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Abstract

Background

A systematic review and meta-analysis was performed in randomized controlled trials

(RCTs) to compare porcine small intestinal submucosa (SIS) with polypropylene in open

inguinal hernia repair.

Method

Electronic databases MEDLINE, Embase, and the Cochrane Library were used to compare

patient outcomes for the two groups via meta-analysis.

Result

A total of 3 randomized controlled trials encompassing 200 patients were included in the

meta-analysis. There was no significant difference in recurrence (P = 0.16), hematomas

(P = 0.06), postoperative pain within 30 days (P = 0.45), or postoperative pain after 1 year

(P = 0.12) between the 2 groups. The incidence of discomfort was significantly lower

(P = 0.0006) in the SIS group. However, the SIS group experienced a significantly higher

incidence of seroma (P = 0.03).

Conclusions

Compared to polypropylene, using SIS in open inguinal hernia repair is associated with a

lower incidence of discomfort and a higher incidence of seroma. However, well-designed

larger RCT studies with a longer follow-up period are needed to confirm these findings.
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Introduction
Inguinal hernia is a common type of abdominal wall defect, with more than 990,000 abdominal
wall hernia repair surgical procedures performed in the USA alone every year[1]. Compared to
traditional sutured repair, hernia repair with meshes could obtain a more satisfactory postoper-
ative effect[2], and tension-free repair with prosthetic mesh can reduce the risk of recurrence
by 50 to 75%[3]. To achieve satisfactory outcomes, mesh repairs are adopted by more and
more abdominal surgeons, especially for the repair of large inguinal hernias. Currently, ten-
sion-free repair with mesh is regarded as the gold standard for inguinal hernia repair, and
mesh repair has replaced direct sutures. This increased mesh use has resulted in accelerated
mesh production, with more than 200 mesh types available for hernia repair in the United
States at present[4]. Currently, there are approximately 1 million prostheses used per year in
the world[1].

Prosthetic meshes can be divided into synthetic and biologic types based on their sources of
material. For several decades, polypropylene has been used worldwide in tension-free hernior-
rhaphy as a type of synthetic mesh. Polypropylene induces a strong foreign inflammatory reac-
tion, then forms scar tissue to provide permanent repair to the abdominal wall defect with
enough mechanical strength. In addition, polypropylene mesh is easy to handle and integrates
quickly with the host; furthermore, with the use of polypropylene mesh, the post-operative
recurrence rate can be reduced to under 1%[5]. However, synthetic meshes can lead to various
complications, such as infection, intestinal fistula, intestinal obstruction, discomfort and
chronic pain[6, 7]. Moreover, contamination is the relative contradiction to apply synthetic
mesh, which would result in infection and repair failure[8].

Biological mesh is derived from humans and animals. Compared to synthetic materials, bio-
logical meshes can be absorbed by the host tissue and do not stimulate a continuous inflamma-
tory reaction[9]. Small intestinal submucosa (SIS) is harvested from pigs and is subsequently
transformed into biological mesh after a series process. SIS is the extracellular matrix com-
pound collagen and some cell growth factors with other cellular components eliminated. SIS
has several advantages, such as complete absorbability and good tissue compatibility; further-
more, SIS functions as a biologic scaffold for host tissues and cell reconstruction and growth
[10]. Current studies have shown that SIS can be applied in inguinal hernia repair with good
post-operative results[11, 12].

Numerous inguinal hernia repair techniques are currently available, and there is no exact
standard. With the improvement of surgical techniques, laparoscopic surgery is widely used;
however, the open surgical technique was shown to be superior to the laparoscopic technique
for mesh repair of primary hernias in a large randomized clinical trial[13].

At present, there are only a few clinical trials to compare synthetic and biological meshes,
and no consensus has been reached regarding which type is preferable for the repair of primary
hernias. Polypropylene is the representative material in synthetic meshes, while SIS is the rep-
resentative material in biological meshes. To compare polypropylene with SIS in open inguinal
hernia repair, this study uses meta-analysis to systematically analyze randomized clinical trials
to compare these meshes to determine whether the two materials generate any difference in
recurrence, hematoma occurrence, seromas, or post-surgical pain and discomfort.

Methods

Search strategy
By performing a systematic search of MEDLINE, Embase and the Cochrane Library, we identi-
fied all articles published up to October 2014 using the search terms “inguinal or groin hernia”,
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“open repair”, “small intestinal submucosa”, “polypropylene”, “biologic mesh”, and “synthetic
mesh”. Two authors carried out the search independently and compiled a reference lists of
these primary studies to further identify trials of our interest. We scanned the abstracts of
domestic and international conferences on hernia, finding no related RCTs

Inclusion and exclusion criteria
We identified all clinical trials comparing porcine SIS with polypropylene in open inguinal her-
nia repair through an electronic database search. Included studies were required to meet the
following criteria: 1. participants were adults with inguinal hernias, 2. The surgical technique
was an open repair procedure, 3. SIS and polypropylene were chosen materials to compare,
and 4. trials were randomized control trials (RCTs). Studies were excluded if they were case
reports, reviews or duplicate publications, were performed on children or animals, or selected
the laparoscopic inguinal hernia repair method. Non-randomized control trials or studies with
incomplete information were also excluded.

Data extraction
Two authors independently reviewed the included studies to extract the required data. The col-
lected information contained 1. study characteristics (authors, date of publication, location of
study, length of follow-up), 2. baseline characteristics (number of patients, mean age, gender,
body mass index, type of intervention, type of mesh, type of technique, hernia details, operation
time), and 3. outcome measures (infection, recurrence, hematomas, seromas, post-operation
pain, discomfort). Based on the follow-up period and different observation points, post-opera-
tive pain was divided into two categories: acute pain within 30 days of surgery and chronic
pain lasting for more than 1 year after surgery. Any disagreements were resolved by consensus.

Quality assessment of included studies
We used the Cochrane Handbook for Systematic Reviews of Interventions version 5.2 from the
Cochrane Collaboration guidelines[14] to assess the included RCTs’ risk of bias. The assessed
bias included 1. random sequence generation (selection bias), 2. allocation concealment (selec-
tion bias), 3. blinding of participants and personnel (performance bias), 4. blinding of outcome
assessment (detection bias), 5. incomplete outcome data (attrition bias), and 6. selective report-
ing (reporting bias) and other bias.

Statistical analysis
The software Review Manager (Revman Version 5.2) provided by the Cochrane Collaboration
was used for the statistical analysis to achieve a combined outcome. We used a fixed effect
model to calculate pooled estimates of outcomes; however, a random effects model was also
used based on heterogeneity. We used chi-square statistics to assess heterogeneity between tri-
als and I2 statistic to assess the extent of inconsistency. Odds ratios (OR) with 95% confidence
intervals (CIs) were calculated for the dichotomous data. Forest plots were used for the graphi-
cal display of results from the meta-analysis. We performed sensitivity analysis by removing
individual studies from the data set and analyzing the overall effects size. Publication bias was
assessed visually by evaluating the symmetry of funnel plots.

Results
The preferred reporting items for systematic reviews and meta-analyses flowchart of trial selec-
tion are shown in Fig 1. In total, three RCTs[15–17] encompassing 200 patients and comparing
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porcine SIS versus polypropylene in open inguinal hernia repair were selected for the meta-
analysis. There were 100 patients in the SIS group and 100 patients in the polypropylene group.
Although, there were only three studies in the meta-analysis, their baseline characteristics were
exactly similar, as given in S1 and S2 Tables. The variables used for the meta-analysis are
shown in S3 Table.

The quality assessment of the included studies shows the risk of bias (S4 Table). All included
studies were randomized. Studies by Ansaloni et al.[16] and Bochicchio et al.[17] were both
randomized double-blind trails; however, Puccio et al.[15] did not mention whether their trial
was blind.

Surgery time
All trials reported surgery times for the two groups, except for two trials[15, 17] that only cal-
culated the mean time without providing the standard deviation (SD). We could not combine
this variable in the meta-analysis; however, each of the three trials compared surgery times
between the two groups and found that there was no significant difference.

Recurrence
All trials contributed to the combined calculation of recurrence. There was no significant het-
erogeneity (P = 0.16, I2 = 49%) among the three trials. In the fixed-effects model (OR = 2.03;
95% CI, 0.37 to 11.23; P = 0.4; Fig 2), there was no significant difference between the two
groups in terms of recurrence after surgery.

Fig 1. PRISMA flow diagram of the selection of studies.

doi:10.1371/journal.pone.0135073.g001
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Hematomas
All trials contributed to the combined calculation of hematomas. There was no significant het-
erogeneity (P = 0.26, I2 = 27%) among the trials. In the fixed-effects model (OR = 3.55; 95% CI,
0.95 to 13.22; P = 0.06; Fig 3), there was no significant difference between the two groups in
terms of hematomas after surgery.

Seroma
All trials contributed to the combined calculation of seroma. There was no heterogeneity
(P = 0.48, I2 = 0%) among the trials. In the fixed-effects model (OR = 3.96; 95% CI, 1.16 to
13.50; P = 0.03; Fig 4), the incidence of seroma in the SIS group was higher than in the polypro-
pylene group after surgery. To test the sensitivity of the result, we reanalyzed the incidence of
seroma in 2 better quality RCTs by removing the trial by Puccio et al, and the same result was
obtained (OR = 5.28; 95% CI, 1.28 to 21.80; P = 0.02; Fig 5). Visual assessment of the funnel
plot does not suggest any publication bias(Fig 6).

Post-operative pain in 30 days after surgery
All trials contributed to the combined calculation of postoperative pain in 30 days after surgery.
There was significant heterogeneity (P = 0.12, I2 = 59%) among the trials; therefore, we used
the random-effects model (OR = 0.63; 95% CI, 0.19 to 2.06; P = 0.45; Fig 7). There were no sig-
nificant difference in the incidence of post-operative pain in 30 days after surgery between the
two groups.

Fig 2. Forest plot of pooled odds ratio with 95% CI for comparing porcine small intestinal submucosa with polypropylene in open hernioplasty
based on the assessment of recurrence.

doi:10.1371/journal.pone.0135073.g002

Fig 3. Forest plot of pooled odds ratio with 95% CI for comparing porcine small intestinal submucosa with polypropylene in open hernioplasty
based on the assessment of hematomas.

doi:10.1371/journal.pone.0135073.g003
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Post-operative pain within 1 year after surgery
All trials contributed to the combined calculation of postoperative pain within 1 year of sur-
gery. There was no significant heterogeneity (P = 0.27, I2 = 16%) among the trials. In the fixed-
effects model (OR = 0.32; 95% CI, 0.07 to 1.36; P = 0.12; Fig 8), there were no significant differ-
ences between the two groups regarding the incidence of post-operative pain after 1 year.

Discomfort
Only two trials[15, 16] contributed to the combined calculation of discomfort after surgery.
There was no heterogeneity (P = 0.59, I2 = 0%) among the trials. In the fixed-effects model
(OR = 0.09; 95% CI, 0.02 to 0.36; P = 0.0006; Fig 9), the incidence of discomfort in the SIS
group was lower than that in the polypropylene group after surgery.

Discussion
At present, there are only few clinical trials comparing the results of small intestinal submucosa
and polypropylene in open inguinal hernia repair, and large randomized trials do not exist.
Therefore, we performed a meta-analysis to assess the efficacy of meshes made from the two
materials. In total, 3 RCTs encompassing 200 patients were included in the meta-analysis.
There was no difference in the baseline characteristics of the two groups in the study in terms
of age, BMI and gender, and all trials used the Lichtenstein method to repair inguinal hernias.
Our meta-analysis suggests that compared to polypropylene, using SIS in open inguinal hernia
repair is associated with a lower incidence of discomfort, a higher incidence of seroma, and no

Fig 4. Forest plot of pooled odds ratio with 95% CI for comparing porcine small intestinal submucosa with polypropylene in open hernioplasty
based on theassessment of seroma.

doi:10.1371/journal.pone.0135073.g004

Fig 5. Forest plot of secondary analysis (2 RCTs) of the incidence of seroma after surgery.

doi:10.1371/journal.pone.0135073.g005
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significant differences in recurrence, hematoma occurrence and postoperative pain within 30
days or after 1 year of surgery.

Currently, synthetic meshes prepared from polypropylene and polytetrafluorethylene are
widely used in clinical practice. However, there has been an increasing number of case reports
on complications after surgery[6]. With the development of tissue engineering, biological
materials have become available in clinical practice[18]. Small intestinal submucosa is one of
the common biological materials in clinical practice. A preparation of small intestine was intro-
duced for the replacement of vascular structures more than 40 years ago, and in the last decade,
the FDA approved the clinical use of biological Inguinal Hernia Matrix (IHM; Cook Medical)
derived from porcine small intestinal, which has been applied widely in clinical fields such as
cardiology, dermatology, urology and general surgery[17, 19]. However, due to a lack of usage
recommendations and guidelines, surgeons are only able to select meshes based on expert
opinions and their own experience[20, 21].

In 1962, Usher first introduced the technique of tension-free hernia repair using synthetic
meshes[22]. Since then, the quality of meshes and hernia repair techniques continue to
improve. As a result, the recurrence rate has decreased significantly[23, 24]. Our study shows
that there is no significant difference between the two groups in terms of recurrence after her-
nia operation.

However, another complication, namely, post-operative pain, especially chronic groin pain,
is frequent. This chronic pain reduces the quality of life of patients and is becoming a common
reason for litigation[25]. At present, a definition or consistent parameters to assess this pain
are not available; therefore, chronic groin pain is currently described by the International

Fig 6. Funnel plot of the publication bias for incidence of seroma after surgery.

doi:10.1371/journal.pone.0135073.g006
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Association as “groin pain reported by the patient at or beyond 3-months following inguinal
hernia repair” [26]. In this study, the 3 included RCTs had different follow-up periods and data
collection points; therefore, we assessed post-operative pain within 30 days and lasting for
more than 1 year. The pain within 30 days did not include immediate pain after surgery. How-
ever, no significant difference was found between the incidence of post-operative pain within
30 days and that lasting for more than 1 year. Puccio et al.[15] used a visual analogue scale
(VAS, 0–10) to record pain at 2 and 4 hours after surgery and confirmed less pain in the SIS
group. Ansaloni et al.[16] measured pain at rest, on coughing, and during movement using a
simple verbal scale (SVS) and a 100-mm visual analogue scale (VAS), showing that although
there was no significant decrease in post-surgical pain incidence among patients in the SIS
group, a significantly lower degree of pain was detected at rest and on coughing at 1, 3, and 6
months and during movement at 1, 3, and 6 months and 1, 2, and 3 years after surgery. poly-
propylene meshes are commonly made from plastic that triggers an inflammatory response
and culminates in the formation of scar tissue[27, 28], which is likely to contribute to the
chronic groin pain following inguinal herniorrhaphy. Unlike synthetic meshes, biological pros-
thesis are harvested from cadavers and animals and are processed physically, chemically and
enzymatically to strip off the cellular material and antigens. The resultant prostheses consist of
extracellular matrix, including collagen fibers, with various amounts of elastin and other pro-
teins. Their ability to be remodeled allows the new materials to reduce post-inguinal hernior-
rhaphy chronic groin pain and are widely adopted by surgeons[3]. However, the elements
causing chronic pain are still unclear, and there is no effective treatment available so far[29].

Fig 7. Forest plot of pooled odds ratio with 95% CI for comparing porcine small intestinal submucosa with polypropylene in open hernioplasty
based on the assessment of post-operative pain in 30 days after surgery.

doi:10.1371/journal.pone.0135073.g007

Fig 8. Forest plot of pooled odds ratio with 95% CI for comparing porcine small intestinal submucosa with polypropylene in open hernioplasty
based on the assessment of post-operative pain within 1 year after surgery.

doi:10.1371/journal.pone.0135073.g008
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Several studies have demonstrated that biological meshes better tolerate contamination[30,
31]. In addition to the better tolerance to contamination, biological meshes are regarded to
have a lower risk for adhesions, seroma, and encapsulation and less need for explantation
when compared to synthetic meshes[4]. On the contrary, in our study, the incidence of seroma
in the SIS group was higher than that in the polypropylene group after surgery; the SIS group
also displayed a higher (albeit not significant) incidence of hematomas.

Badylak and Gilbert have shown xenogenic SIS to be non-immunogenic in vivo in clinical
applications[32]. However, Ansaloni et al.[33] demonstrated that porcine SIS induced an
immune response in humans. This immune response is associated with cell-associated galac-
tose-alpha-1, 3-galactosyl-beta-1, and 4-N-acetyl glucosamine (a-gal)epitope expressed in pri-
mates and resulted in hyperacute rejection[34]. A major barrier to xenotransplantation in
humans is the presence of natural antibodies to the terminal a-gal epitope, which is widely
present in SIS[35, 36]. In animal models, implanting SIS to simulate a human alpha-Gal anti-
gen reaction, there was no severe immune response; however, a slightly decelerated remodeling
of the graft in mouse and rats was observed[37, 38]. In a primate model, a serum antibody
response against alpha-Gal was detected with no other adverse effects[39]. Ansaloni et al.[33]
used Surgisis for hernia repair in patients and obtained a similar result. Between 2–6 weeks, the
alpha-Gal epitope showed a maximum response and then gradually decreased. In the study by
Ansaloni et al.[16], all hematomas and seromas resolved without treatment within 3 months
after surgery.

SIS is a biologic material with immunogenicity, which may induce more early immune
responses than polypropylene in open inguinal hernia repair. However, in rat models, the
results were opposite to our findings [40,41]. Therefore, our study provides a reference for
abdominal surgeons, when they select meshes in open inguinal hernia. How to eliminate
immunogenicity completely in biologic materials may become an area for future research.

There are several limitations to our study. First, although the baseline characteristics of the
three trials were exactly similar, only 3 RCTs were included with a total of 200 patients. The
small sample size makes our study not very persuasive. Second, there were differences in the
inclusion and exclusion criteria among the included studies in terms of age, types of hernias,
surgeon’s experience, etc. These differences may have influenced our results. Third, the
included studies had differences in follow-up periods, observation points, measurement scales
for post-operative pain, and definitions of chronic groin pain and other symptoms, which had
an effect on evaluating post-operative pain and chronic pain directly. The trials with short fol-
low-up periods did not provide enough time to observe and record postoperative complica-
tions. Lastly, there were potential deficiencies in date extraction in the trial by Ansaloni et al.
[16], which may underestimate the effect of this study.

Fig 9. Forest plot of pooled odds ratio with 95% CI for comparing porcine small intestinal submucosa with polypropylene in open hernioplasty
based on the assessment of discomfort.

doi:10.1371/journal.pone.0135073.g009
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Conclusions
Based on our study, it is suggested that compared to polypropylene, using SIS in open inguinal
hernia repair is associated with a lower incidence of discomfort, a higher incidence of seroma,
and no significant difference in recurrence, hematoma occurrence, and post-operative pain
within 30 days or after 1 year of surgery. We need a standard definition for post-operative and
chronic groin pain in patients undergoing inguinal hernia surgery and an internationally
accepted pain measurement tool for homogeneous assessment. To confirm our findings and
obtain further outcomes, well-designed larger RCTs with longer follow-up periods are needed.

Supporting Information
S1 Appendix. PRISMA Checklist. PRISMA guidance of the study.
(DOC)

S1 Table. Basic information of the included trials.
(DOC)

S2 Table. Detailed information of the included trials.
(DOC)

S3 Table. Variables of included trials.
(DOC)

S4 Table. Risk of bias assessment of included trials.
(DOC)

Author Contributions
Conceived and designed the experiments: YG XN. Performed the experiments: XN DXWW
ZS ZY YC YG. Analyzed the data: XN DX.

References
1. Coccolini F, Poiasina E, Bertoli P, Gossetti F, Agresta F, Dassatti MR, et al. The Italian Register of Bio-

logical Prostheses. European surgical research Europaische chirurgische Forschung Recherches chir-
urgicales europeennes. 2013; 50(3–4):262–72. doi: 10.1159/000351333 PMID: 23751813.

2. Luijendijk RW, HopWC, van den Tol MP, de Lange DC, BraaksmaMM, Ijzermans JJN, et al. A compar-
ison of suture repair with mesh repair for incisional hernia. The New England journal of medicine. 2000;
343(6):392–8. doi: 10.1056/NEJM200008103430603 PMID: 10933738.

3. Bellows CF, Shadduck P, HeltonWS, Martindale R, Stouch BC, Fitzgibbons R. Early report of a ran-
domized comparative clinical trial of Strattice reconstructive tissue matrix to lightweight synthetic mesh
in the repair of inguinal hernias. Hernia: the journal of hernias and abdominal wall surgery. 2014; 18
(2):221–30. doi: 10.1007/s10029-013-1076-9 PMID: 23543334.

4. Le D, Deveney CW, Reaven NL, Funk SE, McGaughey KJ, Martindale RG. Mesh choice in ventral her-
nia repair: so many choices, so little time. American journal of surgery. 2013; 205(5):602–7; discussion
7. doi: 10.1016/j.amjsurg.2013.01.026 PMID: 23592170.

5. Ho CH, Liao PW, Yang SS, Jaw FS, Tsai YC. The use of porcine small intestine submucosa implants
might be associated with a high recurrence rate following laparoscopic herniorrhaphy. Journal of the
Formosan Medical Association = Taiwan yi zhi. 2013. doi: 10.1016/j.jfma.2013.03.007 PMID:
23725634.

6. Penttinen R, Gronroos JM. Mesh repair of common abdominal hernias: a review on experimental and
clinical studies. Hernia: the journal of hernias and abdominal wall surgery. 2008; 12(4):337–44. doi: 10.
1007/s10029-008-0362-4 PMID: 18351432.

7. Quyn AJ, Weatherhead KM, Daniel T. Chronic pain after open inguinal hernia surgery: suture fixation
versus self-adhesive mesh repair. Langenbeck's archives of surgery / Deutsche Gesellschaft fur Chir-
urgie. 2012; 397(8):1215–8. doi: 10.1007/s00423-012-0949-1 PMID: 22549174.

Porcine SIS and Polypropylene in Open Inguinal Hernia Repair

PLOS ONE | DOI:10.1371/journal.pone.0135073 August 7, 2015 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0135073.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0135073.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0135073.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0135073.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0135073.s005
http://dx.doi.org/10.1159/000351333
http://www.ncbi.nlm.nih.gov/pubmed/23751813
http://dx.doi.org/10.1056/NEJM200008103430603
http://www.ncbi.nlm.nih.gov/pubmed/10933738
http://dx.doi.org/10.1007/s10029-013-1076-9
http://www.ncbi.nlm.nih.gov/pubmed/23543334
http://dx.doi.org/10.1016/j.amjsurg.2013.01.026
http://www.ncbi.nlm.nih.gov/pubmed/23592170
http://dx.doi.org/10.1016/j.jfma.2013.03.007
http://www.ncbi.nlm.nih.gov/pubmed/23725634
http://dx.doi.org/10.1007/s10029-008-0362-4
http://dx.doi.org/10.1007/s10029-008-0362-4
http://www.ncbi.nlm.nih.gov/pubmed/18351432
http://dx.doi.org/10.1007/s00423-012-0949-1
http://www.ncbi.nlm.nih.gov/pubmed/22549174


8. Pinell-White XA, Gruszynski M, Losken A. Ventral hernia repair after bowel surgery: does gastrointesti-
nal contamination matter in the era of biologic mesh? Annals of plastic surgery. 2014; 72(6):S150–2.
doi: 10.1097/SAP.0000000000000100 PMID: 24691329.

9. Ansaloni L, Catena F, Coccolini F, Negro P, Campanelli G, Miserez M. New "biological" meshes: the
need for a register. The EHS Registry for Biological Prostheses: call for participating European sur-
geons. Hernia: the journal of hernias and abdominal wall surgery. 2009; 13(1):103–8. doi: 10.1007/
s10029-008-0440-7 PMID: 18946632.

10. Song Z, Peng Z, Liu Z, Yang J, Tang R, Gu Y. Reconstruction of abdominal wall musculofascial defects
with small intestinal submucosa scaffolds seeded with tenocytes in rats. Tissue engineering Part A.
2013; 19(13–14):1543–53. doi: 10.1089/ten.TEA.2011.0748 PMID: 23402600; PubMed Central
PMCID: PMC3665322.

11. Ansaloni L, Catena F, Gagliardi S, Gazzotti F, D'Alessandro L, Pinna AD. Hernia repair with porcine
small-intestinal submucosa. Hernia: the journal of hernias and abdominal wall surgery. 2007; 11
(4):321–6. doi: 10.1007/s10029-007-0225-4 PMID: 17443270.

12. Franklin ME Jr., Trevino JM, Portillo G, Vela I, Glass JL, Gonzalez JJ. The use of porcine small intesti-
nal submucosa as a prosthetic material for laparoscopic hernia repair in infected and potentially con-
taminated fields: long-term follow-up. Surgical endoscopy. 2008; 22(9):1941–6. doi: 10.1007/s00464-
008-0005-y PMID: 18594919.

13. Neumayer L, Giobbie-Hurder A, Jonasson O, Fitzgibbons R Jr., Dunlop D, Gibbs J, et al. Open mesh
versus laparoscopic mesh repair of inguinal hernia. The New England journal of medicine. 2004; 350
(18):1819–27. doi: 10.1056/NEJMoa040093 PMID: 15107485.

14. Higgins JPT GS. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0. The
Cochrane Collaboration. 2011.

15. Puccio F, Solazzo M, Marciano P. Comparison of three different mesh materials in tension-free inguinal
hernia repair: prolene versus Vypro versus surgisis. International surgery. 2005; 90(3 Suppl):S21–3.
PMID: 16463943.

16. Ansaloni L, Catena F, Coccolini F, Gazzotti F, D'Alessandro L, Pinna AD. Inguinal hernia repair with
porcine small intestine submucosa: 3-year follow-up results of a randomized controlled trial of Lichten-
stein's repair with polypropylene mesh versus Surgisis Inguinal Hernia Matrix. American journal of sur-
gery. 2009; 198(3):303–12. doi: 10.1016/j.amjsurg.2008.09.021 PMID: 19285658.

17. Bochicchio GV, Jain A, McGonigal K, Turner D, Ilahi O, Reese S, et al. Biologic vs synthetic inguinal
hernia repair: 1-year results of a randomized double-blinded trial. Journal of the American College of
Surgeons. 2014; 218(4):751–7. doi: 10.1016/j.jamcollsurg.2014.01.043 PMID: 24655865.

18. Novitsky YW. Biology of biological meshes used in hernia repair. The Surgical clinics of North America.
2013; 93(5):1211–5. doi: 10.1016/j.suc.2013.06.014 PMID: 24035083.

19. Andree B, Bar A, Haverich A, Hilfiker A. Small intestinal submucosa segments as matrix for tissue engi-
neering: review. Tissue engineering Part B, Reviews. 2013; 19(4):279–91. doi: 10.1089/ten.TEB.2012.
0583 PMID: 23216258.

20. Ventral Hernia Working G, Breuing K, Butler CE, Ferzoco S, Franz M, Hultman CS, et al. Incisional ven-
tral hernias: review of the literature and recommendations regarding the grading and technique of
repair. Surgery. 2010; 148(3):544–58. doi: 10.1016/j.surg.2010.01.008 PMID: 20304452.

21. Bachman SL, Ramaswamy A, Ramshaw BJ. Early results of midline hernia repair using a minimally
invasive component separation technique. The American surgeon. 2009; 75(7):572–7; discussion 7–8.
PMID: 19655600.

22. Usher FC. Hernia repair with Marlex mesh. An analysis of 541 cases. Archives of surgery. 1962;
84:325–8. PMID: 13923962.

23. Zhao G, Gao P, Ma B, Tian J, Yang K. Open mesh techniques for inguinal hernia repair: a meta-analy-
sis of randomized controlled trials. Annals of surgery. 2009; 250(1):35–42. doi: 10.1097/SLA.
0b013e3181ad63cc PMID: 19561484.

24. Paajanen H, Varjo R. Ten-year audit of Lichtenstein hernioplasty under local anaesthesia performed by
surgical residents. BMC surgery. 2010; 10:24. doi: 10.1186/1471-2482-10-24 PMID: 20684783;
PubMed Central PMCID: PMC2921348.

25. Alkhaffaf B, Decadt B. Litigation following groin hernia repair in England. Hernia: the journal of hernias
and abdominal wall surgery. 2010; 14(2):181–6. doi: 10.1007/s10029-009-0595-x PMID: 20012456.

26. Fang Z, Zhou J, Ren F, Liu D. Self-gripping mesh versus sutured mesh in open inguinal hernia repair:
system review and meta-analysis. American journal of surgery. 2014; 207(5):773–81. doi: 10.1016/j.
amjsurg.2013.08.045 PMID: 24495321.

Porcine SIS and Polypropylene in Open Inguinal Hernia Repair

PLOS ONE | DOI:10.1371/journal.pone.0135073 August 7, 2015 11 / 12

http://dx.doi.org/10.1097/SAP.0000000000000100
http://www.ncbi.nlm.nih.gov/pubmed/24691329
http://dx.doi.org/10.1007/s10029-008-0440-7
http://dx.doi.org/10.1007/s10029-008-0440-7
http://www.ncbi.nlm.nih.gov/pubmed/18946632
http://dx.doi.org/10.1089/ten.TEA.2011.0748
http://www.ncbi.nlm.nih.gov/pubmed/23402600
http://dx.doi.org/10.1007/s10029-007-0225-4
http://www.ncbi.nlm.nih.gov/pubmed/17443270
http://dx.doi.org/10.1007/s00464-008-0005-y
http://dx.doi.org/10.1007/s00464-008-0005-y
http://www.ncbi.nlm.nih.gov/pubmed/18594919
http://dx.doi.org/10.1056/NEJMoa040093
http://www.ncbi.nlm.nih.gov/pubmed/15107485
http://www.ncbi.nlm.nih.gov/pubmed/16463943
http://dx.doi.org/10.1016/j.amjsurg.2008.09.021
http://www.ncbi.nlm.nih.gov/pubmed/19285658
http://dx.doi.org/10.1016/j.jamcollsurg.2014.01.043
http://www.ncbi.nlm.nih.gov/pubmed/24655865
http://dx.doi.org/10.1016/j.suc.2013.06.014
http://www.ncbi.nlm.nih.gov/pubmed/24035083
http://dx.doi.org/10.1089/ten.TEB.2012.0583
http://dx.doi.org/10.1089/ten.TEB.2012.0583
http://www.ncbi.nlm.nih.gov/pubmed/23216258
http://dx.doi.org/10.1016/j.surg.2010.01.008
http://www.ncbi.nlm.nih.gov/pubmed/20304452
http://www.ncbi.nlm.nih.gov/pubmed/19655600
http://www.ncbi.nlm.nih.gov/pubmed/13923962
http://dx.doi.org/10.1097/SLA.0b013e3181ad63cc
http://dx.doi.org/10.1097/SLA.0b013e3181ad63cc
http://www.ncbi.nlm.nih.gov/pubmed/19561484
http://dx.doi.org/10.1186/1471-2482-10-24
http://www.ncbi.nlm.nih.gov/pubmed/20684783
http://dx.doi.org/10.1007/s10029-009-0595-x
http://www.ncbi.nlm.nih.gov/pubmed/20012456
http://dx.doi.org/10.1016/j.amjsurg.2013.08.045
http://dx.doi.org/10.1016/j.amjsurg.2013.08.045
http://www.ncbi.nlm.nih.gov/pubmed/24495321


27. Klinge U, Klosterhalfen B, Birkenhauer V, Junge K, Conze J, Schumpelick V. Impact of polymer pore
size on the interface scar formation in a rat model. The Journal of surgical research. 2002; 103(2):208–
14. doi: 10.1006/jsre.2002.6358 PMID: 11922736.

28. Di Vita G, Patti R, Barrera T, Arcoleo F, Ferlazzo V, Cillari E. Impact of heavy polypropylene mesh and
composite light polypropylene and polyglactin 910 on the inflammatory response. Surgical innovation.
2010; 17(3):229–35. doi: 10.1177/1553350610371334 PMID: 20798094.

29. Alfieri S, Amid PK, Campanelli G, Izard G, Kehlet H, Wijsmuller AR, et al. International guidelines for
prevention and management of post-operative chronic pain following inguinal hernia surgery. Hernia:
the journal of hernias and abdominal wall surgery. 2011; 15(3):239–49. doi: 10.1007/s10029-011-
0798-9 PMID: 21365287.

30. Cevasco M, Itani KM. Ventral hernia repair with synthetic, composite, and biologic mesh: characteris-
tics, indications, and infection profile. Surgical infections. 2012; 13(4):209–15. doi: 10.1089/sur.2012.
123 PMID: 22913337.

31. Smart NJ, Marshall M, Daniels IR. Biological meshes: a review of their use in abdominal wall hernia
repairs. The surgeon: journal of the Royal Colleges of Surgeons of Edinburgh and Ireland. 2012; 10
(3):159–71. doi: 10.1016/j.surge.2012.02.006 PMID: 22436406.

32. Badylak SF, Gilbert TW. Immune response to biologic scaffold materials. Seminars in immunology.
2008; 20(2):109–16. doi: 10.1016/j.smim.2007.11.003 PMID: 18083531; PubMed Central PMCID:
PMC2605275.

33. Ansaloni L, Cambrini P, Catena F, Di Saverio S, Gagliardi S, Gazzotti F, et al. Immune response to
small intestinal submucosa (surgisis) implant in humans: preliminary observations. Journal of investiga-
tive surgery: the official journal of the Academy of Surgical Research. 2007; 20(4):237–41. doi: 10.
1080/08941930701481296 PMID: 17710604.

34. Sandrin MS, McKenzie IF. Gal alpha (1,3)Gal, the major xenoantigen(s) recognised in pigs by human
natural antibodies. Immunological reviews. 1994; 141:169–90. PMID: 7532618.

35. McPherson TB, Liang H, Record RD, Badylak SF. Galalpha(1,3)Gal epitope in porcine small intestinal
submucosa. Tissue engineering. 2000; 6(3):233–9. doi: 10.1089/10763270050044416 PMID:
10941218.

36. Galili U. The alpha-gal epitope and the anti-Gal antibody in xenotransplantation and in cancer immuno-
therapy. Immunology and cell biology. 2005; 83(6):674–86. doi: 10.1111/j.1440-1711.2005.01366.x
PMID: 16266320.

37. Raeder RH, Badylak SF, Sheehan C, Kallakury B, Metzger DW. Natural anti-galactose alpha1,3 galac-
tose antibodies delay, but do not prevent the acceptance of extracellular matrix xenografts. Transplant
immunology. 2002; 10(1):15–24. PMID: 12182460.

38. Kim MS, Ahn HH, Shin YN, Cho MH, Khang G, Lee HB. An in vivo study of the host tissue response to
subcutaneous implantation of PLGA- and/or porcine small intestinal submucosa-based scaffolds. Bio-
materials. 2007; 28(34):5137–43. doi: 10.1016/j.biomaterials.2007.08.014 PMID: 17764737.

39. Daly KA, Stewart-Akers AM, Hara H, Ezzelarab M, Long C, Cordero K, et al. Effect of the alphaGal epi-
tope on the response to small intestinal submucosa extracellular matrix in a nonhuman primate model.
Tissue engineering Part A. 2009; 15(12):3877–88. doi: 10.1089/ten.TEA.2009.0089 PMID: 19563260.

40. Soiderer EE, Lantz GC, Kazacos EA, Hodde JP, Wiegand RE. Morphologic study of three collagen
materials for body wall repair. The Journal of surgical research. 2004; 118(2):161–75. doi: 10.1016/
S0022-4804(03)00352-4 PMID: 15100005.

41. Konstantinovic ML, Lagae P, Zheng F, Verbeken EK, De Ridder D, Deprest JA. Comparison of host
response to polypropylene and non-cross-linked porcine small intestine serosal-derived collagen
implants in a rat model. BJOG: an international journal of obstetrics and gynaecology. 2005; 112
(11):1554–60. doi: 10.1111/j.1471-0528.2005.00688.x PMID: 16225578.

Porcine SIS and Polypropylene in Open Inguinal Hernia Repair

PLOS ONE | DOI:10.1371/journal.pone.0135073 August 7, 2015 12 / 12

http://dx.doi.org/10.1006/jsre.2002.6358
http://www.ncbi.nlm.nih.gov/pubmed/11922736
http://dx.doi.org/10.1177/1553350610371334
http://www.ncbi.nlm.nih.gov/pubmed/20798094
http://dx.doi.org/10.1007/s10029-011-0798-9
http://dx.doi.org/10.1007/s10029-011-0798-9
http://www.ncbi.nlm.nih.gov/pubmed/21365287
http://dx.doi.org/10.1089/sur.2012.123
http://dx.doi.org/10.1089/sur.2012.123
http://www.ncbi.nlm.nih.gov/pubmed/22913337
http://dx.doi.org/10.1016/j.surge.2012.02.006
http://www.ncbi.nlm.nih.gov/pubmed/22436406
http://dx.doi.org/10.1016/j.smim.2007.11.003
http://www.ncbi.nlm.nih.gov/pubmed/18083531
http://dx.doi.org/10.1080/08941930701481296
http://dx.doi.org/10.1080/08941930701481296
http://www.ncbi.nlm.nih.gov/pubmed/17710604
http://www.ncbi.nlm.nih.gov/pubmed/7532618
http://dx.doi.org/10.1089/10763270050044416
http://www.ncbi.nlm.nih.gov/pubmed/10941218
http://dx.doi.org/10.1111/j.1440-1711.2005.01366.x
http://www.ncbi.nlm.nih.gov/pubmed/16266320
http://www.ncbi.nlm.nih.gov/pubmed/12182460
http://dx.doi.org/10.1016/j.biomaterials.2007.08.014
http://www.ncbi.nlm.nih.gov/pubmed/17764737
http://dx.doi.org/10.1089/ten.TEA.2009.0089
http://www.ncbi.nlm.nih.gov/pubmed/19563260
http://dx.doi.org/10.1016/S0022-4804(03)00352-4
http://dx.doi.org/10.1016/S0022-4804(03)00352-4
http://www.ncbi.nlm.nih.gov/pubmed/15100005
http://dx.doi.org/10.1111/j.1471-0528.2005.00688.x
http://www.ncbi.nlm.nih.gov/pubmed/16225578

