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Abstract  
Objective: Ventricular septal rupture (VSR) is a rare but serious complication of acute myocardial infarction, which occurs in about 0.2 to 0.3% 

of patients with myocardial ischemia. If early therapy is not initiated, 90% of patients with VSR will die within the first month. This study aimed 

to evaluate the epidemiological and clinical characteristics of patients with VSR as a mechanical complication of acute myocardial infarction. 

Methods: A prospective study was conducted among nine patients who presented to the Cardiovascular Emergency Room of Pernambuco with 

acute coronary syndrome with ST segment elevation and VSR complications. Results: There were five women and 4 men, and the mean age of 

the patients was 72.5 years. The median time from the onset of the symptoms of acute coronary syndrome with ST segment elevation to the 

diagnosis of VSR was 3.5 days. Among the nine patients included in the study, three were treated surgically. Of all the patients, including those 

who underwent corrective surgery, eight patients died, 44.4% (N = 4), in the first four days after AMI. Conclusion: VSR occurs more frequently 

among elderly patients with multi-arterial involvement, lower wall infarction, and involvement of the right coronary artery. The prognosis is 

extremely limited, especially in patients who are already admitted to the cardiac emergency room with Killip IV, with > 24 hours of clinical 

evolution, and do not require surgical correction. 

Keywords: Ventricular septal rupture; acute coronary syndrome with ST segment elevation; mechanical complication 
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Introduction 

Ventricular septal rupture (VSR) is a rare but serious complication 

of acute myocardial infarction (AMI), and the responsible artery of 

which is the right coronary artery.[1] It is estimated that this 

complication occurs in about 0.2 to 0.3% of patients with AMI.[2,3] 

If no early therapeutic approach is initiated, 90% of patients with 

VSR will die within the first month. The surgical approach is 

associated with a higher survival rate of around 55%.[4,5] 

The prognosis of the patient is directly related to the early 

diagnosis and initiation of the intervention, which occurs in the 

first 24 hours of acute ischemic episode on average.[6] 

There are several disagreements in the literature on the 

utilization of the most appropriate approach for the management of 

VSR. Thus, this study described a series of nine consecutive 

patients who presented with VSR caused by AMI and analyzed the 

epidemiology, initial clinical evaluation, complementary 

investigation, therapeutic approaches adopted, and outcome. 

Methods  

This is a prospective, descriptive, case series study of nine patients 

who were admitted to the Cardiovascular Emergency Room of 

Pernambuco (PROCAPE / University of Pernambuco) and 

diagnosed with acute coronary syndrome with ST elevation and 

VSR. To be included in this series, patients should have this 

diagnosis confirmed by some complementary methods 

(transthoracic echocardiography or cardiac catheterization). 

Epidemiological analysis (age, sex), clinical evaluation 

(personal history, physical examination findings, Killip 

classification, clinical or surgical treatment), and complementary 

exams (electrocardiography, echocardiography, hemodynamic 

study) were performed. Likewise, the clinical outcome was 

analyzed. 

Statistical analysis 

Continuous variables with normal distribution were presented as 

means ± standard deviation, and those with non-normal distribution 

were presented as medians. Nominal variables were expressed as 

absolute and percentage numbers. 

Results 

Clinical features 

Table 1 shows the patients’ baseline demographic data and clinical 

characteristics. The mean age was 72.5 years, and the patients were 

five females and four males. Most patients (N = 6) had systemic 

arterial hypertension, and four of them were diabetic. The presence 

of smoking was observed in four patients, while none of the 

patients had a history of renal or chronic ischemic disease and 

AMI. The median time from the onset of symptoms of acute 

coronary syndrome with ST segment elevation to the diagnosis of 

VSR was 3.5 days (range, 1 to 11 days). 

Table 1: Demographic data and clinical characteristics of 

patients 

Criteria VSR (N=9) % 

Age - yr 73.1 -- 

Male 4 44.4 

Arterial hypertension 6 66.7 

Diabetes mellitus 4 44.4 

Smoking 4 44.4 

Mean systolic blood pressure - mmHg 100.1 -- 

Mean diastolic blood pressure - mmHg 61.0 -- 

Male 4 44.4 

Arterial hypertension 6 66.7 

Killip classification   

I 3 33.3 

II 1 11.1 

III 0 -- 

IV 5 55.6 

VSR: Ventricular septal rupture  

Five patients presented with Killip IV classification (cardiogenic 

shock). Of the nine patients, four of them had a heart rate >100 

beats per minute and five had a systolic blood pressure ≤ 100 

mmHg. Electrocardiogram was performed among all patients; 

however, transthoracic echocardiogram (TTE) with Doppler was 

the most common complementary method for the initial diagnosis. 

Complementary evaluation  

An electrocardiogram was performed among all patients at the time 

of admission, with an equal number of cases of lower wall 

infarction (four patients) and previous infarction. Only one patient 

had a combination of anterior and inferior infarctions (Table 2). 

Table 2: Electrocardiographic and echocardiographic 

characteristics of patients with ventricular septal rupture 

(VSR) 

Characteristics VSR (N=9) % 

Electrocardiogram (Ischemic wall)   

Anterior 4 44.4 

Inferior 4 44.4 

Anterior and inferior 1 11.1 

Echocardiography (Place of rupture)   

Apical 6 66.7 

Basal 1 11.1 

Not determined  2 22.2 

Mean of left ventricular ejection fraction -- 58.6 
 

Doppler TTE was also performed in all patients. Most defects were 

observed in the apical portion of the septum (six cases) (Figure 1), 

basal portion (one case), and undetermined location (two cases). 

The left ventricular ejection fraction (LVEF) was only estimated in 

three patients. Meanwhile, the LVEF was determined in the other 

six patients, ranging from 34 to 67% (Table 2). 

 

Figure 1: Two-dimensional echocardiogram due to the 

modified apical long axis view showing a large rupture of the 

ventricular septum in the apical region after myocardial 

infarction, with left to right flow demonstrated by color flow 
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mapping. LV: left ventricle; RV: right ventricle; AO: aorta; 

LA: left atrium. 

Cardiac catheterization was performed in eight patients: in five 

patients, the artery responsible for the infarction was the right 

coronary artery, and in three cases, the anterior descending artery 

(Figure 2). There was some degree of culprit artery stenosis among 

all patients, and in most cases (N = 7), the artery was totally 

occluded. Furthermore, the results revealed a higher prevalence of 

multi-arterial disease, with six patients presenting with at least two 

epicardial vessels (Table 3). 

 

Figure 2: Cineangiography in a patient with ventricular septal 

rupture after myocardial infarction. A. Left coronary artery 

(LCA) in the right anterior oblique view showing total anterior 

descending branch (ADB) obstruction in the medial third and 

several severe lesions in the circumflex branch (CFX). B. Right 

coronary artery (RCA) in the right anterior oblique view 

showing total obstruction in its initial third. C. RCA in the left 

anterior oblique view recanalized after percutaneous 

angioplasty. D. Left ventricular cineventriculography in the left 

anterior oblique view showing right ventricular filling through 

rupture of the interventricular septum. The arrows indicate the 

changes. LV: left ventricle; RV: right ventricle. 

Table 3: Angiographic characteristics of patients with 

ventricular septal rupture (VSR) 

Characteristics VSR (N=8) % 

Affected related artery   

Anterior descending artery 3 37.5 

Right coronary artery 5 62.5 

Circumflex artery 0 -- 

Number of vessels affected   

1 2 25.0 

2 3 37.5 

3  3 37.5 

Affected artery stenosis 8 100.0 
 

Treatment, complications, and outcome 

Of the nine patients, only three came in a timely manner to perform 

cardiac catheterization with subsequent angioplasty, one of them 

being a rescue (patient previously received an injectable 

tenecteplase but did not meet the reperfusion criteria), and the 

remaining patients already had an evolution > 24 hours. One of the 

patients who presented with lower wall acute coronary syndrome 

with ST elevation, arrived with > 24 hours evolution, was 

submitted for invasive stratification that showed multi-arterial 

disease with severe lesions in the anterior descending artery and 

first diagonal branch, and with a totally occluded right coronary 

artery was chosen for percutaneous treatment of the anterior 

descending with a pharmacological stent. 

Inotropic therapy with dobutamine was necessary for all 

patients. Norepinephrine was administered in seven patients and 

vasodilators were used in two patients. Cardiogenic shock was 

observed in seven patients while five patients had Killip IV 

classification. Of the nine patients, five (55.6%) of them had an 

intra-aortic balloon pump, always associated with inotropic 

therapy. Seven patients (77.8%) required mechanical ventilation 

and one presented with ventricular fibrillation. Another common 

complication was acute renal failure, which occurred in eight 

patients (Table 4). 

Table 4: Treatment performed, in-hospital procedures, 

medication use, and outcome 

Characteristics VSR (N=9) % 

Treatment   

VSR surgical correction 3 33.3 

Clinical 6 66.7 

In-hospital approach   

Intra-aortic balloon 5 55.6 

Mechanical ventilation 7 77.8 

Use of medications   

Vasodilators 2 22.2 

Norepinephrine 9 100.0 

Renal dysfunction 8 88.9 

Cardiogenic shock 7 77.8 

VSR: Ventricular septal rupture  

Of the nine patients, surgery was performed in three patients: two 

of them underwent VSR correction alone and the other underwent 

VSR correction with myocardial revascularization surgery of the 

anterior descending artery. 

Of the three surgical approaches to the defect, one approach 

was performed five days after the diagnosis of VSR and suspension 

of the double platelet antiplatelet regimen with aspirin and 

clopidogrel. The patient’s hemodynamic stability was another 

factor contributing to the delay of the surgical correction. 

Of the three patients, two developed complications after the 

procedure: one patient had VSR with hemodynamic repercussion 

and the other patient developed cardiac tamponade. Of all patients, 

including those who underwent corrective surgery, eight died, 

44.4% (N = 4), in the first four days after AMI (range, 2 to 44 

days). Progressive heart failure was the most common 

complication (Table 4). 

Discussion 

Post-AMI VSR is more prevalent in women with advanced age and 

previous episode of cerebral ischemic stroke. Chronic kidney 

disease is more common in these patients. On the other hand, due 

to collateral circulation caused by previous coronary artery disease, 

these individuals are outside the group of risk factors for heart 

disease, such as smoking and hypertension.[1,6] About seven 

patients (77.8%) were hypertensive, four (44.4%) were diabetic, 

and four (44.4%) were smokers. The main consequences of VSR 

are related to the hemodynamic changes of the cardiac cycle, with 
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congestive heart failure and cardiogenic shock as the main 

problem.[4,7,8] The latter occurred in 77.8% (N = 7) of the patients. 

Accurate and safe diagnosis of post-AMI VSR is performed 

through percutaneous coronary intervention using the pulmonary 

artery balloon catheter insertion technique to document the shunt 

from the left to the right ventricle. In these patients, a mixed 

venous saturation of O2 is identified as a reflex of the 

interventricular connection.[1] 

This defect is also often diagnosed by two-dimensional TTE 

with color Doppler for precise identification of the interventricular 

connection, calculation of the flow and specification of the 

hemodynamic repercussion of the failure, and concomitant 

evaluation of possible cardiac repercussions (i.e., acute heart 

failure). In certain circumstances, studies have shown that 

transesophageal echocardiography (TEE) is necessary to identify 

the full extent of the lesion.[6] This is because TEE is more accurate 

in determining possible dilation of the right ventricle, which is an 

important clue to the diagnosis. In addition, this method is useful 

for assessing the anatomical size of the defect especially when the 

patient has bad acoustic windows due to the mechanical 

ventilation. Because of its greater sensitivity for evaluation of the 

defect size, TEE is used to guide the closure of the lesion through a 

percutaneous or surgical approach.[1,9] 

The echocardiogram and catheterization evaluation, time 

between AMI and diagnosis, and presence of Killip IV 

(cardiogenic shock) indicate worsening of the patient's clinical 

condition, leading to death in a few days, as presented in the cases 

analyzed. 

The evidence of high mortality in cases of post-AMI VSR 

stands out with the 88.89% mortality rate in nine patients 

prospectively analyzed, even those who underwent surgical repair. 

The therapy involved in VSR is still limited by external factors, 

such as time, with a better prognosis when the diagnosis and 

conduct are taken within 24 hours of the beginning of AMI. For an 

effective approach, it is necessary to evaluate each case 

individually because of the size of the interventricular shunt, which 

may be severe enough to cause a patient to crash or only cause a 

minor regurgitation. In the first case, surgical intervention is 

imperative to increase the patient's chance of survival; however, in 

the second case, the waiting time to undergo surgery and have a 

better prognosis is six weeks, since healing of the affected area will 

already be stable and will make the intervention safer.[6] 

A delay in the surgical approach may be selected for 

hemodynamically stable patients undergoing double antiplatelet 

regimen. Thus, correction of the defect can be delayed by the time 

required for suspension of the antiplatelet effect.[10] The emergency 

approach consists of the reperfusion of the coronary arteries with 

thrombolytic agents and coronary angiography as the first 

measures, added by the operation performed with standard 

cardiopulmonary bypass by exclusion of infarction. In this surgery, 

an incision is made to expose the location of the VSR. The bovine 

pericardium is placed in the form of the ventricular infarction to 

identify the margins of the infarction. Then, a portion of the 

healthy interventricular septum is sutured intermittently with a line 

3-0 polypropylene suture, as showed in Figure 3. The myocardium 

is closed after repair with 2-0 prolene suture. Furthermore, other 

possible approaches can be used, such as percutaneous 

transcatheter and hybrid closure, mechanical assistance (especially 

in acute conditions), percutaneous and left ventricular assist device, 

ventricular assist bioavailability device, and heart transplant.[7] 

 

Figure 3: A. Left ventriculotomy with a septal defect of approximately 15 mm. B. Closure of the ventricular septal defect with bovine 

pericardium graft. C. Final result of ventriculotomy, with the ventricular suture anchored in bovine pericardial graft. 

Thus, due to the high mortality rate of surgical closure and 

inoperable cases, percutaneous transcatheter closure of post-AMI 

VSR was recommended as a less invasive therapeutic modality that 

can be used as a definitive intervention, therapeutic bridge for 

subsequent surgical correction, or procedure for the correction of 

residual shunts after the surgical approach.[8] Therefore, a review of 

13 case series involving 273 patients treated with percutaneous 

closure found an overall success rate of 89% and a 30-day or in-

hospital mortality of 32%.[11] 

Accordingly, it is necessary to identify VSR as soon as 

possible to assess the most effective approach and to reduce the 

current mortality rate of the affected patients, which has not yet 

significantly progressed. New types of approach and faster ways to 

diagnose, such as noninvasive tests, need to be studied to achieve 

this result. 

Conclusion 

Ventricular septal rupture is an uncommon complication of acute 

myocardial infarction which occurs more frequently among elderly 

patients with multivessel involvement, lower wall infarction, and 

right coronary artery involvement. The most frequent site of 

rupture is the apical region. The prognosis is extremely limited, 

especially in patients who are already admitted to the cardiac 

emergency room with Killip IV, with > 24 hours of clinical 

evolution, and are not for surgical correction. 
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Glossary of abbreviations  

VSR: ventricular septal rupture 

AMI: acute myocardial infarction 

TTE: transthoracic echocardiogram  

LVEF: left ventricular ejection fraction  

TEE: transesophageal echocardiography 
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