
Öz
Amaç: Miyokard infarktüsü sonrası ventriküler septal defektler (PMIVSD) nadirdir ancak son derece 
yüksek mortalite ve morbiditeye sahiptir. Mortalite oranları ve risk faktörleri birçok çalışmada farklılık 
göstermektedir.
Hastalar ve Yöntem: Ocak 2006 ile Nisan 2020 tarihleri arasında PMIVSD nedeniyle ameliyat edilen 
hastaları geriye dönük olarak 18 yaş ve üzeri kliniğimize dahil ettik. 
Bulgular: Akut miyokard infarktüsü ile başvuran 9451 hastanın 28'i 2006-2020 yılları arasında PMIVSD 
nedeniyle merkezimizde ameliyat edildi. PMIVSD oranımız % 0,296 idi. Hayatta kalanlar ile hayatta 
kalmayanları karşılaştırdığımızda istatistiksel olarak anlamlı olan tek şey hastanede kalış süresiydi. Sağ 
kalanlarda 2 gün iken, sağ kalmayan grupta 13 gündü (p <0.001). Sağ kalan gruptaki bir hasta 107 gün 
hastanede kaldı.
Sonuç: PMIVSD hastaları için ameliyatın zamanlaması hala zordur. Sol ventrikül assist device (LVAD) 
veya perkütan cihazların implante edilmesi ve ameliyattan önce bir süre beklenmesi gibi diğer stratejiler, 
PMIVSD hastaları için daha iyi bir yaklaşım olacaktır.
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Aim: Post-myocardial infarction ventricular septal defects (PMIVSD) are rare but have extremely high 
mortality and morbidity. Mortality rates and risk factors vary in many studies. We aimed to evaluate 
the mortality rates and risk factors of ventricular septal defects (PMIVSD) after myocardial infarction 
performed in our center.
Patients and Methods: We retrospectively enrolled the patients who underwent surgery for PMIVSD in 
our clinic from January 2006 to April 2020 with the age ≥ 18.
Results: A total of 9451 patients admitted to our center with acute myocardial infarction between 2006 
and 2020 were examined. Twenty-eight patients operated for PMIVSD were included in the study. Our 
PMIVSD rate was 0.296%. When we compare those survivors and non-survivors the only thing which 
statistically significant was length of stay in hospital. In survivors it was 13 days when it 2 days in non-
survivors group (p<0.001). One patient in survivor group was stayed in hospital for 107 days. 
Conclusion: Timing of the surgery for PMIVSD patients is still challenging. Further strategies like 
implanting LVAD or percutaneous devices and waiting for a while before the surgery will be the better 
approach for PMIVSD patients.
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INTRODUCTION 
 Post-myocardial infarction ventricular septal defects 
(PMIVSD) are rare but have extremely high mortality 
and morbidity. Early reperfusion therapies reduced 
this complication at least 1-2 % of all myocardial 
infarctions (1). Without immediate surgery mortality 
rate is very high (60%) and less than 10 % patients 
can alive for the first three months (2). ACC and AHA 
recommend immediate surgical repair because the 
rupture site can expand abruptly, resulting in sudden 
hemodynamic collapse in previously stable patients 
(3).
 Female gender, advanced age and left anterior 
descending artery (LAD) infarction are risk factors for 
PMIVSD and they are associated with cardiogenic 
shock and death. As this complication is rare published 
series are small. The early mortality in series 19 to 66 
% and the risk factors are still inconsonant. The aim 
of this study was to evaluate the clinical presentation 
and outcomes of patients which we have operated for 
PMIVSD in our clinic.

PATIENTS AND METHODS
 This study is approved by the local ethics 
committee with the date 20.05.2020 and number of 
2020/2515. We retrospectively enrolled the patients 
who underwent surgery for PMIVSD in our clinic from 
January 2006 to April 2020 with the age ≥ 18. The 
operations performed by six surgeons.
 Patients admitted to our hospital between 2006-
2020 are evaluated for the presence of PMIVSD. 
In our study, we included all the patients operated 
for PMIVSD, not the patients who received medical 
treatment. Acute myocardial infarction (MI) diagnosed 
by elevated cardiac enzymes, 30 minutes or longer 
chest pain and electrocardiographic changes. The 
ventricular septal defects (VSD) were diagnosed 
by transthoracic echocardiography in all cases. 
Preoperative medical problems (e.g. hypertension 
(HT), diabetes mellitus (DM), cerebrovascular events 
(CVE)), intraoperative balloon pump requirement and 
postoperative data were collected.
 Cardiogenic shock was defined < 80 mmHg systolic 
blood pressure or cardiac index below 1.8 L/min/m2, 
reduced urine output and signs of hypoperfusion 
despite maximal treatment. Postoperative 1 month 
and 3 months follow up done by outpatient clinic and 
6 months follow up was done by phone contact who 
discharge from hospital. Operative mortality was the 
primary outcome and it was defined as the death 
within 30 days after surgery with any cause.

Surgical Technique
 All patients were operated on through a median 
sternotomy with extracorporeal circulation and 
moderate hypothermia (28–33oC). Cardiopulmonary 
bypass was established in all cases. All operations 
were performed from one to three days after the 
septal defect occurrence. Ventricular septal defect 
repair was performed via the left ventriculotomy 
side by LAD. Our surgical strategy had these steps: 
Approach to the interventricular septum through the 
area of the infarcted myocardium; closure of the VSD 
without tension with a Dacron or autologous pericardial 
patch with pledgets; infarctectomy until viable tissue 
reached and closure of the ventriculotomy without 
tension, usually with Teflon strips.
Statistical Analysis
 Descriptive statistics of considered variables were 
given. Mean, standard deviations, median, q1 and q3 

F: female, M: male, HT: hypertension, IDDM: insulin-dependent diabetes 
mellitus, PRE. CRE: preoperative creatinine, PRE. DIA: preoperative 
dialysis, PRE.IABP: preoperative intra-aortic balloon pump insertion, 
INF LOC: infarct localization, UNS. ANG:  unstable angina, EF: ejection 
fraction, POSTOP.IABP: postoperative intra-aortic balloon pump insertion, 
CON.CABG: concomitant coronary artery bypass grafting, LENG.STA: 
length of stay in hospital, POST. SVE: postoperative cerebrovascular 
event, RRT: renal replacement therapy, RE-EXPO: re-exploration, INOT. 
AGENT: inotropic agent.

Table 1. Baseline characteristics of patients
Variables
Age     71 ± 8.72
Gender  
   F   14 (50%)
   M   14 (50%)
HT      9 (32.1%)
IDDM     12 (42.9%)
PRE CRE    1.89 mg/dL
PRE DIA    5 (17.9%)
CVE     none
REOP     none
PCI DIA    21 (75%)
PRE IABP    17 (60.7%)
LOC. INF.  
   ANT.    23 (82.1%)
   NON-ANT.  5 (17.9%)
Card. SHO    13 (46.4%)
Unsang    13 (46.4%)
EF%     35.2
INTOP. IABP    10 (35.7%)
CON CABG    15 (53.6%)
LENG STA    4 (1-12.5)
Post SVE    1 (3.6%)
RRT     4 (14.3%)
RE EXPO    none
INOT. AGEN    23 (100%)
EXC     17 (60.7%)
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statistics were calculated for continuous variables. 
Categorical variables are displayed as frequency and 
percentages. Comparison of continuous variables 
among groups are done using Mann Whitney U test 
and that of categorical variables are done using Chi 
square test. All statistical analysis was performed by 
Jamovi version 1.2.2.

RESULTS
 28 patients were operated for PMIVSD at our 
clinic between 2006 – 2020. Our PMIVSD rate was 
0.296%. Seven of the 28 patients were brought 
to our center at the time of diagnosis; two of them 
three days, three of them two days and two of them 
one day after diagnosis from the other hospitals. 
The average age was 71 ± 8.72. The fourteen of the 
patients were women (50 %). Twelve patients (42.9 
%) had insulin-dependent diabetes mellitus (IDDM) 
and nine (32.1 %) had hypertension. Five patients 
(17.9 %) needed preoperatively hemodialysis (HD) 

(Table 1). Surgical treatment was performed all of 
the PMIVSD patients. Concomitant coronary artery 
bypass grafting (CABG) was performed in 15 patients 
(53.6 %). 21 patients (75 %) underwent percutaneous 
coronary intervention (PCI) before operation. Intra-
aortic balloon pump (IABP) was needed in 17 patients 
(60.7 %) preoperatively. 23 of patients (82.1 %) had 
anterior MI. Cardiogenic shock was seen in13 patients 
(46.4 %). The overall ejection fraction (EF) was 35.2 
%.
 Mean hospital stay was 4 days. The operative 
mortality was 60.7 % (n=17). Between 2006 and 2013 
the mortality was 65% (23 operated, 15 deaths) and 
between 2013 to 2020 was 40% (5 operated 2 deaths). 
Three patients died postoperatively for non-operative 
causes (one for intestinal bleeding and two for sepsis). 
Four patients (14.3 %) needed postoperative HD and 
one (3.6 %) had cerebrovascular event (CVE). No 
patient was re-operated for bleeding.
 When we compare those survivors and non-

Variables  Variables  Survivors  Nonsurvivors  P value
       (n=11)   (n=17)
Age      66.7 ±9.8  73.8 ±6.8  0,099
Gender    
    F   5(45.5%)  9(52.9%)  0.699
    M   6 (54.5%)  8 (47.1%) 
HT       5 (45.5%)  4 (23.5%)  0.225
IDDM      5 (45.5%)  7 (41.2%)  0.823
PRE CRE     1.33 ± 1.1 mg/dL 2.25±1.4 mg/dL  0.076
PRE DIA     0    5 (29.4%)  0.047
CVE      0    0  
Reop      0    0  
PCI DIA     8 (72.7%)  13 (76.5%)  0.823
PRE IABP     5 (45.5%)  12 (70.6%)  0.184
INF.LOC.     
    ANT.   10 (90.9%)  13 (76.5%)  0.330
    NON ANT  1 (9.1%)  4 (23.5%) 
Card. SHO     3 (27.3%)  15 (58.8%)  0.102
UNS.ANG     3 (27.3%)  10 (58.8%)  0.102
EF%      35.9   34.7   1.0
Postop. IABP     6 (54.5%)  4 (23.5%)  0.094
CON.CABG     8 (72.7%)  7 (41.2%)  0.102
Leng. STA.     13 (12-13.5)  2 (1-3.25)  < 0.001
Post. CVE     1 (9.1%)  0    0.206
RRT      1 (9.1%)  3 (17.6%)  0.527
RE-Expo     0    0 
Inot. Agent     11 (100%)  17 (100%) 
F: female, M: male, HT: hypertension, IDDM: insulin-dependent diabetes mellitus, PRE. CRE: preoperative creatinine, PRE. DIA: preoperative dialysis, 
PRE.IABP: preoperative intra-aortic balloon pump insertion, INF LOC: infarct localization, UNS. ANG:  unstable angina, EF: ejection fraction, POSTOP.
IABP: postoperative intra-aortic balloon pump insertion, CON.CABG: concomitant coronary artery bypass grafting, LENG.STA: length of stay in hospital, 
POST. SVE: postoperative cerebrovascular event, RRT: renal replacement therapy, RE-EXPO: re-exploration, INOT. AGENT: inotropic agent.

Table 2. Univariate analysis for hospital mortality.



survivors (Table 2) the only thing which statistically 
significant was length of stay in hospital. In survivors 
it was 13 days when it was 2 days in non-survivors 
group (p<0.001). One patient in survivor group stayed 
in hospital for 107 days. The mortality rate was 76.9% 
in the presence of cardiac shock on admission, 
while in non-shock patients was 46.6%, but it was 
statistically insignificant (p=0.102). Preoperative 
creatinine value was 1.33 mg/dL in survivors and 2.25 
mg/dL in non-survivors (p=0.076). Infarct localization 
had no effect on survival between groups (p=0.330). 
Concomitant CABG performed in 8 patients (72.7 %) 
in survivor and 7 patients (41.2 %) in non-survivor 
group. Preoperative IABP placement was 45.5 % 
(n=5) in survivors and 70.6 % (n=12) in non-survivors 
(p=0.184). Median age was 66.7 ± 9.8 in survivors 
when it was 73.8 ± 6.8 in non-survivors (p=0.099).
 We use inotropic agents for all our patients routinely, 
5 µg/kg/m dopamine and 0.05 µg/kg/m noradrenaline 
according to date of surgery (we used noradrenaline 
after the year 2008).

DISCUSSION
 Our 30-day mortality was high (60.7%) compared 
to the literature (4-7). It might be related to some 
factors like cardiogenic shock on admission, time to 
surgery, infarct area and age. The patients whom had 
cardiogenic shock on admission had a higher mortality 
rate (n=13 cardiogenic shock and n=10 died,76.9%). 
Non-cardiogenic shock patients had much lower 
mortality rates than shock patients (n=15 patients 
n=7 died 46.6%). Cardiogenic shock on admission 
was independent predictor in our study like lots of the 
others (8-13) (Table 3). Also two of our patients died 
for non-cardiac related causes.
 IABP support will improve coronary blood supply 
and that will increase the contraction of heart but there 
is no data to confirm this situation’s positive effect on 
early mortality (14, 15). We inserted preoperatively 17 
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of 28 patients and 12 of them died. In the survivor 
group need of IABP is lower than non-survivors 
(45.5%), we thought; in survivor group, cardiac output 
was better than non-survivors on admission, however 
postoperative need of IABP was higher in survivors 
group but it was statistically insignificant (p=0.094). 
Some studies found that the insertion of IABP to the 
PMIVSD patients could be associated with the higher 
mortality (16, 17) but it might be related to that we 
usually insert the IABP to hemodynamically unstable 
and critical patients.
 Early surgery is the recommended treatment for 
PMIVSD patients and its mortality lower than the 
medically treated patients. We operated all of the 
patients at least 48 hours after admission to the 
hospital. Maybe one of the reasons can be this for our 
high hospital mortality. Because of the fragile cardiac 
tissue over the VSD and unstable cardiac situation, 
the decision of immediate surgery is challenging. If 
the patients are hemodynamically stable delaying the 
operation should be considered. Because delaying 
the operation lets you a better fibrotic infarct tissue 
to put the VSD patch sutures. But Fukushima et al. 
found their 30-day mortality as 35%, although they 
did not postpone surgery for more than 48 hours.
 Concomitant CABG performed to improve left 
ventricular contraction in 15 patients. Our study 
showed no beneficial effect on its protectiveness for 
left ventricle, despite some other studies reported 
beneficial effect (18, 19). We didn’t use transcatheter 
closure (TCC) for our patients because there were 
no experienced interventional operation team for this 
treatment. Omar et al. found no difference in mortality 
between early surgery and early TCC (54 ± 32% vs 56 
± 23% respectively, P = 0.82) (20). Same study and 
many of others (21-25) showed that early TCC had 
higher mortality rate than late repair. We could not use 
extracorporeal membrane oxygenator (ECMO) and 
left ventricular assist device (LVAD) for our PMIVSD 

CARD: cardiogenic, INF.LOC: infarct localization, IDDM: insulin-dependent diabetes mellitus, F: female, CON.CABG: concomitant coronary artery bypass 
grafting.

Table 3. Multivariate regression analysis of independent predictors of hospital mortality
Variable  Exp (B) (Odds ratio)  95% Confidence Interval for Exp(B)   p value
        Lower Bound  Upper Bound 
Age   1.226    0.999   1.506    0.051
Card.Shock  13.469    1.072   169.180   0.044
INF.LOC.  0.627    0.043   9.196    0.733
IDDM   2.438    0.289   20.552    0.413
Gender=F  1.112    0.128   9.701    0.923
Con.Cabg  0.263    0.051   1.355    0.110
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patients until 2014 because of procedural problems. 
Many of the literature use them for patients who had 
cardiogenic shock in admission or postoperative 
cardiogenic shock caused by residual shunts or for 
any reasons (26). It might help to improve cardiac 
output.
 Our study has limitations. First of all; this 
retrospective study is based on a cohort from a 
single tertiary center so our patient population was 
small and the statistical power is limited. Our surgical 
team has 6 surgeons during the study and they have 
different choices for surgical technique, plegia usage 
for myocardial protection and surgical materials. Right 
ventricular function was not measured throughout 
the study period and we did not include them. It was 
suggesting a risk factor for 30-day mortality in many 
papers (27-30).

CONCLUSION
 In conclusion timing of the surgery for PMIVSD 
patients is still challenging. Further strategies like 
implanting LVAD or percutaneous devices and 
waiting for a while before the surgery will be the better 
approach for PMIVSD patients.
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