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Abstract

Wound care, mainly chronic wounds and burns with difficult bioburden control and at high risk of infection or biofilm
development, remains a challenge. Between antiseptics, as a good option for wound management, povidone-iodine (PVI1) is
one of the most commonly used. Although with a broad spectrum and efficacy including on biofilms, the available data is
controversial, especially regarding its effects on wound healing. Thus, the aim of this paper was to evaluate recent publish data,
including original research papers and case reports. Literature search was conducted in PubMed, using a key terms strategy for
papers published from 2021 up to present. Out of 101 results, based on inclusion and exclusion criteria, 24 papers were selected
for in depth analysis and divided in three categories: reviews, original research and case reports. Out of the selected papers, 6
(25%) were reviews, including two systematic reviews on clinical trials and 3 (12.5%) case reports, out which one reported a
significant adverse effect. A total of 15 (62.5%) original research papers were included, that reported heterogeneous results in
regards with povidone-iodine effects but similar antimicrobial efficacy. The recent data is focused on comparing antiseptics,
including PVI, and proposing algorithms for wound management. Although there is heterogeneity between experimental
designs, there is a shift towards more complex models. Thus, is emphasising the need for standardized antiseptic tests and
clinical guidelines.

Rezumat

Tratamentul plagilor continua sa fie 0 provocare, mai ales in cazul celor cronice si al arsurilor, unde controlul incarcaturii
microbiene este dificil de obtinut, iar riscul de a dezvolta infectii este ridicat. lod povidona (PVI) este cel mai frecvent antiseptic
folosit pentru tratarea plagilor. Desi are un spectru larg de actiune, cu eficacitate inclusiv in cazul biofilmelor, datele actuale
sunt contradictorii, in special cu privire la impactul asupra procesului de vindecare. Prin urmare, scopul prezentei lucriri a fost
evaluarea ultimelor date publicate pe acest subiect. A fost efectuat un studiu de literatura in baza de date PubMed, folosind o
combinatie de termeni in limba engleza pentru a identifica publicatiile din 2021 pana in prezent. Din 101 rezultate generate, au
fost selectate, folosind criterii de includere si excludere, 24 de publicatii care ulterior au fost impartite in trei categorii: review-
uri, articole originale de cercetare si raportari de cazuri. Publicatiile selectate, 6 (25%) au fost review-uri, dintre care doua
review-uri sistematizate despre studii clinice si 3 (12,5%) cazuri raportate, dintre care raportarea unui efect advers semnificativ.
Un total de 15 (62,5%) publicatii originale din domeniul cercetarii incluse, raporteaza rezultate heterogene cu privire la efectele
toxice ale iod-povidonei, desi eficienta antimicrobiana este similard. Datele recente pun accent pe compararea eficacitatii
antisepticelor, inclusiv a iod- povidonei si propun algoritmi pentru utilizarea lor in tratamentul plagilor. Desi exista
heterogenitate in privinta design-ului experimental, modelele utilizate tind sa fie complexe. Astfel se subliniaza necesitatea
utilizarii testelor antimicrobiene standardizate, cat si ghidurilor clinice.
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Introduction conflictual reports, mainly from in vitro data, that
antiseptics display a cytotoxic effect that could negatively
reflect on the wound healing process. Also, there are
some concerns regarding efficacy, due to different
conditions of in vivo wound microenvironment, such
as proteins that could inactivate the antiseptic [3, 4].

One of the most commonly used antiseptics is povidone-
iodine (PVI), an iodophor, composed of iodine and a
water soluble synthetic polymer called polyvinyl-
pyrrolidone, that acts as a carrier. Within an aqueous
solution, the iodine is released from the complex and

Wound care remains a clinical challenge and wound
healing process can be impaired by multiple factors
[1, 2]. One major factor is the bioburden, as critical
colonization, infection or biofilm formation; and
infection is the main mortality cause in severe burns
[2, 3]. Although antiseptics are frequently used and
considered a key component in wound management,
their use in infected wound treatment or prevention is
under debate [1, 2]. This controversy arises due to
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binds to the cell membrane, and also, affects the
electron transport chain [5-7].

Although having a broad-spectrum activity and a
widely use, PVI in wound management remains disputed
and controversial [8]. Thomas et al. reported that PVI
decreases fibroblasts migration and proliferation in a
dose-dependent manner [9]. In an in vivo study, Wang et
al. evaluated the effect of topical 0.5% PVI on
excisional wounds and suggested that PVI could
promote wound healing through TGFp modulation
even in the absence of infection [10]. Moreover, in a
study on patients with chronic ulcers, the authors
found that topical PVI did not impaired micro vessels
or cell density within the wounds [11]. Currently, most
in vitro studies demonstrated various degrees of PVI
cytotoxicity, while most in vivo studies do not report
a significant wound healing impairment, especially
at low concentrations [5].

As research advances in wound care with emerging
stem cell-based therapies or new technologies to shift
healing process towards a foetal wound healing pheno-
type, it is important to further evaluate the role of
antiseptics in wound management [12, 13]. Kim et al.
demonstrated, using freshly isolated adipose derived
stem cells, that PV significantly decreases proliferation,
differentiation ability and down regulates stem cell
markers [14].

Considering the diversity and heterogeneity of existing
data regarding PVI in the context of new emerging
therapies to improve wound healing, the aim of the

herein literature review is to evaluate current published
data in an attempt to identify the reasoning behind the
divergent reports between in vitro and in vivo.

Materials and Methods

For the literature review, literature search was conducted
in PubMed, using the following key terms strategy:
(wound) and (povidone iodine) and (burn) and (povidone
iodine) from 2021 up to present. Due to difficulties
in accessing papers without free full text link and the
amount of papers in veterinary filed, additional two
filters were used: free full text and human species.
The search revealed 101 papers, which were screened
by title and chosen according to subject relevance.
Case reports considered relevant to the subject or
reporting side effects were included. Papers regarding
using PVI for skin decontamination, preoperatively
and postoperatively surgical site infection prevention,
as control group in testing non-approved active
substances or used in experimental setups as proof of
concept for other subject areas, were excluded. Thus,
31 papers were selected for abstract screening and in
depth evaluation. Further, 7 papers were excluded
based on the exclusion criteria mentioned above. The
algorithm used for this literature review is summarized
in Figure 1. The 24 selected papers were dived in
three categories for evaluation: reviews, case reports
and original research.

Primary
evaluation
31 papers
Search Secondary
Inclusion criteria:
101 papers v English language evaluation
v Free full text link 24
v AN SPECies apers
PubMed Hum fn species pap
‘ v Relevant for the topic
2021 — present Exclusion criteria: v 6 Reviews
s ; ¥ Skin decontamination v' 3 Case reports
o ‘“"‘fj) (blll“ll) .A:\D v Pre- and postoperatively SSI v 15 Research
(povidone iodine) prevention
v' As control for unapproved
/ active substances
: v For testing proof of concept

for other subjects /

Figure 1.
Algorithm for literature search and selection

Results and Discussion

The selected papers were grouped in the three mentioned
categorizes. Out of 24 papers, 6 (25%) were reviews,
which reviewed not only PVI. Type of review, topic
and main results on regards with PVI were evaluated
and summarized in Table I.

Only one paper compared cadexomer iodine ointment
with PVI, recommending cadexomer especially for
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chronic wound care with increased exudate [15]. Other
three papers evaluate antiseptics roles, including PVI,
in wound management in different contexts such as
European guidelines, critical colonization and/or bio-
film and nursing homes [2, 16, 17]. There were only
two systematic reviews on clinical trials regarding
antiseptics in chronic wounds management [18, 19].
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Table |
Reviews on PVI in wound management
Author, year | Type of study Topic Main outcomes
Gupta et al., 2023 Narrative Cadexomer vs. PVI Cadexomer recommended over PV for wounds
review with increased exudate [15]
Alves et al., 2021 Narrative | AS in chronic wounds with critical | Algorithm to guide PVI usage in wound care [16]

review colonization and/or biofilm
Alves et al., 2022 Narrative | AS in chronic wound treatment and PVI recommended for wounds with critical
review prevention in nursing homes colonization and/or biofilm [17]
Babalska et al. Review AS in the context of European PVI is one of the five AS recommended for wound
2021 Guidelines for wound care treatment, but not for chronic wounds [18]
Barrigah-Benissan | Systematic 6 clinical trials regarding AS in Only one clinical study on PVI
et al., 2022 review chronic wounds No significant differences regarding healing rate
between PVI vs NS [18]
Cwajda-Biatasik et| Systematic 29 clinical trials regarding AS in | Two clinical trials on venous leg ulcers and PVI [19]
al., 2022 review chronic wounds Good results for PVI and compression therapy [19]

Improved healing when using PVI and hydrocolloid
dressing [19]

AS — antiseptics; NS — normal saline; PVI — povidone-iodine

Three case reports (12.5%) were selected, two of
them because of the chosen treatment method and a
reported acute Kidney injury, a rare side effect of PVI
usage [20-22]. Although it did not occur following soft
tissue wound care, the case reporting the acute

kidney injury was selected because, it was considered

relevant due to possible risk when using high amounts

of PVI in large wound surfaces. The cases were

evaluated for their topic and main results in using, as
display in Table II.

Table 11

Case reports summary

Author, year Topic Main outcomes

Papadopoulos PVI-induced acute kidney injury following 50 mL of 10% PVI diluted 1:10

et al., 2022 postoperative uterine instillation POD 8 h — anuria
POD 32 h — continuous venous-venous haemodialysis
POD 48 h —iodine levels of 136.9 mcg/L (normal range
40 - 100 mcg/L) [20]

Hihara et al., | Left sole diabetic ulcer with osteolytic lesions at the |Wound closed in 6 months following incision and drainage

2022 2" MTPJ and MRSA treated with daily foot bath in |and daily treatment with bone and joint remodelling

carbonated water and 3% PVI sugar ointment  |At 1.5 years without recurrence [21]
Ismail et al., | PVI used as a sclerosing agent for a recurrent type 1 |Percutaneous irrigation and compression therapy
2021 Morel-Lavallée lesion No recurrence over 5 months [22]

MRSA - Methicillin-resistant Staphylococcus aureus; MTPJ — metatarsophalangeal joint; POD — postoperative days; PVI — povidone-iodine

A total of 15 (62.5%) original research papers were
selected and divide in three categories based on aim:
antimicrobial activity evaluation; effects on wound
healing and cytotoxicity (safety profile) and development
of bioactive dressings using PVI. Furthermore, methods,
such as experimental design, PVI concentrations, micro-
organism stains used and main results were evaluated,
with summary presented in Table I1l. PVI seems to
maintain high efficacy on different bacterial, fungal
and viruses strains [23]. When efficacy was tested in
different setups mimicking wound microenvironment, it
maintained its efficacy [24]. Although broad spectrum
activity reported, it seems that on biofilms with
Acinectobacter baumannii antibiotic-resistant strains
isolated from patients, PVI was reported less effective
[25]. Moreover, when synergy between antibiotics and
antiseptics was evaluated, PV displays an antagonist
effect with meropenem and synergy with gentamicin

[26].
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Most in vitro research papers reported that PV1 display a
cytotoxic effect on cells, with impact on cell viability,
proliferation, migration and in vivo, on murine models,
PVI delayed wound healing [27-30]. Brown et al.
reported that PVI modulates in vitro inflammation
both at transcriptome and proteomic levels [31]. In
clinical studies, Zhao et al. demonstrated improved
healing rates with decreased inflammatory cytokines
when PVI was used in combination with recombined
human epidermal growth factor, although Gupta et
al. reported better outcomes on regards to wound
healing when using cadexomer compared with PVI
[32, 33].

Out of the selected papers, four described bioactive
dressing development, such as carboxymethy! chitosan,
bacterial cellulose and biodegradable pectin@carboxy-
methyl pullulan hydrogel loaded with PVI, especially
for obtaining controlled release within the wound
microenvironment [34-37].
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Table 11

Original research papers summary

Author, year

PVI used

|

|

Experimental design

Main outcomes

In vitro Antimicrobial activity evaluation

Tan et al., Multiple concentrations (80%, 40%, 20%, 8% Bacteria (13 strains) PVI highly effective in 30 - 60
2021 and 1 mg/mL for solid products) and wound Fungal (2 strains) seconds, regardless of
antisepsis PVI products (solution, ointment, Viruses (2 strains) concentration [23]
cream, powder, liposomal hydrogel)
Severing et al., PVI 10% Human acute/chronic PVI maintained efficacy
2022 exudate to mimic wound regardless of protein levels,
microenvironment stain or exposure time [24]
Bacteria (2 strains)
Pietsch et al., | Multiple concentrations (range between 120 AB and AS synergy PVI — antagonism with
2021 and 350 pg/mL) Pseudomonas strain meropenem and synergy with
gentamicin [26]
Denysko et al., PVI 10% MDR A. baumannii isolated PVI maintained effect on
2022 PVI 2% from patients planktonic cultures, with less
efficacy on biofilms [25]
Effects on wound healing and cytotoxicity (safety profile)
a. Invitro
Rueda- PVI 10% Neonatal fibroblast cell line PVI decreases viability,
Fernandez et treated for 1 minute proliferation, migration
al., 2022 Increases apoptosis [28]
Ortega-Llamas PVI 10% Fresh isolated human PVI 1% affects fibroblasts
et al., 2022 PVI 1% fibroblasts and HaCat viability, proliferation,
treated every 48 h for 14 migration
days PVI 1% impairs HaCat cell
growth [27]
Garcia- PVI 10% Bioengineered skin Decreased cell viability
Valdivia et al., substitute using fresh Modulated cytokine levels
2022 isolated human No effect on epidermal barrier
keratinocytes and function [30]
fibroblasts
Brown et al., PVI 10% Episkin (3D skin epidermis) | Inflammation modulation at both
2022 co-cultured with complex trascriptom and proteomic
biofilm treated with AS levels
Reduced biofilm efficiency
compared with H202 [31]
b. Invitro and in vivo
Zhang et al., In vivo 0.05% Wound model on rats (AS | Delayed wound healing with
2021 treatment 1/day) increased inflammatory cells
infiltrate [29]
In vitro multiple concentrations (range from HaCat cell line In vitro — PVI displays less
0.00048% to 0.02% apoptosis and ROS production
dependent on concentration [29]
c.  Clinical studies
Zhao et al., PVI 10% cream and rh-EFG 105 patients with pressure Reduced healing time with
2022 ulcers decreased cytokines [32]
Gupta et al., Cadexomer vs PVI 5% oitment 40 patients with ulcers  |Cadexomer had better results on
2022 wound healing (based on
clinical evaluation) [33]
Development of bioactive dressings
Yu et al., 2022 | Carboxymethyl chitosan - PVI microspheres | Wound model on diabetic mice| Improved healing time [34]
Dydak et al., AS loaded on bacterial cellulose dressing Effect assessment on Good antimicrobial activity and
2021 (7.5% PVI) multiple strains the highest on biofilms [35]
Emametal.,, | Networked Pectin@Carboxymethyl Pullulan | Bioactivity evaluation on [Controlled release of PVI (57,7%
2021 Hydrogel loaded with PVI 2% one bacterial strain and one | after 6 h) with good bioactivity
fungal [36]
Argel et al., Bacterial nanocellulose loaded with AS Bioactivity, release profile | Slow-release profile with good
2022 and diffusion evaluation bioactivity [37]

MDR - A. baumannii — multi-drug resistant Acinectobacter baumannii; AB — antibiotics; AS — antiseptics; HaCat — keratinocyte cell line;
H,0, — hydrogen peroxide; ROS — reactive oxygen species; rth-EFG — recombine human epidermal growth factor
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As chronic wound incidence is increasing with important
impact on patients’ life-quality, it also affects the health-
care systems as well as socio-economic burden [13].
Burns also have a high impact on both the patients
and the systems. Topical antimicrobials have been key
players in burn management, especially in nonsurgical
management and preventing patients with severe burns
succumbing to infections [38]. Although debates on
PVI impact on wound healing is ongoing, it is widely
used in both chronic wound management and burns
treatment [1, 3].

Our literature search, identify 6 reviews on antiseptics
that also included PVI, out of which 3 proposed it in
wound care. Alves et al. recommend PV1 in chronic
wound management and also propose a practical
algorithm in conjunction with mechanically wash
and debridement if necessary [16, 17]. In contrast,
Babalska et al., although one of the antiseptics to
consider in wound care, argues against PVI in chronic
wounds, due to cytotoxicity and lack of synergy with
silver dressings [2]. The clinical trials, identify in the
two systematic reviews included, did not report any
strong evidence against PVI. Also, in one study there
was no difference regarding the wound healing rate
between PVI and normal saline [18, 19].
Furthermore, Hihara et al. obtained in 6 months
wound closure in a diabetic patient with refractory
plantar ulcer and MRSA colonized using PVI ointment
in the treatment approach [21]. Ismail et al. used PVI1 a
sclerosant agent, in the absence of alternatives, with
good results in a recurrent Morel-Lavallée lesion [22].
This suggests that PVI could be used in more clinical
settings. One case report described an acute kidney
injury following postoperative uterine instillation with
50 mL of 1% PVI (from 10% stock solution, diluted
1:10) [20]. It is known that PVI has a good absorption
rate, proportional with the exposure time [39]. Moreover,
with dilution the bonds between the polymer carrier
and iodine are weakened, leading to free iodine increase
in the solution [2].

Regarding research area on cytotoxicity, all in vitro
studies reported negative impact on cells, including on
viability, proliferation and migration. From experimental
design point of view, there is shift towards more
complex models using human cells, either freshly
isolated or cell lines as HaCat and CCD-1064Sk
(neonatal fibroblast cell line) [27, 28, 30]. It is known
that murine fibroblasts display increased tolerance
when exposed to PVI, thus in vitro results may not
always reflect results than can be translated into
clinical settings [4]. Also, studies evaluating PVI
bioactivity, experimental designs included testing on
models developed using patient wound exudate to
mimic the wound microenvironment or complex
biofilms co-cultured with 3D skin epidermis [24, 31].
Currently, there is an insufficient standardized testing
and evaluation for antiseptics [40]. For antiseptics
testing, the DIN-EN-13727 standard is the mostly
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used, but it was not developed for antiseptic testing in
the context of wound microenvironment and allows
different test settings [24]. Within the studies evaluated,
apart from different testing models used, PVI
concentration range variation was from 0.02% up to
80%, which could also explain the current divergent
results reported. Zhang et al. evaluated in vivo antiseptics
effects on wound healing, including 0.05% PVI topical
application which delayed wound healing with increased
inflammatory cells infiltrate [29]. Murine models
may not the most appropriate models for evaluating
antiseptic effects on wound healing, due to variations
of cell tolerance and murine heal mainly through
contraction [4, 41].

The evaluated papers also included four studies on
designing bioactive dressing using PVI, focusing on
the slow release of the antiseptic [34-37]. Zhao et al.
evaluated the effects of combined PVI 10% cream for
10 minutes followed by topical gel with recombined
human epidermal growth factor on 105 patients with
pressure ulcers that resulted in reduced healing time
and decreased cytokines [32].

The main limitation of the study is the range of time set
for the literature search (from 2021 up to present),
which was due the large amount published date regarding
antiseptics. Also, the study did not include unpublished
data or a grey literature search.

Conclusions

The recent data is focused on comparing antiseptics,
including PVI, and proposing algorithms for wound
management. Thus, emphasising the need for standardized
clinical guidelines in the context of divergent existing
data with difficult translation results from in vitro to
clinical settings. Although there is heterogeneity
between experimental designs, such as models and
PVI concentrations, there is a shift towards more
complex models, including using human cells in 3D
structures, which may better mimic wound micro-
environment.
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