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Background: Endovascular therapy is the standard treatment for acute ischemic stroke (AIS) patients caused by a large vessel occlusion in the anterior circulation, whereas the impacts of general anesthesia (GA) vs. conscious sedation (CS) for such procedures remained as a continued debate.

Methods: We systematically searched PubMed, Embase, and ClinicalTrials.gov. We restricted our search to RCTs that examined the clinical outcomes of endovascular therapy with GA vs. CS. The Cochrane Risk of Bias Tool was used to assess study quality. Random-effects or fixed-effects meta-analyses were used for evaluating all outcomes.

Results: A total of three randomized clinical trials met our inclusion criteria, with 368 individuals enrolled. Patients were randomized to receive GA or CS during endovascular therapy. In a meta-analysis of these trials, patients in the GA group were associated with favorable functional outcome (mRS score ≤ 2) compared with the CS group (pooled OR = 1.81, 95% CI: 1.17–2.79, P = 0.008). Besides, patients in the GA group had higher odds of successful reperfusion (pooled OR = 1.80, 95% CI: 1.05–3.08, P = 0.033), but no significant differences were seen in symptomatic intracranial hemorrhage (pooled OR = 0.54, 95% CI: 0.11–2.57, P = 0.308), vessel dissection or perforation (pooled OR = 1.38, 95% CI: 0.30–6.31, P = 0.679), migration of embolus to a new territory (pooled OR = 2.28, 95% CI: 0.89–5.87, P = 0.085), post-operative pneumonia (pooled OR = 1.74, 95% CI: 0.76–4.01, P = 0.149), and all-cause mortality at 90 days (pooled OR = 0.73, 95% CI: 0.43–1.26, P = 0.263) compared with the CS group.

Conclusion: Performing endovascular therapy with GA, compared with CS, improves functional independence after 90 days significantly for patients with AIS caused by a large vessel occlusion in the anterior circulation. However, additional larger and multi-center randomized controlled trials to definitively confirm our findings are warranted for the limitation of the small sample size in this study.
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BACKGROUND

Acute ischemic stroke (AIS) is one of the leading causes of death and long-term disability. For severe AIS patients caused by large-vessel occlusion in the anterior circulation, several studies have revealed that thrombolytic therapy by intravenous recombinant tissue plasminogen activator (rtPA) in conjunction with endovascular therapy in the form of stent-retriever devices for thrombectomy is more effective than thrombolytic therapy alone (1–3). Moreover, a meta-analysis for eight randomized clinical trials has shown that endovascular therapy with mechanical thrombectomy was associated with improved functional outcomes compared to standard medical care with rtPA for patients with AIS (4). Thus, endovascular therapy was recommended for the treatment of AIS by international guidelines recently (5). However, there are numerous factors that could affect patient outcomes during peri-interventional management of thrombectomy, one of which is anesthetic strategy. In the past decades, several studies have evaluated the impact of anesthesia technique [general anesthesia (GA) or conscious sedation (CS)] on neurological outcome of AIS patients after endovascular therapy (6–9). But results of these trials yielded varied conclusions, warranting further examination. In particular, prior meta-analyses have suggested that AIS patients undergoing endovascular therapy may have worse outcomes when treated with GA compared with CS (10, 11), while some newly randomized controlled trials (RCTs) have conducted and showed conflict results (12–14). Because previous available meta-analysis studies had limitations, such as those studies mainly focused on pooling results from non-randomized and observational studies that were not balanced for baseline parameters and carried risk of bias, a meta-analysis including complete results from recently published RCTs is warranted. To do this, we conduct a systematic review and meta-analysis of RCTs to compare the impact of GA with CS for patients with AIS undergoing endovascular therapy.



METHODS

This systematic review and meta-analysis was conducted using a pre-specified protocol in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement (15).


Search Strategy

We searched the related articles in PubMed, Embase, and the clinical trial registry maintained at ClinicalTrials.gov up to November 2018. The keywords we used are the following: conscious sedation, general anesthesia, endovascular, recanalization, thrombolysis, fibrinolysis, fibrinolytic agents, thromboembolism, catheter, transcatheter, embolectomy, or thrombectomy. This was combined with terms pertinent to the medical condition of interest: intracranial embolism, thrombosis, or stroke. The references of published reviews and RCTs with potential met our pre-specified inclusion and exclusion criteria and were manually screened to avoid missing any eligible RCTs that were not previously identified. There were no language restrictions. Two investigators (LL and T-FW) independently conducted the literature search.



Study Selection

Two authors (T-FW and LL) screened the title and abstract of identified publications independently for evaluating studies for eligibility. If discrepancies appeared, which would be resolved with consensus. If necessary, a third reviewer (J-RZ) would be consulted. Inclusion criteria were the following: (1) a randomized clinical trial study design, (2) randomized adult participants (aged ≥ 18 years) with AIS to GA or CS during endovascular therapy, (3) participants with AIS in anterior circulation, (4) reporting of mortality and functional outcome using the modified Rankin scale (mRS) as an end point, and (5) reporting of the effect estimates of studies or calculating the effect estimates from the available data. We excluded case reports, post-hoc analyses, observational studies, reviews, editorials, duplicate reports, commentaries, abstracts, animal studies, meeting proceedings, and studies with incomplete information. Moreover, studies not separating outcomes by anesthesia type or participants with posterior circulation stroke were also excluded.



Data Abstraction

The study and patient characteristics and data on outcomes were abstracted by two authors (T-FW and LL) independently from the trials' primary texts, supplementary appendices, and protocols. Any disagreements were resolved by joint discussion. The study and patient characteristics were extracted including trial name, publication year, trial design type, study period, sources of data, inclusion and exclusion criteria, outcomes, type of endovascular therapy, and sample size in each group. Baseline patient demographics, comorbidities, and treatment-related parameters were also extracted, including sex, age, vascular risk factors, premorbid mRS score (score range: 0–6, with a lower score indicating independent living), admission NIHSS score (score range: 0–42, with higher scores indicating more severe deficits), time interval, occlusion site, intravenous thrombolysis treatment, and hemodynamic and respiratory parameters. Moreover, data on outcomes were then extracted including good functional outcome at 90 days (defined as proportion of patients with an mRS score of 0–2 following endovascular therapy), 90-day mortality, successful reperfusion [thrombolysis in cerebral infarction (TICI) 2b/3], vascular complications [including vessel dissection or perforation, symptomatic intracranial hemorrhage (sICH), migration of embolus to a new territory], and respiratory complications (post-operative pneumonia).



Quality Assessment

Quality of included RCTs was performed by two investigators (LL and T-FW) independently. The risk of bias for each included RCT was assessed in accordance with the Cochrane Collaboration's tool (16), which include each of the following domains: sequence generation; allocation concealment; blinding of participants, personnel, and outcome assessors; incomplete outcome data; reporting biases; other potential sources of bias. The risk of bias was assigned as a score of low, unclear, or high, in accordance with established criteria. We judged trials as having a moderate risk of bias when the study was with more than two high-risk components. The study with more than four high-risk components was defined as having a high risk of bias, while the study with 0–2 high-risk components was defined as having low risk of bias.



Statistical Analysis

The primary outcome was good functional outcome at 90 days (defined as patients with an mRS score ≤ 2). The secondary outcomes include successful reperfusion, vascular complications, respiratory complications, and 90-day mortality. Odds ratios (ORs) with their 95% confidence intervals (CIs) were used as a measure of the association of GA with each outcome of interest compared to CS. The random-effects meta-analysis model (DerSimonian-Laird method) or fixed-effects meta-analysis model (Mantel-Haenszel method) was used to pool count data across trials and the statistical significance of pooled ORs and 95% CIs were determined with an equivalent Z test (17). Which model should be used for pooling count data across trials was in accordance with the heterogeneity among the included RCTs. The heterogeneity among the RCTs included in our meta-analysis was assessed by the P-value of chi-square-based Q tests and the I squared (I2) statistic. As previous studies reported, the I2 value was <50% and the P-value of the Q test was more than 0.1 among the RCTs included in the meta-analysis, which may suggest no obvious heterogeneity across studies. Then, the fixed-effects model was used for pooling across studies, while the I2 values of more than 50% and the P-value of the Q test of <0.1 may indicate the studies included in the meta-analysis with obvious heterogeneity. Then, the random-effects model was used (18). Statistical analyses were conducted using STATA software, version 12.0 (StataCorp, College Station, TX, USA). Statistical significance was set to P < 0.05.




RESULTS


Study Selection and Study Characteristics

A total of 368 potentially relevant publications were identified (Figure S1). Of these, 102 duplicated records and 273 unrelated records were excluded after screening by title and abstract. Of the remaining 24 publications for full-text review, 21 studies were excluded for not meeting our pre-specified inclusion criteria and only three trials were eligible in our meta-analysis (12–14) (Figure S1): Sedation vs. Intubation for Endovascular Stroke Treatment (SIESTA), Sedation vs. General Anesthesia for Endovascular Therapy in Acute Stroke—Impact on Neurological Outcome (AnStroke), and General Or Local Anesthesia in Intra Arterial THerapy (GOLIATH). All eligible studies were single-center, parallel-group, open-label RCTs with blinded end point evaluation, and the results of those studies were published between 2016 and 2018. All included RCTs had a maximum follow-up of 90 days after the procedure. Locations of ischemic strokes among included patients were all confirmed by CT/MRI scan within the anterior circulation distribution. The 90-day mRS score was one of the outcomes for all included RCTs. In AnStroke trial, 90-day mRS score was the primary outcome, but in SIESTA and GOLIATH, it was the second outcome. The characteristics of these included RCTs are summarized in Table 1. Among these three RCTs, a total of 368 individuals were enrolled and randomized to receive GA or CS during endovascular therapy, including 183 patients with GA and 185 receiving CS. The distributions of patient characteristics were similar across studies, including demographics and clinical characteristics (Table 2).


Table 1. Characteristics of the randomized clinical trials included in the meta-analysis.
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Table 2. Baseline patient characteristics among included randomized clinical trials.
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QUALITY ASSESSMENT

The quality of all eligible studies was rated as low risk of bias (Table S1), as assessed by the Cochrane Risk of Bias Tool. All of the eligible studies had a high risk of bias in the blinding of participants, personnel, and outcome assessors category, because these RCTs were open-label trials, which were blinded for outcome assessors but not researchers and participants.


Outcomes

The distribution of mRS scores separated by trial is reported in Table 3. Moreover, a graphical summary of the seven scores of the mRS between both GA and CS groups at 90 days was pooled and is shown in Figure 1. Individual and pooled 90-day favorable outcome (mRS score ≤ 2) is presented in Table 4. The results of our meta-analysis suggested that patients randomized to endovascular therapy with GA have significantly higher rates of favorable functional outcome at 90 days (mRS score ≤ 2) compared with CS (pooled OR = 1.81, 95% CI: 1.17–2.79, P = 0.008).


Table 3. Distribution of 90-day modified Rankin scale scores by treatment group.
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FIGURE 1. Functional outcome at 90-day follow-up of GA vs. CS. The modified Rankin scale measures functional outcome on a seven-point ordinal scale: 0, no symptoms at all; 1, no significant disability despite symptoms; 2, slight disability; 3, moderate disability; 4, moderately severe disability; 5, severe disability; 6, death.



Table 4. Summary of pooled analyses for primary and secondary outcomes.
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Among the subgroup analyses of successful reperfusion (TICI 2b/3), we found that the GA group was significantly higher than the CS group (pooled OR = 1.80, 95% CI: 1.05–3.08, P = 0.033; Table 4). The occurrence of anesthesiological or interventional complications is presented in Table 4. Pooling the results from the fixed-effects or random-effects model showed that GA was not associated with increased risk of anesthesiological or interventional complications, including vessel dissection or perforation (pooled OR = 1.38, 95% CI: 0.30–6.31, P = 0.679), sICH (pooled OR = 0.54, 95% CI: 0.11–2.57, P = 0.308), migration of embolus to a new territory (pooled OR = 2.28, 95% CI: 0.89–5.87, P = 0.085), and post-operative pneumonia (pooled OR = 1.74, 95% CI: 0.76–4.01, P = 0.149). In addition, there was no significant difference in mortality rate at 90 days between GA and CS groups (pooled OR = 0.73, 95% CI: 0.43–1.26, P = 0.263; Table 4). The intraoperative variables including the time intervals and hemodynamic and respiratory data are shown in Table S2.

No significant differences were observed across trials between the GA and CS groups in early neurological outcomes as measured by the median (interquartile range, IQR) 24-h NIHSS score change (Table S3). The SIESTA trial reported that the mean difference in decline at 24 h (adjusted for baseline NIHSS) between the groups was not statistically significant (GA vs. CS: −5 [−10 to 2] vs. −4 [−10 to 2]; P = 0.82). The NIHSS score shifts at 24 h were also similar for both groups in the AnStroke trial (GA vs. CS: 9 (4–17) vs. 8 [2.5–13], P = 0.27). In the GOLIATH trial, 24-h change in NIHSS score favored GA over CS but also was not statistically significant (GA vs. CS: −10 [−14 to −5] vs. −7 [−13 to 0]; P = 0.11). All eligible studies have measured final infarct size after the procedure, and no statistically significant difference was found between the GA and CS groups in both SIESTA and AnStroke trials, while the GOLIATH trial has observed that final infarct volume was smaller in the GA group (median [IQR], GA vs. CS: 22.3 [8.1–64.5] ml vs. 38.0 [16.7–128.0] ml; P = 0.04) (Table S3). Besides, only the GOLIATH trial has reported the end point of infarct growth and showed no statistically significant difference between the GA and CS groups (median [IQR], GA vs. CS: 8.2 [2.2–38.6] ml vs. 19.4 [2.4–79.0] ml; P = 0.10) (Table S3).




DISCUSSION

This study was designed to analyze all of the recently published randomized clinical trials comprehensively, which compared GA vs. CS during endovascular therapy for patients with AIS. We found that patients with GA undergoing endovascular therapy showed higher rate of good functional outcome at 90 days. In addition, compared with CS, GA was associated with higher rate of successful reperfusion during endovascular therapy, but showed no significant differences in mortality at 90 days, anesthesiological or interventional complications, including vessel dissection or perforation, sICH, migration of embolus to a new territory, and post-operative pneumonia. These findings provide increased precision concerning GA as a viable anesthetic approach during endovascular therapy.

In contrast, previous systematic reviews and meta-analyses showed that AIS patients undergoing endovascular therapy have worse outcomes when treated with GA as compared with CS (10, 11, 19, 20). However, these meta-analysis pooled data mainly from observational and non-randomized trials where the choice of CS or GA for a given AIS patient was not randomized. Thus, the results of these meta-analyses may be confounded by indication and selection bias since GA was often chosen for the patients with more severe illness. For example, in the GA group, the patients with worse outcomes were driven mainly by those who had a medical indication for GA in a post-hoc analysis of the IMS III trial (21). Furthermore, Badhiwala et al. reported that stent retrievers were associated with more favorable outcomes than other devices (4). Thus, another new meta-analysis conducted by Adeel Ilyas and colleagues (22) pooled the results from nine trials in which patients performed endovascular therapy by modern thrombectomy devices, including stent retriever devices and/or a direct aspiration, and found that the use of either GA or CS during endovascular therapy did not yield significant difference in the functional independence at 90 days. But these findings mainly relied on observational and non-randomized trials. To eliminate the influence of the type of mechanical device used for endovascular thrombectomy on revascularization and functional outcomes, all included trials in our meta-analysis mainly used stent retriever devices and/or a direct aspiration. Conversely, a meta-analysis of individual patient data from seven RCTs, including MR CLEAN (1), ESCAPE (23), EXTEND-IA (24), SWIFT PRIME (2), REVASCAT (25), PISTE (26), and THRACE (27) trials, showed worse outcomes after endovascular thrombectomy was associated with GA (28). However, the primary purpose of these included RCTs was to examine the association between endovascular mechanical thrombectomy and clinical outcomes among patients with AIS, but not intent to evaluate the effects of anesthetic strategy on clinical outcomes for patients with AIS undergoing endovascular therapy. Besides, the design of these trials was also not randomized by the choice of CS or GA for a given AIS patient. To the best of our knowledge, our meta-analysis was the first to pool recent published RCTs concerning which anesthetic strategy results in the best clinical outcomes undergoing endovascular therapy. Importantly, among these RCTs, the choice of CS or GA was randomized undergoing endovascular therapy.

The findings of our meta-analysis firstly reflect that patients treated under GA did not associate with poorer outcomes compared with CS, but improved functional outcomes at 90 days were seen among patients in the GA group. These results may be due to the higher rate of recanalization among patients in the GA group. Both in SIESTA and GOLIATH trials, the higher rate of successful reperfusion (TICI 2b/3) was found in the GA group but not in the AnStroke trial (12–14). This may explain why the AnStroke trial did not show a benefit in functional outcome among GA group. These data may indicate that endovascular therapy under GA is likely associated with greater technical success such as providing complete patient immobility. Indeed, we must acknowledge that this result should be interpreted with caution, because many literatures vary on this point and found the rates of recanalization was similar between GA and CS (29, 30). As Simonsen et al. have mentioned (14), this conflict may be explained by the differences in institutional or operator experience with performing endovascular therapy using CS.

Furthermore, other factors that may influence the association between anesthesia and outcomes after endovascular therapy should be of concern, such as hemodynamic disturbance, treatment delay, and inhaled anesthetic agents. As reported in several studies, during the acute phase of stroke, a small decrease (20–30 mmHg) in blood pressure has been associated with worse outcomes (31–34). Consistently, intraoperative blood pressure was less in the GA group and was associated with less favorable outcomes in a post-hoc analysis of the MR CLEAN trial (35). But there was no formal protocol specifying blood pressure targets in the MR CLEAN trial, and about 75% of the patients had a systolic blood pressure lower than 140 mmHg in this trial. In contrast, among the included trials in our meta-analysis, the specified criteria have been made to maintain systolic blood pressure at more than 140 mmHg throughout the endovascular therapy in SIESTA, AnStroke, and GOLIATH trials. Thus, even though a lower intraoperative blood pressure was shown in the GA group compared with CS in both AnStroke (mean [95% CI], GA vs. CS: 144.9 [141.3; 148.0] vs. 147.2 [144.0; 150.4]) and GOLIATH trials (mean [SD], GA vs. CS: 143 (15) vs. 155 (20)), patients in the GA group did not present less favorable outcomes (13, 14). These data therefore indicated that maintaining systolic blood pressure at an appropriate threshold (more than 140 mmHg) may be essential for patients undergoing endovascular therapy with GA.

We must acknowledge that this study has several potential limitations. First, the major limitation of this study is the small sample size; only three high-quality trials with a total of 368 patients were included in this meta-analysis, which may limit the study power to find the clinically relevant differences in outcome. Second, we were only able to get part of the data among the included trials. Some of the baseline characteristics were not available. Thus, we could not conduct some subgroup analysis, such as by baseline NIHSS score, intraoperative blood pressure, and time to treatment. Lastly, all included trials in this meta-analysis were conducted at a single center in Europe; thus, the quality of a body of evidence may be moderate. For these reasons, some multi-center RCTs conducted in other countries or continents have been sponsored, such as the Choice of ANesthesia for EndoVAScular Treatment of Acute Ischemic Stroke (CANVAS) trial in China (NCT02677415) (36). Despite these limitations, our study represents the best available evidence regarding the effect of GA vs. CS on the outcomes of AIS patients after endovascular therapy.



CONCLUSIONS

Our study was designed to compare the effect of GA vs. CS on the outcomes of AIS patients after endovascular therapy. The pooled data from our meta-analysis of RCTs suggested that performing endovascular therapy with GA, compared with CS, is not associated with worse clinical outcomes for patients with AIS in the anterior circulation. Furthermore, the use of GA during endovascular therapy showed higher rate of successful reperfusion and favorable outcomes at 90 days for patients with AIS in the anterior circulation as long as severe hypotension is avoided. However, these findings are limited by the small sample size. Thus, additional larger sample size and multi-center RCTs to definitively confirm our findings is warranted.
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