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Abstract

Introduction: Endovascular therapy is the standard of care for severe acute ischemic
stroke caused by large-vessel occlusion in the anterior circulation, but there is a
debate on the optimal anesthetic approach during this therapy. Meta-analyses of
observational studies suggest that general anesthesia increases disability and death
compared with conscious sedation However, their results are conflicting. This meta-
analysis study was performed to assess the relationship between the effects of gen-
eral anesthesia compared to conscious sedation during endovascular therapy for
acute ischemic stroke.

Methods: Through a systematic literature search up to August 2020, 18 studies
included 4,802 subjects at baseline with endovascular therapy for acute ischemic
stroke and reported a total of 1,711 subjects using general anesthesia and 1,961
subjects using conscious sedation were found. They recorded relationships between
the effects of general anesthesia compared to conscious sedation during endovas-
cular therapy for acute ischemic stroke. Odds ratio (OR) or Mean differences (MD)
with 95% confidence intervals (Cls) were calculated between the effect of general
anesthesia compared to conscious sedation during endovascular therapy for acute
ischemic stroke using the dichotomous or contentious methods with a random or
fixed-effect model.

Results: No significant difference were found between general anesthesia and con-
scious sedation during the endovascular therapy for acute ischemic stroke in func-
tional independence at 90 days (OR, 0.78; 95% Cl, 0.44-1.40, p = 40); successful
recanalization at 24 hr (OR, 1.23; 95% Cl, 0.62-2.41, p = 55); mortality at 90 days
(OR, 1.36; 95% Cl, 0.83-2.24, p = .22); interventional complication (OR, 1.24; 95%
Cl, 0.76-2.02, p = .40); symptomatic intracranial hemorrhage (OR, 0.64; 95% Cl,
0.41-0.99, p = .05); aspiration pneumonia (OR, 0.96; 95% Cl, 0.58-1.58, p = .87); and
National Institute of Health Stroke Scale score after 24 hr (MD, 0.38; 95% Cl, -1.15-
1.91, p = .62); with relative relationship favoring general anesthesia only in decreas-

ing the symptomatic intracranial hemorrhage.
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1 | INTRODUCTION

Acute ischemic stroke is one of the main causes of mortality and
disability worldwide. Endovascular therapy is a standard of care
treatment for severe acute ischemic stroke produced by large-vessel
occlusion, suggested by international guidelines. (Touma et al., 2016)
When performing endovascular therapy, there are two anesthetic
types commonly used to make the acute ischemic stroke subject
immovable. They are general anesthesia and conscious sedation.
Which anesthetic type could result in the best outcomes is still an
open question. General anesthesia with intubation might be re-
lated to less pain and movement and lower aspiration risk. (Emiru
et al., 2014) Conscious sedation with the spontaneously breathing
subject may be related to less time and hemodynamic instability and
lower ventilation-related problems risk.

Former systematic review and meta-analyses (Abou-Chebl
et al., 2010; Brinjikji et al., 2015; Wan et al., 2019) and observa-
tional studies (Abou-Chebl et al., 2010, 2015; Just et al., 2016;
Mundiyanapurath et al., 2015) showed worse results from general an-
esthesia compared with conscious sedation in endovascular therapy.
Though, most of the studies might have selection bias since subjects
with more serious strokes are mostly treated under general anesthe-
sia. (Abou-Chebl et al., 2010,2015; Berkhemer et al., 2016; Bracard
et al., 2016; Brinjikji et al., 2015; Just et al., 2016; Mundiyanapurath
et al., 2015; Nichols et al., 2018) Also, randomized clinical trials
mostly have a low sample size to identify significant differences in
primary results. (Arthur et al., 2019; Léwhagen Hendén et al., 2017;
Schonenberger et al., 2016; Simonsen et al., 2018) Those meta-analysis
studies had very big limitations which are the small sample size. So,
a new and meta-analysis study is warranted. A recent meta-analysis
including only 3 randomized clinical trials with a large sample size
reported that general anesthesia delivers favorable functional inde-
pendence during endovascular treatment for acute ischemic stroke,
compared to conscious sedation. (Zhang et al., 2019).

Bearing in mind the difference and the limitation of former meta-
analysis studies, the present meta-analysis aimed to compare the ef-
fect of general anesthesia to that of conscious sedation on subjects

with ischemic stroke undertaking endovascular therapy.

intracranial hemorrhage.

Conclusions: General anesthesia has no independent relationship compared to con-
scious sedation during the endovascular therapy for acute ischemic stroke with a
relative relationship favoring general anesthesia only in decreasing the symptomatic

This relationship encouraged us to recommend either anesthetic strategy during

the endovascular therapy for acute ischemic stroke with no possible fear of higher

acute ischemic stroke, anesthetic strategy, conscious sedation, endovascular therapy, general

2 | METHODS

The study performed here followed the meta-analysis of studies in
the epidemiology statement, (Stroup et al., 2000) which was con-
ducted following an established protocol.

2.1 | Study selection

Randomized controlled trials included were that reported statisti-
cal measures of relationship (odds ratio [OR], incidence rate ratio or
relative risk, with 95% confidence intervals [Cls]) between the effect
of general anesthesia compared to conscious sedation during endo-
vascular therapy for acute ischemic stroke. All types of participant
populations were 218 years old.

Only human studies in any language were considered. Inclusion
was not restricted by study size or publication type. Publications ex-
cluded were studies that did not provide a measure of a relationship.
Figure 1 shows the whole study procedure.

Articles were integrated into the meta-analysis when the follow-

ing inclusion criteria were met:

1. The study was randomized clinical trials.

2. The target population is subjects with ischemic stroke undertak-
ing endovascular therapy.

3. The intervention program was based on general anesthesia and
conscious sedation.

4. The study included a comparison between general anesthesia and
conscious sedation

2.2 | ldentification

A protocol of search strategies was prepared according to the PICOS
principle, and we defined it as follow: P (population): subjects with is-
chemic stroke undertaking endovascular therapy; | (intervention/ex-
posure): general anesthesia and conscious sedation; C (comparison):

general anesthesia compared to conscious sedation; O (outcome):
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TABLE 1 Search Strategy for Each
Database
Database
Pubmed
Embase

Cochrane library

functional independence at 90 days, successful recanalization at
24 hr, mortality at 90 days, interventional complication, symptomatic
intracranial hemorrhage, aspiration pneumonia, National Institute of
Health Stroke Scale score after 24 hr, and symptomatic intracranial
hemorrhage; and S (study design): no restriction.

First, we conducted a systematic search of OVID, Embase,
Cochrane Library, PubMed, and Google scholar till June 2020, using
a combination of keywords and similar words for anesthetic strat-
egy, conscious sedation, general anesthesia, endovascular therapy,
and acute ischemic stroke as shown in Table 1. All identified studies
were combined in an EndNote file, duplicates were discarded, and
the title and abstracts were reviewed to exclude studies that did not
report a relationship between the effect of general anesthesia com-

pared to conscious sedation during endovascular therapy for acute

i r

After duplications remoral (n=750)

Records excluded
(n=2%4)

Full-test evaluated
(n=496)

Full-text excluded because not
related 1o the study inclusion
L criteria (N=44%)

Studies includes in
the meta-analysis
n=18)

Search strategy

#1 "Anesthetic strategy"[MeSH Terms] OR "Conscious sedation"[All
Fields] OR "General anesthesia"[All Fields]

#2 "endovascular therapy"[MeSH Terms] OR "Anesthetic strategy"
OR "endovascular therapy"[All Fields] #3 #1 AND #2

'‘Anesthetic strategy'/exp OR 'Conscious sedation'/exp OR 'General
anesthesia’

#2 'endovascular therapy'/exp OR 'endovascular therapy'

#3 #1 AND #2

(Anesthetic strategy):ti,ab,kw (Conscious sedation):ti,ab,kw
OR (General anesthesia) :ti,ab,kw (Word variations have been
searched)

#2 (endovascular therapy): ti,ab,kw (endovascular therapy)

#3 #1 AND #2

ischemic stroke, based on the previously mentioned inclusion and
exclusion criteria. The remaining articles were examined for cor-

related information.

2.3 | Screening

Data were abridged based on study-associated and subject-
associated features onto a consistent form. the last name of the
primary author, period of study, year of publication, country, re-
gion of the studies, and study design; population type, the total
number and the number of subjects used conscious sedation, or
general anesthesia, demographic data, and clinical and treatment

characteristics; and method of assessment; result assessment; and
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statistical analysis OR or relative risk, along with 95% Cl, of the
relationship and its result. (Gupta et al., 2018) If a study qualified
forinclusion based upon the aforementioned principles, data were
extracted independently by two authors (Huasu Shen, and Xiaoyu
Ma). In case of disagreement, agreement, Jin Zhang provided a
final option. When there were different data from 1 study, we ex-
tracted them separately. The risk of bias in these studies; individ-
ual studies were evaluated using the quality in prognosis studies
tool, which evaluates validity and bias in studies of prognostic fac-
tors across six domains: participation, attrition, prognostic factor
measurement, confounding measurement, and account, outcome
measurement, and analysis and reporting. (Hayden et al., 2013)
Any inconsistencies were addressed by a re-evaluation of the
original article.

2.4 | Eligibility

The primary result concentrated on the effect of general anesthe-
sia compared to conscious sedation during endovascular therapy
for acute ischemic stroke. A comparison between the effect of
conscious sedation and general anesthesia was extracted to form

a summary.

2.5 | Inclusion

Sensitivity analyses were limited only to studies reporting the re-
lationship between the effects of general anesthesia compared
to conscious sedation during endovascular therapy for acute is-
chemic stroke. For subgroup and sensitivity analysis, we used
comparisons between conscious sedation and general anesthesia
as references.

2.6 | Statistical analysis

The dichotomous or contentious methods with a random or fixed-
effect model were used to calculate odds ratio (OR) or mean dif-
ferences (MD) and 95% Cl. We calculated the I index; the I index
is between 0% and 100%. Values of approximately 0%, 25%, 50%,
and 75% indicate no, low, moderate, and high heterogeneity, re-
spectively. (Sheikhbahaei et al., 2016) When 1? was higher than
50%, we chose the random effect model; when it was lower than
50%, we used the fixed-effect model. A subgroup analysis was per-
formed by stratifying the original evaluation per outcome categories
as described before. In this analysis, a p-value for differences be-
tween subgroups of < 0.05 was considered statistically significant.
Publication bias was evaluated quantitatively using the Egger regres-
sion test (publication bias considered present if p > .05), and qualita-
tively, by visual examination of funnel plots of the logarithm of ORs
or MDs versus their standard error (SE). (Higgins, 2003) All p-values

were two tailed. All calculations and graphs were performed using

reviewer manager version 5.3 (The Nordic Cochrane Centre, The
Cochrane Collaboration, Copenhagen, Denmark).

3 | RESULTS

A total of 1,324 unique studies were identified, of which 18 stud-
ies, from 2010 until 2020 in humans, satisfied the inclusion crite-
ria and were included in the study. (Abou-Chebl et al., 2010, 2015;
Berkhemer et al., 2016; Davis et al., 2012; Goldhoorn et al., 2020;
Hassan et al., 2012; Jumaa et al., 2010; Just et al., 2016; Langner
et al., 2013; Li et al, 2014; Lowhagen Hendén et al., 2017;
Mundiyanapurath et al., 2015; Nichols et al., 2018; Ren et al., 2020;
Schonenberger et al., 2016; Simonsen et al., 2018; Sgrensen
et al.,2019; Zussman et al., 2018) The details of the included studies
are listed in Table 2.

The 18 studies included 4,802 subjects at baseline with en-
dovascular therapy for acute ischemic stroke and reported a total
of 1,711 subjects using general anesthesia and 1,961 subjects
using conscious sedation. Those studies had subjects using gen-
eral anesthesia compared to conscious sedation during endovas-
cular therapy for acute ischemic stroke. 11 studies reported data
stratified by the anesthetic strategy related to the functional inde-
pendence (modified Rankin Scale scores of <2) at 90 days; six stud-
ies reported data stratified by the anesthetic strategy related to
the successful recanalization (modified Thrombolysis in Cerebral
Infarction 2b-3) at 24 hr; 12 studies reported data stratified by the
anesthetic strategy related to the mortality at 90 days; five studies
reported data stratified by the anesthetic strategy related to the
interventional complication; seven studies reported data stratified
by the anesthetic strategy related to the symptomatic intracra-
nial hemorrhage; 10 studies reported data stratified by the anes-
thetic strategy related to the aspiration pneumonia; seven studies
reported data stratified by the anesthetic strategy related to the
National Institute of Health Stroke Scale score after 24 hr. The sig-
nificant impact of general anesthesia compared to conscious se-
dation during endovascular therapy for acute ischemic stroke was
not observed in all the parameters studied with relatively lower
symptomatic intracranial hemorrhage in subjects using general
anesthesia.

The study size ranged from 44 to 1,376 subjects at the start
of the study with subjects using general anesthesia ranged from
19 to 426, and subjects using conscious sedation ranged from 15
to 554.

No significant difference was found between general anesthesia
and conscious sedation during the endovascular therapy for acute
ischemic stroke in functional independence (modified Rankin Scale
scores of <2) at 90 days (OR, 0.78; 95% Cl, 0.44-1.40, p = 40) with
high heterogeneity (> = 89%); successful recanalization (modified
Thrombolysis in Cerebral Infarction 2b-3) at 24 hr (OR, 1.23; 95% Cl,
0.62-2.41, p = 55) with moderate heterogeneity (I = 72%); Mortality
at 90 days (OR, 1.36; 95% Cl, 0.83-2.24, p = .22) with high hetero-
geneity (l2 = 78%); interventional complication (OR, 1.24; 95% Cl,
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selected studies for the meta-analysis General Conscious
4 Study Country Total anesthesia sedation
Abou-Chebl et al. (2010) USA 980 426 554
Jumaa et al. (2010) USA 126 53 73
Davis et al. (2012) Canada 129 48 48
Hassan et al. (2012) USA 136 53 83
Langner et al. (2013) Germany 124 19 105
Li et al. (2014) USA 109 35 74
Abou-Chebl et al. (2015) USA 434 147 269
Mundiyanapurath Germany 44 29 15
et al. (2015)
Berkhemer et al. (2016) Netherlands 216 79 137
Just et al. (2016) Canada 109 42 67
Schonenberger Germany 150 73 77
et al. (2016)
Léwhagen Hendén Sweden 321 54 45
et al. (2017)
Nichols et al. (2018) USA 75 49 26
Simonsen et al. (2018) USA 128 65 63
Zussman et al. (2018) USA 91 46 45
Sgrensen et al. (2019) Denmark 128 64 64
Goldhoorn et al. (2020) Netherlands 1,376 381 174
Ren et al. (2020) China 126 48 42
Total 4,802 1711 1961
General anesthesia  Conscious sedation Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Jumaa, 2010 12 53 33 73 91% 0.35([016,0.78] 2010
Abou-Chehl, 2010 105 426 240 554 107% 0.40[0.30,0.52] 2010 =
Hassan, 2012 9 a3 7 83 8.9% 0.25[011,059 2012 T
Davig, 2012 7 43 29 48 8.3% 0.11[0.04,0.30] 2012 =
Li, 2014 4 35 11 T4 T4% 074022 251] 2014 =
Schénenherger, 2016 27 73 14 77 9.3% 2.64[1.25,559] 2016 —
Berkhemer, 2016 18 79 52 137 9.7% 0.48[0.26,0.90] 2016 1
Léwhagen Hendén, 2017 14 45 18 45 8.9% 1.10[0.47, 254 2017 =
Simonsen, 2018 44 65 32 B3 9.4% 2.03[0599, 416] 2018 =
Michols, 2018 30 45 ] 26 8.0% A.26([1.79,15.47] 2018
Ren, 2020 117 381 39 174 10.4% 1.83[1.01,2.33] 2020 =
Total (95% CI) 1307 1354 100.0% 0.78 [0.44, 1.40]
Total events 3582 521
Heterogeneity: Tau®= 0.81; Chi®= 87 48, df=10 (P = 0.00001}; F= 89% t t T t i
0.01 0.1 1 10 100

Test for averall effect: Z=0.84 (P = 0.40)

FIGURE 2 Forest plot of the general anesthesia versus conscious sedation during the endovascular therapy for acute ischemic stroke

related to functional independence at 90 days

0.76-2.02, p = .40) with no heterogeneity (1> = 0%); Symptomatic
intracranial hemorrhage (OR, 0.64; 95% Cl, 0.41-0.99, p = .05) with
no heterogeneity (I> = 11%); aspiration pneumonia (OR, 0.96; 95%
Cl, 0.58-1.58, p = .87) with moderate heterogeneity (12 = 60%); and
National Institute of Health Stroke Scale score after 24 hr (MD, 0.38;
95% Cl, -1.15-1.91, p = .62) with high heterogeneity (1> = 76%) as
shown in Figures 2-8.

A stratified analysis of studies that did and did not adjust for
age and gender was not performed because not enough studies re-

ported were adjusted for this factor.

Based on the visual inspection of the funnel plot as well as on
quantitative measurement using the Egger regression test, there was

no evidence of publication bias (p = .87).

4 | DISCUSSION
The 18 studies included 4,802 subjects at baseline with en-
dovascular therapy for acute ischemic stroke and reported

a total of 1,711 subjects using general anesthesia and 1,961
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General anesthesia  Conscious sedation Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Langner, 2013 11 14 62 105 16.2% 0.95[0.35, 2.57] 2013 —
Mundivanapurath, 2015 20 29 8 18 131% 1.94 [0D.54, 7.02] 2015 e ]
Abou-Chebl, 2015 45 147 128 268 227% 0.48[0.31,0.73] 2015 =
Schinenberger, 2016 65 73 62 TTO1T0% 1.87[0.78, 4.96] 2016 ———
Léwhagen Hendeén, 2017 41 45 40 45 12.2% 1.28[0.32,512] 2017 —
Simonsen, 2018 50 65 38 B3 18.8% 218[1.02,472] 2018 %
Total {(95% Cl) 378 574 100.0% 1.23[0.62, 2.41]
Total events 232 339
Heterogeneity: Tau®= 0.48; Chi*=18.01, df= 6 (P = 0.003); F=72% f f 1 t |
0.01 0.1 1 10 100

Testfor overall effect: 2= 0.60 (P = 0.59)

FIGURE 3 Forest plot of the general anesthesia versus conscious sedation during the endovascular therapy for acute ischemic stroke
related to successful recanalization at 24 hr

General anesthesia  Conscious sedation Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Jumaa, 2010 23 53 16 73 BA% 2.73[1.26,5.94] 2010
Hassan, 2012 19 53 7 83 B8.0% 6.07[2.33,15.79] 2012
Li, 2014 14 35 16 74 B4% 2.421[1.01,5879] 2014
Ahou-Chehbl, 2015 34 147 20 269 9.7% 379 [2.07,6.79] 2015 ==
Berkhemer, 2016 12 79 18 137 8.8% 1.18[0.54, 2.61] 2016 S [
Schanenberger, 2016 18 73 19 7T 9.0% 1.00[0.48,2.10] 2016 C:
Just, 2016 18 42 14 67  BA5% 284 [1.22,6.63] 2016 R W
Léwhagen Hendén, 2017 3} 45 11 45  7.3% 048[016,1.42] 2017 —
Simonsen, 2018 a 65 8 63 6.9% 057 [0.18,1.86] 2018 T
Michals, 2018 4 49 8 26 B.3% 0.20[0.05,0.75] 2018 —_——
Goldhoorn, 2020 107 38 57 174 106% 0.80[0.54,1.18] 2020 =T
Ren, 2020 9 48 9 42 T7.B% 0.85[0.30,2.38] 2020 P | R
Total (95% Cly 1070 1130 100.0% 1.36 [0.83, 2.24]
Total events 269 203
Heterogeneity: Tau®= 0.57, Chi*= 5063, df=11 (P = 0.00001); F=78% F t 1 t i
Test for averall effect: Z=1.22 (P = 0.22) 0.0 01 1 10 100

FIGURE 4 Forest plot of the general anesthesia versus conscious sedation during the endovascular therapy for acute ischemic stroke

related to mortality at 90 days

General anesthesia  Conscious sedation Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Li, 2014 9 35 149 74 31E6% 1.00[0.40,2.51] 2014 ——
Schinenberger, 2016 2 73 2 7 6.6% 1.06[014, 7700 2016
Léwhagen Hendén, 2017 11 45 3} 45 15.8% 210[0.70,6.29] 2017 B
Simonsen, 2018 10 B5 B B3 18.0% 1.73[0.59,5.08] 2018 =T
Ren, 2020 8 48 9 42 279% 0.73[0.25, 211] 2020 T
Total (95% CI) 266 301 100.0%  1.24 [0.76, 2.02]
Total events 40 42
Heterogeneity: Chi*= 2.43, df= 4 (P = 0.66); F= 0% t t T t {
Test for overall efiect Z= 0.84 (P = 0.40) 0.m 0.1 1 10 100

FIGURE 5 Forest plot of the general anesthesia versus conscious sedation during the endovascular therapy for acute ischemic stroke

related to interventional complication

subjects using conscious sedation. (Abou-Chebl, 2010, 2015;
Berkhemer, 2016; Davis, 2012; Goldhoorn, 2020; Hassan, 2012;
Jumaa, 2010; Just, 2016; Langner,; Li, 2014; Lowhagen Hendén,
2017; Mundiyanapurath, 2015; Nichols, 2018; Ren, 2020;
Schoénenberger, 2016; Simonsen, 2018; Sgrensen, 2019; Zussman
et al.,, 2018) No significant difference was found between gen-
eral anesthesia and conscious sedation during the endovascular
therapy for acute ischemic stroke. All the relationships had high
p-values suggesting that the increase in the number of stud-
ies included would not affect the level of significance if present.

However, data stratified by the anesthetic strategy related to the

symptomatic intracranial hemorrhage resulted in a very low p-
value (p = .05), almost significant, favoring general anesthesia sug-
gesting that if one or more studies were included favoring general
anesthesia the results could have been significant. Further studies
are required to determine this relationship.

Former meta-analyses suggested that general anesthesia com-
pared to conscious sedation for endovascular therapy decreases re-
covery and increases death and disability. (Abou-Chebl et al., 2010;
Brinjikji et al., 2015; Wan et al., 2019) The link of general anes-
thesia with inferior results after endovascular therapy in obser-
vational studies (Abou-Chebl et al., 2010, 2015; Just et al., 2016;
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General anesthesia  Conscious sedation Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI

Schinenberger, 2016 1 73 2 T349% 0.52[0.05 587 2016

Eerkhemer, 2016 3] 79 11 137 151% 0.94 [0.33, 2.65] 2016 S T

Léwhagen Hendén, 2017 1] 45 3 45  7.0% 013[0.01, 2.66] 2017

Simonsen, 2018 2 65 1 63 20% 1.897[017 2227 2018 i

Michals, 2018 11 49 14 26 28.9% 0.25[0.09, 0.69) 2018 —

Goldhoorn, 2020 21 am 10 174 26.4% 0.96 [0.44, 2.08] 2020 ——

Ren, 2020 7 48 49 42 167% 063[0.21,1.86] 2020 i

Total (95% Cly 740 564 100.0% 0.64 [0.41, 0.99] ’

Total events 48 50

Heterageneity: Chi*=6.77, df=6(F=034), F=11% o o 0 100

Testfor overall effect: 2= 1.99 (P = 0.05)

FIGURE 6 Forest plot of the general anesthesia versus conscious sedation during the endovascular therapy for acute ischemic stroke

related to symptomatic intracranial hemorrhage

General anesthesia  Conscious sedation Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI _Year M-H, Random, 95% CI
Hassan, 2012 12 53 12 83 11.6% 1.73[0.71,4.21] 2012 Y TS
Langner, 2013 4 19 15 105 87% 1.60[0.47,5.48] 2013 =~
Li, 2014 7 35 12 74 103% 1.29[0.46, 3.63] 2014 I
Berkhemer, 2016 11 79 13 137 11.9% 1.54 [0.66, 3.63] 2016 T
Schinenberger, 2016 10 73 3 7T 80% 3.82[1.03,14.85 2016 e
Léwhagen Hendén, 2017 3] 45 7 45 91% 0.84[0.26,2.71] 2017 T
Michaols, 2018 4 49 g8 26 81% 0.20[0.05,0.75] 2018 —
Serensen, 2019 12 65 17 63 121% 0.61[0.27,1.42] 2019 =
Goldhoorn, 2020 39 3 35 174 155% 0.45[0.28,0.74] 2020 ——
Ren, 2020 2 43 2 42 4T7% 0.87[0.12,6.46] 2020 — %
Total (95% Cl) 847 826 100.0% 0.96 [0.58, 1.58]
Total events 107 124
Heterogeneity Tau®= 0.36; Chi*= 22.34, df= 9 (P = 0.008); *= 60% I t 1 t {
0.m 0.1 1 10 100

Testforoverall effect Z=017 (P =0.87)

FIGURE 7 Forest plot of the general anesthesia versus conscious sedation during the endovascular therapy for acute ischemic stroke

related to aspiration pneumonia

General anesthesia Conscious sedation Mean Difference Mean Difference

Study or Subgroup Mean SD  Total Mean SD  Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI

Mundiyanapurath, 2015 17 7.4 29 g 8.7 14 B.3%  9.00([3.84,14.16] 2015

Berkhemer, 2016 15.5 7.8 79 126 ] 137 15.0% 2.90[0.61,5.19] 2016 —

Schinenhberger, 2016 136 114 73 1386 9 TO1M.2% 0.00[3.24,3.24] 2016 —

Lawhagen Hendén, 2017 8 B 45 ] 6.5 45 13.8%  -1.00[3.58,1.58] 2017 —

Simonsen, 2018 3 57 45 10 84 45 121% -4.00[699,-1.01] 2018 —

Ren, 2020 ] 21 43 ] 2 42 M1 2% 0.00 [-0.85,0.85] 2020 -*

Goldhoorn, 2020 13 71 381 13 55 174 203% 0.00[-1.08,1.08] 2020 = o

Total {95% Cl) 700 535 100.0%  0.38[-1.15,1.91]

Heterogeneity: Tau®= 2.69; Chi®= 2519, df= 6 (P = 0.0003); = 76% t f 1 f t
-10 -5 0 5 10

Testfor overall effect: 2= 0.49 (F=0.62)

FIGURE 8 Forest plot of the general anesthesia versus conscious sedation during the endovascular therapy for acute ischemic stroke

related to National Institute of Health Stroke Scale score after 24 hr

Mundiyanapurath et al., 2015) may be clarified by blood pressure
reductions and an extended delay of time to groin puncture in the
general anesthesia group, both of which have been related to infe-
rior endovascular therapy results. (Davis et al., 2012) Opposite to
many nonrandomized studies and former meta-analyses, this study
appears to support the idea that endovascular therapy may be per-
formed with both conscious sedation and general anesthesia with
favoring general anesthesia due to its relatively lower symptomatic
intracranial hemorrhage result (p = .05). The variance between our
meta-analysis study and former studies may be because general an-
esthesia was mostly selected for the subjects with a severe disability.
This is confirmed by the higher average baseline National Institute of

Health Stroke Scale scores for subjects having general anesthesia

than those having conscious sedation in those studies. (Bekelis
et al., 2017) Three large clinical trials showed similar results to ours.
That would support the validity of our finding. (Lowhagen Hendén
etal.,2017; Schonenberger etal.,2016; Simonsen etal.,2018) SIESTA
(Sedation vs. Intubation for Endovascular Stroke Treatment), showed
that general anesthesia versus conscious sedation did not result in a
significant neurological status in subjects with ischemia undergoing
endovascular thrombectomy. (Schénenberger et al., 2016) AnStroke
(Anesthesia During Stroke), reported no difference between general
anesthesia and conscious sedation in neurological outcome 3 month
poststroke (p = 1.00). (Léwhagen Hendén et al., 2017) The last one,
GOLIATH (General or Local Anesthesia in Intra Arterial Therapy),

reported general anesthesia did not have inferior tissue or clinical
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results compared to conscious sedation. (Simonsen et al., 2018) Their
finding supports our finding because of the large sample size they
use compared to most other studies. (Léwhagen Hendén et al., 2017,
Schénenberger et al., 2016; Simonsen et al., 2018).

A stratified analysis of studies that did and did not adjust for age
and gender was not performed because not enough studies were
reported or adjusted for this factor. However, from the study re-
sults presented here, we can recommend either anesthetic strategy
during the endovascular therapy for acute ischemic stroke with no
possible fear of higher complication.

Further studies are needed to evaluate the relationship of dis-
ease, subject, and management-related variables to identify the best
subject to undergo general anesthesia. Limits on age, conscious seda-
tion (Glasgow Coma Scale), National Institute of Health Stroke Scale
score, Alberta Stroke Program Early CT Score, and, time to treat-
ment, need to be further studied. Furthermore, longer follow-ups
can help in providing more understanding of efficiency and safety.

Lastly, cost-effectiveness analyses should be followed to determine.

5 | LIMITATIONS

The included articles were small in sample size, which has a poten-
tial risk of biases. There may be selection bias in this study since so
many of the studies found were excluded from the meta-analysis.
However, the studies excluded did not satisfy the inclusion criteria
of our meta-analysis.

A stratified analysis of studies that did and did not adjust for age
and gender was not performed because not enough studies were
reported or adjusted for this factor.

All involved trials were in developed countries, and the manage-
ment of general anesthesia is dependent more on advanced facilities
and technical means than conscious sedation. Thus, these findings
might not apply to developing countries. Further research in these
countries would add to the finding. There was also some difference
in methodology of the selected studies, for example, including cri-
teria, and the type of instrument used for endovascular therapy,
which might influence the results. All selected studies were not
double-blind.

6 | CONCLUSIONS

Based on this meta-analysis, opposite to most of the former meta-
analysis, conscious sedation has no independent relationship com-
pared to general anesthesia during the endovascular therapy for
acute ischemic stroke with a relative relationship favoring gen-
eral anesthesia only in decreasing the symptomatic intracranial
hemorrhage.

This relationship encouraged us to recommend either anesthetic
strategy during the endovascular therapy for acute ischemic stroke
with no possible fear of higher complication. Further studies are

needed.

ACKNOWLEDGMENTS
All authors had full access to all of the data in this study and take
complete responsibility for the integrity of the data and accuracy of

the data analysis.

CONFLICT OF INTEREST
The authors declare that they have no competing interests.

DATA AVAILABILITY STATEMENT
The datasets analyzed during the current study are available from

the corresponding author on reasonable request.

ORCID
Jin Zhang https://orcid.org/0000-0001-9950-2171
REFERENCES

Abou-Chebl, A., Lin, R., Hussain, M. S., Jovin, T. G., Levy, E. |., Liebeskind,
D.S., Yoo, A. J,, Hsu, D. P., Rymer, M. M,, Tayal, A. H., Zaidat, O. O,
Natarajan, S. K., Nogueira, R. G., Nanda, A., Tian, M., Hao, Q., Kalia,
J. S., Nguyen, T. N., Chen, M., & Gupta, R. (2010). Conscious seda-
tion versus general anesthesia during endovascular therapy for acute
anterior circulation stroke: Preliminary results from a retrospective,
multicenter study. Stroke, 41(6), 1175-1179. https://doi.org/10.1161/
STROKEAHA.109.574129

Abou-Chebl, A., Yeatts, S. D., Yan, B., Cockroft, K., Goyal, M., Jovin, T.,
Khatri, P., Meyers, P., Spilker, J., Sugg, R., Wartenberg, K. E., Tomsick,
T., Broderick, J., & Hill, M. D. (2015). Impact of general anesthesia
on safety and outcomes in the endovascular arm of Interventional
Management of Stroke (IMS) IIl Trial. Stroke, 46(8), 2142-2148.
https://doi.org/10.1161/STROKEAHA.115.008761

Arthur, A. S., Schénenberger, S., Uhlmann, L., Hacke, W., Schieber, S.,
Mundiyanapurath, S., Purrucker, J. C., Nagel, S., Klose, C., Pfaff, J.,
Bendszus, M., Ringleb, P. A., Kieser, M., M6hlenbruch, M. A., & Bosel,
J.(2019). Effect of conscious sedation vs general anesthesia on early
neurological improvement among patients with ischemic stroke un-
dergoing endovascular thrombectomy: A randomized clinical trial.
Operative Neurosurgery, 17(Supplement_1), S76-5118.

Bekelis, K., Missios, S., MacKenzie, T. A., Tjoumakaris, S., & Jabbour, P.
(2017). Anesthesia technique and outcomes of mechanical throm-
bectomy in patients with acute ischemic stroke. Stroke, 48(2), 361-
366. https://doi.org/10.1161/STROKEAHA.116.015343

Berkhemer, O. A.,vanden Berg, L. A., Fransen, P.S. S., Beumer, D., Yoo, A.
J., Lingsma, H. F., Schonewille, W. J., van den Berg, R., Wermer, M. J.
H., Boiten, J., Lycklama a Nijeholt, G. J., Nederkoorn, P. J., Hollmann,
M. W,, van Zwam, W. H., van der Lugt, A., van Oostenbrugge, R. J.,
Majoie, C. B. L. M., Dippel, D. W. J., & Roos, Y. B. W. E. M. (2016).
The effect of anesthetic management during intra-arterial therapy
for acute stroke in MR CLEAN. Neurology, 87(7), 656-664. https://
doi.org/10.1212/WNL.0000000000002976

Bracard, S., Ducrocq, X., Mas, J. L., Soudant, M., Oppenheim, C., Moulin,
T., & Guillemin, F. (2016). Mechanical thrombectomy after intrave-
nous alteplase versus alteplase alone after stroke (THRACE): A ran-
domised controlled trial. The Lancet Neurology, 15(11), 1138-1147.
https://doi.org/10.1016/S1474-4422(16)30177-6

Brinjikji, W., Murad, M. H., Rabinstein, A. A., Cloft, H. J., Lanzino, G., &
Kallmes, D. F. (2015). Conscious sedation versus general anesthesia
during endovascular acute ischemic stroke treatment: A systematic
review and meta-analysis. American Journal of Neuroradiology, 36(3),
525-529. https://doi.org/10.3174/ajnr.A4159

Davis, M. J., Menon, B. K., Baghirzada, L. B., Campos-Herrera, C.
R., Goyal, M., Hill, M. D., & Archer, D. P. (2012). Anesthetic


https://orcid.org/0000-0001-9950-2171
https://orcid.org/0000-0001-9950-2171
https://doi.org/10.1161/STROKEAHA.109.574129
https://doi.org/10.1161/STROKEAHA.109.574129
https://doi.org/10.1161/STROKEAHA.115.008761
https://doi.org/10.1161/STROKEAHA.116.015343
https://doi.org/10.1212/WNL.0000000000002976
https://doi.org/10.1212/WNL.0000000000002976
https://doi.org/10.1016/S1474-4422(16)30177-6
https://doi.org/10.3174/ajnr.A4159

SHEN ET AL.

management and outcome in patients during endovascular
therapy for acute stroke. The Journal of the American Society of
Anesthesiologists, 116(2), 396-405. https://doi.org/10.1097/
ALN.Ob013e318242a5d2

Emiru, T., Chaudhry, S. A., & Qureshi, A. I. (2014). A survey of preproce-
dural intubation practices for endovascular treatment of acute isch-
emic stroke. Journal of Vascular and Interventional Neurology, 7(3), 30.

Goldhoorn, R. J. B,, Bernsen, M. L. E., Hofmeijer, J., Martens, J. M.,
Lingsma, H. F., Dippel, D. W. J,, van der Lugt, A., Buhre, W. F. F. A,
Roos, Y. B. W. E. M., Majoie, C. B. L. M., Vos, J. A., Boiten, J., Emmer,
B., van Oostenbrugge, R. J., & van Zwam, W. H. (2020). Anesthetic
management during endovascular treatment of acute ischemic stroke
in the MR CLEAN Registry. Neurology, 94(1), €97-e106. https://doi.
org/10.1212/WNL.0000000000008674

Gupta, A., Das, A., Majumder, K., Arora, N., Mayo, H. G, Singh, P. P,, Beg,
M. S., & Singh, S. (2018). Obesity is independently associated with
increased risk of hepatocellular cancer-related mortality. American
Journal of Clinical Oncology, 41(9), 874-881. https://doi.org/10.1097/
COC.0000000000000388

Hassan, A. E., Chaudhry, S. A., Zacharatos, H., Khatri, R., Akbar, U., Suri,
M. F. K., & Qureshi, A. I. (2012). Increased rate of aspiration pneu-
monia and poor discharge outcome among acute ischemic stroke pa-
tients following intubation for endovascular treatment. Neurocritical
Care, 16(2), 246-250. https://doi.org/10.1007/s12028-011-9638-0

Hayden, J. A, van der Windt, D. A., Cartwright, J. L., Coté, P, &
Bombardier, C. (2013). Assessing bias in studies of prognostic fac-
tors. Annals of Internal Medicine, 158(4), 280-286. https://doi.
org/10.7326/0003-4819-158-4-201302190-00009

Higgins, J. P. (2003). Measuring inconsistency in meta-analyses. BMJ,
327(7414), 557-560. https://doi.org/10.1136/bmj.327.7414.557

Jumaa, M. A., Zhang, F., Ruiz-Ares, G., Gelzinis, T., Malik, A. M., Aleu, A.,
Oakley, J. I., Jankowitz, B., Lin, R., Reddy, V., Zaidi, S. F., Hammer, M.
D., Wechsler, L. R., Horowitz, M., & Jovin, T. G. (2010). Comparison
of safety and clinical and radiographic outcomes in endovascular
acute stroke therapy for proximal middle cerebral artery occlusion
with intubation and general anesthesia versus the nonintubated
state. Stroke, 41(6), 1180-1184. https://doi.org/10.1161/STROK
EAHA.109.574194

Just, C., Rizek, P., Tryphonopoulos, P., Pelz, D., & Arango, M. (2016).
Outcomes of general anesthesia and conscious sedation in endovas-
cular treatment for stroke. Canadian Journal of Neurological Sciences,
43(5), 655-658. https://doi.org/10.1017/cjn.2016.256

Langner, S., Khaw, A. V., Fretwurst, T., Angermaier, A., Hosten, N., &
Kirsch, M. (2013) Endovascular treatment of acute ischemic stroke
under conscious sedation compared to general anesthesia-safety,
feasibility and clinical and radiological outcome. RoFo: Fortschritte
Auf Dem Gebiete Der Rontgenstrahlen Und Der Nuklearmedizin, 185(4),
320-327.

Li, F., Deshaies, E. M., Singla, A., Villwock, M. R., Melnyk, V., Goriji, R., &
Yang, Z.-J. (2014). Impact of anesthesia on mortality during endovas-
cular clot removal for acute ischemic stroke. Journal of Neurosurgical
Anesthesiology, 26(4), 286-290. https://doi.org/10.1097/ANA.00000
00000000031

Léwhagen, P., Rentzos, A., Karlsson, J.-E., Rosengren, L., Leiram, B.,
Sundeman, H., Dunker, D., Schnabel, K., Wikholm, G., Hellstrém,
M., & Ricksten, S.-E. (2017). General anesthesia versus conscious
sedation for endovascular treatment of acute ischemic stroke: The
AnStroke trial (anesthesia during stroke). Stroke, 48(6), 1601-1607.
https://doi.org/10.1161/STROKEAHA.117.016554

Mundiyanapurath, S., Schénenberger, S., Rosales, M. L., Carrilho Romeiro,
A. M., Méhlenbruch, M., Bendszus, M., Hacke, W., & Bésel, J. (2015).
Circulatory and respiratory parameters during acute endovascular
stroke therapy in conscious sedation or general anesthesia. Journal
of Stroke and Cerebrovascular Diseases, 24(6), 1244-1249. https://doi.
org/10.1016/j.jstrokecerebrovasdis.2015.01.025

Brai . 90of 9
rain and Behavior —WI LEYJ—

Open Access,

Nichols, C., Carrozzella, J., Yeatts, S., Tomsick, T., Broderick, J., &
Khatri, P. (2018). Is periprocedural sedation during acute stroke
therapy associated with poorer functional outcomes? Journal
of Neurointerventional Surgery, 10(Suppl 1), i40-i43. https://doi.
org/10.1136/jnis.2009.001768.rep

Ren, C., Xu, G, Liu, Y., Liu, G., Wang, J., & Gao, J. (2020). Effect of conscious
sedation vs. general anesthesia on outcomes in patients undergoing
mechanical thrombectomy for acute ischemic stroke: A prospective
randomized clinical trial. Frontiers in Neurology, 11, 170.

Schonenberger, S., Uhimann, L., Hacke, W., Schieber, S., Mundiyanapurath,
S., Purrucker, J. C,, Nagel, S., Klose, C., Pfaff, J., Bendszus, M., Ringleb,
P. A, Kieser, M., Méhlenbruch, M. A., & Bosel, J. (2016). Effect of con-
scious sedation vs general anesthesia on early neurological improve-
ment among patients with ischemic stroke undergoing endovascular
thrombectomy: A randomized clinical trial. JAMA, 316(19), 1986-1996.
https://doi.org/10.1001/jama.2016.16623

Sheikhbahaei, S., Trahan, T. J., Xiao, J., Taghipour, M., Mena, E., Connolly,
R. M., & Subramaniam, R. M. (2016). FDG-PET/CT and MRI for eval-
uation of pathologic response to neoadjuvant chemotherapy in pa-
tients with breast cancer: A meta-analysis of diagnostic accuracy
studies. The Oncologist, 21(8), 931-939. https://doi.org/10.1634/
theoncologist.2015-0353

Simonsen, C. Z., Yoo, A. J., Sgrensen, L. H., Juul, N., Johnsen, S. P,,
Andersen, G., & Rasmussen, M. (2018). Effect of general anesthe-
sia and conscious sedation during endovascular therapy on infarct
growth and clinical outcomes in acute ischemic stroke: A random-
ized clinical trial. JAMA Neurology, 75(4), 470-477. https://doi.
org/10.1001/jamaneurol.2017.4474

Sgrensen, L. H., Speiser, L., Karabegovic, S., Yoo, A. J., Rasmussen, M.,
Sgrensen, K. E., & Simonsen, C. Z. (2019). Safety and quality of
endovascular therapy under general anesthesia and conscious se-
dation are comparable: Results from the GOLIATH trial. Journal
of Neurolnterventional Surgery, 11(11), 1070-1072. https://doi.
org/10.1136/neurintsurg-2019-014712

Stroup, D. F. Berlin, J. A., Morton, S. C., Olkin, 1., Williamson, G. D.,
Rennie, D., Moher, D., Becker, B. J., Sipe, T. A., & Thacker, S. B. (2000).
Meta-analysis of observational studies in epidemiology: A proposal
for reporting. JAMA, 283(15), 2008-2012.

Touma, L., Filion, K. B., Sterling, L. H., Atallah, R., Windle, S. B., &
Eisenberg, M. J. (2016). Stent retrievers for the treatment of acute
ischemic stroke: A systematic review and meta-analysis of ran-
domized clinical trials. JAMA Neurology, 73(3), 275-281. https://doi.
org/10.1001/jamaneurol.2015.4441

Wan, T.-F., Xu,R.,Zhao,Z.-A.,Lv,Y.,Chen, H.-S., & Liu, L. (2019). Outcomes
of general anesthesia versus conscious sedation for Stroke undergo-
ing endovascular treatment: A meta-analysis. BMC Anesthesiology,
19(1), 69. https://doi.org/10.1186/s12871-019-0741-7

Zhang, Y., Jia, L. U,, Fang, F., Ma, L. U,, Cai, B., & Faramand, A. (2019).
General anesthesia versus conscious sedation for intracranial me-
chanical thrombectomy: A systematic review and meta-analysis of
randomized clinical trials. Journal of the American Heart Association,
8(12), e011754. https://doi.org/10.1161/JAHA.118.011754

Zussman, B., Weiner, G., & Ducruet, A. (2018). A second randomized trial
comparing general anesthesia to conscious sedation in acute ischemic
stroke patients undergoing endovascular treatment. Neurosurgery,
82(3), N27-N28. https://doi.org/10.1093/neuros/nyx589

How to cite this article: Shen H, Ma X, Wu Z, et al. Conscious
sedation compared to general anesthesia for intracranial
mechanical thrombectomy: A meta-analysis. Brain Behav.
2021;11:e02161. https://doi.org/10.1002/brb3.2161



https://doi.org/10.1097/ALN.0b013e318242a5d2
https://doi.org/10.1097/ALN.0b013e318242a5d2
https://doi.org/10.1212/WNL.0000000000008674
https://doi.org/10.1212/WNL.0000000000008674
https://doi.org/10.1097/COC.0000000000000388
https://doi.org/10.1097/COC.0000000000000388
https://doi.org/10.1007/s12028-011-9638-0
https://doi.org/10.7326/0003-4819-158-4-201302190-00009
https://doi.org/10.7326/0003-4819-158-4-201302190-00009
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1161/STROKEAHA.109.574194
https://doi.org/10.1161/STROKEAHA.109.574194
https://doi.org/10.1017/cjn.2016.256
https://doi.org/10.1097/ANA.0000000000000031
https://doi.org/10.1097/ANA.0000000000000031
https://doi.org/10.1161/STROKEAHA.117.016554
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.01.025
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.01.025
https://doi.org/10.1136/jnis.2009.001768.rep
https://doi.org/10.1136/jnis.2009.001768.rep
https://doi.org/10.1001/jama.2016.16623
https://doi.org/10.1634/theoncologist.2015-0353
https://doi.org/10.1634/theoncologist.2015-0353
https://doi.org/10.1001/jamaneurol.2017.4474
https://doi.org/10.1001/jamaneurol.2017.4474
https://doi.org/10.1136/neurintsurg-2019-014712
https://doi.org/10.1136/neurintsurg-2019-014712
https://doi.org/10.1001/jamaneurol.2015.4441
https://doi.org/10.1001/jamaneurol.2015.4441
https://doi.org/10.1186/s12871-019-0741-7
https://doi.org/10.1161/JAHA.118.011754
https://doi.org/10.1093/neuros/nyx589
https://doi.org/10.1002/brb3.2161

