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 Post-operative pericardial adhesion remains a serious cardiac surgery 

complication leading to higher morbidity and mortality. Fibrous 

adhesions can destroy tissue planes and disturb the adjacent vasculature 

structure, prolonged of surgical time, and increased medical costs. While 

animal-based models are essential for studying the prevention of post-

operative pericardial adhesions, several yet limited animal model and 

clinical human intervention to evaluate the role of bovine pericardium 

(BP), especially decellularized patch, has been established. In order to 

address these unstructured evidences, a literature review in regard to 

post-operative pericardial adhesions was conducted. Three main 

databases of PubMed, Google Scholar, and ScienceDirect with advance 

search method using Boolean Logic “AND” of selected keywords were 

employed. Out of 7 articles that met our review criteria, all of them 

present that BP showed potential significant role to prevent adhesion. 

Furthermore its elasticity, handling characteristics, and the lower risk of 

endocarditis. Thus, BP can reduce the fibrosis and focal inflammation 

during post-surgical healing process of the pericardium with the average 

optimum outcome within 2 weeks, with the shortest time being 10 days 

and the longest being 12 months. Decellularized bovine pericardium has 

the ability to speed up tissue regeneration and angiogenesis within 

implanted pericardial substitute. This quality may accelerate the bovine 

pericardium inner surface remesothelialization and eventually prevent 

pericardial adhesions to the adjacent epicardium. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Post-surgical adhesions are formation of fibrotic matrix connections between the organ surface and its 

adjacent walls due to either ischemic or traumatic causes. This pathological condition includes thin-to-thick 

of innervated and vascularized of fibrous connective tissue films [1]. However, in the current ever-changing 
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field of modern surgery techniques, post-surgical adhesions remains to become the frequent complications 

with 50-95% of all surgical cases regarding neither anatomical location nor the procedure [2]. Post-surgical 

adhesions show a significant comorbidity impacting millions each year, with the thoracic, abdominal, and 

pelvic operations become the concern of much of the current studies [3]. Those main concern of post-

surgical adhesions cause organ dysfunction, chronic pain, and the risk of re-surgery none other than to 

address the adhesion issues. Moreover, adhesion cause the focused-organ and its adjacent structure 

susceptible to perforation and hemorrhage during intra-operative procedure causing further low quality of 

surgical outcome and medical expenses burden [4]. 

 

Adhesion following pericardial surgery becomes a significant burden in the field of cardiac-thoracic 

surgery. It increases morbidity and mortality during cardiac-thoracic re-surgery clinically. The mortality 

rate of post-operative pericardial adhesion was 6.5% for patients without injury, 18.5% for patients with 

injury, and 25% for patient suffering injury during sternal division [5] This is believed that the mechanism 

of post-operative pericardial adhesions causing higher mortality rate is the obliteration of tissue planes. This 

obliteration causes injury within vital anatomical structures of right ventricle, right atrium, aorta, and 

coronary arteries during sternal dissection and re-entry [5] Regardless of surgical prognosis, post-operative 

pericardial adhesion increases healthcare costs and surgical time significantly [3]. 

 

The prevention approach of post-operative pericardial adhesions becomes essential during the increasing 

number of congenital heart disease surgery for valve regurgitation, conduit failure, even adult hybrid 

surgery and coronary thrombosis. The application of silicone, absorbable, expanded 

polytetrafluoroethylene, xenograft, biocompatible membrane and polymer for pericardial reconstruction 

have been widely reported. However, the optimum material giving optimal prevention for post-operative 

pericardial adhesion has still neither widely used nor reported [6]. Several studies reported that artificial-

synthetic material of bovine pericardium to cover the heart following cardiac-thoracic surgery showed a 

significant and potential preventive outcome from post-operative pericardial adhesion [7]. Thus, in this 

literature review, we aimed to evaluate several reported studies regarding the role of bovine pericardium 

application to prevent post-pericardiotomy adhesion. 

 

2. EVIDENCE ACQUISITION 

All available articles were acquired from three major medical research databases including PubMed, 

Google Scholar, and ScienceDirect. Advanced search was conducted on PubMed with keywords of 

(“bovine” OR “xenograft”) AND “pericardial” AND “adhesion” AND “surgery”; “animal model” AND 

“heart” AND “surgery”) OR (“bovine” AND “heart surgery” AND (“pericardiotomy” OR “pericardial 

adhesion”). However, using similar searching advance methods and Boolean Logic terms, we found several 

pre-existing search results in the other databases of Google Scholar and ScienceDirect. Thus we selected 

carefully the non-overlapped results and selected them to further analyses. We further sorted out the articles 

based on the publication yar and only include clinical experimental or original research design over the last 

two decades (from 2002 to 2022). This resulted in the finding of 29, 15, and 5 articles from PubMed, 

Google Scholar, and ScienceDirect, respectively. 

 

3. EVIDENCE SYNTHESIS 

All results from the reviewed-studies were analyzed using systematic critical appraisal method. We used 

Microsoft Excel to perform result data extraction consisted of: corresponding article source, year of study, 

location, study design, study aim, study participant or sample (population), main outcome, and study 

limitation. The results are showed as in Table 1. 
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Seven articles were deemed to meet our review criteria. Other articles were excluded based on the year of 

publication. Out of these 7 articles, 5 (71%) were experimental animal study [6], [15- 18], 1 (14.5%) was 

retrospective comparison human study [14], and the other one (14.5%) was preliminary report from human 

(pediatric) intervention study [9]. All of the articles we reviewed support the efficacy of BP implantation to 

prevent pericardial adhesion after surgery. The main limitation of the results of our review is that the 

majority of the study used animal model (Table 1). 

 

3.1 Overview on Pericardial Adhesions 

3.1.1 Mechanisms of formation of post-operative pericardial adhesions 

The established knowledge relating the operative pericardial adhesions formation is based on several animal 

experimental and human clinical studies. However, human clinical findings are limited only during 

intraoperative period. The animal model showed that early histopathological alterations of pericardial 

mesothelial cells (PMCs) can be observed following pericardiotomy [8]. These changes including tissue 

edema, vascular congestion, and leukocyte migration. The PMCs also detach from basal lamina layer 

approximately 125 minutes after pericardiotomy, and become free-floating denudation matrix into 

pericardial space exposing the connective tissue of submesothelial. These PMCs denudation is a key factor 

for the subsequent adhesion formation due to platelets, fibrin, and inflammatory immune cells adhere to 

denuded areas, forming a connective tissue scaffold [9]. 

 

The formation of post-operative pericardial adhesions during early postoperative phase is characterized by 

large focal accumulation of fibrin concentration conjoining the parietal and visceral pericardium surfaces 

devoid of mesothelial lining. This formation presenting a large number of fibroblasts and inflammatory 

cells on the pericardial surfaces [8]. A neoconnective tissue layer is formed on the pericardial surfaces 

covered by inflammatory cells, fibrin accumulations, and fibroblasts during approximately during 

intermediate-postoperative days ranging from 8 to 30 days. Collagen fibers are also deposed between the 

inflammatory cell accumulation area and denuded pericardial surfaces promoting early fusion between the 

parietal and pericardium.7 Finally, a persistence of connective tissue is formed into the areas of pericardial 

fusion followed by a progressive decrease in the number of blood vessel in the pericardial adhesion site at 

late post-operative phase, approximately 30-days after surgery [8]. 

 

3.1.2 Prevention methods for post-operative pericardial adhesions 

From previous detailed mechanism, there are four key factors for the post-operative pericardial adhesions 

formation: (1) the PMCs loss with exposure of the submesothelial connective tissue; (2) the fibrin adhesion 

to denuded pericardial surfaces; (3) the decrease of normal fibrinolytic activity of pericardial mesothelium; 

and (4) local inflammation at the site of pericardiotomy. Minithoracotomy and ministernotomy could 

preserve the anterior part of lower pericardium’s integrity. These methods prevent the direct adhesions 

formation of between the right ventricle and sternum. This method is believed able to prevent PMCs loss 

[8]. However, few evidence of intrapericardial adhesions following minimally invasive operations is not 

available yet. 

 

Methods for the fibrin adhesion to the pericardial surface can be achieved by surgeons. Blood clotting 

promote the adhesions formation from the fibrin accumulation. Thus, careful cavity drainage and 

hemostasis become mandatory as world-wide adopted surgical rules. Preventing the pericardial cavity free 

from clot and bloodless may prevent dense adhesions [10]. Several surgical sealants can also be applied to 

prevent of fibrin adhesion to the pericardial surface, they included polyethylene glycol sealant, olylactic 

acid and polyethylene glycol, polylactic acid, carboxymethyl chitosan, resorbable hyaluronic acid 

membrane, extracellular matrix membrane, resorbable porcine collagen membrane, and nonresorbable 
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expanded polytetrafluoroethylene membranes like expanded polytetrafluoroethylene (ePTFE) [1]. 

 

Restoring intrapericardial fibrinolysis can be achieved by using of the fibrinogens tissue plasminogen 

activator and streptokinase. Study reported that they were effective in reducing the tenacity and extent 

adhesions in a rabbit pericardial adhesion model. However, significant postoperative hemorrhage and 

bruising were observed [11]. Local inflammation secondary to surgical injury, is a key pathogenesis of all 

postsurgical adhesion formation. Corticosteroids and nonsteroidal anti-inflammatory drugs have been tested 

in adhesion prevention showing a significant reduction of adhesions compared with controls, including 

post-operative pericardial adhesion [12]. They are also well-known able to prevent severe fibrosis due to 

hard-to-treated diseases such as chronic inflammatory of connective tissue [13]. 

 

3.2 Findings from Previous Studies 

In our present review one article provided a sufficient explanation about BP preventing adhesion in human 

study [14]. The regeneration of pericardium is also a major approach in the prevention of post-operative 

pericardial adhesions. That present study showed a complete smooth pericardium-like membrane layer was 

observed in some cases of BP-used pericardiotomy. Moreover, a decellularized BP provided a sufficient 

scaffold for mesothelial cells proliferation, migration, and attachment. Meanwhile, the absorption rate of the 

higher cross-link in control group was slower and contributed less to mesothelial cell attachment. Methods 

for decellularization provides to be important, to find the best acellular stage of the native tissue. We found 

one study provides the comparative and promising result regarding the optimal dose and duration of the 

decellularization process [19]. In this era of tissue engineering, tissue regeneration is paramount 

importance. Another promising study shows that biodegradable scaffold can provides suitable environment 

for cells to reside in the scaffold, either from matured somatic cells, or from stem cells. This can open the 

horizons for the tissue engineering multidisciplinary approach [20]. 

 

4. CONCLUSION 

In conclusion, cardiac-thoracic surgery and reoperations present a higher risk of adhesion. The risk of 

inadvertent injury remains not negligible, even in high-volume hospital. Injury to the bypass grafts and 

heart surface is related with a higher rate of in-hospital complications and mortality. On the basis of the 

aforementioned reviews, this shows that a decellularized bovine pericardium may further speed up tissue 

regeneration and angiogenesis within implanted pericardial substitute. This quality may accelerate the 

bovine pericardium inner surface remesothelialization and eventually prevent pericardial adhesions to the 

adjacent epicardium. 

 

KEY MESSAGES 

• Decellularized bovine pericardium proved to be promising modality in tissue engineering 

• Further studies and researches are required to evaluate the potential capabilities of bovine 

pericardium 
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Table 1. Main profiles of the articles reviewed in regard to bovine pericardium and post-operative 

pericardial adhesion. 

Article Design Objective Population Results Limitation 

[6] Experimen

tal animal 

study 

(rabbits) 

Evaluate the 

appropriate bovine 

patch (BP) for 

pericardial cavity 

reconstruction 

procedure and the 

role of NaHA acid 

inflammatory 

reaction in post-

pericardiotomy 

adhesion. 

20 rabbits with 

bodyweight of 3.2 - 

3.6 kg. Group A (n 

= 5), the control 

group, the 

pericardium was 

directly closed; 

Group B (n = 5), 

0.15% 

glutaraldehyde-

treated BP (low 
cross-link degree); 

Group C, 0.3% 

glutaraldehyde-

treated BP (middle 

cross-link degree); 

Group D, 0.15% 

glutaraldehyde-

treated BP + NaHA 

solution 

The combination of 

BP and solution of 

dilute NaHA were 

able to prevent post-

pericardiotomy 

adhesion (Groups D 

vs. A: 0.20 ± 0.45 

vs. 2.00 ± 0.71, P = 

0.009). Complete 

pericardial sac 

closure with low 
cross-link degree BP 

patches serving as 

scaffold for 

pericardial tissue 

regeneration and 

physical barrier 

between sternum and 

pericardium. They 

also provided safety 

The experimental 

animal model was 

commonly far 

superior ideal 

compared to those 

actual human 

clinical trial 

diseases. Thus the 

study results may 

not be suitably 

reproducible in 
human 

circumstances. 

During the study, 

the heart cavities 

are drained during 

early postoperative 

period. This can 

influence the 

remnant of NaHA 
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Article Design Objective Population Results Limitation 

application for re-

sternotomy. 

solution within 

pericardial cavity. 

[15] Experimen

tal animal 

study 

(dogs) 

Evaluate the BP 

tissue regeneration 

patterns fixed by 

biological patch of 

genipin or 

glutaraldehyde to 

repair a defect 
within pulmonary 

trunk. Thus, 

preventing potential 

adhesion formation. 

Mongrel dogs, each 

dog's approximated 

bodyweight is 20 

kg. One-group only 

design with follow-

up pre-implantation 

and post 
implantation: one-

week, one-month, 

six-months 

postoperatively. 

However, foci of 

chondroid and/or 

bony metaplasia 

were observed in the 

acellular patches for 

both studied groups 

at 6 months 
postoperatively. The 

results showed that 

host endothelial 

cells, 

myofibroblasts, and 

fibroblasts were 

migrating in the BP 

patches fixed by 

genipin. It indicated 

a on-process tissue 

regeneration at 1 
month 

postoperatively, a 

potential sign of low 

pericardial adhesion 

risk. This process 

became more 

prominent for the 

genipin-fixed BP 

patch compared to 

its counterpart of 

glutaraldehyde, 

because of its low 
cytotoxicity level of 

genipin. 

 

 

 

This present study 

results are not 

suitable to be 

reproduced in 

human clinical 

condition. 

Furthermore, 
several foci of 

chondroid and/or 

bony-like structure 

metaplasia were 

found in the BP 

patches at six-

months 

postoperatively 

[16] Experimen

tal animal 

study (rats) 

Non-biological 

artificial materials 

have been broadly 

applied to fix 

myocardial defect. 

Meanwhile, 

material-related 
pathological 

condition such as 

pericardial adhesion 

remain observed. 

To resolve these 

issues, a porous 

structure of 

acellular BP fixed 

by genipin was 

used to address the 

present issues. 

The right heart 

ventricles of rat 

weighted 400-450 

g. The studied BP 

patches (7.0 x 7.0 

mm) were retrieved 

at 4 and 12 weeks 
postoperatively 

from the 

pericardium to 

evaluate the 

histopathological 

results. One-group 

only design with 

post implantation 

follow-up of four-

week and twelve-

week. 

The intimal layer 

thickening of the 

right ventricles was 

observed at 4 weeks 

postoperatively. New 

capillaries and fibril 

tissues were clearly 
found inside and 

outside of BP patch 

with minimum 

fibrous tissue was 

firmly attached 

outside of the patch. 

This study is far 

from suitable to be 

applied in human 

intervention study. 

Moreover, a 

crucial significant 

limitation was 
found that the 

cardiomyocyte 

cells were not 

observed within 

BP patch. 

[14] Retrospecti

ve 
compariso

Evaluate the 

immediate post-
surgical (first 

A total of 79 

patients (69 male 
and 10 female) who 

No cases of 

mortality were found 
within one-month in 

There were no 

significant 
differences 
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Article Design Objective Population Results Limitation 

n study 

(human 

study) 

month) and mid-

term (up to 5 years 

post-surgical) 

results of 22 

isolated ventricular 

septal defects 

(VSD) patients who 

underwent VSD 
surgical correction 

with BP with 57 

similar patients who 

received a PTFE 

patch 

underwent VSD 

surgical correction 

with either BP or 

PTFE patch during 

1990-2003. Year 

1990-2000 (Group 

A), VSD closure in 

patients was 
performed with a 

PTFE patch. Year 

2000-2003 (Group 

B), BP was applied 

in VSD closure 

procedure. 

either group. The 3-

month post-operative 

echocardiographic 

studies revealed no 

evidence of 

aneurysm formation, 

adhesion, and 

calcification or 
around the patch. 

between BP patch 

and PTFE patch in 

outcome after 

VSD closure, the 

authors prefer BP 

because of its 

handling profiles, 

elasticity and the 
lower risk of 

endocarditis and 

adhesion 

formation. 

[17] Experimen

tal animal 

study 

(rabbits) 

Evaluate the 

efficacy of BP 

loaded with 

ginsenoside Rg1, an 

angiogenic agent 

isolated from Panax 
ginseng (Rg1 patch) 

to reduce the risk of 

post-operative 

pericardial 

adhesions. 

BP patch loaded 

with Rg1 in a rabbit 

model (n = 5). 

PTFE patch (Gore-

Tex, W. L. Gore & 

Associates, Inc, 
Flagstaff, Ariz) 

along with the 

cellular and 

acellular BP 

without loading 

Rg1 were used as 

controls (n =5). 

The results showed 

that the BP Rg1 

patch effectively 

fixed pericardial 

defects in rabbits 

model and 
successfully reduced 

the pericardial 

adhesions formation 

compared to 

acellular-cellular BP 

and PTFE pathes. 

The formed 

neomesothelium 

formed inside and 

outside Rg1 patch 

physically and 

functionally replaced 
the normal 

pericardium. 

There was a little 

filmy adhesion 

found in the 

pericardium side 

of Rg1 patch in 3 

of 5 studied 
animals at three 

months post-

surgery involving 

pericardiotomy 

due to of 

incomplete 

mesothelial 

formation outside 

of Rg1 patch. 

[9] Preliminar

y report 

from 

human 

(pediatric) 

interventio

n study 

Determine the 

short-term results of 

CardioCel BP patch 

implantation during 

pediatric cardiac-

thoracic surgery. 

Eight 10-day to 14-

year old patients 

who underwent 

surgical correction 

of congenital 

cardiac diseases 

from January 2015 

to February 2016. 

BP patches were 

used to repair 
supravalvular aortic 

stenosis and 

reconstruct the 

aortic arch and 

pulmonary arteries. 

No in-hospital 

mortality were 

found. The hospital 

stay ranged from 8 to 

58 days (median: 15 

days). The observed 

complications 

included: pneumonia 

(n = 2), vocal cord 

paralysis (n = 2), and 
paralysis of the left 

diaphragmatic dome 

(n = 2). No 

significant clinical 

consequences of the 

adhesion and 

stenosis were 

observed in both 

remain under 

observation and 

discharged patients. 

The application of 

the BP was related 

with positive 

results according 

to the preliminary 

study i.e. no major 

complication 

including re-

surgery and 

adhesion. 
However, further 

analysis requires 

studies on larger 

patient samples, 

multi-center, and 

longer periods of 

hospital follow-up. 

This study also 

revealed potential 

conflict of interest 

as they used BP 

patches under 
certain brand. 

[18] Experimen Evaluate the 16 male C57BL rats Implanted BP This current study 
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Article Design Objective Population Results Limitation 

tal animal 

study (rats) 

vascularization and 

incorporation both 

BP and PP patches 

during the initial 

phase after 

implantation during 

cardiac-thoracic 

surgery. CD-31-
positive cells were 

count to determine 

the vascularization 

by 

immunohistochemis

try. 

(8 per group) aged 

8–24-week old with 

21–25 g body 

weight (Charles 

River Laboratories 

GmbH, Sulzfeld, 

Germany).  

showed an enhanced 

vascularization 

during the first 14-

days after 

implantation, as 

indicated by a 

significantly higher 

number of CD-31-
positive cells and 

micro-vessels (23.2 

± 4.3 vs 16.5 ± 5.8 

/mm2; P = 0.001). 

Furthermore, BP 

showed higher 

functional capillary 

density indicating 

low fibrotic matrix 

formation, thus low-

risk for adhesion 
formation as well. 

Both patches 

induced a moderate 

leukocytosis 

response. Either 

bovine or porcine 

patches significantly 

did not affect 

apoptosis and cell 

proliferation at the 

implantation site. 

is an rats 

intervention study. 

Most importantly 

there are 

limitations in the 

transferability. 

Furthermore, this 

animal model 
experiment is 

limited to 2-3 

weeks only. 

Note: BP, bovine pericardium; PP, porcine pericardium; PTFE, polytetrafluoroethylene; VSD, ventricular 

septal defect; NaHA, sodium hyaluronic. 


