
META-ANALYSIS 1 

Xiong et al.: ES risk factors in AMI patients post-PCI 2 

Risk factors for electrical storms 3 

following percutaneous coronary 4 

intervention in patients with acute 5 

myocardial infarction: A 6 

meta-analysis 7 

Xiao Xiong, Qiang Ye*, Yongquan Peng 8 

1Department of Cardiology, The Affiliated Hospital of Southwest Medical University, Luzhou, 9 

China 10 

*Corresponding author: Qiang Ye; E-mail: art006023@yeah.net 11 

DOI: https://doi.org/10.17305/bb.2023.10274 12 

Submitted: 13 January 2024/ Accepted: 29 February 2024/ Published online: 07 March 13 

2024 14 

Conflicts of interest: Authors declare no conflicts of interest. 15 

Funding: Authors received no specific funding for this work. 16 

Data availability statement: Data underlying this article will be shared on reasonable 17 

request to the corresponding author. 18 

 19 

 

Biomolecules and Biomedicine 
ISSN: 2831-0896 (Print) | ISSN: 2831-090X (Online) 
 
Journal Impact Factor® (2022): 3.4 
CiteScore® (2022): 5.3 
www.biomolbiomed.com | blog.biomolbiomed.com 

 

mailto:art006023@yeah.net
https://doi.org/10.17305/bb.2023.10274


 

2 
 

ABSTRACT 20 

Electrical storms (ESs) following percutaneous coronary intervention (PCI) in acute 21 

myocardial infarction (AMI) patients pose a significant challenge, affecting prognostic 22 

outcomes and increasing mortality. This meta-analysis synthesized data from 11 studies 23 

involving 9,666 AMI patients to identify risk factors associated with ES following PCI. Our 24 

findings revealed an average ES incidence of 7.70%, with identified risk factors including 25 

low thrombolysis in myocardial infarction (TIMI) flow grades (0-1), elevated cardiac 26 

troponin I levels, persistent hypotension, reperfusion arrhythmias, the right coronary artery 27 

being the infarct-related artery, increased diameter of the infarct-related artery, renal 28 

dysfunction, elevated creatine kinase-MB, and bradycardia. Notably, the use of β-blockers 29 

was found to significantly reduce the risk of ES. The study underscores the importance of 30 

early identification and management of these risk factors in AMI patients undergoing PCI to 31 

prevent the occurrence of ES, highlighting the protective role of β-blockers. This research 32 

provides a foundation for future strategies aimed at reducing the incidence and improving the 33 

prognosis of ES in this patient population. 34 

 35 
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INTRODUCTION 40 

Ventricular tachycardia (VT) and electrical storms (ESs), defined as the occurrence of two or 41 

more episodes of VT or ventricular fibrillation (VF) within 24 hours, are clinical syndromes 42 

resulting from unstable cardiac electrophysiology, leading to malignant ventricular 43 

arrhythmias [1, 2]. These conditions are frequently observed in patients with acute 44 

myocardial infarction (AMI), ischemic heart disease with a history of myocardial infarction, 45 

cardiomyopathies, valvular heart disease, catecholaminergic polymorphic VT, and heart 46 

failure [3-8]. 47 

Myocardial ischemia, a significant trigger for ES, causes changes in cardiac ion channels and 48 

activates the sympathetic nervous system, leading to an influx of catecholamines, β-receptor 49 

activation, and increased myocardial repolarization dispersion, thereby inducing VT and VF 50 

[9]. AMI also enhances the automaticity of Purkinje fibers, elevating the risk of malignant 51 

ventricular arrhythmias. Ischemia-induced cardiac structural changes, including ventricular 52 

chamber enlargement, deformation, and compensatory hypertrophy of non-infarcted areas, 53 

contribute to cardiac remodeling [10]. 54 

Meanwhile, cardiac remodeling impairs cardiac contractility, exacerbates heart failure, and 55 

further deteriorates left ventricular function through repeated VT and VF episodes, thereby 56 

inducing malignant arrhythmias [11]. Clinically, ES complicates 10% to 20% of AMI cases 57 

[12]. The MADIT II study confirmed that AMI patients have a 3.1-fold higher risk of 58 

experiencing ES compared to healthy individuals, with some presenting ES as an initial 59 

symptom [13]. 60 

With the aging population in China, the incidence of AMI is rising annually, exceeding 61 

500,000 new cases each year and showing a trend towards younger age groups, posing a 62 

significant threat to public health [14, 15]. Percutaneous coronary intervention (PCI) is the 63 

recommended treatment for AMI, effectively restoring blood flow to the infarcted 64 
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myocardium [16]. However, persistent VT following PCI treatment has been reported, 65 

making AMI patients a high-risk group for ES, even after PCI. ES significantly increases the 66 

risk of sudden death, with mortality rates 7.4 times higher than those without ES [17]. 67 

Increasing evidence indicates that ES is a predictor of poor outcomes in AMI patients [18]. 68 

The clinical management of ES is challenging, with high mortality rates persisting despite 69 

long-term prevention through implantable cardioverter-defibrillator insertion and 70 

pharmacological treatments, with a 2-year mortality rate exceeding 20% [19]. 71 

Therefore, investigation into the risk factors for ES following PCI in AMI patients and 72 

elucidating the mechanisms of ES onset can facilitate early risk prediction and the 73 

development of effective treatment strategies. Early intervention and precision medicine 74 

could reduce the incidence and mortality of ES, improving patients' quality of life and 75 

alleviating societal burdens. Despite increasing research on risk factors in ES following PCI, 76 

studies remain limited, and results are inconsistent, with no consensus on some findings. 77 

Many studies lack comprehensive risk factor analysis and suffer from small sample sizes and 78 

unstable results. This study aims to evaluate the risk factors for ES following PCI in AMI 79 

patients through meta-analysis, providing strong evidence to reduce the occurrence of ES 80 

following PCI and improve patient outcomes. 81 

 82 

MATERIALS AND METHODS 83 

Database retrieval  84 

A computer-based web search was conducted to retrieve literature published in both Chinese 85 

and English databases. The Chinese databases included the China National Knowledge 86 

Infrastructure (CNKI), Wan Fang Database, the Chinese Scientific Journals Full-Text 87 

Database (VIP), and the China Biological Medicine Database (CBM). English databases 88 

comprised PubMed, Web of Science, Embase, and the Cochrane Library.  89 
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 90 

The search strategy employed a combination of subject headings and free-text terms. Chinese 91 

search terms included: acute myocardial infarction, percutaneous coronary intervention, 92 

sympathetic storm, VT storm, ventricular arrhythmia storms, electrical storm, persistent 93 

ventricular tachycardia, persistent ventricular fibrillation, risk factors, logistic regression 94 

analysis, and Cox regression analysis. English search terms representing these concepts were 95 

used. 96 

 97 

Inclusion and exclusion criteria  98 

Inclusion criteria were: (1) publications from international databases consisting of cohort 99 

studies, case-control studies, and cross-sectional studies; (2) diagnosis of AMI adhering to the 100 

diagnostic criteria outlined in the 2017 guidelines by the American Heart 101 

Association/American College of Cardiology/European Society of Cardiology, including 102 

elevation and subsequent decline of myocardial necrosis biomarkers (cardiac troponin I [cTnI] 103 

or creatine kinase [CK]-MB) alongside at least one of the following: symptoms of myocardial 104 

ischemia, pathological Q waves, or ST-segment elevation or depression; (3) publications in 105 

either Chinese or English; (4) completeness of patient clinical data, including specific case 106 

numbers and details, with complete and reliable follow-up data if available; (5) similarity in 107 

study methods and objectives, specifically aiming to explore risk factors for ES following 108 

PCI in AMI patients; (6) completeness of study outcomes and statistical results with 109 

corresponding interpretations; (7) a sample size of no less than 40 cases. 110 

Exclusion criteria included: (1) duplicate publications or those irrelevant to the topic; (2) 111 

studies with insufficient sample sizes (less than 40 cases); (3) studies with unclear research 112 

subjects or non-compliance with relevant diagnostic standards; (4) reports with minimal 113 

information, unclear data description, unclear data sources, inability to extract effective 114 

outcomes, or inability to access the full text; (5) animal experiments or in vitro studies; (6) 115 
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meta-analyses, case reports, expert commentaries, reviews, conference papers, guidelines, 116 

and consensus statements. 117 

 118 

Evaluation of literature quality  119 

Following the inclusion and exclusion criteria, all retrieved literature from the databases was 120 

screened collaboratively by two researchers. The quality of the literature was assessed using 121 

the Newcastle-Ottawa Scale (NOS), with a full score of 9 points. Publications scoring ≥6 122 

were considered qualified, while those scoring <6 were excluded. For publications with 123 

discrepant evaluations, a third experienced researcher (a graduate supervisor) was consulted 124 

for joint analysis and guidance, ultimately determining inclusion. 125 

 126 

Data extraction 127 

The Endnote X9 software was utilized to manage and extract information from the included 128 

literature, capturing author information (first author), publication year, country, sample size, 129 

type of study, and quality assessment outcomes, along with identifying potential risk factors. 130 

 131 

Ethical statement 132 

This article does not contain any studies with human participants or animals performed by 133 

any of the authors. 134 

 135 

Statistical analysis  136 

The "Meta" package in R language was used for meta-analysis and statistical testing of the 137 

selected literature. Continuous variables were represented by the standardized mean 138 

difference (SMD), and dichotomous variables by the relative risk (RR). Heterogeneity was 139 

assessed using the Q test and I² statistics, with I²≥50% indicating significant heterogeneity 140 

and I²<50% indicating no significant heterogeneity. A random-effects model was applied for 141 
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studies with significant heterogeneity, while a fixed-effects model was used for those without. 142 

Further sensitivity analyses were conducted. A random-effects model was applied for studies 143 

where heterogeneity was within acceptable limits, but the source of heterogeneity could not 144 

be identified. Descriptive analysis was performed for studies with particularly strong 145 

heterogeneity. 146 

 147 

RESULTS 148 

Basic characteristics and quality assessment of included studies 149 

A total of 1,342 relevant articles were selected in this screening process. Management and 150 

screening of these articles were facilitated using Endnote, which resulted in the exclusion of 151 

116 duplicates. Furthermore, 484 articles were excluded, including conference papers, 152 

reviews, case reports, guidelines, and expert commentaries. Upon a more detailed review of 153 

titles and abstracts in both English and Chinese, 654 articles that did not align with the 154 

objectives of this study were also excluded, leading to the inclusion of 88 articles. Full-text 155 

examination led to the further exclusion of 58 articles due to incomplete information or poor 156 

quality, 2 articles for duplicity in language, and 17 articles lacking comprehensive statistical 157 

results, including OR and 95% confidence intervals. Ultimately, 11 articles were included for 158 

meta-analysis [20-30]. 159 

The scarcity of English literature on AMI complicated by ES necessitated a focus on studies 160 

primarily from Chinese databases, with the majority of included studies being in Chinese and 161 

only one in English, The selection process is depicted in Figure 1. 162 

From the selected 11 articles, 17 risk factors were identified, including cTnI, TIMI flow 163 

grades, persistent hypotension, ECG J-waves, CK-MB, infarct-related artery (IRA), IRA 164 

diameter, reperfusion arrhythmias, BNP, renal insufficiency, newly developed atrioventricular 165 

block, ST-segment depression less than 70%, baseline heart rate greater than 70/min, 166 
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post-PCI TIMI grading, use of blockers within 24 hours, left ventricular ejection fraction 167 

≤35%, and a TIMI risk score of 8-14. These risk factors were identified from perioperative 168 

events reported in all included articles. 169 

The incidence of ES across the included studies ranged from 5.70% to 21.46%, with a total 170 

sample size of 9666 and 744 instances of ES, resulting in an average incidence rate of 7.70%. 171 

The baseline characteristics of the included studies are detailed in Table 1, and clinical 172 

baseline characteristics are presented in Table 2. 173 

The quality of the included 11 articles was evaluated using NOS (Table 3). According to the 174 

Cochrane Handbook, these articles scored between 6 and 8 points, qualifying as acceptable 175 

quality. 176 

 177 

Correlation between TIMI flow grades 0-1 and ES following PCI in AMI 178 

Among the included articles, 8 examined the impact of TIMI flow grades on the occurrence 179 

of ES following PCI for AMI, involving 6,530 patients. Of these, 541 had a TIMI flow grade 180 

of 0-1, while 5,989 had a TIMI flow grade of 2-3. Heterogeneity testing revealed significant 181 

variability across studies (P = 0.04, I² = 52%), necessitating the use of a random-effects 182 

model for analysis. The meta-analysis indicated a significant association, with a combined 183 

RR of 4.51 (95% CI: 2.79-7.27, P <0.01), suggesting a higher incidence of ES following PCI 184 

in patients with TIMI flow grades 0-1 compared to those with grades 2-3 (Figure 2A). This 185 

finding indicates a significant correlation between TIMI flow grades 0-1 and the occurrence 186 

of ES, identifying it as a risk factor. The symmetry of the funnel plot suggests the absence of 187 

notable publication bias, affirming the reliability of the meta-analysis results (Figure 2B). 188 

Further sensitivity analysis did not reveal significant changes in heterogeneity among the 189 

studies, reinforcing the robustness and reliability of the meta-analysis results (Figure 2C) TnI 190 

is a risk factor for ES following PCI in AMI. Among the included 11 studies, a total of 5 191 
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studies analyzed the impact of cTnI on ES following PCI in AMI. These studies involved a 192 

total of 723 patients, among whom 71 experienced ES, while 652 did not. Heterogeneity 193 

testing revealed no significant variability across the studies (P = 1.00, I² = 0% <50%), 194 

prompting the application of a fixed-effect model for pooled analysis. As depicted in Figure 195 

3A, patients with ES exhibited a significant increase in cTnI compared to those without ES 196 

(SMD = 0.69, 95% CI: 0.44-0.94; P <0.01). This association underscores the significant 197 

relationship between cTnI levels and the occurrence of ES following PCI in AMI, 198 

establishing it as a risk factor. The symmetry of the funnel plot suggested the absence of 199 

substantial publication bias (Figure 3B). Sensitivity analyses further indicated no significant 200 

change in heterogeneity among the studies (Figure 3C), confirming the robustness and 201 

reliability of this conclusion. 202 

 203 

Correlation between persistent malignant hypotension and ES following PCI in AMI 204 

Of the 11 studies included, six analyzed the impact of persistent hypotension on ES following 205 

PCI in AMI. A total of 6,468 patients were included, with 605 experiencing persistent 206 

hypotension and 5,864 not experiencing it. Heterogeneity testing showed no significant 207 

disparities among the studies (P = 0.83, I² = 0% <50%), leading to the use of a fixed-effect 208 

model for analysis. The meta-analysis results demonstrated a significant increase in the 209 

incidence of ES among patients with persistent hypotension compared to those without (RR = 210 

4.64, 95% CI: 3.84-5.61, P <0.01), indicating a clear correlation between persistent 211 

malignant hypotension and the occurrence of ES, identifying it as a risk factor (Figure 4A). 212 

The funnel plot was essentially symmetrical, indicating minimal publication bias (Figure 4B). 213 

Further sensitivity analysis revealed no notable changes in heterogeneity across the studies 214 

(Figure 4C), validating the stability and dependability of the meta-analysis outcomes. 215 

 216 
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Correlation between reperfusion arrhythmia and ES following PCI in AMI 217 

Among the 11 included articles, four studies analyzed the impact of reperfusion arrhythmia 218 

on ES following PCI in AMI. These studies, comprising 727 patients, reported that 340 219 

patients experienced reperfusion arrhythmias, while 387 did not. Heterogeneity testing 220 

indicated statistical variability among the studies (P = 0.1, I² = 53% > 50%), leading to the 221 

employment of a random-effects model for the analysis. The meta-analysis revealed a pooled 222 

RR of 4.52 (95% CI = 2.52-8.09, P < 0.01), demonstrating statistically significant differences 223 

(Figure 5A). This finding suggests a clear association between reperfusion arrhythmias and 224 

the incidence of ES, identifying it as a risk factor. Additionally, the symmetry of the funnel 225 

plot indicated an absence of significant publication bias (Figure 5B). Subsequent sensitivity 226 

analysis showed no significant changes in heterogeneity among the studies (Figure 5C), 227 

further affirming the robustness and reliability of the meta-analysis outcomes. 228 

 229 

Correlation between occlusion of the right coronary artery (RCA) and cardiac arrest. 230 

Among the 11 included studies, three analyzed the impact of infarct-related arteries on ES 231 

following PCI in AMI, totaling 402 patients. Of these, 124 patients had the RCA as the IRA, 232 

while 278 had other arteries implicated. Heterogeneity testing yielded no significant 233 

disparities (P = 0.97, I² = 0% <50%); thus, a fixed-effect model was applied for the 234 

meta-analysis. The results, as shown in Figure 6A, indicate that patients with the RCA as the 235 

IRA exhibited a significantly higher incidence of ES following PCI for AMI compared to 236 

those with other arteries involved (RR = 4.13, 95% CI: 2.29-7.44, P <0.01). This finding 237 

suggests a significant correlation between having the RCA as the IRA and the development of 238 

ES, classifying it as a risk factor. The evaluation of publication bias via funnel plot symmetry 239 

showed no significant bias (Figure 6B). Further, sensitivity analyses indicated stable 240 

heterogeneity across studies (Figure 6C), confirming the high robustness and reliability of 241 
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these findings. 242 

 243 

Diameter of the IRA is a risk factor for ES following PCI in AMI 244 

Among the 11 articles included, two explored the impact of the diameter of IRA on ES 245 

following PCI in AMI. A total of 269 patients were included, with 46 experiencing ESs and 246 

223 not experiencing them. Heterogeneity testing revealed no significant differences across 247 

the studies (P = 0.88, I² = 0% <50%), leading to the application of a fixed-effect model for 248 

analysis. The meta-analysis indicated a significant increase in the diameter of the IRA in 249 

patients with ES compared to those without (SMD = 3.69, 95% CI: 3.25-4.14; P <0.01), 250 

identifying this factor as a risk factor for the development of ES following PCI in AMI 251 

(Figure 7A). A funnel plot was constructed to assess publication bias, showing no significant 252 

bias (Figure 7B). Further sensitivity analysis confirmed no significant change in 253 

heterogeneity among the studies (Figure 7C), affirming the robustness and reliability of the 254 

meta-analysis findings regarding the diameter of the IRA. 255 

 256 

Renal dysfunction is significantly correlated with ES following PCI in AMI 257 

Among the 11 included studies, two analyzed the impact of renal dysfunction on ES 258 

following PCI in AMI. A total of 8,088 patients were included in the analysis, with 427 259 

patients having renal dysfunction and 7,661 patients without it. Heterogeneity tests indicated 260 

statistical variability among the studies (P = 0.14, I² = 53%), necessitating the use of a 261 

random-effects model for analysis. The meta-analysis revealed that patients with renal 262 

dysfunction had a significantly higher incidence of ES following PCI in AMI compared to 263 

those without renal dysfunction (RR = 3.38, 95% CI: 2.39-4.76, P <0.01), suggesting a clear 264 

correlation between renal dysfunction and the occurrence of ES, thereby classifying it as a 265 

risk factor (Figure 8A). A funnel plot was drawn to evaluate publication bias, which indicated 266 
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no apparent bias (Figure 8B). Sensitivity analysis showed that heterogeneity among the 267 

studies remained unchanged (Figure 8C), validating the reliability and stability of the 268 

meta-analysis results concerning renal dysfunction. 269 

 270 

Correlation between β-blockers and ES following PCI in AMI 271 

Among the 11 studies included, two analyzed the impact of β-blocker use on ES following 272 

PCI in AMI, comprising a total of 8,088 patients. Among these, 7,191 patients were 273 

administered β-blockers, while 897 were not. Heterogeneity testing indicated no significant 274 

disparities across the studies (P = 0.32, I² = 0% <50%), leading to the employment of a 275 

fixed-effect model for pooled analysis. Patients who were administered β-blockers 276 

demonstrated a significantly reduced incidence of ES following PCI in AMI compared to 277 

those who were not (RR = 0.53, 95% CI: 0.43-0.66, P <0.01), indicating a protective 278 

correlation between β-blocker usage and the occurrence of ES (Figure 9A). The funnel plot 279 

was essentially symmetrical, suggesting an absence of significant publication bias (Figure 280 

9B). Sensitivity analysis confirmed the homogeneity among the studies remained consistent 281 

(Figure 9C), further substantiating the robustness and reliability of the meta-analysis findings. 282 

 283 

Creatine kinase MB (CK-MB) is a risk factor for ES following PCI in AMI 284 

Three studies included in this research investigated the impact of creatine kinase MB 285 

(CK-MB) on ES following PCI in AMI. These studies encompassed a total of 402 patients, 286 

with 43 cases experiencing ES and 359 cases not experiencing it. Heterogeneity testing 287 

showed no significant variation among the studies (P = 0.98, I² = 0% <50%); thus, a 288 

fixed-effect model was applied for analysis. A notable increase in CK-MB levels was 289 

observed in patients with ES compared to those without (SMD = 0.91, 95%CI: 0.59-1.24, P 290 

<0.01), establishing CK-MB as a risk factor for ES following PCI in AMI (Figure 10A). The 291 

symmetry of the funnel plot indicated minimal publication bias (Figure 10B). The sensitivity 292 
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analysis results, as shown in Figure 10C, revealed no significant change in study 293 

heterogeneity, indicating the meta-analysis outcomes regarding CK-MB are robust and 294 

reliable. 295 

 296 

Bradycardia is correlated with ES following PCI in AMI 297 

Among the 11 included articles in this analysis, only two examined the impact of bradycardia 298 

on ES following PCI in AMI. Heterogeneity testing revealed no significant differences across 299 

the studies (P = 0.74, I²= 0% <50%), warranting the use of a fixed-effect model for combined 300 

analysis. The probability of experiencing ES following PCI in AMI was significantly higher 301 

in patients with bradycardia compared to those without (RR = 3.64, 95% CI: 1.49-8.41, P 302 

<0.01), demonstrating a clear correlation between bradycardia and the occurrence of ES, 303 

identifying it as a risk factor (Figure 11A). The funnel plot was essentially symmetrical, 304 

indicating no evident publication bias (Figure 11B). Further sensitivity analysis showed 305 

consistent homogeneity among the studies (Figure 11C), affirming the stability and 306 

dependability of the meta-analysis findings. 307 

 308 

DISCUSSION 309 

VT and ES represent malignant arrhythmic disorders due to instability in ventricular 310 

electrical activity. Causes of ES encompass a range of factors, including cardiomyopathies, 311 

acute myocardial ischemia, pharmacological agents, surgical interventions, channelopathies, 312 

and electrolyte imbalances. Among these, AMI has been identified as a principal trigger [19], 313 

concurrently serving as a significant precursor to sudden cardiac death [31]. The mechanism 314 

underlying this association involves the formation of a voltage gradient between ischemic and 315 

non-ischemic myocardial cells post-AMI, leading to abnormalities in cell membrane function, 316 

decreased membrane potential, shortened action potential duration, increased ectopic 317 

automaticity, and reduced refractory periods, thereby precipitating rapid arrhythmic events. 318 
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Furthermore, reductions in action potential amplitude and Vmax, dispersion of refractoriness, 319 

and diminished conductivity contribute to reentrant ventricular arrhythmias [32]. Patients in 320 

the acute phase of myocardial infarction experience a peak period for ES onset, marked by 321 

myocardial hypoxia, injury, necrosis, and neuroendocrine alterations. Clinical observations 322 

have linked ES with elevated risks of all-cause mortality, cardiac transplantation, and acute 323 

heart failure hospitalizations [33]. PCI is a widely utilized and effective treatment for AMI; 324 

however, the clinical risk factors for ES following PCI in AMI patients remain unclear. 325 

Through a meta-analysis of domestic and international literature, this study has analyzed the 326 

risk factors for ES following PCI in AMI, offering robust evidence for predicting and 327 

managing clinical risks in such patients. The study facilitates early prediction of ES risk, 328 

enabling the development of effective treatment strategies, early intervention, and precision 329 

medicine, thereby reducing the incidence and mortality rates of ES. 330 

This meta-analysis identified ten risk factors for ES following PCI in AMI patients, including 331 

TIMI flow grades, cTnI, CK-MB, reperfusion arrhythmias, persistent hypotension, RCA as 332 

the IRA, IRA diameter, β-blocker usage, renal dysfunction, and bradycardia. TIMI flow 333 

grading serves as a benchmark for evaluating coronary reperfusion, with grade 0 indicating 334 

no perfusion due to occlusion, grade 1 suggesting slow flow without perfusion, grade 2 335 

indicating partial perfusion, and grade 3 representing complete perfusion. Clinically, TIMI 336 

grades 0-1 are associated with myocardial ischemia or lack of coronary flow, while grades 337 

2-3 suggest reestablished coronary flow. The clinical value of TIMI flow grading in assessing 338 

perfusion of the IRA has achieved consensus, with numerous studies reporting poor post-PCI 339 

coronary reperfusion as an independent risk factor for adverse outcomes in AMI patients [34, 340 

35]. Research has demonstrated that TIMI flow grading significantly impacts in-hospital and 341 

long-term outcomes, such as mortality rates, with notably increased mortality observed in 342 

AMI patients with TIMI grades 0-1 post-PCI [36, 37]. 343 
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Our findings indicate a significant correlation between TIMI flow grading and the incidence 344 

of ES. As TIMI flow grading increases, indicating improved reperfusion levels in ischemic 345 

myocardium, the risk of ES decreases. Absence or slow reflow in the "culprit" vessel suggests 346 

suboptimal blood flow perfusion post-coronary opening. Post-PCI TIMI grades 0-1 indicate 347 

coronary myocardial ischemia, exacerbating myocardial cell electrophysiological 348 

heterogeneity and elevating the risk of ventricular arrhythmias. 349 

Suboptimal reperfusion leads to local microcirculation dysfunction, hindering collateral 350 

circulation development, damaging endothelial cells, disrupting vasodilator release, causing 351 

distal myocardial supply issues, exacerbating ventricular remodeling, and increasing ES risk 352 

[38, 39]. This risk is particularly high in patients with extensive preoperative coronary 353 

occlusions, who often experience severe ventricular remodeling and are more likely to have 354 

poor reperfusion post-PCI, thereby elevating the risk of ES complications [40]. Consequently, 355 

clinical practice should aim for the early, comprehensive, and sustained opening of the 356 

infarcted vessel to minimize the risk of concurrent ES. 357 

Of note, cTnI forms an essential component of the cardiac troponin complex, existing in both 358 

complex and free forms within myocardial cells. Upon myocardial injury, cTnI is released 359 

into peripheral blood [41], displaying high sensitivity and specificity, with significant 360 

elevations detectable within one hour of ischemic damage, thereby serving as an effective 361 

early diagnostic marker for AMI [42]. Prior research on 232 older patients with acute heart 362 

failure found that cTnI levels were significantly higher in the critically ill group compared to 363 

the non-critically ill group, indicating that cTnI is an independent risk factor affecting 364 

prognosis [43]. CK-MB is a type of CK that exists in the myocardium of the human body. It 365 

is released into the peripheral blood during myocardial injury and has a high sensitivity and 366 

specificity. Previous studies have found that CK-MB levels will significantly increase within 367 

the first 6 hours of myocardial infarction and reach their peak within 24 hours. The content of 368 



 

16 
 

CK-MB is positively correlated with the extent of myocardial ischemia [44]. 369 

This study, through meta-analysis, identified significant correlations between CK-MB and 370 

cTnI levels and the incidence of ES post-PCI in patients with AMI. It was found that higher 371 

levels of CK-MB and cTnI were associated with an increased risk of ES in these patients. 372 

CK-MB and cTnI are regarded as crucial clinical markers for assessing myocardial damage, 373 

with their elevated levels indicating more severe myocardial infarction or larger infarct size. 374 

However, research focusing specifically on the relationship between these biomarkers and ES 375 

is limited, with existing studies primarily concentrating on malignant arrhythmias and VT. 376 

The consensus on the relationship between CK-MB, cTnI, and malignant arrhythmias is not 377 

unified, but the majority view them as risk factors for VT or malignant arrhythmias. A 378 

previous study on 80 patients with chronic heart failure revealed a significant correlation 379 

between cTnI and malignant arrhythmias, suggesting cTnI as an effective predictor for 380 

malignant heart rate abnormalities in these patients [45]. Another study detected cTnI levels 381 

in 174 patients with chronic heart failure and monitored 24-hour dynamic electrocardiograms, 382 

finding a close relationship between elevated cTnI levels, ventricular arrhythmias, the 383 

frequency of persistent VT episodes, and the prognosis of patients with chronic heart failure 384 

[46]. Furthermore, a prior investigation of 1120 consecutive hospitalized myocardial 385 

infarction patients indicated that those with persistent monomorphic VT had higher peaks of 386 

CK-MB enzyme activity, suggesting CK-MB as an independent predictor for persistent 387 

monomorphic VT and mortality [47]. Additional studies have found higher CK-MB activity 388 

to be a risk factor for persistent monomorphic VT [48] [49] [50] [51]. However, further 389 

logistic regression analysis revealed they were not independent risk factors. ESs are triggered 390 

by instability in cardiac electrical activity, characterized by persistent VT or VF, classifying 391 

them under malignant ventricular arrhythmias. It is theorized that post-myocardial infarction, 392 

the release of cTnI and CK-MB into peripheral blood can stimulate the vagus nerve, leading 393 
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to decreased heart rate and cardiac output, exacerbating myocardial ischemia and hypoxia. 394 

This condition further elevates cTnI and CK-MB levels, causing significant metabolic 395 

disparities between ischemic and normal myocardial regions. Such disparities induce 396 

inconsistencies in myocardial repolarization, increase the dispersion of ventricular refractory 397 

periods, and facilitate reentrant excitation, triggering multiple episodes of ventricular 398 

arrhythmias and culminating in ESs [52]. 399 

This study, utilizing meta-analysis, elucidated a significant correlation between reperfusion 400 

arrhythmias and the onset of ES in patients undergoing PCI for AMI. Among 340 patients 401 

experiencing reperfusion arrhythmias, 110 developed ES (32.35%), contrasting with only 32 402 

occurrences of ES (8.27%) in 387 patients without reperfusion arrhythmias. This finding 403 

underscores reperfusion arrhythmias as a salient risk factor for ES following PCI in AMI. 404 

Prior research findings [52] suggest that the incidence of arrhythmias during the myocardial 405 

ischemia-reperfusion process can reach up to 80%, predominantly manifesting as VT and VF. 406 

Ischemic conditions lead to the closure of gap junctions between ischemic and normally 407 

perfused myocardium, slowing conduction and increasing heterogeneity, which, combined 408 

with asynchronous dispersion of action potential repolarization, can provoke unidirectional 409 

conduction block and reentrant excitations, culminating in ES. the release of large quantities 410 

of renin from hypertrophied myocytes activates the renin-angiotensin system, leading to an 411 

influx of calcium ions into myocardial cells through L-type calcium channels, causing 412 

intracellular calcium overload and increasing the risk of arrhythmias [53]. Elevated 413 

catecholamine levels following AMI exacerbate sympathovagal imbalance, further elevating 414 

the risk of arrhythmias. The washout and release of lactate accumulated in myocardial cell 415 

gaps during reperfusion after PCI cause a shortening of the refractory period in reperfused 416 

myocardial tissue. Concurrently, the resurgence of blood flow introduces oxygen, free 417 

radicals, and superoxide radicals, initiating a cascade that alters ion pump activity on the cell 418 
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membrane, disrupting intracellular and extracellular ion distribution and local 419 

electrophysiology, destabilizing myocardial cell potential, and lowering the threshold for VF, 420 

leading to persistent ventricular arrhythmias and ultimately ES [54]. 421 

A meta-analysis found that out of 605 patients with persistent hypotension, 132 cases 422 

(21.82%) experienced an ES. Of the 5,863 patients who did not experience persistent 423 

hypotension, 274 cases (4.67%) developed ESs. Therefore, it can be concluded that there is a 424 

significant correlation between persistent hypotension and ESs, which is a risk factor for the 425 

occurrence of ESs in patients with AMI after PCI. This is because the myocardial electrical 426 

activity of patients with myocardial infarction is unstable. Hypotension, especially persistent 427 

hypotension, can lead to VF and trigger an ES. 428 

Moreover, the meta-analysis revealed a marked correlation between persistent hypotension 429 

and the occurrence of ES, identifying it as a significant risk factor for ES following PCI in 430 

AMI. Among 605 patients with persistent hypotension, 132 (21.82%) experienced ES, 431 

compared to 274 (4.67%) out of 5,863 patients without persistent hypotension. This 432 

significant correlation is attributed to the instability of myocardial electrical activity in 433 

myocardial infarction patients, where particularly persistent hypotension can precipitate 434 

ventricular fibrillary vibrations, triggering ES. Additionally, the analysis highlighted a notable 435 

association between the RCA as the IRA and the incidence of ES, deeming it a risk factor for 436 

ES following PCI. Among 124 patients with the RCA as the IRA, 28 (22.58%) developed ES, 437 

compared to 15 (5.40%) out of 278 patients with other arteries as the infarct-related site. 438 

Previous data have shown that patients with RCA occlusion exhibit a higher proportion of 439 

reperfusion arrhythmias during PCI and chronic arrhythmias compared to those with 440 

occlusions in other coronary branches [55] [56]. The significance of RCA as the primary 441 

blood supply to the right atrium and ventricle means that acute occlusion can diminish blood 442 

perfusion to the sinoatrial and atrioventricular nodes, impairing pacing functions and 443 
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conduction, leading to bradycardia or even asystole Prolonged ventricular asystole extends 444 

the Q-T interval, increases sodium influx, and reduces potassium efflux, elongating 445 

ventricular repolarization, destabilizing cardiac electrophysiology, and facilitating reentrant 446 

rapid arrhythmias that precipitate ES [57]. 447 

This study, through meta-analysis, discovered a significant correlation between the diameter 448 

of the IRA and the occurrence of ES following PCI in patients with AMI. As the diameter of 449 

the "culprit" vessel increases, so does the risk of ES, likely due to the influence of the vessel's 450 

diameter on the extent of myocardial ischemia. Typically, a larger vessel diameter means 451 

more myocardial cells are supplied and affected. When infarction occurs in such a vessel, a 452 

larger number of myocardial cells are compromised, leading to more severe myocardial 453 

involvement. Greater myocardial damage increases the probability of electrical instability 454 

during the ischemia-reperfusion process, leading to the potential onset of ES. 455 

The meta-analysis further revealed that among 7,191 patients administered β-blockers, 409 456 

experienced ES (incidence rate of 5.69%), whereas among 897 patients not administered 457 

β-blockers, 103 experienced ES (incidence rate of 11.48%). This outcome indicates that 458 

β-blocker usage can significantly reduce the incidence of ES, serving a protective role. A 459 

meta-analysis highlighted that β-blockers could lower the incidence of VF in heart failure 460 

patients [58]. Numerous clinical studies have reported that β-blocker usage can improve 461 

patient outcomes, reducing the incidence of complications and mortality. β-blockers reduce 462 

sympathetic nervous tension and catecholamine levels, counteracting the toxicity of 463 

catecholaminergic neurotransmitters and enhancing cardiac vagal tone, thereby lowering the 464 

risk of ES. 465 

In this study, among 427 patients with renal dysfunction, 81 experienced ES (18.97%), 466 

whereas among 7661 patients without renal dysfunction, 431 experienced ES (5.63%). Thus, 467 

a significant correlation exists between renal dysfunction and ES, marking it as a risk factor 468 
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for ES following PCI in AMI. Research on the relationship between renal function and ES is 469 

limited, yet numerous reports indicate that renal dysfunction is a risk factor for poor 470 

outcomes in STEMI patients [59]. Specifically, male AMI patients with renal dysfunction 471 

face a 3.771 times higher risk of all-cause mortality compared to those without renal 472 

dysfunction, with a 2.2992 times higher risk of major adverse cardiovascular events [60]. 473 

Renal dysfunction may lead to fluid retention, increasing cardiac load and impacting cardiac 474 

contractility. Studies show a close association between renal dysfunction in AMI patients and 475 

lower ejection fractions, with patients having lower ejection fractions experiencing 476 

significantly higher mortality rates. Moreover, research tracking 1,400 consecutive cases of 477 

patients with VF found that an estimated glomerular filtration rate (eGFR) < 82.5 478 

mL/min/1.73m² was a good predictor of VF recurrence [60]. This condition may be ascribed 479 

to the higher levels of creatinine and urea in their bodies, the accumulation of which 480 

exacerbates acidosis and disturbs calcium-phosphate metabolism, interfering with Na+/K+ 481 

balance in patients with renal dysfunction, which increases the risk of myocardial damage 482 

and electrical instability, and thus induce ES and arrhythmias. 483 

Furthermore, among 26 patients with bradycardia, 6 experienced ES (23.08%), while among 484 

215 patients without bradycardia, 14 experienced ES (6.51%). This significant correlation 485 

indicates that bradycardia is a risk factor for ES following PCI in AMI. Bradycardia is a 486 

common complication of AMI, leading to sinus bradycardia, sinus arrest, sinoatrial block, and 487 

atrioventricular block, all of which can induce bradycardia and serve as a pathological basis 488 

for ES. This finding elucidates why bradycardia emerges as a risk factor for ES following 489 

AMI [61]. 490 

It is noteworthy that research has demonstrated the efficacy of AI in managing diseases 491 

related to coronary artery and atrial fibrillation, facilitating ease in patient risk assessment, 492 

diagnosis, treatment selection, procedural guidance, and remote monitoring [62]. Therefore, 493 
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utilizing AI algorithms to identify risk factors for ES following PCI in patients with AMI 494 

could enhance precision medicine in AMI management, thereby improving treatment 495 

outcomes and reducing mortality. Despite the promising application prospects of AI, its 496 

development is constrained by the need for extensive, high-quality data. 497 

However, due to the limited literature available on risk factors for ES following PCI in AMI, 498 

this study's meta-analysis incorporated a restricted number of publications and case counts. 499 

Furthermore, the inclusion of primarily Chinese-language publications, with fewer 500 

English-language studies, may introduce regional and publication biases, potentially affecting 501 

the quality of evidence in the meta-analysis. Additionally, this study exclusively included 502 

cohort studies, lacking cross-sectional research. For certain risk factors, heterogeneity was 503 

detected among the included studies. Thus, a random effects model was employed to derive 504 

relatively conservative conclusions. Beyond sensitivity analysis, this study did not conduct 505 

further subgroup analyses to explore the sources of heterogeneity. Moreover, due to the 506 

singular mention in the literature, a meta-analysis on some risk factors could not be 507 

conducted, leaving their status as risk factors for ES following PCI in AMI unresolved. 508 

Consequently, there is a need for more in-depth, global research to expand the study scale and 509 

increase sample diversity, thereby supporting our conclusions and enhancing the study's 510 

credibility and accuracy for clinical application. 511 

 512 

CONCLUSION 513 

In summary, TIMI flow grades of 0-1, levels of cTnI, persistent hypotension, reperfusion 514 

arrhythmias, the RCA as the IRA, the diameter of the IRA, renal dysfunction, levels of 515 

CK-MB, and bradycardia are identified as risk factors for the occurrence of ES following PCI 516 

in patients with AMI. Patients presenting these risk factors warrant special clinical attention. 517 

Early risk assessment for these factors is crucial for reducing mortality rates in AMI patients. 518 



 

22 
 

Furthermore, the use of β-blockers is recognized as a protective factor against ES following 519 

PCI in AMI (Figure 12). 520 
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TABLES AND FIGURES WITH LEGENDS 728 

Table 1. Basic characteristics of the included studies 729 

First 

author 

Year N ES 

incidence 

Diseases Risk factors 

Wang ZM 

[16] 

2018 142 
28 

(19.72%) 

Acute myocardial infarction ECG J wave, cardiac troponin I, TIMI flow grade, and persistent hypotension 

Yao J [17] 2016 2343 
183 

(7.81%) 

ST-segment elevation 

myocardial infarction 

Left ventricular ejection fraction 35%, renal function, use of β -blockers, TIMI risk score 8 to 14 

Jiao FX [18] 2015 168 23 

(13.69%) 

Acute ST-segment elevation 

myocardial infarction 

Creatine kinase isoenzyme (CK-MB), TNI values, infarct-related artery (IRA), TIMI flow grade, 

and persistent intraoperative hypotension 

He SH [19] 2014 280 
19 

(6.79%) 

Acute myocardial infarction Troponin I (TNI values), TIMI grade, and persistent hypotension 

Sun QB  

[20] 

2014 253 52 

(20.55%) 

Acute ST-segment elevation 

myocardial infarction 

Reperfusion with arrhythmia, BNP, and renal insufficiency 

Zhang J [21] 2013 120 11 

(9.17%) 

Sexual ST-segment elevation 

type of myocardial infarction 

Creatine kinase isoenzyme CK-MB value, troponin I (TNI value), infarct-related artery IRA were 

right coronary artery, TIMI grade, bradycardia (less than or equal to 45 beats / min), and 

persistent hypotension 

Xu JR [22] 2012 41 7 

(17.07%) 

Acute myocardial infarction Infarct-related artery diameter, TIMI flow grade, and reperfusion arrhythmia after opening of the 

infarction-related artery 

Li XT [23] 2011 114 
9 (7.9%) 

ST-segment elevation 

myocardial infarction 

CK-MB values, TNI values, and IRA were the right coronary artery, TIMI flow grade, 

bradycardia, and persistent hypotension 

Zhou T [24] 2010 228 39 

(17.11%) 

Acute myocardial infarction Infarct-related artery diameter, flow TIMI grade after infarction-related artery opening, 

reperfusion arrhythmia 

Liu JN [25] 2009 205 44 

(21.46%) 

Acute myocardial infarction Reperfusion arrhythmia, newly emerging AV block 

Rajendra 

H [26] 

2009 5772 329 

(5.7%) 

ST-segment elevation 

myocardial infarction 

Persistent hypotension, less than ST segment, 70% decrease, baseline heart rate greater than 70 / 

min, total baseline ST deviation, grade 3 TIMI flow after PCI, grade 0 TIMI flow before PCI, 

within 24 hours 

N: Case number; ES: Electrical storm; ECG: Electrocardiogram; PCI: Percutaneous coronary intervention; TIMI: Thrombolysis in myocardial infarction; TNI: 730 

Troponin I; AV block: Atrioventricular block; CK-MB: Creatine kinase isoenzyme; IRA: Infarct-related artery. 731 
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Table 2. Basic characteristics of patients in the included studies 732 

First 

author 

Yea

r 

ES Non-ES 

Ages(Y) Male (%) HBP(%) Diabetes(

%) 

Hyperlipidemia

(%) 

Smoke(

%) 

Ages(Y) Male (%) HBP(%) Diabetes(

%) 

Hyperlipidemia

(%) 

Smoke(

%) 

Wang 

ZM [16] 

201

8 

72.58±7.3

2 

18(64.3) 18(64.3) 16(57.1) 15(53.6) 15(53.6) 70.84±5.2

6 

75(65.8) 72(63.2) 68(59.6) 54(47.4) 60(52.6) 

Yao J 

[17] 

201

6 

59.2±11.4 158(86.3) 97(53.0) 57(31.1) NA 121(66.1

) 

57.8±12.2 633(75.6) 1162(53.8) 580(26.9) NA 1330(61.

6) 

Jiao 

FX [18] 

201

5 

56.2±10.5 18(78.3) NA NA NA NA 57.4±9.7 119(82.1) NA NA NA NA 

He SH 

[19] 

201

4 

62.4±5.1 12（63.2） 18（94.5） 7（36.8） 16（84.2） 10（52.6） 63.6±57.2 172（65.9） 166（63.6） 92（35.2） 156（59.8） 78（29.9） 

Sun 

QB  

[20] 

201

4 

63.44±10.

71 

40(76.9) NA NA NA NA 59.82±10.

83 

155(77.1) NA NA NA NA 

Zhang 

J [21] 

201

3 

Undefined 

Xu JR 

[22] 

201

2 

70.3±9.8 NA NA NA NA NA 51.5±12.3 NA NA NA NA NA 

Li XT 

[23] 

201

1 

56.1±11.5 8(88.9) 4(44.4) 2(22.2) 5(55.6) 4(44.4) 58.4±10.9 83(79.0) 50(47.6) 22(21.0) 53(50.5) 44(3.8) 

Zhou T 

[24] 

201

0 

69.7±10.3 32(82.1) NA NA NA NA 50.9±12.8 135(71.4) NA NA NA NA 

Liu JN 

[25] 

200

9 

31(>60) 40(90.1) 5(11.3) 17(38.6) NA NA 86(>60) 131(81.4) 21(13.0) 66(41.0) NA NA 

Rajend

ra H 

[26] 

200

9 

64

（53-72） 

239（75.4） 162（49.2） 61（18.5） 131(52.8) 134(41.0

) 

61

（52-71） 

4278

（77.0） 

2677

（49.4） 

852（15.7） 2049(49.5) 2344(43.

4) 

ES：Electric storm；HBP：High blood pressure；NA：Not Available. 733 
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Table 3. The scoring of included studies was conducted using The Newcastle-Ottawa Scale (NOS). 734 

First author Year 

Selection of study population 

Comparability between groups 

Measurement of exposure factors 

Scores 

① ② ③ ④ ⑤ ⑥ ⑦ 

Wang ZM [16] 2018 
1 1 1 1 1 1 1 1 8 

Yao J [17] 2016 
0 1 1 1 1 1 1 1 7 

Jiao FX [18] 2015 1 1 1 1 1 1 1 0 7 

He SH [19] 2014 
1 1 1 1 1 1 1 1 8 

Sun QB  [20] 2014 1 1 1 1 1 1 1 0 7 

Zhang J [21] 2013 1 0 1 1 1 1 1 0 6 

Xu JR [22] 2012 1 0 1 1 1 1 1 0 6 

Li XT [23] 2011 1 1 1 1 1 1 1 1 8 

Zhou T [24] 2010 1 1 1 1 1 1 1 1 8 

Liu JN [25] 2009 1 1 1 1 1 1 1 1 8 

Rajendra H [26] 2009 1 1 1 1 1 1 1 1 8 

Note: ①Appropriateness of cases; ②Representativeness of cases; ③Selection of controls; ④Determination of controls; ⑤Determination of factors; ⑥Same 735 

method; ⑦Non-response rate. 736 

 737 



 738 

 739 
Figure 1. Flowchart of literature selection process. 740 

 741 

 742 

 743 
Figure 2. Forest plot of meta-analysis on the association between TIMI blood flow grade 744 

and ES following PCI in AMI. A) Forest plot of TIMI blood flow grading and ES following 745 

PCI in AMI; B) Evaluating publication bias using a funnel plot; C) Sensitivity analysis. TIMI: 746 

Thrombolysis in myocardial infarction; ES: Electric storm; PCI: Percutaneous coronary 747 

intervention; AMI: Acute myocardial infarction.  748 
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 749 

Figure 3. Forest plot of meta-analysis on the association between cTnI and ES Following 750 

PCI in AMI. A) Forest plot depicting the association between cTnI and ES Following PCI in 751 

AMI. B) Funnel plot assessing publication bias. C) Sensitivity analysis. cTnI: Cardiac 752 

troponin I; ES: Electric storm; PCI: Percutaneous coronary intervention; AMI: Acute 753 

myocardial infarction. 754 

 755 

 756 

 757 

Figure 4. Forest plot of meta-analysis on the association between persistent hypotension 758 

and ES following PCI in AMI. A) Forest plot of the association between persistent 759 

hypotension and the occurrence of ES Following PCI in AMI. B) Funnel plot for evaluating 760 

publication bias. C) Sensitivity analysis. ES: Electric storm; PCI: Percutaneous coronary 761 

intervention; AMI: Acute myocardial infarction. 762 

 763 
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 764 

Figure 5. Forest plot of meta-analysis on the association between reperfusion 765 

arrhythmia and ES following PCI in AMI. A) Forest plot of the association between 766 

reperfusion arrhythmia and ES Following PCI in AMI. B) Funnel plot assessing publication 767 

bias. C) Sensitivity analysis. ES: Electric storm; PCI: Percutaneous coronary intervention; 768 

AMI: Acute myocardial infarction. 769 

 770 

 771 

Figure 6. Forest plot of meta-analysis on the association between IRA as RCA and ES 772 

Following PCI in AMI. A) Forest plot of the IRA as the RCA and the occurrence of ES 773 

Following PCI in AMI; B) Funnel plot for assessing publication bias; C) Sensitivity analysis. 774 

IRA: Infarct-related artery; RCA: Right coronary artery; ES: Electric storm; PCI: 775 

Percutaneous coronary intervention; AMI: Acute myocardial infarction. 776 

 777 
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 778 

Figure 7. Forest plot of meta-analysis on the association between IRA diameter and ES 779 

following PCI in AMI. A) Forest plot of the IRA diameter and ES Following PCI in AMI; B) 780 

Funnel plot assessing publication bias; C) Sensitivity analysis. IRA: Infarct-related artery; ES: 781 

Electric storm; PCI: Percutaneous coronary intervention; AMI: Acute myocardial infarction. 782 

 783 

 784 

Figure 8. Forest plot of meta-analysis on the association between renal insufficiency and 785 

ES following PCI in AMI. A) Forest plot of renal dysfunction and ES Following PCI in AMI; 786 

B) Funnel plot for evaluating publication bias; C) Sensitivity analysis. ES: Electric storm; 787 

PCI: Percutaneous coronary intervention; AMI: Acute myocardial infarction. 788 

 789 
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 790 

Figure 9. Forest plot of meta-analysis on the association between the use of β-blockers 791 

and ES following PCI in AMI. A) The forest plot of renal insufficiency and ES following 792 

PCI in AMI. B) Publication bias evaluated using a funnel plot. C) Sensitivity analysis. ES: 793 

Electric storm; PCI: Percutaneous coronary intervention; AMI: Acute myocardial infarction. 794 

 795 

 796 

Figure 10. Forest plot of meta-analysis on the association between the use of β-blockers 797 

and ES following PCI in AMI. A) Forest plot of CK-MB and ES following PCI in AMI. B) 798 

Funnel plot evaluating publication bias. C) Sensitivity analysis. ES: Electric storm; PCI: 799 

Percutaneous coronary intervention; AMI: Acute myocardial infarction; CK-MB: Creatine 800 

kinase MB. 801 

 802 
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 803 

Figure 11. Forest plot of meta-analysis on the association between bradycardia and ES 804 

following PCI in AMI. A) Forest plot of bradycardia and ES following PCI in AMI. B) 805 

Funnel plot evaluating publication bias. C) Sensitivity analysis. ES: Electric storm; PCI: 806 

Percutaneous coronary intervention; AMI: Acute myocardial infarction. 807 

 808 

 809 

Figure 12. Risk and Protective Factors for ES Following PCI in AMI. ES: Electric storm; 810 

PCI: Percutaneous coronary intervention; AMI: Acute myocardial infarction. 811 

 812 

 813 


