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Abstract

Introduction: Surgical repair of the anterior abdominal wall hernia is the most common intervention in general surgery practice. The
introduction of synthetic prostheses reduces the frequency of recurrences, but in many cases, they are associated with complications that
could seriously impair the quality of life of patients. To reduce perioperative complications, we introduced in our practice innovative
prostheses made of a highly inert polymer, polyvinylidene fluoride (PVDF), and conducted an observational study.

Aim: To compare the postoperative results of using PVDF prosthetic material to the standard polypropylene mesh and to evaluate the
applicability of the new material in daily surgical practice.

Materials and methods: Over a two-year period, 34 operations were performed using PVDF meshes, with characteristics varying
depending on the operative technique and anatomical region of the hernia defect.

Results: With a median follow-up of 8 months, no recurrences or early complications occurred in patients with an expressed comor-
bidity

Conclusions: PVDF offers comparable advantages to other synthetic prosthetic materials due to its improved biostability, minimal tis-
sue reaction, limited shrinkage, and lack of stiffness after integration.
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INTRODUCTION

al incidence of an inguinal hernia is 315 per 100,000, and
surgical repair of inguinal hernias accounted for more than

An abdominal wall hernia consists of a protrusion of in-
tra-abdominal tissue through a fascial defect in the abdom-
inal wall. Inguinal hernias are the most common abdom-
inal type of hernias accounting for approximately 75% of
all hernias. Almost a third of men are diagnosed with an
inguinal hernia in their lifetime. The highest incidence in
adults is after 50 years of age. Only 3% of women will de-
velop an inguinal hernia. In the United States, the annu-

48 billion dollars in 2005 health care expenditures.!!] The
‘tension-free’ mesh technique, which was pioneered by the
Lichtenstein Hernia Institute in 1984, is currently consid-
ered the gold standard of hernia repair by the American
College of Surgeons. In this procedure, the repair is accom-
plished by covering the opening of the hernia with a patch
of mesh, instead of sewing the edges of the hole together.?!
The prosthetic repair of abdominal wall hernias has become
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an integral component of surgery. Meanwhile, about 1 mil-
lion meshes are implanted world-wide per year.®! The pos-
sibility of a tension-free repair and the lowered recurrence
rate make the use of prosthetic meshes the most common
choice for abdominal wall repair, despite the mesh-relat-
ed complications. The currently available non-absorbable
polymer prostheses are made of polypropylene (PP), poly-
ethylene-terephthalate (PET), or polytetrafluorethylene
(ePTFE), though all of them have some disadvantages.*]
The introduction of new materials seems to be advisable.
Polyvinylidene fluoride (PVDF) meshes are thought to
have advantages in terms of textile properties, morphologi-
cal stability, and chemical stability, as well as reduced tissue
response, making them a potential replacement for other
materials in abdominal wall hernia repairs.!*) We have been
using PVDF prostheses in our practice since 2018.

AIM

The current study sought to compare the postoperative out-
comes of using PVDF prosthetic material to those of using
standard polypropylene mesh, as well as to assess the new
material’s applicability in daily surgical practice.

MATERIALS AND METHODS

An observational study with a clinical follow-up and a
questionnaire was conducted on 66 male patients, divided
into two groups: those who had anterior abdominal wall
reconstruction with PVDF mesh or polypropylene mesh.
The mean BMI of the patients was 32.1 kg/m? and the mean
defect width was 6 cm (IQR 2-14). A non-inferiority anal-
ysis was performed. A survey was conducted on subjective
complaints in the early and late postoperative period. Data
were analyzed using the Mann-Whitney U-test. In the late
postoperative period, it was conducted in terms of discom-
fort and/or pain around the operative incision using the
Mankoski scale.®!

RESULTS

Over a two-year period, 34 operations were performed us-
ing PVDEF prosthetic meshes and 32 were with polypropyl-
ene meshes. PVDF meshes were with textile characteristics
corresponding to the operative technique and the anatom-
ical area of the hernia defect. At an average follow-up of 8
months, no recurrences were observed. One patient with
several comorbidities developed postoperative hematoma
that was treated conservatively and observationally. The
absence of discomfort and local stiffness was found in most
of the patients with PVDF group in the late postoperative
period measured by the scale of Mankoski (Table 1).
Non-inferiority analysis with a focus on the difference
between the conventional treatment (PP) and new treat-
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Table 1. Results of the conducted survey according to the
Mankoski Pain Scale eight months postoperatively

lsvzlllekoski Pain PVDF Polypropylene Total (n)
0 17 7 24

! 10 16 26

2 6 9 15

3 1 0 1

4 or more 0 0 0

Total number 34 32 66

ment (PVDF) was conducted with a confidence interval of
95%. The Mann-Whitney U analysis was undertaken. The
resulting U value was 406.5; the z-score was 1.75776. The
result was p=0.0392, with statistical significance of values
of p<0.05.

DISCUSSION

Hernia surgery was associated with a number of com-
plications and recurrences, and it was widely regarded
as unsuccessful until the end of the nineteenth century,
when Bassini adapted and improved the MacEwen plas-
ty. Bassini’s new method is now widely accepted in the
surgical community due to its positive results. His initial
results of 3.1% recurrence and 2.4% mortality rate con-
trast sharply with the leading clinic at the time, T. Bill-
roth’s, which reported 31% recurrence and 6% mortality.”!
Despite the introduction of many innovations in the first
half of the 20th century such as the introduction of silver
(Witzel 1900) and steel (Babcock 1929) suture materials,
steel mesh (Babcock 1952), nylon sutures (Melick 1942),
and mesh (Aquaviva 1944), a breakthrough in results did
not occur until 1955.81 Then Usher began experiments
and subsequently introduced into clinical practice mesh
prosthesis from Marlex, an ethylene polymer, subsequent-
ly processed into polypropylene, which, unlike the orig-
inal product, could be sterilized in an autoclave. In the
1960s, about 20% of all mesh plastics were performed with
polypropylene prostheses, then the use of polypropylene
suture materials in abdominal and cardiovascular surgery
began.’! Currently, polypropylene is the most widely used
prosthetic material in hernioplasty. As experience with the
various polymers in clinical practice accumulates, rarer
polymer-related complications and those occurring after a
long period of time are observed. The main progress in the
PP meshes of the first generation are the changes in their
texture and the introduction in 1998 of ‘light’ large-pore
meshes.'”) Reports of easy iatrogenic damage, erosion,
loss of properties over time, as well as the strong tissue
reaction it causes, lead to a search for alternatives to poly-
propylene as a widely used material.l!']

PVDF is a highly non-reactive fluoropolymer that is
known for its resistance to solvents, acids, UV, and gamma
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and beta radiation. In medical industry, it has long been
used in measuring technology, e.g. in the western blot, due
to its inertness towards amino acids and proteins. In search
of an alternative to polypropylene as a suture material,
PVDF sutures were experimented with and subsequently
put into practice.['?! In vitro and in vivo studies have shown
that PVDF retains its tensile strength, does not stretch, is
not easily damaged by surgical instrumentation, and exhib-
its minimal erosion rates compared to polypropylene. One
study compared PVDF and polypropylene in vitro, under
conditions of potentiating hydrolysis, and in vivo in thorac-
ic aortic anastomoses. A strength loss of 46.6% was found
for polypropylene, with only 7.5% loss for PVDF!3] (Fig. 1).

The utilization of PVDF meshes in hernia repair pro-
cedures has been associated with a remarkably subdued
biological response. This phenomenon was particularly
noteworthy following the introduction of commercially
available PVDF meshes in 2002.'! In contrast to tradition-
al materials such as polyester and polypropylene, PVDF
demonstrates superior resistance to hydrolysis and degen-
eration.!5] This heightened inertness of the PVDF mesh
makes it a promising material for hernia repair with favor-
able biostability, lowered bending stiffness and a minimum
tissue response. Therefore, we can conclude that the PVDF
is at least as good for use as a prosthetic material in anteri-
or abdominal wall reconstructions as the classically widely
used PP. The use of PVDF mesh is an accepted treatment
method by the surgical community but more studies with
longer follow-up periods are needed to validate its advan-
tages and disadvantages in terms of recurrence rate and
postoperative complications.

100

CONCLUSION

For surgical interventions of hernias of anterior abdominal
wall, the use of prosthetic materials is a common require-
ment for effective surgical reconstruction with low recur-
rence rates. Hernia meshes crafted from polyvinylidene flu-
oride (PVDF) have emerged as a compelling alternative of
polypropylene material prostheses. This is attributed to the
inert properties of PVDF which endows it with enhanced
resistance to hydrolysis and degeneration when juxtaposed
with established materials like polyester and polypropyl-
ene. The enhanced biostability, minimal tissue reaction,
limited shrinkage, and lack of stiffness after integration
result in comparable advantages of PVDF in relation the
standard polypropylene mesh. We can expect the integra-
tion of PVDF meshes into mainstream surgical practices
for hernia repair. They show comparable results with PP
meshes but also have numerous potential advantages that
require validation through large, randomized trials with
long-term patient follow-ups.

Acknowledgements

The authors have no support to report.

Funding

The authors have no funding to report.

80

70

8

Residual tensile knot strength (%)
3

40
30
20 |- ® PVDF .
10k A Polypropylene .
0 1 i | 1 | = 1 |
0 1 2 3 4 5 6 7 8

Time of hydrolysis (years)

Figure 1. Residual strength of PVDF and polypropylene sutures with identical other characteristics, over a period of 7 years under

conditions simulating in vivo hydrolysis.
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Pe3tome

BBepeHune: Xupypriudeckoe 1edeHie IPbDKI TepefHell OPIOIIHON CTEHKI SAB/IAETCA Hanbomee pacpoCTPaHEHHBIM BMEIIaTe/IbCTBOM
B 001Ilelt XUPYPrIIecKolt IPaKTIKe. BHeIpeHMe CHHTeTHYECKUX IIPOTe30B CHIDKAET YaCTOTY PELUAMBOB, HO BO MHOTUX CIy4asiX OHI
CBA3aHbI C OCTIOKHEHUAMMY, KOTOPbIE MOTYT CEPbE3HO YXYAIINTDH Ka4eCTBO YKM3HM NAIMEHTOB. [/ CHM>KEHNUA MepHoIepaIiiOHHbIX
OCJIO>KHEHMII MBI BHEPI/IM B HAIly NIPAKTYKY MHHOBAIMIOHHbIE IIPOTE3bI 3 BLICOKOMHEPTHOTO IO/IMMepa IIONMMBUHIINeHPTOpKA
(TIBA®) u npoBenyt HabIIOKATEIBHOE UCCTIENOBAHIE.

Lenb: CpaBHKTb IOCTI€ONIEPAIIOHHbIE Pe3Y/IbTAThl MCIOb30BaHNUA IIpoTe3Horo Matepuana [IBJI® co cranpapTHOI IOMMIpoIie-
HOBOJI CEeTKOJ1 11 OLIeHUTDb IIPUMEHMMOCTb HOBOTO MaTepyasa B IIOBCEIHEBHON XMPYPriuyecKoil IIpaKTUKe.

Matepuanbl n MeTofbl: 3a IBYX/IeTHUIT epuoy, 6bUI0 IPOBefeHO 34 onepamnym ¢ UCHOAb3oBaHueM ceTok [TBJD, xapakTepucTuKu
KOTOPBIX Pas3/IM4a/nch B 3aBUCUMOCTY OT OIIEPATUBHOI TEXHVUKY ¥ aHATOMMUYECKOI 00/1acTH TPbIXEBOro AedeKra.

Pe3yﬂ bTaTbl: HPI/I MEIVMAaHHOM Ha6}11011e1—11/m B TedeHUe 8 MecslleB peLMIMBOB VI paHHUX OCJIOYKHEeHUT Yy Hall€HTOB C Bpra)KeHHOﬁ
COHYTCTBYIOI.LICI?I MaTOIOTHEN He Ha6mo,uan0c1>.

3akntoueHue: IIBJI® mpeaaraeT CONoOCTaBMMble IPEUMYILECTBA 110 CPABHEHMIO C IPYTYIMM CHHTETUYEeCKMMM MPOTEe3HBIMY Marte-
puamamMu 6arofaps CBOel yIy4lIeHHO 6MOCTaOUIbHOCTY, MUHMMAJIBHO peaKkLuy TKaHell, OrpaHIYeHHOI ycajke U OTCYTCTBUIO
JKECTKOCTH TIOC/IE MHTETPaLIUL.

KnioueBble cnoBa

IpbDKecedeHne, IOMBUHIINAEHDTOPIS,
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