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ABSTRACT

Cardiac rupture (CR) is a complication of acute
myocardial infarction (AMI) that is associated with a
high mortality rate. This study aimed to identify the
risk factors for CR in patients with AMI. Medline,
Cochrane, EMBASE, and Google Scholar databases
were searched for relevant literature published
through September 16, 2018. Eligible studies
included patients with AMI and compared factors
between patients with and without CR. Sixteen
studies were identified and included in the meta-
analysis. Results revealed that female gender (pooled
OR=2.72,95% Cl 2.04 t0 3.63, p<0.001), older age
(pooled difference in means=6.91, 95% Cl 4.20to
9.62, p<0.001), infarction at left anterior descending
coronary artery (LAD) (pooled OR=1.85, 95% CI
1.03t0 3.32, p=0.039), and anterior wall infarction
(pooled OR=1.87, 95% Cl 1.30to 2.68, p=0.001)
were associated with increased risk of CR, whereas
history of MI, smoking, and multivessel disease were
associated with reduced risk of CR. Patients treated
with primary percutaneous coronary intervention
(PCI) had reduced risk of CR, while patients who had
received any thrombolysis had increased risk of CR.
In conclusion, results of systematic review and meta-
analysis of existing literature suggest that risk factors
for CR in patients with AMI include female gender,
older age, new-onset MI, non-smoking status, LAD
infarction, anterior wall infarction, and single-vessel
disease. Furthermore, treatment with primary PCl
may help reduce the risk for CR, while thrombolysis
might increase the risk for CR.

INTRODUCTION
Cardiac rupture (CR) is a complication of acute
myocardial infarction (AMI) that can lead to
poor prognosis, and is the second most frequent
cause of death in patients with myocardial
infarction (MI)." * CR-related death occurs in
as many as 2% of patients with ST-elevation
myocardial infarction (STEMI).> Due to its
negative impact on morbidity and mortality,
diagnosis and treatment of CR early in the
disease progress are critical.®

CR is classified as ventricular septal rupture
(VSR), free wall rupture (FWR), or papillary
muscle rupture according to the site of occur-
rence. The diagnostic method of CR varies
according to the occurrence site. Abnormal
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What is already known about this subject?

» Female patients have an increased risk of
cardiac rupture (CR) compared with male
patients.

» Older patients have a higher risk of
CR compared with younger patients.

» Although hypertension is commonly
considered a risk factor for CR, some
studies reported that patients with
hypertension have lower risk of CR than
patients without hypertension.

What are the new findings?

» Patients with infarction involving the left
anterior descending coronary artery or
anterior wall had an increased risk of CR.

» History of myocardial infarction, smoking,
and multivessel disease were associated
with reduced risk of CR.

» Patients treated with primary percutaneous
coronary intervention had a reduced risk of
cardiac rupture, while patients treated with
any thrombolysis had an increased risk of
CR.

How might these results change the focus

of research or clinical practice?

» These findings may aid in the identification
of patients with acute myocardial infarction
at increased risk of CR in future clinical
practice, and further studies are warranted
to investigate differences in risk factors
for the various subtypes of CR, the impact
of timing of reperfusion on CR risk, and
biomarkers useful for the prediction of
CR risk.

shunt flow at the interventricular septum on
color Doppler echocardiography suggests
VSR. FWR is diagnosed via pericardiocentesis
followed by echocardiography, and is further
classified as blow-out type or oozing type based
on echocardiography, electrocardiography, and
blood pressure findings. Echocardiography
is the gold standard method for diagnosis of
papillary muscle rupture.

Clinical symptoms of CR include recur-
rent chest pain, syncope, and distension of the
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jugular vein, though sudden death from CR may occur in
the absence of any symptoms or signs.* Therefore, iden-
tification of patients at high risk for CR is important for
early diagnosis and intervention. Several studies have
revealed risk factors for CR, including female gender and
older age.’® Results regarding the association between
hypertension (HTN) and risk of CR have been conflicting.®®
A comprehensive study for potential risk factors of CR in
patients with AMI, in whom CR is particularly unfavorable,
is lacking. In this study, we performed a meta-analysis to
determine the risk factors for CR in patients with AMI.

MATERIALS AND METHODS

Search strategy

Following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines,'® the Medline,
Cochrane, EMBASE, and Google Scholar databases were
searched for literature published up to September 16, 2018
using combinations of the following keywords: cardiac
rupture, ventricular septal rupture, left ventricular rupture,
free wall rupture, papillary muscle rupture, ventricular
pseudoaneurysm, ventricular septal defect, acute mitral
regurgitation, myocardial infarction, predictive factors,
and risk factors. References in relevant articles were hand-
searched for additional eligible publications. The inclusion
criteria were: (1) all included patients were diagnosed with
AMI; (2) factors between CR and non-CR patients were
compared; and (3) outcomes were reported according
to studied risk factors. The exclusion criteria were: (1)
letters, comments, editorials, proceeding, and personal
communication; (2) non-comparative single-arm study
design; (3) inclusion of patients without AMI; and (4) lack
of quantitative outcomes.

Data extraction

Data extraction was performed independently by 2
reviewers. A third reviewer was consulted if there was any
disagreement. Data on study design, demographic charac-
teristics, medical history, treatments, and outcomes were
extracted.

Quality assessment

Two independent reviewers assessed the quality of included
studies using the Cochrane risk of bias assessment tool
for non-randomized studies of interventions (ACRO-
BAT-NRSI).!" A third reviewer was consulted in case of
disagreement.

Statistical analysis

The evaluated risk factors associated with CR complicating
AMI were gender, age, medical history including HTN,
diabetes mellitus, dyslipidemia, history of MI, history of
angina and previous percutaneous coronary intervention
(PCI), previous coronary artery bypass graft, smoking
status, medication use including statin, B-blocker, ACE
inhibitor (ACEI)/angiotensin receptor blocker (ARB),
thrombolysis and dual antiplatelet treatment, vessel and site
of infarction, and primary PCI. Risk factors were estimated
by the difference in means or OR and their corresponding
95% ClIs for each individual study as well as the pooled
data. A y*-based test of homogeneity was performed and

the inconsistency index (I?) and Q statistics were deter-
mined. Studies were considered to be heterogeneous or
highly heterogeneous if I* was >50% or >75%, respec-
tively. Studies were considered to be homogeneous if I*
was <25%. The random effects method was used to pool
study findings since the effects, regardless of risk factor,
originated from the same sample of studies. Pooled effects
were calculated and a two-sided p value <0.05 was consid-
ered statistically significant. Sensitivity analysis was carried
out using the leave-one-out approach to determine the
robustness of the outcomes. Publication bias was assessed
by constructing funnel plots via Egger’s test. A symmetrical
funnel-shaped distribution of data points with one-tailed
significance level of p>0.05 indicated the absence of publi-
cation bias. If publication bias existed, adjusted effect sizes
were calculated after consideration of publication bias using
Duval and Tweedie’s ‘trim and fill’ procedure.'* All analyses
were performed using Comprehensive Meta-Analysis statis-
tical software, V.2.0 (Biostat, Englewood, NJ, USA).

RESULTS

Basic characteristics of patients in included studies
Keyword searches initially identified 900 articles, of which
819 were excluded after title and abstract screening. Full-
text review of the remaining 81 articles was conducted, and
65 publications were further excluded due to the following
reasons: lack of comparison; lack of outcome of interest;
abstract only; inclusion of only patients with fatal MI;
duplicated populations; presented as letter, editorial, or
meta-analysis (figure 1).

Therefore, 16 studies met the eligibility criteria and
were included in the systematic review and meta-anal-
ysis.! 2 322 All included studies were retrospective in
design. The number of patients with MI included in each
study ranged from 37 to 148,881 (total n=242,618). The
characteristics and outcomes of patients in the included
studies are summarized in table 1. Patients’ age ranged from
61 to 78.3 years. The occurrence rate of CR ranged from
0.20% to 24.32%.

Meta-analysis

Results of meta-analysis for the association between
female gender and the risk of CR are illustrated as a forest
plot in figure 2A. There was high heterogeneity among the
16 studies (heterogeneity test: Q=108.27, [*=86.15%).
The overall analysis revealed that female gender was
significantly associated with increased risk of CR (pooled
OR=2.72,95%CI 2.04 to 3.63, p<0.001).

For evaluation of age as a risk factor of CR, Ruiz-Bailén et
al’ were excluded as age was not reported in this study. The
remaining 15 studies were highly heterogeneous (hetero-
geneity test: Q=482.95, ’=96.34%). The overall analysis
revealed that older age was significantly associated with
increased risk of CR (pooled difference in means=6.91,
95%CI 4.20t0 9.62, p<0.001, figure 2B).

The forest plot for HTN as a risk factor shows a rela-
tively high level of heterogeneity among the 13 studies
(heterogeneity test: Q=142.29, 1’=91.96%), and the
pooled data revealed that HTN was not associated with
CR (pooled OR=1.16, 95%CI 0.73to 1.84, p=0.535,
figure 2C). Only 9 studies reported history of MI, and there
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Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.

was no significant heterogeneity among the studies (hetero-
geneity test: Q=12.52, 1*°=36.08%). The overall analysis
revealed that history of MI was significantly associated with
reduced risk of CR (pooled OR=0.61, 95% CI 0.40to 0.93,
p=0.021, figure 2D).

A forest plot illustrating the association between infarc-
tion involving the left anterior descending coronary artery
(LAD) and the risk of CR is given in figure 3A. The overall
analysis revealed that LAD involvement was associated with
increased risk of CR (pooled OR=1.85, 95%CI 1.03to
3.32, p=0.039); although the 9 studies included in the
analysis were highly heterogencous (heterogeneity test:
Q=39.70, [*=79.85%). There was a high level of hetero-
geneity among the 10 studies that provided information
on anterior wall infarction (heterogeneity test: Q=58.09,
1>=84.51%). The overall analysis revealed that anterior wall
infarction was significantly associated with increased risk
of CR (pooled OR=1.87, 95%CI 1.30to 2.68, p=0.001,
figure 3B).

Moderate heterogeneity was found among the 8 studies
that reported on the presence of multivessel disease
(heterogeneity test: Q=12.90, I*=45.72%).Results of
meta-analysis showed that patients with multivessel disease

had significantly reduced risk of CR (pooled OR=0.54,
95%CI 0.35to 0.86, p=0.009, figure 3C).

In addition, patients with history of smoking (pooled
OR=0.40, p<0.001), B-blocker usage (pooled OR=0.40,
p=0.021), ACEI/ARB usage (pooled OR=0.62, p=0.001),
infarction involving the right coronary artery (RCA)
(pooled OR=0.66, p=0.018), and treatment with primary
PCI (pooled OR=0.33, p=0.001) had significantly reduced
risk of CR (table 2). However, patients with Killip class IV
MI (pooled OR=10.14, p<0.001), left main (LM) coro-
nary artery involvement (pooled OR=5.51, p<0.001), and
treatment with thrombolysis (pooled OR=2.03, p=0.002)
had significantly increased risk of CR (table 2).

Sensitivity analysis

Sensitivity analyses were performed using the leave-one-out
approach in which the meta-analyses for female gender,
age, HTN, history of MI, LAD involvement, anterior wall
infarction, and multivessel disease were performed with
each study removed in turn (online supplementary table 1).
For female gender, age, HTN, and anterior wall infarction,
the direction and magnitude of combined estimates did not
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Table 1 Summary of basic characteristics and outcome of selected studies for meta-analysis
ST elevation History of
First author (yr) Time Group Patients (n) (%) Female (%)  Age (y) HTN (%) DM (%) Dyslipidemia (%)  Smoking (%)  MI (%)
Chang’ (2016) 1999-2013 FWR 24 100.0 29.2 72.8 50.0 458 12.5 25.0 NA
Control 1521 238 63.1 53.6 385 42.5 42.1 NA
Nozoe® (2014) 2005-2011 LVR 36 88.9 44.4 746 30.6 222 NA NA 0.0
VSR 19 89.5 57.9 78.2 105 212 NA NA 0.0
FWR 17 88.2 294 70.6 52.9 235 NA NA 0.0
Control 1254 75.3 29.0 69.9 75.4 36.4 NA NA 11.8
Qian® (2014) 2011-2013 CR 178 100.0 449 67 60.7 27.0 22.5 33.1 NA
Control 9620 19.3 61 52.7 24.0 17.4 53.0 NA
Ledakowicz-Polak® (2011) 2004-2006 VSR 13 100.0 69.2 721 76.9 53.9 NA 231 NA
Control 1822 282 61.2 50.8 320 NA 56.0 NA
Ptaszyriska- 2000-2007 CR 23 100.0 478 66.3 NA NA NA NA NA
s () Control 255 259 611 NA NA NA NA NA
French®' (2010) 2004-2006 FWR 30 100 60.0 74 60.0 20.0 36.7 20.0 6.7
PMR 15 40.0 68 40.0 133 20.0 333 133
VSR 10 70.0 72 70.0 20.0 40.0 40.0 0.0
Control 5693 22.8 61 49.4 15.9 38.0 43.2 121
Moreyra'® (2010) 1990-2007 VSR 408 100.0 51.5 n 284 17.9 NA NA NA
Control 148,473 385 67 45.6 24.0 NA NA NA
Ruiz-Bailén’ (2010) 1996-2005 CR 477 NA 421 NA 52.2 27.7 23.7 36.5 8.0
Control 16,338 243 NA 45.6 28.6 321 56.8 17.2
Rigatelli' (2008) 2005-2007 LVR " NA 81.8 77 NA NA NA NA NA
Control 337 43.0 76 NA NA NA NA NA
KatElyElmEl16 (2006) NA CR 1" NA 63.6 76 63.6 63.6 45.5 NA 18.2
Control 422 320 69 56.0 33.0 42.9 NA 14.0
0Okino'7 (2005) 1985-2003 FWR 24 NA 58.3 70.8 375 333 83 29.2 0.0
Control 3042 27.3 66.1 453 29.7 22.0 459 10.0
Yip'® (2004) 1993-2003 VSR 21 NA 76.2 741 81.0 286 38.1 9.5 9.5
Control 1916 171 61.5 486 28.0 434 56.8 9.6
Solodky‘4 (2001) 1996 CR 58 NA 483 n 53.4 293 NA 224 19.0
Control 2319 249 62.3 40.7 246 NA 35.9 225
Crenshaw? (2000) 1990-1993 VSR 84 NA 57.1 72 57.1 214 NA 131 11.9
Control 40,937 25.2 61 37.9 14.6 NA 42.7 16.4
Becker' (1996) 1990 CR 870 NA 49.5 70.6 NA NA NA NA NA
Control 6303 44.7 70.4 NA NA NA NA NA
Ueda'® (1996) 1990-1995 CR 9 NA 222 67.5 88.9 NA NA NA 11.0
Control 28 25.0 62.8 60.7 NA NA NA 0.0

CR, cardiac rupture; DM, diabetes mellitus; FWR, free wall rupture; HTN, hypertension; LVR, left ventricular rupture; MI, myocardial infarction; NA, not available; PMR, papillary muscle rupture; VSR, ventricular septal rupture.

vary markedly with the removal of individual studies, indi-
cating that the meta-analysis was robust and the data were
not overly influenced by any individual study.

Pooled OR of multivessel disease remained <1 after
each study was removed in turn. Although the OR became
non-significant (borderline p value) with the removal
of Nozoe et al,’ all others remained significant, which
indicates no obvious influence of any individual study
on the pooled estimate. For history of MI, pooled OR
remained <1 after sensitivity analysis, though removal
of French et al*' and Crenshaw et al** resulted in border-
line non-significant p values. Removal of Ruiz-Bailén et
al,” however, resulted in a non-significant pooled OR,
suggesting that the pooled estimates for history of MI might
be affected by this individual study.

Likewise for infarction involving the LAD, pooled OR
remained >1 after each study was removed, although p
values became borderline non-significant with removal
of Ptaszyfiska-Kopczynska et al® and Katayama et al,'® and
became non-significant with removal of Nozoe et al,’ Leda-
kowicz-Polak et al,?® Yip et al,'"® and Crenshaw et al.”
Therefore, pooled estimates for LAD involvement might be
affected by these 4 studies (online supplementary table 1).

Publication bias

Evaluation of publication bias suggested presence of bias
for female gender (t=2.683, one tailed, p=0.009, online
supplementary figure 1A). Simulation by the ‘trim and fill’
method was employed to determine missing studies based on
the random effects model, and the imputed point estimate
was changed to 2.45 (95% CI 1.84to 3.26). Publication
bias was also found for age (t=5.720, one tailed, p<0.001,
online supplementary figure 1B), and the adjusted point
estimate was modified to 1.24 (95% CI —1.16 to 3.68)
with simulation via the ‘trim and fill’ method. As shown in
online supplementary figure 1C, there was no significant
evidence of publication bias in regard to HTN via Egger’s
test (t=0.600, one tailed, p=0.280).

Additional specific subgroup analysis

Risk factors associated with the occurrence of CR within
specific subgroups are summarized in table 3. In the VSR
subgroup, female gender (pooled OR=4.49, p<0.001), older
age (pooled mean difference=9.12, p<0.001), and LAD
involvement (pooled OR=2.93, p=0.001) were significantly
associated with increased risk of VSR. In patients with STEMI,
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A. Female gender

First author (year) Statistics for each study Relative
Odds ratio with 95% CI eight
o Tover Upper oo o weighi
Oddsratio """ P Z-Value  P-Value
Chang (2016) 132 054 321 0.61 0.539 — 5.084
Nozoe (2014) 1.67 1.05 268 215 0.032 == 7.795
Qian (2014) 341 253 460 802 <0001 - 8.889
. P e ]
Ledakowicz-Polak (2011)  5.72 175 1865 289 0.004 3703
——
Ptaszynska (2011) 262 L0 622 218 0.029 5213
French (2010) 437 256 746 541 <0.001 - —— 7.350
Moreyra (2010) 1.70 140 206 533 <0.001 - 9413
Ruiz-Bailén (2010) 227 188 273 865 <0.001 9.451
Rigatelli (2008) 596 127 2798 226 0.024 TSR 2.564
Katayama (2006) 371 L07 1290 206 0.039 3.466
Okino (2005) 3712 165 841 316 0.002 —— 5.500
Yip (2004) 15.52 565 4267 531 <0.001 el — 4.445
Solodky (2011) 282 167 476 388 <0.001 i 7423
Crenshaw (2000) 395 256 609 622 <0001 =il 8.049
Becker (1996) 121 105 140 266 0.008 9.606
Ueda (1996) 0.86 014 513 017 0.865 2050
Pooled effect 272 204 363 682 <0.001 >
0.01 01 1 10 100
Decreasing cardiac rupture Increasing cardiac rupture
Heterogeneity test: Q = 108.27, df = 15, P < 0.001, I-square = 86.15%
B. Age
First author (year) Statistics for each study Relative
Difference in means with 95% CI
Difference Lower _ Upper weight
K o PPEC Z-Value  P-Value
inmeans _limit __limit
Chang (2016) 9.70 453 1487 368 <0.001 6268
Nozoe (2014) 471 168 773 305 0.002 —_— 7377
Qian (2014) 6.00 408 792 612 <0.001 o 7.803
Ledakowicz-Polak 2011)  10.89 450 1728 334 0.001 5.596
Ptaszynska (2011) 520 031 1009 208 0.037 I 6422
French (2010) 1136 885 1388 836 <0.001 =S 7.590
Moreyra (2010) 4.00 264 536 577 <0.001 == 7.958
Rigatelli (2008) 100 -1627 1827 011 0910 1.891
Katayama (2006) 700 007 1417 191 0.056 - 5179
Okino (2005) 470 000 940 196 0.050 e ] 6.529
Yip (2004) 1260 759 1761 493 <0.001 8 6357
Solodky (2001) 870 532 1208 505 <0001 == 7213
Crenshaw (2000) 1,00 907 1293 1120 <0001 L= 7.801
Becker (1996) 020 019 021 3297 <0001 8.121
Ueda (1996) 4.70 3.10 630 575 <0.001 == 7.896
Pooled effect 691 420 962 500 <0001 -
-20.00 -10.00 0.00 10.00 20.00
Decreasing cardiac rupture Increasing cardiac rupture
Heterogeneity test: Q = 382.95, df = 14, P < 0.001, I-square = 96.34%
C. Hypertension
First author (year) Statistics for each study i
0dds ratio with 95% CI Relative
1o Lover Upper , v weight
Oddsratio " 0WCT PRCT ZValue  P-Value
Chang (2016) 087 028 270 025 0.803 6249
Nozoe (2014) 014 009 024 750 0.000 i 8.959
Qian (2014) 1.39 1.02 1.88 211 0.035 9.625
Ledakowicz-Polak 2011) 3.2 088 1175 177 0.076 - 5.621
French (2010) 132 078 226 103 0304 8.855
Moreyra (2010) 046 037 057 710 0.000 L 9.825
Ruiz-Bailén (2010) 130 109 156 284 0.004 (- 9.887
Katayama (2006) 137 040 476 050 0.617 g 5815
Okino (2005) 072 032 166 -076 0.446 e 7.587
Yip (2004) 451 151 1346 270 0.007 — g 6425
Solodky (2001) 167 099 282 192 0.055 e 8.899
Crenshaw (2000) 218 142 336 353 0.000 == 9230
Ueda (1996) 517 056 4772 145 0.147 3.023
Pooled effect 116 073 184 062 0535 e
0.01 0.1 1 10 100
Decreasing cardiac rupture Increasing cardiac rupture
Heterogeneity test: Q = 142.29, df = 12, P < 0.001, I-square =91.96%
D. History of myocardial infarction
First author (year) Statistics for each study
0dds ratio with 95% CI ‘ff:;f
Odds  Lower Upper
rato limit__timig 2 Value  P-Value
Nozoe (2014) 005 000 083  -2.09 0.037 2131
French (2010) 057 021 158 -1.08 0280 — 11.698
Ruiz-Bailén (2010) 042 030 058 512 <0.001 - 30733
Katayama (2006) 137 029 648 039 0.694 —— 6.072
Okino (2005) 018 001 302 -L19 0236 2103
Yip (2004) 099 023 428 002 0988 — 6701
Solodky (2001) 081 042 157 063 0529 19.475
Crenshaw (2000) 0.69 03 133 LI 0268 19.540
Ueda (1996) 9.98 037 26884 137 0171 1.546
Pooled effect 061 040 093 231 ol P | |
0.01 0.1 ¥ 10 100
Decreasing cardiac rupture Increasing cardiac rupture

Heterogeneity test: Q = 12.52, df = 8, P =0.130, I-square = 36.08%

Figure 2 Meta-analysis for outcomes. (A) Female gender; (B) age; (C) hypertension; and (D) history of myocardial infarction.
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First author (year) Statistics for each study Relative
Odds ratio LT UPPEr o o pValue Odds ratio with 95% CI welght
limit ___ limit
Chang (2016) 0.67 0.30 151 097 0.334 11.491
Nozoe (2014) 4.14 243 7.05 523 0.000 == 13.193
Ledakowicz-Polak (2011) 4.49 123 1637 228 0.023 —— 8.586
Ptaszynska (2011) 2.00 0.85 472 1.59 0.113 11.233
French (2010) 0.64 0.37 L0 -16l 0.107 13.151
Katayama (2006) 1.80 0.52 6.23 0.92 0.355 8.872
Okino (2005) 0.90 0.40 2.01 -0.26 0.792 11.558
Yip (2004) 4.65 137 1584 246 0.014 s 8.975
Crenshaw (2000) 3.12 175 5.56 3.86 0.000 = 12.940
Pooled effect 185 1.03 332 2.06 0.039
0.01 0.1 1 10 100
Decreasing cardiac rupture Increasing cardiac rupture
Heterogeneity test: Q=39.70, df = 8, P < 0.001, I-square =79.85%
B. ant. Wall Infarction
First author (year) Statistics for each study N
0dds ratio with 95% CI Relaghe
. Lower Upper welg
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Figure 3 Meta-analysis for outcomes. (A) LAD involvement; (B) anterior wall infarction; and (C) multivessel involvement. ant, anterior;

LAD, left anterior descending coronary artery.

only female gender (pooled OR=2.71, p<0.001) and older
age (pooled mean difference=7.51, p<0.001) were signifi-
cantly associated with increased risk of CR. Furthermore,
female gender (pooled OR=3.16, p<0.001) and older age

(pooled mean difference=7.30, p<0.001) were significant
independent risk factors for increased risk of CR in studies
published after 2000. Patients with multivessel disease had
decreased risk of CR in the VSR subgroup (pooled OR=0.36,
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Table 2 Meta-analysis of selected studies

Rick factors Studies (n) Q statistics 12 (%) Pooled effect size with 95% Cl P values
DM 12 25.65 57.12 1.01 (0.85 to 1.35) 0.565
Dyslipidemia 7 19.15 68.66 0.74 (0.49 10 1.12) 0.159
Previous PCl 2 2.74 63.44 0.21 (0.02 to 2.30) 0.199
Previous CABG 3 0.50 0.00 0.96 (0.41 t0 2.25) 0.929
History of angina 2 0.23 0.00 0.71(0.44 t0 1.17) 0.179
Smoking 9 11.87 32.63 0.40 (0.32 to 0.50) <0.001
Killip IV 7 20.08 70.11 10.14 (9.14 to 14.39) <0.001
Statin use 2 3.76 73.42 0.22 (0.02 to 3.23) 0.269
B-blocker use 3 23.41 91.46 0.40 (0.18 to 0.87) 0.021
ACEI/ARB use 3 4.06 50.74 0.62 (0.47 t0 0.82) 0.001
LCX involved 8 13.1 46.61 0.70 (0.36 to 1.34) 0.275
RCA involved 8 10.00 29.99 0.66 (0.47 to 0.93) 0.018
LM involved 6 2.79 0.00 5.51 (2.44 to 12.46) <0.001
Inferior/lateral wall infarction 3 6.05 66.96 0.91 (0.69 to 1.20) 0.500
Primary PCI 5 25.35 84.22 0.33(0.17 to 0.62) 0.001
Thrombolysis 6 19.86 74.82 2.03(1.30t0 3.17) 0.002
Dual antiplatelet treatment 2 2.4 58.39 0.49 (0.21 t0 1.15) 0.102

ACEI, ACE inhibitor; ARB, angiotensin receptor blocker; CABG, coronary artery bypass graft; DM, diabetes mellitus; LCX, left circumflex; LM, left main; PCI,

percutaneous coronary intervention; RCA, right coronary artery.

p=0.001) as well as in studies published after 2000 (pooled
OR=0.35, p<0.001).

Quality assessment

The quality of the included studies was evaluated using
ACROBAT-NRSI, and the results are shown in online
supplementary figure 2A,B. Most of the 16 included

studies had low risk of bias in terms of confounding,
selection of subjects, measurement of interventions,
missing data, measurement of outcomes, and selection
of the reported result. Ledakowicz-Polak et al,° French
et al,”’ and Ueda et al" had high risk of bias due to
confounding. Overall, the quality of the included studies
is good.

Table 3 Additional subgroup analysis

Pooled effect size with

Rick factors Studies (n) Q statistics 12 (%) 95%Cl P values
VSR
Gender 6 35 85.72 4.49 (2.26 t0 8.91) <0.001
Age 5 41.55 90.37 9.12 (4.78 to 13.46) <0.001
HTN 6 75.93 93.42 1.09 (0.38 t0 3.15) 0.877
History of MI 4 1.25 0.00 0.67 (0.38 t0 1.19) 0.175
LAD involvement 5 7.05 43.28 2.93 (1.59 to0 5.39) 0.001
Anterior wall infarction 5 26.19 84.73 2.13 (1.00 to 4.54) 0.049
Multivessel disease 4 3.067 67.39 0.36 (0.19 to 0.68) 0.001
With ST elevation
Gender 6 25.32 80.25 2.71 (1.73 t0 4.25) <0.001
Age 6 30.1 83.39 7.51 (4.65 t0 10.37) <0.001
HTN 5 45.17 91.14 1.09 (0.54 t0 2.19) 0.814
History of MI 1 NA NA
LAD involvement 4 11.18 73.17 1.24 (0.56 to 2.75) 0.605
Anterior wall infarction 5 37.43 89.31 1.54 (0.80 to 2.97) 0.202
Multivessel disease 2 5.54 81.95 0.71(0.12 to 4.04) 0.698
Study after year 2000
Gender 6 10.46 52.22 3.16 (2.17 to 4.59) <0.001
Age 6 17.05 70.66 7.30 (4.45 to 10.15) <0.001
HTN 4 63.88 95.30 0.90 (0.27 to0 3.07) 0.871
History of MI 2 2.53 60.47 0.25(0.03 t0 2.33) 0.222
LAD involvement 4 254 88.19 2.11 (0.74 t0 6.06) 0.165
Anterior wall infarction 4 0.306 0.00 2.62 (0.86 to 7.95) 0.09
Multivessel disease 2 0.15 0.00 0.35(0.21 t0 0.57) <0.001

HTN, hypertension; LAD, left anterior descending coronary artery; MI, myocardial infarction; NA, not available; VSR, ventricular septal rupture.
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DISCUSSION

This study was a meta-analysis to determine possible risk
factors for CR in patients with AMI. The results revealed that
patients with AMI with the following features are at increased
risk of CR: female gender, older age, Killip class IV MI,
anterior wall infarction, single-vessel disease, LAD involve-
ment, LM involvement, and treatment with thrombolysis. In
contrast, reduced risk of CR in patients with AMI was found
with history of MI, smoking, use of B-blocker or ACEI/ARB,
RCA involvement, and treatment with primary PCIL. These
findings may aid in the identification of patients with AMI at
increased risk of CR in future clinical practice.

A previous meta-analysis included patients with AMI who
were studied at necropsy between 1968 and 1988, and the
results showed that among the rupture cases, the frequency
of left FWR and VSR was 67% and 27%, respectively. When
rupture and non-rupture cases were compared, no significant
difference was observed in age, proportion of patients with
history of systemic HTN, or mean heart weight in both male
and female patients. However, significant differences were
found between rupture and non-rupture cases in the proportion
of men (55% vs 70%) and women (45% vs 30%), proportion
of patients with diabetes mellitus (13% vs 27%), and the pres-
ence of left ventricular scar (13% vs 4290). Although no signif-
icant difference was observed in age overall, age in women (73
vs 69 years) was significantly different between rupture and
non-rupture groups.> Results of the current analysis suggest
that older age is an independent risk factor for CR. It should be
noted, however, that in clinical practice, the majority of female
patients with MI are of advanced age. Therefore, the influence
of gender may be in fact due, at least in part, to advanced age.

Certain demographic and clinical characteristics of patients
with AMI are among the factors that have been associated with
increased risk of CR. Most of the included studies concluded
that there was increased risk of CR in female and older patients.
Indeed, the predisposition of female patients to CR may be
related to a more susceptible collagen framework due to differ-
ences in the myocardial collagen matrix,** as well as differ-
ences in inflammatory response® and genetic differences.”®
The included studies had conflicting results in regard to HTN.
HTN was associated with decreased risk of VSR in concen-
tric cardiac hypertrophy in some studies, yet other studies
suggested that HTN has an important role in the pathogenesis
of VSR.””"* Diabetes mellitus, which affects collateral arterial
circulation, was not associated with a significant increase in risk
for CR in our study.

Treatment with ACEI/ARB and B-blocker agents may have
cardioprotective effects that help prevent CR.***! Inhibition
of the renin-angiotensin system has been shown to block the
release of splenic monocytes and neutrophils into the circu-
lation, consequently attenuating the infiltration of these cells
in the infarcted myocardium.* ** Treatment with ACEI and
B-blockers is thought to prevent neurohormonal activation
and destructive myocardial remodelling,** and B-blocker treat-
ment is believed to lessen inflammation when serum C-reactive
protein level is reduced.®® Interestingly, patients with history of
smoking had reduced risk of CR, which may be related to the
effect of smoking on coronary collateral circulation.>® More-
over, patients without history of MI had an increased risk of
CR, possibly due to lack of myocardial preconditioning and
prevalence of collateral arteries.”” A mouse model study has

shown that pre-existing cardiac hypertrophy and interstitial
fibrosis may allow the ventricular wall to be more resistant to
damage mediated by inflammation.**

LAD involvement, LM involvement, and anterior wall
infarction were MI characteristics associated with increased
risk of CR. In contrast, patients with multivessel involvement
had decreased risk of CR, as did patients with Killip class TV
MI. A mouse MI model has demonstrated that a critical level of
infarct size (>309%) was necessary for CR and that the reduc-
tion of muscle tensile strength also correlated with infarct
size.’ In terms of treatment for MI, our study showed that
patients who had undergone primary PCI had decreased risk
for CR, while patients who had received thrombolytic therapy
had higher risk for CR. The results correspond to the obser-
vation that the incidence of CR has dramatically decreased in
the PCI era.”? ** The association between thrombolysis and
increased risk of CR may be due to thrombolysis-induced
stimulation of plasmin, which increases collagenolysis and
inhibits collagen synthesis, triggering a cascade that could
cause intramural hemorrhage leading to CR."” The timing of
thrombolytic therapy for AMI has been shown to be associ-
ated with CR risk, with more prolonged time to treatment
after MI associated with increasing risk (7hours, OR=0.4;
11hours, OR=0.93; 17hours, OR=3.21).*" Furthermore,
the median time to VSR formation post-MI was significantly
shorter in patients receiving thrombolysis treatment than in
those without thrombolysis treatment, and compared with
late thrombolysis treatment, early thrombolysis treatment
was associated with shorter median time to post-MI VSR
formation.*!

Results of subgroup analyses showed that in the subgroup
of patients with VSR, female gender, older age, and LAD
involvement remained risk factors for CR. In the subgroup
of patients with STEMI, the risk factors were female gender
and older age. The use of PCI has been routine in clin-
ical practice since the year 2000, and this marked shift in
standard therapy should be considered when pooling data
collected between 1980 and 2013. Therefore, we conducted
a subgroup analysis of the studies published after 2000,
which showed that there was no apparent difference in risk
factors for CR between overall studies and studies after
2000. Although the number of studies included in each
subgroup analysis was limited, there seems to be no signif-
icant difference between the overall results and results of
the VSR subgroup. The impact of LAD involvement, ante-
rior wall infarction and multivessel disease in patients with
STEMI, however, warrants further research.

There are some limitations in this study. First, all of the
included studies were retrospective in nature. Comparative
cohort studies for the evaluation of CR in patients with AMI
are warranted. Second, the occurrence of CR is likely to be
underestimated due to patients with sudden death without defi-
nite cause or autopsy. Third, the number of included studies for
some factors is small, such as those reporting on use of statin,
B-blocker, ACEI/ARB, and dual antiplatelet treatment. Finally,
heterogeneity existed among the included studies, which may
be a result of large variations in patient numbers, procedures,
and pharmaceutical treatments. Future studies to investigate
differences in risk factors among CR subtypes, to evaluate the
impact of timing of reperfusion on the risk of CR, as well as to
identify accurate biomarkers for prediction of CR are needed.
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CONCLUSIONS

The risk factors for CR in patients with AMI included female
gender, older age, recent M1, non-smoking status, LAD involve-
ment, LM involvement, anterior wall infarction, and single-
vessel disease. Treatment with primary PCI could help reduce
the risk of CR, while thrombolysis could increase the risk.
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