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Abstract
Objective We have previously demonstrated that cardiac shock wave therapy (CSWT) effectively improves myocardial ischemia in patients with severe
coronary artery disease. In this study, we further addressed the e�cacy and safety of CSWT in patients with severe coronary artery disease (SCAD) or
refractory angina (RA).

Methods We undertook a meta-analysis of randomized clinical trials (RCTs) and prospective cohort studies identi�ed in systematic searches of MEDLINE,
EMBASE, the Cochrane Database, and Chinese SinoMed Database. Primary endpoint was the rate of major adverse cardiac events (MACE, the composite
outcome of mortality, coronary artery revascularization, and rehospitalization). Required information size (RIS) was calculated with trial sequential analysis
(TSA).

Results A total of 14 RCTs and 5 prospective cohort studies involving 1172 patients with a mean follow-up of 10.6 months (range 3–72) months were
included. Overall, CSWT signi�cantly decreased the rate of MACE compared with the control group (RR, 0.39; 95%CI, 0.29–0.53), which was mainly attributed
to markedly lower risk of rehospitalization in the CSWT group (RR, 0.37; 95% CI, 0.27–0.51). Subgroup analysis showed that the pooled RR in studies enrolling
patients with higher CCS (≥2.4) (RR, 0.36; 95% CI, 0.26–0.50) was signi�cantly lower than that in studies enrolling patients with lower CCS (<2.4) (RR, 0.58;
95% CI, 0.29–1.16). TSA showed that The RIS for MACE was 935, and the accrued information size was 577.

Conclusions CSWT could decrease the rate of rehospitalization and MACE among patients with SCAD or RA.

Introduction
As a consequence of severe coronary artery disease (SCAD), refractory angina (RA) is a disabling and prevalent condition, characterized by cardiac pain and
refractory to conventional therapies including long-acting nitrates, β-receptor blockers, calcium-channel blockers, and traditional revascularization
(percutaneous coronary intervention and coronary artery bypass surgery) [1, 2]. The mortality rate during follow-up of these patients is 3.9% at 1 year and
28.4% at 9 years [3]. Although RA does not adversely affect the risk of mortality compared with stable, chronic CAD, it is associated with recurrent and
sustained cardiac pain, poor health status, psychological distress, and activity restriction [4]. Therefore, these individuals suffer severely impaired quality of
life and increased rate of rehospitalization for cardiovascular reasons. Therapeutic strategies are thus directed primarily at improving patients’ quality of life
and decreasing cardiovascular rehospitalization by relieving symptoms of angina pectoris. Although numerous innovative pharmacological (metabolic
modulation and angiogenesis) and nonpharmacological (coronary sinus reducer, spinal cord stimulation, stem cell therapy, and enhanced external
counterpulsation) therapeutic options have been studied recently, none have demonstrated clear clinical e�cacy [5–9].

Extracorporeal cardiac shock wave therapy (CSWT) is a cutting-edge technology developed in the world for more than 20 years[10–13]. It passed the European
CE certi�cation in 2004, and has been tested in Germany, Japan, Switzerland, Italy and other countries for its effectiveness and safety. In 2006, the CSWT
instrument was approved for clinical use in China. Shanghai, Yunnan, Beijing and other medical centers have introduced this technology and have experienced
more than ten years of exploration and research, and we have carried out different studies on cell biology, animal models, and clinical practice, and have
accumulated many clinical experience[14].

Recently, experts from the Cardiovascular Physician Branch of the Chinese Medical Doctor Association and the Cardiac Rehabilitation Management
Professional Committee of the Chinese Hospital Association summarized a number of domestic and foreign studies, combined with the clinical experience of
various domestic centers, and published Chinese expert consensus on extracorporeal cardiac shock wave therapy of coronary heart disease (2022 version)
[15]. The current research results suggest that CSWT can effectively treat refractory angina pectoris, signi�cantly improve the clinical symptoms and quality of
life of patients, improve the exercise tolerance of patients with heart failure, and provide a new treatment option for patients with advanced coronary heart
disease [16–18]. However, previous evidence is limited to mainly small-sized, single-arm, low- to moderate-quality, single-center studies with mixed results.
Furthermore, the effect of CSWT on hard endpoints, such as mortality, myocardial infarction, and rehospitalization has not been evaluated before[18, 19]. As
the evidence gathered has recently increased, we have performed a meta-analysis and trial sequential analysis (TSA) to evaluate the effect of CSWT treatment
on major adverse cardiac events (MACE) in patients with SCAD or RA.

Methods
Data sources and search strategies

We searched MEDLINE (source, PubMed from 2005 to July 2021), EMBASE (2005 to July 2021), the Cochrane Controlled Clinical Trials Register Database (to
July 2021), the ClinicalTrials.gov website (to July 2021), and the Chinese SinoMed Database (to July 2021) using the terms “cardiac shock wave therapy,”
“adverse cardiac event,” “rehospitalization,” “mortality,” “severe coronary artery disease,” “refractory angina,” and “randomized trial.” Manual reference checking
of the bibliographies of all relevant articles was performed. No restrictions were applied. The review was registered in https://inplasy.com/
(INPLASY202210103).

Study selection

We �rst conducted an initial screening of titles and abstracts; the second evaluation was based on full-text review. Trials were considered eligible if they met
these criteria: (1) patients included were diagnosed as SCAD or RA; (2) the study was a randomized controlled trial (RCT) or a prospective cohort study; (3)
intervention consisted of CSWT; (4) the primary outcome of interest was rate of MACE. Exclusion criteria were (1) non-RCTs or prospective cohort study, and
(2) duplicated data.

https://inplasy.com/
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Trials are considered eligible if they meet these criteria: (1) patients included are diagnosed as refractory angina or ischemic heart failure; (2) the study is a
randomized controlled trial (RCT) or a prospective cohort study; (3) intervention consisted of CSWT; (4) patients in the control group are treated with optimal
medical therapy, (5)the primary outcome of interest is rate of MACE. Exclusion criteria were (1) patients with acute myocardial infarction, (2) repeated CSWT,
(3) with coronary artery revascularization, (4) without primary outcome, (5) retrospective study, and (6)duplicated data.

Data extraction

Two reviewers (L.P. and J.N.) extracted data concerning patients’ characteristics, the duration and frequency of CSWT treatment, study quality, change of
cardiac function, clinical symptoms, exercise capacity, quality of life, and clinical outcomes using a standard data-collection form. Disagreements were
resolved by discussion.

Primary outcome was the rate of MACE (the composite outcome of mortality, coronary artery revascularization, and rehospitalization). Secondary outcomes
were the rates of mortality, coronary artery revascularization and rehospitalization. Moreover, changes of Canadian Cardiovascular Society (CCS) angina class,
New York Heart Association (NYHA) class, walk distance in 6 min were also extracted and evaluated.

Quality assessment

The Preferred Reporting Items for Systemic Reviews and Meta-Analyses (PRISMA) statement [20] was followed. Additionally, using the Newcastle-Ottawa
scale (NOS), two reviewers (L.P. and B.L.) evaluated the methodological quality[21]. NOS scale varies from 0 to 9 stars using eight criteria that cover three
components: patient selection, study groups comparability, and outcomes assessment. Studies with a NOS score of 6 and more were considered as “high
quality”, while those with a score less than 6 as “low quality”. 

Data synthesis and analysis

Results were analyzed quantitatively with STATA 14.0 software (Stata Corp, College Station, TX, USA) using the �xed- and random-effects (DerSimonian and
Laird random-effects) models [22]. We calculated the pooled relative risk (RR) for dichotomous outcomes and the standard mean difference (SMD) for
continuous data with 95% con�dence interval (CI).

Heterogeneity was examined by the I2 statistic and the chi-squared test. A value of I2>50% was considered a substantial level of heterogeneity [23]. For
outcomes with signi�cant heterogeneity (I2>50%), the random-effects models are reported in the text and �gures; for all others, the �xed-effects models are
reported. Once heterogeneity was noted, between-study sources of heterogeneity were investigated using subgroup analysis by stratifying original estimates
according to study characteristics. Publication bias was assessed quantitatively using the Begg’s adjusted rank correlation test and the Egger’s regression
asymmetry test (P≤0.10 for both) [24]. Sensitivity analyses were conducted to determine the in�uence of individual trials on the overall pooled results.
Univariate meta-regression analysis was used to identify possible contributors to between-study variance. In particular, we investigated associations between
the RR for MACE, rehospitalization and clinically plausible factors, including age, gender, left ventricular ejection fraction (LVEF), diabetes, hypertension, CCS,
NYHA, study type and follow-up duration. All analyses were performed according to the intention-to-treat principle. Statistical signi�cance was set at 0.05.

Subgroup Analysis

Based on the mean level of baseline clinical factors (age, gender, LVEF, diabetes, hypertension, CCS, NYHA, follow-up duration) and study type, the patients’
age was classi�ed into “<67.7 years” and “≥67.7 years”; male was classi�ed into “<74.6%” and “≥74.6%”; LVEF was classi�ed into “<46.7%” and “≥46.7%”;
HP was categorized as “<71.1%” and “≥71.1%”; DM was categorized as “<42.6%” and “≥42.6%”; CCS was reported as “<2.4” and “≥2.4”; NYHA was reported
as “<2.2” and “≥2.2”. In addition, study type was divided into “RCT” and “cohort study”; follow-up duration was divided into “<6.9 months” and “≥6.9 months”.
 

Trial Sequential Analysis

In the meta-analyses, trial sequential analysis (TSA) was used to reduce the risk of reaching a false-positive or false-negative conclusion [25]. When the
cumulative Z-curve crossed the trial sequential monitoring boundary or entered the futility area, a su�cient level of evidence for the anticipated intervention
effect was reached, and no further trials were needed. If the Z-curve did not cross any of the boundaries and the required information size (RIS) had not been
reached, evidence to reach a conclusion was insu�cient, and more trials were needed to con�rm the results. For this TSA for MACE and rehospitalization, we
estimated the RIS based on an RR reduction of 20%. The type I error (α) = 0.05 (two-sided) and power (1 – β) = 0.80. The control event proportions were 45%
for MACE and 35% for rehospitalization, which were calculated from the comparator group. The TSA was conducted using TSA Version 0.9.5.10 Beta
(www.ctu.dk/tsa).

Results
Search results

We initially identi�ed 365 potentially relevant articles. Eighty-�ve papers were of interest and were retrieved for full-text review. Sixty-six articles were excluded
for reasons of reviews (n=26), incorrect comparisons (n=18), no clinical outcomes (n=14) and animal study (n=8). The remaining 14 RCTs and 5 prospective
cohort studies were �nally included in the analysis (Figure 1).

Study characteristics

http://www.ctu.dk/tsa
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A total of 14 published RCTs [26,27,29-31,34-37,39,41-42] and 5 cohort studies [28,32,33,38,40] comprising a total of 1172 patients with SCAD or RA were
included. The total number of patients in each study was in the range of 23–150, and the median duration of follow-up was 6.0 months (range 3–72 months).
The participants’ ages were in the range of 65.3±5.7 years. Most patients were men (mean, 75.3%) and nearly half of the patients (41.5%) had diabetes
mellitus. The baseline left ventricular ejection fraction (LVEF) was 42.1%±7.3%. The mean CCS angina class and NYHA class were 2.2±0.7 and 2.1±0.5,
respectively. There were three comparisons in two studies [26,31]. Based on the CSWT treatment scope for each ischemic target region, patients in the one
study [32] were divided into the regular CSWT group (9 spots of each ischemic target region, performed 9 times within 3 months), expanding scope CSWT
group (25 spots of each ischemic target region, performed 9 times within 3 months), and the control group. Moreover, patients in one study [26] were
separated into a regular CSWT group (performed 9 times within 3 months), a short-term CSWT group (performed 9 times within 1 month), and a control group
according to the CSWT treatment duration. A short-term CSWT treatment procedure (9 times within 1 month) was also used in another study [33]. All studies
were with a NOS score of 6 and more and considered as “high quality” (Table 1).

Primary endpoint

MACE

Four RCTs [26,29-31] and three cohort studies[32,33,40] provided data about MACE. Of the 388 patients in the CSWT group, MACE occurred in 60 patients
(15.5%). In the control group, MACE occurred in 84 patients out of a total of 189 (44.4%). Compared with the control group, CSWT signi�cantly lowered the risk
of MACE (RR, 0.39; 95% CI, 0.29–0.53; P<0.001; I2=0.0%) (Figure 2), and there was low level of heterogeneity (I2=0.0%). The funnel plot did not show marked
asymmetry in Begg’s test (P=0.67) and Egger’s test (P=0.82). Sensitivity analysis was performed by removing each of the trials one at a time, which did not
detect any in�uence on the risk of MACE.

Secondary endpoints

Rehospitalization

Four RCTs [26,29-31] and two cohort studies [32,40] reported the occurrence of rehospitalization. There were 306 patients in the CSWT group, 52 of whom
were rehospitalized (17.0%). Of the 167 patients in the control group, 78 were rehospitalized (46.7%). Overall, CSWT treatment was associated with a
signi�cantly decreased rate of rehospitalization (RR, 0.37; 95% CI, 0.27–0.51; P<0.001; I2=0.0%) compared with the control group (Figure 3). In addition, there
was a low level of heterogeneity (I2=0.0%), and the funnel plot did not show marked asymmetry in Begg’s test (P=0.71) and Egger’s test (P=0.76).

Coronary artery revascularization

The rate of coronary artery revascularization during the follow-up period was presented in two RCTs [26,29] and one cohort study [40]. There were one (0.5%)
and three cases (3.9%) of coronary artery revascularization in the CSWT (n=187) and control (n=77) groups, respectively. Overall, the rate of revascularization
was not signi�cantly different between the CSWT and control groups (RR, 0.31; 95% CI, 0.07–1.44; P=0.136; I2=0.0%). Moreover, there was a low level of
heterogeneity (I2=0.0%), and the funnel plot did not show marked asymmetry in Begg’s test (P=0.74) and Egger’s test (P=0.83).

Mortality

The risk of mortality was reported in four RCTs [26,29-31] and one cohort study [33]. Seven out of 203 patients (3.4%) in the CSWT group and 3 out of 117
(2.6%) in the control group died. Overall, CSWT treatment was associated with a risk of mortality similar to that in the control group (RR, 0.93; 95% CI, 0.32–
2.65; P=0.887; I2=0.0%). There was a low level of heterogeneity (I2=0.0%), and the funnel plot did not show marked asymmetry in Begg’s test (P=0.73) and
Egger’s test (P=0.69).

Sensitivity analysis

To determine the in�uence of individual trials on the overall pooled results of MACE and rehospitalization, we performed the sensitivity analysis by removing
each of the trials one at a time, which did not detect any in�uence on the overall result of MACE or rehospitalization (P>0.05). 

Meta-regression analyses

In meta-regression, no signi�cant correlations were observed between the RR for MACE and study type (t=0.34, p=0.74), age (t=0.08, p=0.94), gender (t=1.05,
p=0.31), LVEF (t=0.24, p=0.83), HP (t=-0.02, p=0.97), DM (t=-0.17, p=0.87), CCS (t=-0.24, p=0.82), NYHA (t=-0.37, p=0.73) and follow-up duration (t=0.95,
p=0.37). 

Additionally, study type (t=0.15, p=0.89), age (t=0.15, p=0.89), gender (t=0.11, p=0.92), LVEF (t=0.10, p=0.93), HP (t=0.08, p=0.94), DM (t=-0.18, p=0.86), CCS
(t=-0.04, p=0.97), NYHA (t=0.05, p=0.96) and follow-up duration (t=-0.12, p=0.91) were not signi�cantly associated with the pooled RR for rehospitalization.  

Subgroup analysis

In sub-group analysis, the pooled RR in studies enrolling patients with higher CCS (≥2.4) (RR, 0.36; 95% CI, 0.26–0.50; P<0.001) was signi�cantly lower than
that in studies enrolling patients with lower CCS (<2.4) (RR, 0.58; 95% CI, 0.29–1.16; P<0.001) (Figure 4). And the between-study variance was both relatively
lower in the two subgroups (I2 = 0 vs. I2 = 0). However, there was no signi�cant difference in pooled RR for MACE and rehospitalization in other subgroups
(Table 2). 

https://www.frontiersin.org/articles/10.3389/fimmu.2021.696085/full#f8
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Trial sequential analysis

The TSA analysis showed that, assuming a 20% difference between CSWT and control groups in the risk of MACE or rehospitalization, the RIS required 935,
1383 participants, respectively. Figure 5 shows that the cumulative Z curve crossed trial sequential boundaries, indicating statistically signi�cant differences
in the risk of MACE or rehospitalization between CSWT and control groups. (Figure 5). 

Discussion
Our study con�rms that CSWT signi�cantly reduced the rate of rehospitalization (RR, 0.37; 95% CI, 0.27–0.51) and MACE (RR, 0.39; 95% CI, 0.29–0.53) in
patients with SCAD or RA. Subgroup analysis showed that the pooled RR in studies enrolling patients with higher CCS (≥ 2.4) (RR, 0.36; 95% CI, 0.26–0.50)
was signi�cantly lower than that in studies enrolling patients with lower CCS (< 2.4) (RR, 0.58; 95% CI, 0.29–1.16). TSA showed that The RIS for MACE was
935, and the accrued information size was 577. One could conclude that CSWT can offer bene�cial effects to patients with SCAD or RA.

CSWT can potentially reduce the rate of rehospitalization in patients with SCAD or RA. The treatment of SCAD or RA is challenging, as patients with SCAD or
RA experience angina even with minimal activity or at rest [43]. Therefore, these individuals suffer a severely increased rate of rehospitalization for frequent
angina, although the risk of mortality is similar to that for stable CAD [4]. CSWT has been reported to potentially promote coronary angiogenesis in ischemic
myocardium [11], inhibit ischemia/hypoxia-induced H9c2 myoblast cell apoptosis [14], promote cardiomyocyte autophagy during hypoxia [15], improve
myocardial blood �ow [12], reduce angina symptoms [13], and increase cardiac function [44]. Hence, CSWT may potentially decrease the rate of
rehospitalization as a consequence of angina symptoms. In a clinical study of CSWT for 45 RA patients, Yang et al. found that CSWT markedly decreased the
rate of rehospitalization for myocardial ischemic symptoms at 6-month follow-up in comparison with a control group (20.0% versus 55.0%, P < 0.05) [29]. In
another study conducted in China with 12 months of follow-up, old myocardial infarction patients in the control group were associated with a signi�cantly
higher rate of rehospitalization because of CAD when compared with patients in the regular CSWT group (56.0% vs 21.8%) or those in the expanding scope
CSWT group (56.0% vs 16.7%) [34]. Consistent with previous studies, this meta-analysis con�rms the clinical bene�t of CSWT with respect to rehospitalization
for frequent angina. However, two studies demonstrated that CSWT, whether with a regular (performed 9 times within 3 months) or short-term (performed 9
times within 1 month) pattern [26, 31], was unable to decrease the risk of rehospitalization within 8–12 months of follow-up. All included studies are limited to
single-center, mostly uncontrolled and underpowered trials, and no study evaluated the long-term effect of CSWT for RA. Therefore, more studies are needed to
con�rm the potential clinical bene�t of CSWT.

CSWT produces a prominent anti-ischemic effect for patients with SCAD or RA. Several studies have con�rmed that CSWT was associated with signi�cantly
improved myocardial perfusion, cardiac function, exercise tolerance, myocardial ischemia symptoms, and quality of life in patients with SCAD over short-term
[26, 31, 32, 36–42] and long-term [33] follow-up. In a multicenter trial involving 50 RA patients from four institutes in Japan [45], Kikuchi et al. demonstrated
that CSWT markedly improved the angina symptoms and 6-min walking distance. However, the percent myocardial ischemia assessed by drug-induced stress
myocardial perfusion imaging tended to be improved only in the treated segments (P = 0.06), and no change was noted in the whole left ventricle [45]. As
previous studies are limited to single-center, mostly uncontrolled and underpowered trials, most publications on CSWT provide only low- to moderate-quality
results on the clinical bene�ts of CSWT. Recently in a prospective, randomized, triple-blind, sham-procedure-controlled study, 72 RA patients were randomized
at a 1:1 ratio to an optimal medical therapy plus CSWT group (n = 37) and an optimal medical therapy with sham-procedure group (n = 35), whereby at 6-
month follow-up CSWT exerted a neutral effect on quality of life and level of angina. Moreover, exercise duration in the modi�ed Bruch treadmill test was not
signi�cantly improved with CSWT (P > 0.05) [37], which was consistent with the �ndings of a study by Leibowitz et al. [46]. The less pronounced effect of
CSWT might be attributed to the different protocol used. In contrast to previous studies that applied CSWT only to ischemic segments, this study provided
CSWT sequentially to all segments of the left ventricle. In addition, placebo may have a signi�cant ameliorating effect on subjective outcome assessments
such as angina [38], SAQ score, and exercise capacity, and the PACIFIC trial found that 28% of improvement in the CCS angina class was due to investigator
bias [47]. Thus, as both investigators and patients tend to be biased toward an improvement over time because of placebo, a modest CSWT effect in this
study [37] might be masked by a prominent placebo effect. Furthermore, exercise duration is insu�ciently sensitive and speci�c for ischemic assessment,
which could be better evaluated by stress echocardiography of single-photon emission computed tomography to estimate the anti-ischemic effect of CSWT.

Recently, one updated meta-analyses of CSWT in patients with CAD [18, 48] has been published. Compared with this analyses, our study has provided several
new �ndings. First, all studies included in our analysis are RCTs or prospective cohort studies, whereas single-arm and retrospective studies are also included
in the two previous meta-analyses [18, 48], which could increase the risk of bias. Furthermore, the effects of CSWT on MACE were rarely reported in recent
meta-analyses. Our study indicates that CSWT could signi�cantly decrease the risk of rehospitalization in patients with SCAD or RA, although more studies are
needed to con�rm these �ndings.

Study Limitations
The present study has a few limitations. First, our analysis is based on study-level data, and as such shares the �aws of original studies. Second, all studies
included are single-center, uncontrolled, and underpowered trials, which could increase the risk of bias and lower the methodological quality. Third, our
analysis enrolled patients with different CSWT protocols, which might be associated with different anti-ischemic effects. Fourth, the sample size is inadequate
to exclude small differences in outcome between the two groups. TSA showed that The RIS for MACE and rehospitalization were 935, 1383, and the accrued
information size were 577, 473, respectively. Fifth, the median follow-up was limited to 6.9 months. The bene�t of CSWT on adverse cardiac events is
expected to accrue with time, and only long-term follow-up is able to de�nitively address this issue. Therefore, our meta-analysis represents just a possible
indication, and future studies will require larger numbers of patients, careful matching of key clinical and technical variables, and a longer follow-up to
de�nitively quantify the potential anti-ischemic effects of CSWT.

https://www.frontiersin.org/articles/10.3389/fphar.2021.694741/full#F2
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Conclusions
Our meta-analysis indicates that CSWT could effectively decrease the rate of rehospitalization and MACE in patients with SCAD or RA. However, TSA shows
that the RIS for MACE is 935, and the accrued information size is 577, and more high-quality RCTs are needed to evaluate the long-term clinical bene�t of
CSWT.

Declarations
Ethics approval and consent to participate

This is a meta-analysis and no ethics approval and consent to participate is needed.

Consent for publication

All authors are consent for publication.

Availability of data and materials

All data and materials will be available from the corresponding author by request. 

Competing interests

There were no competing interests.

Funding

This work was supported by grants from the Capital Health Project (Z131100004013032) and the Beijing Hospital Clinical Research 121 Project (121-
2016004). 

Authors' contributions

Peng Li wrote the main manuscript text. Peng Li, Na Jia, Bing Liu analyzed the data. Qing He designed this work.

Acknowledgements

We thank Hugh McGonigle, from Liwen Bianji, Edanz Group China (www.liwenbianji.cn/ac), for editing the English text of a draft of the manuscript.

Con�ict of interest

There were no con�ict of interests.

References
1. Jolicoeur EM, Cartier R, Henry TD, Barsness GW, Bourassa MG, McGillion M, L'Allier PL. Patients with coronary artery disease unsuitable for

revascularization: de�nition, general principles, and a classi�cation. Can J Cardiol. 2012;28(2 Suppl): S50-9.

2. McGillion M, Arthur HM, Cook A, Carroll SL, Victor JC, L'allier PL, Jolicoeur EM, Svorkdal N, Niznick J, Teoh K, Cosman T, Sessle B, Watt-Watson J, Clark A,
Taenzer P, Coyte P, Malysh L, Galte C, Stone J; Canadian Cardiovascular Society; Canadian Pain Society. Management of patients with refractory angina:
Canadian Cardiovascular Society/Canadian Pain Society joint guidelines. Can J Cardiol. 2012; 28(2 Suppl):S20-41.

3. Henry TD, Satran D, Hodges JS, Johnson RK, Poulose AK, Campbell AR, Garberich RF, Bart BA, Olson RE, Boisjolie CR, Harvey KL, Arndt TL, Traverse JH.
Long-term survival in patients with refractory angina. Eur Heart J. 2013; 34(34):2683–2688.

4. Mukherjee D. Management of refractory angina in the contemporary era. Eur Heart J, 2014; 34:2655–2657.

5. Verheye S, Jolicoeur EM, Behan MW, ettersson T, Sainsbury P, Hill J, Vrolix M, Agostoni P, Engstrom T, Labinaz M, de Silva R, Schwartz M, Meyten N, Uren
NG, Doucet S, Tanguay JF, Lindsay S, Henry TD, White CJ, Edelman ER, Banai S. E�cacy of a device to narrow the coronary sinus in refractory angina. N
Engl J Med. 2015; 372: 519–527.

�. Braith RW, Conti CR, Nichols WW, et al. Enhanced external counterpulsation improves peripheral artery �ow-mediated dilation in patients with chronic
angina: a randomized sham-controlled study. Circulation. 2010; 122: 1612–1620.

7. Henry TD, Losordo DW, Traverse JH, Schatz RA, Jolicoeur EM, Schaer GL, Clare R, Chiswell K, White CJ, Fortuin FD, Kereiakes DJ, Zeiher AM, Sherman W,
Hunt AS, Povsic TJ. Autologous CD34 + cell therapy improves exercise capacity, angina frequency and reduces mortality in no-option refractory angina: a
patient-level pooled analysis of randomized double-blinded trials. Eur Heart J. 2018; 39(23):2208–2216.

�. Imran TF, Malapero R, Qavi AH, Hasan Z, de la Torre B, Patel YR, Yong RJ, Djousse L, Gaziano JM, Gerhard-Herman MD. E�cacy of spinal cord stimulation
as an adjunct therapy for chronic refractory angina pectoris. Int J Cardiol. 2017; 227:535–542.

9. Sainsbury PA, Fisher M, de Silva R. Alternative interventions for refractory angina. Heart. 2017;103(23):1911–1922.

10. Liu B, Zhang Y, Jia N, Lan M, Du L, Zhao D, He Q. Study of the Safety of Extracorporeal Cardiac Shock Wave Therapy: Observation of the Ultrastructures in
Myocardial Cells by Transmission Electron Microscopy. J Cardiovasc Pharmacol Ther. 2018;23(1):79–88.

http://www.liwenbianji.cn/ac


Page 7/13

11. Yang W, He Y, Gan L, Zhang F, Hua B, Yang P, Liu J, Yang L, Guo T. Cardiac shock wave therapy promotes arteriogenesis of coronary micrangium, and ILK
is involved in the biomechanical effects by proteomic analysis. Sci Rep. 2018;8(1):1814.

12. Myojo M, Ando J, Uehara M, Daimon M, Watanabe M, Komuro I. Feasibility of Extracorporeal Shock Wave Myocardial Revascularization Therapy for Post-
Acute Myocardial Infarction Patients and Refractory Angina Pectoris Patients. Int Heart J. 2017;58(2):185–190.

13. Cassar A, Prasad M, Rodriguez-Porcel M, Reeder GS, Karia D, DeMaria AN, Lerman A. Safety and e�cacy of extracorporeal shock wave myocardial
revascularization therapy for refractory angina pectoris. Mayo Clin Proc. 2014;89(3):346–354.

14. Yu W, Shen T, Liu B, Wang S, Li J, Dai D, Cai J, He Q. Cardiac shock wave therapy attenuates H9c2 myoblast apoptosis by activating the AKT signal
pathway. Cell Physiol Biochem. 2014;33(5):1293–1303.

15. Du L, Shen T, Liu B, Zhang Y, Zhao C, Jia N, Wang Q, He Q. Shock Wave Therapy Promotes Cardiomyocyte Autophagy and Survival during Hypoxia. Cell
Physiol Biochem. 2017;42(2):673–684.

1�. Wang W, Liu H, Song M, Fang W, Yuan F. Clinical effect of cardiac shock wave therapy on myocardial ischemia in patients with ischemic heart failure. J
Cardiovasc Pharmacol Ther. 2016;21(4):381–387.

17. Nirala S, Wang Y, Peng YZ, Yang P, Guo T. Cardiac shock wave therapy shows better outcomes in the coronary artery disease patients in a long term. Eur
Rev Med Pharmacol Sci. 2016;20(2):330–338.

1�. Burneikaitė G, Shkolnik E, Čelutkienė J, Zuozienė G, Butkuvienė I, Petrauskienė B, Šerpytis P, Laucevičius A, Lerman A. Cardiac shock-wave therapy in the
treatment of coronary artery disease: systematic review and meta-analysis. Cardiovasc Ultrasound. 2017;15(1):11.

19. Wang J, Zhou C, Liu L, Pan X, Guo T. Clinical effect of cardiac shock wave therapy on patients with ischaemic heart disease: a systematic review and
meta-analysis. Eur J Clin Invest. 2015;45(12):1270–1285.

20. Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA statement. J
Clin Epidemiol. 2009;62:1006–1012.

21. Wells GSB, O'Connel D. The Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomised Studies in Meta-analysisOttawa Hospital
Research Institute Web site. http://www.ohri.ca/programs/clinicalepidemiology/oxford.asp.

22. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 1986;7:177–188.

23. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ. 2003;327:557–560.

24. Egger M, Davey Smith G, Schneider M, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical test. BMJ. 1997;315:629–634.

25. Wetterslev J, Jakobsen JC, Gluud C. Trial Sequential Analysis in systematic reviews with meta-analysis. BMC Med Res Methodol. 2017;17(1):39.

2�. Wang Y, Guo T, Ma T, et al. A modi�ed regimen of extracorporeal cardiac shock wave therapy for treatment of coronary artery disease. Cardiovasc
Ultrasound. 2012; 10: 35.

27. Peng YZ, Guo T, Yang P, et al. Effects of extracorporeal cardiac shock wave therapy in patients with ischemic heart failure. Zhonghua Xin Xue Guan Bing
Za Zhi. 2012;40:141–146.

2�. Kazmi, W. H., Rasheed, S. Z., Ahmed, S., Saadat, M., Altaf, S., & Samad, A. (2012). Noninvasive therapy for the management of patients with advanced
coronary artery disease. Coron Artery Dis. 23(8), 549–554.

29. Yang P, Peng Y, Guo T, et al. A clinical study of the extracorporeal cardiac shock wave therapy for coronary artery disease. Chongqing Med. 2012;41(9):
847–851.

30. Yang P, Guo T, Wang W, et al. Randomized and double-blind controlled clinical trial of extracorporeal cardiac shock wave therapy for coronary heart
disease. Heart Vessels. 2013;28: 284–291.

31. Zhao L, Yang P, Tang Y, et al. Effect of cardiac shock wave therapy on the microvolt T wave alternans of patients with coronary artery disease. Int J Clin
Exp Med. 2015;8:16463–16471.

32. Alunni G, Marra S, Meynet I, D'amico M, Elisa P, Fanelli A, Molinaro S, Garrone P, Deberardinis A, Campana M, Lerman A. The bene�cial effect of
extracorporeal shockwave myocardial revascularization in patients with refractory angina. Cardiovasc Revasc Med. 2015;16(1):6–11.

33. Nirala S, Wang Y, Peng YZ, Yang P, Guo T. Cardiac shock wave therapy shows better outcomes in the coronary artery disease patients in a long term. Eur
Rev Med Pharmacol Sci. 2016;20(2), 330–338.

34. Song MX, Liu H, Wang WX, et al. Research on the effect and mechanism of cardiac shock wave therapy or patients with ischemic heart failure. J Clin
Cardiol.2016;32(9):938–942.

35. Liu WJ, Shen JY, Zhu MY, et al. E�cacy and safety of extracorporeal cardiac shock wave therapy for intractable angina. Shanghai Med. 2017; 40(4): 206–
209.

3�. Slavich M, Giannini F, Godino C, Pizzetti G, Gramegna M, Fragasso G, Margonato A. Reducer, extracorporeal shockwave therapy or stem cells in refractory
angina: a retrospective study. J Cardiovasc Med (Hagerstown). 2018;19(1):42–44.

37. Shkolnik E, Burneikaite G, Jakutis G, Scherbak M, Zuoziene G, Petrauskiene B, Trush E, Vasyuk Y, Laucevicius A, Celutkiene J. A randomized, triple-blind
trial of cardiac shock-wave therapy on exercise tolerance and symptoms in patients with stable angina pectoris. Coron Artery Dis. 2018;29(7):579–586.

3�. Zhang L, Zhang T, Wang P. Observation on clinical effect of extracorporeal cardiac shock wave therapy in coronary heart disease complicating heart
failure. Chongqing Med. 2018;47(2):203–208

39. Čelutkienė J, Burneikaitė G, Shkolnik E, Jakutis G, Vajauskas D, Čerlinskaitė K, Zuozienė G, Petrauskienė B, Puronaitė R, Komiagienė R, Butkuvienė I,
Steponėnienė R, Misiūra J, Laucevičius A. The effect of cardiac shock wave therapy on myocardial function and perfusion in the randomized, triple-blind,
sham-procedure controlled study. Cardiovasc Ultrasound. 2019;17(1):13.



Page 8/13

40. Alunni G, D'''''Amico S, Castelli C, De Lio G, Fioravanti F, Gallone G, Marra S, De Ferrari GM. Impact of extracorporeal shockwave myocardial
revascularization on the ischemic burden of refractory angina patients: a single photon emission computed tomography study. Minerva Cardioangiol.
2020;68(6):567–576.

41. Jia N, Zhang R, Liu B, Liu B, Qi X, Lan M, Liu J, Zeng P, Chen C, Li W, Guo Y, Yao Z, He Q. E�cacy and safety of cardiac shock wave therapy for patients
with severe coronary artery disease: A randomized, double-blind control study. J Nucl Cardiol. 2021 Sep 2. doi: 10.1007/s12350-021-02768-7.

42. Weijing L, Ximin F, Jianying S, Mengyun Z, Xuehua F, Yawei X, Liqiong H. Cardiac Shock Wave Therapy Ameliorates Myocardial Ischemia in Patients With
Chronic Refractory Angina Pectoris: A Randomized Trial. Front Cardiovasc Med. 2021;8:664433.

43. Martínez-Sánchez C, Azar-Manzur F, González-Pacheco H, Amezcua-Guerra LM, Massó F, Márquez-Velasco R, Bojalil R, Carvajal-Juárez I, Alexanderson-
Rosas E, Hernández S, Paez-Arenas A, López-Mora E, Venegas-Román A, Brianza-Padilla M, Gopar-Nieto R, Sandoval J. Effectiveness and Safety of
Extracorporeal Shockwave Myocardial Revascularization in Patients With Refractory Angina Pectoris and Heart Failure. Am J Cardiol. 2021;144:26–32.

44. Wang L, Tian X, Cao Y, Ma X, Shang L, Li H, Zhang X, Deng F, Li S, Guo T, Yang P. Cardiac Shock Wave Therapy Improves Ventricular Function by Relieving
Fibrosis Through PI3K/Akt Signaling Pathway: Evidence From a Rat Model of Post-infarction Heart Failure. Front Cardiovasc Med. 2021;8:693875.

45. Kikuchi Y, Ito K, Shindo T, Hao K, Shiroto T, Matsumoto Y, Takahashi J, Matsubara T, Yamada A, Ozaki Y, Hiroe M, Misumi K, Ota H, Takanami K, Hiraide T,
Takase K, Tanji F, Tomata Y, Tsuji I, Shimokawa H. A multicenter trial of extracorporeal cardiac shock wave therapy for refractory angina pectoris: report of
the highly advanced medical treatment in Japan. Heart Vessels. 2019;34(1):104–113.

4�. Leibowitz D, Weiss AT, Rott D, Durst R, Lotan C. The e�cacy of cardiac shock wave therapy in the treatment of refractory angina: a pilot prospective,
randomized, double-blind trial. Int J Cardiol. 2013;167(6):3033–4.

47. Oesterle SN, Sanborn TA, Ali N, Resar J, Ramee SR, Heuser R, Dean L, Knopf W, Scho�eld P, Schaer GL, Reeder G, Masden R, Yeung AC, Burkhoff D.
Percutaneous transmyocardial laser revascularisation for severe angina: the PACIFIC randomised trial. Potential Class Improvement From Intramyocardial
Channels. Lancet. 2000;356(9243):1705–10.

4�. Yang HT, Xie X, Hou XG, Xiu WJ, Wu TT. Cardiac Shock Wave Therapy for Coronary Heart Disease: an Updated Meta-analysis. Braz J Cardiovasc Surg.
2020;35(5):741–756.

Tables
Table 1

Baseline characteristics of patients in the CSWT and control groups
First author Year Follow,

m
Num. Age, year Male, % LVEF, % HP DM CCS class NYH

Wang[26] 2012 12 20/21/14 62.7/64.1/67.9 90.0/81.0/85.7 NR 20.0/19.0/42.9 35.0/19.0/28.6 2.0/3.0/2.0 1.5/2

Peng[27] 2012 6 25/25 66.0/67.0 68.0/72.0 45.0/46.0 44.0/40.0 64.0/68.0 2.0/2.0 2.0/2

Kazmi[28]# 2012 6 43/43 58.7/56.6 87.0/84.0 49.6/43.6 56.0/44.0 77.0/74.0 NR 2.5/2

Yang[29] 2012 6 25/20 67.5/66.1 76.0/68.0 34.0/30.0 72.0/75.0 44.0/40.0 2.7/2.6 2.2/2

Yang[30] 2013 8.4 14/11 63.7/66.5 71.4/72.7 51.4/50.2 57.1/45.5 42.9/45.5 2.0/2.0 2.0/1

Zhao[31] 2015 12 32/30/25 68.3/65.7/66.2 75.0/80.0/80.0 NR 65.6/60.0/64.0 40.6/50.0/44.0 2.6/2.6/2.5 2.2/2

Alunni[32]# 2015 12 43/29 70.0/71.0 83.7/79.0 56.4/57.3 100/100 32.5/27.0 2.8/2.5 2.5/2

Nirala[33]# 2016 72 41/11 63.4/71.0 85.4/72.7 NR 65.9/54.5 26.8/45.5 2.2/1.8 1.9/1

Song[34] 2016 3 28/25 67.0/66.0 78.5/68.0 37.4/38.3 64.0/54.0 43.0/44.0 2.8/2.7 2.8/2

Liu[35] 2017 3 36/9 70.5/65.9 69.0/67.0 NR 58.0/56.0 NR 1.9/1.4 NR

Slavich[36] 2017 6 19/4 69.8/65.3 79.0/75.0 58.6/58.0 79.0/100 42.0/75.0 3.2/3.5 NR

Shkolnik[37] 2018 6 37/35 67.6/68.8 62.2/82.8 54.5/56.5 96.3/97.1 21.6/28.6 NR NR

Zhang[38]# 2018 3 90/90 62.5/61.3 53.3/57.8 44.1/44.1 NR NR 2.6/2.4 2.4/2

Čelutkienė[39] 2019 6 30/29 67.2/69.4 63.3/89.7 54.4/56.0 96.7/100 26.7/27.6 NR NR

Alunni[40]# 2020 6 121/29 70.0/71.0 79.0/79.0 56.5/57.3 98.0/100 33.0/27.0 2.7/2.5 2.5/2

Jia[41] 2021 3 15/15 69.2/71.4 66.7/73.3 62.5/63.0 86.7/93.3 73.3/53.3 NR NR

Liu[42] 2021 6 46/41 68.1/68.9 70.0/71.0 48.8/47.8 59/56 52/56 2.9/2.8 NR

Note: #: prospective cohort study; m, month; Num., number; LVEF: left ventricular ejection fraction;HP: hypertension; DM: diabetes mellitus; CCS: Canadian Ca
Society NYHA New York Heart Association; NOS: Newcastle-Ottawa scale; NR: not reported
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Table 2
Subgroup analyses for MACE and rehospitalization

Variables   MACE Rehospitalization for HF worsening

Subgroups Patient’s Num. RR(95% CI) P I2 Patient’s Num. RR(95% CI) P I2

Study type RCT 251 0.36(0.25–0.52) 0.000 0 251 0.36(0.24–0.53) 0.000 0

Cohort study 326 0.47(0.29–0.76) 0.000 0 222 0.41(0.24–0.68) 0.001 0

Follow-up(m) < 6.9 195 0.39(0.24–0.64) 0.002 0 195 0.41(0.24–0.67) 0.000 0

≥ 6.9 382 0.40(0.28–0.57) 0.000 0 278 0.36(0.24–0.53) 0.000 0

Age(yr) < 67.7 355 0.38(0.27–0.55) 0.000 0 251 0.36(0.24–0.53) 0.000 0

≥ 67.7 222 0.42(0.25–0.69) 0.001 0 222 0.41(0.24–0.68) 0.000 0

Male(%) < 74.6 70 0.35(0.18–0.70) 0.000 0 70 0.35(0.16–0.74) 0.000 0

≥ 74.6 507 0.40(0.29–0.56) 0.000 0 403 0.38(0.27–0.54) 0.000 0

LVEF(%) < 46.7 45 0.31(0.13–0.72) 0.006 0 45 0.36(0.15–0.88) 0.024 NR

≥ 46.7 532 0.41(0.30–0.56) 0.000 0 428 0.38(0.27–0.52) 0.000 0

HP(%) < 71.1 310 0.40(0.27–0.60) 0.000 0 206 0.36(0.23–0.55) 0.000 0

≥ 71.1 267 0.38(0.25–0.58) 0.001 0 267 0.39(0.25–0.61) 0.000 0

DM(%) < 42.6 497 0.41(0.30–0.57) 0.000 0 393 0.39(0.28–0.56) 0.000 0

≥ 42.6 55 0.28(0.12–0.66) 0.002 0 80 0.30(0.14–0.64) 0.002 0

CCS < 2.4 59 0.58(0.29–1.16) 0.124 0 59 0.40(0.17–0.94) 0.035 0

≥ 2.4 518 0.36(0.26–0.50) 0.000 0 414 0.37(0.26–0.52) 0.000 0

NYHA < 2.2 198 0.48(0.27–0.86) 0.014 0 94 0.38(0.19–0.75) 0.006 0

≥ 2.2 379 0.37(0.26–0.52) 0.000 0 379 0.37(0.26–0.53) 0.000 0

Note: MACE, major adverse cardiac event; RCT, randomized controlled trial; LVEF, left ventricular ejection fraction; HP, hypertension; DM, diabetes mellitus;
CCS, Canadian Cardiology Society; NYHA, New York Heart Association; Num., number; RR, relative risk; NR, not reported
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Figure 1

Flow chart
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Figure 2

CSWT is associated with decreased risk of MACE. Fixed-effect model (I2 = 0.0%). CSWT, cardiac shock wave therapy; MACE, major adverse cardiac event; RR,
relative risk; CI, con�dence interval. 

Figure 3
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CSWT is associated with decreased rate of rehospitalization. Fixed-effect model (I2 = 0.0%). CSWT, cardiac shock wave therapy; RR, relative risk; CI, con�dence
interval.

Figure 4

Subgroup analysis between studies with higher or lower baseline CCS levels. CSWT, cardiac shock wave therapy; RR, relative risk; CI, con�dence interval; CCS,
Canadian Cardiology Society.
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Figure 5

Trial sequential analysis of MACE and rehospitalization

The red vertical line represented the required information size (RIS) for the comparison, assuming a difference of 20% in the risk of MACE (�gure A) and
rehospitalization (�gure B). The blue line represented the cumulative Z curve, and the black dots represented the included studies added according to their
publication year in ascending order.


