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Abstract
A 28-year old male sustaining a penetrating injury to the subxiphoid area presented to the emergency department 

fully conscious and haemodynamically stable. The CT scan revealed a localized infero-posterior pericardial 

collection. Emergency surgery was planned to evacuate the collection and assess the extent of injury. Intraoperative 

transoesophageal echocardiogram demonstrated severe tricuspid regurgitation due to transection of the papillary 

muscle, as well as a ventricular septal defect. Tricuspid repair with reconstruction of the papillary muscle, closure of the 

ventricular septal defect (VSD) and the right ventricular laceration was performed. Mitral regurgitation secondary to 

chordae rupture was identified following de-airing maneuvers, and subsequently underwent repair. Traumatic VSD and 

lesions of the mitral and tricuspid valves causing insufficiency have been reported before. They have been described in 

isolation or as combination of two lesions but never the combination of the three of them as described in this case.
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INTRODUCTION
Penetrating cardiac injuries are usually secondary to stab or gunshot wounds. They represent a life 
threatening condition that often requires emergency surgery for evacuation of the commonly associated 
cardiac tamponade[1-6]. The free ventricular walls, especially on the right side are more commonly affected[1,5]. 
Injury of the cardiac valves and intraventricular septum is rare but it has been described, although more 
frequently associated with blunt cardiac trauma[1-6].



Traumatic ventricular septal defect (VSD) has been reported in 1%-5% of penetrating cardiac injuries. 
The diagnosis is usually obscured by the priority of stabilization and treatment of other more obvious and 
lethal injuries. It is consequently sometimes missed and diagnosed after the patient is recovered from the 
initial trauma[1-6].

Mitral and tricuspid insufficiency secondary to cardiac trauma has also been reported, more commonly 
after blunt trauma. The trauma can potentially injure the valves at three different levels; papillary muscle, 
chordae and leaflet. Their diagnosis is also difficult, requiring an expert echocardiographer available at the 
time of the secondary survey. Otherwise, they are commonly missed until a full echocardiographic study is 
requested once the patient is more stable. High level of suspicion is key for their diagnosis[4-7].

The gold-standard diagnosis for penetrating cardiac trauma is the echocardiography, to confirm 
haemopericardium and assess intracardiac structures. The VSD, however, can be missed initially due to 
muscle spasm or clot sealing the defect, consequently being commonly diagnosed and treated as a delayed 
complication of penetrating injuries[1-7].

CASE REPORT
A 28-year-old male presented to the accident and emergency department following a stab injury to the 
anterior chest. He sustained a 6 cm stab wound in the subxiphoid area. On arrival, he was fully conscious 
and haemodynamically stable, with a heart rate of 90 beats/min, blood pressure 130/80 mmHg and 
respiratory rate of 22 breaths/min. He was managed as per advanced trauma life support guidelines and 
being described as a “good responder” following commencement of fluid resuscitation.

Physical examination revealed a systolic murmur, multiple bruises to the forehead and sustained soft tissue 
swelling of the right orbit and face. Glasgow Comma Scale was 15/15 and his electrocardiogram revealed 
sinus tachycardia, with inversion of T wave in the inferior wall leads.

A thoracic and abdominal CT was done to assess the extent of the injuries. There was a mediastinal 
haematoma extending to the anterior cardiophrenic recess and moderate to large infero-posterior 
haemopericardium. The diaphragm remained intact [Figure 1].

He underwent a bedside transthoracic echocardiography (TTE) that reported preserved left ventricular 
function but with infero-posterior wall motion abnormality, causing tethering of the posterior leaflet of 
the mitral valve and therefore, moderate mitral regurgitation (MR). There was also moderate tricuspid 
regurgitation (TR) with pulmonary hypertension [pulmonary artery systolic pressure (PASP) 40 mmHg + 
central venous pressure, normal PASP values 15-25 mmHg]; as well a 1 cm localized pericardial effusion in 
the infero-posterior wall, probably clotted. Right ventricular function was preserved.

He was therefore, prepared for emergency cardiac surgery to evacuate the haemopericardium and assess 
the extent of cardiac injuries. An intraoperative transoesophageal echocardiography (TOE) confirmed 
the infero-posterior pericardial collection as well as the inferior wall dyskinesia. There was severe TR due 
to rupture of the head of the posterior papillary muscle and a 2 cm VSD in the muscular interventricular 
septum causing a left-right shunt. The MR was mild-moderate and deemed to be secondary to the inferior 
wall dyskinesia. At this stage, there was no mitral prolapse [Figure 2A and B].

Surgery was performed through a median sternotomy, extending the stab wound superiorly. A clot was 
identified between the inferior wall and the diaphragm. As soon as the clot was dislodged, a profuse bleeding 
was identified from a 2 cm full thickness injury on the inferior wall of the right ventricle (RV). Control 
of the bleeding was achieved with manual pressure, whilst cardiopulmonary bypass (CPB) with bi-caval 
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cannulation and mild hypothermia was established. Myocardial protection was achieved with intermittent 
antegrade cardioplegia.

Following a right atriotomy, visualisation of the septum was achieved through the tricuspid valve (TV); there 
was a 3 cm VSD just below the posterior leaflet of the TV, which was detached due to complete transection 
of the papillary muscle head.

The VSD was closed with interrupted non-absorbable sutures reinforced with teflon. The papillary muscle 
head was re-implanted with a goretex suture. The TV was tested with saline test confirming competency. 
Closure of the right atrium was performed with a continuous 3/0 prolene suture as well as the injury on the 
inferior wall of the RV using a continuous 3/0 prolene suture reinforced with 2 bands of teflon.

The patient was successfully removed from CPB. However the intraoperative TOE identified severe MR 
secondary to a new prolapse of A2 segment (or the central scallop of the anterior leaf let) with a f lail 
chordae, which was probably partially ruptured and the complete transection occurred within the de-airing 
maneuvers [Figure 2C].

CPB was reinstituted and the left atrium (LA) was opened confirming the mitral aetiology; repair was 
performed with implantation of a goretex neochardae and a 30 mm physio II ring annuloplasty. The LA 
was closed and the CPB was weaned easily with good results of the repairs confirmed on TOE and with no 
residual interventricular shunt. After a long period to secure haemostasis, the chest was closed routinely 
after placing one mediastinal and one pericardial drains.

The postoperative period was satisfactory, being discharged by day 10 when the levels of oral anti-
coagulation were satisfactory. Follow-up visit at 6 weeks confirmed that he was asymptomatic and in sinus 
rhythm. The echocardiography confirmed a good result of the repairs, with trace TR, no MR and no residual 
VSD. The left and right ventricular functions were preserved with residual inferior hypokinesis of the RV.

DISCUSSION
Penetrating chest trauma, usually due to stab or gunshot wounds, can produce a wide variety of cardiac 
injuries which are life threatening in most cases. The mortality at the scene has been reported as high as 80%[2]. 
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Figure 1. Preoperative CT scan of thorax and abdomen. Coronal view showing a localized collection in the inferior/posterior pericardial walls



Of those who arrive in hospital, up to 70% survive to discharge, with rapid diagnosis and immediate 
treatment of injuries being the most important predictors of survival[2]. In addition to the free wall of 
the heart or the great arteries, intracardiac lesions affecting the valves or the septum is also possible. 
Traumatic VSD and lesions of the mitral and TVs causing insufficiency have been reported before. They 
have been described in isolation or as combination of two lesions but never the combination of the three of 
them as described in this case[1-7].

The surgical treatment of penetrating cardiac injuries in an emergency is evacuation of the commonly 
associated cardiac tamponade and simple cardiorrhaphy of the lacerations on the external surface of the 
heart[1-7]. The subxiphoid approach for evacuation of the tamponade and lavage of the cavity has been 
reported as a safe alternative to full sternotomy for those cases who are haemodynamically stable and 
without active bleeding[8].
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Figure 2. A: Intraoperative transoesophageal echocardiography (TOE) 4 chambers view with Doppler colour demonstrating the flow 
through the ventricular septal defect; B: intraoperative TOE, 4 chambers view, demonstrating the complete detachment of the tricuspid 
septal leaflet due to transection of the head of the papillary muscle; C: intraoperative TOE, apical long axis view with Doppler colour 
demonstrating the eccentric jet of mitral regurgitation caused by prolapse of A2 segment secondary to complete transection of the 
primary chordae
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The gold-standard test for diagnosis in penetrating cardiac injuries is the echocardiography, which 
can confirm the presence of haemopericardium and assess the intra-cardiac structures. However, even 
in experienced hands, the diagnosis of intra-cardiac injuries, especially VSD can be obscured in this 
emergency setting. The VSD is often missed in the initial diagnosis due to focus on more threatening 
injuries or secondary to lack of intraoperative TOE[1-5]. They are therefore commonly diagnosed as a delayed 
complication of penetrating cardiac injuries and treated according to the associated symptoms[1-6].

The atrioventricular valves can be injured during cardiac trauma at different levels: chordal rupture, 
papillary muscle rupture or leaflet defects. They are more frequently caused by blunt trauma, and their 
diagnosis can also be obscured during the initial evaluation. The degree of the valve insufficiency and the 
associated symptoms will determine the indication and timing for surgical intervention. Surgery in the early 
stages after the trauma favors the feasibility of valve repair[4-7].

In our case, the TOE was the key in the prompt diagnosis of the three simultaneous lesions [Figure 3], 
allowing them to be repaired in a single operation. The fact that the patient was haemodynamically stable and 
with only a localized collection in the pericardium (confirmed by the CT and TTE) directed us towards an 
emergency operation for evacuation of the collection. We were inclined to start with a subxiphoid approach 
to evacuate the collection and perform a pericardial lavage to evaluate active bleeding but considered the 
intraoperative TOE necessary to further scrutinize the valve regurgitations addressed by the TTE.

The subxiphoid approach would not have been enough in our case, independent of the associated lesions.
Active bleeding was identified as soon as the clotted collection was dislodged with the sucker, prompting a 
median sternotomy. It was then when the lesion on the free wall of the RV was seen, but decided to establish 
CPB as the VSD and valvular problems were already identified by the TOE at this point.

To summarize, penetrating cardiac trauma can cause a variety of lesions. Thorough examination with 
an early echocardiographic assessment should be mandatory for the evaluation of intracardiac injuries. 
Intraoperative TOE should always be performed in these cases as the TTE can often miss some of the 
intracardiac injuries.
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Figure 3. Drawing of a section of the heart showing the four chambers and postero-inferior walls. The thick arrow simulates the trajectory 
line of the stab injury to damage the inferior wall of the right ventricle, head of the papillary muscle supporting the posterior leaflet of the 
tricuspid valve, interventricular septum and chordae tendinae supporting A2 segment of the mitral valve
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