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Abstract

Ventricular septal defect (VSD) is a catastrophic acute myocardial infarction (MI) complication. Despite a
significant reduction in the prevalence of post-MI VSD with the advancement of surgical techniques, it is
still considered fatal with a high mortality rate. The trends in the clinical outcomes of patients with post-MI
VSD show discretion due to the complexity of the disease. Therefore, the present analysis aimed to evaluate
the surgical outcomes and associated risks in the patients of post-MI VSD. A thorough literature survey
resulted in 40 studies of our interest. The pooled proportion of differential variables, including the incidence
of cardiogenic shock, 30-day survival, and overall mortality, were estimated using Bayesian hierarchical
models. The risk difference was estimated for the location of MI and VSD and mortality in patients with
coronary artery bypass graft (CABG). In addition, the heterogeneity tests for inconsistency and publication
biases using Egger’s and Begg’s tests were also estimated. The analysis revealed a significant risk difference
of 0.23 and 0.27 for the anterior vs. posterior location of MI and VSD, respectively. Further, the pooled
proportion of 30-day survival and mortality was found to be 54.43% (95% credible interval (CI): 52.88-
55.98%) and 48.22% (95% CI: 4-12.3%), respectively.

Moreover, the heterogeneity test revealed significant inconsistencies in all the datasets with an I2 index of
>90% (p<0.0001). Lastly, the publication bias results suggested no evidence of asymmetry and small-study

effects. Conclusively, the surgical management of post-MI VSD patients is considered beneficial; however,

the outcomes signify its fatal behavior.

Categories: Cardiac/Thoracic/Vascular Surgery, Cardiology, Therapeutics
Keywords: cardiogenic shock, mortality, surgical outcomes, ventricular septal defect, myocardial infarction

Introduction And Background

Ventricular septal defect (VSD) or ventricular septal rupture (VSR) is a serious complication of acute
myocardial infarction (MI) [1]. During ventricular remodeling, VSD may occur within the initial insult of 3
days to two weeks post-MI. VSD or MI may be localized in the anterior or posterior wall or septum [1,2]. The
concomitant risk factors of coronary artery disease include smoking, dyslipidemia, hypertension, diabetes
mellitus, etc., which are found to be associated with post-MI VSD that may complicate the diseased
condition [3-6]. However, the overall effects of risk factors on the clinical outcomes of the post-MI VSD
remain obscure. Post-MI VSD is considered fatal due to the poor prognosis of the disease [1-4]. Surgery is
considered the gold standard for the treatment of post-MI VSD [7]. Clinically, differential techniques such as
patch closure, infarct exclusion technique, and modified infarct exclusion technique are used to correct
post-MI VSD [8-10]. Disease recognition, hemodynamic stability, and surgical intervention are the key
determinants for successfully managing the disease [11]. Current guidelines recommend early and urgent
repair of the defect to manage hemodynamically unstable post-MI VSD patients [12]. Timing from MI to VSD
and VSD to repair are highly controversial variables. Delay in the surgical repair may be associated with poor
outcomes in unstable patients and may result in high mortality of patients awaiting surgical intervention in
this group, while the outcome is better if operated after the acute episode [13]. With the introduction of
differential therapies for post-MI VSD correction, the incidence of post-MI VSD has been greatly reduced to
0.2% from 3% in the past few decades [1,2,14]. Despite this, the surgical management of post-MI VSD is
highly challenging and is associated with extremely poor outcomes such as postoperative low cardiac output
syndrome, low 30-day survival rates after surgery, and high mortality rate [15]. Treatment of post-MI VSD
without surgical interventions may result in >90% of mortality [15]. To date, there is limited knowledge on
the overall effects of risk factors, location of VSD and MI, surgical intervention with or without coronary
artery bypass graph (CABG), and preoperative intra-aortic balloon pump (IABP) on the clinical outcomes of
patients with post-MI VSD. Based on this background, this meta-analysis reviewed the clinical and surgical
experiences to establish the possible outcomes of post-MI VSD.
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Methods
Search Tool

The guidelines of the Cochrane Handbook and Meta-analysis of Observational Studies in Epidemiology [16],
prepared according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
recommendations, were followed for this meta-analysis. A thorough literature search was performed
through PubMed, Scopus, Cochrane, and Google Scholar databases with the following combinations:
“ventricular septal defect,” “VSD,” “VSR,” “post myocardial infarction,” “post-MI VSD,” “surgical
outcomes,” “post-MI VSR,” and “ventricular septal rupture”. The published studies in the English language
from 1995 to 2020 were considered for meta-analysis. Case reports, expert opinions, literature reviews,
editorials, and conference abstracts were excluded from the study.

Data Extraction

The following parameters were noted: age, gender, pre-procedures such as percutaneous coronary
intervention (PCI), Qp: Qs and inotropes, ejection fraction and surgical procedures, timings of MI to VSD
and VSD to repair in days, residual shunt and affected coronary artery. The analyzed parameters for the
meta-analysis were: incidence of cardiogenic shock in PMI-VSD patients, anatomical location of MI,
location of VSR, preoperative IABP and concomitant CABG, risk factors (prior myocardial infarction,
diabetes mellitus, smoking, and dyslipidemia), 30-day survival, and overall mortality along with mortality
associated with concomitant CABG, location of MI and location of VSR.

Statistical Analysis

The clinical and surgical outcomes data were retrieved from the selected publications or calculated after
extracting the numeric data. Depending on the data, the pooled proportions of surgical outcomes and
associated factors across studies were estimated from the exact number of patients with 95% credible
intervals [CI] using the Bayesian hierarchical models or fixed-effects meta-regression of the natural
logarithm of the risk difference was performed for comparative analysis. The results were depicted using
forest plots. Further, heterogeneity tests for inconsistency (12) levels and Egger’s and Begg’s tests for
publication bias were performed across the selected publications. Publication bias is considered when
deciding to publish a manuscript depending on statistically significant results. The statistical analysis was
performed using MetaXL software.

Results

Search Results

Despite the declined incidence of post-MI VSD, the literature search resulted in 1795 articles; however, only
86 studies were identified as pertinent. Among the pertinent articles, 40 were considered for the final meta-
analysis based on the data of interest (Figure 7). Table / summarizes the study characteristics and other
variables specified in these publications. A total of 4,028 post-MI VSD patients with a mean age of 69.83 +
8.2 years were included in the analysis. The proportion of males and females was 1.11:1 (38 studies). The
average timing of MI to VSD diagnosis was 4.5 * 3.3 days, while the average timing from VSD diagnosis to
repair was 21.5 +40.1 days [17-44].
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S. Data collection
Studies included
No. in years

Heckle et al., 2020
1 2001-2014
126]

Wiemers et al.,
2 2000-2008
2012 [27]

Yam et al., 2012

3 1995-2012
[28]
Serpytis et al.,

4 1991-2007
2014 [6]

Vondran et al.,
5 1994-2016
2020 [22]

Isoda et al., 2012
6 2001-2010
[14]

Arnaoutakis et al.,
7 2008-2012
2019 [23]

Aggarwal et al.,

8 2000-2014
2018 [34]
Drobac et al.,

9 -
1983 [35]

—
5 Articles removed before
. . . screening:
E Articies |der2::ﬁ=ec: ',frglsr;] databaces _ Duplicate records removed:
£ > (n = 688)
s Records marked as ineligible:
o (n=1021)
!
Articles screened
(n=86)
Articles sought for retrieval _ Articles not retrieved
@ (n=78) (n=8)
'
[
e
‘g A4
Articles assessed for eligibility
(n=178) ! !
Articles excluded due to lack of
data
(n=38)
\d
H
) Studies included in review
= (n=40)
£
FIGURE 1: Consort flow diagram
Gender Pre-procedures
Sample Mean Timing of VSD Timingfrom VSD to Ejection Follow-
Size (n) Age(y) M F PCI' Qp:  lonotropes  from Ml in days repair in days fraction (%) up (y)
m M @ Qs ()
126 69.8 73 53 - 126 - 35 925 - -
10 65.3 5 5 3 - 6 35 18.12 52 3.4
40 69 16 24 17 - 28 2 3 55 52
41 67.5 15 26 - - - - 39 55 -
53 68.9 30 23 - - - - 11.9 414 -
7 70.9 3 4 - 368 - - 4 a 4.1
537 74 277 192 131 - - - 8.4 55 -
21 66.4 15 6 4 - 17 s o R R
13 64 8 5 - - - 5 21.63 - -
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35

36

37

38

39

40

2019 [32]

Hirotani et al.,

2002 [8]

Huang et al., 2015
[5]

Parachuri et al.,

2019 [9]

Bayezid et al.,

2005 [10]

Pradhan et al.,

2018 [15]

Sugimoto et al.,

2008 [42]

1993-2000

1995-2013

2013-2018

1999-2004

2013-2016

1996-2006

9 73.8 5 4 2 1.9 4.1 43 4.8
47 68 28 19 17 3 - - - 46 =
32 - - -
4 57 4 0 14 1 30 2
51 63.8 26 25 - - - 4.9 - 42 -
10 74 5 5 3.5 - o -

TABLE 1: Study characteristics and operative outcomes

n = number of subjects, y = years, % = percentage, M = males, F = females, PCl= Percutaneous intervention

Location of MI and VSR

Of the 40 identified studies, 28 with 1655 patients and 15 with 586 patients provided data for the location of
MI and VSR, respectively. Among 1655 patients, the infarction was localized anteriorly in 891 (53.83%)
patients and posteriorly in 764 (46.17%) patients (28 studies). The analysis revealed a significant risk
difference of 0.23 in the anterior vs. posterior location of MI (z= 14.59, p<0.001, 95% CI = 0.20-0.26). The 12
index was estimated to be 97.07% (p<0.0001, 95% CI=96.44-97.59), which was significant. In addition,
Egger’s (intercept = -1.93, 95% CI = -6.89-3.03, p = 0.43) and Begg’s (Kendall’s Tau =-0.231, p = 0.08) tests
showed non-significant results, stating no evidence of publication biases concerning the location of MI. The
forest plot of risk difference estimation for the location of MI is given in Figure 2.
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Study Anterior | Posterior | Sample size Location of MI Risk difference 95% CI
Heckle et al., 2020 33 42 126 00714 0.184 o 0.0411
Yametal, 2012 £ 0 0 — - 085 0739100961
Serpytis et al., 2014 2 14 4l = 0317 0.112t00522
Drobac etal., 1953 5 O 3 = 0231 0.605100.143
Subiniewicz et al., 2017 | 8 7] 20 = 02 0504100104
Tang ctal, 2015 7 7] 1 T 0273 01D 00675
Andersonctal., 1989 | 46 7] [ ] 0353 0196100510
Labrousseetal, 2002 | 50 0 8 ] 0588 0484100693
Rhydwenctal 2002 | 14 5 F 7 00385 0292100223
Dejactal., 2000 76 0 T i 0691 0605 100,777
Hamilionetal. 2017 | 5 7 E] _ 04 0622100178
Isoda et al, 2016 19 [ 24 - 0792 0629100954
Gregoric et al., 2014 0 0 I el 0509 073910 1079
Cerin et al., 2003 33 19 58 — 0241 0065800417
Feneley etal., 1983 17 13 3 — 0421 0.117 100.360
Crenshawctal., 1999 | 59 2 E] — 0417 027910055+
Tai et al., 2018 52 31 % E 0219 00821 100355
Daggetetal., 1977 1 5 3 - 0326 | 0aa9wo0s0z |
Menon et al., 2000 2 % 55 - 00727 0258100112
Trivedi etal., 2015 B 1z E] = 02 0504 100.104
Zhang etal., 2017 10 5 15 = 0333 -0.00405 100,671
Calvert etal., 2014 35 18 53 T 0321 0140100501
Barker ctal., 2003 31 32 G5 7 00154 0187 00,156
Moreya etal., 2010 175 98 208 ] 00564 01B 000119
Hirotani ci al., 2002 B 0 9 ] EE T
Tiuang et al, 2015 ) 0 7 N 0594 05 100982
Pradhan ctal., 2018 EJ 0 El _ 0745 0625100865
Sugimoto et al., 2008 E 0 10 0s 055210 1.048
Total (fixed effects) 891 517 1655 . H * 0226 [0.19 w0256 |
“Total (random effects) | 891 517 1655 N —— 0322 0.157 1o 0487

10 -0.5 o o5 1.0 15

FIGURE 2: Forest plot showing risk difference with respect to location
of myocardial infarction (Ml) in post-MI VSD patients.

Heckle et al., 2020 [26], Yam et al., 2012 [28], Serpytis et al., 2014 [6], Drobac et al., 1983 [35], Sabiniewicz et al.,
2017 [36], Tang et al., 2015 [1], Anderson et al., 1989 [2], Labrousse et al., 2002 [3], Rhydwen et al., 2002

[37], Deja et al., 2000 [30], Hamilton et al., 2017 [17], Isoda et al., 2016 [18], Gregoric et al., 2014 [11], Cerin et al.,
2003 [12], Feneley et al., 1983 [19], Becker et al., 1999 [39], Crenshaw et al., 1999 [4], Tai et al., 2018 [44],
Dagget et al., 1977 [7], Menon et al., 2000 [21], Trivedi et al., 2015 [40], Zhang et al., 2017 [41], Calvert et al.,
2014 [43], Barker et al., 2003 [31], Moreyra et al., 2010 [33], Hirotani et al., 2002 [8], Huang et al., 2015 [5],
Pradhan et al., 2018 [15], Sugimoto et al., 2008 [42].

MI: myocardial infarction; VSD: Ventricular septal defect

Further, 15 studies reported VSD localization in the anterior wall of 319 (54.43%) patients and the posterior
wall of 267 (45.57%). The risk difference of anterior vs. posterior location of VSD was estimated to be 0.27,
which was significant (z= 10.52, p<0.001, 95% CI = 0.22-0.32). The heterogeneity tests revealed a significant
12 index of 94.39% (p<0.0001, 95% CI=92.19-95.96). In contrast, Egger’s (intercept = -4.32, 95% CI = -9.47-
0.81, p=0.09) and Begg’s (Kendall’s Tau = 0.047, p = 0.81) tests revealed no publication biases in specifying
the location of VSD in the patients. The forest plot of risk difference estimation for the location of VSD is
given in Figure 3.

Study Anterior | Posterior | Sample size Location of VSR Risk difference 95% CI

Hecklcctal., 2020 [ 32 126 A . 0222 0.107 100338
‘Wiemers et al., 2012 4 6 10 - _._ £02 0629100229
Yametal, 2012 Ed T £ E B 0775 0637 100913
Vondran ct al., 2020 E) F5] 53 E —.— 0.132 0,036 100321
Tsoda et al, 2012 B 7 7 B — (0420 | 0047w0902 |
‘Drobac el al., 1983 5 5 3 1 —— 0 0374100374
Sabiniewicz ctal.. 2017 | 12 8 20 B —a— 02 0104100504
Tang et al., 2015 7 4 11 n _l_ 0273 -0.129 10 0675
Malhotract al., 2017 7 3 20 g —— 035 0.145 100555
‘Hamilton et al., 2017 13 ] 30 N - 00657 0181 100314
Cerin ctal., 2003 ] 19 58 1 & 0069 0.106 100243
Zhang etal., 2017 2z 0 15 ] = & 0.133 00387 100305
Barker et al ., 2003 20 34 65 N _._ 0215 <0381 to -0.0501
Huang ctal.. 2015 36 0 T n | - 0766 | 0645100887 |
Pradhan ctal., 2018 @ 0 51 0784 0671100897
Total (fixed cffcets) 319 161 586 1 | 027 0219100320
Total (random cffects) | 319 61 556 1 — 0262 00595 100465
10 05 ] 05 10

FIGURE 3: Forest plot showing risk difference with respect to location
of ventricular septal rupture (VSR) in post-MI VSD patients

Heckle et al., 2020 [26], Wiemers et al., 2012 [27], Yam et al., 2012 [28], Vondran et al., 2020 [22], Isoda et al.,
2012 [14], Drobac et al., 1983 [35], Sabiniewicz et al., 2017 [36], Tang et al., 2015 [1], Malhotra et al., 2017 [29],
Hamilton et al., 2017 [17], Cerin et al., 2003 [12], Zhang et al., 2017 [41], Barker et al., 2003 [31], Huang et al.,

2015 [5], Pradhan et al., 2018 [15].

VSR: ventricular septal rupture; MI: myocardial infarction; VSD: Ventricular septal defect
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Associated Risk Factors

The risk factors of coronary artery disease, such as smoking, dyslipidemia, smoking, and prior MI, were
analyzed for their independent estimated proportions with respect to patients with post-MI VSD. Among 40
included studies, the data was mentioned in 15 studies for prior MI (161/1324 patients), 25 studies for
diabetes (895/3527 patients), 27 studies for hypertension (2074/3571 patients), 21 for current smoking
(667/2894 patients), and 11 for dyslipidemia (602/1840 patients). Figures 4-7 delineate the forest plots and
the estimated pooled proportion of associated risk factors of post-MI VSD. The data revealed a significant 12
index for all the risk factors, summarized in Table 2 (p<0.0001). Moreover, Egger’s and Begg's tests revealed
no evidence of publication bias for any of the associated risk factors of post-MI VSD (p>0.05).

Study Events Sample size Prior MI Proportion (%) 95%Cl I
Heckle et al., 2020 0 126 0 0000 0 2885
2012 -[l. 2 331013,
Yametal., 201 1 40 i 5 0063310 13.159
Serpytis ctal., 2014 7 a1 i —— 17073 71521032056
Vondran et al., 2020 7 53 - _._ 13208 54791025337
“Amaoutalis et al, 2019 | 46 537 4 B 8566 6340 to 11261
Sabiniewicz etal., 2017 | 15 E - e s 508951091343
Labrowseetal, 2002 | 9 3 4 - 10588 35570 19150
Rhydwenetal 2002 | 5 29 1 —— 17241 58461035775
Malhotra et al., 2017 3 40 N . 15 1574 1020386
Fencley etal., 1983 5 33 7 .' 15.152 5.109 10 31 899
Becker ctal., 1999 1l 65 T L 16923 8763 10 28266
Crenshaw etal 1999 | 10 3 T o 11905 5859 10 20 805
‘Menon et al_, 2000 9 55 1 & 16364 77766 10 28 503
Barker et al., 2003 31 65 T 47692 35.146 10 60 456
Pradhan ct al., 2018 2 51 g 3022 0478 to 13459
Total (fixed effects) 161 1324 -1 * 10.767 9.157 1o 12551
Total {random effects) | 161 1324 T - 14352 8.683 1022328
0 02 04 06 08 10

FIGURE 4: Forest plot showing prior Ml as a risk factor associated with
post-MI VSD.

Heckle et al., 2020 [26], Yam et al., 2012 [28], Serpytis et al., 2014 [6], Vondran et al., 2020 [22], Arnaoutakis et
al., 2019 [23], Sabiniewicz et al., 2017 [36], Labrousse et al., 2002 [3], Rhydwen et al., 2002 [37], Malhotra et al.,
2017 [29], Feneley et al., 1983 [19], Becker et al., 1999 [39], Crenshaw et al., 1999 [4], Menon et al., 2000 [21],
Barker et al., 2003 [31], Pradhan et al., 2018 [15].

MI: myocardial infarction; VSD: Ventricular septal defect
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Study Events | Sample size Current Smokers Proportion (%) 95% C1

Yam ctal,, 2012 ) 0 30 16563 10 46,532
Vondran ctal,, 2020 1 5 7 i 3 20755 1084210 34.107
Amaoutakis et al., 2019 | 78 537 . — 14525 1165410 17.793
Aggarwal etal 2018 | 7 21 - —a— 33333 14588 (0 56.968
Sabiniewicz etal., 2017 | 11 20 7 -.- 55 315281076942
Tang ctal., 2015 B 1 ] f B 25455 16,749 10 76 621
Labrousse etal,, 2002 | 28 85 B 32941 23.1261043.984
Rhydwenetal, 2002 | 7 ] S _—p 24.138 1029810 43,540
Malhotra et al., 2017 3 a0 ] 3 05 185731049.129
Deja et al., 2000 31 10 . —— 8182 20018 t0 37557
Becker et al., 1999 18 65 E 27602 173101040.190
Crenshaw etal, 1999 | 11 84 1 ':‘I—__ 13095 67221022224

Taictal, 2018 37 % ] _I_l 38322 782 1049028
Menon et al., 2000 9 55 - —— 34545 222370 48 581
Trivedi ctal., 2015 9 20 - —— a5 23058 to 68472
Zhang et al., 2017 6 15 T _I_ a0 16336 1067.713
Calvert et al., 2014 15 53 ] O 3 28302 16.786 10 42348
Barker ctal., 2003 18 65 - —— 27602 1731010 40.19
Sakaguchietal 2019 | 304 1397 7 21761 196231024019
Huang et al., 2015 I a7 ] 5 29787 173391044 8%
Pradhan et al., 2018 3 51 - R N— 2549 1432610 39.633
"Total (fixed cffects) 667 2894 i > 2289 21382 t0 24466
Total (random effects) 667 2894 - — 28.651 24.489 1o 33.002

02 04 06 08 10

FIGURE 5: Forest plot showing smoking as a risk factor associated with
post-MI VSD.

Yam et al., 2012 [28], Vondran et al., 2020 [22], Arnaoutakis et al., 2019 [23], Aggarwal et al., 2018 [34],
Sabiniewicz et al., 2017 [36], Tang et al., 2015 [1], Labrousse et al., 2002 [3], Rhydwen et al., 2002 [37], Malhotra
etal., 2017 [29], Deja et al., 2000 [30], Becker et al., 1999 [39], Crenshaw et al., 1999 [4], Tai et al., 2018 [44],
Menon et al., 2000 [21], Trivedi et al., 2015 [40], Zhang et al., 2017 [41], Calvert et al., 2014 [43], Barker et al.,

2003 [31], Sakaguchi et al., 2019 [32], Huang et al., 2015 [5], Pradhan et al., 2018 [15].

MI: myocardial infarction; VSD: Ventricular septal defect

2023 Ghosh et al. Cureus 15(8): e44135. DOI 10.7759/cureus.44135

80of18


https://assets.cureus.com/uploads/figure/file/691776/lightbox_bbfbacd0253d11eea3f82789707a5ac2-Screenshot-2023-07-09-at-10.30.06-PM-2.png
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Study Events | Sample size Diabetes mellitus Proportion (%) 95% CI
Heckle et al, 2020 x5 126 B 19841 13271 1027881
Yametal 2012 0] ] B 5 6281051684
Serpytis ctal., 2013 ] I 1 8293 19131081915
Vondran et al,, 2020 2 5 —— 2682 122831036210
“Amaoutakis ctal., 2019 | 45 537 ¥ 338 617810 11052
Aggarwaletal, 2018 | 13 20 _I_ 61905 38435 10 81.893
‘Sabiniewicz etal., 2017 | 11 20 _'_ 55 315281076942
Tang ctal, 2015 3 T _I_ 77273 6022 10 60974
Labrousseetal., 2002 | 12 85 _l_ 14.118 75131023362
Rhydwenetal 2002 | 6 ) —'— 2060 79941039925
Malhota etal, 2017 | 16 ) I 0 248651056673
Dejactal. 2000 5 110 —f— 13636 7838 1021402
Cerin ctal, 2003 ] 58 — B 24 125091035272
Becker ctal., 1999 10 6 —f— 15385 7632 10 26478
Crenshawetal L1999 | 18 & —A— 21429 32221031736
Taietal., 2018 25 9% _I_ 26042 176151035999
Menon ct al., 2000 3 5 —A— 16363 77766 10 28.803
Trivedi tal., 2015 3 ) _I_ 30 118931054279
Zhang ctal., 2017 3 15 f 1) 3331 1048089
Calvertctal,, 2014 1 5 07755 10842 10 34.107
Barker ct al., 2003 3 [ i 6154 170210 15013
Morcya etal, 2010 7 W08 1 4 17892 13295 1021963
Sakaguchictal, 2019 | 481 | 1397 343l 319381036989
Huang et al., 2015 2l [y i 681 30.17210 59884
Pradhan ctal., 2018 7l ST i 1176 27584 1055 831
“Total (fed effects) 895 | 3527 . 24498 3091 1025947
Total (random cffects) | 895 3527 - 26561 20839 10 32.708
[ 02 04 06 08 10

FIGURE 6: Forest plot showing diabetes mellitus as a risk factor

associated with post-MI VSD.

Heckle et al., 2020 [26], Yam et al., 2012 [28], Serpytis et al., 2014 [6], Vondran et al., 2020 [22], Arnaoutakis et
al., 2019 [23], Aggarwal et al., 2018 [34], Sabiniewicz et al., 2017 [36], Tang et al., 2015 [1], Labrousse et al.,
2002 [3], Rhydwen et al., 2002 [37], Malhotra et al., 2017 [29], Deja et al., 2000 [30], Cerin et al., 2003 [12],
Becker et al., 1999 [39], Crenshaw et al., 1999 [4], Tai et al., 2018 [44], Menon et al., 2000 [21], Trivedi et al.,
2015 [40], Zhang et al., 2017 [41], Calvert et al., 2014 [43], Barker et al., 2003 [31], Moreyra et al., 2010 [33],

Sakaguchi et al., 2019 [32], Huang et al., 2015 [5], Pradhan et al., 2018 [15].

MI: myocardial infarction; VSD: Ventricular septal defect

Study Events | Sample size Dyslipidaemia Proportion (%) 95% CI
Yametal., 2012 8 0 R S— 20 9052 to 35,648
Vondranctal, 2020 | 21 5 — 39623 264521053996
Aggarwaletal, 2018 | 15 2l R — 1429 478251088719
Tang etal., 2015 3 1 -— 7273 602210 60974
Rhydwenctal, 2002 | 7 b —a— 138 10298 1043540
Taietal, 2018 7] % —— 0917 14953032615
Menonetal, 2000 | 13 5 —a— 5636 132281037020
Trivedietal, 2015 | 9 fT1) —— I 23058 1068472
Calvenctal, 2014 | 27 5 —i— 50943 368401064938
Bakerctal, 2003 | 9 & —— 13846 653210 24,664
Sakaguchictal, 2019 | 468 | 1397 n w5 310261036044
Total (fed effects) | 602 | 1840 P 2627 304931034816
“Total (random effects) | 602 | 1840 P EED 287821049028

o 02 0.4 0.6 08 10

FIGURE 7: Forest plot showing dyslipidemia as a risk factor associated
with post-MI VSD.

Yam et al., 2012 [28], Vondran et al., 2020 [22], Aggarwal et al., 2018 [34], Tang et al., 2015 [1], Rhydwen et al.,
2002 [37], Tai et al., 2018 [44], Menon et al., 2000 [21], Trivedi et al., 2015 [40], Calvert et al., 2014 [43], Barker et
al., 2003 [31], Sakaguchi et al., 2019 [32].

MI: myocardial infarction; VSD: Ventricular septal defect
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Cureus

Risk factor

Prior-MI
Diabetes mellitus
Smoking

Dyslipidaemia

12 index

90.69%
92.03%
94.86%

78.65%

Egger’s test Begg’s test
p-value 95% CI

intercept  p-value  95% ClI Kendall’'s Tau p-value
<0.0001  86.34 to 93.65 2.85 0.132 -0.9781 to 6.6890 0.241 0.217
<0.0001  89.451t0 93.98 0.18 0.88 -2.2918 to 2.6541 0.41 0.051
<0.0001  93.47 to 95.96 -1.9521 0.177 -4.8505 to 0.9463 0.17 0.22
<0.0001  62.30 to 87.91 -0.1122 0.912 -2.3395 to 2.1151 0.257 0.27

TABLE 2: Heterogeneity test and publication bias test values for risk factors.

MI: myocardial infarction

Incidence of Cardiogenic Shock, Preoperative IABP, and Concomitant CABG in Post-MI VSD Subjects

Among 40 chosen studies with 4,028 patients, 22 studies with 3,234 patients, 30 studies with 3349 patients,
and 21 studies with 3286 patients provided the data of cardiogenic shock, preoperative IABP, and
concomitant CABG in Post-MI VSR subjects, respectively. The analysis revealed that the incidence of
cardiogenic shock and preoperative IABP were observed in more than half of the post-MI VSR population
with estimated pooled proportions of 50.19% (95% CI: 48.46-51.92%) and 66.99% (95% CI1:65.37-68.57%)
respectively. On the contrary, the pooled proportion of concomitant CABG was 42.23% (95% CI = 33.95 -
49.23). The forest plots of the respective variables are provided in Figures 8-10. Further, the 12 index of
cardiogenic shock (12 = 96.88 %, p<0.0001, 95% CI = 96.09-97.50), preoperative IABP (12 = 96.86%, p<0.0001,
95% CI =96.2- 97.41%), and concomitant CABG (I2 = 93.04%, p<0.0001, 95% CI = 90.65- 94.82%) were found
to be significant. Lastly, Egger’s test and Begg’s test revealed no evidence of publication bias for the
respective variables across selected studies.

Study Events Sample size | Cardiog shock Proportion (%) | 95% CI
Heckle et al., 2020 64 126 ] —— 50.794 41.741 10 59.808
Yamtal., 2012 10 40 g —— 25 12.691 1041.196
Serpytis et al., 2014 41 41 g —f 100 91.396 10 100.000
Vondran et al., 2020 53 53 & —1 100 93.277 to 100,000
Amaoutakis et al., 2019 [ 139 537 ] 4+ 25885 22.228 10 29.809
Sabiniewicz et al., 2017 6 20 A _l_ 30 11.893 to 54.279
Tang ctal., 2015 8 11 . —_— 72721 30.026 10 93.978
Anderson et al., 1989 36 68 T _'_ 52941 40.449 10 65.169
Labrousse ct al., 2002 16 85 T —— 18.824 11.160 to 28.761
Deja et al., 2000 3 110 T == 30 21,632 10 39.477
Tsoda etal, 2016 1 2 7 — 45833 2555310 67.179
Gregoric et al,, 2014 11 11 : I 100 71.509 to 100.000
Cerin et al., 2003 24 58 13 i 41379 28.596 10 55.073
Feneley et al., 1983 3 33 ] -1 9.001 1915 to 24.332
Menon ct al., 2000 55 55 ] B 100 93.513 10 100.000
Trivedi et al., 2015 12 20 { —y— 60 36.054 10 80.881
Zhang et al., 2017 4 15 J —— 26.667 7.787 10 55.100
Calvert et al., 2014 26 53 . _l_ 49057 35.062 10 63.160
Barker et al., 2003 24 65 ] -4 36923 25279 10 49.800
Moreya etal., 2010 160 408 g B 39216 34.449 10 44.140
Sakaguchictal, 2019 | 859 1397 g l 61.489 58.879 10 64.050
Bayezid et al., 2005 2 4 | o 50 6.759 10 93.241
Total (fixed cffects) 1507 3234 ] - 50.194 48.462 10 51.926
Total (random effects) | 1597 3234 53.844 42.592 10 64.901
0 o2 04 06 o8 10

FIGURE 8: Forest plot showing the number of subjects with cardiogenic
shock in post-MI VSD patients.

Heckle et al., 2020 [26], Yam et al., 2012 [28], Serpytis et al., 2014 [6], Vondran et al., 2020 [22], Arnaoutakis et
al., 2019 [23], Sabiniewicz et al., 2017 [36], Tang et al., 2015 [1], Anderson et al., 1989 [2], Labrousse et al., 2002
[3], Deja et al., 2000 [30], Isoda et al., 2016 [18], Gregoric et al., 2014 [11], Cerin et al., 2003 [12], Feneley et al.,
1983 [19], Menon et al., 2000 [21], Trivedi et al., 2015 [40], Zhang et al., 2017 [41], Calvert et al., 2014 [43],
Barker et al., 2003 [31], Moreyra et al., 2010 [33], Sakaguchi et al., 2019 [32], Bayezid et al., 2005 [10].

MI: myocardial infarction; VSD: Ventricular septal defect
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Cureus

Preoperative IABP

Proportion (n%)

95% CI

Study Sample size | Events
Heckle et al., 2020 126 64
Wiemers et al., 2012 10 6
Yam et al., 2012 40 30
Serpytis et al., 2014 a1 36
Vondran et al., 2020 53 36
Isoda etal., 2012 7 6
Amaoutakis et al., 2019 537 192
Aggarwal et al., 2018 21 12
Sabiniewicz et al., 2017 20 )
Tang et al., 2015 11 9
Anderson et al., 1989 68 20
Labrousse et al., 2002 85 81
Rhydwen et al., 2002 29 21
Deja et al., 2000 110 66
Hamilton et al., 2017 30 13
Isoda ctal., 2016 24 23
Gregoric et al,, 2014 11 9
Cerin et al., 2003 58 12
Jeppson et al., 2005 189 36
Crenshaw ctal., 1999 84 48
Tai etal., 2018 96 60
Dagget et al., 1977 43 26
Menon et al., 2000 55 41
Trivedi et al., 2015 20 11
Calvert et al., 2014 53 33
Barker et al., 2003 65 43
Sakaguchi et al., 2019 1397 1200
Hirotani et al., 2002 9 9
Huang et al., 2015 47 34
Sugimoto et al., 2008 10 8
Total (fixed effects) 3349 2191
Total (random effects) 3349 2191

T T N T T T T T T Y T T NN T T N T T T T T T Y T N

50.794

41.741 1o 59.808

0 26.238 (0 87.845

I 2 75 58.804 10 87.309
LJ n 87.805 73.796 1095919
I L] 67.925 53.684 to 80.081
I 85714 42.128 10 99.639
+ 35754 31.695 10 39971
_l_ 57.143 34.021 to 78.180
_l_ 30 11.893 10 54.279
_l._ 81818 48224 1097.717
—F— 29412 18.979 to 41.707
-+ 95.294 88.387 10 98.703
—f— 72.414 52.762 10 87.266
+ 60 50.224 10 69.224
— 43333 35461 (0 62.573
—F [958 78.880 10 99.895
B S1818 8224 09T 1T
20.69 11.174 10 33.352
19.048 13.712 10 25.381
—— 57.143 45.875 10 67.892
i 62.5 52.030 t0 72.176
60.465 34410 10 75.023
—— 74,545 60,997 10 85330
__I"_ 55 31.528 10 76.942
—— 62.264 47.894 10 75213
—— 66.153 53.351 10 77431
' I 85,898 83.962 to B7.682

100 66.373 to 100.000
i I 7234 57.362 10 84376
80 44390 10 97479

* 66.992 65378 10 68.577 |

———— 64.35 53.705 to 74.322

o2
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FIGURE 9: Forest plot showing the number of subjects with
preoperative IABP in post-MI VSD patients

Heckle et al., 2020 [26], Wiemers et al., 2012 [27], Yam et al., 2012 [28], Serpytis et al., 2014 [6], Vondran et al.,
2020 [22], Isoda et al., 2012 [14], Arnaoutakis et al., 2019 [23], Aggarwal et al., 2018 [34], Sabiniewicz et al., 2017
[36], Tang et al., 2015 [1], Anderson et al., 1989 [2], Labrousse et al., 2002 [3], Rhydwen et al., 2002 [37], Deja et
al., 2000 [30], Hamilton et al., 2017 [17], Isoda et al., 2016 [18], Gregoric et al., 2014 [11], Cerin et al., 2003 [12],
Jeppson et al., 2005 [13], Crenshaw et al., 1999 [4], Tai et al., 2018 [44], Dagget et al., 1977 [7], Menon et al.,
2000 [21], Trivedi et al., 2015 [40], Calvert et al., 2014 [43], Barker et al., 2003 [31], Sakaguchi et al., 2019 [32],
Hirotani et al., 2002 [8], Huang et al., 2015 [5], Sugimoto et al., 2008 [42].

MI: myocardial infarction; VSD: Ventricular septal defect
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Cureus

Study Sample size Events | Concomitant CABG Proportion (n%) 95% CI
Wicmers et al., 2012 10 B l 50 18.709 10 81.291
Yametal., 2012 40 8 20 9.052 10 35.648
Vondran et al., 2020 53 21 i 39.623 2645210 53996
Isoda ctal., 2012 7 2 l i 28571 3.669 10 70.958
Amaoutakis et al., 2019 537 353 N + 65736 61550 10 69.747
Aggarwal et al., 2018 21 2 {18 9524 1.175 10 30377
‘Anderson ctal., 1989 68 41 i 3 60294 47.697 t0 71,965
Labrousse ct al., 2002 85 40 d i 47059 36.134 10 58.194
Rhydwen et al., 2002 29 17 <l — 58621 3893610 16476
Dejactal., 2000 110 40 o —— 36364 27,402 to 46.079
Isoda et al., 2016 24 4 - _l_ 16.667 47351037384
Jeppson ct al., 2005 189 19 - - 62.963 55.653 to 69.859
Crenshaw et al., 1999 84 28 - —— 33333 23419 10 44462
Daggetetal., 1977 43 9 - —l— 2093 10.044 1o 36042
Menon et al., 2000 55 2 e —— 40 27023 to 54.093
Barker ct al., 2003 65 42 . —a4— 64,615 51.769 10 76,082
Moreya etal., 2010 408 133 B -+ 32508 28.068 10 37.383
Sakaguchi et al., 2019 1397 475 7 + 34.001 31517 10 36.553
Huang ct al., 2015 a7 27 1 —— 57447 4217810 71.742
Bayezid et al., 2005 4 3 T l 75 19412 10 99.369
Sugimoto et al., 2008 10 2 7 ‘_l—‘ 20 252110 55.610
Total (fixed effects) 3286 1393 4 . 42234 40543 10 43939
Total (random effects) 3286 1393 4 T 41482 33945 10 49.226
o o2 a4 os os 10

FIGURE 10: Forest plot showing the number of subjects with
concomitant CABG in post-MI VSD patients

Wiemers et al., 2012 [27], Yam et al., 2012 [28], Vondran et al., 2020 [22], Isoda et al., 2012 [14], Arnaoutakis et
al., 2019 [23], Aggarwal et al., 2018 [34], Anderson et al., 1989 [2], Labrousse et al., 2002 [3], Rhydwen et al.,
2002 [37], Deja et al., 2000 [30], Isoda et al., 2016 [18], Jeppson et al., 2005 [13], Crenshaw et al., 1999 [4],
Dagget et al., 1977 [7], Menon et al., 2000 [21], Barker et al., 2003 [31], Moreyra et al., 2010 [33], Sakaguchi et
al., 2019 [32], Huang et al., 2015 [5], Bayezid et al., 2005 [10], Sugimoto et al., 2008 [42].

MI: myocardial infarction; VSD: Ventricular septal defect; CABG: coronary artery bypass graft

Mortality as a Major Outcome

All the 40 included studies provided the data of 30-day survival and overall mortality associated with post-
MI VSD, which was found to be 2182/3996 and 1910/3996 with their estimated pooled proportions of 54.43%
(95% CI: 52.88-55.98%) and 48.22% (95% CI: 4-12.3%)respectively, as shown in Figure /7-12. Moreover,
heterogeneity tests of 30-day survival and overall mortality revealed significant inconsistency with 12 index
0f 93.90% (p<0.0001, 95% CI = 92.5-95.03) and 94.13% (p<0.0001, 95% CI = 92.81-95.21).
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Cureus

Stady e Survival 30 days
Events | Proportion (n%) | 93% CI N 3
Heckle etal., 2020 126 79 62,698 536381071147 | | l
Wiemers etal., 2012 10 4 40 12.155 10 73.762 -1
Yam etal, 2012 40 n 80 643521090948 | = i
Serpytis ctal., 2014 al 33 80.488 651331091179 | _'_
Veondran et al., 2020 bx) 30 56.604 42.283 10 70.161 = H
Isoda ctal., 2012 T 7 100 503810100000 | | - l
Amaoutakis etal., 2019 | 537 170 31.657 27.740 10 35.778 - l
Aggarwal etal 2018 | 21 12 57.143 340201078180 | - _h
Drobac ct al., 1983 13 8 61.538 31578 10 86.142 -1
Sabinicwicz ctal., 2017 | 20 1 70 4572110 88.107 | ] ——
Tang ct al., 2015 11 ] 72727 390261093978 | | _'_
Andersonctal., 1989 | 68 E) 63235 06651074610 | | _l_l
Labrousse ctal 2002 | 85 49 57647 464461068299 | _| PR
Rhydwenetal, 2002 | 20 [0 14328 2644610 64306 | | —_——
Malhotract al 2017 | 40 19 475 31512163872 | | —'
Deja et al_, 2000 110 7 65455 557901074261 | = _'_
Hamilion etal 2017 | 30 18 60 406031077344 | I
Tsoda ctal., 2016 24 24 100 8575310 100000 | 7| ——
Landzberg & Lock, 1998 | 18 0 55556 0757078470 | | n e
Gregorie et al., 2014 1 8 72727 3902605957 | | -
Cerin et al_, 2003 S8 ] 18276 329511061783 | | ——
Teppson et al., 2005 189 112 | 59259 51890 1066333 | = ——
Feneley etal., 1983 33 9 27273 133001045524 | =] —
Becker etal., 1999 65 0 0] 0.00010 5517 o —f—
Cremshaw ctal,, 1999 | 84 2 26.19 17.19810 36925 | | _'l_
Taietal., 2018 % 46 47917 005856 | | i I
Dagget ctal., 1977 43 24 55814 3985107092 | —_—
Menon et al., 2000 55 7 12727 5.274 10 24 480 - R
Trivedict al., 2015 20 1 55 315281076942 | = -+
Zhang etal., 2017 15 1 73333 449001092213 | —I
Calvertetal., 2014 53 31 58.491 441341071864 | | s
Barker et al., 2003 65 44 67.692 54.945 10 78.767 n u I
Moreya etal., 2010 08 186 | 45588 060ws0s6 | | " l
Sakaguchi et al., 2019 1397 936 67.001 64.465 10 69464 -
Hirotani et al., 2002 9 9 100 66373 10 100000
Huang et al., 2015 47 30 6383 4852010 77329 e
Bayezid etal., 2005 4 3 100 39764 10 100000
Pradhan ct al., 2018 51 10 19.608 982410 33,116
Sugimoto ctal 2008 | 10 9 90 55,498 10 99.747 | \ ! ‘ ! | ‘ L [
Total (fined cffccts) 3996 2182 | 54435 52884 ta 55,981 0 0 04 0 0 10
Total (random effects) | 3996 2182 | 57.155 50,065 to 64.101

FIGURE 11: Forest plot showing 30 days survival in post-MI VSD
patients

Heckle et al., 2020 [26], Wiemers et al., 2012 [27], Yam et al., 2012 [28], Serpytis et al., 2014 [6], Vondran et al.,
2020 [22], Isoda et al., 2012 [14], Arnaoutakis et al., 2019 [23], Aggarwal et al., 2018 [34], Drobac et al., 1983 [35],
Sabiniewicz et al., 2017 [36], Tang et al., 2015 [1], Anderson et al., 1989 [2], Labrousse et al., 2002 [3], Rhydwen
et al., 2002 [37], Malhotra et al., 2017 [29], Deja et al., 2000 [30] Hamilton et al., 2017 [17], Isoda et al., 2016 [18],
Landzberg & Lock, 1998 [38], Gregoric et al., 2014 [11], Cerin et al., 2003 [12], Jeppson et al., 2005 [13], Feneley
etal., 1983 [19], Becker et al., 1999 [39], Crenshaw et al., 1999 [4], Tai et al., 2018 [44], Dagget et al., 1977 [7],
Menon et al., 2000 [21], Trivedi et al., 2015 [40], Zhang et al., 2017 [41], Calvert et al., 2014 [43], Barker et al.,
2003 [31], Moreyra et al., 2010 [33], Sakaguchi et al., 2019 [32], Hirotani et al., 2002 [8], Huang et al., 2015 [5],
Bayezid et al., 2005 [10], Pradhan et al., 2018 [15], Sugimoto et al., 2008 [42].

MI: myocardial infarction; VSD: Ventricular septal defect
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FIGURE 12: Forest plot showing mortality in post-MI VSD patients

Heckle et al., 2020 [26], Wiemers et al., 2012 [27], Yam et al., 2012 [28], Serpytis et al., 2014 [6], Vondran et al.,
2020 [22], Isoda et al., 2012 [14], Arnaoutakis et al., 2019 [23], Aggarwal et al., 2018 [34], Drobac et al., 1983 [35],
Sabiniewicz et al., 2017 [36], Tang et al., 2015 [1], Anderson et al., 1989 [2], Labrousse et al., 2002 [3], Rhydwen
et al., 2002 [37], Malhotra et al., 2017 [29], Deja et al., 2000 [30] Hamilton et al., 2017 [17], Isoda et al., 2016 [18],
Landzberg & Lock, 1998 [38], Gregoric et al., 2014 [11], Cerin et al., 2003 [12], Jeppson et al., 2005 [13], Feneley
et al., 1983 [19], Becker et al., 1999 [39], Crenshaw et al., 1999 [4], Tai et al., 2018 [44], Dagget et al., 1977 [7],
Menon et al., 2000 [21], Trivedi et al., 2015 [40], Zhang et al., 2017 [41], Calvert et al., 2014 [43], Barker et al.,
2003 [31], Moreyra et al., 2010 [33], Sakaguchi et al., 2019 [32], Hirotani et al., 2002 [8], Huang et al., 2015 [5],
Bayezid et al., 2005 [10], Pradhan et al., 2018 [15], Sugimoto et al., 2008 [42].

MI: myocardial infarction; VSD: Ventricular septal defect

Furthermore, the mortality concerning the location of VSR and concomitant CABG was corroborated in five
studies with 252 patients and 12 studies with 1129 patients, respectively. The risk difference in mortality
concerning the location of VSR and concomitant CABG was found to be -0.039 (95% CI = -0.169-0.091) and
0.068 (95% CI = 0.031-0.11) with their significant I2index of 96.88 % (p<0.0001, 95% CI = 96.09-97.50) and
96.86 % (p<0.0001, 95% CI = 96.2- 97.41%). Lastly, the publication bias using Egger’s and Begg’s tests
suggested no evidence of asymmetry and small-study effects for all the analyzed variables in post-MI VSD
patients across selected studies. The forest plots for mortality concerning the location of VSR and
concomitant CABG are shown in Figures 13-14.
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FIGURE 13: Forest plot showing mortality with respect to location of
VSR in post-MI VSD patients.

Wiemers et al., 2012 [27], Yam et al., 2012 [28], Vondran et al., 2020 [22], Malhotra et al., 2017 [29], Deja et al.,
2000 [30].

MI: myocardial infarction; VSD: Ventricular septal defect; VSR: ventricular septal rupture
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FIGURE 14: Forest plot showing mortality with respect to concomitant
CABG in post-MI VSD patients.

Wiemers et al., 2012 [27], Yam et al., 2012 [28], Vondran et al., 2020 [22], Arnaoutakis et al., 2019 [23], Aggarwal
et al., 2018 [34], Labrousse et al., 2002 [3], Jeppson et al., 2005 [13], Dagget et al., 1977 [7], Barker et al., 2003
[31], Sakaguchi et al., 2019 [32], Huang et al., 2015 [5], Malhotra et al., 2017 [29].

MI: myocardial infarction; VSD: Ventricular septal defect; CABG: coronary artery bypass graft

Discussion

Post-MI VSR poses a major clinical challenge due to high mortality [1-3]. Several studies in the literature
have focussed on the surgical outcomes of the disease; however, there is paucity in the current knowledge
concerning risk factors and associated factors. Based on this background, the present systematic review and
meta-analysis attempt to pool the overall effect of different risk factors and associated clinical outcomes in
post-MI VSD patients.

In the era of surgical interventions in patients with post-MI VSD, the incidence of post-MI VSD has
significantly been reduced [3]. Evidence in the literature reported a 19.66% early mortality rate in post-MI
VSD patients following VSD closure [15]. In our study, the pooled proportion of 30-day survival was
estimated to be 54.43%, signifying the upper edge of the defined mortality range. Further, several guidelines
recommend urgent and early surgical interventions to manage post-MI VSD [17]. The available data reported
the average timing of MI to VSD diagnosis as 4.5 * 3.3 days and the average timing from VSD diagnosis to
repair as 21.5 = 40.1 days. Concerning this period, early mortality falls 45-50%, similar to overall mortality.

In most cases, delay in the surgical intervention occurs because surgeons wait for the formation and
improvement of tissue scars [18-20]. Early repair is needed in case of hemodynamic compromise, on high
inotrope, and evidence of reduced tissue perfusion like increasing urea creatinine and liver enzymes.
Otherwise, we can wait for some days. The operative outcome is better if operated after the acute episode
provided good hemodynamics on minimal inotrope. Therefore, we suggest that average timing from VSD
diagnosis to repair should be considered an important factor that adversely affects survival rates. Current
guidelines recommend immediate surgical VSD closure, irrespective of the patient's hemodynamic status.
However, surgery in older patients and patients with poor right ventricular function is futile because
mortality approaches 100%.

Accumulating evidence in the literature suggests the association of various risk factors of coronary artery
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disease, such as smoking, dyslipidemia, smoking, and prior MI, with the development of post-MI VSD [3-6].
The pooled proportion of prior MI, diabetes, smoking, and dyslipidemia was estimated to be 10.76%,
24.49%, 22.89%, and 32.62%, respectively. Due to insufficient data, we failed to link the mentioned variables
as risk factors of post-MI VSD. Expert consensus and data in the literature report the association of several
operative mortality risk factors, such as cardiogenic shock and pre-procedure IABP usage, with post-MI VSD
[21-22]. Our study analyzed the data for the pooled proportion of cardiogenic shock and pre-procedure IABP
usage in patients. The incidence of cardiogenic shock and preoperative IABP were observed in more than
half of the post-MI VSD population with estimated pooled proportions of 50.19% (95% CI: 48.46-51.92%)
and 66.99% (95% CI: 65.37-68.57%) respectively. Arnaoutakis et al. collected the data from the Society of
Thoracic Surgeons (STS) national database concordantly with our data. The authors reported the incidence
of cardiogenic shock in 51.7% of the patients at the time of admission or intervention, and 30-day mortality
was 42.9% 23. In two different studies, Thiele et al. and Egbe et al. identified and considered cardiogenic
shock as an important predictor of 30-day mortality [24-25]. However, we failed to establish the link
between these risk factors and mortality rate due to lack of data.

The localization of MI or VSR may be other considerable variables to elude worse outcomes. In the present
data, we observed that the number of patients with anterior localization of disease was significantly higher
than those with posterior wall or septum defects, signifying that the anterior wall or septum is more
vulnerable than the posterior wall for both MI and VSR. Moreover, the risk difference in anterior vs. posterior
location of both MI and VSR was found to be statistically significant. Furthermore, the mortality concerning
the location of VSR was also assessed, and the risk difference in mortality with anterior or posterior
localization of VSR was found to be statistically non-significant. The postoperative course is stormier in
posterior VSR due to associated right ventricular dysfunction. The data suggest that the location of the
defect did not influence the survival rate of patients with anterior or posterior defects. However, only 5
studies with 252 patients corroborated this data [26-30]. More studies are needed to predict the relationship
between survival rate and the location of the defect.

Furthermore, multi-vessel coronary artery disease patients underwent CABG during VSD repair [31-35].
Substantial evidence suggests that concomitant CABG provides no survival advantage to patients with post-
MI VSD36-42. Thus, concomitant CABG remains a controversial subject in the surgical management of post-
MI VSD. In our study, the pooled proportion of concomitant CABG was found to be 42.23% (95% CI = 33.95 -
49.23), suggesting little less than half of the patients underwent CABG at the time of VSD repair. We further
assessed mortality in patients who received concomitant CABG at the time of VSD repair. The risk difference
in patients with CABG and without CABG was statistically significant, suggesting the association
concomitant CABG with mortality.

Limitations

The study has a few limitations. Firstly, the identified studies lacked information on the intervention
techniques for the surgical management of patients with post-MI VSD, which is a major drawback. Secondly,
no sufficient data was given on the interval between VSD diagnosis to repair and the location of MI in
association with mortality.

Conclusions

The present systematic review and meta-analysis evaluated the surgical outcomes and associated risks in
the patients of post-MI VSD. A statistically significant risk difference was noted in the patients' anterior vs.
posterior locations of MI and VSD. The 30-day survival rate remained low, while the mortality rate was
higher even after better surgical interventions for the management of post-MI VSD. Our data suggest that
concomitant CABG is an additional factor corroborating to mortality. We conclude that time from VSR
diagnoses to repair should be considered for the timely management of patients with post-MI VSD that may
provide better survival benefits.
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