
There was no statistically significant difference between the
two groups of patients regardless of Shamblin grade of the
tumor.

Quality Assessment

Newcastle-Ottawa Scale (NOS) was used to assess risk
of bias and quality of selected observational studies.
The result for each study is demonstrated in Table 5. None
of the selected studies scored as low quality (total
NOS <3 stars).

Publication bias could not be assessed for postoperative
hospital stay as the outcome had <10 included studies. A
funnel plot and Egger’s test were used to ascertain publication
bias for all other outcomes.

The funnel plots for the outcomes of operative time and
intraoperative blood loss (Figure 4) demonstrate a relatively
symmetrical distribution of studies, hence suggesting low
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Table 2. Embolization Techniques in Selected Studies.

Author and year

Embolic agent used

Time from embolization to surgery (hrs)

Amato et al., 2019'* PVA -
Avgerinos et al., 2011"° PVA 48
Bercin et al., 2015'® PVA 24-48
Cobb et al.,, 2018'7 - 0-72
del Guercio et al., 2013'8 - 24
Gozen et al., 2020'7 PVA 24-48
Gwon et al., 2011%° PVA and gelfoam 48-72
Ikeda et al., 2018%' - 24-48
Law et al., 201722 - -

Li et al.,, 2010%3 PVA, gelfoam, and microcoils 24-144
Li et al., 2022%* PVA and microspheres 24
Lim et al., 2010% PVA 48
Liu et al., 20182 - 24-48
Mohebali et al., 2020%’ - -
Mourad et al., 201628 - 0-48
Osofsky et al., 2021%° PVA 24
Power et al., 2012%° PVA 24-72
Rao et al., 2017°' EVOH -
Sen et al., 2013% PVA and gelfoam 0-24
Wernick et al., 2020°3 - -
Wu et al., 20223* Microcoils 24-72
Yazman et al., 20223 PVA 24-48
Zeitler et al., 2010%° PVA 48-72
Zhang et al., 2012% PVA and fibered platinum coils 048
Zhang et al., 2018% PVA, tornado microcoil, and EVOH 048

Abbreviations: PVA: polyvinyl alcohol; EVOH: ethylene vinyl alcohol copolymer.

possibility of publication bias, which was supported by an
Egger’s regression test reporting a P-values of .36 and .25,
respectively.

The funnel plot for the outcome of vascular injury
(Figure 5) demonstrates a relatively asymmetrical distribution,
hence suggesting a possibility of publication bias. This finding
was not supported by an Egger’s regression test which re-
ported a P-value of .11, suggesting a low probability of
publication bias.

The funnel plots for TIA/stroke and cranial nerve injury
(Figure 5) demonstrates a relatively symmetrical distri-
bution of studies, hence suggesting low possibility of
publication bias, which was supported by an Egger’s
regression test reporting a P-values of .43 and .34,
respectively.

Discussion

Our findings did not demonstrate a statistically significant
advantage of preoperative embolization in relation to intra-
operative blood loss, operative time, and postoperative hos-
pital stay. Nevertheless, we observed a statistically significant
reduction in the incidence of one specific intraoperative
complication, namely, vascular injury, as a result of

preoperative embolization. However, there was no statistically
significant advantage of this technique in terms of other
perioperative complications.

We were able to perform a subgroup analysis by Shamblin
grade with regards to one of the outcomes, operative time. We
did not find a statistically significant difference in operative
time regardless of Shamblin grade of the tumor. It should be
noted, however, that the subgroup analysis was limited by the
inclusion of only two studies.

Schick et al.” pioneered the use of preoperative emboli-
zation as an adjunctive procedure for CBT resection in 1980.
Their work highlighted that embolization effectively dimin-
ishes tumor vascularity, resulting in a reduction of intra-
operative bleeding. Although preoperative embolization is
becoming increasingly widely used, no consensus has yet
been made on its benefit.'’

Vascular injury is one of the complications observed in
CBT resection surgery given the location of these tumors.
The risk is particularly higher in case of large Shamblin III
tumors, which commonly require vascular reconstruc-
tion.** Devascularization of the tumors through emboli-
zation prior to surgery would cause a decrease in tumor
size,*” enhancing the safety of the resection. This, in turn,
would be expected to reduce the incidence of intraoperative
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Table 3. Patient Characteristics of Selected Studies.

Patient Total patients  Male:female Mean age  Mean tumor size in cm  Shamblin classification (I/1l/
Author and year group (n) (n) (SD) (SD) 1)
Amato et al., 2019'* EMB 10 3.7 59 47 0/7/4
NEMB 23 [1:12 4. 0/16/7
Avgerinos etal., 2011 '® EMB 4 13:14 46 - 0/22
NEMB 23 - 8/9/8
Bercin et al.,, 2015'® EMB 7 2:5 47.4 46 0/6/1
NEMB 6 I:5 498 4.16 0/6/0
Cobb et al., 2018'7 EMB 75 24:51 50.6 (15.9) - -
NEMB 453 146:299 55.4 (15.4) - -
del Guercio et al,, EMB 5 18:7 39.7 (13.5) - -
2013'8 NEMB 20 - -
Gézen et al., 2020'° EMB 15 5:10 41,53 (11.03) 3.9 (1.19) 11717
NEMB I 3:8 48.18 (14.39) 3.09 (1.38) 3/7/1
Gwon et al., 2011%° EMB 14 5:01 417 3.34 (1.24) 8/4/5
NEMB 2
Ikeda et al., 20182' EMB 76 63:87 47.6 (13.3) 3.45 19/48/9
NEMB 18 41113
Law et al., 2017 EMB 9 416 37 (9.9) 3.8 (1.5) -
NEMB I 3.9 (1.6) -
Li et al., 2010% EMB 33 15:18 40.2 - 0/11/25
NEMB 29 12:17 443 - 0/9/21
Li et al,, 2022%* EMB 130 85:84 37.24 (12.02) 4.35 (1.5) 5/105/20
NEMB 39 3.54 (1.6) 7127/5
Lim et al., 2010%° EMB 7 6:7 453 (8.1) 35 0/4/3
NEMB 6 3.9 1/0/5
Liu et al., 20182 EMB 31 6:25 43,52 (10.38) 5.16 (1.57) 0/22/9
NEMB 27 8:19 42.78 (9.08) 5.09 (1.57) 0/18/9
Mohebali et al., 2020%” EMB 27 27:41 50.83 - -
NEMB 4 - -
Mourad et al.,, 201628 EMB 53 50:46 492 - 13/24/16
NEMB 43 - 10/26/12
Osofsky et al., 2021%° EMB 20 3:17 47 (l6) 4(0.7) L(1)/18 (I & 1IT)
NEMB 28 5:23 52 (14) 3.3 (1) 6(1)/22 (Il & 1)
Power et al., 2012%° EMB 29 8:21 47 47 0/21/12
NEMB 69 32:37 48 4. 0/50/21
Rao et al., 20173 EMB I - - - 0/1/0
NEMB 6 - - - 3/3/0
Sen et al., 201332 EMB 15 21:13 382 - 0/2/13
NEMB 19 - 1/4/14
Wernick et al., 2020°3 EMB 9 9:16 49 4 4/10/11
NEMB 16 3
Wau et al., 20223 EMB 28 8:20 46.6 48 2/13/13
NEMB 28 8:20 426 46 2/14/12
Yazman et al., 2022% EMB 23 419 49 (3.05) 43 (0.3) 4/9/10
NEMB 27 5:22 51.7 3.2) 3.5(0.2) 8/15/5
Zeitler et al., 2010%¢ EMB 10 4:6 4] 48 -
NEMB 15 6:9 43.7 44 -
Zhang et al., 2012% EMB 21 22:10 47 45 2/14/5
NEMB 8 3.9 1/5/2
Zhang et al., 2018% EMB I 47 47 6 1/7/3
NEMB 18 7:11 45 45 71912

Abbreviations: EMB: embolization group; NEMB: non-embolization group.
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Table 4. Outcome Data of Selected Studies.

Mean post-op

Patient Mean operative Mean intraoperative hospital stay, days TIA/ Vascular  Cranial nerve
Author and year  group time in min (SD)  blood loss in mL (SD) (SD) stroke (n) injury (n) injury(n)
Amato et al., EMB 250 263 4. - 5 7
2019' NEMB 265 599 42 - 21 I
Avgerinos et al., EMB - 415 (182.6) - - - -
2011'® NEMB - 710 (350) - - - -
Bercin et al., EMB 172 (18.3) 375 (280.5) - - 4 -
2015'® NEMB 160 (24.5) 283 (226.5) - - | -
Cobb et al, EMB - - 45 (1.2) 3 - 0
2018"7 NEMB - - 2 (0.6) 3 - 2
del Guercio EMB - 320 (85) - - - -
etal,2013'®  NEMB - 255 (48) - - -
Gozen et al,, EMB - - - - 3 7
2020" NEMB - - - - | 2
Gwon et al., EMB - - - 3 - -
2011%° NEMB - - - [ - -
Ikeda et al., EMB 280.5 (74.96) 385.2 (126.59) - 0 - 51
2018? NEMB 287.2 (83.45) 188.9 (112) - [ - 10
Law et al., EMB 264 (161) 530 (697) - 2 2 -
2017% NEMB 269 (132) 667 (628) - 0 0 -
Lietal, 2010  EMB 170.3 (75.4) 354.8 (334.4) 8 (21) [ 3 [
NEMB 224.6 (114) 656.4 (497.4) 9.5 (3.5) 3 4 4
Li etal, 2022  EMB 19548 (111.97) <30 mm: 55.9 (23.2) - 5 38 29
>30 mm:202.6 (73.9)
NEMB  205.64 (117.82) <30 mm: 27.9 (9.4) - 3 13 I
>30 mm:312.5 (131.7)
Lim et al,, EMB 360 (103.9) 550 (301.4) 8 (2.3) - - -
2010% NEMB 355 (75.1) 675 (353.9) 8(1.2) - - -
Liu etal,2018% EMB 110.6 (35.8) 140.3 (57.1) 9.9 (2.1) [ 8 2
NEMB 188.3 (66.4) 396.4 (272.8) 10.9 3.7) 2 13 4
Mohebali et al,, EMB 198.33 (61.13) 437 (545) - 0 - 0
202077 NEMB 161.5 (55.56) 262 (222) - 0 - 0
Mourad et al., EMB 349 105 - - 10 4
201628 NEMB 38.1 10 - - 14 2
Osofsky et al., EMB 337 (195) 242 (178) 3.8 (2.9) [ 2 8
2021%° NEMB 199 (100) 242 (27) 2.3 (2.1) I 2 2
Power et al., EMB 250 263 (250) 4.1 0 8 21
2012°° NEMB 265 599 (265) 42 [ 40 32
Rao et al., EMB 102 120 - - - -
2017° NEMB 73.3 (9.9) 131.2 (15.5) - - - -
Senetal,2013’2 EMB - - - 2 - 7
NEMB - - - 0 - 4
Wernick et al., EMB - 299 - - - -
2020°* NEMB - 205 - - - -
Wu et al,, EMB - - - [ 2 10
20223 NEMB - - - 0 10 16
Yazman et al., EMB - 217 (31) 5.1 (0.4) [ 4 5
2022%° NEMB - 406 (45) 6 (0.3) I 6 7
Zeitler et al., EMB - 305 - | 2
2010%¢ NEMB - 265.6 - - | 2
Zhang et al., EMB 185 (17.6) 365 (236.1) 5.5 (1.2) - - -
20127 NEMB 217.5 (26) 500 (261.4) 8.3 (1.5) - - -
Zhang et al., EMB 122.5 (14.5) 85 (23.3) - - 6 4
201838 NEMB 161.8 (9.6) 268.8 (115.3) - - 6 4

Abbreviations: EMB: embolization group; NEMB: non-embolization group.
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Testfor overall effect Z=0.20 (P =

0.54)

Favours EMB Favours NEMB

(a) EMB NEMB Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bercin 2015 172 183 7 160 245 B 6.7% 0.52[-0.59,1.64] ==
lkeda 2018 181 38 19 240 102 4 6.6% -1.09 [-2.22, 0.04] |
Ilkeda 2018 Shamblin Il 290 183 48 255 123 11 8.4% 0.20[-0.46, 0.85]

Ikeda 2018 Shamblin lll 440 139 9 468 104 3 60% -0.19[-1.50,1.12) —_— T

Law 2017 264 161 9 269 132 11 7.6% -0.03 [-0.91, 0.85) S

Li 2010 170.3 75.4 33 2246 114 29 8.8% -0.56 [-1.07,-0.05] —

Li 2022 19548 111.97 130 20564 11782 39 9.2% -0.09 [-0.45, 0.27] .

Lim 2010 360 1039 7 355 751 B 6.8% 0.05[-1.04,1.14) —

Liu 2018 1106 358 31 1883 66.4 27 8.6% -1.47 [-2.05,-0.88] =

Mohebali 2020 19833 6113 27 1615 6556 41  8.9% 063[0.13,1.13] ——

Osofsky 2021 337 195 20 199 100 28 8.5% 0.92[0.32,1.53] —

Zhang 2012 185 17.6 21 2175 26 8 7.4% -1.57 [2.49,-0.65] —_—

Zhang 2018 1225 145 11 1618 96 18 6.5% -3.28[-4.45,-2.10]

Total (95% CI) 372 231 100.0% -0.41 [-0.93, 0.11] e

Heterogeneity: Tau®= 0.73; Chi*= 84.63, df=12 (P < 0.00001); F= 86% i4 2 g 2 51
Testfor overall effect Z=1.54 (P=0.12) Favours EMB Favours NEMB

(b) EMB NEMB Std. Mean Difference $td. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Avgerinos 2011 415 1826 4 710 380 23 51% -0.86 [1.95,0.23] —

Bercin 2015 375 2805 7 283 2265 B 51% 0.33[-0.77,1.43] =

del Guercio 2013 320 85 5 255 48 20 5.2% 1.121[0.08, 2.15] [

lkeda 2018 171 226 19 56 45 4 51% 0.53[-0.56, 1.62] &

Ikeda 2018 Shamblin Il 468 387 48 178 206 " 59% 0.79[0.12,1.486] -

Ikeda 2018 Shamblin lll 396 147 9 406 218 3 4.7% -0.06 [-1.36,1.29] o

Law 2017 530 697 9 B67 628 11 5.5% -0.20 [-1.08, 0.68] T

Liz010 3548 3344 33 6564 4974 29 6.1% -0.71 [1.23,-0.20] =

Li 2022 (less than 30 mm) 559 232 11 279 94 12 54% 1.55[0.60, 2.51] T

Li2022 (morethan 30 mm) 2026 739 119 3125 1317 27 6.2% -1.25[1.70,-0.81] =

Lim 2010 550 301.4 7 B75 35349 B 51% -0.36 [-1.46,0.79] =T

Liu 2018 140.3 571 31 3964 2728 27 6.1% -1.33[1.90,-0.75] =

Mohehali 2020 437 845 27 282 222 41 6.2% 0.45[-0.04, 0.94] =

Osofsky 2021 242 178 20 242 27 28 6.1% 0.00[-0.57,0.57] T

Power 2012 263 250 29 598 265 69 6.2% -1.28 [-1.75,-0.81] -

Yazman 2022 217 kil 23 406 45 27 5.0% -4.74 [-5.86,-3.63] -

Zhang 2012 365 236.1 21 500 261.4 8 56% -0.54 [-1.37,0.29] =

Zhang 2018 85 233 11 2688 1153 18 54% -1.93[-2.85,-1.01] -

Total (95% CI) 433 370 100.0% -0.47 [-1.00, 0.06] ‘l

Heterogeneity: Tau®= 1.12; Chi*= 160.21, df= 17 (P < 0.00001); F= 89% _1=EI 5 1 t 1=U
Testfor overall efiect: Z=1.75 (P = 0.08) Favours EMB  Favours NEMB

()

EMB NEMB Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Caobh 2018 45 1.2 75 2 0B 453 146% 3.49[3.17, 3.81] et
Li 2010 8 21 33 95 35 29 145% -0.52 [-1.03,-0.01] ]
Lim 2010 8 23 7 g8 12 6 139% 0.00 [-1.08, 1.09] e
Liuw 2018 99 21 3N 109 37 27 14.4% -0.33[-0.85,019] bed i
Osofsky 2021 38 29 20 23 21 28 144% 0.60 [0.01,1.19] el
Yazman 2022 51 04 23 6 0.3 27 14.3% -2.54 [-3.30,-1.78] =
Zhang 2012 55 1.2 21 83 15 8 140% -212F3.12,-1.12] —_—
Total (95% CI) 210 578 100.0% -0.19 [-2.01, 1.63] ?
Heterogeneity. Tau®=5.89; Chi®= 412.69, df=6 (P < 0.00001); F= 99% -4 -2 ) i ;1

Figure 2. Forest plots comparing operative time (a), intraoperative blood loss (b), and post-operative hospital stay (c) in embolization (EMB)

and non-embolization groups (NEMB). Cl indicates confidence interval.
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(a) EMB NEMB Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Ci M-H, Fixed, 95% CI
Cobb 2018 3 75 3 453 46% 6.25[1.24,31.57)
Gwon 2011 3 14 1 2 77% 027[0.01,577)
Ikeda 2018 0 76 1 18 13.3% 008[0.00,185) +————1—
Law 2017 2 9 0 11 18% 7.67(0.32,183.01] +
Li 2010 1 33 3 29 173%  0.27(0.03,2.76) ————,———
Li 2022 5 130 3 39 247%  048[0.11,2.11] i
Liu 2018 1 31 2 27 115%  0.42[0.04,487) _ e .
Osofsky 2021 1 20 1 28 44% 1.42[0.08,24.18)
Power 2012 0 29 1 69 49% 0.77[0.03,19.56)
Sen 2013 2 15 0 19  21% 7.22[0.32,162.68] +
Wil 2022 1 28 0 28 26% 3.11[01279.64)
Yazman 2022 1 23 1 27 48% 1.18[0.07,20.01)
Total (95% CI) 483 750 100.0%  1.07 [0.56, 2.03] -
Total events 20 16
Heterogeneity: Chi*=14.34, df= 11 (P =0.21); F= 23% =U 0 051 1f0 1UD=
Test for overall effect Z=0.20 (P = 0.84) Favours EMB Favours NEMB
(b)
EMB NEMB Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Amato 2019 5 10 21 23 768% 010[0.01,064]
Bercin 2015 4 7 1 6 05% 6.67[0.49,91.33] i
Gozen 2020 3 15 1 11 11% 2.50[0.22, 27.94] EE—
Law 2017 2 9 0 11 04% 7.67[0.32 183.01] +
Li 2010 3 33 4 28 46% 063[0.13 3.06] ———
Li 2022 38 130 13 3% 16.8%  0.83[0.381.78] = A
Liu 2018 8 A 13 27 122%  037[012,1.13] ==&
Mourad 2016 10 &3 14 43 149%  048[0.18,1.23) F———
Osofsky 2021 2 20 2 28 1.8% 1.44[0.19,11.22) —
Powrer 2012 8 29 40 68 20.3%  0.28[0.11,0.71)] EE T
Wiu 2022 2 28 10 28 11.0%  0.14[0.03,071] — &
Yazman 2022 4 23 6 27 54%  0.74[0.18 3.02] ——
Zeitler 2010 1 10 1 15 0.9% 1.56(0.09,28.15)
Zhang 2018 6 1 6 18 25% 240[0.51,11.19] —
Total (95% CI) 409 374 100.0%  0.60[0.42,0.84] L 2
Total events 96 132
Heterogeneity: Chi*= 22.24, df= 13 (P = 0.05); = 42% ‘ru 0 051 150 1 Dnl
Test for overall effect: Z= 2.95 (P = 0.003) & Favours EMB Eavours NEMB
()
EMB NEMB Odds Ratio 0Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Amato 2019 7 10 11 23 34% 255[052,12.37] ]
Cobb 2018 0 75 2 453 1.2% 1.20[0.08, 25.16]
Gozen 2020 715 2 11 21% 3.94[063,2473 -
lkeda 2018 51 76 10 18 9.0%  1.63[0.57, 4.64] — e —
Li 2010 1 33 4 29 70%  0.20(0.021.86] S —
Li 2022 29 130 1 38 222%  0.73[0.32,1.64] m—r—
Liuz018 2 A 4 27 B8%  040(0.07,2.36] E—
Mourad 2016 4 53 2 43 3.4% 1.67 [0.29, 9.60] —_—t
Osofsky 2021 8 20 2 28 1.7% B8.67[1.59 47.15]
Power 2012 21 29 32 63 88% 304118 7.78] =
Sen 2013 715 4 19 32% 3.28(0.73,14.68] T
Wu 2022 10 28 16 28 17.4%  042[0.14,1.22] =y
Yazman 2022 5 23 7 27 8.5% 0.79[0.21, 2.95] "
Zeitler 2010 2 10 2 15 22% 1.63[0.19,13.93] —
Zhang 2018 4 1 4 18 3.3% 2.00[0.38,10.48] N N
Total (95% CI) 559 847 100.0%  1.35[0.96,1.88] >
Total events 158 13
Heterogeneity: Chi*= 23.24, df= 14 (P = 0.06); F= 40% }0‘01 t 150 1UO=

Testfor overall effect Z=1.74 (P = 0.08)

Favours [EMB] Favours [NEMB]

Figure 3. Forest plots comparing incidence of transient ischemic attack (TIA) and stroke (a), vascular injury (b), and cranial nerve injury (c) in
embolization (EMB) and non-embolization groups (NEMB). Cl indicates confidence interval.
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Table 5. Scoring of Each Paper for Each Category of the Newcastle-
Ottawa Scale (NOS).

Selection Comparability Outcome

Amato et al., 2019'* kK * **
Avgerinos et al,, 2011"° HHHH * HHH
Bercin et al., 2015'¢ HHK * *

Cobb et al.,, 2018'7 HHK *k *

del Guercio et al., 20138 k¥ - **
Gézen et al., 2020'° HH K * *

Gwon et al., 2011%° KK - *

Ikeda et al., 2018%' A KK * *

Law et al., 201722 KK - FHH
Li et al., 2010% e H - *k
Li et al., 2022%* HHK - **
Lim et al., 2010% FH K - **
Liu et al., 20182 e H * Kk
Mohebali et al., 2020’ HHK - HHK
Mourad et al., 201628 ¥ - 23
Osofsky et al., 2021%° kK * *H
Power et al., 2012%° HH e K * FHH
Rao et al., 2017 el H - HkH
Sen et al., 201332 KK * HHK
Wernick et al., 2020°3 HHH - * K
Wu et al., 2022°* HHH - K
Yazman et al., 2022%° ¥ - 23
Zeitler et al., 2010%° KK - *

Zhang et al., 2012% HHHH - HH
Zhang et al., 20183 FHH - *H

* indicates one point on the scale.

complications such as vascular injury, as observed in our
study.

Our findings in this study are partially consistent with a
previous meta-analysis conducted by Abu Ghanem et al.,*'
as they also did not find preoperative embolization to be
effective in reducing operative blood loss and operative
time. However, this contrasts with the results of two other
meta-analyses by Jackson et al. (2015)** and Texakalidis
et al. (2019),*® wherein they report favorable outcomes
associated with preoperative embolization. Notably, our
study is the first to recognize a reduction in the incidence
of vascular injury following embolization. Our results
with regards to other perioperative complications such as
TIA/stroke and cranial nerve injury were congruent with
the previous meta-analyses.

The observed disparities in the results can be attributed
to several potential factors. Firstly, our study excluded
studies published prior to January 1, 2010, whereas pre-
vious analyses incorporated older studies into their ana-
lyses. Among the more recent studies included in our meta-
analysis (published between 2019 and 2022), Mohebali
et al.?” presented data that contradicted the use of embo-
lization in terms of both operative time and blood loss.
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Figure 4. Funnel plot to assess publication bias for the outcomes of
operative time (a) and intraoperative blood loss (b).

Furthermore, Jackson et al.** included single-arm studies,
which were excluded from our study. Although Texakalidis
et al.** and our study included a similar number of patients,
Jackson et al.** included a smaller patient cohort. Con-
sidering these differences, patient population included in
our study significantly differed from that of the previous
meta-analyses, which could account for the observed
discrepancies.

Limitations

All included studies were retrospective comparative in
nature except for one randomized trial, limiting the level of
evidence of the study. Absence of universal guidelines on
patient selection for preoperative embolization introduces
selection bias as, allocation to treatment group relied largely
on patient and/or surgeon preference. Additionally, surgical
technique differed between studies. Rao et al.*' proposed an
“INT-EX” approach to dissection of the tumor, where the
surgeon begins the resection by separating the tumor from
the internal carotid artery as opposed to the external carotid
artery, suggesting that this technique can lead to a reduction
in operative time and vascular injury. Not all included
studies utilized this technique. Moreover, surgeon’s
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Figure 5. Funnel plots to assess publication bias for the outcome of
transient ischemic attack (TIA) and stroke (a), vascular injury (b),
and cranial nerve injury (c).

experience may also influence operative time as well as
perioperative complications.

Although most of the studies had a similar design com-
paring two patient groups (EMB and NEMB), one study
(Avgerinos et al.)'® reported a third patient group managed
with external carotid artery (ECA) stenting. This group of
patients were disregarded. In the majority of the studies,
embolization was performed within 48 h preceding the

surgery. However, one study (Li et al.)*> reported a maxi-
mum interval of 144 h between embolization and surgery.
Intraoperative blood loss is an estimated value, depending on
accurate reporting from the surgical staff. Hence, the ac-
curacy of the data for this may be contested. Furthermore,
while blood loss was mostly reported in milliliters, one study
(Gozen et al.)'? reported it as “amount of hematocrit lost.”
Results from this study could not be incorporated into the
overall analysis, and thus were disregarded. Lastly, some of
the studies lacked data on how long the patients were fol-
lowed up for in the postoperative period, introducing am-
biguity regarding the time interval over which the data was
collected.

Future Perspectives

Given the predominantly retrospective nature of the existing
studies on this topic, there is a need for additional research
with a higher level of evidence, such as prospective studies or
randomized trials, to enable a more robust and reliable
analysis. Another area of focus would be investigating the
effect of time from embolization to surgery, tumor size or
Shamblin grade, and surgical resection techniques on the
outcomes outlined above.

Surgery is generally preferred over radiotherapy in the
management of CBTs, as it’s believed that radiotherapy
alone seldom leads to complete tumor regression.**
However, findings of a systematic review conducted by
Suarez et al. (2014)*° contradict this, indicating that ra-
diotherapy offers a similar degree of tumor control as
surgery whilst avoiding complications that might arise from
surgery. Nevertheless, cervical irradiation does carry its
own risks, such as the risk of stroke, which is reported to be
as high as 12% in the long term.*® Unfortunately, a limited
number of comparative studies exist in literature rendering
conducting a formal meta-analysis challenging. Further
research should be done in this regard to optimize
patient care.

Conclusion

This systematic review and meta-analysis demonstrated that
while incidence of vascular injury was lower in patients who
were managed with preoperative embolization, there was no
statistically significant benefit of embolization on intra-
operative blood loss, operative time, postoperative hospital
stay, and perioperative complications of TIA/stroke and
cranial nerve injury.
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Appendix A

Complete search query.

N Query Results

PUBMED 1033
| Search: Carotid body tumor + embolization/tumor 157
embolization/preoperative embolization
((carotid body tumor [MeSH terms]) OR (carotid
body tumor) OR (carotid body tumors) OR
(carotid body tumors [MeSH terms])) AND
((embolization, therapeutic [MeSH terms]) OR
(embolization) OR (embolization) OR
(embolism) OR (tumor embolization) OR
(preoperative embolization)) AND (English
[Language]) AND ((*2010/01/01” [Date -
publication]: “2022/09/30” [Date - publication]))
2 Search: Paraganglioma + embolization/tumor
embolization
((Paraganglioma, carotid body [MeSH terms]) OR
(paraganglioma, extra adrenal [MeSH terms]) OR
(carotid body paraganglioma [MeSH terms]) OR
(carotid body paragangliomas [MeSH terms]) OR
(paraganglioma) OR (paragangliomas) OR
(carotid paraganglioma) OR (carotid
paragangliomas) OR (carotid body
paraganglioma) OR (carotid body gangliomas))
AND ((embolization, therapeutic [MeSH terms])
OR (embolization) OR (embolization) OR
(embolism) OR (tumor embolization) OR
(preoperative embolization)) AND (English
[Language]) AND ((“2010/01/01” [Date -
publication]: “2022/09/30” [Date - publication]))
3 Search: Glomus carotid body tumor + embolization 23
(glomus carotid body tumor) AND ((embolization,
therapeutic [MeSH terms]) OR (embolization)
OR (embolization) OR (embolism) OR (tumor
embolization) OR (preoperative embolization))
AND (English [Language]) AND ((*2010/01/01”
[Date - publication]: “2022/09/30” [Date -
publication]))
4 Search: Carotid body tumor + surgical resection/ 271
resection
((Carotid body tumor [MeSH terms]) OR (carotid
body tumor) OR (carotid body tumors) OR
(carotid body tumors [MeSH terms])) AND
((surgical resection) OR (resection)) AND
(English [Language]) AND ((“2010/01/01” [Date -
publication]: “2022/09/30” [Date - publication]))
5 Search: CBT + ultrasonography/mediums
((Carotid body tumor [MeSH terms]) OR (carotid
body tumor) OR (carotid body tumors) OR
(carotid body tumors [MeSH terms])) AND
((cyanoacrylate) OR (ultrasonography) OR
(micronized tantalum powder) OR (ethylene
vinyl alcohol copolymer)) AND (English
[Language]) AND ((*2010/01/01” [Date -
publication]: “2022/09/30” [Date - publication]))

322

260

(continued)

(continued)

N Query Results
Scopus 744
10 TITLE-ABS-KEY (“carotid body tumor” OR 744
“paragangliomas” OR “paraganglioma” OR “glomus
carotid body tumor” OR “carotid body
paraganglioma” OR *“carotid paraganglioma” AND
“embolization” OR *“embolism” OR “surgical
resection”) AND PUBYEAR >2009 AND
PUBYEAR <2023 AND (LIMIT-TO ( LANGUAGE,
“English”) )
Web of Science 543
16  ((TS = (carotid body tumor)) AND TS = 237
(embolization)) AND DOP=(2010-01-01/2022-09-
30)
17 ((TS = (paraganglioma)) AND TS = (embolization)) 242
AND DOP = (2010-01-01/2022-09-30)
18  ((TS = (glomus carotid body tumor)) AND TS = 64
(embolization)) AND DOP = (2010-01-01/2022-
09-30)
Journals
19 European journal of vascular and endovascular surgery 0
20  Journal of vascular surgery 0
21 Angiology 0
22 Journal of cardiothoracic surgery 0
23 Journal of thoracic and cardiovascular surgery 0
24 European journal of cardiothoracic surgery 0
25  Annals of vascular surgery 0
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