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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]; P<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 [0.59–4.64]), 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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Controversy surrounds the optimal type of anesthesia 
during endovascular treatment (EVT) of large artery 
occlusion in acute ischemic stroke.1,2 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.3–14 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.15–19 The most recent meta-analyses 
of RCT showed that GA might be superior.20,21 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).

METHODS
This was a retrospective analysis of data from the national 
Swiss Stroke Registry.22 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.23 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 

Rankin Scale (mRS) after 3 months.24 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)25 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 ≥4 points worsening in NIHSS occurring 
within 7 days of acute ischemic stroke26; 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 A.W. 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.27 CEM achieves lower levels of imbalance, 

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
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model dependence, and bias than propensity score match-
ing (PSM).28 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.29 
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.30 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 MatchIt package.31 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.

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 

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.

https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.121.034934
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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], 1.75 [1.42–2.16]; P<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 than in 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 [2.51–4.79]) 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 [−7.0 to 0.0], estimated coefficient, −0.47 [−1.50 
to 0.56]). Furthermore, patients in the GA group had 
more often symptomatic ICH (OR, 2.59 [1.29–5.19]), 
13% longer hospital stay (multiplicative effect, 1.13 

[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.

Figure 2. Flow diagram of the patients included in the study. 
AIS indicates, acute ischemic stroke; CEM, coarsened exact matching; EVT, endovascular treatment; GA, general anesthesia; mRS, modified 
Rankin Scale; and PSM, propensity score matching.

https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.121.034934
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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 [2.15−4.37]), 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,3–14,32,33 systematic reviews, and meta-analy-
ses.34–41 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 Italy 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.32,33,36 Recently, GA versus conscious 

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.42

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.18 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).15 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).17 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]).20 Two further smaller RCTs found no dif-
ference in 3 months mRS, and functional independence, 
respectively.16,19

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

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; IQR, 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.
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measuring outcomes in less specialized settings and less 
selected patients than is the case in RCTs. For example, 
RCTs excluded patients with severe agitation15–19 or previ-
ous functional dependency.16–19 In addition, the availability 
of highly specialized neuroanesthesia care may have con-
tributed to the superior outcomes with GA in the RCTs.16,21 
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 

navigation and interpretation of angiography.43 Poten-
tial disadvantages of GA include delaying the start of 
EVT, and a fall and/or fluctuation of arterial blood pres-
sure.4,5,7,9,14,44 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.15,18 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.17,19 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 

Table 2.  Primary and Secondary Outcomes, Unmatched, and Matched

N

Unmatched  CEM PSM

GA Non-GA Effect size [95% CI] Effect size [95% CI] Effect size [95% CI]

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 2.23] 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 [2 to 13] 3.65 [2.51 to 4.79] 2.61 [0.59 to 4.64] 3.40 [1.76 to 5.04]

 � NIHSS shift from admission to 1 d after 
EVT, median [IQR]

−4.0 [−9.0 to 0.0] −3.0 [−7.0 to 0.0] −0.47 [−1.50 to 0.56] 1.22 [−0.74 to 3.19] 1.75 [0.32 to 3.18]

  Hemorrhagic transformation after 24 h, n (%) 184 (21) 82 (18) 1.19 [0.87 to 1.63] 0.67 [0.39 to 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 to 5.33] 1.51 [0.53 to 4.31]

  Symptomatic ICH within 7 d, n (%) 53 (5.8) 11 (2.3) 2.59 [1.29 to 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.

https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.121.034934
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ICU after EVT were >3× higher if treatment was deliv-
ered under GA (OR, 3.41 [2.59–4.48]), 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 

Figure 3. Distribution of modified Rankin Scale (mRS) 3 mo after stroke, unmatched. GA indicates general anesthesia.

Table 3.  Patient Baseline Characteristics of the CEM-Matched Data Sets, as Minimum and Maximum 
Percentage/Mean/Median/SMD

 GA Non-GA 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.19,45 
Hypocapnia-induced vasoconstriction of the intracranial 
vessels and increased cerebral venous pressure during 
endotracheal intubation may further reduce cerebral per-
fusion during GA.44 A fall in cerebral perfusion pressure 
may worsen the extent of injury to the ischemic penum-
bra.6,46–49 A systolic blood pressure below 140 mm Hg, a 
fall in mean arterial pressure >40% or ≥10% from baseline 
during EVT are considered predictors of poor neurological 
outcome.3,6,50–53 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 mm Hg for 
>10 minutes or <90 mm Hg for >45 minutes.54 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.51

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%15–19; the Italian and German 
Stroke Registry had conversion rates of 3.0 and 3.3%.32,33 
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,15,16,18 whereas a large post hoc analysis of 
MR CLEAN reported a nonsignificant decrease in pneu-
monia under GA.42 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 

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.55

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.
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