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More than 20 million hernias are estimated to be repaired ev-
ery year around the world [1]. Per year, approximately 700,000
hernia repairs are carried out in the USA [2]. Currently, surgery
possesses huge arsenal of various surgical methods of ventral
and inguinal hernia repair. Recently, usage of meshes created
from various synthetic and biological materials have become
quite popular in the herniology.

There are many types of meshes and multiple methods of their
placement during the hernia repair. Meshes vary by their origin
(synthetic, biologic, composite), absorbability, pore size, weight
(light- and heavyweight), elasticity and mesh durability [3-7].

The vast majority of synthetic meshes are made from poly-
propylene (PP), polytetrafluorethylene (PTFE), prolene da-
cron, orlon, mylar. There are different situations in which a
surgeon must make a decision about what type of a mesh to
use. For example, in a case of infected ventral hernia, gener-
ally, absorbable synthetic meshes are used, however, since
they are absorbed, recurrence rate is very high and additional
surgical intervention is needed to achieve permanent repair
[5,8]. PTFE and PP are the most common meshes used to
repair large ventral hernias [9,10]. However, when the mac-
roporous meshes are placed so that they come in contact with
abdominal viscera, they are associated with the development
of bowel adhesions, obstructions, and enterocutaneous fistu-
lae. Polytetrafluoroethylene (PTFE) meshes can lead to the
development of encapsulation, collection of periprosthetic
fluid, and excessive growth of bacteria [11].

Despite the fact, that there are vast number of synthetic and
composite meshes from which you could pick an individual
treatment method, complications are still a major problem. As it
is reported in the manuscript, ventral hernia repair with prosthet-
ic mesh has recurrence rates up to 54% and is contraindicated in
the setting of infection [12].

The complications include post-operative pain and movement
restriction, recurrence, adhesions, calcification, mesh migration
and seroma. Chronic post-operative pain develops often in pa-
tients who underwent either open or laparoscopic ventral hernia
repair, regardless of fixation type. Studies claim, that 26 to 34%
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of the patients reported chronic discomfort due to pain [13,14].

Recurrence of ventral hernia is still a major challenge in VH
repair. Even though, the rate of recurrence has decreased from
50% to 10-23% after meshes were introduced, it still is quite fre-
quent and traumatic experience for patients, since there is need
for additional surgical interventions, which are performed in
case of relapse of the disease [15-17]. Although, studies suggest,
that VH recurrence can almost be eliminated by utilizing under-
lay technique, this method increases risk of adhesions, which are
discussed below [17,18].

Adhesions are generally associated with intraperitoneal un-
derlay technique, during which the mesh has direct contact with
bowel. Increased risk of adhesions has been associated with
macroporous structure of the mesh [19]. Incidence of unplanned
surgical intervention done due to adhesions and enterocutaneous
fistulas after ventral hernia is about 4% [20].

Calcification is a result of prolonged foreign body reaction,
which may develop to certain meshes and, in the end, may result
in generating chronic pain [21, 22].

Seroma are relatively minor complication of hernia and they
typically develop with any type of a mesh. However, it is well
known, that meshes with larger pores are less likely to lead to
seroma. Overall incidence of seromas is 2% and they commonly
resolve without any intervention after 6-8 weeks [23].

Migration is another severe complication, during which mesh
may migrate into organs such as urinary bladder, sigmoid colon,
hollow viscus, spleen, and it may cause respective discomfort,
depending where mesh migrates into [24-27].

Also, in the cases when the wounds are heavily contaminated,
prosthetic meshes are frequently considered to be contraindi-
cated due to the high risk of infection. Additionally, prosthetic
meshes are associated with the development of erosions adhe-
sions, and chronic pain in the abdominal viscera. In the cases
when the wounds are contaminated the mesh representing a bio-
logical tissue matrix (BTM) can be an alternative to synthetic
mesh the use of which is related to the ability of the material
to tolerate cutaneous exposure and withstand placement into a
contaminated defect [28-35].
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The aim of this study was to provide preliminary results of
a non-randomized clinical trials evaluation of XI-S+® porcine
pericardial biomaterial (Colorado Therapeutics LLC. USA) for
ventral and inguinal hernia repair.

Material and methods. All patients signed written informed
consent for the study, which was conducted according to the
guidelines of the 1975 Declaration of Helsinki and approved by
the Ethics Committee of the Tbilisi State Medical University,
Thilisi, Georgia.

Inclusion criteria were the following: M/F > 21 years of age,
negative for pregnancy, no known allergic reaction to porcine,
IC signed, and candidates for open procedure. Exclusion criteria:
lactating women, not available for follow-up, severe malnutrition,
use of investigational agent, known malignancy, life expectancy <
two years, clinical symptoms of infected hernia site, or evidence of
contaminated or clean contaminated fields, ascites, preexisting liver
disease, immune compromised subjects, morbid obese, BMI >35,
and diabetic subjects, insulin dependent.

Operative procedure. Ventral hernia repair in ten patients
consisted of a midline laparotomy or through the old incision,
which was removed. The fascial edges were trimmed to healthy
tissue and the hernia sac excised. Hernia hilus was then closed
by suturing the right and left side of the aponeurosis of external
abdominal oblique muscle together. The sutures were done by
2-0 Prolene thread. Then, the onlay technique was performed
with the XI-S+® mesh which was sutured by multiple simple
interrupted sutures with 2-0 Prolene thread. One silicon surgical
drain was placed above the mesh. The skin was sutured with 2-0
prolene thread.
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Inguinal hernia repair in ten patients were done in the fol-
lowing fashion. After incising the skin, subcutaneous tissue, and
external oblique aponeurosis, the hernial sac was identified, ad-
hesions were removed and the sac excised according to standard
Lichtenstein tension-free method. XI-S+® mesh (6 x 15 CM)
was trimmed to fit individual patient inguinal canal floor. The
mesh was then anchored to the conjoined tendon by simple in-
terrupted sutures (Prolene 2—0). The skin was sutured with 2-0
prolene thread.

The mean hospital stay duration post-operatively was 2 days.
The patients was followed up during the postoperative visits
at the following time points: 1 week, 1 month, 3 months, 5
months, 12 months, 1 year, 2 years and 3 years. At each post-
operative visit and at the initial preoperative evaluation and
screening, to assess the quality of life changes related to the
hernia and hernia repair procedure patients were given a copy
of the Carolinas Comfort Scale (CCS). CCS itself allows us
to evaluate quality of life in three areas: pain, sensation of
mesh, movement limitations.

Results and discussion. The average age of the patients with
ventral hernia was 54+1.4 years, and 30% of patients were
female and 70% of patients were male. The average age of the
patients with inguinal hernia was 62.5+£9.4 years, and 10%
of patients were female and 90% of patients were male. The
average hospitalization length was 2 days. Table land 2 lists
patient demographics and operative details. All patients that
were enrolled into the study had primary hernias. Results of
Carolina Comfort Scale survey for all the patients are depict-
ed in Table 3 and 4.

Table 1. Ventral hernia repair patient characteristics and operative details

Ventral Hernia
Variable Mean SD Median Minimum Maximum
Age (years) 533 12.7 5.8 24 70
BMI (kg/m?) 27.9 3.9 29.4 214 34.8
Fascial defect size (cm?) 30.7 13.8 30 12 60
Mesh size (cm?) 90 0 90 90 90
Incision length (cm) 14.2 4.8 12 10 20
Lengsh of stay (days) 2.6 0.5 3 2 3
Operative time (min) 75.4 27.3 70 40 135
Table 2. Inguinal hernia repair patient characteristics and operative details
Inguinal Hernia
Variable Mean SD Median Minimum Maximum
Age (years) 53.6 9 61 49 77
BMI (kg/m?) 25.8 2.5 25.7 224 31.1
Fascial defect size (cm?) 34.2 24.4 20 12 80
Mesh size (cm?) 59.2 24.5 72 30 90
Incision length (cm) 5.9 0.9 6 5 8
Lengsh of stay (days) 2.1 0.3 2 2 3
Operative time (min) 51 4.6 50 45 55

28



GEORGIAN MEDICAL NEWS

No 2 (311) 2021

Table 3. Mean Carolinas Comfort Scale Scores with Change (Ventral Hernia)

Baseline 1 Week 1 Month 3 Months 5 Months 1 Year 2 Years 3 Years
N 10 10 10 10 10 10 10 10
Pain 1.27 0.84 0.09 0.06 0 0 0 0
Sensation of mesh N/A 0.25 0.29 0.01 0.01
Movement limitation 1.60 0.85 0.10 0.03 0.02
Table 4. Mean Carolinas Comfort Scale Scores with Change (Inguinal Hernia)
Baseline 1 Week 1 Month 3 Months 5 Months 1 Year 2 Years 3 Years
N 10 10 10 10 10 10 10 10
Pain 1.2 1.6 0.2 0 0 0 0
Sensation of mesh N/A 0 0
Movement limitation 1.3 1.5 0.4 0

The XI-S+® mesh was used for all surgeries. It provided se-
cure and adequate overlap in the periphery of each fascial de-
fect; minimal mesh overlap was defined as not less than 3 cm by
the study criteria.

Biologic mesh materials derived from human and animal do-
nor source are based on a matrix of proteins, including colla-
gen, elastin, glycoproteins and growth factors. They represent
so-called “third-generation” mesh which provides ingrowth of
host cells and generates “tissue-mesh” composite for replace the
tissue in the hernia defect [36, 37].

The literature widely highlights issues of related to the use
of such biologic mesh like human acellular dermis [38-40],
porcine-derived acellular dermal matrix [41-43}, porcine small
intestine submucosa [44-47], bovine pericardium [48-50].

The pivotal part of achieving permanent hernia repair is vas-
cularization and remodelling, which, in contrast to synthetic ma-
terials, biologic materials can be subjected to [51].

Decellularized human dermal tissue was really popular and
promising upon introduction, however, long-term follow-up
studies showed very high rate of recurrent herniation, eventra-
tion and low long-term durability [52,53].

Porcine small intestinal submucosa tissue has widely been
tested and studied and many authors suggest that it could cause
tissue rejection [54]. While other studies claim, that severe tis-
sue rejection decreased durability, it is frequently infected with
B hemolytic Streptococcus [55, 56]. Authors also state, that it
is durable, when it is not infected, however, it does not hold up
well in contaminated areas [51,57].

Decellularized porcine dermal tissue was tested in animal and
clinical trials, It has been proven that adhesions to intestinal seg-
ment is significantly lower than in synthetic materials, although,
recurrences are at peak when it is bridged over hernia defect [51].

Studies claim, that decellularized bovine pericardium is a far
superior biologic material, as it is as durable as synthetic mate-
rial, has minimal adhesion rate, it is easy to suture and its struc-
ture remains consistent [58,59].

We have chosen XI-S+® for study because it is a novel mesh
produced from porcine pericardial sac with a new method and
similar to decellularized bovine pericardium shows tremendous
promise since it has high durability, ability of remodeling and
vascularization.

The clinical studies have shown that almost in all patients the
post-operative pain was minimal and easily controlled by the
use of single analgesics. In the immediate post-operative period

© GMN

we had 5 complications; 3 ventral and 1 inguinal hernia repair
patient had seroma. 2 inguinal hernia repair patient had hema-
toma and testicular swelling occurred in 1 patients. We have
not observed abscess formation or acute infection related to the
presence of XI-S+® mesh.

We suppose that hematoma must have been linked to surgical
procedure. In case of seroma, we think that it must be linked to
the fixation of mesh, during which a closed environment (sac)
between the mesh and the host tissue has been created and in-
flammatory cells were trapped, which led to the formation of
seroma. With short-term and long-term (more than three years)
observation, there were no recurrences of hernia.

Carolinas comfort scale surveys were successfully completed
by all patients on 1* week, 1*, 3, 5" and 12" months, and 2™ and
3 years of follow-up visits. In all patients, both with ventral and
inguinal hernias, the feeling of relief was evident starting from
the 1* week after surgery. After 1 month from surgery, the level
of discomfort in patients has been significantly decreased, and
after 3 months, it has been practically non-existent. As for the
sensation of the mesh, in some patients it has been present up
until 1 month after the surgery, but it fully disappeared by the
end of the 3" month.

In our opinion, it is very interesting to analyze the level of
discomfort in patients depending on their type of activeness.
Various conclusions can be made from the results. For example,
one week after surgery, pain syndrome has been increased only
in the cases of ventral hernias when the patient was lying down
and bending over, it stayed the same when the patient was sit-
ting up, and the pain syndrome has been deceased in all other
cases. After 1 week from surgery, the biggest discomfort has
been caused while the patient was coughing or deep breathing in
ventral cases, and for the inguinal cases — while the patient was
sitting up. After 1 month from surgery, pain syndrome has been
still present while the patient was sitting up, performing activi-
ties of daily living and coughing or deep breathing, and for the
ventral cases - additionally when the patient was bending over
or walking. It has to be underlined that all pain sensations have
been gone after 3 months from surgery.

Studies have shown that the XI-S+® mesh possesses homoge-
nous (multidirectional) elasticity that causes minimal shrinkage
after the implantation and its structure significantly increases
hydrophilic features which provide a better adhesion and cell
proliferation on its surface. Soft and elastic structure of XI-S+®
mesh fully covers large surfaces in the cases of ventral post-
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operative hernias, it ensures fast and quality formation of the
“mesh-tissue” complex, which enables the creation of the thick
layer of biological tissue on the basis of somewhat scaffold,
which itself provides resilience of the anterior abdominal wall.

XI-S+® mesh possesses anti-adhesion features that prevent
the formation of adhesions between the host tissue and the im-
planted mesh. Additionally, the mesh is extremely resistant to
an infection that allows its use in patients with incarcerated her-
nias with infected wounds. XI-S+® mesh provides the favorable
conditions for engraftment, early activity and rehabilitation of
patient.

Conclusion. The clinical studies of the patients that under-
went ventral and inguinal hernia repair using XI-S+® mesh
have shown that the post-operative pain was minimal and easily
controlled by the use of analgesics. As for the sensation of the
mesh, in some patients it has been present up until 1 month from
surgery, but it fully disappeared by the end of the 3rd month.
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SUMMARY

EVALUATION OF NOVEL PORCINE PERICARDIAL
BIOMATERIAL FOR VENTRAL AND INGUINAL HER-
NIA REPAIR. THE RESULTS OF A NON-RANDOMIZED
CLINICAL TRIAL

Kakabadze Z., Janelidze M., Chakhunashvili D.,
Kandashvili T., Paresishvili T., Chakhunashvili D.G.

Thilisi State Medical University, Georgia

Using the mesh for hernia repair is the most common type of
hernia surgery. There are many types of meshes made of vari-
ous synthetic materials, but all of these meshes have their own
respective disadvantages. The aim of this study was to provide
preliminary results of a non-randomized clinical trial evaluation
of novel porcine grafts XI-S+® (Colorado Therapeutics LLC.
USA) for ventral and inguinal hernia repair.

All patients underwent a standardized surgical procedure. On-
lay surgical repair technique has been performed in ten patients
with ventral hernia and Lichtenstein tension-free method has
been used for ten patients with inguinal hernia repair. The XI-
S+® mesh fixation was performed with multiple simple inter-
rupted sutures using prolene thread.

The average age of the patients with ventral hernia was 54+14
years, and 30% of patients were female and 70% of patients
were male. The average age of the patients with inguinal her-
nia was 62.5£9.4 years, and 10% of patients were female and
90% of patients were male. The average hospitalization length was
2 days. During three years of observation, no recurrence of hernia
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was observed in patients. The XI-S + ® mesh has anti-adhesive
properties, is extremely resistant to infections, provides favorable
conditions for engraftment, early activity and patient rehabilitation.

The clinical studies of the patients that underwent ventral and
inguinal hernia repair using XI-S+® mesh have shown that the
post-operative pain was minimal and easily controlled by the
use of analgesics. As for the sensation of the mesh, in some pa-
tients it has been present up until 1 month from surgery, but it
fully disappeared by the end of the 3rd month.

Keywords: ventral hernia repair; inguinal hernia repair; bio-
logical mesh.

PE3IOME

OLIEHKA HOBOI'O BUOMATEPHUAJIA CBUHOI'O IIE-
PUKAPIA JJISI IIJTACTUKH BEHTPAJIBHOM M TIA-
XOBOW TI'PBIK. PE3YJIGTATBI HEPAHJIOMU3UPO-
BAHHOTI'O KNIMHUYECKOI'O HCCJIIEJJOBAHUS

Kaxa6ansze 3.111., xanenunze M.O., Yaxynamsuiau JI.K.
Kanpamsuiau T.HU., Hapecumsuin T.3., Yaxynamsuian LI,

Tounucckuti 20cyoapcmeenHblll MeOUYUHCKULL  yHUsepcumen,
I pysus

B xupypruu rpbbx 4acTo UCTIOIB3YIOTCS CeTYaThle UMIUIAHTA-
ThbI, KOTOPBIE U3TOTOBJICHBI U3 PA3JIUYHBIX CHHTETHUECKUX MaTe-
puanoB. OHAKO, OONBIIMHCTBO W3 HUX BBI3BIBAIOT Pa3JIMUHBIC
MOCJICOTNIEPALIMOHHBIE OCIIOKHEHUSI.

Ilenpto wuccnenoBaHusi SBUIOCH NPEACTABUTH IPEIBaAPH-
TEJbHBIC PE3YJIbTaThl HEPAHAOMU3UPOBAHHOIO KIMHUYECKOIO
HCCIIEOBAHUS HOBBLIX OHMOJIOTMYECKUX MMINIAHTATOB XI-S+®
(Colorado Therapeutics LLC. CIIIA) mi1s macTUKH BEHTpallb-
HOH U 1axoBo# rpbpk. BeeM manueHTaM npoBelieHa cTaHaapT-
Hasi XUpypruueckas npouenypa. TexHuka Xupypruieckoi ia-
ctuku Onlay BBINOJHEHA Yy JECATH MAlMEHTOB C BEHTPAJILHOM
rpbDKeH, a MeTox 0e3 HaTshkeHus! 10 JIMXTeHIITeHY HCTIOIb30-
BaH y J€CATH MALIUEHTOB C MIACTUKOM MaxoBoi rpbuku. dukca-
sl UMIUIAHTATa BBIIOJIHAIACH IIPOCTHIMU Y3JIOBBIMU IIBAMH C
UCIIOJIb30BAaHUEM IIPOJICHOBOW HUTH.

CpeaHuii BO3pacT MaleHTOB C BEHTPAJILHON TPhDKEH COCTABHII
54+14 net, u3 Hux 30% DAIMEHTOB COCTABMIIN JKEHIIHMHBI, 70%
HAILUEHTOB - MyX4uHbL. CpelHHIl BO3pacT NALUEHTOB C IaXOBOH
rpbbKel coctaBmi 62,5494 rona, u3 Hux 10% naumeHToB cocras-
JISUTH SKEHIMHBL, a 90% NaryeHToB - My 4uHbl. CpenHsis Ipoao-
JKUTEJIbHOCTD TOCIUTAIN3aMK cocTaBuia 2 aas. O0cienoBaHus
1o 1ikasie komgopra Carolinas yCrenHo 3aBepIiicHbl BCEMH Tali-
eHtamu criycts 1 Henenmo, 1, 3, 5, 12 mecsiues, 2 1 3 roga nociey-
I0IIMX nocenieHuit. [1outn y Bcex malueHToB, Kak ¢ BEHTPaJIbHbI-
MU, TaK U C TIAXOBBIMU TPBDKaMHM, YyBCTBO OOJICTYEHHSI IPOSIBIISI-
JI0Ch yoxe crycts | Henemo nocie onepauuu. Cryets 1 mecsn mo-
Clie Onepaluy ypoBeHb AUCKOM(OpPTa y MalMeHTOB 3HAYUTEIBHO
CHU3MIICS, a cIycTs 3 Mecsina npaktudeckn ncues. Cerka XI-S+®
o0najaeT aHTHA/Ire3HOHHBIMU CBOICTBAMH, YpPE3BbIYAHHO yCTOMN-
ypBa K HHQEKIMSIM, 00eceunBaeT OaronpysTHBIC YCIOBHS IS
NPIKUBIICHHS, PAHHEH aKTUBHOCTH U PeaOMIMTAIIMH MalieHTa. B
TEYEHHE TPEX JIeT HaOMIONCHUSI PELIUANBOB IPhIKU Y HAIMEHTOB HE
HaOTIOAIOCh.
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MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

KHMHI/I‘I@CKI/IG HCCICAOBAHUA IIAIIMCHTOB, nepeHecmnx
l'lJ'laCTI/IKy BeHTpaHbHOﬁ u HaXOBOﬁ prI)KI/I C HUCIIOJB30BAaHU-
eMm cetku XI-S + ®, mokasau, 4To MocieonepannoHHas 60J1b
OblJIa MUHUMAaJILHOM U JIETKO KOHTPOJIMPOBAJIACH C TIOMOUIBIO
AHAJIBI'€TUKOB. I‘ITO KacaeTcs O].IlyLU,eHI/Ifl CCTKH, TO y HEKOTO-
PBIX MAIMEHTOB OHA COXpaHsIach 10 1 Mecsua rnocie onepa-
LMY, HO MTOJIHOCTBIO HCUEe3JIa K KOHILY 3 Mecsla.
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