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Abstract

Introduction: Ventricular septal defect (VSD) is a rare but life-
threatening complication of acute myocardial infarction (AMI).
There is a paucity of data regarding the natural history of
this devastating complication of myocardial infarction in the
Middle East region with restricted financial resources and un-
solved major health problems.

Aim: To evaluate the clinical presentation and in-hospital out-
come of patients with post-infarction VSD over a 10-year pe-
riod in a tertiary center in northwest Iran.

Material and methods: Data from 64 consecutive patients
with VSD complicating AMI were retrospectively analyzed from
March 2005 to May 2015.

Results: The mean age of the patients was 71.62 +9.38 years
with 57.8% of them being female. The VSDs were anterior in
52 (82%) patients. More than half of patients were in cardio-
genic shock during the initial presentation. Multivessel coro-
nary artery disease was found on coronary angiography in
70.3% of patients. In-hospital mortality was 82.8%. Multivari-
ate analysis revealed cardiogenic shock (HR = 12.5, p = 0.001)
as the only independent predictor of in-hospital mortality and
surgical treatment as the only predictor of in-hospital survival
(HR=0.2,p =0.02).

Conclusions: Our study demonstrated that VSD complicating
myocardial infarction had an extremely high in-hospital mor-
tality rate. Cardiogenic shock was the only independent pre-
dictor of in-hospital mortality and surgical treatment was the
only predictor of in-hospital survival.

Key words: acute myocardial infarction, ventricular septal de-
fect.

Introduction

Ventricular septal defect (VSD) is a rare but life-threaten-
ing mechanical complication of acute myocardial infarction
(AMI) [1, 2]. Early reperfusion therapy including thrombolysis
and primary percutaneous coronary intervention (PPCl) has
reduced the incidence of this complication from 1-2% to

Streszczenie

Wprowadzenie: Ubytek przegrody miedzykomorowej (VSD)
stanowi rzadkie, lecz zagrazajace zyciu powiktanie po przeby-
tym ostrym zawale serca (AMI). Przy ograniczonych $rodkach
finansowych i nierozwigzanych powaznych problemach w dzie-
dzinie zdrowia w regionie Bliskiego Wschodu niewiele jest
danych dotyczacych historii tego powiktania zawatu.

Cel: Ocena obrazu klinicznego i wynikéw szpitalnych pacjen-
tow z VSD po AMI leczonych w osrodku referencyjnym
w pétnocno-zachodnim Iranie w czasie 10 lat.

Materiat i metody: Analiza retrospektywna objeta 64 pacjen-
téw z VSD po AMI leczonych od marca 2005 r. do maja 2015 r.
Wyniki: Srednia wieku pacjentéw wynosita 71,62 +9,38 roku,
kobiety stanowity 57,8% badanych. U 52 (82%) pacjentow
wystepowat przedni ubytek przegrody miedzykomorowe;.
Ponad potowa pacjentéw byta podczas wstepnego badania we
wstrzasie kardiogennym. U 70,3% pacjentéw stwierdzono w ko-
ronarografii wielonaczyniowa chorobe wieficowa. Smiertelnogé
szpitalna wynosita 82,8%. W analizie wielowymiarowe]j wyka-
zano, ze wstrzas kardiogenny (HR = 12,5, p = 0,001) stanowi
jedyny niezalezny czynnik prognostyczny smiertelnosci szpi-
talnej, a leczenie chirurgiczne — jedyny czynnik prognostyczny
przezycia w szpitalu (HR = 0,2, p = 0,02).

Whnioski: W badaniu wykazano, ze VSD jako powiktanie po
przebytym zawale charakteryzuje sie niezwykle wysokim
wskaznikiem Smiertelnosci szpitalnej. Wstrzas kardiogenny
byt jedynym niezaleznym czynnikiem prognostycznym Smier-
telnosci szpitalnej, a leczenie chirurgiczne — jedynym czynni-
kiem prognostycznym przezycia w szpitalu.

Stowa kluczowe: ostry zawat serca, ubytek przegrody miedzy-
komorowej.

0.2% [2—-4]. However, the mortality rate of VSD associated
with conservative or surgical management is still high [5].
There is a paucity of data regarding the natural history of
this devastating complication of myocardial infarction in
the Middle East region with restricted financial resources
and unsolved major health problems. For example, about
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10-15% of the Iranian population have no health insurance
coverage at all [6]. Not surprisingly, health expenditure per
capita is about USS 350 in Iran, far less than European and
North American countries [7]. Also, there are limited data
regarding outcome and valuation of cardiac surgical proce-
dures in Iran as one study reported in-hospital mortality of
0.47% for isolated coronary artery bypass grafting (CABG)
surgery [8] but the presentation and management of post-
MI'VSD remain largely unknown.

Aim

So, in the present study, we aimed to evaluate the clini-
cal presentation and in-hospital outcome of patients with
post-infarction VSD over a 10-year period in a tertiary cen-
ter in northwest Iran.

Material and methods

Between March 2005 and May 2015, data from 64 con-
secutive patients with VSD complicating AMI were retro-
spectively collected and analyzed in our hospital. During
this period, 9697 patients were admitted to our center
with diagnosis of AMI. So, the overall incidence of post-
MI ventricular septal defect was 0.65%. The present study

Table I. Baseline characteristics of patients

Parameter Value

Age, mean + SD [years] 71.62 +9.38
Gender, n (%) Male 27 (42.2)
Female 37 (57.8)
Diabetes mellitus, n (%) 12 (18.8)
Hyperlipidemia, n (%) 17 (26.6)
Hypertension, n (%) 39 (60.9)
Renal failure, n (%) 15 (23.4)
Previous myocardial infarction or angina, n (%) 16 (25)

Systolic blood pressure [mm Hg] 100.98 +21.69

Diastolic blood pressure [mm Hg] 65.28 +13.64
Heart rate [bpm] 94.04 £20.97
VSD location, n (%) Anterior 53 (82.81)
Non-anterior 11 (17.19)
Number of diseased 1 19 (29)
vessels, n (%) 5 27 (42)
3 18 (29)
Culprit vessel LAD 53 (82.81)
LCX 3 (4.68)
RCA 8 (12.5)
Reperfusion, n (%) 22 (34.4)
Type of reperfusion, Thrombolysis 20 (31.3)
n (%) Primary PCI 23.)

VSD - ventricular septal defect, PCI — percutaneous coronary intervention,
LAD - left anterior descending artery, LCX — left circumflex artery, RCA — right
coronary artery.
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was approved by the ethics committee of Tabriz University
of Medical Sciences (Study No. 94/1-7/4). Written informed
consent was obtained from all patients or the patient’s
relatives. The diagnosis of AMI was based on prolonged
anginal chest pain, electrocardiographic signs of infarction,
and a documented rise of cardiac enzymes. The VSD was
diagnosed by transthoracic echocardiogram as disrupted
ventricular septum with evidence of left-to-right shunt by
color Doppler in all cases. Left ventricular systolic function
was calculated using Simpson’s method.

Demographic data, coronary risk factors, Killip class,
hemodynamic status on hospital admission, reperfusion
therapy, and angiographic data including culprit vessel,
echocardiographic findings, and intra-aortic balloon pump
usage were recorded. Long-term follow-up was done by
phone contact and regular visits among patients who were
discharged home alive. All patients underwent coronary
angiography. Coronary artery stenosis more than 70% was
considered significant and multivessel coronary artery dis-
ease was defined as stenosis of > 70% in two or more major
coronary arteries. Right heart catheterization was performed
in 34 patients. Left-to-right shunt estimation was performed
by catheterization data or echocardiographic finding. Cardio-
genic shock was defined as systolic blood pressure less than
90 mm Hg associated with signs of hypoperfusion including
cold extremities, altered mental status, and reduced urine
output [9]. Renal failure was defined as serum creatinine
more than 1.5 mg/d| or need for renal replacement therapy.
The primary outcome was in-hospital mortality. Also, several
demographic, hemodynamic, angiographic, and echocardio-
graphic variables were compared between in-hospital survi-
vors and the non-survivor group and between the surgical
treatment group and the medical treatment group.

Statistical analysis

Categorical variables were expressed as a percent-
age and continuous variables were presented as mean +
standard deviation (SD). The chi-square (x?) or Fisher’s
exact test was used to compare categorical variables and
the Mann-Whitney U-test and Student’s t-test were used
to compare continuous variables. Predictors of mortality
in univariate analysis with a p-value less than 0.05 were
included in the multivariate model. Multivariate logistic
regression was used to estimate independent risk factors
for the factors with a significant p-value (< 0.05) through
a univariate analysis. P-values less than 0.05 were consid-
ered statistically significant. All data were analyzed using
SPSS version 18 (SPSS Inc, Chicago, IL).

Results

The mean age of the patients was 71.62 +9.38 years
with 57.8% females. Demographic, hemodynamic, echocar-
diographic, and angiographic findings are shown in Table I.
Most patients were above 60 years old (85%). The VSDs
were anterior in 53 (82.81%) patients. The VSD size in most
cases was > 10 mm. A total of 41 (64.1%) patients were
in cardiogenic shock during initial presentation. Totally,
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22 patients developed post-MI VSD after reperfusion thera-
py. Twenty patients received thrombolysis, of whom 15 were
referred from another center after lytic therapy and devel-
opment of VSD. Five patients received thrombolysis in our
center and subsequently were found to have post-MI VSD.
Mean door-to-needle time was 89 13 min. Two patients
developed VSD after being treated with primary angio-
plasty in our center. These 2 patients presented more than
12 h after initiation of chest pain and mean door-to-balloon
time was 101 +4 min. Forty-two patients did not receive
any type of reperfusion therapy, of whom 11 patients were
referred from other centers and the remainder presented
initially at our hospital. Because of the poor hemodynamic
status of most patients, apart from ASA, statin, IV nitrate,
furosemide and inotropes no other medication was used
except clopidogrel in 2 patients who underwent coronary
angioplasty. Multivessel coronary artery disease was found
on coronary angiography in 70.3% of patients. Preoperative
mean pulmonary artery pressure was 44.1+ 7.9 mm Hg and
mean left to right shunt was 3.5 £1.2.

An intra-aortic balloon pump (IABP) was used in 30 (46%)
cases. Other types of mechanical circulatory support
were not available in our center mainly due to limited
financial resources. Surgical treatment was performed in
23 (35.9%) out of 64 cases including VSD repair in 8 (12.5%)
patients and coronary artery bypass graft (CABG) (mean
1.4 grafts per patient) with VSD repair in 15 (23.4%) pa-
tients. All operations were performed via median sternoto-
my and hypothermic cardiopulmonary bypass was applied.
Myocardial protection was provided with cold cardioplegia.
Mean cardiopulmonary bypass time was 153 +42.1 min and
mean aortic cross clamp time was 74 +37 min. All grafts
were saphenous veins. The two main techniques used for
surgical repair were: 1) infarct excision (Daggett procedure)
[10] with single Dacron patch repair in 14 patients and
2) infarct exclusion (David procedure) [11, 12] with bovine
pericardial patch repair in 9 patients. Sandwich repair was
not performed in these series as our surgeons are not fa-
miliar with this technique [13, 14]. Daggett procedure and
David approach had a mortality rate of 57.1% (8/14) and
55.5% (5/9) respectively. All of the surgical interventions
were done during the index hospitalization and were not
delayed. Thirteen (56.5%) patients of the surgically treated
group died. The remaining patients (41/64) did not receive
surgical treatment; all but one of them died (97.65%). The
main reasons for not performing surgical treatment were
as follows: Ten patients refused surgery. In the remaining
patients, the treating surgical team considered surgery too
high risk mainly due to unstable hemodynamics and ex-
treme frailty and advised conservative management. None
of our patients underwent device closure. In-hospital mor-
tality was 82.8%. Mean duration of hospital stay was 6.96
+5.63 days. Long-term follow-up showed that all 11 patients
who survived the hospital course were alive at the time of
writing this report and had NYHA FC [I-Ill symptoms. We
also compared baseline characteristics between surgical
and medical treatment groups and it revealed that patients
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who underwent surgery were younger, had more preserved
left ventricular function and more received IABP than pa-
tients with conservative management. Also male gender
and single vessel coronary involvement were more com-
mon in this group (Table II).

Table Il demonstrates baseline and clinical findings
between survivor and non-survivor groups. Univariate pre-
dictors of in-hospital mortality were as follows: advanced
age, female gender, lower systolic blood pressure at initial
presentation, multivessel coronary stenosis, cardiogenic
shock and no surgical treatment. The six above-mentioned
factors were included in the multivariate analysis to predict
independent factors associated with in-hospital mortal-
ity. Multivariate logistic regression analysis revealed car-
diogenic shock as an independent predictor of in-hospital
mortality and surgical treatment as a predictor of in-hospi-
tal survival (Table 1V).

The mortality rate among patients with and without
cardiogenic shock was 39/41 (95.1%) and 14/23 (60.9%),
respectively (p = 0.001).

Discussion

The main findings of the present study are as follows: 1)
post-MI ventricular septal defect had extremely high in-hos-
pital mortality; 2) more than half of the patients in the pres-
ent study were in cardiogenic shock in hospital admission;
3) cardiogenic shock was the only independent predictor of
hospital death and surgical treatment as the main predictor
of survival; 4) overall, fewer sick patients underwent sur-
gery as evident by younger age, better left ventricular func-
tion, more common single vessel disease and male gender
and IABP insertion was more common in this group.

Our study showed high in-hospital mortality among pa-
tients with a post-MI ventricular septal defect. This result
is in line with some prior studies [15-19] while contradict-
ing others [20-23]. The causes of high mortality rate in the
present study may be related to multiple factors including
older age, unstable hemodynamics, advanced coronary in-
volvement, and underuse of support devices. Like previous
studies [24, 25], our cohort mainly consisted of older pa-
tients and females, which are known risk factors for mor-
tality in post-MI VSD. The other main cause of high mor-
tality is compromised hemodynamic status during initial
presentation. More than 60% of patients in the present
study were in cardiogenic shock at hospital admission and,
like previous reports, this independently predicted in-hos-
pital mortality [26-29]. Cardiogenic shock and low blood
pressure usually lead to more left ventricular dysfunction
due to reduced coronary perfusion, which is followed by
multi-organ failure and death.

Unlike some previous studies [2, 18, 19, 26, 30] but in
agreement with others [15, 20, 23, 31, 32], multivessel coro-
nary artery disease was more common in our cohort and
was associated with in-hospital mortality in the univariate
analysis. Advanced coronary artery stenosis may induce
global left ventricular ischemia and necrosis and thus lead
to the development of pump failure and cardiogenic shock.
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Table II. Baseline characteristics in surgical versus medical groups

Parameter Surgical group Medical group P-value
(n = 23) (n = 41)

Age [years] 67.43 £9.33 73.97 £8.67 0.006

Gender Male 14 (60.9%) 13 (31.7%) 0.02
Female 9 (39.1%) 28 (68.3%)

Diabetes mellitus 6 (26.1%) 6 (14.6%) 0.26

Hypertension 13 (56.5%) 26 (63.4%) 0.58

Hyperlipidemia 7 (30.4%) 10 (24.4%) 0.59

Previous Ml 4 (17.4%) 12 (29.3%) 0.29

Systolic blood pressure [mm Hg] 104.69 +19.15 98.90 +22.95 0.30

Diastolic blood pressure [mm Hg] 67.73 £13.53 63.90 +13.67 0.28

Heart rate [bpm] 95.86 +18.56 93.02 £22.36 0.60

Ml Anterior 19 (82.6%) 34 (82.9%) 0.97
Non-anterior 4 (17.4%) 7 (17.1%)

Killip class I, 1l 5(21.7%) 11 (26.8%) 0.65
I, IV 18 (78.3%) 30 (73.2%)

Number of diseased vessels Single vessel 11 (47.8%) 8 (19.5%) 0.01
Multivessel 12 (52.2%) 33 (80.5%)

Reperfusion 7 (30.4%) 15 (36.6%) 0.61

LVEF > 45% 6 (26.1%) 3(7.3%) 0.03
< 45% 17 (73.9%) 38 (92.7%)

VSD size [mm] 5-10 4 (17.4%) 6 (14.6%) 0.77
> 10 19 (82.6%) 35 (85.45%)

Time of onset of VSD [days] <4 23 (100%) 37 (90.2%) 0.12
>4 0 4 (9.8%)

IABP 16 (69.6%) 14 (34.1%) 0.006

Cardiogenic shock 14 (60.9%) 27 (65.9%) 0.69

Renal failure 5 (21.7%) 10 (24.3%) 1.0

MI — myocardial infarction, VSD — ventricular septal defect, LVEF — left ventricular ejection fraction, IABP — intra-aortic balloon pump.

One possible explanation for high in-hospital mortality
in the present study may be the underuse of mechanical
support devices including the IABP. Mechanical support de-
vices may have a role in the management of mechanical
complication of acute myocardial infarction as a bridge to
surgery [33-35]. Less than half of our patients received an
IABP while other types of support devices such as extra-
corporeal membrane oxygenation (ECMO) and ventricular
assist devices (VAD) were not available during the study
period in our hospital mainly due to limited financial re-
sources. Thus, the high mortality rate of patients is not sur-
prising. Another probable main reason for the complicated
hospital course in the present study may be related to the
more conservative treatment of the entire cohort. As most
patients were critically unstable, medical treatment was of
no value in them and failure of this approach led to high
mortality. Based on Table Il, other possible reasons for the
lower survival rate in patients treated medically may be
more advanced age and coronary artery disease in these
patients as well as less cardiac reserve and less support
with IABP Results of the present study questioned the “late
surgery approach” as many authors have recommend de-
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layed surgery for healing of necrotic myocardium and stabi-
lization of the patient [20, 22, 28, 36]. Based on the present
study it seems unreasonable to delay surgery in patients
with post-Ml ventricular septal defect as these patients will
never be really stabilized. So, early surgery planning after
diagnosis of this devastating complication should be con-
sidered [37].

This study has some limitations. First, the research
population was relatively small, limiting its statistical
power. Second, this was a single-center nonrandom-
ized observational retrospective study, but due to the
grave nature of this complication of myocardial infarc-
tion, conducting a randomized trial in this setting may be
very difficult or even impossible. Third, a small number
of patients underwent surgery. There was no significant
difference regarding mortality between two common pro-
cedures used by our surgical team and newer techniques
like the sandwich procedure were not performed in the
period of the study, which may be responsible for higher
mortality even in surgically treated patients. So, the im-
pact of surgical approaches and techniques needs further
large scale studies.
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Table IlI. Univariate analysis for in-hospital mortality

Parameter Non-survivors Survivors P-value
(n = 53) (n=11)
Age [years] 72.88 +8.82 65.54 £10.05 0.01
Gender Male 19 (35.8%) 8 (72.7%) 0.04
Female 34 (64.2%) 3 (27.3%)
Diabetes mellitus 9 (17%) 3 (27.3%) 0.41
Hypertension 34 (64.2%) 5 (45.5%) 0.31
Hyperlipidemia 15 (28.3%) 2 (18.2%) 0.71
Systolic blood pressure [mm Hg] 98.54 +21.81 112.72 +17.51 0.04
Diastolic blood pressure [mm Hg] 64.05 +14.25 71.18 +8.32 0.11
Heart rate [bpm] 94.54 +21.44 91.63 +19.27 0.67
Renal failure 12 (22.6%) 3 (27.2%) 0.7
MI Anterior 44 (83%) 9 (81.8%) 0.92
Non-anterior 9 (17%) 2 (18.2%)
Killip class > Il 42 (79.2%) 6 (54.5%) 0.08
Number of diseased vessels Single vessel 12 (22.6%) 7 (63.6%) 0.01
Multivessel 41 (77.4%) 4 (36.4%)
Reperfusion 17 (32.1%) 5 (45.5%) 0.49
LVEF, mean + SD (%) 38.4+6.9 39.7 6.3 0.56
VSD size, mean + SD [mm] 11.7 #5 11.6 43 0.94
Time between MI and VSD, mean + SD [days] 2.7 1.6 2.9+13 0.69
IABP 25 (47.2%) 5 (45.5%) 0.91
Cardiogenic shock 39 (73.6%) 2 (18.2%) < 0.001
Surgical treatment 13 (24.5%) 10 (90.9%) < 0.001

MI — myocardial infarction, VSD — ventricular septal defect, LVEF — left ventricular ejection fraction, IABP — intra-aortic balloon pump.

Table IV. Multivariate regression analysis of independent predic-

Conclusions tors of in-hospital mortality

Odds
ratio

Variable 95% Confidence interval P-value

Our study demonstrated an extremely high in-hospital
mortality rate associated with VSD complicating myocardi-
al infarction. Cardiogenic shock was the only independent

Lower

Upper

Age 0901  0.742 1.094 0.29
predictor of in-hospital mortality and surgical treatment
was a predictor of in-hospital survival. Gender 0731 0.038 1.997 0.83
Systolic blood 1.005 0.939 1.076 0.88
Disclosure pressure
The authors report no conflict of interest. Multivessel 0.366  0.058 2302 0.28
disease
Cardiogenic shock  12.536 2.409 65.233 0.003
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