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XENODERMAL GRAFTS SATURATED WITH SILVER
NANOPARTICLES IN PREPARATION FOR PLASTIC
CLOSURE OF POSTOPERATIVE WOUNDS IN PATIENTS
WITH NECROTIZING FASCIITIS

Introduction. Necrotizing fasciitis (NF) is a severe infection
associated with substantial tissue loss and a high risk of wound surface
contamination. Standard xenodermal implants used for temporary
coverage of postoperative defects frequently experience recurrent
bacterial colonization.

Objective was to evaluate the effectiveness of lyophilized
xenodermal implants saturated with silver nanoparticles in improving
the preparation of postoperative wounds for autografting in patients
with NF.

Materials and Methods. The study involved 20 patients with
wounds following NF debridement. Patients were divided into two
groups: the experimental group received lyophilized xenodermal
implants saturated with silver nanoparticles, while the control group
received standard xenodermal implants. Evaluations included
granulation tissue formation speed suitable for autografting, incidence
of secondary infections, and xenodermal implant adhesion duration.

Results. The mean time for granulation tissue formation suitable
for grafting in the experimental group was 9.2 + 0.7 days compared to
14.5 + 1.1 days in the control group (p<0.05). No secondary infections
occurred in the experimental group, whereas the control group had 3
cases. The adhesion duration of xenodermal implants was significantly
longer in the experimental group (4.5+0.4 days versus 2.8+0.25 days,
p<0.05).

Conclusions. Using xenodermal implants saturated with silver
nanoparticles facilitates faster granulation tissue formation, reduces
bacterial complication risk, and enhances preparation outcomes for
postoperative wound closure.
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KCEHOJEPMOIMIIJIAHTATH, HACHYEHI HAHO-
YACTHHKAMM CPIBJIA Y IIATOTOBII JO IIJIACTHKHA
MICJTSAONEPAIIHHUX PAH y IMAIIIEHTIB 13
HEKPOTHU3YIOUUM ®PACHIITOM

Beryn. Hekporusyrounit dacuuit (H®) — Baxka indexuis, ska
CYNPOBO/IKYETHCSI 3HAUHUMH BTPaTaMH TKaHMH Ta BUCOKUM PHU3HKOM
iH(IKyBaHHS paHOBHUX MOBepXOHb. CTaHIapTHI KCEHOAEPMOIMILIAHTATH,
10 BUKOPUCTOBYIOTBCS JJISI TUMYACOBOI'O 3aKPHUTTS MiCIIsONepaliiHIX

IepeKTiB, YacTO YCKIAJHIOIOTHCS MOBTOPHOK  OaKTepialbHOIO
KOJIOHI3aIIi€10.
Meta pobotm — OWIHUTH €(EKTUBHICTH  3aCTOCYBAaHHS

Tio(dini30BaHUX KCEHOACPMOIMIUIAHTATIB, HACHICHUX HAHOYACTHHKAMHU
cpibma, & TOKpAamIeHHS IMIATOTOBKH MICISONEpaIliifHIX paH [0
ayTOJIEPMOIIACTHKH y NawieHTiB i3 HO.

Marepiaan Ta Mmetoau. B nocnimkenHi B3sum yyacth 20 nauieHTiB
3 panamu micns caHauii H®. IlauienTtiB po3noaiiwiM Ha ABI Tpymu:
OCHOBHA Tpyna OTpUMyBajia JIiO(UII30BaHI KCEHOICPMOIMILIAHTATH 3
cpibina,
O1iHIOBaIN

HAaHOYaCTUHKaMU KOHTpOJIbHA - CTaH/apTHI

KCEHOJICpPMOIMIDTAHTATH. MBUIAKICTE  (OpMyBaHHS
TPaHyJIALIH, TPUIATHUX AT ayTOJEPMOIUIACTUKH, YaCTOTY BTOPHHHHUX
iH(EKIiH 1 TpUBaNiCTh anresil iIMIDIaHTaTa 0 paHH.

PesyastaTn. Cepenniit 9ac GopMyBaHHS TpaHYJLIHHOI TKAHUHH,
MpUAATHOL IS TUIACTUKH, Y NOCHiAHIN rpymi ctaHoBUB 9,2 + 0,7 mobwu,
ToAl SK y KOHTpoibHIH — 14,5 + 1,1 godbum (p<0,05). Bropunuux
iH(eKuii y TocniaHii rpymi He crocTepiraiv, B KOHTPOJIbHIN rpyni — 3
Bumnanku. TpuBaicTh aaresii KCEHOAEPMOIMILIAHTATIB Oyjia 3HAYHO
BUIIOK y mpochimuid rpymi (4,5£0,4 nobu mporu 2,8+0,25 moodw,

p<0,05).
BucHoBkH. BukopucTaHHs KCEHOAEPMOIMIUIAHTATIB, HACHYECHHX
HaHOYACTMHKaMHM  cpibma, cmpuse  mBUANIOMY  (OPMYBaHHIO

IpaHyJIALIHHOT TKAHWHHM, 3HIKYE PH3UK OaKTepialbHHX YCKIAJHEHb Ta
HOKpAlly€e pe3yabTaTd MiATOTOBKH HiCIAONEpaliifiHUX paH Jo
IUIACTHYHOTO 3aKPUTTSL.

KoarouoBsi cioBa: dacuiit HeKpOTH3YIOUUiA, T€TePOTPAHCIUIAHTATH,
cpibmo, TpaHyJIAIii,
nepenonepariiuui mepio, nepecaaka MKipH.

HAaHOYACTHHKH, paHM 1  YIIKOIDKEHHS,

Aemop, eionogidanvuuii 3a aucmysannsn: leop Cmosnoecvruil, JIb8i6CoKull HAYIOHATbHUL MeOUYHULL YHIGepCUmen

imeni [lanuna I'anuyvkozo, Jlveis, Yrpaina

e-mail: ihor.stoianovskyi@gmail.com

ABBREVIATIONS

NF — necrotizing fasciitis
AgNPs — silver nanoparticles
AgNO:; — silver nitrate
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INTRODUCTION

Necrotizing fasciitis (NF) is an aggressive and
rapidly progressing skin infection characterized by
necrosis of the fascia and subcutaneous tissue [1, 2]. At
first glance, the incidence of NF appears low, estimated
to be between 0.86 and 32.64 cases per 100,000
population [3]. However, we believe it is significantly
higher because NF is often misdiagnosed, delayed in
diagnosis, and not always correctly coded [4]. Due to its
insidious onset and rapid progression, NF is easily
misdiagnosed at early stages, leading to extremely high
rates of disability and mortality if left untreated [5].

The surgical treatment of NF is challenging and
requires a multi-stage approach. The initial stage
involves thorough necrosectomy with excision of non-
viable tissues to prevent further infection spread. Such
interventions, especially after repeated
sanitations, create substantial wound defects requiring
subsequent reconstructive surgery. Immediate plastic
reconstruction post-necrosectomy is often impossible
due to several factors, including severe patient condition

surgical

from sepsis intoxication, extensive surgical
intervention, wound colonization by pathogenic
bacteria, and the unpreparedness of the wound surface
for accepting an autograft.

Open wound surfaces create significant challenges
for further patient treatment, characterized by
considerable wound fluid loss, high risks of nosocomial
antibiotic-resistant infection, and frequent dressing
changes, further complicating the healing process. Thus,
postoperative aim at
temporarily closing defects using methods that mimic
skin’s protective function, minimize fluid loss through
the wound surface, and prepare the wound for
subsequent plastic closure.

For successful autografting, the wound surface must
be cleared of necrotic tissues, supported by vascularized
granulations, and free from bacterial pathogens or
reduced to minimal levels. Morphologically, wounds
after necrosectomy due to necrotizing fasciitis resemble
post-burn wounds, often treated with skin substitutes

or

wound management must

such as xenodermal implants.

Lyophilized pig skin transplants produced by the
Institute of Biomedical Technologies (Ternopil,
Ukraine) are available in Ukraine and successfully used
for treating post-burn wounds. However, their
application for postoperative wounds after necrotizing
fasciitis is often complicated by recurrent bacterial
colonization and purulent exudate formation, limiting
their effectiveness.

One promising direction to combat wound infection
complications involves using materials enriched with
silver ions or silver nanoparticles (AgNPs), such as
Aquacell Ag. Silver has pronounced antimicrobial

properties, crucial in the context of antibiotic-resistant
strains [6-9]. However, due to high costs, these
materials have not yet found widespread use in Ukraine.

Considering the above, we propose a method
combining the benefits of xenodermal implants with the
antimicrobial properties of silver. This method involves
saturating lyophilized pig skin implants with silver
nanoparticles immediately before application to the
wound. Such an approach potentially offers not only

temporary closure of wound surfaces but also

preparation for subsequent reconstructive surgery.
Objective:  To  assess the  antimicrobial

effectiveness, stimulation of granulation tissue

development, and creation of optimal conditions for
autografting using lyophilized pig skin xenodermal
implants saturated with silver nanoparticles, preparing
postoperative for plastic after
necrosectomy due to necrotizing fasciitis.

MATERIALS AND METHODS

This study is based on observations of 20 patients
with following fasciitis
debridement.

wounds closure

wounds necrotizing

Patients undergoing extensive
necrosectomies, thorough surgical wound cleaning, and
general condition stabilization were included. The area
of wound defects post-necrosectomy ranged from 100 to
300 cm?.

Two patients had soft tissue defects on the cranial
vault, eight had upper limb defects, eight had lower
limb defects, and two had soft tissue defects in the
perineal region.

The effectiveness of temporary wound closure using
lyophilized pig skin xenografts produced by the Institute
of Biomedical Technologies (Ternopil) was evaluated.

The procedure was performed under general
anaesthesia operating Thorough
necrosectomy and excision of visually non-viable
tissues carried out. To minimize
contamination and bacterial colony formation, the
wound surface was irrigated with a large volume (3—6
liters) of saline. A control bacteriological swab was
collected, and freshly prepared xenodermal implants

in an room.

were wound

were placed on the wound. To improve wound drainage,
xenodermal implants were perforated with a scalpel
blade. Subsequently, thick-layer aseptic gauze dressings
were applied.

Patients consenting to the study were randomized by
a blind envelope method into two groups. The
experimental group (10 patients) received lyophilized
pig skin transplants saturated with silver nanoparticles
ex tempore according to our previously developed
method (Patent of Ukraine for invention UA 111557)
[10]. Results were compared with a control group (10
patients) who received standard xenodermal implants
without silver nanoparticle saturation.
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An improved and standardized process for silver
saturation of xenografts is described below (Fig.1):

1.  Preparation of
Xenodermal implants were immersed in 100 ml of 0.1%
silver nitrate solution (AgNOs) for 20 minutes to allow
silver ions to adsorb onto the transplant surface.

2.  Residual solution wash: After incubation,
transplants were rinsed in 100 ml distilled water for 1
minute to remove excess ions not bound to the matrix.

3.  Ammonia solution treatment: Transplants
were immersed in 100 ml of 0.2% ammonia solution
(NHs) for 2 minutes to facilitate complex formation and
stabilization of silver ions in the transplant matrix.

antibacterial  medium:

4.  Second rinse: Transplants were again rinsed in
100 ml distilled water for 30 seconds to remove
ammonia residues.

5. Silver reduction: Xenografts were placed in
100 ml of 0.1% ascorbic acid solution for 5 minutes,
chemically reducing silver ions to nanoparticles evenly
distributed on the transplant surface.

6.  Final rinse: Transplants were rinsed in 100 ml
distilled water for 4-5 minutes to remove reagent
residues and ensure transplant purity.

7. Application to wound surface:
xenografts were applied to the cleaned wound surface
and fixed with sterile dressing materials.

Prepared

Fig. 1. Saturation of xenodermo-implants with silver nanoparticles before use by alternate immersion in containers

with chemicals (see text for explanation)

In the postoperative period, the degree of dressing
soakage was monitored, and the outer gauze layers were
changed as necessary. If turbid exudate was detected or
if the xenodermal implant detached, it was replaced.

The effectiveness was assessed based on the
duration of xenograft adhesion to the wound bed, degree
of dressing soakage, presence of "slippage," xenograft
detachment, and the necessity for its replacement.

The quality of granulation tissue was visually
evaluated during the 2nd to 16th days of the study.

The obtained results were analyzed using Student's
t-test for statistical significance. Data are presented as
mean values + standard error. A p-value of more than
0.05 was considered statistically significant.

RESULTS

The experimental group demonstrated a reduced
volume of wound exudate and dressing soakage
compared to the control group. It is noteworthy that a

significantly longer fixation duration of the xenodermal
implant was observed in the experimental group,
averaging 4.5 + 0.40 days, whereas in the control group,
this indicator was only 2.8 + 0.25 days, on average 1.7
days shorter (t =3.597, df = 18, P < 0.05).

Consequently, patients in the control group more
frequently required repeated surgical interventions and
xenograft replacements.

In the experimental group using xenodermal
implants saturated with silver nanoparticles, the
development of granulation tissue was faster compared
to the control group. The average time to formation of
granulations suitable for autodermoplasty in the
experimental group was 9.2 + 0.7 days, which was
statistically significant compared to the control group
(14.5 £ 1.1 days, p < 0.05).

No cases of secondary wound infection were
observed in the experimental group, while three such
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cases occurred in the control group. None of the patients Thus, the study established that using lyophilized
in the experimental group exhibited signs of silver xenodermal implants saturated with silver nanoparticles
toxicity or other adverse effects. An example of clinical significantly improves the preparation of postoperative
use of xenodermal implants saturated with silver wounds for plastic closure compared to the control
nanoparticles is illustrated in Figures 2—7. group using standard xenodermal implants.

Fig. 2. Wound appearance due to necrotising fasciitis Fig. 3. After debridement
before debridement

;‘-"'-“/./(": / /

Fig. 4. The wound is covered with a silver-saturated
xenoderm implant. The implant is dry, fixed to the
wound, and has a characteristic silver lustre

Fig. 5. The xenoimplant, which has partially fulfilled its
function, is displaced in some places and is sloughed
off- Some areas remain fixed
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Fig. 6. Bright granulations on the 7th day after removal

of the silver-saturated xenoimplant

DISCUSSION

The obtained results demonstrate a high potential for
using xenodermal
nanoparticles in

implants saturated with silver
surgical practice for treating
postoperative wounds, particularly after necrotizing
fasciitis. As other studies indicate, the antimicrobial
activity of silver is associated with the nanoparticles'
ability to penetrate bacterial walls, causing disruption of
cell membranes and intracellular structures, as well as
reducing the expression of bacterial resistance factors
[6, 8, 11].

Our study identified, in addition to the bacteriostatic
action, a pronounced influence of silver nanoparticles on
accelerating the development of granulation tissue. This
might be attributed to the ability of AgNPs to stimulate
neoangiogenesis, activate macrophages, and decrease
levels of proinflammatory cytokines, thereby creating

Fig. 7. After autodermoplasty

optimal conditions for tissue regeneration [9, 12].

Comparisons with other studies also indicate that
using silver nanoparticles in 3D-printed constructs or
xenodermal implants significantly enhances wound
healing efficiency due to prolonged antimicrobial action
and reduced risk of chronic inflammation [13—15]. This
aligns with literature data regarding the mechanisms of
silver nanoparticles in clinical
conditions [7, 16, 17].

CONCLUSIONS

The obtained results demonstrate that the use of
xenodermal implants saturated with silver nanoparticles
is an effective method for preparing postoperative
wounds for plastic closure. This method promotes faster
development of granulation tissue, reduces bacterial
contamination, and minimizes wound losses, thereby
improving the overall treatment outcomes.

and experimental

Considering the obtained results, xenodermal implants saturated with silver nanoparticles represent a promising
approach to prepare postoperative wounds for subsequent skin grafting after necrotizing fasciitis, particularly under
conditions of high bacterial contamination risk and complex wound defects. Further research should focus on
optimizing silver nanoparticle concentration and formulation to enhance clinical outcomes and minimize adverse
effects, and validating efficacy in larger cohorts of patients with necrotizing fasciitis.

Thor Stoianovskyi: research concept and design, data collection and interpretation, statistical analysis and manuscript

writing, final approval of the article

Sergii Khimich: manuscript proofreading and revision

Natalya Tuzyuk: literature review, data collection and interpretation.
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