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IMPORTANCE  

 

General anesthesia and procedural sedation are common practice for mechanical 

thrombectomy in acute ischemic stroke. However, risks and benefits of each strategy are 

unclear. 

 

OBJECTIVE  

 

To determine whether general anesthesia or procedural sedation for anterior circulation large-

vessel occlusion acute ischemic stroke thrombectomy are associated with a difference in 

periprocedural complications and 3-month functional outcome. 

 

DESIGN, SETTING, AND PARTICIPANTS  

 

This open-label, blinded end point randomized clinical trial was conducted between August 

2017 and February 2020, with final follow-up in May 2020, at 10 centers in France. Adults 

with occlusion of the intracranial internal carotid artery and/or the proximal middle cerebral 

artery treated with thrombectomy were enrolled. 

 

INTERVENTIONS  

 

Patients were assigned to receive general anesthesia with tracheal intubation (n = 135) or 

procedural sedation (n = 138). 

 

MAIN OUTCOMES AND MEASURES  

 

The prespecified primary composite outcome was functional independence (a score of 0 to 2 

on the modified Rankin Scale, which ranges from 0 [no neurologic disability] to 6 [death]) at 

90 days and absence of major periprocedural complications (procedure-related serious 

adverse events, pneumonia, myocardial infarction, cardiogenic acute pulmonary edema, or 

malignant stroke) at 7 days. 

 

RESULTS  

 

Among 273 patients evaluable for the primary outcome in the modified intention-to-treat 

population, 142 (52.0%) were women, and the mean (SD) age was 71.6 (13.8) years. The 

primary outcome occurred in 38 of 135 patients (28.2%) assigned to general anesthesia and in 

50 of 138 patients (36.2%) assigned to procedural sedation (absolute difference, 8.1 

percentage points; 95%CI, −2.3 to 19.1; P = .15). At 90 days, the rate of patients achieving 

functional independence was 33.3% (45 of 135) with general anesthesia and 39.1% (54 of 

138) with procedural sedation (relative risk, 1.18; 95%CI, 0.86-1.61; P = .32). The rate of 

patients without major periprocedural complications at 7 days was 65.9% (89 of 135) with 

general anesthesia and 67.4% (93 of 138) with procedural sedation (relative risk, 1.02; 

95%CI, 0.86-1.21; P = .80). 

 

CONCLUSIONS AND RELEVANCE 

 

 In patients treated with mechanical thrombectomy for anterior circulation acute ischemic 

stroke, general anesthesia and procedural sedation were associated with similar rates of 

functional independence and major periprocedural complications. 



 

TRIAL REGISTRATION  

 

ClinicalTrials.gov Identifier: NCT03229148 

 

 

 

Acute ischemic stroke is a leading cause of mortality and long-term disability.1 Endovascular 

thrombectomy is a mainstay of treatment for eligible patients with anterior circulation large-

vessel occlusion acute ischemic stroke and is included in international guidelines.2,3 There is 

uncertainty regarding the role of general anesthesia and procedural sedation on functional 

outcomes, and guidelines give no formal recommendation owing to sparse evidence.4 

Previous studies have suggested that general anesthesia produces worsening of functional 

outcomes due to arterial hypotension; thus, preference is often given to using procedural 

sedation.5,6 Although procedural sedation may allow faster procedure initiation, there is 

uncertainty regarding possible risks, including aspiration pneumonia in patients with 

unprotected airways and procedural complications due to patient movement and agitation, 

which may alter reperfusion and affect outcomes, thus counterbalancing potential benefits.4,7 

To our knowledge, 3 single-center randomized clinical trials and1 multicenter randomized 

clinical trial have compared general anesthesia and procedural sedation, but all failed to show 

superiority for the primary end point.8-11 However, none of these trials specifically addressed 

the issue of periprocedural complications. We therefore sought to compare general anesthesia 

with procedural sedation for thrombectomy in patients with anterior cerebral circulation large-

vessel occlusion stroke in a pragmatic multicenter randomized trial. 

 

Methods 
 

Trial Design and Oversight 

 

We conducted the Anesthesia Management in Endovascular Therapy for Ischemic Stroke 

(AMETIS) trial, an investigator initiated, multicenter, parallel-group, open-label randomized 

clinical trial with blinded outcome assessment that compared general anesthesia with 

procedural sedation in patients with large-vessel occlusion acute ischemic stroke at 10 

university medical centers in France. Details of the rationale, study protocol, and statistical 

analysis plan have previously been published12 and are available in Supplement 1. Trial 

collaborators can be found in eAppendix 1 in Supplement 2. Centers were eligible to 

participate in the trial if they had experience in endovascular therapy (stent retriever and 

thrombus aspiration) and if the center had regular practice of general anesthesia and 

procedural sedation in routine clinical care to ensure timely application of the assigned 

procedure. Before the trial period, each center received on-site instruction to ensure 

compliance with the protocol, assessments, and standard of care. Enrolling centers can be 

found in eAppendix 2 in Supplement 2. The South-East I Committee for the Protection of 

Research Subjects approved the trial protocol and accepted a waiver of consent before 

randomization because eligible patients typically were not able to give informed consent and 

treatment was time critical. Patients or their next of kin were later required to give written 

informed consent to remain in the trial. This trial followed the Consolidated Standards of 

Reporting Trials (CONSORT) reporting guideline. 

 

 

 



 

Patients 

 

Patients were eligible to participate if they were 18 years or older, had an occlusion of the 

intracranial internal carotid artery and/or the proximal middle cerebral artery, and decision for 

thrombectomy according to international guidelines.2,3 Patients were excluded if they had 

coma or altered vigilance (defined as a score of 2 or more on the level of consciousness 1A 

subscale on the National Institutes of Health Stroke Scale [NIHSS]; scores range from 0 to 

42,with higher score indicating greater neurological deficit) at presentation, or premorbid 

disability before enrollment (defined by a score of 2 or higher on the modified Rankin Scale 

[mRS]; scores range from 0 [no neurologic disability] to 6 [death]) assessed by the 

neurologist. All additional exclusion criteria are provided in eMethods 1 in Supplement 2. 

 

Randomization and Masking 

 

Eligible patients were randomly assigned in a 1:1 ratio to receive either general anesthesia 

with tracheal intubation or procedural sedation using a password-protected web-based 

randomization system and minimization algorithm stratified according to trial center, NIHSS 

score at presentation (15 or less vs more than 15), and intravenous thrombolysis. Because of 

the nature of the trial, local anesthesiologists and neuroradiologists who were caring for 

patients during thrombectomy had knowledge of the group assignments. All research staff 

members who were responsible for outcome assessments were blinded to allocation. 

 

Interventions 

 

In both groups, the choice of anesthetic agents and the thrombectomy technique (stent 

retriever and/or thrombus aspiration) followed local protocols and established guidelines.2,3 

Systolic blood pressure had to be maintained between 140 and 180 mmHg using fluids, 

vasopressor or antihypertensive therapy as necessary, and pulse oximetry higher than 94%.4 

Patients assigned to general anesthesia were mechanically ventilated with the aim to maintain 

end tidal carbon dioxide between 30 and 35mmHg. For patients assigned to procedural 

sedation, the sedation (RASS; scores range from −5 [unresponsive] to 4 [combative]) of 0 to 

−3, which is a minimal to moderate sedation level.13,14 Crossover to general anesthesia with 

intubation was recommended if they had severe agitation, coma (RASS score of −4 to −5 

despite stopping sedation), respiratory failure, or vomiting. In both groups, after completion 

of the procedure, anesthetic agents were immediately stopped. After general anesthesia, 

extubation was performed as early as possible. All other aspects of patient care, including 

admission to stroke unit or neuro-intensive care unit, followed local protocols. 

 

Outcomes 

 

The primary outcome was a composite of functional independence at 90 days (defined by a 

score of 0, 1, or 2 on the mRS) and absence of major periprocedural complications at 7 days. 

Data on the mRS were obtained through structured telephone interviews performed by a 

single certified trial investigator who was unaware of the group assignments (M.B.); data 

collection from caregivers or other proxies were permitted when patients were unable to 

complete the interview. Major complications were procedure-related serious adverse events 

(vessel perforation or dissection), pneumonia, myocardial infarction, cardiogenic acute 

pulmonary edema, and progression to malignant stroke. 

 



Prespecified secondary outcomes included each component of the primary outcome; clinically 

important events during the procedure (defined as arterial hypotension, hypoxemia, aspiration, 

and conversion to general anesthesia); thrombectomy time metrics, including the time from 

angio suite admission to successful revascularization (defined as a grade of 2b or 3, indicating 

reperfusion of more than 50% on the final intracranial angiogram,15 on the modified  

Thrombolysis in Cerebral Infarction scale; range of 0 to 3); stroke unit and hospital lengths of 

stay; unplanned intensive care unit admission by day 7; and the rate of death at 7 and 90 days. 

Additional details regarding secondary end points and definitions are provided in eMethods 2 

in Supplement 2. 

 

Research assistants who were independent of local medical teams obtained other data from 

medical records. The principal investigator, study site coinvestigators, and the statistician 

remained unaware of the group assignments until the database was locked for analysis. 

 

Sample Size Calculation 

 

We based the expected incidence of components of the primary composite outcome on results 

in previous trials (32.6%to 71% of patients had an mRS score of0to 2, and85.4%to99.6%were 

reported as not having major periprocedural complication; thus, 

approximatelyanincidenceof50%fortheprimaryoutcome).16-20 We then estimated that 

248patientswouldprovide90%power to detect an absolute between-group difference of 20 

percentage points or greater in the primary outcome, with a 5%2-sided type 1 error. The 

choice of 20% as expected difference in the primary end point was extrapolated from that 

reported in an earlier randomized clinical trial in patients undergoing endovascular 

thrombectomy.8 Assuming 10% of patients to be lost to follow-up, we aimed to enroll 270 

patients with available data for assessment of the primary outcome. 

 

Statistical Analysis 

 

We analyzed data in the modified intention-to-treat population, which was prespecified as all 

patients who underwent randomization and had thrombectomy, except those for whom 

consent was withdrawn or unobtainable. We also analyzed a per-protocol population, which 

included patients from the modified intention-to-treat population except those with 1 or more 

protocol deviations. 

 

On March 7, 2019, after 270 patients had been enrolled, 44 Patients were excluded (22 in each 

group) because they withdrew consent, had spontaneous revascularization, or were found to 

be ineligible. The study protocol was amended accordingly in July 2019, and 59 additional 

patients were randomly assigned to a study group to obtain the full sample, of which 47 (24 in 

the general anesthesia group and 23 in the procedural sedation group)were evaluable for 

assessment of the primary outcome (Figure 1). 

 

The primary outcome was compared between the 2 groups using an unadjusted χ2 test. Other 

binary outcomes were tested using an unadjusted χ2 or Fisher exact tests. Results are 

presented as absolute differences and relative risks with 95% CIs. Multiple logistic mixed 

regression was used to identify prespecified covariates with a known relationship to the 

primary outcome in addition to the stratification variables. Multicollinearity between variables 

was assessed by computing the variance inflation factor and using the Farrar-Glauber test. 

Adjusted analyses were performed with robust random-effect Poisson generalized linear 

mixed model regression with robust variance for binary outcomes, ordinal logistic mixed 



regression for mRS,21 and linear mixed regression for continuous outcomes, with center as a 

random effect. Time to death was compared between the 2 groups using the Kaplan-Meier 

method. The marginal Cox proportional hazards model was used to estimate hazard ratios and 

95% CIs. 

 

Prespecified subgroup analyses were used to evaluate the difference between randomization 

groups on the primary outcome. Interaction terms in the random-effects regression model 

were used to test for heterogeneity of effect between subgroups. 

 

Complete case analysis was performed for all outcomes. We did not compensate for dropouts. 

A 2-sided P value less than .05 was considered for statistical significance. No correction for 

multiple testing was applied in the analysis of secondary outcomes, except for the components 

of the composite primary end point. All analyses were generated with Stata version 15.0 

(StataCorp). 

 

Results 
 

Patients 

 

From August 31, 2017, through February 8, 2020, a total of 2573 Patients were assessed for 

eligibility; a total of 329 patients were enrolled. Of these, 273 patients met the criteria for 

inclusion in the modified intention-to-treat population (135 assigned to general anesthesia and 

138 assigned to procedural sedation) (Figure 1). 

 

The demographic and baseline characteristics of the patients were well balanced in the 

treatment groups (Table 1; eTable 1 in Supplement 2). Among 273 patients evaluable for the 

primary outcome in the modified intention-to-treat population, 142 (52.0%) were women, and 

the mean (SD) age was 71.6 (13.8) years. The median (IQR) NIHSS score of the population 

was 16 (11-20). The percentage of patients who received intravenous thrombolysis and the 

time from stroke onset to angio suite admission were similar in both groups. 

 

The median (IQR) time from angio suite admission to groin puncture was 11 (8-18) minutes 

in the general anesthesia group and 9 (4-15) minutes in the procedural sedation group; the 

median (IQR) time from angiosuite admission to reperfusion was 50 (35-72) minutes and 48 

(32-72) minutes, respectively. Successful reperfusion was achieved in 115 patients (85.2%) 

assigned to general anesthesia and 107 patients (77.6%) assigned to procedural sedation 

(relative risk,0.91; 95%CI,0.81-1.02; P = .11). Radiological intervention characteristics are 

described in eTable 2 in Supplement 2.General anesthesia and procedural sedation 

characteristics are described in eTable 3 in Supplement 2. 

 

Primary Outcome 

 

The primary composite outcome of functional independence at 90 days and absence of any 

major periprocedural complication occurring by day 7 was attained by 38 patients (28.2%) 

assigned to general anesthesia and by 50 (36.2%) assigned to procedural sedation (absolute 

difference,8.1 percentage points; 95%CI,−2.3 to19.1; relative risk, 1.29; 95%CI,0.91-1.82;P = 

.15) (Table 2). 

 

 

 



 
 

 



 
Secondary and Safety Outcomes 

 

Predefined secondary and safety outcomes are presented in Table 2. The rates of functional 

independence at 90 days were 45 of 135 patients (33.3%) in the general anesthesia group and 

54 of 138 patients (39.1%) in the procedural sedation group (relative risk, 1.18;95%CI,0.86-

1.61;P = .32)(Figure2); the rates of patients without major periprocedural complications were 

89 of 135 patients (65.9%) and 93 of 138 patients (67.4%), respectively (relative risk, 1.02; 

95%CI, 0.86-1.21;P = .80). There was a significant relationship between major periprocedural 

complications and functional independence at 90 days (odds ratio, 6.81; 95% CI, 3.40-13.60; 

P < .001). 

 

The percentage of patients with hypotension was 87.4% (118 of 135) in the general anesthesia 

group and 44.9% (62 of 138) in the procedural sedation group (P < .001). Fifteen patients 

(10.9%) assigned to procedural sedation crossed over to general 

anesthesia.Deathwithin90days occurred in 48 of 273 patients (17.6%) in the trial population, 



including 25 in the general anesthesia group and 23 in the procedural sedation group (eFigure 

in Supplement 2). 

 

The primary, secondary and safety outcomes were unaffected after adjustment for 

stratification variables and covariates (eTables 4 to 6 in Supplement 2). Analyses of the 

primary and secondary outcomes in the per-protocol population showed similar results to 

those in the modified intention-totreat population (eTables 7 and 8 in Supplement 2). 

 

Subgroup Analyses 

 

Subgroup analyses for the primary end point are presented in Figure 3. There was evidence of 

a differential effect among patients older than or younger than 70 years. 

 

Discussion 
 

In patients with anterior circulation large-vessel occlusion acute ischemic stroke who were 

eligible for thrombectomy, outcomes for functional independence at 90 days and the absence 

of major periprocedural complications at 7 days were similar between those who received 

general anesthesia and procedural sedation. 

 

The proportion of patients with functional independence at 90 days that was observed in our 

trial was comparable with that of previous randomized trials of thrombectomy 

(36.2%)16,21,22 but was lower than that reported in a pooled patient-level analysis that 

aggregated a total of 368 patients from 3 previous single-center randomized trials of general 

anesthesia vs procedural sedation for thrombectomy (42.2%).23 However, functional 

independence was the primary outcome in only one of these trials. Although recommended by 

current guidelines,2,3 it is possible that the worse outcomes in our trial compared with 

previous randomized trials were related to the high proportion of patients (41% in our trial) 

enrolled beyond the 6-hour window from stroke onset or had an unknown time of onset (wake-

up or unwitnessed stroke). Moreover, despite this reflects practice under real-life conditions, 48% of 

the patients in our trial were transferred from another hospital which may have contributed to a longer 

time from stroke onset to treatment initiation. 

 

A particular feature of this trial, although unusual in mechanical thrombectomy trials, was the use of a 

primary outcome that was a composite of functional independence and major periprocedural 

complications rather than functional outcome on them RS. A potential risk of procedural sedation is 

arterial perforation or dissection due to patient movement. In the current trial, procedure-related 

serious adverse events occurred in a similar proportion of patients who received general anesthesia or 

procedural sedation and was similar to that observed in previous trials.9,11,19,24 Unprotected airways 

in patients with impaired consciousness may promote aspiration pneumonia,25 which is associated 

with worse outcomes.26 The rates of patients who had pneumonia in our trial were similar to that 

observed in previous trials (18.6% vs 19.5%, respectively) 23 and did not differ between those who 

received general anesthesia and procedural sedation. However, although major procedure-related 

adverse events and periprocedural complications may influence successful reperfusion or contribute to 

the worsening of stroke, the relative importance of each component on long-term neurologic outcome 

may be different. 

 

 

 

 

 

 



 



 
 

 

Intraprocedural arterial hypotension has been repeatedly associated with altered neurologic outcomes 

following acute ischemic stroke27; however, the optimal blood pressure levels during endovascular 

therapy remains unknown. A complicating factor in the interpretation of the association between blood 

pressure deficits and outcome is the heterogeneity of hypotension definitions in previous studies, 

making cross-study comparisons difficult. Given the risk of arterial hypotension, investigators have 

questioned the use of general anesthesia for thrombectomy. The definition of intraprocedural 

hypotension in our trial was supported by literature.8 The results of our trial that the rate of 

hypotension with general anesthesia was twice as high as that with procedural sedation corroborate 

those of the recent General Anesthesia vs Sedation for Acute Stroke Treatment (GASS) trial.11 In that 

trial, the authors used a standardized protocol for blood pressure management; however, the 

cumulative duration of hypotension and rates of functional independence were similar between general 

anesthesia and sedation. The current trial showed a potential disadvantage of general anesthesia in the 

subgroup of patients 70 years or older, a patient population with a higher risk of significant 

hypotension and adverse postoperative outcomes.28 

 

An individual data analysis of 3 previous single-center randomized trials reported more functional 

independence at 3 months with general anesthesia than sedation (mRS score of 0 to 2 at 90days: 

49.2%vs35.1%).23 One possible explanation for why the findings of the current trial differ may be the 

inclusion of patients with higher NIHSS scores in these trials, indicating greater neurological 

deficit or altered consciousness in some patients that can have had benefit from tracheal 

intubation and airway protection. Other potential explanations include the infrequent use of 

procedural sedation before study inception, which may have conferred potential advantage to 

general anesthesia, and single-center designs. Importantly, functional independence was the 

primary outcome in only 1 of 3 trials. 

 



 
 

The strengths of our trial include the variety of stroke centers, reflecting different practice 

patterns, and the pragmatic protocol that aimed at maintaining routine practice except for the 

use of general anesthesia or procedural sedation. On-site or online specific training was not 

provided before or during the trial period. Sites embedded the trial within routine clinical care 

due to simple interventions consistent with local protocols. 

 

Limitations 

 

Limitations must also be considered. First, our trial was intended to be pragmatic, and the 

anesthesia protocol was based on individual clinician expertise rather than guided by a 

standardized protocol. Although this reflects clinical practice, it allowed for potential 

differences in dose adjustments and adverse events. However, this is unlikely to have affected 

the results, as illustrated in the GASS trial.11 Second, although study investigators were asked 

to maintain systolic blood pressure between 140 and 180 mm Hg, substantial variability in 

blood pressure control across study sites cannot be excluded. However, such variability is 

difficult to prevent in multicenter trials, especially in an emergency context. Third, eligibility 

for thrombectomy was established by the neurologists and neuroradiologists at the trial sites 

with possible inclusion of patients with prestroke disability or perioperative stroke that may 

have influenced outcomes. However, the perprotocol analysis that excluded these patients 

found similar results. Fourth, the relatively small sample size may have caused potential 



between-group differences to be missed. Fifth, the observed between-group effect was lower 

than the anticipated absolute risk reduction of 20 percentage points. The expected effect size 

used for power calculation was consistent with that reported in an earlier randomized clinical 

trial 8 and recent findings of a pooled patient-level analysis23 but could have been 

overestimated. Thus, the trial may not be powered enough to detect small but clinically 

important treatment effects for the comparison of general anesthesia with procedural sedation. 

With a 28%rate in the general anesthesia group and 36%in the sedation group (ie, rate 

difference of8%), a total of 1476 patients would have been needed to detect this difference 

between the 2 groups with a 5%2-sided type 1 error and 90% power. Sixth, generalizability to 

populations not included in the trial, such as those with higher NIHSS scores or to centers 

without experience with general anesthesia or procedural sedation for mechanical 

thrombectomy, remains to be evaluated. Seventh, thrombectomy has been available for 

certain patients who were not included in our trial, which may have introduced a selection 

bias. 
 

Conclusions 
 

In conclusion, our trial showed that among patients with anterior circulation large-vessel 

occlusion acute ischemic stroke, general anesthesia and procedural sedation for mechanical 

thrombectomy were associated with similar rates of functional independence and major 

periprocedural complications. 
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