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Abstract

Background: Pericardial rupture is a rare diagnosis, usually occurring sec-
ondary to high energy blunt force trauma, which can result in subluxation of
the heart. Aim: To determine a suitable method for repair of a pericardial de-
fect post traumatic pericardial rupture. Case: We present a 55-year-old male
who was found to have a large pericardial defect intra-operatively while un-
dergoing an elective Ross procedure. The defect was repaired with a Gore-Tex
membrane. The patient underwent revision sternotomy and repair of the pe-
ricardium due to inadequate laxity of the repaired pericardium resulting in
hemodynamic instability. Conclusion: Synthetic membranes, such as Gore-Tex
membranes, can be used successfully for repair of large pericardial defects but
care must be taken to prevent undue tension secondary to taut repair, result-
ing in hemodynamic compromise.
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1. Introduction

Pericardial rupture secondary to blunt trauma was first described in the litera-
ture in 1864 [1] and is usually associated with high energy incidents, often with a
deceleration mechanism and significant mortality [2] [3] [4]. Pericardial rupture
post blunt trauma is rare, rendering its diagnosis difficult, with definitive diag-
nosis often made intra-operatively or on autopsy [3] [4] [5].

We present a patient with a delayed diagnosis of traumatic pericardial rupture
resulting in a subluxated heart, found on mediastinal exploration during an elec-
tive Ross procedure. This case report demonstrates repair of the rupture using a
synthetic membrane and associated complications of cardiac instability if the

repair inadvertently restricts cardiac function.
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2. Case

A 55-year-old male presents for an elective Ross procedure with moderate to se-
vere aortic regurgitation on a background of congenital bicuspid aortic valve,
presenting with symptoms of exertional dyspnea corresponding to NYHA Class
III.

Notable in the patient’s past medical history were 5 motorbike accidents re-
quiring medical attention spanning from 1996 to 2016. The most significant in-
cident was in 1996 where the patient was ejected over the handlebars of the mo-
torbike at high speeds, sustaining blunt trauma to the chest. His thoracic injuries
included right and left sided rib fractures and hemothorax. Due to the age of the
incident, medical records could not be sourced, however exploration of the chest
was not performed.

Further motorbike accidents in 2002, 2003, 2009 and 2016 resulted in further
injuries, requiring interventions including open reduction and internal fixation
of the left clavicle. No other intervention was ever done.

Pre-operative workup for the Ross procedure, involving a full heart study (left
and right catheterization and coronary angiograms, left ventriculogram, aorto-
gram and oxygen saturations), revealed a dilated root (43 mm) and ascending
aorta (40 mm) with moderate to severe aortic regurgitation, normal ventricular
function, minor coronary artery disease and normal pulmonary artery pressures.
Pre-operative chest radiographs from October 2020 showed long standing eleva-
tion of the left hemi-diaphragm and bilateral healed rib fractures (Figure 1(A)).
This chest radiograph showed minimal change from previous radiographs dat-
ing back to January 2011 (Figure 1(B)).

A CT coronary angiogram performed in May 2020 reported an elevated left
hemi-diaphragm, causing displacement of the cardiac axis and the heart to lie
transversely. The CT showed unremarkable pericardium and pericardial space
(Figure 2).

(A) (B)

Figure 1. (A) Chest radiograph from October 2020; (B) Chest radiograph from January
2011.
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Figure 2. Pre-operative CT chest showing transverse lie of the heart.

Intraoperatively a large left sided defect of the pericardium was found, mea-
suring approximately 15 cm x 10 cm, with complete herniation of the heart into
the left thoracic cavity (Figure 3); with a raised and fixed hemidiaphragm. The
heart was angled transversely and was rotated to the left, with the pulmonary ar-
tery laying posterior to the aorta to such a degree that the Ross procedure was
aborted due to poor access to the pulmonary valve. The patient instead received
a bioprosthetic aortic valve replacement and Dacron grafting of the ascending
aorta. The left sided pericardium was shredded and mostly missing, including
the portion where the phrenic nerve usually lies. This finding likely explains the
raised left hemi-diaphragm. The injury is proposed to have occurred during his
previous accidents. No pericardial fluid was found, and the left lung was visible
through the vent in the pericardium, and there were no pleural adhesions.

It was difficult to access the aortic valve with the heart in its subluxated posi-
tion; the heart was thus restored to its normal position. Repair of the pericar-
dium was performed using Gore-Tex membrane sewn in a continuous manner
to cover more than 90% of the defect to oppose the pericardium. Once repaired,
the aortic valve became more accessible. Cessation of cardiopulmonary bypass
and reperfusion of the heart was uncomplicated, the heart now fixed in its new
position. Prior to sternal closure, a new Gore-Tex membrane was used to cover
the remaining anterior defect.

Post-operative transesophageal echocardiogram showed a well seated aortic
valve replacement with unrestricted motion and no trans-valvular or perivalvu-
lar leak.

On the second post-operative day, the patient was noted to have low oxygen
saturations (88% - 90% on 50 liters via nasal prongs), low mixed venous oxygen
saturations (38%) and increased ionotropic supports including 0.25 microg/kg/min
of milrinone, 150 microg/min of dobutamine and 200 microg/min of glyceryl

trinitrate. Repeat chest radiographs showed increasing bilateral pleural effusions
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Figure 3. Intraoperative finding of large pericardial defect.

and a left sided consolidation. The decision was made to return the patient to
theatre for replacement of the Swan-Ganz catheter and exploration of the peri-
cardial repair, to investigate any surgical repairable cause of his cardiac instabil-
ity.

On re-sternotomy the right ventricle appeared sluggish to contract and dis-
tended. A peri-operative echocardiogram revealed severe right ventricular sys-
tolic dysfunction with global hypokinesis, and a pressure loaded right atrium.
The previous Gore-Tex membrane was removed with subsequent improvement
in right ventricular function, reduction in central venous pressures and reduced
ionotropic requirements. A new Gore-Tex membrane was loosely placed anteri-
orly, without further compromise to cardiac function.

Post-operative chest radiographs revealed a moderate sized left basal pleural
effusion and a stable elevation of the left hemidiaphragm, with the heart seated
further towards the right side (Figure 4) compared to his pre-operative state
(Figure 1(B)). A post-operative cardiac CT with contrast revealed patency of the
great vessels, a small pericardial and bilateral pleural effusion with adjacent ate-
lectasis (Figure 5).

Following his second procedure, the patient progressed uneventfully. The pa-
tient felt significant improvements in dyspneic symptoms, tolerating greater ex-
ertional activity at discharge than pre-operatively. The patient was discharged on
day 7 post the re-sternotomy.

Follow up of the patient 10 months post-surgery revealed his symptoms of
dyspnea remained modestly improved compared to his pre-operative state. He

had not suffered any further post-operative complications.
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Figure 4. Post-operative chest radiograph taken day 3 post re-sternotomy and Gore-Tex
membrane adjustment.

Figure 5. Post-operative CT post re-sternotomy and Gore-Tex membrane adjustment.

3. Discussion

Blunt trauma pericardial rupture is commonly left sided [4] and usually presents
with symptoms of pericardial tamponade [3] [4]. The exception being a pericar-
dial defect large enough that the fluid is unable to be contained, such as in our
patient.

Another concerning feature of pericardial rupture is herniation of the heart
through the pericardial defect [3] [4], which has been found to occur with an in-
cidence ranging from 28% to 64% of patients with blunt traumatic pericardial
rupture [4]. Significant defects can result in complete subluxation of the heart
with torsion of the great vessels which may lead to cardiovascular instability [4].

In high energy blunt traumatic thoracic injuries, clinicians should consider

pericardial rupture as a possible complication, irrespective of hemodynamic in-
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stability [3] [5], as it can be asymptomatic [5]. Diagnosis may be delayed by a
matter of years [4], as demonstrated by our patient.

Recommended investigations include serial chest radiographs as a screening
tool to assess cardiac luxation and evolving pathology, electrocardiogram to as-
sess cardiac axis, computed tomography to detect subtle pericardial pathology
such as pneumopericardium or pericardial defects [3] [4]. However, as in our
case, computed tomography was reported as showing a normal pericardium
with no mention of any large defects. Although echocardiography has a low sen-
sitivity for identifying large defects but is very useful in assessing for tamponade
and cardiac function in suspected pericardial rupture [4]. Magnetic resonance
imaging can also be used to further assess the pericardium if other investigations
have been inconclusive [4].

In this case, it is difficult to determine whether the subluxation of the heart
was contributing to the patient’s symptoms due to the chronicity of the subluxa-
tion. Repair of the defect however did facilitate the cardiac surgery.

Repair of the pericardium should be undertaken using sutures for moderate
sized defects or synthetic membranes for larger defects [3] [4], such as Gore-Tex
membrane as in our case. The repaired membrane should prevent cardiac luxa-
tion and further hemodynamic compromise due to torsion of the great vessels
[3]. Small defects may be left alone if cardiac herniation is deemed unlikely [4].
Too tight a repair is to be avoided in chronic cases with cardiac subluxation as
the heart would have adjusted to its new position, as in our case. There should
remain adequate space in the post-repair position to avoid post-operative he-

modynamic instability.

4. Conclusion

Pericardial rupture is a rare diagnosis, most commonly secondary to blunt high
force chest trauma. Defects in the pericardium may result in subluxation of the
heart. Repair of larger pericardial defects may be undertaken using synthetic
membranes such as the Gore-Tex membrane to restore anatomy, but care must
be taken to prevent undue tension secondary to taut repair resulting in hemo-

dynamic compromise.
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