Original Research Article

JSHD

Journal of Structural Heart Disease

Journal of Structural Heart Disease, August 2016,
Volume 2, Issue 4:98-101
DOI: http://dx.doi.org/10.12945/j.jshd.2016.007.15

Received: July 23,2015
Accepted: July 28,2015
Published online: August 2016

Perventricular and Percutaneous Closure
of Traumatic Ventricular Septal Defects
Following Blunt Chest Trauma

Karim A. Diab, MD, FACC™*, Kamel Shibbani, MD?, John Nigro, MD?, Stephen Pophal, MD?,

Ernerio T. Alboliras, MD, FACC*

'Department of Pediatric Cardiology, Rush University Medical Center, Chicago, lllinois, USA

2Lieber Institute for Brain Development, Johns Hopkins University, Baltimore, Maryland, USA

3Department of Pediatric Cardiology, Phoenix Children’s Hospital, Phoenix, Arizona, USA

“Department of Pediatric Cardiology, Banner Children’s Hospital, Mesa, Arizona, USA

Abstract

Traumatic ventricular septal defects (VSDs) are very
rare and can result from either penetrating or blunt
chest trauma. They can lead to significant hemody-
namic changes and heart failure and can be challeng-
ing to manage. We present two patients with muscular
VSDs resulting from nonpenetrating trauma to the
chest in whom Amplatzer Muscular VSD Occluders
were successfully used for defect closure via
percutaneous and periventricular approaches.
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Introduction

Blunt trauma to the chest usually results from high-
speed motor vehicle accidents and can cause signifi-
cantcardiacinjury including ventricular septal defects
(VSDs) [1]. These defects can be asymptomatic but

can also result in life-threatening hemodynamic
effects. This report describes two cases of traumatic
VSDs resulting from blunt chest trauma that were
successfully managed by percutaneous and periven-
tricular device closure.

Case Series

First Case

A 19-year-old male involved in an automobile colli-
sion was admitted to the intensive care unit in shock
with hypotension and pneumothorax. After resuscita-
tion, he continued to have significant pulmonary ede-
ma and elevated troponin | at 27.99 ng/mL. An electro-
cardiogram (ECG) showed sinus rhythm with ST
elevation in the inferior leads. An echocardiogram
revealed an apical muscular VSD measuring 6-8 mm
with left-to-right shunting, a transventricular pressure
gradient of 55 mm Hg, mild mitral regurgitation, nor-
mal systolic function biventricularly, and no effusions
(Figure 1).

Cardiac MRI showed an VSD and a focal area of
thinning of the mid left lateral ventricular septal wall.
Cardiac catheterization revealed a Qp:Qs of 2:1 with a
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Figure 1. (Panels A, B). Transthoracic echocardiogram views before (Panel A) and after (Panel B) closure of the defect showing a
posterior-apical muscular ventricular septal defect (VSD) that was successfully closed with a 12 mm Amplatzer muscular VSD device.

right ventricular (RV) pressure of 42/7 mm Hg, pulmo-
nary artery pressure of 41/17 mm Hg, and normal pul-
monary vasculature resistance. Transesophageal
echocardiogram (TEE) showed a posterior-apical
muscular VSD measuring 10 mm with left-to-right
shunting. Angiography demonstrated a significant
VSD measuring about 8 mm at its narrowest point.
After the VSD was crossed and an arteriovenous loop
was established, a 12 mm Amplatzer muscular VSD
device (AGA/St. Jude Medical Corporation, St. Paul,
MN) was successfully deployed that left only minimal
residual shunting seen on TEE. The patient did well
post-closure and was extubated and eventually dis-
charged home. A follow-up echocardiogram 1.5 years
later revealed a tiny residual shunt.

Second Case

A 31-year-old male involved in a motorcycle acci-
dent was hospitalized in a severe state of shock due
to large hemothorax, tamponade, abdominal com-
partment syndrome, and multiple skeletal fractures.
He underwent emergent exploratory laparotomy,
thoracotomy, and pericardiotomy. Postoperatively,

he continued to require ventilatory support and
subsequently developed pulmonary embolism. ECG
revealed sinus tachycardia and incomplete right
bundle branch block. An echocardiogram revealed
an avulsed tricuspid valve with severe regurgitation,
as well as a large apical muscular VSD measuring
about 18 mm in diameter, mild pulmonary hyperten-
sion, and normal left ventricular (LV) systolic function.
Cardiac catheterization showed a Qp:Qs of 2.4:1. As
the patient required repair of the tricuspid valve and
VSD closure, he was taken to the operating room for
periventricular hybrid closure of the VSD followed by
tricuspid valve repair.

After median sternotomy, TEE-guided needle
puncture through the lower inferior RV surface
created access for insertion of a delivery sheath and
subsequent closure of the defect with an 18 mm
Amplatzer Postinfarct Muscular VSD Occluder
(Figure 2).

The device was deployed, and TEE showed only a
small residual shunt. This was followed by tricuspid
valve repair on cardiopulmonary bypass using an an-
nuloplasty band. The patient was discharged from
the hospital 4 days after VSD closure. A follow-up
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Figure 2. TEE images during hybrid or periventricular device closure of a traumatic muscular ventricular septal defect (VSD). (Panels A, B).
Transesophageal echocardiogram (TEE) images without and with color Doppler demonstrating the defect in the muscular septum
(arrows). (Panels C, D). TEE images during passage of the guide wire (arrow) across the VSD and into the left ventricle (LV) following
needle puncture of the right ventricular free wall. (Panels E). Passage of the delivery sheath into the LV cavity (arrow). (Panels F)
Deployment of the LV disk of the 18 mm Amplatzer Postinfarct Muscular VSD Occluder (arrow) in the LV cavity and then (Panels G),
aligned to the ventricular septum (arrow). (Panels H). Image taken after device release demonstrating good device position with the
right and left disks in their respective position and a small residual shunt.

echocardiogram after 6 months showed a small resid-
ual VSD and mild tricuspid regurgitation, absence of
pulmonary hypertension, and normal global ventric-
ular systolic function.

Discussion

An acute onset left-to-right cardiac shunt after a
blunt chest trauma results mostly from acquired VSD
[1-6]. These traumatic VSDs most commonly involve
the muscular portion of the septum, particularly the
apical portion due to its thin structure [1, 3-7]. The
mechanisms include anteroposterior compression of
the heart between the sternum and spine secondary
to high intrathoracic pressures at impact and myocar-
dial infarction from rapid deceleration causing coro-
nary damage [1, 3]. Trauma can result in damage to
the valves or rupture of the septum that can occur
immediately or be delayed for several days [4].

Patients with traumatic VSDs can be asymptomatic
or present with fulminant acute cardiogenic shock.
Elevated troponin levels or ST-segment elevation

with no wall-motion abnormalities should increase
our suspicion for traumatic VSD after blunt trauma to
the chest, as was the case in our first patient.
Traumatic VSD management depends on the size
of the defect, the degree of shunting, and the pres-
ence of heart failure [8]. A conservative approach is
usually recommended for asymptomatic small
traumatic VSDs as these defects might close sponta-
neously [1, 8]. On the other hand, indications to close
these defects include Qp:Qs >2:1, hemodynamic
instability, the presence of pulmonary hypertension,
and left-sided chamber dilatation. Closure can be
accomplished either surgically through a right
ventriculotomy or using a percutaneous approach
[5, 7, 8]. In patients with a low left-to-right shunt and
mild heart failure, medical treatment can be
attempted first for 2 to 3 weeks followed by repair
once the myocardial tissue surrounding the VSD
shows signs of fibrous ring formation [3, 6]. Device
closure can then be performed using either the
percutaneous or hybrid/periventricular approach.
The latter was helpful in our case as the patient also
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required tricuspid valve repair. The use of device
closure in this case was also helpful as closure of
apical muscular VSDs can be surgically challenging.

Different devices have been used for traumatic
VSD closure depending on the defect size and
configuration. ASD occluder devices have been asso-
ciated with hemolysis because of their wire mesh
configuration and cloth barrier not being designed
for the high-pressure ventricular system [5]. Hence, it
is preferable to use the postinfarct Amplatzer VSD
Occluder for large traumatic VSDs, as was the case in
our second patient.

In conclusion, cardiac injury, particularly valvular rup-
ture and VSDs, should always be considered in all cases
of trauma to the chest whether penetrating or
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