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Abstract Background Afterrecently published randomized clinical trials, the choice of the best
anesthetic procedure for mechanical thrombectomy (MT) in acute ischemic stroke
(AIS) due to large vessel occlusion (LVO) is not definite.

Objective To compare the efficacy and safety of general anesthesia (GA) versus
conscious sedation (CS) in patients with AIS who underwent MT, explicitly focusing on
procedural and clinical outcomes and the incidence of adverse events.

Methods PubMed, Embase, and Cochrane were systematically searched for random-
ized controlled trials (RCTs) comparing GA versus CS in patients who underwent MT due
to LVO-AIS. Odds ratios (ORs) were calculated for binary outcomes, with 95% confi-
dence intervals (Cls). Random effects models were used for all outcomes. Heteroge-
neity was assessed with 12 statistics.

Results Eight RCTs (1,300 patients) were included, of whom 650 (50%) underwent GA.

Keywords Recanalization success was significantly higherin the GA group (OR 1.68; 95% Cl 1.26-2.24;
= Anesthesia, General p <0.04) than in CS. No significant difference between groups were found for good
= Conscious Sedation functional recovery (OR 1.13; IC 95% 0.76-1.67; p=0.56), incidence of pneumonia (OR
» |Ischemic Stroke 1.23; IC 95% 0.56- 2,69; p=0.61), three-month mortality (OR 0.99; IC 95% 0.73-1.34;
» Thrombectomy p=0.95), or cerebral hemorrhage (OR 0.97; IC 95% 0.68-1.38; p=0.88).
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Resumo

Palavras-chave

= Anestesia Geral

= Sedacao Consciente
= AVC Isquémico

Conclusion Despite the increase in recanalization success rates in the GA group, GA
and CS show similar rates of good functional recovery, three-month mortality,
incidence of pneumonia, and cerebral hemorrhage in patients undergoing MT.

Antecedentes A trombectomia mecanica (TM) é o padrdo de tratamento para
pacientes com acidente vascular cerebral isquémico agudo (AVCI) devido a oclusao
de grandes vasos (OGV). No entanto, ainda ndo estad claro qual é o procedimento
anestésico mais benéfico para a TM.

Objetivo Nosso objetivo foi comparar a eficacia e a sequranca da anestesia geral (AG)
versus sedacdo consciente (SC) em pacientes com AVCl submetidos a TM, focando
especificamente nos resultados procedimentais e clinicos, bem como na incidéncia de
eventos adversos.

Métodos Foram realizadas buscas sistematicas nas bases PubMed, Embase e Coch-
rane por ensaios clinicos randomizados (ECRs) comparando AG versus SC em pacientes
submetidos a TM devido a AVCI por OGV. Razdes de chances (ORs) foram calculadas
para desfechos bindrios, com intervalos de confianca de 95% (ICs). Modelos de efeitos
aleatorios foram usados para todos os resultados. A heterogeneidade foi avaliada com
estatisticas 12.

Resultados Oito ensaios clinicos randomizados (1.300 pacientes) foram incluidos, dos
quais 650 (50%) foram submetidos a AG. O sucesso da recanalizacdo foi significativamente
maior no grupo AG (OR 1,68; IC 95% 1,26-2,24; p < 0,04) em comparacao com SC. No
entanto, ndo houve diferenca significativa entre os grupos para recuperacao funcional
adequada (OR 1,13;1C95% 0,76-1,67; p = 0,56), incidéncia de pneumonia (OR 1,23;1C95%
0,56-2,69; p=0,61), mortalidade em trés meses (OR 0,99; 1C 95% 0,73-1,34; p=0,95) ou
hemorragia cerebral (OR 0,97; IC 95% 0,68- 1,38; p=0,88).

Conclusao Apesar do aumento significativo nas taxas de sucesso de recanalizacao no
grupo AG, AG e SC mostram taxas semelhantes de recuperacao funcional, mortalidade,

» Trombectomia

INTRODUCTION

Mechanical thrombectomy is indicated for patients with
acute ischemic stroke due to a large artery occlusion in the
anterior or posterior circulation who can be treated within
24 hours of the time last known to be well, whether or not
they receive IV tPA for the same ischemic stroke event.

Mechanical thrombectomy can be performed with general
anesthesia (GA) or conscious sedation (CS). The choice be-
tween anesthesia management is usually individualized based
on patient and procedural factors and resource availability,?
highlighting the selection’s uncertainty. GA offers a still patient
and a secure airway, the ability to institute controlled apnea,
and the ability to fully control procedural pain. In contrast, CS
has a shorter time for treatment initiation and allows neuro-
logic examination during and after the procedure. The best
evidence suggests that GA with optimal hemodynamic control
may improve technical success® and functional outcomes.*

The last meta-analysis included seven randomized trials
of patients who underwent mechanical thrombectomy for
anterior circulation ischemic stroke with GA versus non-GA
techniques (local anesthesia, CS).4 GA improved the recana-
lization rate and increased the functional independence rate
(modified Rankin Scale 0 to 2) at three months.
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pneumonia e hemorragia em pacientes com AVCl submetidos a TM.

However, these findings come from observational and
preliminary studies®® and several randomized trials that
reported either no difference or a slight improvement in
infarct size or other clinical outcomes with GA, while some
retrospective and prospective observational studies have
reported worse outcomes with GA for mechanical throm-
bectomy. A recent 2023 randomized clinical trial explored
the impact of anesthesia or sedation on periprocedural
complications and functional outcomes.’ This study revealed
that neither anesthesia nor procedural sedation significantly
influenced these outcomes. The best anesthetic strategy
during mechanical thrombectomy is still debatable in this
context.

Therefore, this study presents a systematic review and
meta-analysis comparing the effectiveness and safety of GA
versus CS in patients who underwent a mechanical
thrombectomy.

METHODS

The Systematic review and meta-analysis were performed
following the Cochrane Collaboration’s tool for assessing the
risk of bias and the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) statement.® The study
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protocol was registered in the International Prospective
Register of Systematic Reviews (PROSPERO) with the regis-
tration number CRD42023439944.

Eligibility criteria and data extraction
Studies with the following eligibility criteria were included
for analysis:

* randomized controlled trials (RCTs);

» comparing GA with CS;

« enrolling patients with AIS; and

* reporting at least one of the outcomes of interest.

Non-randomized studies and trials without a control
group were excluded; studies with overlapping populations
with the most significant number of patients were included.

Two authors (A.CEES and LLS.C.) independently
extracted data following prespecified criteria for search,
data extraction, and quality assessment methods. Disagree-
ments were resolved by consensus between the two authors
and the senior author (A.CEFES., LLS.C. and LA.C.).

Search strategy

PubMed, Embase, and Cochrane Library were systematically
searched on June 22, 2023, for studies published solely in
English. The search strategy included the following terms:
"acute ischemic stroke,’ "ischemic stroke,” 'posterior circula-
tion stroke,’ ’'endovascular therapy, ’endovascular treat-
ment, 'thrombectomy,” ’vertebrobasilar stroke, ’general
anesthesia,” 'general anesthesia, 'Non-general anesthesia,’
‘conscious sedation,’ 'moderate sedation, "local anesthesia,’
‘anesthesia care.’ Additionally, the reference lists of all
included studies and meta-analyses were manually
assessed for additional studies. The search strategy is
detailed in =Supplementary Material (https://www.arqui-
vosdeneuropsiquiatria.org/wp-content/uploads/2024/04/
ANP-2023.0290-Supplementary-Material-atualizado.docx),
=Supplementary Material Table S1.

Endpoints
Outcomes of interest were:

 recanalization success;

» good functional recovery;
* 3- month mortality;

« cerebral hemorrhage; and
* pneumonia.

Quality assessment

The Cochrane Collaboration’s tool for risk of bias in random-
ized trials (ROB 2) was used to assess the quality assessment
of individual studies.’ Two authors (A.C.EES. and V.D.B.C)
conducted the quality assessment independently. Each trial
was rated as having a high, low, or unclear risk of bias in the
five domains: randomization process, deviations from the
intended interventions, missing outcomes, measurement of
the outcome, and selection of reported results. The quality of
evidence was analyzed according to the Grading of Recom-
mendations, Assessment, Development, and Evaluation
(GRADE).'? The outcomes were labeled with very low, low,

moderate, or high-quality evidence based on five domains:
risk of bias, inconsistency of results, imprecision, publication
bias, and magnitude of treatment effects. Funnel plots of
individual study weights versus point estimates were used to
detect evidence of publication bias.

Sensitivity analysis and meta-regression

We performed a leave-one-out sensitivity analysis for re-
canalization success, good functional recovery, three-month
mortality, and cerebral hemorrhage. We removed each study
from the outcome assessment to determine whether the
results depended on a single study. Furthermore, we con-
ducted a meta-regression to investigate any correlation
between the National Institute of Health Stroke Scale
(NIHSS) score and recanalization success.

Statistical analyses

Odds ratio (OR) with 95% confidence intervals (CI) was
computed to compare the incidence of treatment effect for
binary endpoints. Cochran Q test and I2 statistics were used
to analyze heterogeneity; p-values were considered low
heterogeneity if p >10 and 12 <25%. DerSimonian and Laird
random-effects models were used.

Review Manager 5.4 (Nordic Cochrane Centre, The
Cochrane Collaboration, Copenhagen, Denmark) and R sta-
tistical software, version 4.3.0 (R Foundation for Statistical
Computing), were used to perform the statistical analysis.

RESULTS

Study selection and characteristics

As detailed in =~Figure 1, 868 studies were found. After
removing duplicates and abstract screening, 21 studies
were fully assessed for inclusion. A total of 8 studies and
1,300 patients were included, of whom 650 (50%) underwent
GA>711-16 Additional population characteristics are
reported in =Table 1.

Pooled analysis of all studies

Recanalization success was significantly higher in patients
treated with GA as compared with CS (OR 1.68; 95% CI 1.26-
2.24; p=0.04; =Figure 2). However, there was no significant
difference between patients treated with GA and CS for good
functional recovery (OR 1.13; 95% (I 0.76- 1.67;
p=0.56; =Figure 3), three-month mortality (OR 0.99; 95%
C10.73- 1.34; p=0.95; ~Figure 4), and cerebral hemorrhage
(OR 0.97; 95% CI 0.68- 1.38; p=0.88); =Figure 5). Similarly,
the incidence of pneumonia was not statistically significant
between groups (OR 1.23; 95% CI 0.56- 2.69; p=0.61)
(~Supplementary Material Figure S1).

Sensitivity analysis and meta-regression

We performed a leave-one-out sensitivity analysis by sys-
tematically removing each study from the pooled estimate.
After the removal of each study, the results for cerebral
hemorrhage and three-month mortality were consistent.
Recanalization success increased in the I heterogeneity
test after omitting Chabanne et al.,” I? changing from 0% to
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PubMed search: 223 results

EMBASE search: 554 results

Cochrane search: 91 results
|

Number screeened: 554 results

Identification

- Duplicate reports (n=325)

Screening

- Excluded by title/abstract (n=522)

Full-text reviewed: 21 studies

Divergent study design (n=5)

Overlapping population (n=4)

Eligibility

No outcome of interest (n=1)

Other (n=3)

8 included studies

Included

Figure1 Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) flow diagram of study screening and selection.

8%. Similarly, good functional recovery was sensitive to the
removal of Hendén et al."* and Maurice et al.,> with a change
in I? heterogeneity from 48% to 61% and 61%, respectively. By
omitting Schénenberger,'® the heterogeneity in the end-
point was eliminated (OR 0.96; 95% CI 0.72-1.28; 12 =0%).
A comprehensive result of all sensitivity analyses conducted
in the primary endpoints is shown in =Supplementary
Material Tables S2-S5.

Prespecified Meta-regression showed no significant inter-
action between recanalization success and the mean NIHSS
score. We could only analyze seven studies due to the
availability of NIHSS scores data; hence, this adaptation is
restricted and impotent. The results of this analysis are
available in the =~Supplementary Material Figure S2.

Quality and evidence assessment
Most included studies were judged to be at low risk of bias
except for three studies,>'3'® which were judged as having
“some concerns” in 3 separate domains: randomization
process, deviations from the intended interventions, and
selection of reported results (=Supplementary Material
Figure S3).

On funnel plot analyses, the studies demonstrated a
symmetrical distribution by their weight and conversion
toward the pooled effect as the weight increased; thus, there
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was no definitive evidence of publication bias in the funnel
plots. (~Supplementary Material Figure S4). The overall
GRADE assessment certainty was high (=Supplementary
Material Figure S5).

DISCUSSION

In this systematic review and meta-analysis of 8 studies and
1300 patients, we compared GA with CS in the mechanical
thrombectomy for AIS due to LVO. We found that recanaliza-
tion rates were higher in patients with GA (OR 1.68; 95% CI
1.26-2.24; p < 0.04), but there was no difference between
groups regarding functional recovery, three-month mortali-
ty, cerebral hemorrhage, and pneumonia.

A recent meta-analysis® also reported significantly higher
recanalization rates in patients under GA; however, this
meta-analysis included only preliminary data from the trial
by Liang et al.'" and did not include a recently published RCT.
Our meta-analysis aligns with previous prospective studies
that showed worse results in patients treated with CS. It is
hypothesized that GA’s significant hazards rely on inadver-
tent hypotension during induction and maintenance of GA;
impaired cerebral autoregulation blood flow from cerebral
ischemia potentiated by these anesthetic drug effects may
also play a role,!” which could explain our results.

Although the GA group had a higher recanalization rate,
there was no statistically significant difference in functional
recovery. Considering there was no difference in pneumonia
rates, this may be related to other factors, like NIHSS, age, and
time to reperfusion. The meta-regression analysis showed no
interaction between the NIHSS score and recanalization rate.
There wasn’'t enough data on patients’ ages, so it was not
possible to evaluate it in this meta-analysis.

To our knowledge, this is the first meta-analysis to evalu-
ate pneumonia occurrence associated with mechanical
thrombectomy. Prospective studies'® have shown a higher
rate of pneumonia in patients with LVO during acute care;
moreover, the risk could further increase in cases where
mechanical thrombectomy is performed, and patients un-
dergo intensive care unit (ICU) treatment. Pneumonia could
result in higher mortality, as well as a higher length of stay
and hospitalization costs. However, a prospective study'® did
not find statistically significant higher pneumonia rates in
patients intubated for mechanical thrombectomy. The 4 RCTs
that disclosed pneumonia rates between GA and CS had
indistinguishable statistical differences between either an-
esthetic choice. This could also be related to the absence of
difference in functional recovery found in our study.

Only one trial included in this meta-analysis assessed both
anterior and posterior circulation strokes, so it was not
possible to evaluate for differences between GA and CS in
these groups.

Our study has some limitations. First, there were slight
differences between groups concerning the study popula-
tion; however, there was no significant heterogeneity in the
analyses. We included a sensitivity analysis which showed
similar results for cerebral hemorrhage, three-month mor-
tality, and recanalization success; there was moderate
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GA Ccs Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Liang 2023 41 43 34 44 33% 6.03[1.24, 29.41]
Hendén 2017 41 45 40 45 4.3% 1.28[0.32,5.12)
Ren 2020 42 48 3B 42 58% 1.17(0.35,3.94) S RE—
Schinenberger 2016 65 73 62 77 96% 1.97 [0.78, 4.96] =
Hu 2021 53 72 51 67 14.0% 0.88[0.41,1.89) S
Simonsen 2018 50 65 38 63 141% 21901.02,4.72) ——
Chabanne 2023 115 135 107 138 21.5% 1.67[0.90, 3.10] S
Maurice 2022 144 169 131 174 27.6% 1.89[1.08, 3.27) —
Total (95% Cl) 650 650 100.0% 1.68 [1.26, 2.24] <
Total events 551 499
Heterogeneity: Tau®= 0.00; ChiF=6.52, df=7 (P = 0.48), F= 0% 0 iJS 012 é Z:El
Testfor overall effect: Z= 3.55 (P = 0.0004) Favors CS Favors GA
Figure 2 Recanalization success was significantly more common with general anesthesia compared with conscious sedation.
GA CS Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Liang 2023 21 43 24 44 1456% 0.80[0.34, 1.85] —
Hendén 2017 19 45 18 45 146% 1.10[0.47, 2.54) - T
Schionenbherger 2016 27 73 14 77 16.9% 2.64[1.25,5.59) —_—
Chabanne 2023 45 135 54 138 257% 0.78(0.47,1.28] —.-
Maurice 2022 66 169 63 176 28.2% 1.15[0.74,1.78) I
Total (95% CI) 465 480 100.0% 1.13[0.76, 1.67]
Total events 178 173
Heterogeneity: Tau?= 0.10; Chi*=7.74, df= 4 (P= 0.10); F= 48% =L'l 0 El=1 1?0 1005
Testfor overall effect: Z=0.59 (P = 0.56) Favors CS Favors GA
Figure 3 There was no significant difference between groups in good functional recovery.
GA Ccs Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Simonsen 2018 5 65 8 63 66% 0.57(0.18, 1.86) —
Hendén 2017 6 45 11 45  7.6% 0.481(0.16,1.42)
Ren 2020 9 48 9 42 85% 0.85[0.30, 2.38) —_T
Liang 2023 10 43 9 44 88% 1.18(0.43, 3.26) —_
Schonenberger 2016 18 73 18 77 16.5% 1.00[0.48, 2.10) E=———
Chahanne 2023 25 135 23 138 23.4% 1.141[0.61,212) I
Maurice 2022 31 166 28 175 28.8% 1.21 [0.69, 2.11)
Total (95% Cl) 575 584 100.0% 0.99 [0.73, 1.34]
Total events 104 107
Heterogeneity: Tau?= 0.00; Chi*= 3.41, df= 6 (P= 0.76), F= 0% :U 01 011 150 100:
Testfor overall effect. Z=0.06 (P = 0.95) Favors GA Favors CS
Figure 4 There was no significant difference between groups in Mortality at 3 months.
GA Ccs Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Hendén 2017 0 45 3 45 1.4% 0.13(0.01, 2.66)
Schinenberger 2016 1 73 2 77 21% 0.52[0.05, 5.87)
Liang 2023 3 43 2 44 37% 1.57[0.25,9.93) e —
Simonsen 2018 4 B5 3 B3 52% 1.31(0.28,6.11) S e—
Ren 2020 9 48 742 105% 1.15(0.39, 3.43)  —
Chahanne 2023 21 135 20 138 281% 1.08 [0.56, 2.11) —
Maurice 2022 37 169 42 176 49.0% 0.89 [0.54, 1.48) ‘I
Total (95% Cl) 578 585 100.0% 0.97 [0.68, 1.38]
Total events 75 79
T 2 B - - = CR= } 1 t )
Heterogeneity: Tau®= 0.00;, Chi*= 2.68, df=6 (P = 0.85), F= 0% 0.01 01 10 100

Testfor overall effect. Z=0.15 (P = 0.88)

Figure 5 There was no significant difference between groups in cerebral hemorrhage.
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heterogeneity in good functional recovery, which could be
explained because one study> evaluated the functional status
in a more extended period (from 2 to 6 months of the stroke).
Funnel plots did not encounter signs of publication bias in
this meta-analysis. Second, our study does not apply to all
mechanical thrombectomy patients since most studies in-
cluded only anterior circulation strokes, and only one study
of this meta-analysis included posterior circulation strokes.
Third, protocols for GA and CS differed between studies.

GA provides higher recanalization rates than CS. However,

no difference is significant regarding good functional out-
come, three-month mortality, cerebral hemorrhage, and
pneumonia, suggesting that either approach can safely be
chosen based on other patient characteristics.
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