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Abstract 

Background. Ventricular septal rupture (VSR) is a rare but life-threatening complication following 

acute myocardial infarction. Surgical correction, though challenging and associated with high 

mortality, remains the treatment of choice. This systematic review and meta-analysis aimed to 

evaluated the early outcome of surgical VSR repair. 

Methods. Electronic databases were searched from January 1998 to February 2020. Studies 

reporting patients undergoing surgical treatment for VSR were analysed. The primary outcome 

being assessed was operative mortality. Differences were expressed as odds ratio (OR) with 95% 

confidence interval (CI) to assess the relationships of predefined surgical variables and clinical 

prognosis.  

Results. A total of 6,361 adult patients from 41 studies were identified. Operative mortality was 

38.2%. Pooled ORs showed increased odds of operative mortality in patients with pre/perioperative 

IABP insertion (OR, 3.48; 95%CI, 3.01 to 4.02; p < 0.001), right ventricular (RV) dysfunction (OR, 

2.85; 95%CI, 1.47 to 5.52; p = 0.002), posterior VSR (OR, 1.73; 95%CI, 1.30 to 2.31; p < 0.001), 

and emergency surgery (OR, 3.79; 95%CI, 2.52 to 5.72; p < 0.001). Temporal trend evaluation 

revealed no difference over time in the operative mortality rate, being 34% in both time-related 

groups (years 1971-2000 versus years 2001-2018). 

Conclusions. VSR repair carries a high operative mortality. Patients with pre/perioperative IABP 

support, RV dysfunction at presentation, posterior defects, and subjects undergoing VSR correction 

on emergency basis have increased odds of operative mortality.  
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Ventricular septal rupture (VSR) is a rare but potentially fatal complication of acute myocardial 

infarction (AMI), with recent literature reporting an incidence between 0.17% and 0.21%1,2. Despite 

significant improvements over the last two decades in overall mortality for patients with AMI, the 

outcome of subjects who develop VSR remains dismal2. The poor results of medical treatment 

make surgical intervention the treatment of choice for VSR. However, results of surgical repair are 

often suboptimal and associated with high mortality due to hemodynamic instability and tissue 

fragility. Since VSR is uncommon, most published series on surgical outcomes consist of single-

center experiences with small sample size, and limited information regarding predictors on 

management and outcome. Thus, we performed a systematic review and meta-analysis of the 

available literature in order to provide a current perspective and early postoperative results of the 

surgical management of VSR. 

 

Material and Methods 

This systematic review and meta-analysis were registered with PROSPERO (ID: 

CRD42020173660) and was conducted in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) statement3.  

 

Data Sources, Search Strategy and Selection Criteria. 

 PubMed, Embase and Cochrane central register of controlled trials (CENTRAL) were 

comprehensively searched for relevant studies from January 1, 1998 to the end of February 2020. 

The search terms were: “ventricular septal rupture” or “ventricular septal defect” or “acquired 

ventricular septal defect”, and "surgical repair"; “ventricular septal rupture” or “ventricular septal 

defect” and "cardiac surgery"; “ventricular septal rupture” or “ventricular septal defect” and 

"surgical treatment"; “ventricular septal rupture” or “ventricular septal defect” and "myocardial 

infarction". The literature was limited to articles published in English. Studies that provided the 

outcome for adult patients (> 18 years old) who underwent surgical treatment for VSR were 
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included. Articles were excluded if they satisfied the following criteria: (1) animal studies; (2) 

ventricular septal defects not AMI-related (e.g. congenital, post-traumatic); (3) studies including < 

20 surgical patients. Case reports and systematic reviews were not considered. In case of overlap in 

some data/patients between studies, the study with the largest population was included in the meta-

analysis. 

 

Data Extraction and Endpoint Selection.  

A standardised form was used to extract data, including a description of the study population, 

patient and procedure characteristics, complications, as well as number of clinical events. Two 

independent reviewers (M.M. and D.R.) selected the articles for inclusion, extracted studies, as well 

as patient characteristics of interest and relevant outcomes. Discrepancies were resolved by 

discussion and adjudication by a third reviewer (C.C.). The primary outcome being assessed was 

operative mortality, defined as any death, regardless of cause, occurring within 30 days after 

surgery (in or out of the hospital) or after 30 days during the same hospitalization subsequent to the 

operation. Secondary endpoints were the following in-hospital postoperative complications: 

cerebrovascular events, major bleeding, renal failure requiring renal replacement therapy, and 

reoperation for recurrence or residual VSR. Long-term follow-up and out-of-hospital complications 

were not considered. A meta-analysis was conducted to evaluate risk factors for operative mortality.  

We assessed also the temporal changes in operative mortality over the study period: for this 

evaluation two time-frames were used (1971-2000 and 2001-2018), and only studies in which all 

patients underwent surgery in one of the two frames were considered for such a comparison; if there 

was overlap between the time frames, studies were excluded from analysis. 

 

Quality Assessment.  

Two authors (M.M. and C.C.) independently assessed the trials’ eligibility and risk of bias. Risk of 

bias at the individual study level was assessed using the ROBINS-I tool (Risk Of Bias In Not-
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randomized Studies of Interventions)4. Specifically, all the studies were judged based on these 

following pre-specified potential sources of bias: confounding bias, information bias, selection bias, 

reporting bias. Studies were categorized as “Yes”, “No”, or “Unclear” for each of the items. A 

judgement of “Yes” indicates a small risk of bias, whereas a judgement if “No” indicates a high risk 

of bias for the specific item. “Unclear” indicates that the risk of bis could not be assessed because of 

missing data. Any divergences were resolved by a third reviewer (R.L.). 

 

Statistical Analysis.  

Review Manager 5.3 software, developed by the Cochrane Collaboration 

(http://tech.cochrane.org/revman/), was used for statistical computations. Pooled odds ratios (OR) 

were reported with 95% CIs, and a two-tailed p < 0.05 was considered statistically significant. The 

Cochran’s Q test and I2 test were all performed to judge the heterogeneity among the studies 

included in the meta-analysis. Heterogeneity was also considered to be significant at p < 0.1 for the 

Q statistic. An I2 value less 50% indicates low heterogeneity, values between 50% and 75% suggest 

moderate heterogeneity, and I2 greater than 75% were considered high heterogeneity. Results 

showing no significant heterogeneity were analysed by the fixed-effects model and those with 

significant heterogeneity were analysed by the random-effects model. Sensitivity analysis was 

carried out by successively excluding the low-quality studies to assess the stability of the outcome. 

Potential publication bias was evaluated by constructing a funnel plot. The plot was estimated 

visually, and asymmetric funnel plot suggested possible publication bias.  

 

Results 

The literature search identified 41 studies that met explicit inclusion criteria, including a total of 

6,361 patients. Of the 41 studies evaluated, all were observational and retrospective in design, with 

no randomized controlled trials or prospective investigations. The PRISMA flow diagram 

describing the study selection process is presented in Supplemental Figure 1.  
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Preoperative Patient Characteristics. 

Mean age of the patients was 67.1 ± 4.3 years and men accounted for 55.4% of cases. The rate of 

individuals in cardiogenic shock was 52.5% at the time of operation, and 68.9% had IABP placed 

pre- or peri-operatively. The mean time interval from AMI onset to diagnosis of VSR was 5 ± 1.8 

days, while time from VSR diagnosis to surgery was 10 ± 13.2 days. Multivessel coronary artery 

disease was present in 35.6% of subjects. The average left ventricular ejection fraction (LVEF) was 

43.9 ± 4.9%. The operation was carried out on emergency bases in 50.8% of cases. Detailed 

characteristics of studies and patients are listed in Table 1.  

 

Operative Characteristics. 

Anterior VSR was the most common location (60.1%). In almost 44% of subjects VSR was 

repaired with the concept of “infarct exclusion”. Mean duration of cardiopulmonary bypass (CPB) 

was 143.8 ± 33.8 minutes and aortic cross-clamp time was 87.9 ± 23.3 minutes. Concomitant 

CABG was performed in 54.3% of patients. Operative data are shown in Table 2.  

 

Postoperative Outcomes.  

Overall, the total number of deaths amounted to 2,430, representing an operative mortality rate of 

38.2%. Postoperatively, kidney dysfunction requiring renal replacement therapy (RRT) occurred in 

15.8% of the subjects, whereas major bleeding and cerebrovascular events in 8.4% and 4.4% of 

cases, respectively. The rate of recurrent or residual VSR following operative repair was 21%; 

reoperation was necessary in the 7.4% of patients. The mean intensive care unit (ICU) stay was 9.6 

± 6.8 days, while hospital length of stay was 18.9 ± 11.3 days. Postoperative outcomes are outlined 

in Table 3. Fifteen articles, comprising 2,312 patients, were included in the temporal trend analysis 

of operative mortality. There were no substantial changes over time in the operative mortality rate: 

34% (time frame 1971-2000) versus 34% (time frame 2001-2018) (Figure 1). 
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Meta-Analysis.  

Odds of operative mortality were significantly increased in patients with pre/perioperative IABP 

insertion as compared to no IABP (OR, 3.48; 95%CI, 3.01 to 4.02; p < 0.001; I2 = 0% (Figure 2), 

corresponding rates of death were 46.5% (1,633/3,515) and 22.4% (352/1,570). Subjects with RV 

dysfunction at presentation had increased odds of operative mortality as well (OR, 2.85; 95%CI, 

1.47 to 5.52; p = 0.002; I2 = 6%) (Figure 2). Operative mortality was increased also when VSR 

repair was conducted in emergency setting (OR, 3.79; 95%CI, 2.52 to 5.72; p < 0.001; I2 = 62%) 

(Figure 2). No significant difference was found between VSR repair with concomitant CABG and 

without concomitant CABG in terms of operative mortality (OR, 1.05; 95%CI, 0.87 to 1.25; p = 

0.62), with low heterogeneity (I2 =26%) (Figure 3). Increased odds of operative mortality were seen 

in cases of posterior VSR (OR, 1.73; 95%CI, 1.30 to 2.31; p < 0.001; I2 = 6%) (Figure 3), while a 

non-significant trend towards reduced odds was observed when the repair was performed with the 

concept of “infarct exclusion” (OR, 0.42; 95%CI, 0.10 to 1.70; p = 0.22), with moderate 

heterogeneity among studies (I2 = 68%) (Figure 3).  

 

Risk of Bias.  

A summary of the risk of biases of included studies is reported in Supplemental Figure 2. Overall, 

quality assessment revealed a significant risk of bias, especially confounding and selection bias 

(Supplemental Figure 3). Analysis of the funnel plots showed symmetry and suggested no 

significant risk of publication bias (Supplemental Figure 4 and Figure 5).   

 

Comment 

Although the incidence of VSR has been decreasing with the advent of acute reperfusion strategies, 

this post-AMI mechanical complication still portends an ominous prognosis2. Patients with VSR 

represent a very high-risk subgroup among those who have suffered an AMI. Clinical and 
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anatomical challenges include the associated hemodynamic instability often leading to cardiogenic 

shock, the functional/anatomical involvement of the right ventricle, the friable tissue surrounding 

the infarct area, the complex nature of the defect and its expansion over time. VSR usually occurs 

after transmural infarction, and can involve any part of the ventricular septum. Most patients 

develop unpredictable hemodynamic in the hours or days following VSR, and report of long-term 

survival independent of corrective interventions are extremely rare. The multicenter GUSTO-I trial 

and the SHOCK registry reported mortality rates of 94% and 96%5,6, respectively, in medically 

managed VSR patients, representing numbers estimated to be closed to the natural course of the 

disease. Surgical repair, therefore, is considered the treatment of choice. Due to the above-

mentioned factors, however, the surgical treatment remains a challenging operation with often a 

complicated course. This systematic review gives an overview of published evidence on the 

characteristics and outcomes after VSR repair.  

Controversies have arisen concerning the optimal timing for surgery. A longer interval before repair 

has been reported to be associated with better survival7. The improved outcome with delayed 

surgical correction may be related to evolution of the infarct and scar tissue formation, which may 

facilitate the VSR repair. However, a high proportion of patients are hemodynamically unstable at 

presentation, and an early intervention is usually required and performed on these individuals. In 

the acute setting, infarcted myocardium is weak and friable, and holds sutures poorly leading to 

increased risk of tearing and postoperative residual shunt. Thus, preoperative stabilization of patient 

status is crucial. Management of compromised subjects should be direct at decreasing left-to-right 

shunt with afterload reducing agents and IABP insertion. Furthermore, IABP increases the coronary 

flow and diminishes ventricular wall stress and oxygen demand. The current meta-analysis revealed 

a significant, yet non-direct, link between the pre/perioperative use of IABP and the risk of 

operative mortality. A possible explanation for this is related to the critical illness status of patients 

in whom decision of IABP insertion was made. The lack of specific information in the IABP 

subgroup prevented us from further exploring this issue.  
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In the last two decades, in addition to IABP, other forms of short-term temporary mechanical 

circulatory support (MCS) have emerged as attractive tools in critical patients with persistent 

hemodynamic instability caused by VSR. Several studies in the literature have documented the use 

of extracorporeal membrane oxygenation (ECMO) to stabilize patients with VSR until surgery can 

be performed8,9. Other option include the placement of a percutaneous left-ventricular assist device, 

such as Impella LP 5.0 (Abiomed, Danvers, MA, USA), as a bridge to surgery or transplant10. 

Preoperative MCS may improve hemodynamic and metabolic status, and allow for a delayed 

surgical correction a few days later, in a more stable condition. However, this improvement occurs 

at the expense of high rate of complications11, so the selection and the single center’s experience is 

important in order to achieve satisfactory results. 

Surgical repair of VSR has evolved over time. The two common techniques used for VSR repair are 

the Daggett and the David procedures12,13. The Dagget procedure is a single or multiple patch 

technique which closes the VSR by placing a patch over the defect and sewing to the LV and RV12. 

On the contrary, the David procedure is an infarct exclusion technique with all sutures placed in the 

LV13. Despite the David method has gained worldwide popularity, if one technique is superior to 

the other is still not well defined. In our analysis we observed a trend toward lower operative 

mortality in the “infarct exclusion” group, although this did not reach statistical significance.  

Location of VSR represents another critical factor. Indeed, posterior VSRs pose technical 

challenges, as the heart have to be elevated for adequate exposure and posterior descending artery 

and posteromedial papillary muscle are in close proximity. The current review showed that in 

almost 40% of cases the VSR was posterior. The posterior location of VSR has been associated 

with poor surgical outcome due to right ventricular dysfunction, complex ruptures, and difficult 

repair14,15. Our results are in accordance with previous analysis14,15.  

It is controversial whether concomitant CABG improves outcome after VSR repair. This study did 

not find any significant protective effect of simultaneous CABG in terms of early mortality. 
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Over the study period, there were no substantial changes over time in the operative mortality. The 

lack of an improvement in the mortality of patients submitted to cardiac surgery for VSR may 

account for several reasons: more complex patient profile treated and more liberal indication for 

surgery as compared to older times, despite enhanced surgical and perioperative management., or 

an actual lack of substantial changes in more aggressive treatment might be also taken into account, 

as shown by the limited use of mechanical circulatory support in the reviewed series. Based on the 

findings, it is clear that ominous outcome is strictly related to patients who have, or develop soon 

after VSR repair, refractory cardio-circulatory compromise, ultimately leading to multi-organ 

failure. These observations, therefore, indicate that still more efforts should be devoted to enhance 

pre- and perioperative management strategies with a more extensive use of temporary MCS, also 

prophylactically. The data detailing the success of these strategies in patients with acute VSR is 

currently restricted to case studies8-10. However, in the absence of large trial data, these reports 

provide an interesting, albeit limited, perspective. Future research is needed to examine the 

potential benefit of such a broader use as well as the actual role and impact of different types of 

temporary MCS devices in the setting of post-infarction VSR. 

In recent years, percutaneous VSR closure has emerged as a promising alternative option for 

patients with significant risk for surgical closure, either as a definitive therapy, or as a bridge to 

surgery after initial stabilization. Thiele and colleagues16 reported a 30-days mortality rate of 65% 

in 29 patients with VSR underwent primary transcatheter closure, while residual shunting was 

detected in 13.7% of cases. Based on the operative mortality and reoperation rate for postoperative 

residual/recurrent shunts observed by the present review the surgical approach remains the standard 

of care for VSR. 

Limitations. The retrospective nature of the reports included represent the major limitations of this 

study. Retrospective studies are subjects to confounders and bias, possibly affecting the conclusive 

power of our meta-analysis. The pooled occurrence rates for complications and mortality were 

based on heterogeneous data and should be treated with considerable reserve. Three national 
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registries provided data for this review. Individual and institutional experience are crucial in 

determining the likelihood of the success of VSR repair. Although our analysis revealed no 

evidence of significant reporting bias, such a bias remains still a possibility, with potentially more 

favourable results being reported from large-volume expert centers that may not be representative 

of all institutions. Because the timeline of the study period is fairly long, progress in management 

and operative strategies might have been a confounder, limiting our qualitative and quantitative 

analysis. Another important limitation of the current review is the considerable amount of missing 

data. Moreover, we acknowledge the lack of some critical information such as the initial 

hemodynamic status of patients supported with IABP, the number of distal anastomoses and grafts, 

defect size, patch materials, and surgeon’s experience. Given these limitations, our results should be 

interpreted with caution. Finally, because this study is limited by the operative outcomes, it does not 

provide information on the durability of surgical repair of VSR.  

 

Conclusion 

Surgical VSR repair is associated with high operative mortality (38.2%). The results of the present 

meta-analysis seem to indicate that patients with pre/perioperative IABP support, RV dysfunction at 

presentation, posterior defects, and subjects undergoing VSR correction on emergency basis have 

increased odds of operative mortality. Our results also suggest concomitant CABG does not to 

improve early survival. However, clinical validations studies with larger sample sizes are needed to 

confirm these findings, particularly to assess whether more aggressive pre- and perioperative 

management with temporary MCS may improve such still suboptimal early results.  
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Table 1. Studies and Patients’ Baseline Characteristics  
 

Author 
(Reference) 

Year 
 

Total  
Pt (n) 

Age* 
(y) 

Male 
(n) 

Cardiogenic 
Shock (n) 

Emergency 
Surgery (n) 

Time (d)* 
AMI-VSR 

Time (d)* 
VSR-repair 

Multivessel 
CAD (n) 

Pre-op* 
LVEF (%) 

Pre/peri-op 
IABP (n) 

Pre/peri-op 
ECLS (n) 

Ariza-Solè (8) 2020 20 67 14 … … … … 11 46 13 5 
Dogra (17) 2019 35 61 19 15 … … … … 33 16 1 
Li (18) 2019 105 63.1 63 71 24 6.2 47.7 65 46.5 40 … 
Sakaguchi (19) 2019 1,397 74.1 671 859 731 … … 303 … 1,200 224 
Abbasnejad (20) 2018 23 67.4 14 14 … … … 12 … 16 … 
Khan (21) 2018 31 57.1 21 7 4 … 9.3 6 38.4 13 0 
Pojar (22) 2018 39 68.4 19 … 16 … … 18 47.2 17 1 
Malhotra (23) 2017 40 61.6 26 … 34 3.2 3.1 22 37 40 … 
Cinq-Mars (24) 2016 34 69 19 24 … 3.9 3.4 18 44 28 0 
Yalcinkaya (25) 2016 63 67.2 35 … 20 … … … 45.2 57 … 
Huang (26) 2015 47 68.9 28 19 41 … … 31 45.8 34 6 
Kim (27) 2015 23 68 11 … 20 … … 7 42.5 19 1 
Takahashi (28) 2015 52 67 26 30 29 … … 33 … 20 … 
Lundblad (29) 2014 110 … 80 21 … … … 69 … 99 … 
Hu (30)  2013 21 … … … … … … … … … … 
Kettner (31) 2013 48 … … … … … … … … 40 … 
Pang (14) 2013 38 65.7 20 26 32 … … 22 39.7 37 0 
Park (32) 2013 34 67.1 13 25 9 … … 18 43.7 23 1 
Rohn (33) 2013 25 70.2 12 13 … … 1.7 … 42.8 20 4 
Yam (34) 2013 40 … 16 11 17 … 3 14 56 32 0 
Abu-Omar (35) 2012 59 … 41 33 … … … … … 47 … 
Arnaoutakis (7) 2012 2,876 68 1,624 1,487 1,430 … … 966 43.1 1,869 84^ 
Fukushima (36) 2010 68 66.4 49 8 … … … 45 … 28 1 
Murashita (37) 2010 34 79.6 11 21 … … … 14 … 31 3 
Sà (38) 2010 21 62.8 13 12 … 4.8 7.8 7 50.6 5 … 
Sibal (39) 2010 36 70.4 12 28 36 … … … … 22 … 
Coskun (40) 2009 41 68 30 29 5 8.7 23.1 24 47.2 19 … 
Poulsen (41) 2008 45 68 … … … … … … 45 … … 
Sajja (42) 2008 22 57.4 20 15 … 1.9 … 19 … 15 … 
Mantovani (43) 2006 50 66 26 … 37 … … 25 … 28 0 
Jeppsson (15) 2005 189 69 119 … … … … … … 91 0 
Barker (44) 2003 65 … 40 35 … … … 46 … 42 … 
Cerin (45) 2003 58 73 29 24 18 4 2.8 40 43 12 … 
Thiele (46) 2003 20 68.5 12 9 … … … 11 42 20 3 
Labrousse (47) 2002 85 69 51 16 … … 3.4 … … 81 … 
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Crenshaw (5) 2000 34 … … … … … … … … … … 
Deja (48) 2000 110 65.6 69 33 … 5.6 9 44 … 66 1 
Pretre (49) 1999 54 … 33 25 … … … 28 … 31 … 
Bouchart (50) 1998 67 66.3 43 49 58 3.6 6.1 29 … 54 0 
Dalrymple-Hay (51) 1998 150 66 90 45 … … … … … 55 … 
David (52) 1998 52 68 25 34 … … … 36 … 34 … 
Total n/N 
(±SD)  

/ 
 

6,361 
 

67.1 
±4.3 

3,444/
6,213 

3,038/ 
5,789 

2,561/ 
5,037 

5 
(±1.8) 

10 
(±13.2) 

1,983/ 
5,571 

43.9 
(±4.9) 

4,314/ 
6,261 

335/ 
5,177 

 
Pt = patients; n = number; AMI = acute myocardial infarction; VSR = ventricular septal rupture; CAD = coronary artery disease; LVEF = left 

ventricular ejection fraction; Pre-op = preoperative; Peri-op = perioperative; IABP = intra-aortic balloon pump; ECLS = extracorporeal life support; * 

= mean value; SD = standard deviation; d = days; y = years; ^ = ventricular assist device. 
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Table 2. Operative Data 

Author 
(Reference) 

Posterior VSR 
(n) 

Apical/Anterior 
VSR (n) 

CPB Time* 
(m) 

ACC Time* 
 (m) 

Concomitant 
CABG (n) 

Infarct  
Exclusion (n) 

Other  
Techniques (n) 

Ariza-Solè (8) 5 15 … … 7 … … 
Dogra (17) 6 29 172 116 22 26 9 
Li (18) 37 68 118.1 78.8 81 94 11 
Sakaguchi (19) … … 198 124 475 … … 
Abbasnejad (20) … … 153 74 15 9 14 
Khan (21) 5 26 120 61.7 18 31 0 
Pojar (22) 18 21 146.3 91.8 12 39 0 
Malhotra (23) 13 27 159 105.4 28 4 36 
Cinq-Mars (24) 23 11 141 94 15 … … 
Yalcinkaya (25) 17 46 102.7 65.1 38 9 54 
Huang (26) 11 36 193.9 113 27 47 0 
Kim (27) 4 19 194.4 150.1 17 21∧ 2 
Takahashi (28) 28 24 161.5 83.1 33 5 47 
Lundblad (29) 59 51 120.2 66.7 29 42 68 
Hu (30)  … … … … 16 … … 
Kettner (31) … … … … 30 … … 
Pang (14) 10 28 152 82 19 35 3 
Park (32) 6 28 165 85.2 21 34 0 
Rohn (33) 8 17 182 94.6 17 25 0 
Yam (34) 6 34 117 87 8 0 40 
Abu-Omar (35) 27 32 110 58 44 … … 
Arnaoutakis (7) … … … … 1,837 … … 
Fukushima (36) 33 35 … … 48 … … 
Murashita (37) … … 186 113 13 34 0 
Sà (38) 7 14 … … 0 … … 
Sibal (39) 14 22 … … 15 18 18 
Coskun (40) 14 27 … … 22 0 41 
Poulsen (41) … … … … 19 … … 
Sajja (42) 14 8 … … 22 22 0 
Mantovani (43) 20 30 … 101 25 16 34 
Jeppsson (15) 97 92 … … 119 … … 
Barker (44) 35 30 … … 42 … … 
Cerin (45) 19 39 111 68 47 … … 
Thiele (46) … … … … 6 … … 
Labrousse (47) 35 50 … … 40 0 85 
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Crenshaw (5) … … … … … … … 
Deja (48) 34 76 98.2 63.2 40 … … 
Pretre (49) 30 24 … … 28 0 54 
Bouchart (50) 23 44 114 70 22 2 65 
Dalrymple-Hay (51) … … … … … 0 150 
David (52) 26 26 93 65 36 52 0 
Total (n/N) 
(±SD) 

684/ 
1,713 

1,029/ 
1,713 

143.8 
(±33.8) 

87.9 
(±23.3) 

3,353/ 
6,177) 

565/ 
1,296 

731/ 
1,296 

 

VSR = ventricular septal rupture; CPB = cardiopulmonary bypass; ACC = aortic cross-clamp; CABG = coronary artery bypass grafting; m = minutes; 

n = number; SD = standard deviation; * = mean value; ∧ = modified infarct exclusion technique. 
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Table 3. Main Postoperative Outcomes 

Author 
(Reference) 

Major 
Bleeding (n) 

Cerebrovascular 
Events (n) 

RRT 
(n) 

ICU Stay* 
(d) 

Residual/Recurrent 
VSR (n) 

Reoperation 
(n) 

H Stay* 
 (d) 

Operative  
Mortality (n) 

Ariza-Solè (8) 6 1 6 … … 3 … 5 
Dogra (17) … 1 … … … … … 16 
Li (18) … … … 8.8 1 0 31.9 3 
Sakaguchi (19) 112 64 295 15.2 … … … 461 
Abbasnejad (20) … … … … … … … 13 
Khan (21) 1 … 0 2.8 3 0 11 8 
Pojar (22) 11 3 13 … 5 0 … 14 
Malhotra (23) 3 2 … … 3 1 … 21 
Cinq-Mars (24) … 3 … … 9 … … 22 
Yalcinkaya (25) … … … … 11 2 11.8 34 
Huang (26) 11 5 21 24.9 16 … 44.9 17 
Kim (27) 1 0 … 5.1 7 3 19.2 1 
Takahashi (28) … … … … 4 4 … 19 
Lundblad (29) 15 9 … … 30 14 … 40 
Hu (30)  … … … … … … … 1 
Kettner (31) … … … … 11 4 … 20 
Pang (14) 8 … 12 … 9 1 … 15 
Park (32) 1 … 3 … 9 5 … 10 
Rohn (33) … 1 7 8.5 4 0 11.4 10 
Yam (34) … … 16 … 10 2 … 8 
Abu-Omar (35) … … … … … … … 23 
Arnaoutakis (7) 224 104 343 … … … … 1,235 
Fukushima (36) 6 3 12 … 22 8 … 24 
Murashita (37) … … … 19 7 2 … 12 
Sà (38) … … … … … … … 14 
Sibal (39) 3 … 8 4.2 11 1 … 19 
Coskun (40) … … … … 15 7 … 14 
Poulsen (41) … … … … … … … 13 
Sajja (42) … … … 4.1 … … 12.6 5 
Mantovani (43) … … … … 13 4 … 18 
Jeppsson (15) 22 20 35 … 43 21 … 77 
Barker (44) 3 1 10 … 16 … … 20 
Cerin (45) 5 … … … 19 9 10.9 30 
Thiele (46) … … … … … … … 9 
Labrousse (47) … … … … 6 3 … 36 
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Crenshaw (5) … … … … … … … 16 
Deja (48) 6 5 18 4.8 44 13 … 38 
Pretre (49) … … … … 10 4 … 14 
Bouchart (50) 2 3 4 8 2 1 14 17 
Dalrymple-Hay (51) … … … … … … … 48 
David (52) … … 10 10 3 0 21 10 
Total (n/N) 
(±SD) 

440/ 
5,248 

225/ 
5,145 

813/ 
5,134 

9.6 
(±6.8) 

343/ 
1,638 

112/ 
1,512 

18.9 
(±11.3) 

2,430/ 
6,361 

 

RRT = renal replacement therapy; ICU = intensive care unit; VSR = ventricular septal rupture; n = number; d = days; H = hospital; * = mean value; SD 

= standard deviation.
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Figure Legends 

 

Figure 1. Temporal trend evaluation of operative mortality for post-infarction VSR repair.  

VSR = ventricular septal rupture. 

 

Figure 2. Forrest plots of comparison (from above to below): IABP support (A), RV function (B), 

timing of surgery (C). 

IABP = intra-aortic balloon pump; RV = right ventricular. 

 

Figure 3. Forrest plots of comparison (from above to below): concomitant CABG (A), VSR 

location (B), surgical technique (C). 

CABG = coronary artery bypass grafting; VSR = ventricular septal rupture. 
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