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Background: Vagal maneuvers (VagMs) are recommended as the first-line treatment of supraventricular tachycardia (SVT). However, the optimal type of VagMs remains unproven.

Aim: This study aims to compare the effectiveness and adverse events amongst VagMs on SVT via network meta-analyses (NMAs).

Methods: We systematically searched randomized controlled trials (RCTs) that involved adults with SVT and compared VagMs without language restrictions. We determined the initial and final responses of conversion rate to sinus rhythm and adverse events. Risk of bias (RoB) was appraised by Cochrane revised tool, and contribution matrix was calculated. NMAs were synthesized using frequentist random-effects model and presented as relative risk (RR) with 95% CI. The order of probability was presented as surface under the cumulative ranking curve analysis (SUCRA). Sensitivity analysis was performed using both Bayesian and frequentist approach with fixed- or random-effects models. Certainty of evidence (CoE) was rated by using the Grading of Recommendations, Assessment, Development, and Evaluations methodology.

Results: Fourteen RCTs with 2,180 patients were enrolled. Small portion of mixed estimates was contributed from high overall RoB studies. Compared with carotid sinus massage (CSM), the modified Valsalva maneuver (MVM) was the most effective VagM after initial performance [SUCRA: 0.9992, RR: 5.47 (1.77–16.93)] and at the end of study [SUCRA: 1.0000, RR: 3.62 (2.04–6.39), CoE: high]. The standard VM did not elicit better conversion rate to the sinus rhythm than CSM at the initial response [SUCRA: 0.4395, RR: 1.97 (0.63–6.15)] and at the end of the study [SUCRA: 0.4795, RR: 1.64 (0.94–2.87), CoE: moderate]. The SUCRA value of CSM at the initial and final responses was the least one amongst three VagMs (0.0613 and 0.0205, respectively). Adverse events amongst three VagMs were similar (CoE: low). Sensitivity analyses yielded consistent results.

Conclusion: We recommended MVM as the first choice of VagM for rhythm conversion before the pharmacological management of SVT.
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INTRODUCTION

Supraventricular tachycardia (SVT) or paroxysmal SVT is a cardiogenic emergency. Annually, its incidence is ~1.8 per 10,000 visits to the emergency department (ED) in the United States of America (1). SVT may lead to palpitations, chest pain, or dyspnea. SVT may further contribute to hemodynamic instability, syncope, and even sudden cardiac death (incidence: 4%) (2, 3). In hemodynamically stable patients, pharmacological conversion is generally used most for its efficacy. However, potential severe adverse events, such as transient asystole or hypotension, limit the range for treatment (2, 4, 5). Therefore, vagal maneuvers (VagMs) are still highly recommended for acute treatment in patients with regular SVT in current guidelines and the newest edition of advanced life support (6–8).

Vagal maneuvers are techniques aimed at increasing vagal parasympathetic tone and blocking the atrioventricular (AV) node. Carotid sinus massage (CSM) is a traditional maneuver performed by giving a firm pressure to the carotid sinus in the upward and downward directions then posteriorly and medially between the examiner's fingers and the patient's cervical vertebra for 5–10 s (9, 10). However, the potential risk of thromboembolic events should be a concern when deploying CSM in older patients. The standard Valsalva maneuver (SVM) may be currently the most used VagM because of safety and easy performance. The steps to perform SVM require patients to maintain a sitting position whilst keeping an expiratory pressure of around 30–40 mmHg by blowing into a syringe for 15 s. Regretfully, the conversion rate is generally < 20% because of inadequate blow time and pressure by persons (9, 11–14). The modified Valsalva maneuver (MVM) is thereby developed by placing the patient into a supine position with the leg raised promptly for 45 s following the steps of SVM (5). The diving reflex triggered by breath holding and cold water immersion may also stimulate vagal nuclei in the brain to ameliorate AV nodal conduction (15).

Several studies attempted to evaluate the efficacy and adverse events amongst different VagMs (5, 9, 10, 12, 16, 17). These studies seemly suggested MVM as the optimal VagM for SVT. However, small number of cases were included in these reports. On the basis of the principle of evidence-based appraisal, the comparison of effectiveness and adverse events amongst all VagMs remains unclear. Thus, we have performed a systemic review and a network meta-analysis (NMA) to investigate all VagMs in adult patients with SVT, identify the effectiveness of treatment, and report the potential adverse events.



MATERIALS AND METHODS

We performed a systematic review and NMA in accordance with the latest statement of the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA 2020) (18). We registered the systematic review protocol on the international website INPLASY with the registration number INPLASY2020110082 (DOI: 10.37766/inplasy2020.11.0082) and updated and recorded changes in protocol on June 20, 2021.


Data Sources and Search Strategy

PubMed, Embase, Cochrane Library, Web of Science, and the Chinese National Knowledge Infrastructure (CNKI), were systematically searched by two independent investigators (CH Chen CH and CY Fan) from inception until August 10, 2021 to enroll adequate studies. We also searched the trial registry website clinicaltrials.gov, related congress proceedings, and references in relevant published articles. Keywords for search included “supraventricular tachycardia,” “室上性心動過速,” “室上速,” “Valsalva,” “maneuvers or manoeuvre,” “Valsalva 动作,” “carotid sinus massage,” “ice immersion,” “breath holding,” “vagal maneuver/manoeuvre,” and “迷走神經刺激術”. Our search strategy aimed to include every clinical trial investigating the use of non-invasive maneuvers in adult patients with SVT. One senior author (EPC Huang) supervised and confirmed the process of searching.



Study Selection

Two authors (CH Chen and CY Fan) independently examined references using title and abstract. Full texts of relevant studies were retrieved. Studies published in languages other than English were also included after appropriate translation. We included randomized controlled trials (RCTs) involving adult patients (≥18 years old) with SVT and comparison of at least two VagMs for rhythm conversion before pharmacologic treatment. The exclusion criteria were as follows: (1) did not meet the inclusion criteria; (2) reviews, case reports or case series, letter to editors, commentaries or conference abstracts; and (3) incorrect study design. RCTs investigating patients with SVT undergoing electrophysiological study with multiple tests of VagMs were also excluded. One senior author (EPC Huang) supervised and confirmed the process of study selection.



Data Extraction and Quality Assessment

Data were extracted from eligible studies included by two authors (CH Chen CH and CY Fan) individually, and the senior author (PC Lai and YT Huang) finalized the data. The data extracted from eligible studies included authors, publication year, study design, sex, age, numbers of cases and controls, initial heart rate, outcome, and adverse events. The risk of bias (RoB) and internal validity were assessed by two authors (PC Lai and YT Huang) independently by using the “Risk of bias assessment 2.0 (ROB 2.0) tool” developed by the Cochrane Collaboration (19). Divergences were resolved by consensus. RoB bar chart for the comparison of VagMs was depicted by the web-based “Confidence In Network Meta-Analysis” (CINeMA; https://cinema.ispm.unibe.ch), an online tool assessing confidence in the results of a NMA (20).



Outcome Measures

The primary outcomes were the rate to convert SVT to sinus rhythm after VagMs, including initial and final response rates. The initial response rate represented the success rates immediately after the intervention. The secondary outcome was the risk of adverse events, including hypotension, nausea, dyspnea, arrhythmias, dizziness, or other patient discomfort mentioned by the authors.



Data Synthesis, Statistical Analysis, and Sensitivity Analysis

We conducted NMAs on the basis of the frequentist approach with the random-effects model to compare the successful rate of conversion to sinus rhythm amongst different VagMs. The statistic investigation implemented through the “netgraph” and “netmeta” packages in the R software. Per comparison contribution matrix was also calculated in the CINeMA, which communicated to an R back-end server in the setting of random-effects model (21, 22). We presented the calculated estimates as relative risk (RR) with 95% CI. The order of probability in treatment effects and adverse events was ranked through the surface under the cumulative ranking curve analysis (SUCRA). A high SUCRA value in the endpoint of “conversion to sinus rhythm” and “adverse effects” indicated an effective and a safe maneuver, respectively. Publication bias was depicted by funnel plot and determined using the Egger test. P-value < 0.05 was considered as statistically significant. When conducting sparse networks, the sensitivity analysis was suggested from the Grading of Recommendations, Assessment, Development and Evaluation (GRADE) Working Group (23). Therefore, we further performed the fixed- and random-effects models by using the Bayesian and frequentist frameworks in the MetaInsight V3.14. website (https://crsu.shinyapps.io/MetaInsight/) based on the “gemtc,” “BUGSNET,” and “netmeta” packages in the R software (24). In frequentist and Bayesian NMAs, the ranges of prediction were presented as 95% confidence interval (CI) and 95% credible interval (CrI), respectively. Inconsistency between direct and indirect comparisons of different VagMs was also implemented through the MetaInsight V3.14. website. For rating the certainty of evidence (CoE) in the domains of inconsistency and publication bias, pairwise meta-analyses and Luis Furuya–Kanamori (LFK) index were proceeded through the Microsoft Excel (Microsoft, Redmont, WA, USA) add-in MetaXL 5.3 (EpiGear International, Sunrise Beach, Australia) by using the inverse variance heterogeneity model (25). The LFK indices outside the −1 and +1 interval were defined as publication bias (26).



CoE Rating

The CoE for NMA was judged in accordance with the policy of the GRADE Working Group (27). The final CoE in each endpoint was rated as high, moderate, low, or very low. The online GRADEpro software (available from gradepro.org) was used to calculate the anticipated absolute effects based on odds ratio (OR).




RESULTS


Study Characteristics

The flow diagram of PRISMA is presented in Figure 1. A total of 1,220 studies were identified after completing the literature search. Amongst them, 332 papers were excluded due to duplication. After the screening of 888 papers, 866 were excluded due to the following: non-RCTs, focus on pediatric patients, case reports, title only, or not related topics. A total of 22 papers were screened for eligibility. Finally, 14 studies were enrolled for successful conversion to sinus rhythm, and 13 studies were analyzed to compare the risk of adverse events in different VagMs (5, 9, 10, 16, 28–35).


[image: Figure 1]
FIGURE 1. The screening process of the included studies.


The characteristics of included studies are summarized in Table 1. A total of 2,180 patients mostly in ED were enrolled. Three different VagMs, including SVM, MVM, and CSM, were investigated in these studies, and only one RCT investigated all the abovementioned VagMs (10). Figure 2 not only depicts the mapping of the network diagram in each endpoint but also the contribution matrix presented as columns and rows corresponding to the percentage contribution of direct and network estimates, respectively. There was no indirect estimate contributed to the result of NMA because close loop network was observed in all endpoints. Because most of the RCTs compared the benefits and adverse events between MVM and SVM, naturally, the mixed estimates of the difference between MVM and SVM mainly came from direction comparison. Only one RCT reported the comparison between MVM and CSM; hence, the ratio of direction comparison to the mixed estimates of MVM–CSM was around half in the endpoints of initial response of converting to sinus rhythm (Figure 2A) and adverse events (Figure 2C). After calculation, the contribution percentage of MVM–CSM direction comparison in the endpoint of converting to sinus rhythm at the end of study was only 7.65% (Figure 2B).


Table 1. Basic characteristics of the studies included.
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FIGURE 2. Mapping of the network diagram of vagal maneuvers and per comparison contribution matrix in returning to the sinus rhythm at (A) initial response, (B) end of study, and (C) adverse events. CSM, carotid sinus message; MVM, modified Valsalva maneuver; N, number; RCT, randomized controlled trial; SVM, standard Valsalva maneuver.




RoB Assessment

The assessment of RoB is summarized in Figure 3A. In the domain of randomization, all enrolled RCTS were judged as “some concern” due to no information about concealment. We judged one article (9) with “some concern” on the basis of the presence of gender and age differences of the control and intervention groups, which might cause baseline imbalance. Considering that SVT is a life-threatening condition and requires management immediately, pharmacological approach will be ordered within few periods if VagM failed. Performance bias might not be a critical issue amongst VagMs in RCTs in the consideration of blindness. In the domain of reporting bias, we judged six RCTs as “some concern” because of no prespecified plan, which would lead to selective reporting (29–31, 34, 36). In summary, the overall RoB results were “low,” “some concern,” and “high” in 3, 8, and 4 enrolled trials, respectively. Considering the overall RoB of each study in relative contribution to the mixed estimates, RoB bar charts of all endpoints are depicted in Figure 3B.


[image: Figure 3]
FIGURE 3. (A) Risk of bias in all included studies by using the revised Cochrane risk-of-bias tool. (B) Risk-of-bias bar chart for comparison of each vagal maneuver weighted by contribution matrix.


Each bar represents the portion of RoB distribution of low (green), some-concern (yellow), and high (red) overall RoB based on the results of contribution matrix with white vertical lines, which separated the colored areas by to the contribution of each study. MVM–SVM estimates, the most frequent comparison in this NMA, were contributed from approximately half low overall RoB studies in all endpoints. In the endpoint of initial response, study-end response, and adverse events, percentage values of high overall RoB contributed to 5, 15, and 22% of MVM–SVM estimates from 2, 4, and 3 RCTs, respectively. Both estimates of CSM–MVM and CSM–SVM groups were generally contributed from some-concern overall RoB studies in all endpoints.



Quantitative Data Synthesis


Conversion to Sinus Rhythm

The result of NMA on the treatment effect of different VagMs was presented in the forest plot (Figure 4). In terms of initial response (eight RCTs), MVM yielded the best maneuver for successful conversion to sinus rhythm compared with SVM (RR: 2.77, 95% CI: 2.26–3.41) and CSM (RR: 5.47, 95% CI: 1.77–16.93; Figure 4A). At the end of each study, MVM was the most effective in converting SVT to sinus rhythm compared with SVM (RR: 2.20, 95% CI: 1.94–2.50) and CSM (RR: 3.62, 95% CI: 2.04–6.39; Figure 4C). Although SVM showed higher conversion rate than CSM, 95% CIs in both timepoints crossed the non-significance line of 1 in RR (Figures 4A,B). Inconsistency between direct and indirect comparisons amongst maneuvers in both endpoints yielded no statistical significance (Supplementary Table 1). Funnel plots depicted no statistical significance in terms of publication bias (Supplementary Figures 1A,B).


[image: Figure 4]
FIGURE 4. Forest plot of the pooled effect comparing the successful conversion rate to the sinus rhythm at (A) initial response, (B) end of study, and (C) adverse effects of different vagal maneuvers.


The highest SUCRA values in the endpoint of initial response (Figure 5A) and the end of study (Figure 5B) in the MVM group were 0.9992 and 1.0000, respectively, which had overwhelmingly higher values than those in SVM and CSM groups. The second-highest SUCRA value amongst the three maneuvers was SVM in the initial response and at the end of the study (0.4395 and 0.4795, respectively). The SUCRA values of CSM at the initial and end-of-study responses (0.0613 and 0.0205, respectively) were lowest amongst the three VagMs. Compared with other VagMs, MVM was advanced in converting SVT to sinus rhythm. The sensitivity analysis did not show divergence when comparing fixed- and random-effects models of the Bayesian framework and fixed-effect frequentist approach (Supplementary Table 2). The ranges of intervals calculated by previously mentioned methodologies were also similar.


[image: Figure 5]
FIGURE 5. SUCRA values at (A) initial response, (B) end of study, and (C) adverse effects amongst different vagal maneuvers. SUCRA, surface under the cumulative ranking curve analysis.




Adverse Events

Rare adverse events of VagMs were reported in these studies (Table 1). Most of the adverse events, including electrocardiography-captured events (asystolic pause and ventricular escape activity), hypotension, nausea, dyspnoea, and dizziness, were tolerable and spontaneously resolved after the cessation of the maneuver. Only one study reported the issue of adverse events in CSM, but no case was reported (10). The SUCRA values of MVM, SVM, and CSM were 0.2967, 0.6997, and 0.5036, respectively (Figure 5C). Although a higher risk of adverse events was estimated in the MVM group on the basis of the least SUCRA, all 94% CIs of RR between the comparison of two maneuvers crossed the non-significance line 1 of RR (Figure 4C). Inconsistency was not significant between the direct and indirect comparisons of maneuvers (Supplementary Table 1), and the funnel plot showed no statistical significance in terms of publication bias (Supplementary Figure 1C). The same trend was presented amongst the three models used in the sensitivity analysis of comparison between MVM and SVM, but 95% CrI or RR yielded above 1 (1.03–1.89) in the Bayesian approach with fixed-effect model (Supplementary Table 2). Regarding the adverse event comparison of MVM with CSM and CSM with SVM, extremely wide ranges of 95% CrIs crossing the line of 1 in RR and extremely high or low pooled estimates of RR were observed in the Bayesian approach with fixed- and random-effects models (Supplementary Table 2).




Certainty of Evidence

We only chose two endpoints to rate the CoE, return to sinus rhythm at the end of study, and adverse events of VagMs because we considered both endpoints as most critical issues in this topic. On the basis of the protocol of NMA by the GRADE Working Group, direct and indirect comparisons should be considered in rating CoE (27). The parameters for CoE rating in pairwise comparison, including I2 for domain of inconsistency and LFK index for publication bias, are listed in Supplementary Table 3. The pooled estimates of CSM were set as reference. Detailed judgements of CoE in direct, indirect, and network comparisons are presented in Supplementary Table 4. We understood the difficulty of the randomization process in such emergent disorder, and we did not downgrade if “some concern” RoB was observed in the allocation bias. SVT is an acute illness with life-threatening potential, and the decision of treatment should be ordered in minutes. Thus, we believed that the allocation bias might not influence CoE. The CoE domains in direct rating in both endpoints were scored as high. Based on the annotation from the GRADE Working Group, the author should ignore the CoE from indirect comparison (27). In this study, we still presented the CoE domains in indirect rating as a reference document in Supplementary Table 4. To rate the indirect CoE involving the comparison between MVM and SVM, downgrading in one level was rated because more than 1/4 of RCTs were some-concern overall RoB in the reporting bias. Finally, the CoE of the network estimate regarding the best VagM of MVM in converting to sinus rhythm at the end of study was high (Supplementary Table 4; Table 2). The CoEs of adverse events in VagMs were low (Supplementary Table 4; Table 2). The rate of return to sinus rhythm at the end of the study after CSM was based on the crude estimate from the two enrolled RCTs, and the ratio of adverse events was set as 1% in accordance with a previous report on CSM (37). In comparison with that by CSM, a mean of 343 cases might be more successful to convert to sinus rhythm by MVM in every 1,000 patients with SVT.


Table 2. Certainty of evidence (CoE) in effects of vagal maneuvers.
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DISCUSSIONS

Clinical physicians applied MVM, SVM, and CSM for the conversion of SVT to sinus rhythm, but the most effective VagM had not been well-discussed. The preference of MVM was recommended in the newest edition of adult advanced life support in European Resuscitation Council Guidelines (8). However, rigorous appraisal was not illustrated in detail. Ceylan et al. compared the three VagMs and found that MVM was superior to SVM and CSM in terminating SVT (10). The small number of cases in each group of VagM was the limitation of the present study. The systemic review with a meta-analysis of Abdulhamid et al. demonstrated that the sinus rhythm was achieved 2.5 times more by MVM compared with that by SVM (38). However, CSM was not included in that systematic review, and CoE was not rated. The benefit of NMA was that it could compare the results related to multiple interventions and provide mixed estimates in combination with direct and indirect information. Our presentation is the first study that used NMA to compare the pooled effect of different VagMs reported by previous RCTs. High-certainty evidence of pooling direct and indirect comparison presented that MVM was far superior to other VagMs in the successful conversion of SVT to sinus rhythm regardless of initial response and the end of studies in this closed-loop NMA. Although the pooled estimates of MVM vs. SVM were contributed from only half of the low RoB data, only small portion of high RoB data were correspondingly weighted in the results. Again, most of the RCTs appraised as some-concern overall RoB were due to the insufficient information in the domain of allocation, and we considered such condition may not elicit serious threaten in the CoE of the results. The online application CINeMA, which we used to demonstrate the contribution matrix and the following RoB bar charts, can also access the confidence of NMA designed by six domains of consideration: (i) within-study bias, (ii) reporting bias, (iii) indirectness, (iv) imprecision, (v) heterogeneity, and (vi) incoherence (21, 22). We favored to use the Cochrane RoB 2.0 tool and the CoE in GRADE because both methodologies have been widely recognized and applied in the field of evidence-based medicine for many years. Both provide detailed protocols based on comprehensive and rigorous considerations, and we believe the answers are objective if following the rules.

Vagal maneuvers were mostly protocolised through the use of manometer to ensure forced expiration reaching the standard pressure. Also, the response was studied at similar timepoints. Therefore, we assumed few heterogeneities and potential confounders amongst the included studies. In our NMA, with the comparison of MVM and CSM at the end of the study, the range of direct estimates was wider than that of indirect estimates in the frequentist approach with the random-effects model (Figure 4). This finding explained the importance of indirect comparison and the benefit of NMA. The GRADE Working Group recommended that the sensitivity analysis by using variant statistical methodologies, including Bayesian and frequentist frameworks, should be performed in sparse networks (23). The reason was that the marked widening ranges of the CIs/CrIs in indirect estimates had been observed in some NMA enrolling sparse studies compared with those in direct estimates (23). Such combining direct and indirect estimates results in marked widening of CIs/CrIs than direct estimates in some NMAs (23, 39, 40), and the benefit of NMA to increased precision (narrower CIs/CrIs compared with relying on direct estimates alone) is lost. The abovementioned condition may result from insufficient data in sparse networks to reliably estimate different variances across the network. Therefore, the GRADE Working Group recommended that the authors conducting an NMA of a sparse network should plan sensitivity analyses that lead to more trustworthy estimates of effects based on the optimal choices in statistical models (23). Failing to do so might result in network estimates with low CoE, making results less useful for patients, healthcare workers, and the guideline makers.

We paid more attention to be aware of the potential of incorrect analysis, especially when the direct comparison of MVM vs. CSM was based on only one RCT in our study. The uncertainty about the value of the between-study heterogeneity parameters in the random-effects model in the Bayesian framework might result in less precise estimates of treatment effects than that from frequentist frameworks in sparse NMA (41). The pooled estimates in our NMA worked in concert with this observation. Therefore, we chose the frequentist framework with the random-effects model as the primary statistical approach. As shown in Supplementary Table 2, consistent results with similar ranges of CIs/CrIs amongst all VagM comparisons were observed in the outcomes of converting to sinus rhythm at the initial response and the end of study with various statistical methodologies. Therefore, the judgement of decision might not change when choosing the pooled estimates from different statistics. Regarding the pooled estimates of adverse events, extremely wide ranges of 95% CrIs were observed in the Bayesian approach. This finding might result from some zero event in the study arm. To handle the event of zero case in the frequentist approach, an arbitrary number of 0.5 was added to the event by the software. Such a correction resulted in narrow ranges of 95% CIs than that of 95% CrIs. Based on the CoE in GRADE, more RCTs are warranted to determine the evidence of adverse events amongst VagMs.

Our NMA demonstrated a conspicuous conversion rate of MVM compared with that of SVM. A reasonable explanation was that by adding a passive leg raise or an abrupt change from the semirecumbent position to the supine position after SVM, the modified version could increase venous return and maximize the vagal tone, leading to a decrease in heart rate by baroreflex and suppression of the AV node (17, 42, 43). This effect was instant and could sustain and maintain the successful conversion to sinus rhythm according to our result. In previous studies, the successful conversion rate from SVT to the sinus rhythm of MVM could reach ~50% (5, 16, 17). Nearly half of the patients with SVT could be successfully treated through a non-pharmacologic, free-of-charge, and simple maneuver. Although previous studies failed to show any reduction in the time of hospital stay or need of admission (5, 17), refraining from pharmacotherapy was more cost-effective and could prevent from potential severe adverse events of medications. Our result showed a potentially increased risk of adverse events in MVM compared with that in SVM. Most of the adverse events were acceptable and self-limited after the cessation of the maneuver. Thus, the adverse events might not be critical issues in performing MVM. Although no significantly increased adverse event was noted in the CSM group, some life-threatening complications, such as transient ischemic attack and stroke, had been put forward previously, especially in elderly patients (37, 44–48).

A simple handheld Valsalva assist device (VAD) had been developed to standardize the protocol of VagM reliably (49). In a recent RCT in pre-hospital settings, a higher conversion rate by VagM with VAD than usual strain method was observed (50). However, MVM was not routinely performed in both groups. Thus, the effectiveness of VAD should be further investigated. Aside from VagMs in this NMA, many ways could achieve an increasing vagal tone. These ways, which were not compared in the present study, included provoking a human diving reflex by ice packing, water immersion, or breath holding (51, 52). These procedures were seldom in clinical practice, and only some case series were reported especially for children (53). The use of a pneumatic antishock garment could also increase venous return and vagal tone (12). A new VagM, named reverse Valsalva maneuver, had been reported this year (54). RCTs are still the gold standard in validating the evidence of these VagMs. Literature regarding CSM is limited in this NMA. SVT induced by electrical stimulation involving CSM management was not included (55). Despite these limitations, MVM is the best VagM for patients with SVT due to its effectiveness with high CoE appraised by the modern methodology of GRADE.



CONCLUSIONS

Based on the results of NMA and CoE appraisal by GRADE, MVM is the most optimal VagM due to its high conversion rate with no significant increase in adverse events. Therefore, we recommend the use of MVM, which is a reasonable, considerable, and practicable approach clinically and can be proceeded before the pharmacologic treatment of SVT.



DATA AVAILABILITY STATEMENT

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



AUTHOR CONTRIBUTIONS

EH and C-HC: database search, data extraction, critical analysis, interpretation of data, and drafting of the manuscript. C-YF: database search, data extraction, and drafting of the manuscript. C-WS: interpretation of data and revising the manuscript. PL and YH: double confirming of enrolled studies and data, concept of the network meta-analysis, statistical analyses, grading of risk of bias, and drafting of the manuscript. All authors contributed to the article and approved the submitted version.



ACKNOWLEDGMENTS

We thank the English editors of KG Support for helping with language editing.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2021.769437/full#supplementary-material



REFERENCES

 1. Murman DH, Mcdonald AJ, Pelletier AJ, Camargo CA Jr. U.S. emergency department visits for supraventricular tachycardia, 1993-2003. Acad Emerg Med. (2007) 14:578–81. doi: 10.1111/j.1553-2712.2007.tb01836.x

 2. Link MS. Clinical practice. Evaluation and initial treatment of supraventricular tachycardia. N Engl J Med. (2012) 367:1438–48. doi: 10.1056/NEJMcp1111259

 3. Mahtani AU, Nair DG. Supraventricular tachycardia. Med Clin North Am. (2019) 103:863–79. doi: 10.1016/j.mcna.2019.05.007

 4. Innes JA. Review article: adenosine use in the emergency department. Emerg Med Australas. (2008) 20:209–15. doi: 10.1111/j.1742-6723.2008.01100.x

 5. Appelboam A, Reuben A, Mann C, Gagg J, Ewings P, Barton A, et al. Postural modification to the standard Valsalva manoeuvre for emergency treatment of supraventricular tachycardias (REVERT): a randomised controlled trial. Lancet. (2015) 386:1747–53. doi: 10.1016/S0140-6736(15)61485-4

 6. Calkins H. The 2019 ESC guidelines for the management of patients with supraventricular tachycardia. Eur Heart J. (2019) 40:3812–3. doi: 10.1093/eurheartj/ehz837

 7. Panchal AR, Bartos JA, Cabanas JG, Donnino MW, Drennan IR, Hirsch KG, et al. Part 3: adult basic and advanced life support: 2020 American Heart Association guidelines for cardiopulmonary resuscitation and emergency cardiovascular care. Circulation. (2020) 142:S366–468. doi: 10.1161/CIR.0000000000000916

 8. Soar J, Bottiger BW, Carli P, Couper K, Deakin CD, Djarv T, et al. European Resuscitation Council guidelines 2021: adult advanced life support. Resuscitation. (2021) 161:115–51. doi: 10.1016/j.resuscitation.2021.02.010

 9. Lim SH, Anantharaman V, Teo WS, Goh PP, Tan AT. Comparison of treatment of supraventricular tachycardia by Valsalva maneuver and carotid sinus massage. Ann Emerg Med. (1998) 31:30–5. doi: 10.1016/S0196-0644(98)70277-X

 10. Ceylan E, Ozpolat C, Onur O, Akoglu H, Denizbasi A. Initial and sustained response effects of 3 vagal maneuvers in supraventricular tachycardia: a randomized, clinical trial. J Emerg Med. (2019) 57:299–305. doi: 10.1016/j.jemermed.2019.06.008

 11. Ornato JP, Hallagan LF, Reese WA, Clark RF, Tayal VS, Garnett AR, et al. Treatment of paroxysmal supraventricular tachycardia in the emergency department by clinical decision analysis. Am J Emerg Med. (1988) 6:555–60. doi: 10.1016/0735-6757(88)90090-3

 12. O'toole KS, Heller MB, Menegazzi JJ, Paris PM. Intravenous verapamil in the prehospital treatment of paroxysmal supraventricular tachycardia. Ann Emerg Med. (1990) 19:291–4. doi: 10.1016/S0196-0644(05)82049-9

 13. Taylor DM, Auble TF, Yealy DM. First-line management of paroxysmal supraventricular tachycardia. Am J Emerg Med. (1999) 17:214–6. doi: 10.1016/S0735-6757(99)90071-2

 14. Smith G, Morgans A, Boyle M. Use of the Valsalva manoeuvre in the prehospital setting: a review of the literature. Emerg Med J. (2009) 26:8–10. doi: 10.1136/emj.2008.061572

 15. Niehues LJ, Klovenski V. Vagal Maneuver. Treasure Island, FL: StatPearls (2021).

 16. Corbacioglu SK, Akinci E, Cevik Y, Aytar H, Oncul MV, Akkan S, et al. Comparing the success rates of standard and modified Valsalva maneuvers to terminate PSVT: a randomized controlled trial. Am J Emerg Med. (2017) 35:1662–5. doi: 10.1016/j.ajem.2017.05.034

 17. Chen C, Tam TK, Sun S, Guo Y, Teng P, Jin D, et al. A multicenter randomized controlled trial of a modified Valsalva maneuver for cardioversion of supraventricular tachycardias. Am J Emerg Med. (2019) 38:1077–81. doi: 10.1016/j.ajem.2019.158371

 18. Page MJ, Mckenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. (2021) 372:n71. doi: 10.1136/bmj.n71

 19. Sterne JAC, Savovic J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ. (2019) 366:l4898. doi: 10.1136/bmj.l4898

 20. Nikolakopoulou A, Higgins JPT, Papakonstantinou T, Chaimani A, Del Giovane C, Egger M, et al. CINeMA: An approach for assessing confidence in the results of a network meta-analysis. PLoS Med. (2020) 17:e1003082. doi: 10.1371/journal.pmed.1003082

 21. Papakonstantinou T, Nikolakopoulou A, Rucker G, Chaimani A, Schwarzer G, Egger M, et al. Estimating the contribution of studies in network meta-analysis: paths, flows and streams. F1000Res. (2018) 7:610. doi: 10.12688/f1000research.14770.1

 22. Papakonstantinou T, Nikolakopoulou A, Higgins JPT, Egger M, Salanti G. CINeMA: Software for semiautomated assessment of the confidence in the results of network meta-analysis. Campbell Syst Rev. (2020) 16:e1080. doi: 10.1002/cl2.1080

 23. Brignardello-Petersen R, Murad MH, Walter SD, Mcleod S, Carrasco-Labra A, Rochwerg B, et al. GRADE approach to rate the certainty from a network meta-analysis: avoiding spurious judgments of imprecision in sparse networks. J Clin Epidemiol. (2019) 105:60–7. doi: 10.1016/j.jclinepi.2018.08.022

 24. Owen RK, Bradbury N, Xin Y, Cooper N, Sutton A. MetaInsight: an interactive web-based tool for analyzing, interrogating, and visualizing network meta-analyses using R-shiny and netmeta. Res Synth Methods. (2019) 10:569–81. doi: 10.1002/jrsm.1373

 25. Doi SA, Barendregt JJ, Khan S, Thalib L, Williams GM. Advances in the meta-analysis of heterogeneous clinical trials I: the inverse variance heterogeneity model. Contemp Clin Trials. (2015) 45:130–8. doi: 10.1016/j.cct.2015.05.009

 26. Furuya-Kanamori L, Barendregt JJ, Doi SR. A new improved graphical and quantitative method for detecting bias in meta-analysis. Int J Evid Based Healthc. (2018) 16:195–203. doi: 10.1097/XEB.0000000000000141

 27. Brignardello-Petersen R, Bonner A, Alexander PE, Siemieniuk RA, Furukawa TA, Rochwerg B, et al. Advances in the GRADE approach to rate the certainty in estimates from a network meta-analysis. J Clin Epidemiol. (2018) 93:36–44. doi: 10.1016/j.jclinepi.2017.10.005

 28. Li Ting LCC, Wang P. Application effect of modified Valsalva maneuver in patients with paroxysmal supraventricular tachycardia. Pract J Cardiac Cerebral Pneumal Vascular Dis. (2017) 25:77–9. doi: 10.3969/j.issn.1008-5971.2017.11.021

 29. Gong Fang HX, Li L, Gao Y. The effect and clinical significance of the Modified Valsalva Maneuver on the termination of paroxysmal supraventricular tachycardia. Chin J Clin Res. (2020) 33:940–3. doi: 10.13429/j.cnki.cjcr.2020.07.017

 30. Huang Yan Ni WSC. Tǐwéi gǎiliáng Valsalva dòngzuò zài zhén fā xìng shì shàng xìng xìndòngguò sù huànzhě zhōng de liáoxiào yánjiū. Jiangxi Med J. (2020) 55:1653–4. doi: 10.3969/j.issn.1006-2238.2020.11.034

 31. Long Juncheng LX, Li X, Xie Q, Xie J, Yu Y. Evaluation of application effect of modified Valsalva movement in patients with paroxysmal supraventricular tachycardia. China Med Pharm. (2020) 10:278–230. doi: 10.3969/j.issn.2095-0616.2020.03.081

 32. Song Qingquan WY, Zhang X, Cheng J, He T, Ma L, Hu R. Impact of modified valsalva manoeuvre on patients with paroxysmal supraventricular tachycardia in emergency. Pract J Cardiac Cerebral Pneumal Vasc Dis. (2020) 28:116–9.

 33. Wang W, Jiang TF, Han WZ, Jin L, Zhao XJ, Guo Y. Efficacy and economic benefits of a modified Valsalva maneuver in patients with paroxysmal supraventricular tachycardia. World J Clin Cases. (2020) 8:5999–6008. doi: 10.12998/wjcc.v8.i23.5999

 34. Xiao Ping ZLB. J Qiqihar Med Univ. (2020) 4:430–1. doi: 10.3969/j.issn.1002-1256.2020.04.013

 35. Wei Bin CL. Clinical effect of modified valsalva motility in emergency termination of supraventricular tachycardia. Chin Foreign Med Res. (2021) 19:134–6. doi: 10.14033/j.cnki.cfmr.2021.07.049

 36. Zhang Quan CK, Lu J, Li R. Observation of the effect of postural modified Valsalva manoeuvre in terminating paroxysmal supraventricular tachycardia. Chin J Primary Med Pharm. (2020) 27:306–8. doi: 10.3760/cma.j.issn.1008-6706.2020.03.012

 37. Richardson DA, Bexton R, Shaw FE, Steen N, Bond J, Kenny RA. Complications of carotid sinus massage–a prospective series of older patients. Age Ageing. (2000) 29:413–7. doi: 10.1093/ageing/29.5.413

 38. Abdulhamid AS, Almehmadi F, Ghaddaf AA, Alomari MS, Zagzoog A, Al-Qubbany A. Modified valsalva versus standard valsalva for cardioversion of supraventricular tachycardia: systematic review and meta-analysis. Int J Arrhythmia. (2021) 22:2. doi: 10.1186/s42444-021-00030-2

 39. Mcleod SL, Brignardello-Petersen R, Worster A, You J, Iansavichene A, Guyatt G, et al. Comparative effectiveness of antiarrhythmics for out-of-hospital cardiac arrest: a systematic review and network meta-analysis. Resuscitation. (2017) 121:90–7. doi: 10.1016/j.resuscitation.2017.10.012

 40. Urquhart O, Tampi MP, Pilcher L, Slayton RL, Araujo MWB, Fontana M, et al. Nonrestorative treatments for caries: systematic review and network meta-analysis. J Dent Res. (2019) 98:14–26. doi: 10.1177/0022034518800014

 41. Hong H, Carlin BP, Shamliyan TA, Wyman JF, Ramakrishnan R, Sainfort F, et al. Comparing Bayesian and frequentist approaches for multiple outcome mixed treatment comparisons. Med Decis Making. (2013) 33:702–14. doi: 10.1177/0272989X13481110

 42. Wong LF, Taylor DM, Bailey M. Vagal response varies with Valsalva maneuver technique: a repeated-measures clinical trial in healthy subjects. Ann Emerg Med. (2004) 43:477–82. doi: 10.1016/j.annemergmed.2003.10.044

 43. Niehues LJ, Klovenski V. Vagal Maneuver. Treasure Island, FL: StatPearls Publishing (2020).

 44. Munro NC, Mcintosh S, Lawson J, Morley CA, Sutton R, Kenny RA. Incidence of complications after carotid sinus massage in older patients with syncope. J Am Geriatr Soc. (1994) 42:1248–51. doi: 10.1111/j.1532-5415.1994.tb06505.x

 45. Davies AJ, Kenny RA. Frequency of neurologic complications following carotid sinus massage. Am J Cardiol. (1998) 81:1256–7. doi: 10.1016/S0002-9149(98)00130-1

 46. Puggioni E, Guiducci V, Brignole M, Menozzi C, Oddone D, Donateo P, et al. Results and complications of the carotid sinus massage performed according to the “method of symptoms”. Am J Cardiol. (2002) 89:599–601. doi: 10.1016/S0002-9149(01)02303-7

 47. Adlington H, Cumberbatch G. Carotid sinus massage: is it a safe way to terminate supraventricular tachycardia? Emerg Med J. (2009) 26:459. doi: 10.1136/emj.2008.062968

 48. Pasquier M, Clair M, Pruvot E, Hugli O, Carron PN. Carotid sinus massage. N Engl J Med. (2017) 377:e21. doi: 10.1056/NEJMvcm1313338

 49. Fitzgerald I, Ewings P, Lang I, Appelboam A. Testing of a novel Valsalva Assist Device with supine and modified positions in healthy volunteers. Emerg Med J. (2019) 36:27–31. doi: 10.1136/emermed-2018-208004

 50. Appelboam A, Green J, Ewings P, Black S, Collaborators ESS. Evaluation of pre-hospital use of a valsalva assist device in the emergency treatment of supraventricular tachycardia [EVADE]: a randomised controlled feasibility trial. Pilot Feasibility Stud. (2020) 6:74. doi: 10.1186/s40814-020-00616-y

 51. Smith G, Morgans A, Taylor DM, Cameron P. Use of the human dive reflex for the management of supraventricular tachycardia: a review of the literature. Emerg Med J. (2012) 29:611–6. doi: 10.1136/emermed-2011-200877

 52. Godek D, Freeman AM. Physiology, Diving Reflex. Treasure Island, FL: tatPearls (2020).

 53. Campbell M, Buitrago SR. BET 2: ice water immersion, other vagal manoeuvres or adenosine for SVT in children. Emerg Med J. (2017) 34:58–60. doi: 10.1136/emermed-2016-206487.2

 54. Gaudart P, Cazes N, Simon K, Larger D, Deharo JC. The reverse vagal manoeuvre: a new tool for treatment of supraventricular tachycardia? Am J Emerg Med. (2021) 41:66–9. doi: 10.1016/j.ajem.2020.12.061

 55. Mehta D, Wafa S, Ward DE, Camm AJ. Relative efficacy of various physical manoeuvres in the termination of junctional tachycardia. Lancet. (1988) 1:1181–5. doi: 10.1016/S0140-6736(88)92008-9

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.

The reviewer Y-tK declared a shared affiliation, with the authors, EH, C-HC, C-YF, C-WS, to the handling editor at the time of the review.

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.

Copyright © 2022 Huang, Chen, Fan, Sung, Lai and Huang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-769437-g005.gif
ool

ey

o0

e

10,

£o.

ool

ey





OPS/images/fmed-08-769437-i001.gif





OPS/images/fmed-08-769437-g003.gif





OPS/images/fmed-08-769437-g004.gif





OPS/images/fmed-08-769437-t001.jpg
Study

Limetal. (9)

Appelboa et al.

©)
Lietal. (28)

Gorbacioglu et
al. (16)

Ceylan etal. (10)

Chen etal. (17)

Huang et al. (30)

Gong et al. (29)

Zhang et al. (36)

Xiao et al. (34)

Long et al. (31)

Song etal. (32)

Wang et al. (33)

Wei et al. (35)

Design

RCT

RCT

RCT

RCT

RCT

RCT

RCT

RCT

RCT

RCT

RCT

RCT

RCT

RCT

Country

Singapore

UK

China

Turkey

Turkey

China

China

China

China

China

China

China

China

China

Setting

ED

ED

ED & Admission

ED

ED

ED

Admission

ED

ED & Admission

ED & Admission

Admission

ED

Admission

ED

Group (1)

SVM = 139
CSM = 136
SVM =214
MVM =214
SVM = 80
MVM =80
SVM =28
MVM = 28

SVM =33
MVM = 32
CsM =33

SWM =119
MVM = 119
SVM =34
MVM = 34

SVM =48
MVM = 48

SVM =48
MVM = 50

SVM =20
MVM =20
SVM =33
MVM =33

SVM =63
MM =70
SVM = 181
MVM = 180

SVM =31
MVM = 32

Age, years

Total = 47.2 + 18.3

SVM =545+ 16.8
MVM = 65.1 & 16.3

SVM =520+84

SVM =61 21)
MVM = 50 (25)
CSM = 63 (20)

Range Total = 18-70

SVM =632+ 19
MVI 56.0+2.1

SVM = 48.15 £ 8.35
MVM = 47.73 £ 9.81

MVM = 53.83 £ 9.61

SVM =566.1+22
MVM =680+ 1.8

SVM = 56 £ 8 MVM
=65+7

SVM = 49.29 £ 13.59
MVM = 61.76 &
12.02

SVM = 62.47 £ 3.30
MVM = 52.63 + 3.42

Sex (M/F)

Total = 63/85

SVM = 80/134
MVM = 89/125
SWM = 56/24
MVI 57/23

SWM = 13/15
MVM = 10/18
SWM = 14/19

MVM = 17/15 CSM =
14/19

N/A

SWM = 16/18
MV] 14/20

SWM = 23/26
MVM = 28/20

SWM = 23/25 MVM =
20/30

SWM = 18/7
MVM = 11/9
SWM = 14/19
MVM = 10/23

SWM = 31/32
MV] 36/34
SWM = 74/107
MM = 84/96

SWM = 19/12
MVM = 18/14

Heart rate, /min

N/A
SVM =179+ 29
MVM = 172 4 29

SVM = 173 +£ 8 MVM
=176+8

SVM = 180 (160-95)
MVM = 180
(160-201)
SVM = 167 (147-187)
MVM = 177
(165-192)

CSM = 168 (147-183)
N/A

SVM = 178.67 & 2.01

MV 180.83 £
2.39

SVM = 173.49 + 9.67
MVM = 174.81 £
8.66

SVM = 179.83 +
14.39

MVM = 176.42 &
14.54

N/A

SVM = 177.88 + 1.83
MVM = 183.94 +
2.49

N/A

N/A

N/A

Conversion rate, n (%)

SVM = 25 (17.9)
CSM =16 (11.7)

SVM =37 (17)

MVM = 93 (43)

SVM = 24 (30) MVM = 62
7.5

SVWM (10.7)

MVM = 12 (42.9)
SWM=2(6.1)

MVM = 9 (28.1)

SVM =19 (16)
MVM = 55 (46)

SVM = 10 (20.4)

MVM = 21 (61.8)

SVM =5(10.4)
MVM = 22 (45.8)

SVM =8 (16.7) MVM = 20
(40.0)

SVM (40.0)
MVM = 16 (80.0)
SVM =9(27.9)
MVM = 17 (51.5)

SVM=9(143) MM =9
(12.9)

SVM =36 (62.2)
MVI 112 (19.9)
SVM = 14 (45.2)
MVM = 26 (81.3)

Adverse events, n
(%)

N/A

SVM=8(4)

MWM = 13 (6)
SYM=3@37)
MWM = 4 (5.0)
SWM =2 (7.1)
MVM = 2 (7.1)

SWM=0(0)
MVM =0 (0)
CSM =0 (0)

SWM=1(0.8)

MVM = 2 (1.6)
SVM=5(11.8)
MWM =3 (88)

SVM=4(83)
MW = 2 4.2)

SVM=3(63)
MVM = 3 (6.0)

SVM = 6 (30.0)
MVM = 6 (30.0)
SVM = 6 (30.0)
MM = 6 (30.0)

SVM=5(7.9)
MW =3 4.3)
SVM = 14(7.7)
MVM = 20 (11.1)

SVM =5 (12.5)
MWM = 4 (16.1)

RCT, randomized controlled trial; ED, emergency department; CSM, carotid sinus massage; MVM, modified Valsalva maneuver; M/F; male/female; /A, not available; SVM, standard Valsalva maneuver. Continuous variables were

reported as median (interquartile rang) or mean = standard deviation * Successful rate of conversion to sinus rhythm at the endpoint of each study.





OPS/images/fmed-08-769437-t002.jpg
Estimates of effects, Cls, and CoE for patients with supraventricular tachycardia to return to sinus rhythm at the end of study by vagal maneuvers

Patients: SVT

Interventions: MVM, SVM

Gomparator (reference): CSM

‘Outcome: conversion to sinus rhythm at the end of study and adverse events

Setting: emergency department or admission

‘Outcome

Effects and confidence in the estimate of effects

MVM

Return to sinus rhythm at the end of study

csM
Comparator
101/1000°*
(10.1%)

Rank
3 (SUCRA 0.0206)

Adverse events

OR7.12
(36310 13.96)
Network estimate

343 more per 1000
(189 more to 510 more)

©eoo High
Confidence in estimate

Rank
1 (SUCRA 1.0000)

Based on 940 participants (18 RCTs)

sVM

OR1.73
(0.91103.30)
Network estimate

62 more per 1000
(8 fewer to 169 more)

©®60 Moderate
Confidence in estimate due to
imprecision
Rank
2 (SUCRA 0.4795)
Based on 1,071 participants (14 RCTs)

Comments

MVM demonstrated the
best vagal maneuver,
far better than others.

csm
Comparator
10/1000°
(1%)

Rank
2 (SUCRA 0.5036)

OR1.14
(0.04 10 35.05)
Network estimate

1 more per 1000
(10 fewer to 251 more)

®®00 Low
Confidence in estimate due to imprecision

Rank
3 (SUCRA 0.2967)

Based on 940 participants (13 RCTs)

OR0.91
(0.031027.83)
Network estimate

1 fewer per 1000
(10 fewer to 209 more)

©©00 Low
Confidence in estimate due to imprecision

Rank
1 (SUCRA 0.6997)

Based on 932 participants (13 RCTs)

Insufficient evidences
of difference in adverse
events among each
vagal maneuver.

I, confidence interval: CSM, carotid sinus massage; MVM, modified Vaisalva maneuver; OR, odds ratio; SYM, standard Valsalva maneuver; RCT, randomized controlled tial; SUCRA,
surface under the cumulative ranking curve analysis.
“The rate of return to sinus rhythm at the end of study after CSM is based on the crude estimate from the two enrolled RCTs.
The ratio of adverse events referred to previous report of CSM (37).





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Comparison of Various Vagal Maneuvers for Supraventricular Tachycardia by Network Meta-Analysis



		Introduction



		Materials and Methods



		Data Sources and Search Strategy



		Study Selection



		Data Extraction and Quality Assessment



		Outcome Measures



		Data Synthesis, Statistical Analysis, and Sensitivity Analysis



		CoE Rating







		Results



		Study Characteristics



		RoB Assessment



		Quantitative Data Synthesis



		Conversion to Sinus Rhythm



		Adverse Events









		Certainty of Evidence







		Discussions



		Conclusions



		Data Availability Statement



		Author Contributions



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

Comparison of Various Vagal
Maneuvers for Supraventricular
Tachycardia by Network
Meta-Analysis





OPS/images/fmed-08-769437-g001.gif





OPS/images/fmed-08-769437-g002.gif
nitia response
Direct Comparisan

v cusm mum—sm

5256 na na
Mised
tmates S o )
e T 15 977
Atthe end of study

Direct Comparison

Cmotav_comsme_ mm—svm

RS s | s
Mixed

Cotmates M s an | e
) s[5 o1s 96

Adverse events
Direct Comparison

sats Py e

Mised
Cimates M| zems | sw | wees

%) M- 5 oars 9965,










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Medicine





