Review

Urologia

Internationalis

Urol Int

Jalil Hosseini® Saeid Hosseini®

Mohammad Ali Hosseini®
Yousef Rezaei®

2Infertility and Reproductive Health
Research Center, Shahid Beheshti University
of Medical Sciences, Tehran, Iran; °Heart
Valve Disease Research Center, Rajaie
Cardiovascular Medical and Research
Center, Iran University of Medical Sciences,
Tehran, Iran; ¢Student Research Committee,
Qazvin University of Medical Sciences,
Qazvin, Iran

Keywords
Pericardial tissue - Reconstructive urologic surgery - Penis -
Urethra - Bladder - Kidney

Abstract

Introduction: The use of pericardium has been expanded
into different surgical modalities; however, there are scarce
data regarding the feasibility of the pericardium in recon-
structive urologic surgeries. We systematically reviewed the
literature on the effectiveness of the pericardial tissue for re-
constructive urologic surgeries. Materials and Methods:
PubMed and Scopus were searched online for evidence on
the use of the pericardium in urologic surgeries. Through the
methodology recommended by the Preferred Reporting
Items for Systematic Reviews and Meta-analysis guidelines,
38 of 4,071 studies were identified. Results: A total of 715
patients and 139 animals underwent reconstructive urolog-
ic surgeries using the pericardium. Bladder, urethral, and re-
nal reconstructions were successful in 100% of the human
cases. The rates of dissatisfaction, glans hypoesthesia, and
penile shortening were comparable between the pericardial
graft surgeries and the other operations during penile
straightening, but there was a trend among the patients
with pericardial grafts toward having a more penile curva-
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ture at follow-up (risk ratio [RR] 2.03, 95% Cl 0.90-4.61, p =
0.09; > = 0%). Among the animal studies, there were 4 re-
ports of penile reconstruction, 7 studies of bladder recon-
struction, and 1 study of urethroplasty. Bladder reconstruc-
tion and urethroplasty were successful in 83 and 20% of the
animals, respectively. The pooled result of the stimulated in-
tracorporeal pressure 5 V significantly favored pericardial
grafts during penile reconstruction (RR 2.61, 95% Cl 1.26-
3.97,p =0.0002; I>=0%). Conclusions: Our systematic review
demonstrates the feasibility of the pericardium, regardless
of its type, in urologic surgeries. It, however, seems that ure-
thral substitution needs further investigation. Given the low-
er cost, easier handling, and less immunogenicity of the peri-
cardium, further studies are required to examine its pros and
cons. © 2018 S. Karger AG, Basel

Introduction

Reconstructive surgeries are performed using either
flaps or grafts as substitutes for the original tissues, and
these techniques have been employed in urologic surger-
ies for decades [1]. Reconstructive urologic surgeries are
implemented in the repair of urogenital organs [2, 3].
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During reconstructive surgeries, several biomaterials and
prostheses are routinely used as a substitute material. A
variety of grafts including skin, bladder, colon, and buccal
mucosa have been utilized in reconstructive urologic sur-
geries [4-6]. More recently, some other tissues such as
amniotic membranes [7] and pericardial tissues have
been used in reconstructive urologic surgeries [8-11].

In reconstructive surgeries, 3 main aspects should be
considered, including the site of implantation, the method
of implantation, and the graft harvesting and preparation
method. The implementation of tissue-engineered grafts
(i.e., synthetic and non-biodegradable materials) has been
evolved during the past decade [12-14]. However, given
the quick encrustation, susceptibility to infection, and like-
lihood of immunogenic reactions, new biodegradable and
less immunogenic substitutes such as the pericardium,
omentum, and placenta have been introduced [15, 16].

The pericardium first attracted the attention of cardio-
thoracic surgeons, who implemented it in a large number
of cardiac defects and used it in the development of car-
diac valves in patients with valvular malfunction and cor-
rection of the congenital malformations [17]. Thereafter,
its use expanded into other surgical modalities — particu-
larly general, vascular, urologic, ophthalmologic, and
neurosurgical operations [18-22]. Different types of the
pericardium tissue are used as a substitute in urologic sur-
geries; they include animal pericardium (treated bovine
pericardium [BP], treated porcine pericardium, and tis-
sue-engineered sheep pericardium) [23-25], and treated
human cadaveric pericardium (HCP) [26, 27]. Despite
the potential feasibility of the pericardium for the recon-
struction of urogenital defects; however, it is yet to be
widely implemented.

Herein, in this systematic review, we seek to provide a
comprehensive overview of using the pericardial tissue in
urologic surgeries. We summarize the characteristics of
patients or animals, operation features, and surgical out-
comes. Additionally, we meticulously discuss pericardial
tissue utility — regardless of the type (human or animal) -
and highlight some probable perspectives for the imple-
mentation of the pericardial tissue in urologic surgeries.

Methods

Data Sources and Search Strategy

A systematic review of electronic databases according to the
Preferred Reporting Items for Systematic Reviews and Meta-Anal-
yses was performed [28]. Two reviewers (M.A.H. and Y.R.) inde-
pendently searched for evidence focusing on the use of pericardial-
based grafts during urologic surgeries.
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The reviewers systematically searched the PubMed and Scopus
electronic databases from January 1950 to October 2016, and sub-
sequently updated the search up to the end of April 2017. English
language articles regarding the use of the pericardial tissue, regard-
less of preparation techniques and materials, in urologic surgeries
were collected. The relevant keywords used in the search included
“BP or pericardium” in combination with each of “bladder, ure-
thra, ureter, pelvis, kidney, and penis”. In addition to the electron-
ic databases, some relevant articles found in other sources (i.e.,
review articles, the bibliographies of relevant studies, hand-search-
ing of relevant journals) were also incorporated (online suppl. Ta-
ble 1; for all online suppl. material, see www.karger.com/
doi/10.1159/000495513).

Data Abstraction and Quality Assessment

The reviewers read the titles and abstracts of articles to find rel-
evant articles meeting the following criteria: (1) studies using the
pericardial tissue in urologic surgeries; (2) any type of pericardium
(human, animal, or tissue-engineered) with any preparation meth-
od; (3) any anatomic location used in the setting of urologic surger-
ies; (4) human or animal studies; and (5) the availability of full-texts.

The reviewers read the full-texts of the screened articles. The
main data extracted from the articles comprised the pericardial tis-
sue type, the anatomic location of repair, the type of surgery, and
the outcomes of procedures (i.e., the restoration of normal func-
tion, reoperations due to the failure of surgery defined as success
rate, and any reported relevant complications or outcomes of in-
terest relevant to surgery). The majority of the outcomes in penile
reconstruction included the patients’ self-reported satisfaction,
glans hypoesthesia, and curvature of the penis greater than 30°
whether or not it interfered with the patients’ coitus, and penile
shortening. In all steps of the review, discrepancies were discussed
until a similar decision was reached (consultation with J.H. and
S.H.). In addition, 2 reviewers independently evaluated the quality
of human studies using Newcastle-Ottawa quality assessment scale
[29]. There are different methodologies for the quality assessment
of animal studies; therefore, we used a tool to assess the internal
validity of studies by the implementation of a 5-score based criteria
including 5 items: (1) sample size calculation; (2) randomization
(selection bias); (3) blinding of investigator/caretaker (perfor-
mance bias); (4) blinding of outcome evaluation (detection bias);
and (5) reporting drop-outs (attrition bias).

Data Synthesis

Descriptive statistics was used to summarize the characteristics
of the extracted studies. The continuous variables were reported as
means (ranges) and the categorical ones as numbers (percentages).
For meta-analysis, similar outcomes were extracted from the stud-
ies comparing pericardial tissues with other grafts/controls. All
continuous and dichotomous variables were analyzed using the
Mantel-Haenszel method and the inverse variance statistical
method, respectively. Heterogeneity was assessed using the I sta-
tistic. All variables were analyzed using the fixed-effects model in
the absence of substantial heterogeneity (x* test p value >0.1 and
I2 < 50%); otherwise, the random-effects model was applied. The
presence of publication bias was evaluated by drawing funnel plots.
The causes of heterogeneity and publication bias were also evalu-
ated using sensitivity analysis via excluding outlier studies. All sta-
tistical analyses were carried out using RevMan, version 5.3.5 (Co-
chrane Collaboration, Oxford, UK).
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Results

Overall Studies

Our database search yielded 4,071 abstracts. All titles
and abstracts were screened apropos the probability of en-
trance into the full-text review. Finally, 38 full-text articles
were quantitatively reviewed (Fig. 1). There were 26 clin-
ical studies on human samples [8-11, 26, 30-50] and 12
studies on animal models [23-25, 27, 51-58]. Since the
outcome of interest in this review was the result of peri-
cardial grafts in reconstructive urologic surgeries, we also
entered case reports in our review. Seven hundred fifteen
patients underwent surgical reconstruction using pericar-
dial grafts and had completed follow-up evaluations; 8 of
these patients were published as case reports [8, 10, 11, 31,
37,40,47,48].In addition, urologic reconstructive surger-
ies using pericardial grafts were performed on 139 ani-
mals comprising 45 rats [27, 54-56], 57 dogs [52, 53, 57,
58], 31 rabbits [24, 25, 51], and 6 pigs [23]. The character-
istics, overall outcomes, and the quality of all studies are
summarized in Tables 1 and 2.

Human Studies

Of the human studies, 20 studies reported the outcomes
of penile reconstruction surgeries [9, 10, 26, 30, 32-36, 38—
41, 43-47, 49, 50]. Of those, there were 16 studies on pa-
tients with Peyronie’s disease and/or penile straightening
[9, 26, 30, 32-36, 39, 43-47, 49, 50], 3 reports on penile
prosthesis complications [10, 38, 41], and 1 case of con-
genital chordee of the penis [40]. There were 2 reports of
urethral reconstruction with successful outcomes and no
complications [37, 42]. One study reported the outcomes
of urinary incontinence repair in 22 females, who under-
went the urethral sling procedure with the use of BP grafts
[42]. Another included a female with urinary incontinence
caused by urethral diverticulum, treated via urethral re-
construction using a BP graft [37]. Elsewhere, bladder wall
reconstruction using BP grafts was successfully performed
in a female with an enterovesical fistula [11], and in a male
with an iatrogenic bladder defect caused by irradiation [8].
There was a single successful report of kidney reconstruc-
tion using a BP graft, during which BP was successfully
employed for the closure of a renal capsule following a par-
tial nephrectomy [48]. Processed BP has also been used for
the repair of a traumatized testis, which was successful at 3
months [31]. Further details of perioperative outcomes are
presented in online supplementary Table 2.

The outcomes of 15 patients undergoing penile recon-
struction using HCP revealed an approximately 52% suc-
cess rate in 2 studies [9, 41]. Other human studies using
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Fig. 1. Flow diagram showing the selection of studies.

HCP compared the result of the pericardial graft with oth-
er substitutes (i.e., dermal grafts, penile remodeling, or tu-
nica albuginea plication). There were no detailed results in
2 studies for comparing the pericardial graft with other
graft materials [35, 44]. Pooled results using the fixed-ef-
fects model revealed that there were no significant differ-
ences between HCP and other substitutes regarding the
rate of dissatisfaction, glans hypoesthesia, and penile
shortening at the last follow-up. There was no heterogene-
ityamong studies. In contrast, there was a trend among the
patients with HCP toward having a large penile curvature
at the last follow-up compared with other substitutes (risk
ratio [RR] 2.03,95% CI10.90-4.61, p = 0.09; I* = 0%; Fig. 2).
There was no significant publication bias based on funnel
plots (online suppl. Fig. 1). Four hundred fifty-six patients
underwent penile reconstruction with BP grafts [32-34,
38,39, 43, 45, 50]; approximately 91% (range 75-100%) of
those patients were satisfied with the outcomes of surgery
at last follow-up, and the mean of the success rate was ap-
proximately 98.6% (range 93.3-100%). There was a single
case of penile reconstruction with a BP graft, during which
the BP was used as a lining for a complicated penile pros-
thesis [10]. There were 2 failed procedures after penile re-
construction, consisting of the repair of congenital chor-
dee [40], the development of an inclusion cyst, and the
contraction of the HCP graft in Peyronie’s disease [47].
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Total events 12 9
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Fig. 2. Effects of the pericardial graft versus the comparatorson (a)  nile reconstructive surgeries. Penile curvature was defined as a re-
dissatisfaction rate, (b) glans hypoesthesia, (c) penile shortening, = maining curvature of greater than 30° whether or not it interfered
and (d) penile curvature abnormalities in patients undergoing pe- ~ with the patient’s coitus or a recurrent curvature.
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Animal Studies

Among the animal studies, 4 reports used either HCP
or BP during successful penile reconstructions [27, 51, 54,
55]. Two studies reported minimal to moderate fibrosis
in BP grafts at the last follow-up. Moreover, there was no
significant difference between the HCP grafts and the
comparators (i.e., sham/control, vein grafts, dermal
grafts, or polytetrafluoroethylene) in terms of the stimu-
lated intracorporeal pressure at the last follow-up [27,
54]. Further details of the perioperative outcomes are pre-
sented in online supplementary Table 3.

Based on pooled results, the amount of the stimulated
intracorporeal pressure 5 V at the last follow-up in the
animals undergoing penile reconstruction with HCP
grafts was comparable with the comparators (RR 0.98,
95% CI -1.97 to 3.93, p = 0.51; I> = 78%). The level of the
stimulated intracorporeal pressure 7.5 V at the last follow-
up was also comparable between HCP and the compara-
tors (RR -3.97, 95% CI -10.08 to 2.14, p = 0.20; I = 94%;
online suppl. Fig. 2). There was significant publication
bias (online suppl. Fig. 3). After the exclusion of outlier
studies, the pooled result of the stimulated intracorporeal
pressure 5 V significantly favored pericardial grafts with-
out heterogeneity (RR 2.61, 95% CI 1.26-3.97, p = 0.0002;
I? = 0%). In contrast, the pooled result of the stimulated
intracorporeal pressure 7.5 V remained similar and with
significant heterogeneity (RR 0.29, p = 0.87; I* = 82%). Af-
ter the exclusion of outlier studies, publication bias disap-
peared in both analyses based on funnel plots too.

Seven studies used pericardial grafts for the recon-
struction of bladder wall defects [23-25, 52, 56-58]. All
procedures were successful at the last follow-up; however,
the reconstruction procedure failed in 6 mini pigs, in
which BP grafts were implanted laparoscopically to aug-
ment the bladder wall defects [23]. Moreover, 1 of 5 (20%)
dogs undergoing bladder reconstruction showed signs of
urine leakage at the first week of the postoperative period,
and there was a defect in the anastomosis part [57]. More-
over, treated BP grafts were used for the reconstruction
of urethral defects in 30 dogs, during which 80% of the
animals presented with urethrocutaneous fistulae with-
out stenosis, and one dog with a successful procedure
died of respiratory infections 4 months later [53].

Discussion

To the best of our knowledge, the present review is the
first of its kind to provide a comprehensive overview of
the utility of the pericardial tissue in reconstructive uro-

10 Urol Int
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logic surgeries. Our findings revealed that the implemen-
tation of pericardial-based grafts is feasible in human and
animal models. Additionally, it is associated with good
results and - in some ways - its outcome is similar to that
of other grafts used in penile reconstruction. However,
the majority of the studies concerning the pericardial tis-
sue in the bladder, kidney, or urethra are case reports or
small series. The results are promising, but it seems that
further research is necessary, particularly in complicated
urethral surgeries with long defects and bladder recon-
struction in humans. In addition, based on animal stud-
ies, the use of the pericardial tissue is feasible in the ma-
jority of urologic surgeries, except for bladder wall recon-
struction.

Pericardial Tissue Features and Feasibility

For all the great advances in the use of synthetic bio-
materials for surgeries, no material has been proved to be
comparable to biological tissues [59]. The pericardial tis-
sue, as a widely used biomaterial, has excellent biome-
chanical features, which make it a feasible graft in many
kinds of surgeries. The pericardium tissue, either human
or animal type, is composed of collagen, elastin fibers, and
extracellular matrix [60]. Not only is BP inexpensive, but
also it possesses such features as elasticity, lack of trans-
mission of diseases, low rate of retraction, and good ten-
sion tolerance [10]. After treatment in glutaraldehyde, BP
turns into a strong, easy-to-handle, durable, and low an-
tigenic graft. Nevertheless, it may have a high rejection
rate and adhesion to surrounding tissues, be more aller-
gic, and be associated with calculi formation in patients
undergoing urologic or vascular surgeries [8, 61]. In con-
trast, BP has been demonstrated to be associated with no
evidence of calcification, infection, thromboembolic
events, or failure in pediatrics undergoing cardiac surger-
ies [62, 63]. Additionally, it is deemed an appropriate
graft in infected tissues [62].

Another type of the pericardium graft is the HCP,
which has been implemented in more than 750,000 op-
erations since the 1970s without any adverse events or
infection transmission [64, 65]. The main disadvantages,
however, are its relatively high costs and possible poor
availability [9, 66]. Tutoplast® is a patented form of the
HCP graft. The Tutoplast® process eradicates cellular
material and microorganisms in a 4-step process, includ-
ing a solvent dehydration step and a subsequent gamma
irradiation [66]. This acellular collagenous graft provides
a scaffold for the regeneration of the native tissue [41].

Based on our findings, there is no study to compare the
efficacy of HCP with that of BP in urologic surgeries. Be
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that as it may, we found that the outcomes of operations
using HCP were comparable to other substitutes/controls
in the setting of penile reconstruction, although there was
a trend among the patients with HCP grafts toward hav-
ing a more penile curvature (defined as a curvature >30°
whether or not it interfered with the patients’ coitus or
recurrent curvature). Despite these findings, we cannot
present a more robust conclusion regarding the efficacy
of pericardial tissues in this setting. Further studies are
required to address detailed outcomes of interest.

The main factors influencing the biomechanical fea-
tures of the pericardial tissue arise from chemical agents
and mechanical tools used for preparing and treating the
tissue before application in recipients. The glutaralde-
hyde-fixed pericardium is the choice for bioprosthetic
valve preparation, but this method may be accompanied
by calcification caused by the lack of complete biocom-
patibility in human bodies in some preparation methods
[67, 68]. Santoro et al. [69] found that the fixative-free
decellularization of BP seeded with the interstitial cells of
the aortic valve could be a more immunocompatible tis-
sue and be used to develop tissue-engineered heart valves
with seeded cells. Kajbafzadeh et al. [25] demonstrated
that tissue-engineered sheep pericardium seeded with au-
tologous bladder smooth muscle cells might improve the
efficacy of the pericardium in the regeneration of the
bladder wall. Further studies with respect to the methods
of pericardium fixation and the use of new methods of
seeding with autologous cells may provide more promis-
ing results in urologic surgeries.

Penile Surgeries

Biological materials such as oral mucosa, dermis, vein,
fascia temporalis, tunica vaginalis, and part of the albu-
ginea of the corpora cavernosa have been exploited in pe-
nile reconstruction [18]; however, they cannot be consid-
ered ideal substitutes, mainly due to their low tensile
strength [9, 66, 70]. The pericardium tissue has been ex-
tensively used in penile straightening surgeries because it
has multidirectional expansion of up to 30% and excellent
tensile strength, making it an ideal graft for the tunica and
appropriate thickness for intraoperative handling [66].
The use of HCP for penile reconstruction was first an-
nounced by Hellstrom and Reddy [66]. They reported a
higher rate of erectile dysfunction in patients with larger
grafts [9]. Based on our review, the success rate of HCP
grafts has been relatively low, approximately 75% com-
pared with a success rate of about 98% in BP grafts. Flores
etal. [35] demonstrated that the use of HCP might not be
a good option for old patients with higher penile curva-

Pericardium in Reconstructive Urologic
Surgeries

ture and venous leak at baseline. In contrast, Taylor and
Levine [46] found that the long-term outcomes of tunica
albuginea plication and pericardial graft plus plaque exci-
sion were similar at the expense of having an increased
risk of erectile dysfunction requiring adjuvant therapies.
They concluded that both techniques could be used in
men with significant Peyronie’s disease. Although our
meta-analysis showed no significant difference between
HCP and the comparators in the human and animal
models, there was more penile curvature among the pa-
tients receiving HCP grafts for penile reconstruction. The
absence of well-designed and large-scaled studies pre-
cluded us from reaching a definite conclusion with regard
to the feasibility of pericardium-based grafts in penile re-
construction.

Urethral Surgeries

The repair of large urethral strictures and defects needs
substitutes when bladder flaps and transureteroureteros-
tomy prove inadequate. The frequently used grafts for
urethroplasty include small intestine [2] and autografts
derived from the buccal mucosa and foreskin [71, 72].
Other grafts for urethroplasty include human tissues (i.e.,
lingual mucosa, bladder mucosa, and appendix) or bio-
materials (e.g., acellular collagen matrix and small intes-
tine submucosa) [73-75]. There are scarce data regarding
the use of the pericardial tissue in urethroplasty. Lara et
al [53] used treated BP for urethroplasty in dogs and
showed a high rate of failure (80%) caused by urethrocu-
taneous fistulae without stenosis. Six dogs with successful
operations had complete epithelialization of the urethra
on microscopic evaluation. If the development of fistulae
is avoidable, we may postulate that BP grafts may be an-
other option for urethroplasty. Moreover, in a pilot study
by Pelosi et al. [42] processed BP, as a YAMA UroPatch
sling, was utilized in 22 patients to manage female urinary
incontinence. All procedures were successful and 95.4%
of the patients were reported as cured. The main advan-
tages of BP grafts include its softness, pliability, and lack
of shrinkage, conferring easy implementation and han-
dling [42]. In addition, in a patient undergoing the repair
of urethral diverticulum, a BP graft was successfully ap-
plied [37]. Although autologous fascial sling has grade A
recommendation, morbidity caused by harvest of tissues
prompted use of biological grafts [76]. On the other hand,
some other materials for the same purpose showed incon-
sistent results. Siracusano et al. [77] found that porcine
small intestinal submucosa implantation in female pa-
tients with stress urinary incontinence cannot confer a
durable graft. In contrast, Rutner et al. [78] found it du-
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rable and strong for similar intervention. It seems that the
pericardial tissue may be another option in urethroplasty,
but larger studies with longer follow-up in patients with
different indications for reconstructive surgery are re-
quired to clarify its feasibility.

Bladder Surgeries

The augmentation of the bladder wall is done using
different materials. Of these, seeded or non-seeded intes-
tine is regarded as the gold standard, although it has been
associated with such complications as metabolic acidosis,
recurrent infections, calculi, and the risk of cancer [79,
80]. The natural function and structure of the bladder has
been a great obstacle to finding an appropriate substitute.
The pericardium has been utilized in animal models of
bladder reconstruction, and approximately 83% of the
operations were successful [23-25, 52, 56-58]. Only 2 pa-
tients underwent bladder reconstruction using treated
BP, during which enterovesical fistulae and defects of the
bladder wall in a post-irradiated pelvis were repaired [8,
11]. Although the success rate has been relatively good,
short follow-up is the main limitation in the evaluation of
these procedures. It has been postulated that the regen-
eration of a new tissue on a pericardial graft may take
weeks to years, and some factors such as graft size, loca-
tion, and postoperative inflammation may influence the
outcome [66]. Moreover, tissue-engineered materials, in
which the pericardial tissue is seeded with bladder alloge-
neic cells, may be associated with promising results in hu-
mans - similar to the findings of this technique in animal
models [25]. Moreover, given previous studies, we think
that muscle flaps for bladder reconstruction and seeding
grafts with bladder muscle cells may constitute other mo-
dalities [25]; however, there is a lack of data regarding
these options in human surgeries. The use of the human
pericardium in this setting merits further trials in the
search for the best option.

Kidney Surgeries

Partial nephrectomy is the technique of choice for the
resection of small tumors, but it is associated with urine
leak, bleeding, and fistula formation, which are assumed
to be caused by the incomplete closure of the renal cap-
sule [81]. In a single case of kidney reconstruction, BP was
successfully used to close the renal capsule [48]. In a pre-
vious report, polytetrafluoroethylene was associated with
good outcomes after partial nephrectomy, but it was a
single case. It seems advisable that further studies be con-
ducted to explore the applicability and efficacy of the
pericardial tissue for kidney reconstructive surgeries.

12 Urol Int
DOI: 10.1159/000495513

Limitations

Some limitations should be taken into consideration
in the interpretation of our findings. First, there were
some case reports regarding the use of the pericardium
that their results cannot be generalizable. Indeed, more
research is required to explore pericardium utility in uro-
logic surgeries, particularly in urethroplasty, bladder re-
construction, and kidney reconstruction. Second, the ab-
sence of more studies comparing different types of grafts
with the pericardium substitute precludes us from exten-
sively analyzing the outcomes of interest. Third, the col-
lagenous matrix forms a framework for the regeneration
of original tissues. The process begins 1-2 days after sur-
gery and possibly takes weeks to years, whereas the ma-
jority of studies had a follow-up duration of less than
1 year [66].

In this review, we present an overview of pericardium
utility in reconstructive urologic surgeries in human and
animal models. Experimental studies in healthy or simu-
lated diseased animals appear to demonstrate the feasibil-
ity of the pericardial tissue, regardless of its type and prep-
aration method. Moreover, similar results were also ob-
served in human studies, although they had some
limitations with respect to their outcome measurements
and short-term follow-ups. Given the shortcomings, the
use of pericardial grafts in reconstructive urologic surger-
ies needs further attention — not least in human studies - to
explore its pros and cons in comparison with other grafts.
In addition, there are many situations and cases, in which
the tissues routinely drawn upon for urethral replacement
may prove inadequate and the pericardium - on the
strength of its good length and tensility - might be deemed
asuitable substitute. Moreover, the pericardial tissue could
be extended to more reconstructive surgeries provided that
further large-scaled studies are undertaken to examine the
histological and mechanical properties of pericardial grafts.
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