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BACKGROUND: Endovascular treatment in large artery occlusion stroke reduces disability. However, the impact of anesthesia
type on clinical outcomes remains uncertain.

METHODS: We compared consecutive patients in the Swiss Stroke Registry with anterior circulation stroke receiving
endovascular treatment with or without general anesthesia (GA). The primary outcome was disability on the modified Rankin
Scale after 3 months, analyzed with ordered logistic regression. Secondary outcomes included dependency or death (modified
Rankin Scale score >3), National Institutes of Health Stroke Scale after 24 hours, symptomatic intracranial hemorrhage with
>4 points worsening on National Institutes of Health Stroke Scale within 7 days, and mortality. Coarsened exact matching
and propensity score matching were performed to adjust for indication bias.

RESULTS: One thousand two hundred eighty-four patients (GA: n=851, non-GA: n=433) from 8 Stroke Centers were included.
Patients treated with GA had higher modified Rankin Scale scores after 3 months than patients treated without GA, in
the unmatched (odds ratio [OR], 1.75 [1.42-2.16]; /<0.001), the coarsened exact matching (n=332-524, using multiple
imputations of missing values; OR, 1.60 [1.08-2.36]; P=0.020), and the propensity score matching analysis (n=568; OR,
1.61 [1.20-2.15]; P=0.001). In the coarsened exact matching analysis, there were no significant differences in National
Institutes of Health Stroke Scale after 1 day (estimated coefficient 2.61 [0.569-4.64]), symptomatic intracranial hemorrhage
(OR, 1.06 [0.30-3.75]), dependency or death (OR, 1.42 [0.91-2.23]), or mortality (OR, 1.65 [0.94-2.89)). In the propensity
score matching analysis, National Institutes of Health Stroke Scale after 24 hours (estimated coefficient, 3.40 [1.76-5.04]),
dependency or death (OR, 1.49 [1.07-2.07]), and mortality (OR, 1.65 [1.11-2.45]) were higher in the GA group, whereas
symptomatic intracranial hemorrhage did not differ significantly (OR, 1.77 [0.73-4.29)).

CONCLUSIONS: This large study showed worse functional outcome after endovascular treatment of anterior circulation stroke
with GA than without GA in a real-world setting. This finding appears to be independent of known differences in patient
characteristics between groups.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Nonstandard Abbreviations and Acronyms

AnStroke Anesthesia During Stroke
CEM coarsened exact matching
EVT endovascular treatment
GA general anesthesia

GOLIATH General or Local Anesthesia in Intraarte-
rial Therapy)

ICH intracranial hemorrhage

mRS modified Rankin Scale

NIHSS National Institutes of Health Stroke
Scale

PSM propensity score matching

RCT randomized controlled trial

SIESTA Sedation Versus Intubation for Endovas-
cular Stroke Treatment

SSR Swiss Stroke Registry

during endovascular treatment (EVT) of large artery

occlusion in acute ischemic stroke.'? Initially, general
anesthesia (GA) with intubation was preferred by many
centers to avoid patient movement. Recently, however,
observational studies indicated that GA may worsen
functional outcomes compared with conscious sedation
without intubation or no sedation at all.>"'* Data from pro-
spective randomized controlled trials (RCTs) are limited to
5 single-center studies, which have yielded inconsistent
findings regarding functional outcomes depending on
type of anesthesia.’®'® The most recent meta-analyses
of RCT showed that GA might be superior2°?' However,
findings from centers with highly specialized anesthesia
teams participating in RCTs might not be readily gener-
alizable to a real-world setting. We, therefore, compared
functional outcomes in patients receiving EVT for ante-
rior circulation stroke with GA versus without GA in the
SSR (Swiss Stroke Registry).

COHtroversy surrounds the optimal type of anesthesia

METHODS

This was a retrospective analysis of data from the national
Swiss Stroke Registry.?? The registry started in January 2014
and collects a standardized dataset of all patients with acute
cerebrovascular events including a follow-up assessment
after 3 months, and is compulsory for all hospitals certified
as Stroke Units or Stroke Centers, in line with European
Stroke Organization criteria?® We included consecutive
patients receiving any form of EVT (intra-arterial alteplase
or urokinase, any form of mechanical treatment including
stent retriever, aspiration, distal retriever; with or without bal-
loon angioplasty, permanent intracranial stenting, extracranial
stenting) for acute ischemic stroke caused by large artery
occlusion in the anterior circulation, at a certified Stroke
Center between January 2014 and June 2017, with available
data on anesthesia type and functional status on the modified
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Rankin Scale (mRS) after 3 months.?* Patients with vertebro-
basilar stroke and patients with strokes occurring in-hospital
were excluded. To reduce the risk of attrition bias, we defined
a priori to include only data of Stroke Centers with an avail-
able 3-month follow-up mRS rate of >80%.

We compared patients treated with GA (GA group), defined
by endotracheal intubation, versus those treated without GA
(non-GA group), the latter including conscious sedation or no
sedation at all. We had no data on conversion from initial non-
GA to GA during the procedure. Such patients were assigned to
the GA group in our study. The primary outcome measure was
the level of functional disability on the mRS, an ordinal scale
measuring the degree of neurological disability, ranging from
0—no symptoms to 6—death, assessed 3 months after EVT by
a stroke neurologist during a clinical follow-up visit or if a clini-
cal visit was not possible in a telephone interview. Secondary
clinical outcomes were dependency or death at 3 months (mRS
>3); 3-month mortality; recurrent ischemic stroke within 3
months; National Institutes of Health Stroke Scale (NIHSS)?® 1
day after EVT; change in NIHSS from admission to 1 day after
EVT; hemorrhagic transformation and intracranial hemorrhage
(ICH) on follow-up imaging, usually obtained 1 day after treat-
ment; symptomatic ICH defined as any ICH on follow-up imag-
ing associated with 24 points worsening in NIHSS occurring
within 7 days of acute ischemic stroke?; decompressive crani-
ectomy. In addition, we investigated time metrics including time
from hospital admission to start of EVT (door-to-groin punc-
ture time); symptom onset to start of EVT; duration of EVT,; as
well as duration of hospital stay. Furthermore, we investigated
the rate of transfer to intensive care unit ICU) after treatment.
The present analysis was approved by the Ethics Committee
of Northwestern Switzerland for all contributing hospitals. Our
analysis was conducted according to the Strengthening the
Reporting of Observational Studies in Epidemiology criteria for
observational studies.

Matching and Statistical Analysis

Statistical analysis was performed by AW. using R version
3.6.1 (R Core Team. 2019: R: A Language and Environment for
Statistical Computing. R Foundation for Statistical Computing,
Vienna, Austria). We compared the primary outcome between
GA and non-GA (reference group) with ordered logistic regres-
sion models. Time from hospital admission to start of EVT,
symptom onset to start of EVT, duration of EVT, and duration of
hospital stay were analyzed with log-linear regression models.
NIHSS after 1 day and change in NIHSS were analyzed with a
linear regression model and all other secondary outcomes with
logistic regression models.

The first, unmatched analysis used the entire data set
and only considered the prehospital mRS as a potentially
confounding factor. Second, when estimating causal effects
using observational data, it is desirable to replicate a random-
ized experiment as closely as possible by obtaining treated
and control groups with similar covariate distributions. This
goal can often be achieved by choosing well-matched
samples of the original treated and control groups, thereby
reducing bias due to the covariates. Therefore, we adjusted
for prespecified baseline variables which might potentially
confound allocation to the type of anesthesia and/or clinical
outcomes using coarsened exact matching (CEM), using the
R package cem?” CEM achieves lower levels of imbalance,
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model dependence, and bias than propensity score match-
ing (PSM).?¢ The basic idea of CEM is to first coarsen each
variable before applying exact matching to the coarsened
data. Units in strata containing at least one treated and one
control unit are retained in the matched data set. To account
for the different numbers of units in each stratum, the aver-
age treatment effect was obtained as a weighted estimate.?®
The prespecified matching variables were sex, age, NIHSS at
admission, involvement of single or multiple vascular territo-
ries, time from symptom onset to admission, and prehospital
mRS. As the baseline variables used for matching were miss-
ing in some patients, we applied multiple imputation using the
R package Amelia before CEM matching.®® We did not impute
outcome data. Additionally, to account for a potential center
effect we matched only patients within categories of cen-
ters with similar preferences for type of anesthesia, defined
as >70% non-GA (2 Stroke Centers), >70% GA (4 Stroke
Centers), or no clear preference (2 Stroke Centers) among
the included patients (Figure 1).

As a sensitivity analysis, we performed PSM for cases
with complete data on the abovementioned variables, using
the Matchlt package.®' The propensity score was based on
a multivariable logistic regression with allocation to type of
anesthesia as the outcome variable and the abovementioned
variables as independent variables. For PSM, we included
the Stroke Center variable as a fixed effect in the propensity
model. Patients were then matched in a 1:1 ratio with nearest-
neighbor matching within a caliper of 0.2 SD of the propensity
score without replacement. Observed differences were con-
sidered significant at P<0.05.

Anesthesia for Endovascular Stroke Treatment

RESULTS

Eight of 9 Swiss Stroke Centers achieved the predefined
follow-up rate. At these sites, 1568 patients with anterior
circulation stroke received EVT during the inclusion period,
in whom mRS at 3 months was available in 93%. Figure 2
shows reasons for exclusion of patients from the analysis.
The complete data set of 1408 patients was used to build
the GA and non-GA study groups with the CEM (n=269)
and the PSM (n=568) matching procedure (Tables S1 and
S2). For the unmatched analysis, additional 124 patients
without available prestroke mRS were excluded resulting
in 1284 patients, of whom 851 (66%) were treated with
GA and 433 without GA (Table 1). Patients in the GA group
had a higher NIHSS at admission, were older, more often
had acute ischemic strokes involving multiple vascular ter-
ritories, worse prehospital functional status, and a shorter
symptom onset to admission time than patients without
GA (Table 1). Both groups had similar prevalence of previ-
ous cerebrovascular events and vascular risk factors, with
the exception of hyperlipidemia which was more common
in the GA group (68.8 versus 54.8%; Table 1). Details of
affected vascular territories are provided in Table S3, and
endovascular treatment modality as well as rates of intra-
venous bridging thrombolysis in Table S4.

There was no major change in the proportion of
patients treated with GA over the period of inclusion in
the study, although a slight trend towards a decrease
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Figure 1. Use of anesthesia in the 8 participating Stroke Centers in Switzerland (A-H); light gray denotes patients treated with
general anesthesia (GA); dark gray denotes patients treated with non-GA.
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Patients enrolled in the registry with
an AIS who underwent EVT (n=1568)

Excluded (n=160)

* in-hospital strokes n=41
* Lacking information on:
7 follow-upmRS  n=114
» anacsthesia data  n=4
» or both n=1

Complete data set (n=1408)

Analysis on outcome, matched

Excluded (n=124)
* no pre-hospital mRS data

Analysis on outcome, unmatched

imputed analysis complete analysis

(n=1284)
CEM (n=332-524) PSM (n=568)
GA: non-GA: GA: non-GA: GA: non-GA:
n=851 n=433 n=179-303 || n=153-221 n=284 n=284

Figure 2. Flow diagram of the patients included in the study.

AlS indicates, acute ischemic stroke; CEM, coarsened exact matching; EVT, endovascular treatment; GA, general anesthesia; mRS, modified

Rankin Scale; and PSM, propensity score matching.

in GA use was observed (Figure S1). A single Stroke
Center treating 27 patients during the inclusion period
was excluded from the analysis because the site did not
achieve the predefined follow-up rate.

In the unmatched analysis, 3 months mRS was higher
in the GA group than in the non-GA group (odds ratio
[OR], 1.76 [1.42-2.16]; A<0.001; Table 2, Figure 3).
In the CEM analysis, the imputed analysis sets ranged
from 332 to 524 patients, and patient characteristics
were well balanced between groups with standardized
mean differences <0.1 (Table 3); mRS at 3 months
remained significantly higher in the GA group (OR, 1.60
[1.08-2.36]; P=0.020; Table 2). This was confirmed in
the complete-case PSM analysis including 568 patients
(OR, 1.61 [1.20-2.15]; P=0.001; Table 2).

Secondary outcomes also differed between the
groups in the unmatched comparison: door-to-groin
puncture time was 8% shorter in the GA group thanin the
non-GA group (multiplicative effect, 0.92 [0.85-0.99]).
Patients in the GA group were more often transferred
to ICU after treatment (OR, 3.41 [2.59-4.48]) and still
had a higher NIHSS after 1 day (estimated coefficient,
3.65 [2.61-4.79]) than patients in the non-GA group;
however, the change in NIHSS from baseline to 1 day
did not differ between groups (4.0 [—9.0 to 0.0] versus
—3.0 [-70 to 0.0], estimated coefficient, —0.47 [—1.50
to 0.56]). Furthermore, patients in the GA group had
more often symptomatic ICH (OR, 2.569 [1.29-5.19]),
13% longer hospital stay (multiplicative effect, 1.13

Stroke. 2022;53:1520-1529. DOI: 10.1161/STROKEAHA.121.034934

[1.02—1.24]), a higher rate of dependency or death (OR,
1.81 [1.41—-2.32]), and mortality (OR, 1.71 [1.26—2.32])
at 3 months than patients in the non-GA group. The
other secondary outcomes, including symptom onset
to start of EVT (multiplicative effect, 0.94 [0.88—1.02]),
EVT duration (multiplicative effect, 0.95 [0.87—1.03]),
hemorrhagic transformation (OR, 1.19 [0.87—1.63]),
and ICH (OR, 1.23 [0.57—2.65]) on follow-up imaging,
decompressive craniectomy (OR, 1.72 [0.80—3.71]), and
recurrent ischemic stroke within 3 months (OR, 1.47
[0.81—-2.67]) did not differ significantly (Table 2).

In the CEM analysis, door-to-groin puncture time was
20% longer (multiplicative effect, 1.20 [1.04—1.37]),
transfer to ICU more frequent (OR, 2.16 [1.30—3.58]),
and duration of hospital stay 26% longer (multiplicative
effect, 1.26 [1.04—1.53]) in the GA group (Table 2). The
other secondary outcomes including symptom onset to
groin puncture (multiplicative effect, 1.10 [0.96—1.26]),
EVT duration (multiplicative effect, 1.04 [0.89—1.22]),
NIHSS after 1 day (estimated coefficient, 2.61
[0.59—4.64]), change in NIHSS (estimated coefficient,
1.22 [-0.74 to 3.19), hemorrhagic transformation (OR,
0.67 [0.39—1.17]) or ICH on follow-up imaging (OR 0.87
[0.14,5.33]), symptomatic ICH (OR, 1.06 [0.30—3.75]),
decompressive craniectomy (OR, 0.61 [0.10-3.67]),
recurrent ischemic stroke (OR, 2.59 [0.76—8.88)),
dependency or death (OR, 1.42 [0.91—2.23]), and mor-
tality (OR, 1.65 [0.94—2.89]) at 3 months did not differ
significantly.
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Table 1. Patient Baseline Characteristics by Type of Anesthesia (Unmatched Analysis)

GA Non-GA SMD

n=1284 851 433
Sex male, n (%) 436 (51.2) 231 (53.3) 0.042
Age, mean [£SD] (range) 72.1 [13.5] (82.6) 70.6 [13.7] (80.0) 0.108
Previous event*

Stroke, n (%) 116 (13.7) 53 (12.2) 0.043

TIA, n (%) 47 (5.5) 18 (4.2) 0.065

ICH, n (%) 12 (1.4) 8 (1.9) 0.034
Vascular risk factors*

Hypertension, n (%) 598 (71.3) 297 (68.8) 0.055

Diabetes, n (%) 151 (17.7) 71 (16.4) 0.036

Hyperlipidemia, n (%) 583 (68.8) 236 (54.8) 0.293

Smoking, n (%) 173 (21.4) 97 (23.6) 0.054

Atrial fibrillation, n (%) 342 (40.2) 170 (39.5) 0.014
NIHSS at admission, median [IQR] (range) 16.0 [10.0-20.0] (40) 11.0 [6.0-17.0] (36) 0.581
Multiple affected vascular territories, n (%) 134 (15.7) 50 (11.5) 0.123
Symptom onset to admission in min, median [IQR] (range) | 136.0 [67.0-261.0] (1436) 145.0 [67.0-311.8] (1410) 0.076
mRS prehospital, n (%) 0.305

0-1 713 (83.8) 373 (86.1)

>1 138 (16.2) 60 (13.9)

GA indicates general anesthesia; ICH, intracranial hemorrhage; IOR, interquartile range; mRS, modified Rankin Scale; NIHSS, National Insti-
tutes of Health Stroke Scale; SD, standardized difference; SMD, standardized mean difference; and TIA, transient ischemic attack.
“Data availability was >99% for each value, except that smoking had a 95.1% availability.

In the sensitivity PSM analysis, patients who received
GA had 13% longer duration of EVT (multiplicative
effect, 1.13 [1.01—1.28]), were more often transferred
to ICU (OR, 3.07 [2.156—4.37]), had higher NIHSS at 1
day (estimated coefficient, 3.40 [1.76—5.04]), a higher
rate of dependency or death (OR, 1.49 [1.07—2.07]), and
mortality (OR, 1.65 [1.11—2.45]) at 3 months (Table 2).

DISCUSSION

We found worse functional outcomes measured by 3
months mRS in patients receiving EVT under GA com-
pared with patients treated without GA in anterior cir-
culation stroke at certified Swiss Stroke Centers. This
result appears to be independent of known differences
in characteristics of patients as it was confirmed in 2
separate analyses using methods to match patients.
Our main finding is in line with several observational
studies,®> 149233 systematic reviews, and meta-analy-
ses.3*! In particular, the 2 largest single studies to date,
a meta-analysis of individual patient data from 1764
patients receiving EVT in RCTs by the HERMES (Highly
Effective Reperfusion Evaluated in Multiple Endovas-
cular Stroke Trials) collaboration, and 2 registry cohort
studies from ltaly and Germany of EVT in acute stroke
with 4429 and 5808 patients, respectively, showed a
worse functional outcome after EVT under GA com-
pared with non-GA.32%336 Recently, GA versus conscious

1624 May 2022

sedation versus local anesthesia alone were compared
among 1376 patients in the MR CLEAN (Multicenter
Randomized Clinical Trial of Endovascular Treatment for
Acute Ischemic Stroke in the Netherlands) registry yield-
ing best functional outcome with local anesthesia.*?

Five RCTs of limited size have compared outcomes after
EVT with versus without GA: The AnStroke trial (Anesthe-
sia During Stroke) reported no difference in 3 months mRS
between GA and non-GA in 90 patients.’® The SIESTA
trial (Sedation Versus Intubation for Endovascular Stroke
Treatment) randomized 150 patients and reported no sig-
nificant difference in the overall distribution of the mRS
after 3 months either, but significantly more patients in the
GA group were functionally independent after 3 months
(MRS score of 0-2).'®> The GOLIATH trial (General or Local
Anesthesia in Intraarterial Therapy) enrolled 128 patients
and reported significantly lower mRS scores at 3 months
in the GA group, but no significant difference in functional
independence (MRS score of 0-2)."" A pooled analysis of
individual patient data of the RCTs SIESTA, AnStroke, and
GOLIATH (n=368; GA: 183 versus non-GA: 185) dem-
onstrated a worse functional outcome after 3 months by
ordinal analysis of mRS in the non-GA groups (OR, 1.58
[1.09-2.29])2° Two further smaller RCTs found no dif-
ference in 3 months mRS, and functional independence,
respectively.'6'®

Although observational studies have an inherent risk of
bias, they complement the evidence provided by RCTs by

Stroke. 2022;53:1520-1529. DOI: 10.1161/STROKEAHA.121.034934
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Table 2. Primary and Secondary Outcomes, Unmatched, and Matched

Anesthesia for Endovascular Stroke Treatment

Unmatched CEM PSM
GA Non-GA Effect size [95% CI1 | Effect size [95% CI] | Effect size [95% ClI1
N 851 433 332-524 568
Primary outcome
mRS after 3 mo 1.75 [1.42 to 2.16] 1.60 [1.08 to 2.36] 1.61 [1.20 to 2.15]
Secondary clinical outcomes
Dependency or death after 3 mo, MRS >3 (%) | 537 (57.7) 202 (42.3) 1.81 [1.41 to 2.32] 1.42 [0.91 to 2.283] 1.49 [1.07 to 2.07]
Mortality within 3 mo, n (%) 264 (28.4) 83 (17.4) 1.71 [1.26 to 2.32] 1.65 [0.94 to 2.89] 1.65 [1.11 to 2.45]
Recurrent ischemic stroke within 3 mo, n (%) | 45 (6.1) 18 (4.2) 1.47 [0.81 to 2.67] 2.59 [0.76 to 8.88] 1.48 [0.85 to 2.59]
NIHSS 24 h after admission, median [IQR] 10 [4 to 17] 5[2to 13] 3.65 [2.51 t0 4.79] 2.61 [0.59 to 4.64] 3.40 [1.76 to 5.04]
NIHSS shift from admission to 1 d after —4.0[-9.0t00.0] | =8.0[-70t00.0] | —0.47 [-1.50 to 0.56] | 1.22 [-0.74 t0 3.19] | 1.75 [0.32 to0 3.18]
EVT, median [IQR]
Hemorrhagic transformation after 24 h, n (%) | 184 (21) 82 (18) 1.19 [0.87 to 1.63] 0.67 [0.39t0 1.17] 1.00 [0.66 to 1.50]
Intracranial hemorrhage after 24 h, n (%) 25 (2.9) 12 (2.6) 1.23 [0.57 to 2.65] 0.87 [0.14 to0 5.33] 1.51 [0.53 to 4.31]
Symptomatic ICH within 7 d, n (%) 53 (5.8) 11 (2.3) 2.569 [1.29 t0 5.19] 1.06 [0.30 to 3.75] 1.77 [0.73 to 4.29]
Decompressive craniectomy, n (%) 28 (3) 10 (2.1) 1.72[0.80 to 3.71] 0.61 [0.10 to 3.67] 1.45 [0.70 to 3.01]
Time metrics and transfer to ICU
Symptom-groin puncture in min, median [IQR] | 235 [175 to 369] | 247 [177 to 443] | 0.94 [0.88 to 1.02] 1.10 [0.96 to 1.26] 1.11 [1.00 to 1.23]
Door-groin puncture in min, median [IQR] 92 [66 to 123] 97 [70 to 135] 0.92 [0.85 to 0.99] 1.20 [1.04 to 1.37] 1.08 [0.96 to 1.20]
EVT duration in min, median [IQR] 70 [44 to 110] 68 [46 to 111] 0.95 [0.87 to 1.03] 1.04 [0.89 to 1.22] 1.13 [1.01 to 1.28]
Transfer to ICU=yes, n (%) 443 (47.9) 104 (21.9) 3.41 [2.59 to 4.48] 2.16 [1.30 to 3.58] 3.07 [2.15 to 4.37]

CEM indicates coarsened exact matching; EVT, endovascular treatment; GA, general anesthesia; ICH, intracranial hemorrhage; ICU, intensive care unit; IQR, interquar-
tile range; MRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; and PSM, propensity score matching.

measuring outcomes in less specialized settings and less
selected patients than is the case in RCTs. For example,
RCTs excluded patients with severe agitation's~'® or previ-
ous functional dependency.’®"'® In addition, the availability
of highly specialized neuroanesthesia care may have con-
tributed to the superior outcomes with GA in the RCTs.'62"
Our study is among the largest to date comparing func-
tional outcome according to the type of anesthesia in EVT
in a real-world setting. We accounted for indication bias
by repeating the comparison with 2 different matching
approaches and were able to corroborate our main finding.
Together with the evidence from previous observational
studies, our data show that GA might be inferior among
less selected patients and in settings with—as we assume
(although details on experience of anesthesia teams and
their procedures were unavailable)—potentially less spe-
cialized anesthesia teams. Our study demonstrated sub-
stantial variability in the use of GA and non-GA between
the Stroke Centers in Switzerland, likely attributable to
center-specific standardized operating procedures and
individual physicians’ preferences. We, therefore, included
Stroke Center as a matching variable in our analyses to
avoid confounding of the comparison of GA versus non-
GA by a center effect independent of the preference of
the type of anesthesia. Arguing further against a center
effect, GA tended to yield worse outcomes than non-GA
at each of the 6 largest participating sites (Figure S2).
The main argument in favor of GA is to avoid patients’
movement and discomfort which impairs catheter

Stroke. 2022;53:1520-1529. DOI: 10.1161/STROKEAHA.121.034934

navigation and interpretation of angiography.*® Poten-
tial disadvantages of GA include delaying the start of
EVT, and a fall and/or fluctuation of arterial blood pres-
sure.*5%91444 The SIESTA and AnStroke trial reported a
10 and 9 minutes longer time from door-to-groin punc-
ture, but an 18 and 19 minutes shorter time from groin
puncture to recanalization under GA compared with non-
GA, respectively.’®'® In contrast, GOLIATH and CAN-
VAS (Choice of Anesthesia for Endovascular Treatment
of Acute Ischemic Stroke) showed both, a longer door-
to-groin puncture time (by 9 and 14 minutes, respec-
tively) and groin puncture to recanalization time (by 5 and
11 minutes, respectively) in the GA group compared with
the non-GA group."™® In the unmatched comparison in
our study, the door-to-groin puncture time was actually
shorter under GA than under non-GA (92 versus 97 min-
utes), while the duration of EVT was similar (70 versus
68 minutes). However, these findings were not consis-
tently replicated in the matched analyses. In addition, the
relatively small differences in treatment delays observed
in our study are unlikely to have had a relevant impact on
3-month outcomes.

Our findings on the remaining secondary outcomes
were less conclusive. In the CEM analysis, only hospital
stay duration—potentially related to the time needed for
weaning and possible complications after intubation—was
longer in the GA than in the non-GA group. This was also
the case in the unmatched comparison but not in the PSM
analysis. Unsurprisingly, the odds of being transferred to
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Figure 3. Distribution of modified Rankin Scale (mRS) 3 mo after stroke, unmatched. GA indicates general anesthesia.

ICU after EVT were >3x higher if treatment was deliv-
ered under GA (OR, 341 [2569-4.48)), indicating that
extubation on the table is rarely performed after EVT. Both
in the unmatched and the PSM analysis, mRS >3 after
3 months, NIHSS after 24 hours, and 3 months mortal-
ity were higher in the GA than in the non-GA group, but
these findings were not reproduced in the CEM analysis.
Recurrent ischemic stroke within 3 months did not differ
between GA and non-GA in any of the analyses. Differing
outcomes in the CEM may be partly due to the fact that
124 patients with missing prehospital mRS were excluded

from the other 2 analyses. Moreover, it should be noted
that the secondary end points with discordant effect esti-
mates are rather rare events resulting in a higher uncer-
tainty of estimation, as reflected by the large width of the
corresponding confidence intervals. Finally, we also cannot
exclude the possibility of unobserved imbalance. None-
theless, consistency in some of the observed differences
in secondary functional outcomes such as mRS >3 and
NIHSS corroborate the findings of our primary analysis.
Our study has important limitations. The absence
of detailed information on anesthesia management in

Table 3. Patient Baseline Characteristics of the CEM-Matched Data Sets, as Minimum and Maximum

Percentage/Mean/Median/SMD

n=332-524 179-303 150-221
Sex male, % 51.5-59.8 51.0-58.1 0.000-0.071
Age (mean) 74.0-75.4 73.2-75.0 0.002-0.132
NIHSS at admission (median) 13.0-14.0 12.0-13.0 0.040-0.174
Multiple affected vascular territories (%) 0.5-2.4 0.6-3.4 0.008-0.079
Symptom onset to admission in min (median) 91.1-135.0 117.0-137.0 0.000-0.087
mRS prehospital (%) 0.028-0.233
0-1 77.6-84.0 79.8-95.3
>1 8.4-20.5 7.8-20.8

CEM indicates coarsened exact matching; GA, general anesthesia; mRS, modified Rankin Scale; NIHSS, National Institutes of

Health Stroke Scale; and SMD, standardized mean difference.
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the Swiss Stroke Registry represents a major limita-
tion. Although studies on EVT, including ours, commonly
defined GA as endotracheal intubation which required
deep sedation and ventilation, various terms including “con-
scious sedation” or “monitored anesthesia care” are used
to describe a spectrum of light to moderate sedation along
with analgesia in patients treated without GA. The lack of
data on respiratory parameters, arterial blood pressure,
cerebral blood flow, and type of anesthetic agents used did
not allow quantification of sedation or exploration of poten-
tial mechanisms underlying the association with clinical
outcome. Inhaled volatile and intravenous anesthetics may
cause a fall and fluctuations in arterial blood pressure.’®4
Hypocapnia-induced vasoconstriction of the intracranial
vessels and increased cerebral venous pressure during
endotracheal intubation may further reduce cerebral per-
fusion during GA** A fall in cerebral perfusion pressure
may worsen the extent of injury to the ischemic penum-
bra846-4 A systolic blood pressure below 140 mmHg, a
fall in mean arterial pressure >40% or >10% from baseline
during EVT are considered predictors of poor neurological
outcome.#6%0-%3 Recently, an analysis from 3 of the 5 RCTs
showed an association of poor outcome in 90-day mRS
scores if mean arterial pressure was below 70 mmHg for
>10 minutes or <90 mmHg for >45 minutes®* A retro-
spective study with 371 patients observed a linear asso-
ciation between the duration of arterial hypotension during
EVT and the functional outcome at 3 months.®’

We also lack data on conversion from initial non-GA to
GA during the procedure, for example, due to agitation or
risk of aspiration. Such patients would have been allocated
to the GA group in our study. Conversion rates in the RCTs
ranged from 6.3% to 18.2%'7%; the ltalian and German
Stroke Registry had conversion rates of 3.0 and 3.3%.32%
Similarly, we collected no data on the timing of extubation
in GA patients and whether this affected transfer to ICU.
Data on pneumonia and other infections are not collected
in the SSR. Whether intubation prevents pneumonia by air-
way protection or whether on the contrary, the risk of pneu-
monia is higher among ventilated patients is still a matter
of debate. Three RCTs reported higher pneumonia rates in
the GA group,'®'8'8 whereas a large post hoc analysis of
MR CLEAN reported a nonsignificant decrease in pneu-
monia under GA.*2 Factors leading to the decision to per-
form EVT under GA versus non-GA in individual patients
were not known. Although our study mitigated imbalances
in patient characteristics by both CEM and PSM, we can-
not rule out residual confounding by unmeasured factors.
It should also be noted that we were only able to match
26% to 44% of the study population, which limits the
generalisability of the results from the matched outcome
analysis. Although both matching strategies yielded com-
parable results, we observed wider confidence intervals
for CEM compared with PSM estimates. On one hand, the
exact matching of coarsened variables in CEM leads to
lower levels of covariate imbalance compared with PSM.28

Stroke. 2022;53:1520-1529. DOI: 10.1161/STROKEAHA.121.034934

Anesthesia for Endovascular Stroke Treatment

On the other hand, CEM achieves a lower precision than
PSM in settings with a relatively large number of covari-
ates, which might explain our findings.®®

In addition, detailed information on baseline parenchy-
mal and vascular imaging as well as procedural success
was unavailable, including the Alberta Stroke Program
Early CT Score, stroke cause, the collateral circulation, the
exact location of vessel occlusion (ie, arterial segment),
the success of recanalization measured by Thrombolysis
in Cerebral Infarction score, evidence on vessel perfora-
tion, and the final infarct volume.

Furthermore, following favorable results in clinical trials,
EVT was increasingly used and evolved over the period of
inclusion in our study. To address potential confounding by a
temporal trend, we performed 2 post hoc analyses showing
no major shift in use of anesthesia (Figure S1) and similar
outcomes (Figure S3) along the years of inclusion in our
study. Finally, our findings on secondary outcomes have
to be interpreted with caution because of the inconsistent
results in the unmatched and matched analyses.

In conclusion, in this observational study on the impact
of type of anesthesia on outcome in EVT for acute ischemic
stroke, we found that GA in real-world Stroke Centers was
associated with worse functional outcome, which appeared
to be independent of existing differences in patient char-
acteristics between groups. Larger randomized trials are
needed to study the relationship of disease-, patient- and
treatment-related variables with outcomes following GA on
EVT for acute ischemic stroke, and to identify the ideal type
of anesthesia for individual patients.

ARTICLE INFORMATION

Received December 15, 2020; final revision received November 8, 2021; ac-
cepted December 23, 2021.

The podcast and transcript are available at https://www.ahajournals.org/str/
podcast.

Affiliations

Department of Neurology (BW, J.L, GMDM, STE, PL, LHB.), Clinical Trial
Unit (AW, PRW), Institute of Diagnostic and Interventional Neuroradiology (K.B,
M.P), and Department of Anesthesiology (D.B.), University Hospital Basel and
University of Basel, Switzerland. Neurology and Neurorehabilitation, University
Department of Geriatic Medicine FELIX PLATTER and Department of Clinical
Research, University of Basel, Switzerland (S.T.E.). Department of Neurology (U.F,
M.A) and Institute of Diagnostic and Interventional Neuroradiology (PM,, J.G.),
Inselspital, Bern University Hospital, University of Bern, Switzerland. Department
of Neurology, Lausanne University Hospital, Switzerland (S.N,, FP, PM.). Depart-
ment of Neurology, Cantonal Hospital Aarau, Switzerland (T.K,, K.N.). Stroke Cen-
ter EOC, Neurocenter of Southern Switzerland, Ospedale Regionale di Lugano
(G.B, CW.C). Department of Neurology, University Hospital Geneva, Switzerland
(E.C.). Department of Neurology, University Hospital Zurich, Switzerland (AR.L.).
Cereneo Center for Neurology and Rehabilitation, Vitznau, Switzerland (AR.L).
Department of Neurology (G.K) and Institute of Diagnostic and Interventional
Neuroradiology (J.W.), Cantonal Hospital St. Gallen, Switzerland. Research De-
partment, Reha Rheinfelden, Switzerland (L.H.B.).

Sources of Funding
None.

Disclosures

Dr Lorscheider reports grants from Innosuisse—Swiss Innovation Agency, grants
and personal fees from Novartis, grants from Biogen, personal fees from Roche,

May 2022 1527

$3IN3IIS
NOILYINdOd ANY TVIINITD


https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.121.034934
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.121.034934
https://www.ahajournals.org/str/podcast
https://www.ahajournals.org/str/podcast

CLINICAL AND POPULATION
SCIENCES

Wagner et al

and personal fees from TEVA outside the submitted work. Dr De Marchis reports
personal fees from Bayer outside the submitted work. Dr Lyrer reports other
from Bayer, Switzerland, nonfinancial support and other from Boehringer Ingel-
heim, other from Pfizer, grants from University Hospital Basel, Neurology Clinic,
grants from Swiss National Foundation SNF, grants from ACTICOR France,
other from Biogen, Switzerland, other from Alexion, and grants from Bayer, Ger-
many outside the submitted work. Dr Fischer reports grants from Medtronic,
other from Medtronic, other from Stryker, other from CSL Behring, grants from
Swiss National Science Foundation, grants from Swiss Heart Foundation, and
other from Boehringer Ingelheim outside the submitted work. Dr Nannoni reports
grants from Swiss National Science Foundation (SNSF) outside the submitted
work. Dr Luft reports personal fees from Amgen, personal fees from Moleac,
and personal fees from Bayer outside the submitted work. Dr Cereda reports
personal fees from iSchemaView and other from Bayer outside the submitted
work. Dr Nedeltchev reports personal fees from Medtronic Switzerland, grants
from Biogen Switzerland, grants from Novartis Switzerland, grants from Sanofi
Switzerland, and grants from Lupin outside the submitted work. Dr Mordasini
reports grants from Swiss National Science Foundation and grants from Swiss
Heart Foundation during the conduct of the study. Dr Gralla reports grants from
Medtronic during the conduct of the study; grants from Swiss National Funds
outside the submitted work. Dr Arnold reports personal fees from Alexion, Am-
gen, Astra Zeneca, Bayer, Bristol Myers Squibb (BMS), Covidien, Daiichy San-
kyo, Medtronic, Novartis, Pfizer, and Sanofi. Dr Bonati reports grants from Swiss
Heart Foundation during the conduct of the study; grants from Swiss National
Science Foundation, grants from Swiss Heart Foundation, grants from Stiftung
zur Férderung der gastroenterologischen und allgemeinen klinischen Forschung
sowie der medizinischen Bildauswertung, personal fees from AstraZeneca, per-
sonal fees from Claret Medical, and personal fees from InnovHeart outside the
submitted work. The other authors report no conflicts.

Supplemental Material

Tables S1-S4
Figures S1-S3

APPENDIX

Swiss Stroke Registry Investigators

Stroke Center

Cantonal Hospital Aarau (KSA): Javier Anon, Sandra Clarke, Michael Diepers,
Philipp Gruber, Timo Kahles“*, Eileen Martin, Krassen Nedeltchev, Luca Remon-
da, Andreas Schweikert, Vedrana Zupa. University Hospital Basel (USB): Vale-
rian Altersberger, Kristin Blackham, Leo Bonati“®, Alex Brehm, Gian Marco De
Marchis", Tolga Dittrich, Amgad EI Mekabaty, Stefan Engelter, Joachim Fladt,
Urs Fisch, Henrik Gensicke, Lisa Hert, Philippe Lyrer®, Sabrina Manuzzi, Marina
Maurer, Louisa Meya, Nils Peters, Alexandros Polymeris, Marios Psychogios

, Sebastian Thilemann, Christopher Traenka, loannes Tsogkas, Benjamin Wag-
ner™, Anaelle Zietz. Inselspital, University Hospital Bern: Marcel Arnold, Urs
Fischer™, Martina Goeldlin, Jan Gralla, Mirjam Heldner, Simon Jung, Johannes
Kaesmacher, Basel Mamaari, Thomas Meinel, Pasquale Mordasini, Madlaine
Mueller, Hakan Sarykaya, David Seiffge, Bernhard Siepen, Jan Vynkier. Univer-
sity Hospital Geneva (HUG): Emmanuel Carrera. University Hospital Lausanne
(CHUV): Ashraf Eskandari, Patrick Michel, Vasiliki Pantazou, Davide Strambo.
Neurocenter of Southern Switzerland, Lugano (EOC): Giovanni Bianco, Carlo
Cereda, Jane Frangi, Shairin Sihabdeen. Cantonal hospital of St. Gallen (KSSG):
Georg Kagi'”, Jochen Vehoff. University Hospital Zuerich (USZ): Mira Katan,
Andreas Luft, Achim Mueller, Susanne Wegener.

REFERENCES

1. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC,
Becker K, Biller J, Brown M, Demaerschalk BM, Hoh B, et al. Guidelines
for the Early Management of Patients With Acute Ischemic Stroke: 2019
update to the 2018 guidelines for the early management of acute ischemic
stroke: a guideline for healthcare professionals from the American Heart
Association/American Stroke Association. Stroke. 2019;50:e344—-e418.
doi: 10.1161/STR.0000000000000211

2. Hindman BJ, Dexter F. Anesthetic management of emergency endovas-
cular thrombectomy for acute ischemic stroke, part 2: integrating and
applying observational reports and randomized clinical trials. Anesth Analg.
2019;128:706-717. doi: 10.1213/ANE.0000000000004045

3. Davis MJ, Menon BK, Baghirzada LB, Campos-Herrera CR, Goyal M, Hill
MD, Archer DP; Calgary Stroke Program. Anesthetic management and

1628  May 2022

Stroke

Anesthesia for Endovascular Stroke Treatment

outcome in patients during endovascular therapy for acute stroke. Anesthe-
siology. 2012;116:396-406. doi: 10.1097/ALN.Ob013e318242a5d2

. Jumaa MA, Zhang F, Ruiz-Ares G, Gelzinis T, Malik AM, Aleu A, Oakley Jl,

Jankowitz B, Lin R, Reddy V, et al. Comparison of safety and clinical and
radiographic outcomes in endovascular acute stroke therapy for proximal
middle cerebral artery occlusion with intubation and general anesthe-
sia versus the nonintubated state. Stroke. 2010;41:1180-1184. doi:
10.1161/STROKEAHA.109.5674194

. Abou-Chebl A, Lin R, Hussain MS, Jovin TG, Levy El, Liebeskind DS, Yoo

AJ, Hsu DP, Rymer MM, Tayal AH, et al. Conscious sedation versus gen-
eral anesthesia during endovascular therapy for acute anterior circulation
stroke: preliminary results from a retrospective, multicenter study. Stroke.
2010;41:1175-1179. doi: 10.1161/STROKEAHA.109.574129

. Jagani M, Brinjikji W, Rabinstein AA, Pasternak JJ, Kallmes DF. Hemodynamics

during anesthesia for intra-arterial therapy of acute ischemic stroke. J Neu-
rointerv Surg. 2016;8:883-888. doi: 10.1136/neurintsurg-2015-011867

. Tagi MA, Suriya SS, Sodhi A, Quadri SA, Farooqui M, Zafar A, Mortazavi

MM. Ideal sedation for stroke thrombectomy: a prospective pilot sin-
gle-center observational study. Neurosurg Focus. 2019;46:E16. doi:
10.3171/2018.11.FOCUS18522

. Abou-Chebl A, Yeatts SD, Yan B, Cockroft K, Goyal M, Jovin T, Khatri P,

Meyers P, Spilker J, Sugg R, et al. Impact of general anesthesia on safety
and outcomes in the endovascular arm of Interventional Management
of Stroke (IMS) Il Trial. Stroke. 2015;46:2142-2148. doi: 10.1161/
STROKEAHA.115.008761

. John S, Thebo U, Gomes J, Saqqur M, Farag E, Xu J, Wisco D, Uchino

K, Hussain MS. Intra-arterial therapy for acute ischemic stroke under
general anesthesia versus monitored anesthesia care. Cerebrovasc Dis.
2014;38:262-267. doi: 10.1159/000368216

. Nichols C, Carrozzella J, Yeatts S, Tomsick T, Broderick J, Khatri P. Is peri-

procedural sedation during acute stroke therapy associated with poorer
functional outcomes? J Neurointerventional Surg. 2010;2:67-70. doi:
10.1136/jnis.2009.001768

. Abou-Chebl A, Zaidat OO, Castonguay AC, Gupta R, Sun CH, Martin

CO, Holloway WE, Mueller-Kronast N, English JD, Linfante |, et al. North
American SOLITAIRE Stent-Retriever Acute Stroke Registry: choice of
anesthesia and outcomes. Stroke. 2014;45:1396-1401. doi: 10.1161/
STROKEAHA.113.003698

. Just C, Rizek P, Tryphonopoulos P, Pelz D, Arango M. Outcomes of general

anesthesia and conscious sedation in endovascular treatment for stroke.
Can J Neurol Sci. 2016;43:6565-658. doi: 10.1017/¢jn.2016.256

. Berkhemer OA, van den Berg LA, Fransen PS, Beumer D, Yoo AJ, Lingsma

HF, Schonewille WJ, van den Berg R, Wermer MJ, Boiten J, et al; MR CLEAN
investigators. The effect of anesthetic management during intra-arterial
therapy for acute stroke in MR CLEAN. Neurology. 2016;87:656-664. doi:
10.1212/WNL.0000000000002976

. van den Berg LA, Koelman DL, Berkhemer OA, Rozeman AD, Fransen

PS, Beumer D, Dippel DW, van der Lugt A, van Oostenbrugge RJ,
van Zwam WH, et al; MR CLEAN pretrial study group; Participating cen-
ters. Type of anesthesia and differences in clinical outcome after intra-
arterial treatment for ischemic stroke. Stroke. 2015;46:1257—-1262. doi:
10.1161/STROKEAHA.115.008699

. Schénenberger S, Uhimann L, Hacke W, Schieber S, Mundiyanapurath S,

Purrucker JC, Nagel S, Klose C, Pfaff J, Bendszus M, et al. Effect of con-
scious sedation vs general anesthesia on early neurological improvement
among patients with ischemic stroke undergoing endovascular throm-
bectomy: a randomized clinical trial. JAMA. 2016;316:1986—1996. doi:
10.1001/jama.2016.16623

. Ren C, Xu G, Liu Y, Liu G, Wang J, Gao J. Effect of conscious sedation vs.

general anesthesia on outcomes in patients undergoing mechanical throm-
bectomy for acute ischemic stroke: a prospective randomized clinical trial.
Front Neurol. 2020;11:170. doi: 10.3389/fneur.2020.00170

. Simonsen CZ, Yoo AJ, Serensen LH, Juul N, Johnsen SP, Andersen G,

Rasmussen M. Effect of general anesthesia and conscious sedation dur-
ing endovascular therapy on infarct growth and clinical outcomes in acute
ischemic stroke: a randomized clinical trial. JAMA Neurol. 2018;75:470-4717.
doi: 10.1001/jamaneurol.2017.4474

. Léwhagen Hendén P, Rentzos A, Karlsson JE, Rosengren L, Leiram B,

Sundeman H, Dunker D, Schnabel K, Wikholm G, Hellstrom M, et al. Gen-
eral anesthesia versus conscious sedation for endovascular treatment of
acute ischemic stroke: the anstroke trial (Anesthesia During Stroke). Stroke.
2017;48:1601-1607. doi: 10.1161/STROKEAHA.117.016554

. Sun J, Liang F, Wu Y, Zhao Y, Miao Z, Zhang L, Gelb AW, Chan MTV,

Peng Y, Han R; CANVAS Pilot Trial Investigators. Choice of ANesthesia

.2022;63:1620-1529. DOI: 10.1161/STROKEAHA.121.034934


https://orcid.org/0000-0002-1569-6376
https://orcid.org/0000-0003-1163-8133
https://orcid.org/0000-0002-0342-9780
https://orcid.org/0000-0002-1435-1114
https://orcid.org/0000-0002-0016-414X
https://orcid.org/0000-0001-9330-1790
https://orcid.org/0000-0003-0521-4051
https://orcid.org/0000-0003-0797-3668
https://orcid.org/0000-0001-7749-8060

Wagner et al

20.

21.

22.

23.

24,

26.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Stroke. 2022;53:1520-1529. DOI: 10.1161/STROKEAHA.121.034934

for EndoVAScular Treatment of Acute Ischemic Stroke (CANVAS): results
of the CANVAS pilot randomized controlled trial. J Neurosurg Anesthesiol.
2020;32:41-47. doi: 10.1097/ANA.0000000000000567

Schénenberger S,Hendén PL, Simonsen CZ, Uhimann L, Klose C, Pfaff JAR, Yoo
AJ, Serensen LH, Ringleb PA, Wick W, et al. Association of general anesthesia
vs procedural sedation with functional outcome among patients with acute isch-
emic stroke undergoing thrombectomy: a systematic review and meta-analysis.
JAMA. 2019;322:1283-1293. doi: 10.1001/jama.2019.114565

Campbell D, Diprose WK, Deng C, Barber PA. General anesthesia versus
conscious sedation in endovascular thrombectomy for stroke: a meta-analy-
sis of 4 randomized controlled trials. J Neurosurg Anesthesiol. 2021;33:21—
27. doi: 10.1097/ANA.0000000000000646

Manno C, Disanto G, Bianco G, Nannoni S, Heldner M, Jung S, Arnold M,
Kaesmacher J, Miiller M, Thilemann S, et al. Outcome of endovascular ther-
apy in stroke with large vessel occlusion and mild symptoms. Neurology.
2019;93:e1618-e1626. doi: 10.1212/WNL.0000000000008362
Waje-Andreassen U, Nabavi DG, Engelter ST, Dippel DW, Jenkinson D,
Skoda O, Zini A, Orken DN, Staikov |, Lyrer P. European Stroke Organisation
certification of stroke units and stroke centres. Eur Stroke J. 2018;3:220—
226. doi: 10.1177/2396987318778971

van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJ, van Gijn J. Interob-
server agreement for the assessment of handicap in stroke patients. Stroke.
1988;19:604-607. doi: 10.1161/01.str.19.5.604

Brott T, Adams HP Jr, Olinger CF, Marler JR, Barsan WG, Biller J, Spilker
J, Holleran R, Eberle R, Hertzberg V. Measurements of acute cerebral
infarction: a clinical examination scale. Stroke. 1989;20:864-870. doi:
10.1161/01.str.20.7.864

von Kummer R, Broderick JB, Campbell BC, Demchuk A, Goyal M, Hill
MD, Treurniet KM, Majoie CB, Marquering HA, Mazya MV, et al. The hei-
delberg bleeding classification: classification of bleeding events after isch-
emic stroke and reperfusion therapy. Stroke. 2015;46:2981-2986. doi:
10.1161/STROKEAHA.115.010049

lacus SM, King G, Porro G. CEM: software for coarsened exact matching. J
Stat Softw. 2009;30. doi: 10.18637/jss.v030.i09

King G, Nielsen RA. Why propensity scores should not be used for match-
ing. Political Anal. 2019;27:425-454. doi: 10.1017/pan.2019.11

lacus SM, King G, Porro G. Causal inference without balance checking:
coarsened exact matching. Polit Anal. 2012;20:1-24.

Honaker J, King G, Blackwell M. Amelia Il: a program for missing data.
2011;45. doi: 10.18637/jss.v045.i07

Stuart EA, King G, Imai K, Ho D. Matchlt: nonparametric preprocessing for
parametric causal inference. J Stat Softw. 2011. doi: 10.18637/jss.v042.i08
Cappellari M, Pracucci G, Forlivesi S, Saia V, Nappini S, Nencini P, Inzitari D,
Grecol, Sallustio F, Vallone S, etal. General anesthesia versus conscious seda-
tion and local anesthesia during thrombectomy for acute ischemic stroke.
Stroke. 2020;561:2036-2044. doi: 10.1161/STROKEAHA.120.028963

Feil K, Herzberg M, Dorn F, Tiedt S, Kiipper C, Thunstedt DC, Hinske LC,
Mihlbauer K, Goss S, Liebig T, et al; GSR Investigators. General anes-
thesia versus conscious sedation in mechanical thrombectomy. J Stroke.
2021;23:103-112. doi: 10.56853/j0s.2020.02404

Brinjikji W, Murad MH, Rabinstein AA, Cloft HJ, Lanzino G, Kallmes DF.
Conscious sedation versus general anesthesia during endovascular acute
ischemic stroke treatment: a systematic review and meta-analysis. AUINR
Am J Neuroradiol. 2015;36:525-529. doi: 10.3174/ajnrA4159

Brinjikji W, Pasternak J, Murad MH, Cloft HJ, Welch TL, Kallmes DF,
Rabinstein AA. Anesthesia-related outcomes for endovascular stroke revas-
cularization: a systematic review and meta-analysis. Stroke. 2017;48:2784~
2791. doi: 10.1161/STROKEAHA.117.017786

Campbell BCV, van Zwam WH, Goyal M, Menon BK, Dippel DWJ, Demchuk
AM, Bracard S, White P, Davalos A, Majoie CBLM, et al; HERMES collabora-
tors. Effect of general anaesthesia on functional outcome in patients with
anterior circulation ischaemic stroke having endovascular thrombectomy
versus standard care: a meta-analysis of individual patient data. Lancet
Neurol. 2018;17:47-53. doi: 10.1016/S1474-4422(17)30407-6

Goyal N, Malhotra K, Ishfaq MF, Tsivgoulis G, Nickele C, Hoit D, Arthur
AS, Alexandrov AV, Elijovich L. Current evidence for anesthesia man-
agement during endovascular stroke therapy: updated systematic
review and meta-analysis. J Neurointerv Surg. 2019;11:107-113. doi:
10.1136/neurintsurg-2018-013916

Kim C, Kim SE, Jeon JP. Influence of anesthesia type on outcomes after
endovascular treatment in acute ischemic stroke: meta-analysis. Neurointer-
vention. 2019;14:17-26. doi: 10.5469/neuroint.2019.00045

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

Anesthesia for Endovascular Stroke Treatment

Li X, Hu Z, Li Q, Guo Y, Xu S, Wang W, He D, Luo X. Anesthesia for endo-
vascular treatment in anterior circulation stroke: A systematic review and
meta-analysis. Brain Behav. 2019;9:e01178. doi: 10.1002/brb3.1178
Gravel G, Boulouis G, Benhassen W, Rodriguez-Regent C, Trystram D,
Edjlali-Goujon M, Meder JF, Oppenheim C, Bracard S, Brinjikji W, et al.
Anaesthetic management during intracranial mechanical thrombectomy:
systematic review and meta-analysis of current data. J Neurol Neurosurg
Psychiatry. 2019;90:68-74. doi: 10.1136/jnnp-2018-318549

Wan TF, Xu R, Zhao ZA, Lv Y, Chen HS, Liu L. Outcomes of general
anesthesia versus conscious sedation for Stroke undergoing endovas-
cular treatment: a meta-analysis. BMC Anesthesiol 2019;19:69. doi:
10.1186/512871-019-0741-7

Goldhoorn RB, Bernsen MLE, Hofmeijer J, Martens JM, Lingsma HF,
Dippel DWJ, van der Lugt A, Buhre WFFA, Roos YBWEM, Majoie
CBLM, et al; MR CLEAN Registry Investigators. Anesthetic manage-
ment during endovascular treatment of acute ischemic stroke in the MR
CLEAN Registry. Neurology. 2020;,94:e97—-e106. doi: 10.1212/WNL.
0000000000008674

Brekenfeld C, Mattle HP, Schroth G. General is better than local anes-
thesia during endovascular procedures. Stroke. 2010;41:2716-2717. doi:
10.1161/STROKEAHA.110.5694622

Takahashi C, Liang CW, Liebeskind DS, Hinman JD. To Tube or Not to
Tube? The role of intubation during stroke thrombectomy. Front Neurol.
2014;5:170. doi: 10.3389/fneur2014.00170

Raming L, Moustafa H, Prakapenia A, Barlinn J, Gerber J, Theilen H,
Siepmann T, Pallesen LP, Haedrich K, Winzer S, et al. Association of
anesthetic exposure time with clinical outcomes after endovascu-
lar therapy for acute ischemic stroke. Front Neurol 2019;10:679. doi:
10.3389/fneur.2019.00679

Bang OV, Saver JL, Alger JR, Starkman S, Ovbiagele B, Liebeskind DS;
UCLA Collateral Investigators. Determinants of the distribution and
severity of hypoperfusion in patients with ischemic stroke. Neurology.
2008;71:1804-1811. doi: 10.1212/01.wnl.0000335929.06390.d3
Froehler MT, Fifi JT, Majid A, Bhatt A, Ouyang M, McDonagh DL. Anesthesia
for endovascular treatment of acute ischemic stroke. Neurology. 2012;79(13
Suppl 1):5167-S173. doi: 10.1212/WNL.0b013e31826959¢2

Alexandrov AV, Sharma VK, Lao AY, Tsivgoulis G, Malkoff MD, Alexandrov AW.
Reversed Robin Hood syndrome in acute ischemic stroke patients. Stroke.
2007,38:3045-3048. doi: 10.1161/STROKEAHA.107.482810

Ginsberg MD, Pulsinelli WA. The ischemic penumbra, injury thresholds, and
the therapeutic window for acute stroke. Ann Neurol. 1994,36:553-554.
doi: 10.1002/ana.410360402

Whalin MK, Halenda KM, Haussen DC, Rebello LC, Frankel MR, Gershon
RY, Nogueira RG. Even small decreases in blood pressure during conscious
sedation affect clinical outcome after stroke thrombectomy: an analysis of
hemodynamic thresholds. AUNR Am J Neuroradiol. 2017;38:294-298.
doi: 10.3174/ajnrA4992

Valent A, Sajadhoussen A, Maier B, Lapergue B, Labeyrie MA, Reiner P,
Consoli A, Fischler M, Gayat E, Leguen M. A 10% blood pressure drop from
baseline during mechanical thrombectomy for stroke is strongly associated
with worse neurological outcomes. J Neurointerv Surg. 2020;12:363-369.
doi: 10.1136/neurintsurg-2019-015247

Maier B, Fahed R, Khoury N, Guenego A, Labreuche J, Taylor G,
Blacher J, Zuber M, Lapergue B, Blanc R, et al. Association of blood
pressure during thrombectomy for acute ischemic stroke with func-
tional outcome: a systematic review. Stroke. 2019;60:2805-2812. doi:
10.1161/STROKEAHA.119.024915

Léwhagen Hendén P, Rentzos A, Karlsson JE, Rosengren L, Sundeman
H, Reinsfelt B, Ricksten SE. Hypotension during endovascular treatment
of ischemic stroke is a risk factor for poor neurological outcome. Stroke.
2015;46:2678-2680. doi: 10.1161/STROKEAHA.115.009808
Rasmussen M, Schonenberger S, Hendén PL, Valentin JB, Espelund US,
Serensen LH, Juul N, Uhlmann L, Johnsen SP, Rentzos A, et al; SAGA col-
laborators. Blood pressure thresholds and neurologic outcomes after endo-
vascular therapy for acute ischemic stroke: an analysis of individual patient
data from 3 randomized clinical trials. JAMA Neurol. 2020;77:622-631.
doi: 10.1001/jamaneurol.2019.4838

Ripollone JE, Huybrechts KF, Rothman KJ, Ferguson RE, Franklin JM.
Evaluating the utility of coarsened exact matching for pharmacoepidemiol-
ogy using real and simulated claims data. Am J Epidemiol. 2020;189:613—
622. doi: 10.1093/aje/kwz268

May 2022 1529

$3IN3IIS
NOILYINdOd ANY TVIINITD



