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Abstract

Porcine small intestine submucosa (SIS) biologic patch has been used in inguinal hernia repair.
However, there are little data available to assess the long-term effect after repair. This study aimed
to explore the long-term effect of SIS patch in open inguinal hernia repair. Sevent-six patients with
unilateral inguinal hernia were treated with Lichtenstein tension-free hernia repair using SIS patch
(Beijing Datsing Bio-Tech Co., Ltd.) and Surgisis patch (COOK, USA) in Tianjin Union Medical
Center and China-Japan Friendship Hospital. In the trial, the long-term efficacy of the treatment
group and the control group were compared. A total of 66 patients in both groups received
long-term follow-up (> 5years) after surgery, with a follow-up rate of 86.8%. During the follow-up
period, there was one case of recurrence, one case of chronic pain in the control group. There was
no statistically significant difference (P> 0.05) in terms of recurrence, chronic pain, foreign body
sensation and infection between the two groups of patients. After long-term observations, it has
been found that the porcine small intestinal submucosa (SIS) biological patch is safe and effective
for inguinal hernia Lichtenstein repair, and has a low recurrence rate and complication rate.
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Introduction

Inguinal hernia is a common and frequently-occurring disease in
surgery, and its etiology is multifactorial. Among them, connective
tissue changes play an important role in the pathogenesis of ingui-
nal hernia [1], so artificial patch has been widely used in the field
of hernia surgery. The use of artificial patch has greatly reduced
the recurrence rate after inguinal hernia surgery. However, its re-
lated complications, such as acute, chronic infection, chronic pain,
foreign body sensation in the inguinal area, erosion of adjacent
organs and so on, have attracted more and more attention [2, 3].
Biological patch has become a new research hotspot in the field of
hernia surgery due to its good histocompatibility, rapid
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vascularization, resistance to infection, and degradability. There
have been many reports on the safety and short-term effectiveness
of biologic patch [4-7]. However, reports of follow-up data from
long-term, prospective, randomized controlled trials over three
years have remained scarce.

Tianjin Union Medical Center and China-Japan Friendship
Hospital conducted double-center, single-blind, prospective, ran-
domized controlled trials between August 2013 and March 2014. In
the trial, 76 patients with unilateral inguinal hernia were treated
with Lichtenstein tension-free hernia repair using small intestinal
submucosa (SIS) patch from Beijing Datsing Bio-Tech Co., Ltd. and
Surgisis patch from COOK, USA. The trial used non-inferior design
to evaluate the clinical effect and safety of domestic SIS patch. The
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preliminary results were published in 2017, and the short-term
effects and safety were satisfactory [8]. At present, the trial has been
completed for more than 5years. We followed up the above cases
again to evaluate the long-term effect of SIS patch in the open
tension-free repair of inguinal hernia.

Materials and methods

General materials

The sample size of this study was 76 cases, while 38 cases were respec-
tively selected in the control group and treatment group according to
the random table. There were 35 males and 3 females in the control
group, aged (56 + 15) years old, and BMI (23 *+ 2) kg/m%; 34 males
and 4 females in the treatment group, aged (54 * 13 years old), and
BMI (22.86 + 2.15) kg/m?. There was no statistically significant differ-
ence (P> 0.05) in the basic conditions of patients in the two groups.

Inclusion criteria
Adults, Gilberts classification, patients with type I-VI Primary uni-
lateral inguinal hernia, non-emergency surgery.

Exclusion criteria

Patients with recurrent hernia and incarcerated hernia; patients with
systemic or local infection; patients with ascites due to cirrhosis of
the liver; patients undergoing radiation and chemotherapy; patients
taking immunosuppressive therapy; patients who are pregnant or
breastfeeding; patients with religious taboos or allergic to porcine
body materials.

Information on the use of patch

The control group used the Biodesign Surgisis patch from COOK,
USA, the product model was 1b63766602, c-ihm-8 x 15p; the treat-
ment group used SIS patch produced by Beijing Datsing Bio-Tech
Co. Ltd., product model was 13022601-0009, 8 x 15 cm.

The clinical trial protocol and related data for clinical trials were
implemented after being reviewed and approved by the ethics com-
mittee of the clinical trial institution. The subjects fully understood
the trial content and signed a written informed consent form.

Random method

Before the test, the patch number was assigned according to the ran-
dom table, and the patients were randomly assigned to the treatment
group and the control group according to the time sequence of the
patients’ enrollment and the patch number. The patients were
single-blind and the followers were not surgeons.

Surgical technique

All surgeries were performed by a skilled surgeon (independently
completed Lichtenstein surgery> 1000 cases). A local anesthesia or
spinal anesthesia was adopted according to the opinions of patients
and anesthesiologists. An inguinal incision was taken and the exter-
nal oblique aponeurosis was opened. The spermatic cord was freed
by blunt and sharp dissection from the underlying posterior inguinal
canal. A search for an indirect hernia sac was started, dissected
completely or transected the hernia sac. The indirect hernia sac was
ligated at the level of internal ring, narrow internal ring by absorb-
able suture. When a direct hernia was found, the hernia sac was re-
duced with a purse string of absorbable suture at the base of the
hernia sac. One side of the inguinal ligament was sutured continu-
ously from the pubic tubercle with prolene thread under the inner

ring after laying biologic patch. The upper part is fixed by intermit-
tent suture with prolene thread to avoid damaging the iliac hypogas-
tric nerve and iliac inguinal nerve. If the nerve distribution affects
the placement and fixation of the patch, the part of nerve needs to
be cut off. The aponeurosis, subcutaneous and skin by layer were su-
tured with absorbable suture. The control group used the Surgisis
patch from COOK, USA; the treatment group used the SIS patch
produced by Beijing Datsing Bio-Tech Co. Ltd.

Follow-up and observation indices

All patients came to the hospital for reexamination and follow-up in
a short period (within 24 weeks) after surgery; long-term follow-up
was conducted by phone, SMS or mail. The death or recurrence of
the patient due to other reasons is regarded as the end point of this
follow-up. And the follow-up lasted until 26 December 2019.
Observation indices include recurrence, chronic pain, foreign body
sensation and infection. Postoperative chronic pain and foreign
body sensation were assessed using a simple verbal scale (SVS). The
SVS score was 4 levels: none, mild, moderate and severe [6].

Statistical methods

This trial used SPSS19.0 software for data statistics. The comparison
of count data was performed by y* test and expressed by rate; the
comparison of measurement data was performed by t test and
expressed by X = s. P <0.05 was considered as statistically signifi-
cant difference.

Results

Comparing clinical data and short-term efficacy be-
tween two groups of patients

There was no statistical significance between the two groups in
terms of anesthesia method, surgical site, Gilbert classification and
surgical time (P > 0.05). See Table 1. The cure rate was 100% in the
control group and the treatment group. No swelling was found in
the groin operation area at rest and coughing state during the 1, 4,
24 weeks of follow-up, and no recurrence occurred in the two
groups at 24 weeks (6 months). In the control group, five patients
had abnormally increased white blood cells and localized swelling
and redness in the wound. Of these, four patients had mild fever and
recovered shortly without special treatment. No serious adverse
events occurred in both groups; the incidence of adverse reactions in
the treatment group was 0. There was no statistically significant dif-
ference between the two groups (P =0.054). See Table 2.

Long-term observations on efficacy

A total of 66 patients received long-term follow-up, the follow-up rate
was 86.8%, and the average follow-up time was 68.7 (65-75) months.
Among the patients who received long-term follow-up, one patient in
the control group developed a recurrent hernia after 7 months of post-
surgery follow-up (the second operation confirmed a new direct hernia,
which was repaired by artificial patch repair). One patient had persis-
tent pain due to strenuous exercise 2years after the operation (the
symptoms gradually disappeared after 1year of drug treatment), no
foreign body sensation case, and no infection case. The treatment
group had no cases of recurrence, chronic pain, foreign body sensation
and infection cases. There was no statistically significant difference
(P>0.05) in terms of recurrence, chronic pain, foreign body sensation
and infection between the two groups, as shown in Table 3.
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Table 1. Comparison of intraoperative conditions between two groups of patients

Group Case  Anesthesia method (case) Surgical site (case) Gilbert type (case) Operation time
(min, x *S)
Spinal anesthesia ~ Local anesthesia ~ Left Right I I I v v
Control group 38 22 16 22 9 16 0 11 2 49+ 15
Treatment group 38 17 21 24 9 21 1 7 0 53+21
P value 0.359 0.815 0.335 0.347

Table 2. Comparison of general data and short-term postoperative efficacy between two groups of patients

Group Case Age (year) Short-term complications after surgery
Average <60 >60 Local swelling Fever Recurrence Incision infection Chronic pain
Control group 38 56.3 20 18 4 0 0 0
Treatment group 38 53.9 22 16 0 0 0 0
76 55.1 42 34 4 0 0 0
Table 3. Comparison of long-term postoperative efficacy between two groups of patients
Case Follow-up Follow-up time Recurrence Chronic Foreign body Postoperative
(deceased) (months) pain sensation infection
Control group 38 35(4) 68.77 £2.65 1 1 0 0
Treatment group 38 31(0) 68.75 £ 2.65 0 0 0
P value 0.42 0.42
76 66 (4) 68.77 = 2.65 1 1 0 0
Discussion The significance of long-term follow-up with biological

Inguinal hernia is one of the most common diseases in surgery. In
the development of hernia repair surgery, the popularity of
tension-free hernia repair is a milestone in the development of in-
guinal hernia surgery. Lichtenstein surgery is a classic application
for tension-free hernia repair. Artificial patch made of polypropyl-
ene plays a vital role in tension-free inguinal hernia repair, which
has been used for nearly 30years. Artificial patch repairs hernia
defects by inducing foreign body reaction and mechanical barrier
effect, which greatly reduces the recurrence rate of inguinal her-
nia. However, the long-term adverse effects related to patch also
weaken its advantage. As a result, surgeons continue to explore
new materials.

The rise of biological patch in recent years is a hot topic in the
field of hernia and abdominal wall surgery. Biological patches are
mainly derived from the skin, pericardium, intestine, dura mater
and other tissues of animals (xenogeneic) and humans (allogeneic).
After being processed and preserved by various methods, all kinds of
cells and antigens contained in the tissue are removed, and the
collagen-rich of 3D fiber framework is retained, which can be used
for host cell proliferation, tissue remodeling and vascular regenera-
tion, supporting and strengthening tissue repair [4, 9]. Some studies
have shown that SIS bio-patch acts as a biological barrier in the
body. As fibroblasts migrate and proliferate, it acts as a scaffold for
the growth of new tissues. And its degradation is very fast, and it is
gradually remolded by the host, resulting in a completely host de-
rived repair tissue structure. SIS biological patch has the advantages
of strong resistance to infection, good biocompatibility, no excessive
scar tissue formation and no long-term chronic pain. Its safety and
short-term effectiveness in inguinal hernia repair are widely recog-
nized [10-13].

patch

Although the short-term effects of biologic patch are positive, many
clinicians are concerned about the long-term effects of biologic
patch, especially the recurrence rate [14]. Because of the lack of
long-term follow-up reports of biological patch, especially the lack
of long-term follow-up data from multicenter, large-sample random-
ized controlled studies, clinicians are often very cautious in the use
of biological patch. Instead, the biological patch is only used in
some special circumstances, such as young people not having chil-
dren, potential infection, upon request by patients and clinical trials.
This study started in August 2013 and ended in December 2019.
The shortest follow-up period has been more than 5 years. Sixty-six
of the 76 cases have obtained long-term follow-up, with a follow-up
rate of 86.8%. The follow-up times and results give us great confi-
dence in the validity of our claims.

There was no statistical difference between the long-
term results of two kinds of biological patches

The original purpose of this trial was to select the nationally popular
Surgisis patch produced by COOK, USA as a control group, using a
non-inferior design, to study the clinical safety and effectiveness of
SIS biological patch produced by Beijing Datsing Bio-tech Co. Ltd.
Among the patients who received long-term follow-up, the control
group had one case of relapse 7 months after surgery, one case of
long-term pain, no infection case and foreign body sensation case;
while there was no recurrence, chronic pain, infection, or foreign
body sensation in the treatment group, and there was no statistical
difference in terms of long-term complications between the two
groups. In the control group, a second operation was performed af-
ter the recurrence. The primary diagnosis was indirect inguinal
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hernia, and the secondary operation confirmed that it was a new di-
rect hernia. One case of chronic pain occurred in the control group
2 years after the operation, which was persistent pain due to strenu-
ous exercise, and the symptoms gradually disappeared after 1year
of drug treatment. In summary, it can be shown that the long-term
effect of clinical application of SIS patch from Datsing Bio-tech and
Surgisis patch from COOK Company is similar, and there is no sta-
tistical difference.

The long-term results of small intestinal submucosal bi-
ologic patch are satisfactory

The SIS patch is taken from the porcine small intestine submucosa.
After physical, chemical and enzymatic treatment, the extracellular
matrix complex collagen and some growth factors formed by cellu-
lar components and antigens are removed. As a biological scaffold
for host tissue and cell reconstruction, it has the advantages of
complete absorption and good histocompatibility [15]. The two
patches in this test are derived from the submucosa of the porcine
small intestine, which have the same tissue source, similar structure
and function, and there is no statistical difference in the test sub-
jects. There is also no statistical difference in short-term and long-
term efficacy in this test. The total recurrence rate of the two
groups combined as a small intestinal submucosal biologic patch
was 1.52%. Ravo et al. [16] followed up 101 patients for 10 years
after performing strengthening repair with SIS biological patch on
the basis of repairing transverse abdominal fascia. The results
showed that the recurrence rate of inguinal hernia was only 1.9%,
and the results of the two studies were similar. Although the recur-
rence rate of biological patches is higher than that of artificial
patches [17], such long-term recurrence rate results can be ac-
cepted by clinicians and patients. Chronic pain and foreign body
sensation after inguinal hernia repair are two other common com-
plications that affect life quality of patients. Among the patients
followed up in this study, one patient had chronic pain in the surgi-
cal area (moderate SVS level) due to strenuous exercise 2 years af-
ter surgery. After oral medication, the symptoms gradually
subsided. The occurrence is considered to be related to the injury
of strenuous exercise, and the relationship with the biological
patch is not clear. The rest of the patients recovered well after sur-
gery without long-term chronic pain and foreign body sensation.
So this result is significantly better than that of artificial patches
[4]. In addition, with the increasing application time of artificial
patches in inguinal hernias, more and more chronic infections ap-
pear, and infections can even occur 9years after surgery. In most
cases, it is necessary to remove the patch again [18]. One of the
great advantages of biological patches is that with the migration
and proliferation of fibroblasts, as a scaffold for the growth of new
tissues, biological patches will be gradually degraded and absorbed
without leaving foreign bodies, so the long-term chronic infection
may be significantly lower than artificial patch. The 66 patients
followed in our two groups did not develop infection for more
than Syears after surgery. The results of this long-term follow-up
will boost clinician confidence in the biologic patch.

Conclusion

In summary, the results of this test indicate that the application of
SIS biologic patch from Beijing Datsing Bio-tech Co., Ltd. to ingui-
nal hernia Lichtenstein repair is similar to Surgisis patch from
COOK Company. After the porcine small intestinal submucosal bio-
logic patch was applied to inguinal hernia Lichtenstein repair, its

long-term effect was satisfactory through the long-term follow-up
observation of its recurrence rate, chronic pain, and foreign body
sensation and infection rate.

Limitations

First, the sample size of the study is limited, and more large clinical
samples are needed to confirm this result. Second, our research focuses
on the application of biological patch in open inguinal hernia repair.
Before placing the biological patch, we first narrowed the inner ring of
the indirect hernia or reduced the direct hernial sac with eversion,
which is different from laparoscopic biologic patch inguinal hernia re-
pair. And studies have shown that the latter has a high recurrence rate
[19, 20], which may be due to the existence of defects affecting cell
proliferation and reconstruction. Further research is needed on the ap-
plicability and use of laparoscopic inguinal hernia repair (TAPP/TEP).
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