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a b s t r a c t 

Traumatic ventricular septal perforation (VSP) is a rare condition that can occur following chest trauma 

and can lead to heart failure. Herein, a case of VSP caused by blunt chest trauma successfully closed 

using the double-patch technique via the right ventricle after medial sternotomy is presented. This case 

report highlights the necessity of emergency surgery in the acute phase of traumatic VSP if heart failure 

is difficult to control. This technique was useful for acute surgery. 

< Learning objective: Traumatic ventricular septal perforation (VSP) can occur following chest trauma. 

The timing of surgery depends on the severity of heart failure and the urgency of other traumas. Since 

the left ventricular pressure is higher than the right ventricular pressure, complete hemostasis of the 

left ventricle is difficult. Hence, traumatic VSP might be successfully approached and closed via the right 

ventricle. Here we report a successful closure of traumatic VSP after blunt chest trauma using the right 

ventricular approach through medial sternotomy. > 

© 2021 Japanese College of Cardiology. Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ntroduction 

Traumatic ventricular septal perforation (VSP) can occur follow- 

ng chest trauma; some patients, however, may not develop symp- 

oms such as heart failure immediately after injury. In other words, 

ime to the onset of heart failure varies among different traumatic 

SP patients. Moreover, there is no consensus on the ideal time of 

urgery once traumatic VSP is diagnosed. The treatment strategy 

an be further complicated when damage to and fracture of other 

rgans necessitate additional surgical interventions. 

Here, we report a case of traumatic VSP caused by blunt chest 

rauma successfully closed via a right ventricular approach af- 

er medial sternotomy. Our report highlights that traumatic VSP 

hould be managed with an optimal surgical strategy according to 

he patient’s hemodynamics. 
∗ Corresponding author. 

E-mail address: cbq09700@pop12.odn.ne.jp (T. Yamasawa). 
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A 72-year-old man presented to our hospital with an open right 

ibial fracture, a rib fracture, a crush injury to the left upper arm, 

oth facial and airway burns, and myocardial contusion following 

lunt chest trauma. The patient reported sudden explosion of a 

rum of volatile liquid just 2 m away from him while burning 

ood. He had no relevant past medical or family history. Physi- 

al examination revealed a bruise on the left chest and a Levine 

II/VI systolic murmur over the cardiac apex. 

Laboratory results on admission were as follows: white blood 

ell, 20,020/ μL; red blood cell, 476 × 10 4 / μL; hemoglobin, 15 g/dL; 

ematocrit, 44.2%; platelet, 14.4 × 10 4 / μL; glucose, 185 mg/dL; 

amma-glutamyltransferase, 136 U/L; aspartate aminotransferase, 

7 U/L; alkaline phosphatase, 53 U/L; creatinine, 0.55 mg/dL; esti- 

ated glomerular filtration rate, 109.3 mL/min/1.73 m 

2 ; C-reactive 

rotein, 0.38 mg/dL; creatine kinase (CK), 481 U/L; CK isoenzyme 

B (CK-MB), 58 U/L; sodium, 137 mEq/L; potassium, 4.0 mEq/L; 

nd chlorine, 104 mEq/L. 
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Fig. 1. 
Preop -er -a -tive transtho -racic echocar -dio -g -ra -phy (TTE). Transthoracic echocardiography on admission, revealing blood flow from the left to the right ventricle 

through a ventricular septal perforation (VSP) with a diameter of approximately 1.3 cm. 
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Chest X-ray revealed a cardiothoracic ratio of 53% with bilateral 

ulmonary congestion. Electrocardiography showed sinus rhythm 

t a rate of 108 beats/min with ST elevation in leads II, III, aVF, and

2–V6. On transthoracic echocardiography (TTE), a VSP was de- 

ected at the cardiac apex with a high-velocity left-to-right shunt 

 Fig. 1 ). Contrast-enhanced computed tomography displayed left 

fth rib fracture, atelectasis in the dorsal parts of both lower lung 

obes, and a VSP with swollen left subpapillary muscles ( Fig. 2 A). 

On the one hand, the patient’s open right tibial fracture re- 

uired urgent surgery, but on the other hand, it seemed difficult 

o control heart failure without VSP closure. Thus, given the pa- 

ient’s hemodynamic instability, emergency VSP closure was con- 

ucted with intra-aortic balloon pump (IABP) support. 

urgical procedure 

Under general anesthesia, a median sternotomy was performed. 

fter cardiopulmonary bypass was established with ascending aor- 

ic and bicaval cannulation, the right ventricle was incised lon- 

itudinally, exposing the VSP (approximately 1.3 cm in diameter) 

n the anterior septum near the apex ( Fig. 2 B). Then, the ascend-

ng aorta was cross-clamped, followed by the administration of 

ntegrade cardioplegia. Under cardiac arrest, two circular patches 

bovine pericardium) were placed on both sides of the VSP: one 

ttached to the left ventricular side of the septal perforation by 

pplying eight horizontal mattress 4–0 polypropylene sutures—

uttressed with Teflon felt pledgets—through the VSP ( Fig. 2 C). 

hen the already sutured first patch was inserted through the sep- 

al perforation into the left ventricle ( Fig. 2 D, E) and the other

utured to the right ventricular side. Subsequently, all the mat- 

ress sutures were tied ( Fig. 2 F), and the interspace between the 

atches was filled with fibrin glue (BOLHEAL®, KM Biologics Co., 

td., Kumamoto, Japan] ( Fig. 2 G). Next, the right ventriculotomy 
154 
as closed using the Teflon felt strips. Following the disappearance 

f the shunt flow, the patient was uneventfully weaned from car- 

iopulmonary bypass with IABP support. The total operation time, 

ardiopulmonary bypass time, and aortic clamp time were 5 h and 

8 min, 151 min, and 71 min, respectively. 

ostoperative course 

The patient was transferred to the intensive care unit and re- 

overed uneventfully. The IABP and respirator were removed on 

ostoperative days (PODs) 2 and 3, respectively. Because of hemo- 

ynamic stability after VSP closure, surgery for his right tibial frac- 

ure was performed on POD 10. TTE on POD 17 demonstrated a 

inor and negligible left-to-right shunt, mild mitral regurgitation, 

nd mild tricuspid regurgitation. 

Afterward, the patient was transferred to the rehabilitation de- 

artment of our hospital and was finally discharged on POD 118. 

ollow-up TTE at 4 years after VSP closure showed no residual 

hunt flow ( Fig. 3 ), and the patient is currently living a normal

aily life without any symptoms of heart failure. 

iscussion 

VSP as a result of blunt chest trauma was first reported in 1847 

1] . According to Parmley et al., 5.5% of patients (30/546) under- 

oing autopsy following death from blunt cardiac injury had VSPs 

2] . Various blunt chest traumas, ranging from strong external force 

xperienced in traffic accidents to minor chest bruises from daily 

ctivities, have been reported to cause VSP through different mech- 

nisms such as the following: cardiac compression between the 

ternum and the spine, cardiac contusion, and increased intrac- 

rdiac pressure induced by the application of external force. The 

ondition may develop even in the absence of presentations such 
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Fig. 2. 

Preoperative imaging and intraoperative views. (A) Contrast-enhanced computed tomography illustrates a VSP near the apex. (B) The VSP (1.3 cm in diameter) 

is exposed during surgery. (C) The patch on the left ventricular side includes 8 mattress sutures. (D) Dutured LV side patch is inserted through the septal 

perforation into the LV. (E) Intraoperative photograph after LV side patch insertion to LV. (F) Intraoperative photograph after all the mattress sutures were tied. 

(G) Two circular patches are placed on both sides of the VSP with fibrin glue (BOLHEAL®) used to fill the space between the patches. 

Fig. 3. Postoperative transthoracic echocardiography (TTE), exhibiting no residual shunt flow. 
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s external scars, bleeding, or spots at initial examination [3] . In 

ome patients, as in the present case, heart murmur is audible im- 

ediately after chest trauma; in others, however, it may not be de- 

ected until up to 1 month after the trauma. Conducting ausculta- 

ion and echocardiography in the chronic stage after chest trauma 

s important, even if VSP is not diagnosed at the first visit. The 

iming of surgical treatment depends on the severity of heart fail- 

re and the urgency of other concomitant injuries. If circulatory 

ynamics are unstable, surgical treatment of VSP should be prior- 

tized. In contrast, when hemodynamics are medically stabilized, 

aiting for the damaged myocardial tissue to become fibrotic may 

e more appropriate. It has been reported that cardiac surgery is 

dvantageous when performed in the chronic stage of VSP as it al- 

ows for the formation of trabecular and endocardial fibrous tissue 

round the defect. 

Treatment of congenital ventricular septal defect with a 

atheter device has become a standard therapeutic option superior 

o traditional surgery involving median sternotomy or minimally 

nvasive cardiac surgery. Similarly, transcatheter closure with an 

mplatzer septal occluder device (ASO; AGA Medical Corporation, 

olden Valley, MN, USA) is an option for traumatic VSP treatment, 

n which case the edges of the perforation are often asymmetric, 

aking it difficult to determine the size of the defect. Nevertheless, 

emolysis has been shown to be one of the serious complications 

fter transcatheter closure of traumatic VSP with an ASO [4] . 

Surgical closure of VSP involves either right or left ventriculo- 

omy. In a study on post-myocardial infarction (MI) VSP, Javid et al. 

ound that the right ventricular approach might be associated with 

he risks of residual shunt–due to irregular trabeculae in the right 

entricle–and decreased right ventricular function. Besides, it has 

een suggested that post-MI patients with VSP are at risk for left 

entricular free wall rupture as well [5] . The left ventricular ap- 

roach not only prevents free wall rupture but also offers the ad- 

antage of feasibility because the trabeculae in the left ventricle 

re dense. Nonetheless, since the left ventricle is exposed to higher 

ressure compared to the right ventricle, left ventriculotomy en- 
156 
ails the risk of bleeding. Considering the fact that our traumatic 

SP patient had no extensive left ventricular infarction, the right 

entricular approach was implemented. The advantages of right 

entricular approach are easy control of bleeding and geometric 

reservation of the left ventricle. The disadvantage of right ventric- 

lar approach is risk of residual shunt due to irregular trabeculae 

nd we think sandwich technique will prevent residual shunt. As 

eported by Seguine et al., using a fibrin sealant between patches 

an reduce the incidence of residual shunt [6] . Hence, the same 

rocedure was followed herein. 

onclusion 

The present report demonstrated successful closure of trau- 

atic VSP via the right ventricular approach. Our case emphasizes 

he necessity of prompt surgery in the acute phase of traumatic 

SP if medical treatment fails to stabilize circulatory dynamics. 
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