
ORIGINAL RESEARCH PAPER

PROSTHETIC MATERIAL USED IN RIGHT VENTRICULAR OUTFLOW TRACT 
RECONSTRUCTION AND ITS LONG TERM OUTCOME: A SYSTEMATIC REVIEW

Dr Rakesh 
Kumar*

MS, MCh. Assistant Professor, Department of CTVS, Rajendra Institute of Medical 
Sciences, Bariatu, Ranchi-834009, Jharkhand India. *Corresponding Author

Hemant Narayan 
Roy

Prof,. HOD, Department of Cardiology, Rajendra Institute of Medical Sciences, Bariatu, 
Ranchi-834009, Jharkhand India.

ABSTRACT
A best evidence topic in cardiac surgery was written according to a structured protocol. The question addressed is: When using a pericardial patch 
for reconstruction of the right ventricular outflow tract, is an untreated patch or a patch treated with glutaraldehyde better? 36 papers were found 
using the pub med search, of which 3 papers (1 human and 2 animal studies) represented the best evidence to answer the clinical question. The 
authors, journal, date and country of publication, patient group studied, study type, relevant outcomes and results of these papers are tabulated. We 
included papers that compared fresh untreated autologous pericardial patch with glutaraldehyde treated pericardial patch. We excluded papers that 
did not compare these two and assessed either one of them alone.  In the only available human study comparing outcomes in children undergoing 
complete transventricular repair for Tetralogy of Fallot (TOF) and RVOT reconstruction with either types of pericardium, it was found that. There 
was no significant difference in post repair hemodynamics, incidence of transannular patching, or in systolic RVOT pressures. However at 6 
months of follow-up, 72% of the patients with untreated patches had a significant increase in the RVOT diameters as indexed to the aortic annulus. 
In patients with glutaraldehyde treated patches, only one patient had increased RVOT diameters. In the other two experimental studies in animals, 
there was a lower incidence of pulmonary regurgitation and RVOT aneurysm formation at follow up. This seems to indicate that patients who 
received glutaraldehyde treated pericardium had a lower incidence of dilation of the right ventricular outflow tract and a lesser incidence of 
pulmonary regurgitation than non-fixed fresh pericardium. The search for optimal patch material is an ongoing challenge in congenital heart 
surgery (CHS). In this study, we report our first experience with the use of a novel decellularized bovine pericardial patch material (CardioCel™) 
for different applications in CHS. Retrospective review of our institutional experience with CardioCel™. Patient diagnoses ranged from valve 
lesions (e.g., bicuspid aortic valves, Ebstein anomaly, common AV-valve), septal defects (e.g., VSD), conotruncal lesions (e.g., tetralogy of fallot, 
TGA) and univentricular hearts (e.g., hypoplastic left heart syndrome). Operative details and early postoperative outcome parameters were used to 
identify graft-related morbidity. Echocardiographic results at discharge were used for the assessment of graft appearance and performance. Data 
are presented as median values (range). This study demonstrates excellent early results for CardioCel™ patch. Implantation was free of tissue 
related complications and applicable for manifold indications in complex congenital cardiac repairs.
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INTRODUCTION:
During intracardiac repair of tetralogy of Fallot (TOF), the insertion of 
an outflow patch across the infundibulum, pulmonary valve ring and 
pulmonary artery provides satisfactory relief of the right ventricular 
outflow tract (RVOT) obstruction. However, it is also leads to 
significant pulmonary valve incompetence (PI). The long-term 
significance of PI is still controversial, although it is  increasingly 
being realized that also produces leading to chronic volume load of the 
right ventricle (RV) that is known to adversely impact the its function 
and lead to arrhythmias  in the long-term. Traditionally, pericardium 
(either fresh and untreated or fresh but fixed with glutaryldehyde) are 
used for RVOT reconstruction. However individual practices vary and 
are often based on personal preference rather than hard clinical data 
about the efficacy of either of the two types of patch material. 

Any discussion on the use of patch material for RVOT reconstruction is 
expected to elicit multiple, very strongly held opinions, each of them 
based on individual practices rather than on clinical data. Each choice 
has advocates who promote Their viewpoint with great fervor. 
Similarly there is no dearth of individuals who hold the counterpoint 
with equal intensity. Unfortunately, the body of evidence that supports 
one strategy or viewpoint over another is often limited and 
inconclusive.

In order to understand the role of various patch materials fir RVOT 
reconstruction, me must understand understand that everything we do 
is associated with potential clinical benefits, limitations, and potential 
harm, as well as increased cost.

The systematic review is a formal process to identify and evaluate 
primary studies and other research to make determinations about 
effectiveness of particular interventions or therapies [1]. Traditional 
narrative reviews, While providing an overview of an issue, are 
subjective and suffer from potential selection bias and error. In 
contradistinction, a systematic review relies on a prospectively defined 
protocol to identify and appraise the relevant evidence. The aim is to 
completely identify the relevant publications, minimize selection bias, 

and develop an objective summary of the data through pre-established 
evaluation and grading criteria. We performed a systematic review of 
the literature describing RVOT reconstruction with different patch 
materials. The goal of the review was to evaluate the strength of the 
evidence for the effectiveness of each either type of material and the 
relationship to its effect on PI, RV function and other factors that 
impact outcomes after intracardiac repair of TOF. Secondary goals 
were the following: (1) to determine if the level of evidence for any 
strategy was sufficient to make recommendations concerning 
guidelines for clinical practice; and (2) to provide results which could 
be helpful in planning future clinical trials or Quality improvement 
initiatives.

A systematic review of the literature was performed to evaluate all 
clinical studies describing techniques or outcomes of RVOT 
reconstruction with various patch materials. Types of interventions in 
the literature included the following: RVOT reconstruction with patch 
(transannular/ valve sparing), degree o immediate Pi, effects on early 
and late RV function and dimensions and need for re-intervention. 

Eligibility Criteria
Inclusion criteria for the literature search included both human and 
animal studies in English Medical literature. Editorials, case reports, 
duplicates, and pure technique papers were excluded. Narrative 
reviews as well as all of the references were evaluated to avoid 
publication bias by identifying any potential additional manuscripts 
that were not initially identified in the search strategy. However, these 
reviews were not included in the final analysis as they do not represent 
primary data. 

Search Strategy
Pubmed and Google scholar database search was performed using the 
keywords:  [right ventricular outflow tract reconstruction.mp/] AND 
[fresh.mp OR glutaraldehyde fixed.mp] between 1973 to 2017.  

36 papers were found using the reported search. As an initial step, the 
abstracts of all these 36 papers were reviewed. Once the selected paper 
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was deemed to fulfill the inclusion criteria, the text was studied in 
detail and its cross references was also reviewed. Duplicate papers 
were eliminated. The entire review process finally culminated 
in....papers being suitable for analysis and recommendations.

Data Review and analysis
THREE – PART QUESTION:
In [patients undergoing right ventricular outflow tract reconstruction 
using autologous pericardial patch] is [fresh or a glutaraldehyde fixed 
patch] preferable [for best outcomes?]

Pubmed and Google scholar database search of [right ventricular 
outflow tract reconstruction.mp/] AND [fresh.mp OR glutaraldehyde 
fixed.mp] between 1973 to 2013.  

36 papers were found using the reported search. From these 3, 6 papers 
provided the best evidence to answer the question. Out of these, there 
was only one study in humans [2]; the rest were in animals [] these are 
presented in table 1. Only those papers where there were comparisons 
between treated and untreated pericardium were included. Papers that 
discussed either of these two options without comparisons were 
excluded.

RESULTS:
In the only available human study, Messina et al [2] analyzed the 
impact of glutaraldehyde fixed autologous pericardial patch in RVOT 
among children undergoing complete transventricular repair for 
Tetralogy of Fallot (TOF). 36 children were studied; of these 18 
received fresh pericardial RVOT patch and other 18 received a RVOT 
patch of pericardium treated with glutaraldehyde. There was no 
significant difference in post repair hemodynamics, incidence of 
transannular patching, or in systolic RVOT pressures. However at 6 
months of follow-up, 72% of the patients with untreated patches had a 
significant increase in the RVOT diameters as indexed to the aortic 
annulus. In patients with glutaraldehyde treated patches, only one 
patient had increased RVOT diameters.  The authors of this study 
concluded that autologous pericardium treated with 0.625% 
glutaraldehyde may be a better material for RVOT reconstruction as 
compared to autologous untreated pericardium.

Chiu IS et al [3] in 1992 investigated the fate of antilogous pericardial 
valved conduits in twenty piglets. Autologous pericardial conduit in 
the right ventricular outflow tract (RVOT) was connected to 
pulmonary trunk distally and RVOT proximally. In 10 of them 
pericardium was fixed with 0.6% glutaraldehyde and rest of the 10, 
pericardium was not fixed.  The observations noticed were increased 
incidence of aneurysm in the untreated group at a mean interval of 104 
days, and an increased incidence of calcification in the treated group at 
a mean interval of 66 days. 

Scavo et al [5] experimented with transannular patch reconstruction of 
the right ventricular outflow tract using either polytetrafluoroethylene 
(PTFE, n=9), untreated pericardium (n=6) or glutaraldehyde fixed 
pericardium (n=6) to construct monocusp valves in a dog model. 
Hemodynamics, angiography, echocardiography, gross and 
microscopic pathology were evaluated. They did not find any 
significant differences among the three groups with regard to stenosis 
across the valve, but demonstrated less regurgitation in PTFE (1/9) and 
glutaraldehyde treated groups (0/6) when compared to fresh 
pericardium group (5/6).

While interpreting the results of these studies, caution must be 
exercised. In none of these studies, the actual size comparisons of the 
patches at the time of implantation were made. In the personal 
experience of the author, there has been a tendency to oversize the 
fresh patch as accurate sizing is not often easy. The treated patch has 
the advantage that accurate sizing can be performed. Over sizing the 
patch that may commonly occur with the use of untreated pericardium 
may at the time of implantation itself, lay the substrate for future 
RVOT dilatation and aneurysm formation. 

CLINICAL BOTTOM LINE:
Immediately after intracardiac repair of TOF, early results with the use 
of treated or untreated pericardium are no different. At increasing 
follow up, patients who receive glutaraldehyde treated pericardium 
have a lower incidence of dilation of right ventricular outflow tract and 
lesser incidence of pulmonary regurgitation than untreated fresh 
pericardium. 
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RVOT=right ventricular outflow tract, PN= untreated group, PG= 
glutaraldehyde treated group, PERI= untreated pericardium, PTFE= 
polytertrafluoroethylene, GLU= glutaraldehyde treated group, Pa= 
pulmonary artery, Ao= aorta, RV=right ventricle.
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