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Background: To compare the merits and safety between conscious sedation/monitored anesthesia (CS/MAC) and general anesthesia (GA) for patients receiving transcatheter aortic valve replacement (TAVR).

Measurements: Databases including EMBASE, MEDLINE, and the Cochrane Library databases were searched from inception to October 2022 to identify studies investigating the impact of CS/MAC on peri-procedural and prognostic outcomes compared to those with GA. The primary outcome was the association of CS/MAC with the risk of 30-day mortality, while secondary outcomes included the risks of adverse peri-procedural (e.g., vasopressor/inotropic support) and post-procedural (e.g., stroke) outcomes. Subgroup analysis was performed based on study design [i.e., cohort vs. matched cohort/randomized controlled trials (RCTs)].

Main results: Twenty-four studies (observational studies, n = 22; RCTs, n = 2) involving 141,965 patients were analyzed. Pooled results revealed lower risks of 30-day mortality [odd ratios (OR) = 0.66, p < 0.00001, 139,731 patients, certainty of evidence (COE): low], one-year mortality (OR = 0.72, p = 0.001, 4,827 patients, COE: very low), major bleeding (OR = 0.61, p = 0.01, 6,888 patients, COE: very low), acute kidney injury (OR = 0.71, p = 0.01, 7,155 patients, COE: very low), vasopressor/inotropic support (OR = 0.25, p < 0.00001, 133,438 patients, COE: very low), shorter procedure time (MD = −12.27 minutes, p = 0.0006, 17,694 patients, COE: very low), intensive care unit stay (mean difference(MD) = −7.53 h p = 0.04, 7,589 patients, COE: very low), and hospital stay [MD = −0.84 days, p < 0.00001, 19,019 patients, COE: very low) in patients receiving CS/MAC compared to those undergoing GA without significant differences in procedure success rate, risks of cardiac-vascular complications (e.g., myocardial infarction) and stroke. The pooled conversion rate was 3.1%. Results from matched cohort/RCTs suggested an association of CS/MAC use with a shorter procedural time and hospital stay, and a lower risk of vasopressor/inotropic support.

Conclusion: Compared with GA, our results demonstrated that the use of CS/MAC may be feasible and safe in patients receiving TAVR. However, more evidence is needed to support our findings because of our inclusion of mostly retrospective studies.

Systematic review registration: https://www.crd.york.ac.uk/prospero/, identifier CRD42022367417.
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1. Introduction

The incidence of aortic valve stenosis, which is one of the most common acquired valvular heart disorders in the aged population, has risen with an increased life expectancy (1). In addition to early recognition, timely treatment is critical for the improvement of survival rate (2). Compared with conventional surgical aortic valve replacement, transcatheter aortic valve replacement (TAVR) not only has a lower early (3) and all-cause mortality as well as incidence of stroke up to 2 years (4) but it is also indicated for high-risk patients with severe symptomatic aortic stenosis deemed unsuitable for conventional surgery (3–6).

To enable the operation of transesophageal echocardiography and prompt surgical interventions for various complications, TAVR is typically conducted under general anesthesia (GA) which, however, is associated with the risks of intraoperative hemodynamic instability that required the use of inotropic agents (7) as well as potential postoperative respiratory complications (8). To minimize such adverse impacts on patient’s outcomes, previous observational studies have shown the feasibility of using local anesthesia, conscious sedation (CS), and monitored anesthesia care (MAC) for the procedure (9–13). Nevertheless, the impact of different anesthetic approaches on prognostic outcomes (e.g., 30-day mortality rate) in patients undergoing TAVR remains inconsistent. While two meta-analyses of observational studies (14, 15) reported a lower 30-day mortality with the use of local anesthesia as the main anesthetic strategy compared to that with GA, a recent randomized controlled trial (RCT) demonstrated no difference in mortality between patients receiving GA and those undergoing local anesthesia/CS (16).

A number of previous observational studies have reported comparable 30-day mortality between patients who underwent TAVR under GA and those receiving CS/MAC (10, 17), despite the demonstration of a shorter stay in the intensive care unit (ICU) (13, 18, 19) and hospital length of stay (LOS) (10, 17). On the other hand, one large-scale retrospective study of 10,997 patients undergoing TAVR under sedation or GA showed that those receiving “conscious sedation” may have a reduced 30-day mortality (18). Therefore, compared with GA, TAVR under CS/MAC appeared to be associated with a shorter ICU stay or LOS with similar or potentially reduced 30-day mortality. Nevertheless, there is a lack of evidence supporting the merits and safety of CS/MAC as the main anesthetic techniques from a systematic approach in the current literature. Taking into account the inconsistent positive impacts of CS/MAC on post-TAVR outcomes (i.e., 30-day mortality rate) (8, 20, 21) and the increasing use of CS/MAC in recent years (22, 23), a meta-analytical investigation into current literature may provide evidence that helps optimizing patient care for clinicians. We hypothesized that the use of CS/MAC would offer patient outcomes comparable to those with GA. The primary outcome of the current meta-analysis was the risk of 30-day mortality, while the secondary outcomes included peri-procedural outcomes (e.g., procedure success rate and procedural time), risks of cardiovascular complications and stroke, as well as medical resource utilization [e.g., hospital LOS].



2. Materials and methods

The protocol for the current meta-analysis, which we posted online, was registered in PROSPERO (CRD42022367417). All procedures of the current study complied with the reporting recommendations from Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).


2.1. Data sources and searches

Using a combination of keywords and Medical Subject Headings (MeSH) terms, we searched the electronic databases of EMBASE, Medline, and the Cochrane Central Register of Controlled Trials from inception to October 7, 2022. The details of our search strategies are available in Supplementary Table 1. The keywords included (“transcatheter aortic valve replacement” or “TAVR” or “Aortic valve stenosis” or “Transcatheter Aortic Valve Implantation (TAVI)” or “TAVI”) and (“General anesthesia” or “Tracheal intubation*” or “Endotracheal Intubation”) and (“Sedation” or “Monitored anesthesia care”). Neither the language nor the publication year were subjected to any restrictions, but studies with a sample size < 200 before propensity matched analysis were excluded to reduce the possibility of underpowering as previously reported (24). Additionally, we performed a manual search of the references of relevant review articles and each study included in our analysis to identify other records that we may have missed during our initial search.



2.2. Inclusion and exclusion criteria

We included randomized and observational studies that met the PICO (i.e., population, intervention, comparator, and outcome) criteria: (1) Population: adults receiving TAVR regardless of the products and techniques; (2) Intervention: the use of CS or MAC as the main anesthetic approach with or without the involvement of anesthesiologists/anesthesia nurses, combined use of local anesthetics, and nerve block; (3) Comparator: the use of GA regardless of anesthetic agents (e.g., inhalation agents and propofol) or airway techniques (e.g., tracheal intubation or insertion of laryngeal mask airway); and (4) Outcome: available prognostic outcomes such as risk of mortality or hospital LOS.

The exclusion criteria were (1) studies with a sample size < 200 before propensity matched analysis; (2) those focused on local anesthesia as the main anesthetic technique; (3) those in which detailed information on anesthetic techniques or outcomes of comparison between CS/MAC and GA was unavailable; (4) studies published only as letters, abstracts, or review articles; (5) those included participants younger than 18 years.



2.3. Studies selection and data extraction

After removing duplicate records, two reviewers independently determined the inclusion or exclusion of the articles based on the titles and abstracts according to the PICO criteria. The full text of the articles was further reviewed to evaluate their eligibility. Discussion with a third party resolved discrepancies between the independent reviewers. The same procedure was applied to both data extraction and bias assessment. The following details were extracted from the included studies using a standardized checklist: authors/year of publication, population characteristics (e.g., body mass index), study setting (i.e., cohort, matched cohort, and RCTs), number of participants, mortality rate, peri- or post-procedure complications (e.g., bleeding or pacemaker implantation), other prognostic outcomes (e.g., hospital stay or stroke), and country.



2.4. Study outcomes and definition

The primary outcome was the risk of 30-day all-cause mortality. For studies that only reported the risk of in-hospital mortality, we used this outcome as an alternative. The secondary end points included the risks of mortality at one year, pacemaker implantation, stroke, acute kidney injury (AKI), myocardial infarction (MI), major bleeding, vascular complications, vasopressor/inotropic support, and procedural time, ICU/hospital LOS as well as procedure success rate defined as successful device deployment.



2.5. Quality assessment of included studies and certainty of evidence

Two reviewers independently assessed the risk of bias of RCT by using standard criteria defined in the Cochrane Handbook for Systematic Reviews of Interventions (i.e., ROB 2.0) and the Newcastle-Ottawa Scale (NOS) for non-randomized studies as previously reported (25). The overall certainty of evidence for primary and secondary outcomes was assessed based on the Grading of Recommendations Assessment, Development and Evaluation (GRADE) framework. Discrepancies regarding overall certainty of evidence were settled through discussion.



2.6. Data synthesis and analysis

Based on a random-effects model, pooled data are presented as odds ratio (OR) and mean difference (MD) with 95% confidence interval (CI) for dichotomous and continuous data, respectively. Subgroup analysis was performed according to the study design (i.e., cohort vs. matched cohort/RCT). We combined matched observational studies and RCTs for analysis based on their similar characteristics of patient matching for preventing bias. We assessed the heterogeneity of pooled effects with Higgins I2 with substantial heterogeneity being defined as an I2 over 50% as previously reported (26, 27). The reliability and conclusiveness of evidence generated was examined with sensitivity analysis through omitting one study each time. On encountering 10 or more trials that shared a particular outcome, we evaluated the potential publication bias by visual inspection of a funnel plot. A p value of < 0.05 was deemed statistically significant in the current meta-analysis. All statistical analyses were performed using the comprehensive Meta-Analysis (CMA) V3 software (Biostat, Englewood, NJ, USA) or Review Manager (RevMan) computer program, version 5.3.5 (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, 2014).




3. Results


3.1. Study selection and characteristics

The initial search identified 555 potential articles. After removing duplicates (n = 117) and records not meeting our inclusion criteria after title and abstract screening (n = 373), we conducted a full-text review on 65 articles. Forty studies were further excluded because of being review articles (n = 2) and conference abstracts (n = 2), unavailability of data on outcome (n = 5), and a sample size < 200 (n = 32). Finally, 24 studies involving 141,965 patients published between 2015 and 2021 were included for analysis (7, 8, 16, 18–23, 28–42). The process of study selection is shown in Figure 1.
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FIGURE 1
PRISMA flow diagram of study selection for the current meta-analysis.


The mean or median age of the enrolled patients receiving TAVR varied from 73 to 83 years with the proportion of males ranging from 36% to 99%. One study did not provide information regarding male proportion (35). The design of the eligible articles included retrospective studies (cohort, n = 12; matched cohort, n = 9) (7, 8, 18–23, 28–30, 32–40, 42), prospective observational study (n = 1) (41), and RCT (n = 2) (16, 31). Although two articles were considered separate RCTs (16, 31), they shared the same patient population but focused on different time points of outcome assessment [i.e., 30-day (16) and one-year (31)]. Another retrospective study utilized data from two previous observational studies that compared TAVR with conventional surgical valve replacement in patients with an intermediate (43) and a low (44) surgical risk. One study initially included 304 patients for assessment, but the number dropped to 162 after propensity matched analysis (36). The size of the study population varied widely from 162 to 120,080 in the included studies. The mean or median Society of Thoracic Surgeons (STS) predicted risk for mortality score ranged from 1.8 to 11 in seventeen studies (16, 19, 20, 22, 29, 31–42), while another seven did not provide relevant detail. The CS/MAC group had a lower STS score compared to that in the GA group (MD = −0.46, 95% CI: −0.77 to −0.16) (Supplementary Figure 1). Fifteen studies involving 70,246 patients provided information on the conversion rate of CS/MAC to GA, which ranged from 0 to 12% with a pooled incidence of 3.1% (95% CI 1.8% to 5.4%) (Supplementary Figure 2). Nevertheless, only six of the 15 studies described their allocation of patients undergoing conversion (i.e., CS/MAC to GA) to the CS/MAC group based on the intention-to-treat principle, while the other nine studies did not provide relevant information. Of our 24 included studies, 12 provided details regarding the assessment of aortic regurgitation in the CS/MAC group by using transthoracic echocardiography, fluoroscopic guidance, or transesophageal echocardiography under sedation (Supplementary Table 2). These included studies were conducted in seven countries, namely USA (n = 14), United Kingdom (n = 2), Germany (n = 4), Italy (n = 1), Israel (n = 1), Korea (n = 1), and France (n = 1). The NOS score of the 22 observational studies ranged from 7 to 8 (Table 1 and Supplementary Table 3), suggesting a low risk of bias. The overall risk of bias in the other two RCTs were also considered low (Supplementary Table 4).


TABLE 1    Studies characteristics of included studies (n = 24).
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3.2. Synthesis of results


3.2.1. Impact of CS/MAC on risk of 30-day and one-year mortality

Twenty studies are available for analysis of the impact of CS/MAC on the risk of 30-day mortality (Figure 2). Pooled results revealed a lower risk of 30-day mortality in patients receiving CS/MAC compared to that in those receiving GA (OR = 0.66, 95% CI: 0.62 to 0.71, p < 0.00001, I2 = 0%, 139,731 patients, 20 studies) with consistent findings on sensitivity analysis. Funnel plot showing a low risk of publication bias (Supplementary Figure 3). Subgroup analysis focusing on study design (i.e., cohort vs. matched cohort/RCT) demonstrated no significant impact of matched cohort/RCT (OR = 0.0.96, 95% CI: 0.62 to 1.49, p = 0.86, I2 = 0%, 3071 patients, 9 studies) on the 30-day mortality risk between CS/MAC and GA, despite persistent significance for a cohort design (Figure 2).
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FIGURE 2
Forest plot comparing the risk of 30-day mortality between patients receiving conscious sedation/monitored anesthesia care (CS/MAC) and those undergoing general anesthesia (GA). CI, confidence interval; M-H, Mantel-Haenszel.


Regarding one-year mortality risk, our findings also showed a correlation between a lower risk of one-year mortality and the use of CS/MAC compared to GA (OR = 0.72, 95% CI: 0.59 to 0.88, p = 0.001, I2 = 5%, 4,827 patients, 9 studies). The results remained consistent on sensitivity analysis (Supplementary Figure 4). Again, despite no significant influence of a matched cohort/RCT design on the one-year mortality risk between CS/MAC and GA (OR = 0.86, 95% CI: 0.61 to 1.2, p = 0.37, I2 = 0%, 1,090 patients, 3 studies), the effect was significant for cohort studies on subgroup analysis. Therefore, the findings did not provide a robust support for the association between CS/MAC and a reduced risk of one-year mortality.



3.2.2. Impact of CS/MAC on risk of cardiac complications

There was no difference in the risk of MI (OR = 1.07, 95% CI: 0.43 to 2.65, p = 0.88, I2 = 0%, 4,830 patients, 8 studies) (Supplementary Figure 5) and pacemaker implantation (OR = 1.05, 95% CI: 0.9 to 1.22, p = 0.56, I2 = 30%, 18516 patients, 16 studies) (Supplementary Figure 6) between CS/MAC and GA groups. Sensitivity and subgroup analysis revealed consistent findings on these two outcomes, suggesting robustness of evidence. Funnel plot showed a low risk of publication bias regarding the outcome of pacemaker implantation (Supplementary Figure 7).



3.2.3. Impact of CS/MAC on procedure-related outcomes and vasopressor/Inotropic support

Pooled results demonstrated a shorter procedural time in the CS/MAC group than that in the GA group (MD = −12.27 min, 95% CI: −19.24 to −5.31, p = 0.0006, I2 = 95%, 17,694 patients, 15 studies) with sensitivity analysis showing consistent finding (Supplementary Figure 8). Subgroup analysis revealed a consistent result on matched cohort/RCT studies, but not in cohort studies that showed no difference in procedural time. Nevertheless, the funnel plot indicated a potential risk of publication bias (Supplementary Figure 9).

There was no difference in risk of vascular complications between the two groups (OR = 1.1, 95% CI: 0.89 to 1.37, p = 0.38, I2 = 0%, 6,930 patients, 13 studies) with unaverred results on sensitivity and subgroup analysis (Supplementary Figure 10). However, the funnel plot suggested a potential risk of publication bias (Supplementary Figure 11).

On the other hand, the use of CS/MAC was associated with a lower risk of major bleeding compared to that with GA (OR = 0.61, 95% CI: 0.41 to 0.9, p = 0.01, I2 = 58%, 6,888 patients, 13 studies). The finding remained consistent on sensitivity analysis (Supplementary Figure 12). Subgroup analysis also indicated a lower risk of major bleeding related to the use of CS/MAC in cohort studies, but no difference in risk was noted in matched cohort/RCT studies. Funnel plot suggested a low risk of publication bias (Supplementary Figure 13).

There was no difference in procedure success rate between the CS/MAC group (97.5%) and the GA group (97.4%) (OR = 1.02, 95% CI: 0.71 to 1.47, p = 0.92, I2 = 61%, 132,391 patients, 7 studies) with consistency of the finding being supported by sensitivity and subgroup analyses (Supplementary Figure 14).

The use of CS/MAC correlated with a lower risk of vasopressor/inotropic support compared to that with GA (OR = 0.25, 95% CI: 0.17 to 0.38, p < 0.00001, I2 = 97%, 133,438 patients, 9 studies). The result was consistent on sensitivity and subgroup analyses (Figure 3).
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FIGURE 3
Forest plot comparing the risk of vasopressor/inotropic support in patients receiving conscious sedation/monitored anesthesia care (CS/MAC) or general anesthesia (GA). CI, confidence interval; M-H, Mantel-Haenszel.


Taken together, our results demonstrated robust evidence supporting a lack of difference in the procedure success rate and the risk of vascular complications between the CS/MAC and GA groups. On the other hand, despite a shorter procedural time and a lower risk of major bleeding associated with CS/MAC compared to GA, our subgroup analysis did not endorse the soundness of these findings.



3.2.4. Impact of sedation on risk of stroke and acute kidney injury

Our pooled results that showed no significant difference in the risk of stroke between the CS/MAC and GA groups (OR = 0.81, 95% CI: 0.6 to 1.09, p = 0.17, I2 = 0%, 9,802 patients, 20 studies) remained consistent on sensitivity and subgroup analyses (Figure 4). In addition, the funnel plot indicated a low risk of publication bias (Supplementary Figure 15).
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FIGURE 4
Forest plot comparing the risk of stroke in patients receiving conscious sedation/monitored anesthesia care (CS/MAC) or general anesthesia (GA). CI, confidence interval; M-H, Mantel-Haenszel.


The CS/MAC group demonstrated a lower risk of AKI compared to that in the GA group (OR = 0.71, 95% CI: 0.54 to 0.92, p = 0.01, I2 = 0%, 7,155 patients, 15 studies). However, the result was inconsistent on sensitivity and subgroup analyses (Supplementary Figure 16). An inspection of the funnel plot suggested a low risk of publication bias (Supplementary Figure 17).

Overall, the current study indicated robust evidence that suggested no significant difference between CS/MAC and GA in their association with the risk of stroke, while there was weak evidence that implied a potential correlation between the use of CS/MAC and a lower risk of AKI compared with GA.



3.2.5. Impact of sedation on medical resource utilization

The use of CS/MAC was associated with a shorter ICU stay compared to GA (MD = −7.53 h, 95% CI: −14.82 to −0.25, p = 0.04, I2 = 100%, 7,589 patients, 14 studies) (Supplementary Figure 18) with inconsistent findings on sensitivity and subgroup analyses. Funnel plot demonstrated a low risk of publication bias (Supplementary Figure 19).

There was a shorter hospital LOS in the sedation group compared to that in the GA group (MD = −0.84 days, 95% CI: −0.98 to −0.7, p < 0.00001, I2 = 87%, 19,019 patients, 17 studies). The finding remained consistent on sensitivity and subgroup analyses (Figure 5). Besides, examination of the funnel plot indicated a low risk of publication bias (Supplementary Figure 20).
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FIGURE 5
Forest plot comparing the hospital length of stay between patients receiving conscious sedation/monitored anesthesia care (CS/MAC) and those subjected to general anesthesia (GA). CI, confidence interval; M-H, Mantel-Haenszel.


In other words, our analysis suggested robust evidence in support of an association between the use of CS/MAC and a shorter hospital LOS; however, evidence regarding the positive impact of CS/MAC on the length of ICU stay was inconsistent.




3.3. Certainty of evidence

The overall certainty of evidence for individual outcome is shown in Supplementary Table 5. The overall certainty of evidence was graded as low in two outcomes (i.e., risk of 30-day mortality and pacemaker implantation), while other outcomes were deemed very low. The main reasons for downgrading the evidence were: (a) inclusion of observational data; (b) a wide 95% CI; and (c) a high I2 (i.e., over 50%).




4. Discussion

Our results suggested lower risks of 30-day, one-year mortality, AKI, major bleeding, vasopressor/inotropic support as well as a shorter procedural time and ICU/hospital stay with the use of CS/MAC compared to those with GA. The pooled conversion rate from CS/MAC to GA was 3.1%. No difference in the risks of stroke, cardiac [i.e., MI and pacemaker implantation) and vascular complications as well as procedure success rate was noted. Nevertheless, because patients in the CS/MAC group had a lower STS score than that in the GA group as well as inconsistent results on subgroup analysis (e.g., risk of 30-day mortality), these findings should be interpreted with caution.

There have been accumulating data from observational studies regarding the benefits and safety among different anesthetic approaches (i.e., GA vs. CS/MAC vs. local anesthesia) for TAVR. Two previous meta-analyses investigating the application of local anesthesia as the main anesthetic strategy reported an association of using local anesthesia with a lower mortality rate compared to that with GA (14, 15), but one recent RCT showed no significant difference in 30-day mortality between patients undergoing TAVR with local anesthesia/CS and those receiving GA (16). Our results suggested that the use of CS/MAC may be associated with a lower risk of 30-day and one-year mortality compared with GA. Although the pooled evidence was deemed weak, our findings at least suggested that CS/MAC was not inferior to GA when focusing on the safety issue after taking into account the comparable risks of cardiac complications (i.e., MI and pacemaker implantation), vascular complications, and stroke between patients receiving CS/MAC and those undergoing GA for TAVR. Despite such a survival advantage, one potential downside associated with CS/MAC may be the inconvenience of conducting transesophageal echocardiography to detect paravalvular leak. Nevertheless, the use of other diagnostic approaches may compensate for the Achilles heel (Supplementary Table 2).

Although the possible explanation for a lower risk of 30-day and one-year mortality in the CS/MAC group compared to that in the GA group in the current study remains obscure because of their similar risks of cardio- and cerebral-vascular complications, one previous meta-analysis has identified the occurrence of AKI after TAVR as a significant risk factor for both 30-day and long-term (i.e., ≥ 3 years) all-cause mortality (45). Together with their findings that hypertension, diabetes mellitus, peripheral artery disease, ventricular ejection fraction < 40%, and the occurrence of major bleeding were predictors of post-TAVR AKI (45), our results that showed an association of CS/MAC with lower risks of both AKI and major bleeding in patients undergoing CS/MAC may help explain their lower risk of mortality compared to those receiving GA. On the other hand, our finding of a lack of significant influence of the matched cohort/RCT design on subgroup analyses of the 30-day and one-year mortality risks between CS/MAC and GA may be attributed to the relatively small sample sizes (i.e., 3071 and 1090 participants for 30-day and one-year mortality, respectively).

Contrary to the belief that GA is superior to non-GA approaches for TAVR because GA not only can allow patient immobilization to enhance procedural success but also enable the application of transesophageal echocardiography for paravalvular regurgitation assessment as well as facilitate timely management of potential complications (46), several single-institute studies reported comparable TAVR procedural success rate between CS/MAC and GA (41) despite a lack of support from pooled evidence. Consistently, the finding of the current meta-analysis demonstrated no difference in the procedural success rate regardless of the anesthesia approach (i.e., CS/MAC vs. GA), supporting that TAVRs can be performed under CS/MAC without a negative impact on the success rate. Furthermore, an apparently paradoxical finding in the current meta-analysis was the significant but weak evidence showing a shorter procedural time associated with the use of CS/MAC compared to GA. Similarly, two previous meta-analyses have also demonstrated a shorter procedural time with local anesthesia compared to GA (14, 15). One possible explanation may be a coincidence between the learning curve of the TAVR procedure and the choice of anesthesia strategy. While GA was the mainstream of anesthesia at the early stage of TAVR development when the cardiology team was uncertain about the procedure itself and the associated complications, CS/MAC became the anesthesia approach of choice as the team was more adept at the procedure at a later stage (8). Therefore, it is possible that the learning curve of the TAVR procedure, rather than the choice of anesthesia approach, was the cause of the observed reduction in procedural time associated with the use of CS/MAC. The demonstration of no significant difference in procedural time and fluoroscopy time in a recent multicenter RCT comparing the impact of CS and GA on more than 400 patients undergoing TAVRs (16) may reflect the outcome of TAVR as a mature procedure and further support the hypothesis.

Results of prior studies regarding the influence of anesthetic approaches for TAVR on medical resource utilization remain inconsistent. Although a previous meta-analysis on 10,572 patients from 26 studies reported that the use of local anesthesia was associated with a shorter hospital LOS (i.e., 2.09 days) and ICU LOS (i.e., 0.18 days) (14), another recent meta-analysis of 17 studies involving 20,938 patients found no significant difference in the length of total hospital stay between patients receiving local anesthesia and those undergoing GA (15). Our results revealed a shorter ICU LOS (weak evidence) and hospital LOS (strong evidence) with the use of CS/MAC compared to GA. Nevertheless, the reduction in hospital LOS in the current meta-analysis was only 0.84 days with the use of CS/MAC, suggesting no clinically significant improvement from a cost-effective perspective.

There are several merits of the present meta-analysis that may add to the existing knowledge in this field. First, we performed subgroup analysis based on study design (i.e., cohort vs. matched cohort/RCT) to reduce the potential bias arising from variations in patient characteristics on prognostic outcomes. Second, because operator experience and annual TAVR case volume may influence prognostic outcomes (47, 48), we only included studies with a sample size more than 200. This sample size was determined based on the finding of a previous study showing that TAVR performed at a high-volume (i.e., > 100 procedures per year) institute is associated with decreased rates of complications and mortality compared to those with a low annual volume (i.e., < 50 procedures) (47). Therefore, taking into account the observation that most studies collected patient data over a two-year period during our study screening, we adopted a cut-off sample size of over 200 as a threshold for defining a high-volume institute to minimize possible confounding effects from including data of low-volume institutes. Nevertheless, the routine use of CS/MAC for TAVR requires further justifications taking into consideration the impact of technical dexterity on clinical outcomes.

Despite the demonstration of no significant association between vasopressor requirement and anesthetic method (i.e., CS vs. GA) in a small-scale RCT recruiting 62 patients undergoing TAVR (49), most previous studies reported higher requirements of inotropes and/or vasopressors in patients receiving TAVI under GA than those in the MAC group due to GA-related hemodynamic instability (16–18). Consistently, we also found a larger amount of inotrope/vasopressor administered in the GA than in the CS/MAC group. Further studies are required to investigate the impact of periprocedural inotrope/vasopressor use on clinical outcomes.

There were several limitations in the present study. First, meta-analysis of observational data cannot definitively establish the causality of our findings, which requires further RCTs to confirm. Nevertheless, the present study is the first to support the merits and safety of CS/MAC as the main anesthetic technique for patients undergoing TAVI based on clinical evidence derived from a systematic approach. Second, because our most included studies (i.e., 22 retrospective studies) did not specify their criteria for patient grouping, a selection bias (e.g., GA for high-risk patients) cannot be ruled out. Besides, clinicians may tend to adopt GA in the early phase of establishing the TAVR technique and use CS/MAC only in the late phase of procedure development, which may be associated with a maturation of technical skills that contributed to a survival advantage. On the other hand, because our included studies did not specify any chronological sequence of patient allocation in the two groups, such a potential impact cannot be verified. Third, although a previous study reported a reduced cost by 28% with the application of CS/MAC for TAVI (50), this outcome was not analyzed in current meta-analysis because of the limited number of studies available to address this issue. Fourth, most of the included studies were conducted in the United States (Table 1); therefore, extrapolation of our findings to other countries may not be justified. Fifth, previous studies have shown a significant impact of gender on mortality from different approaches to aortic valve replacement. While TAVR was associated with a 26-31% reduction in odds of mortality compared to surgical aortic valve replacement in women, there was no difference in mortality between TAVR and surgical aortic valve replacement in men (51). Besides, the female gender has been reported to correlate with a better short- and long-term post-TAVR survival (52). Nevertheless, because most of our included studies only provided the gender proportions of their participants without separating the two genders for outcome comparison, we could not conduct a gender-based subgroup analysis on our included outcomes. Finally, variations in operator experience (48) and clinical protocols in our included studies, which may introduce bias to our results, were not analyzed in the current investigation.

In conclusion, compared with general anesthesia, our results demonstrated an association of conscious sedation/monitored anesthesia with a reduced hospital length of stay and possibly lower risks of 30-day and one-year mortality, acute kidney injury, major bleeding as well as shorter procedural time and ICU stay. However, the current meta-analysis of observational studies cannot establish the causality of our findings, which requires further randomized controlled trials for elucidation.



Data availability statement

The original contributions presented in this study are included in this article/Supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

K-CH and J-YC: conceptualization, methodology, and software. C-HH and C-CC: data curation. K-CH, I-CT, and Y-LP: writing – original draft preparation. Y-TL and I-WC: visualization and investigation. C-KS: supervision. K-CH and I-WC: software and validation. K-CH and C-KS: writing – reviewing and editing. I-WC and C-KS contributed equally as corresponding authors to this work. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2022.1099959/full#supplementary-material



References

1. Nkomo V, Gardin J, Skelton T, Gottdiener J, Scott C, Enriquez-Sarano M. Burden of valvular heart diseases: a population-based study. Lancet (Lond Engl). (2006) 368:1005–11. doi: 10.1016/S0140-6736(06)69208-8

2. Kanwar A, Thaden J, Nkomo V. Management of patients with aortic valve stenosis. Mayo Clin Proc. (2018) 93:488–508. doi: 10.1016/j.mayocp.2018.01.020

3. Anantha-Narayanan M, Kandasamy V, Reddy Y, Megaly M, Baskaran J, Pershad A, et al. Low-risk transcatheter versus surgical aortic valve replacement - an updated meta-analysis of randomized controlled trials. Cardiovasc Revasc Med. (2020) 21:441–52. doi: 10.1016/j.carrev.2019.08.003

4. Siontis G, Overtchouk P, Cahill T, Modine T, Prendergast B, Praz F, et al. Transcatheter aortic valve implantation vs. surgical aortic valve replacement for treatment of symptomatic severe aortic stenosis: an updated meta-analysis. Eur Heart J. (2019) 40:3143–53. doi: 10.1093/eurheartj/ehz275

5. Avvedimento M, Tang G. Transcatheter aortic valve replacement (TAVR): recent updates. Prog Cardiovasc Dis. (2021) 69:73–83.

6. Makkar R, Thourani V, Mack M, Kodali S, Kapadia S, Webb J, et al. Five-year outcomes of transcatheter or surgical aortic-valve replacement. N Engl J Med. (2020) 382:799–809. doi: 10.1056/NEJMoa1910555

7. Goren O, Finkelstein A, Gluch A, Sheinberg N, Dery E, Matot I. Sedation or general anesthesia for patients undergoing transcatheter aortic valve implantation–does it affect outcome? An observational single-center study. J Clin Anesth. (2015) 27:385–90. doi: 10.1016/j.jclinane.2015.03.025

8. Lee S, Lee S, Hahm K. Postoperative pulmonary complications after transcatheter aortic valve implantation under monitored anesthesia care versus general anesthesia: retrospective analysis at a single large volume center. J Clin Med. (2021) 10:5365. doi: 10.3390/jcm10225365

9. Khalil M, Al-Agaty A, Asaad O, Mahmoud M, Omar A, Abdelrazik A, et al. A comparative study between propofol and dexmedetomidine as sedative agents during performing transcatheter aortic valve implantation. J Clin Anesth. (2016) 32:242–7. doi: 10.1016/j.jclinane.2016.03.014

10. Fröhlich G, Lansky A, Webb J, Roffi M, Toggweiler S, Reinthaler M, et al. Local versus general anesthesia for transcatheter aortic valve implantation (TAVR)–systematic review and meta-analysis. BMC Med. (2014) 12:41. doi: 10.1186/1741-7015-12-41

11. Chen E, Sukumar N, Dai F, Akhtar S, Schonberger R. A pilot analysis of the association between types of monitored anesthesia care drugs and outcomes in transfemoral aortic valve replacement performed without general anesthesia. J Cardiothorac Vasc Anesth. (2018) 32:666–71. doi: 10.1053/j.jvca.2017.07.009

12. Palermo C, Degnan M, Candiotti K, Salerno T, de Marchena E, Rodriguez-Blanco Y. Monitored anesthesia care versus general anesthesia: experience with the medtronic core valve. J Cardiothorac Vasc Anesth. (2016) 30:1234–7. doi: 10.1053/j.jvca.2016.02.006

13. Pani S, Cagino J, Feustel P, Musuku S, Raja A, Bruno N, et al. Patient selection and outcomes of transfemoral transcatheter aortic valve replacement performed with monitored anesthesia care versus general anesthesia. J Cardiothorac Vasc Anesth. (2017) 31:2049–54. doi: 10.1053/j.jvca.2017.04.005

14. Villablanca P, Mohananey D, Nikolic K, Bangalore S, Slovut D, Mathew V, et al. Comparison of local versus general anesthesia in patients undergoing transcatheter aortic valve replacement: a meta-analysis. Catheter Cardiovasc Interv. (2018) 91:330–42. doi: 10.1002/ccd.27207

15. Gao L, Jin B, Chao C, Wang B, Zhang X, Shen J. Comparative efficacy of local and general anesthesia for transcatheter aortic valve implantation: a meta-analysis and systematic review. Heart Surg Forum. (2022) 25:E364–73. doi: 10.1532/hsf.4631

16. Thiele H, Kurz T, Feistritzer H, Stachel G, Hartung P, Lurz P, et al. General versus local anesthesia with conscious sedation in transcatheter aortic valve implantation: the randomized SOLVE-TAVI trial. Circulation. (2020) 142:1437–47. doi: 10.1161/CIRCULATIONAHA.120.046451

17. Stragier H, Dubois C, Verbrugghe P, Jacobs S, Adriaenssens T, Rex S. General anesthesia versus monitored anesthesia care for transfemoral transcatheter aortic valve implantation: a retrospective study in a single belgian referral center. J Cardiothorac Vasc Anesth. (2019) 33:3283–91. doi: 10.1053/j.jvca.2019.06.027

18. Hyman M, Vemulapalli S, Szeto W, Stebbins A, Patel P, Matsouaka R, et al. Conscious sedation versus general anesthesia for transcatheter aortic valve replacement: insights from the national cardiovascular data registry society of thoracic surgeons/American college of cardiology transcatheter valve therapy registry. Circulation. (2017) 136:2132–40. doi: 10.1161/CIRCULATIONAHA.116.026656

19. Ahmad M, Patel J, Vipparthy S, Divecha C, Barzallo P, Kim M, et al. Conscious sedation versus general anesthesia in transcatheter aortic valve replacement: a cost and outcome analysis. Cureus. (2019) 11:e4812. doi: 10.7759/cureus.4812

20. Brecker S, Bleiziffer S, Bosmans J, Gerckens U, Tamburino C, Wenaweser P, et al. Impact of anesthesia type on outcomes of transcatheter aortic valve implantation (from the Multicenter ADVANCE Study). Am J Cardiol. (2016) 117:1332–8. doi: 10.1016/j.amjcard.2016.01.027

21. D’Errigo P, Ranucci M, Covello R, Biancari F, Rosato S, Barbanti M, et al. Outcome after general anesthesia versus monitored anesthesia care in transfemoral transcatheter aortic valve replacement. J Cardiothorac Vasc Anesth. (2016) 30:1238–43. doi: 10.1053/j.jvca.2016.05.034

22. Sammour Y, Kerrigan J, Banerjee K, Gajulapalli R, Lak H, Chawla S, et al. Comparing outcomes of general anesthesia and monitored anesthesia care during transcatheter aortic valve replacement: the cleveland clinic foundation experience. Catheter Cardiovasc Interv. (2021) 98:E436–43. doi: 10.1002/ccd.29496

23. Butala N, Chung M, Secemsky E, Manandhar P, Marquis-Gravel G, Kosinski A, et al. Conscious sedation versus general anesthesia for transcatheter aortic valve replacement: variation in practice and outcomes. JACC Cardiovasc Interv. (2020) 13:1277–87. doi: 10.1016/j.jcin.2020.03.008

24. Beydoun M, Beydoun H, Gamaldo A, Teel A, Zonderman A, Wang Y. Epidemiologic studies of modifiable factors associated with cognition and dementia: systematic review and meta-analysis. BMC Public Health. (2014) 14:643. doi: 10.1186/1471-2458-14-643

25. Gómez C, Sun C, Tsai I, Chang Y, Lin M, Hung I, et al. Mortality and risk factors associated with pulmonary embolism in coronavirus disease 2019 patients: a systematic review and meta-analysis. Sci Rep. (2021) 11:16025. doi: 10.1038/s41598-021-95512-7

26. Hung K, Ko C, Wang L, Liu P, Chen I, Huang Y, et al. Association of prognostic nutritional index with severity and mortality of hospitalized patients with COVID-19: a systematic review and meta-analysis. Diagnostics. (2022) 12:1515.

27. Hung K, Wang L, Lin Y, Yu C, Chang C, Sun C, et al. Association of preoperative vitamin D deficiency with the risk of postoperative delirium and cognitive dysfunction: a meta-analysis. J Clin Anesth. (2022) 79:110681. doi: 10.1016/j.jclinane.2022.110681

28. Abbett S, Urman R, Resor C, Brovman E. The effect of anesthesia type on outcomes in patients undergoing transcatheter aortic valve replacement. J Cardiothorac Vasc Anesth. (2021) 35:429–35. doi: 10.1053/j.jvca.2020.09.083

29. Burns M, Schneider L, Sorajja P, Garberich R, Rush P, Foag K, et al. Clinical and economic outcomes of the minimalist approach for transcatheter aortic valve replacement. Struct Heart. (2019) 3:138–43. doi: 10.1080/24748706.2018.1560520

30. Eskandari M, Aldalati O, Dworakowski R, Byrne J, Alcock E, Wendler O, et al. Comparison of general anaesthesia and non-general anaesthesia approach in transfemoral transcatheter aortic valve implantation. Heart. (2018) 104:1621–8. doi: 10.1136/heartjnl-2017-312559

31. Feistritzer H, Kurz T, Stachel G, Hartung P, Lurz P, Eitel I, et al. Impact of anesthesia strategy and valve type on clinical outcomes after transcatheter aortic valve replacement. J Am Coll Cardiol. (2021) 77:2204-15. doi: 10.1016/j.jacc.2021.03.007

32. Harjai K, Bules T, Berger A, Young B, Singh D, Carter R, et al. Efficiency, safety, and quality of life after transcatheter aortic valve implantation performed with moderate sedation versus general anesthesia. Am J Cardiol. (2020) 125:1088–95. doi: 10.1016/j.amjcard.2020.01.002

33. Herrmann H, Cohen D, Hahn R, Babaliaros V, Yu X, Makkar R, et al. Utilization, costs, and outcomes of conscious sedation versus general anesthesia for transcatheter aortic valve replacement. Circ Cardiovasc Interv. (2021) 14:e010310. doi: 10.1161/CIRCINTERVENTIONS.120.010310

34. Kiramijyan S, Ben-Dor I, Koifman E, Didier R, Magalhaes M, Escarcega R, et al. Comparison of clinical outcomes with the utilization of monitored anesthesia care vs. general anesthesia in patients undergoing transcatheter aortic valve replacement. Cardiovasc Revasc Med. (2016) 17:384–90.

35. Kislitsina O, Smith D, Sherwani S, Pham D, Churyla A, Ricciardi M, et al. Comparison of monitored anesthesia care and general anesthesia for transcatheter aortic valve replacement. Innovations. (2019) 14:436–44. doi: 10.1177/1556984519872463

36. Lau W, Shannon F, Hanzel G, Safian R, Abbas A, Sakwa M, et al. Transfemoral transcatheter aortic valve replacement using fascia iliaca block as an alternative approach to conscious sedation as compared to general anesthesia. Cardiovasc Revasc Med. (2020) 21:594–601. doi: 10.1016/j.carrev.2019.08.080

37. Lum M, Wang S, Wisneski A, Liang N, Zimmet J, Shunk K, et al. Development of the minimalist approach for transcatheter aortic valve replacement at a veterans affairs medical center. J Invasive Cardiol. (2021) 33:E108–14.

38. Mosleh W, Mather J, Amer M, Hiendlmayr B, Kiernan F, McKay R. Propensity matched analysis comparing conscious sedation versus general anesthesia in transcatheter aortic valve implantation. Am J Cardiol. (2019) 124:70–7. doi: 10.1016/j.amjcard.2019.03.042

39. Musuku S, Capua C, Doshi I, Cherukupalli D, Byun Y, Shapeton A. Outcomes of transfemoral transcatheter aortic valve replacement performed with general anesthesia using a supraglottic airway versus monitored anesthesia care. J Cardiothorac Vasc Anesth. (2021) 35:1760–8. doi: 10.1053/j.jvca.2020.09.086

40. Neumann F, Redwood S, Abdel-Wahab M, Lefevre T, Frank D, Eltchaninoff H, et al. General anesthesia or conscious sedation for transfemoral aortic valve replacement with the sapien 3 transcatheter heart valve. Int Heart J. (2020) 61:713–9. doi: 10.1536/ihj.19-567

41. Renner J, Tesdorpf A, Freitag-Wolf S, Francksen H, Petzina R, Lutter G, et al. A retrospective study of conscious sedation versus general anaesthesia in patients scheduled for transfemoral aortic valve implantation: a single center experience. Health Sci Rep. (2019) 2:e95. doi: 10.1002/hsr2.95

42. Zaouter C, Smaili S, Leroux L, Bonnet G, Leuillet S, Ouattara A. Transcatheter aortic valve implantation: general anesthesia using transesophageal echocardiography does not decrease the incidence of paravalvular leaks compared to sedation alone. Ann Card Anaesth. (2018) 21:277–84.

43. Thourani V, Kodali S, Makkar R, Herrmann H, Williams M, Babaliaros V, et al. Transcatheter aortic valve replacement versus surgical valve replacement in intermediate-risk patients: a propensity score analysis. Lancet (Lond Engl). (2016) 387:2218–25.

44. Mack M, Leon M, Thourani V, Makkar R, Kodali S, Russo M, et al. Transcatheter aortic-valve replacement with a balloon-expandable valve in low-risk patients. N Engl J Med. (2019) 380:1695–705.

45. Liao Y, Deng X, Meng Y, Zhao Z, Xiong T, Meng X, et al. Predictors and outcome of acute kidney injury after transcatheter aortic valve implantation: a systematic review and meta-analysis. EuroIntervention. (2017) 12:2067–74.

46. Hahn R, Little S, Monaghan M, Kodali S, Williams M, Leon M, et al. Recommendations for comprehensive intraprocedural echocardiographic imaging during TAVR. JACC Cardiovasc Imaging. (2015) 8:261–87. doi: 10.1016/j.jcmg.2014.12.014

47. Wassef A, Rodes-Cabau J, Liu Y, Webb J, Barbanti M, Muñoz-García A, et al. The learning curve and annual procedure volume standards for optimum outcomes of transcatheter aortic valve replacement: findings from an international registry. JACC Cardiovasc Interv. (2018) 11:1669–79. doi: 10.1016/j.jcin.2018.06.044

48. Salemi A, Sedrakyan A, Mao J, Elmously A, Wijeysundera H, Tam D, et al. Individual operator experience and outcomes in transcatheter aortic valve replacement. JACC Cardiovasc Interv. (2019) 12:90–7.

49. Mayr N, Hapfelmeier A, Martin K, Kurz A, van der Starre P, Babik B, et al. Comparison of sedation and general anaesthesia for transcatheter aortic valve implantation on cerebral oxygen saturation and neurocognitive outcome. Br J Anaesth. (2016) 116:90–9. doi: 10.1093/bja/aev294

50. Toppen W, Johansen D, Sareh S, Fernandez J, Satou N, Patel K, et al. Improved costs and outcomes with conscious sedation vs general anesthesia in TAVR patients: time to wake up? PLoS One. (2017) 12:e0173777. doi: 10.1371/journal.pone.0173777

51. Panoulas V, Francis D, Ruparelia N, Malik I, Chukwuemeka A, Sen S, et al. Female-specific survival advantage from transcatheter aortic valve implantation over surgical aortic valve replacement: meta-analysis of the gender subgroups of randomised controlled trials including 3758 patients. Int J Cardiol. (2018) 250:66–72. doi: 10.1016/j.ijcard.2017.05.047

52. Humphries K, Toggweiler S, Rodés-Cabau J, Nombela-Franco L, Dumont E, Wood D, et al. Sex differences in mortality after transcatheter aortic valve replacement for severe aortic stenosis. J Am Coll Cardiol. (2012) 60:882–6. doi: 10.1016/j.jacc.2012.05.009



OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Conscious sedation/monitored anesthesia care versus general anesthesia in patients undergoing transcatheter aortic valve replacement: A meta-analysis



		1. Introduction



		2. Materials and methods



		2.1. Data sources and searches



		2.2. Inclusion and exclusion criteria



		2.3. Studies selection and data extraction



		2.4. Study outcomes and definition



		2.5. Quality assessment of included studies and certainty of evidence



		2.6. Data synthesis and analysis







		3. Results



		3.1. Study selection and characteristics



		3.2. Synthesis of results



		3.2.1. Impact of CS/MAC on risk of 30-day and one-year mortality



		3.2.2. Impact of CS/MAC on risk of cardiac complications



		3.2.3. Impact of CS/MAC on procedure-related outcomes and vasopressor/Inotropic support



		3.2.4. Impact of sedation on risk of stroke and acute kidney injury



		3.2.5. Impact of sedation on medical resource utilization







		3.3. Certainty of evidence







		4. Discussion



		Data availability statement



		Author contributions



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References

















OPS/images/fcvm-09-1099959-t001.jpg
References Study | Age | Male Mean or | Study | Conversion | Country

year (%)* median | design rate
STS
score*

Abbett et al. (28) 2013-2018 | 81vs. 81 | 60 vs. 60 29vs.29 318 NA MC NA USA 8
Ahmad et al. (19) 2012-2018 | 80vs.82 | 51vs.54 20 vs. 16 418 5.7 vs. 8.4 C NA USA 7
Brecker et al. (20) 2010-2011 | 81vs.82 | 49vs.47 NA 490 53vs.5.2 MC 5.3% United Kingdom 8
Burns et al. (29) 2014-2017 | 82vs. 80 | 55vs. 68 30vs.29 214 3.6 vs. 3.6 MC 0 USA 8
Butala etal. (23) 2016-2019 | 81-82f 54t 2807 120080 NA ¢ 1.3% USA 8
D’Errigo et al. (21) 2010-2012 | 83vs. 82 | 65vs.62 26vs. 26 620 NA MC NA Ttaly 8
Eskandari et al. (30) 2013-2014 | 82vs.81 | 53vs.54 27 vs. 28 306 NA MC NA United Kingdom 8
Feistritzer et al. (31) 2016-2018 g2t 4891 NA 438 45vs.5.1 RCT NA Germany S
Goren et al. (7) 2009-2012 | 83vs.83 | 40vs.36 27 vs. 28 204 NA (e 4.7% Israel 7
Herrmann et al. (33) ¥ 2014 82vs.82 | 63vs.60 28 vs. 29 950 52vs.5.3 C 1.7% USA 7

2016-2017 | 74vs.73 | 69 vs. 66 30vs. 31 493 2vs. 1.8 (& 2.4% USA 7
Hyman et al. (18) 2014-2015 | 82vs.82 | 54vs.54 28 vs. 29 10997 NA C 5.9% USA 7
Harjai et al. (32) 2014-2018 | 83vs. 82 | 51vs.49 29 vs. 29 477 5vs.5 C 3% USA 7
Kiramijyan et al. (34) 2007-2015 | 83vs.81 | 51vs.50 27 vs. 31 533 8.5vs.9.8 (e 12% USA 7
Kislitsina et al. (35) 2012-2016 | 81vs. 82 NA NA 286 6vs. 8.4 C 3.3% USA 7
Lau et al. (36) 2013-2017 | 83vs. 80 | 49 vs.54 29 vs. 30 162+ 5.1vs.5.7 MC 2.3% USA 8
Lee etal. (8) 2011-2019 | 80vs.78 | 49vs.52 24.vs 24 589 NA C NA Korea 7
Lum et al. (37) 2013-2019 | 78vs. 80 | 99 vs. 96 NA 227 3.0vs. 4.9 MC 1.55% USA 8
Mosleh et al. (38) 2012-2018 | 82vs. 80 | 47 vs.58 27 vs. 30 308 10.3 vs. 11 MC 1% USA 8
Musuku et al. (39) 2017-2019 | 83vs. 81 | 48vs.55 26vs. 28 296 4.8 vs. 4.2 MC NA USA 8
Neumann et al. (40) 2014-2015 | 82vs.81 | 50 vs.52 NA 1694 7.4vs.7 C 2.9% Germany 7
Renner et al. (41) 2012-2014 | 82vs. 82 | 52vs.41 26 vs. 26 200 6.6vs.6.2 PO 4.3% Germany 8
Sammour et al. (22) 2012-2017 | 81vs.80 | 59 vs.56 29 vs. 29 998 6.7 vs. 7.6 C NA USA 7
Thiele et al. (16) 2016-2021 | 82vs.81 | 49 vs.49 26 vs. 27 438 4.5vs.5.1 RCT 6.0% Germany S
Zaouter et al. (42) 2013-2014 | 82vs.80 | 49vs.51 27 vs. 26 229 7.5vs.7.8 C NA France 7

C, cohort; MC, matched cohort; R, randomized controlled studies; PO, prospective observational; Toverall patients; NOS, Newcastle-Ottawa Scale; STS score, society of thoracic surgeons
risk score; Fa total of 304 patients included before propensity matched analysis; Sassessment by using ROB 2.0; NA, not available; BMI, body mass index; *presented as conscious
sedation/monitored anesthesia care group vs. general anesthesia group; Htwo dataset available.





OPS/images/fcvm-09-1099959-g004.jpg
CS/MAC GA Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.12.1 Cohort

Harjai 2020 5 278 5 199 5.5% 0.71[0.20, 2.49] )
Herrmann 2021a 4 180 23 770  7.5% 0.74 [0.25, 2.16] I
Herrmann 2021b 3 330 5 163 4.2% 0.29[0.07, 1.23] .

Kiramijyan 2016 19 456 4 65 7.1% 0.66 [0.22, 2.01] R
Kislitsina 2019 6 184 3 102 4.4% 1.11[0.27, 4.54]

Lee 2021 11 418 9 171 10.8% 0.49[0.20, 1.20] i
Neumann 2020 17 4027 4 667 7.3% 2.79[0.93, 8.33] I
Renner 2019 4 93 8 107 5.7% 0.56 [0.16, 1.91] -

Sammour 2021 9 438 11 560 11.0% 1.05[0.43, 2.55] R
Zaouter 2018 5 165 1 64 1.9% 1.97 [0.23, 17.19] .
Subtotal (95% CI) 3569 2868 65.4% 0.81 [0.55, 1.19] <&

Total events 83 73

Heterogeneity: Tau? = 0.03; Chi?=9.88, df =9 (P = 0.36); I = 9%
Test for overall effect: Z = 1.06 (P = 0.29)

2.12.2 Matched cohort/RCT

Abbett 2021 2 159 1 159 1.5% 2.01[0.18, 22.42] .
Brecker 2016 9 245 9 245 9.8% 1.00 [0.39, 2.56] -
Burns 2019 0 107 3 107 1.0% 0.14 [0.01, 2.72] )

D'Errigo 2016 4 310 2 310 3.0% 2.01[0.37, 11.07]

Eskandari 2018 3 1568 5 1863 4.1% 0.59 [0.14, 2.52] .

Lau 2020 0O 108 2 54 0.9% 0.10[0.00, 2.05] )

Lum 2021 3 146 3 81 8070 0.55[0.11, 2.77] .
Mosleh 2019 3 154 4 154 3.8% 0.75[0.16, 3.39] .
Musuku 2021 1 148 1 148 1.1% 1.00 [0.06, 16.14]

Thiele 2020 5 209 6 215 6.0% 0.85[0.26, 2.84] "
Subtotal (95% CI) 1739 1626 34.6% 0.81 [0.49, 1.34] <&
Total events 30 36

Heterogeneity: Tau? = 0.00; Chi?=5.53, df =9 (P = 0.79); I? = 0%
Test for overall effect: Z=0.82 (P = 0.41)

Total (95% CI) 5308 4494 100.0% 0.81 [0.60, 1.09] "
Total events 113 109

Heterogeneity: Tau? = 0.00; Chi? = 15.31, df =19 (P = 0.70); I?= 0%
Test for overall effect: Z=1.39 (P = 0.17)
Test for subgroup differences: Chi? = 0.00, df =1 (P = 1.00), I?= 0%

0.005 0.1 1 10
Favours [CS/MAC] Favours [GA]

200





OPS/images/cover.jpg
& frontiers | Frontiers in Cardiovascular Medicine

Conscious
sedation/monitored
anesthesia care versus general
anesthesia in patients
undergoing transcatheter
aortic valve replacement:

A meta-analysis





OPS/images/fcvm-09-1099959-g003.jpg
CS/MAC GA Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% CI
2.14.1 Cohort

Butala 2020 16989 64843 17896 54396 14.4% 0.72[0.71, 0.74] .
Goren 2015 61 129 64 Fis) 9.9% 0.15[0.07, 0.32] il
Harjai 2020 37 278 64 199 12.3% 0.32[0.21, 0.51] -
Hyman 2017 509 1737 4047 9260 14.3% 0.53[0.48, 0.60] -
Lee 2021 48 418 36 171 12.1% 0.49[0.30, 0.78] -
Renner 2019 81 93 102 107 7.2% 0.33[0.11, 0.98] el
Sammour 2021 85 438 359 560 13.5% 0.13[0.10, 0.18] -
Subtotal (95% CI) 67936 64768 83.7% 0.35[0.23, 0.52] 4
Total events 17810 22568

Heterogeneity: Tau? = 0.23; Chi? = 182.88, df =6 (P < 0.00001); I?=97%
Test for overall effect: Z =5.20 (P < 0.00001)

2.14.2 Matched cohor/RCT

Musuku 2021 97 148 144 148  7.4% 0.05 [0.02, 0.15] —
Thiele 2020 137 218 214 220 8.9% 0.05 [0.02, 0.11] ——
Subtotal (95% ClI) 366 368 16.3% 0.05 [0.03, 0.10] <
Total events 234 358

Heterogeneity: Tau? = 0.00; Chi*=0.02, df =1 (P = 0.88); I?= 0%
Test for overall effect: Z = 8.88 (P < 0.00001)

Total (95% CI) 68302 65136 100.0% 0.25[0.17, 0.38] 4
Total events 18044 22926

Heterogeneity: Tau? = 0.30; Chi? = 244 .41, df = 8 (P < 0.00001); I?=97%
Test for overall effect: Z = 6.62 (P < 0.00001)

Test for subgroup differences: Chi? =24.17, df =1 (P < 0.00001), 1> = 95.9%

0.001 0.1 1 10 1000
Favours [CS/MAC] Favours [GA]






OPS/images/fcvm-09-1099959-g002.jpg
CS/MAC GA Odds Ratio Odds Ratio

Study or Subgrou Events Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% CI
2.23.1 Cohort

Butala 2020 1167 64843 1469 54396 88.6% 0.66 [0.61, 0.71] ;
Goren 2015 1 129 1 75 0.1% 0.58 [0.04, 9.38] )
Harjai 2020 6 278 9 199 0.5% 0.47 [0.16, 1.33] B
Herrmann 2021a 1 180 9 770 0.1% 0.47 [0.06, 3.75] )
Herrmann 2021b 1 330 1 163 0.1% 0.49 [0.03, 7.92] i
Hyman 2017 40 1737 370 9260 4.9% 0.57 [0.41, 0.79] -
Kiramijyan 2016 25 467 7 66 0.7% 0.44 [0.18, 1.06] ]
Kislitsina 2019 6 184 2 102 0.2% 1.69 [0.33, 8.51] )
Lee 2021 8 418 4 171 0.4% 0.81[0.24, 2.74] T
Neumann 2020 22 1027 11 667 1.0% 1.31[0.63, 2.71] B
Renner 2019 5 93 10 107 0.4% 0.55[0.18, 1.68] [
Sammour 2021 2 438 16 560 0.2% 0.16 [0.04, 0.68] .

Subtotal (95% CI) 70124 66536 97.2% 0.66 [0.61, 0.71] J
Total events 1282 1909

Heterogeneity: Tau? = 0.00; Chi? = 10.73, df =11 (P = 0.47); I? = 0%
Test for overall effect: Z=11.17 (P < 0.00001)

2.23.2 Matched cohort/RCT

Abbett 2021 3 159 2 159 0.2% 1.51[0.25, 9.16]

Brecker 2016 13 245 12 245 0.8% 1.09[0.49, 2.43] ol
Burns 2019 0 107 1 107 0.1% 0.33 [0.01, 8.20] )
D'Errigo 2016 12 310 15 310 0.9% 0.79[0.36, 1.72] T
Lau 2020 0 108 2 54 0.1% 0.10[0.00, 2.05] )

Lum 2021 2 146 1 81 0.1% 1.11[0.10, 12.45]

Mosleh 2019 5 154 2 154 0.2% 1.51[0.25, 9.16]

Musuku 2021 2 148 3 148 0.2% 0.66 [0.11, 4.02]

Thiele 2020 7 216 9 220 0.4% 1.44 [0.45, 4.61] D
Subtotal (95% CI) 1593 1478 2.8% 0.96 [0.62, 1.49] ’
Total events 42 43

Heterogeneity: Tau? = 0.00; Chi* = 4.06, df =8 (P = 0.85); I = 0%
Test for overall effect: Z=0.17 (P = 0.86)

Total (95% CI) 71717 68014 100.0% 0.66 [0.62, 0.71] ‘
Total events 1324 1952

Heterogeneity: Tau? = 0.00; Chi?=17.67, df =20 (P = 0.61); I?=0%
Test for overall effect: Z=11.04 (P < 0.00001)
Test for subgroup differences: Chi? = 2.89, df =1 (P = 0.09), 1> = 65.4%
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2.21.1 Cohort

Ahmad 2019 2.9 28 194 3.8 943 224 4.5% -0.90 [-1.46, -0.34]

Harjai 2020 208 Uis 278 3 149 199 12.4% -0.67 [-0.90, -0.44]

Herrmann 2021a 4.4 0.2 180 0.2 0.2 770 18.5% -0.80 [-0.83, -0.77]

Herrmann 2021b 2.0 0.1 330 3.4 0.2 163 18.5% -0.70 [-0.73, -0.67]

Hyman 2017 6 F i I 4 7 5.5 5.5 9260 8.3% -0.50 [-0.85, -0.15]

Kiramijyan 2016 6 46 467 7.9 6.3 66 0.7% -1.90 [-3.48, -0.32]

Kislitsina 2019 3 149 184 5 3.01 102 3.8% -2.00 [-2.62, -1.38]

Neumann 2020 28.383 B82.71 1027 43 84.69 667 0.0% -14.67 [-21.86, -7.48] ¢

Renner 2019 9 3.77 93 10 4.51 107 1.3% -1.00 [-2.15, 0.15] i
Sammour 2021 233 0.74 438 3.67 297 560 11.3% -1.34 [-1.60, -1.08]

Subtotal (95% CI) 4928 12118 79.3% -0.86 [-0.99, -0.73]

Heterogeneity: Tau? = 0.02; Chi? = 73.26, df =9 (P < 0.00001); I> = 88%
Test for overall effect: Z = 13.00 (P < 0.00001)

2.21.2 Matched cohort/RCT

JH+ ’1|1.+"**

Brecker 2016 933 522 241 9 448 219 21%  0.33[-0.56, 1.22] .
Burns 2019 21 083 107 337 233 107 58%  -1.27[-1.74,-0.80]

Eskandari 2018 56 49 153 74 64 153 1.1%  -1.80[-3.08, -0.52]

Lau 2020 315 37 108 59 35 54 13% -2.75[3.92, -1.58]

Lum 2021 514 543 146 531 39 81 12%  -0.17 [-1.39, 1.05] —
Mosleh 2019 577 471 154 743 621 154 12%  -1.66 [-2.89, -0.43] ——
Musuku 2021 173 165 148 167 15 148 81%  0.06 [-0.30, 0.42] T
Subtotal (95% ClI) 1057 916 20.7%  -0.97 [-1.77, -0.17] <P

Heterogeneity: Tau? = 0.91; Chi? = 44.76, df =6 (P < 0.00001); I? = 87%
Test for overall effect: Z = 2.39 (P = 0.02)

Total (95% Cl) 5985 13034 100.0%  -0.84 [-0.98, -0.70] ¢
Heterogeneity: Tau? = 0.03; Chi? = 120.19, df = 16 (P < 0.00001); I2 = 87% 4 2 5 2
Test for overall effect: Z=12.06 (P < 0.00001) Favours [CS/MAC] Favours [GA]

Test for subgroup differences: Chi? = 0.07, df =1 (P = 0.79), 1?7 = 0%





