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ABSTRACT Introduction: A systematic review was conducted to investigate the efficacy of acellular fish skin
grafts (AFSGs) for the treatment of complicated wounds. AFSGs can be used as a regenerative and
antimicrobial tool for healing complicated wounds, but clinical evidence remains unclear.

Objective: This systematic review aimed to summarize the efficacy of AFSGs on complicated wounds
using evidence from existing published studies.

Methods: Electronic databases like PubMed, ScienceDirect, Google Scholar, and Clinicaltrials.gov
were searched for relevant literature reporting on the efficacy of AFSGs for wound healing. Based on
the inclusion and exclusion criteria, nine studies were selected for data extraction. The quality of the
articles was evaluated using the RoB 2 and ROBINS-I tools.

Results: Existing evidence shows that AFSGs accelerate wound healing, reduce pain, prevent antibiot-
ic administration, and cause no autoimmune reactions. The total re-epithelialization time for diabetic
foot ulcers (DFUs) was observed as 15 = 8 weeks, depending on the severity of the ulcers. Acute full
thickness biopsy wounds healed within 3.75 = 0.25 weeks. As reported in papers, AFSGs showed sig-
nificantly better effects than standard-of-care therapy, collagen alginate dressings, dehydrated human
AMNION/chorion membrane, and/ or porcine small-intestine submucosa. However, instances of rash-
es, erythema, pain, and hypergranulation were reported when AFSGs were applied to biopsy wounds.

Conclusion: Overall, the evidence obtained in this systematic review indicates that AFSGs represent
a clinically and financially effective option for the treatment of wounds when compared with conven-
tional alternatives.
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Introduction

Wounds are identified as a break or separation from the
continuity of skin or tissue caused by physical, biological
or chemical factors [1]. The economic, social, and clinical
impact of wounds is on the rise, and novel strategies for
wound management and treatment are needed. The global
wound care market is growing at a compound annual
growth rate (CAGR) of 6.6% (period 2020-2027) and is
estimated to reach USD 18.7 billion by 2027 [2]. The hard-
to-heal wounds frequently encountered in wound care prac-
tice include diabetic foot ulcers (DFUs), venous leg ulcers
(VLUs), post-surgical wounds, and wound dehiscence. DFU
is a chronic wound, with its market expected to reach USD
11.05 billion by 2027 [3]. Despite recent developments, the
incidence of DFUs has not decreased in the last two decades
[3]. DFU is the leading cause of hospitalization among dia-
betic patients, accounting for 25% of hospital admissions
[4]. Moreover, 14%-24% of foot ulcer patients have to un-
dergo amputations [5]. In addition, the global market of ve-
nous ulcers is estimated to reach USD 4.8 billion, growing
at a CAGR of 6.4% (2019-2026) [6]. Another problem that
has remained to be dealt with in the last several decades is
that of wound dehiscence. Post-laparotomy wound dehis-
cence occurs in approximately 0.25% to 3% of patients who
undergo the procedure, necessitating immediate surgical in-
tervention, with a mortality rate of 20% [7]. Additionally,
traumatic wounds, surgical wounds, and superficial burns
or abrasions are classified as acute wounds. Acute biopsy
wounds are also prevalent among patients, in which case in-
adequate treatment of such acute wounds leads to the forma-
tion of chronic wounds [8]. Apart from the financial impact,
hard-to-heal wounds impose a significant degradation in pa-
tients’ quality of life. Several treatment strategies have been
introduced that promote wound healing by accelerating the
healing process at a molecular level [9-11]. Existing topical
agents include iodine solutions, hypochlorous acid, cadex-
omer iodine, and collagenase [12,13]. Similarly, several types
of dressings are now available, like acrylics, honey alginates,
alginates, micronized collagen, hydrocolloids, hydrofibers,
and oxidized regenerated cellulose [14]. These products are
also available with silver for its anti-microbial effects [15-17].
However, while these dressings and topical therapies are
effective, chronic wounds cannot be cured without proper
debridement, offloading, and management of infection [18].
Advanced therapies like negative pressure wound therapy
and hyperbaric oxygen therapy have proven effective, but
they require repeated hospital appointments, thus reduc-
ing patient compliance. Other advanced therapies include
stem cell (autogenous and allogeneic), amniotic tissue, and
umbilical cord-based therapies, for which prospective data

have yet to show their efficacy in facilitating wound healing

and are quite expensive for the patients [19,20]. With the
rise in hard-to-heal chronic and complex acute wounds, de-
veloping new strategies that facilitate effective treatment is
essential. One of the recent novel strategies coming up on
the market is the use of the acellular dermal matrix (ADM).
ADM is a type of surgical mesh developed from animal or
human skin in which the cells are separated from the support
structure [21]. ADM stimulates angiogenesis and provides a
scaffold for the formation of granulation tissue. Formerly
regarded as merely passive collagen structures that offer a
framework for cellular growth, ADMs are now recognized
for their active role in tissue regeneration while interacting
with growth factors involved in the wound healing process
[22,23]. Among the many clinically available acellular der-
mal matrices, the acellular fish skin graft (AFSGs) product
Kerecis (Coloplast; Humlebaek, Denmark) is gaining pop-
ularity among hard-to-heal wounds [24]. It is an omega-3
fatty acid-rich fish skin product derived from north Atlan-
tic cod (Gadus morbua) found in Isafjordur, Iceland. It is
homologous to any human skin, and it retains its natural
omega-3 polyunsaturated fatty acids [25]. In addition, there
is no documented risk of viral disease transmission from
cold-water fish to humans [26]. The key efficacy of AFSGs
lies in their lipid profile. They are abundant in omega-3 poly-
unsaturated fatty acids, particularly docosahexaenoic acid
(DHA) and eicosapentaenoic acid (EPA), known for their
anti-inflammatory and antimicrobial characteristics [27,28].
Thus, AFSGs obtained from Atlantic cod offer an interest-
ing option for treating complicated wounds. By complicated
wounds, we mean wounds that show delayed healing due to
factors such as poor vascularization, chronic inflammation,
infection, and high recurrence rates, commonly observed in
diabetic foot ulcers, venous ulcers, and full-thickness biopsy
wounds. Although acute biopsy wounds may generally heal
faster than chronic ulcers, full-thickness biopsy wounds
can still present complications. Due to complexities in their
healing mechanisms, these wounds often require advanced
wound care approaches beyond standard-of-care treatments.
This systematic review grouped all the existing study cohorts
together to investigate the efficacy of fish skin grafting in

healing complicated wounds.

Objectives

This systematic review aimed to summarize the efficacy of
AFSGs on complicated wounds using evidence from ex-
isting published studies. It was conducted according to
the Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) 2020 guidelines (Figure 1 and
Table S1). The review is registered in the International Pro-
spective Register of Systematic Reviews (PROSPERO) under
the registration ID - 382204.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 2020 - flow diagram

of the inclusion and exclusion criteria. *Pubmed, ScienceDirect, Google Scholar, Cochrane.

Methods

Data Sources

We performed a systematic search of the medical literature
using the electronic databases ScienceDirect, PubMed, Co-
chrane, and Google Scholar. The search for unpublished
studies was done on Clinicaltrials.gov. The following terms
were variously combined in the search strategy: “acellular
fish skin”, “fish skin grafts”, “fish skin”, “wound healing”,
“diabetic foot ulcer”, “venous foot ulcer”, “acute biopsy
wounds”. In addition to this, the reference lists of the in-
cluded reports were screened manually in order to get rele-

vant publications.

Selection Criteria

Selection of the relevant articles was performed by employing
the Rayyan online tool; both title-specific and abstract-specific
searches were carried out using the tool. The independently
nominated articles were matched, and a consensus was
reached after multiple discussions among the authors. The
selected reports were then subjected to full-text investigations
per the inclusion and exclusion criteria. Complicated wounds
were defined as “hard-to-heal” wounds that show delayed
healing due to factors like chronic inflammation, limited vas-
cularity, infection, deep cuts involving subcutaneous tissue,
and high recurrence rates [29]. Original articles in English
reporting the efficacy of fish skin grafts for wound healing

were considered as the essential inclusion criterion. Exclusion
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criteria included a) review articles, b) case series with fewer

than five enrolled patients, and ¢) book chapters.

Data Extraction

The studies eligible according to the inclusion criteria were
assessed for outcome measures like total re-epithelialization
time, additional interventions, adverse events, and follow-up
for a dressing change. The data were extracted from the full-
text articles onto an Excel spreadsheet. All the discrepancies
were rectified by the authors, and the data were approved by

the principal investigator.

Quality Assessment

The selected publications were assessed for quality by employ-
ing the RoB 2 tool for randomized studies and the ROBINS-I
tool for non-randomized studies/case series (Figure 2). The
RoB 2 tool for randomized trials (RCTs) covers six domains
for bias assessment ranging from the randomization pro-
cess to the selection of reported result. ROBINS-I tool for
non-randomized trials, on the other hand, includes seven
domains to assess the quality of the studies. The authors in-
dependently evaluated the data before reaching a consensus
on risk-of-bias judgments (Tables S2 and S3).

Results

A total of nine studies reporting the efficacy of AFSGs in

patients with complicated wounds, including DFUs, venous
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Figure 2. Risk of bias judgement of the included non-randomized and randomized studies using Cochrane’s ROBINS-I and

RoB 2 tools, respectively.

foot ulcers, acute biopsy wounds, et cetera, were included
in this systematic review. All the included studies were in
English. The primary outcome assessed was the re-
epithelialization time by the application of AFSGs. Tables 1
and 2 summarize the baseline characteristics and study out-

comes of the studies included in the systematic review.

Total Re-epithelialization Time

The primary focus of all the studies included in this sys-
tematic review was the total re-epithelialization time of the
treated wounds. Based on the studies analyzed that reported
the healing duration of DFUs, the total re-epithelialization
time ranged from seven to 23 weeks, with a mean duration
of 15 + 8 weeks and a median value of 12.42 weeks. This
is in contrast with the median healing time of six months
in 1999/2000 and 6.6 months in 2011/2012 with standard
of care (SoC) procedures [30]. A recent study reported that
50.9% of diabetic feet do not heal by the end of 12 weeks,
with 1.3% of deaths [31]. Thus, AFSG shows significant im-
provement over SoC treatment. Woodrow et al. conducted a
prospective study on nine patients with DFU in the United
Kingdom and reported a mean re-epithelialization time of
20.42 weeks. Lullove et al. conducted two RCTs in consecu-
tive years with 94 and 49 chronic DFU patients (Texas grade
1A/1C), reporting a mean of seven and 12 weeks, respec-
tively. Both the studies compared AFSG with collagen algi-
nate dressings and noted a statistically significant difference
in patient outcomes. The team reported that by the end of

six weeks, there was a 41.2% reduction in the percentage

area of wound in the collagen alginate group, while the fish
skin group exhibited a reduction of 72.8%. Similar results
were reported by Zehnder et al.[32] (25), who reported
that chronic DFUs were completely healed in 12.42 weeks.
Dorweiler et al. [33] also included chronic DFU patients
who were additionally administered with antibiotic therapy,
analgesics, and opioids. They reported a re-epithelialization
time of about 23 weeks, with a significant reduction in an-
algesics. The difference in mean re-epithelialization time be-
tween the studies by Lullove et al. and Dorweiler et al. can
be attributed to the wound types. Lullove et al. studied mild
ulcers (Texas grade 1A/1C), while Dorweiler et al. included
patients with more severe lower limb ulcers involving ampu-
tation and exposed bone, which are harder to heal. Notably,
Dorweiler et al. mentioned that adequate debridement, bac-
terial control, and tissue perfusion are the prerequisites for
fish skin application to the wounded site to attain minimum
re-epithelialization time.

In the case of biopsy wounds, the total healing time was
reported in the range of 3.5 to 4 weeks, with a mean and me-
dian value of 3.75 weeks. In contrast, without any treatment,
it took six weeks to achieve just 50% of the wound’s tensile
strength [34]. Kirsner et al. concluded that in comparison
to biopsy wounds treated with dehydrated human amnion-
chorion membrane (dHACM), wounds treated with fish skin
showed a notably faster healing rate (hazard ratio F2.37;
95% CI: 1.75-3.22; P=0.0014). The study also reported
that wounds treated with dHACM were, on average, 76 %

more expensive to treat than those treated with acellular fish
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skin. Baldursson et al. employed the noninferiority test to
assess the effectiveness of fish skin ADM in comparison to
porcine small-intestine submucosa extracellular matrix for
the healing of 162 full-thickness biopsy wounds (4 mm) on
the forearms of 81 volunteers. They reported that AFSG was

noninferior and healed at an average of 28 days.

Dressing Changes

Different teams of researchers adopted different procedures
for dressing the fish skin graft as it mainly depended upon
the type of wound being treated. All the studies reporting
the application of AFSGs on DFUs adopted a weekly change
of dressings [32], [33], [35], [36]. The same procedure was
adopted by Kirsner et al. for acute biopsy wounds. On av-
erage, each subject received approximately 1.6 applications
of the AFSG, whereas the dHACM group received approx-
imately 1.4 applications per wound, showing no significant
difference between the two groups [37]. Studies on acute
biopsy wounds by Baldursson et al. also employed AFSGs
but changed the dressing only if the fish skin graft was not
completely intact [38], [39].

Adverse Events

Woodrow et al. reported no case of skin irritation and in-
creased pain when treating DFUs with AFSG, but the team
also reported a single case of amputation in spite of the pa-
tient’s undergoing treatment with AFSGs [35]. No adverse
event was reported by Lullove et al. and by Zehnder et al
in DFU and venous foot ulcer patients undergoing fish skin
grafting [32], [36]. On similar grounds, Dorweiler et al.
stated that no immune reactions or infections were ob-
served when employing AFSG during the whole treatment
period for DFUs. Moreover, the matrix provided antinoci-
ceptive and anti-inflammatory effects [33]. For acute biopsy
wounds, Kirsner et al. reported the development of rashes,
erythema, pain, hyper granulation, and skin irritation with
discharge on the application of AFSG [37]. Similarly, ery-
thema and skin irritation with discharge was reported by
Baldursson et al. when fish skin graft was used for biopsy
wounds. Additionally, the team recorded no infection or im-

mune reaction [38].

Conclusions

There exists evidence demonstrating the potential applica-
tion of acellular dermal matrix of marine origin for wound
healing in human subjects [40] as well as in pre-clinical mod-
els [41-43]. A recent study on rat and mini-pig skin wound
models reported that AFSGs significantly accelerated wound
healing through granulation growth, angiogenesis, and col-
lagen deposition. The team also noted a high expression of

alpha-smooth muscle actin (0-SMA), transforming growth

factor-beta 1 (TGF-B1), and CD31, all of which are actively
involved in the wound healing process [44]. Another study
on a rat wound model found that AFSGs stimulate factors
crucial to repairing skin, blood vessels, and nerves, including
fibroblast growth factor (FGF) and epidermal growth factor
(EGF), while preventing external infections [45].

As a part of the clinical evidence, a case study on a pa-
tient suffering from hemophilia and chronically infected
ulcerations on a dehisced transmetatarsal amputated left
foot showed that by using six applications of AFSGs, the
ulcerations healed in 14 weeks [46]. Another case study on
split-thickness donor sites showed that on the application of
fish skin graft, the wounds healed on average in 11.5 days,
with zero incidence of any kind of adverse event [47]. A re-
cent case study in the USA applied AFSG to a 61-year-old
immunodeficient patient with a complex right flank wound,
stool contamination, necrotizing soft tissue infection from
perforated colon cancer, and sepsis. AFSG healed the wound
by exhibiting angiogenic and anti-inflammatory activity [48].
Another recent case study on two patients aged 62 and
42 vyears with chronic intra-abdominal catastrophe post-
damage control laparotomy reported that the use of AFSG
sped up the skin graft placement for both patients, reduced
the need for wound vacuume-assisted closure (VAC), and con-
sequently shortened their hospital stay [49].

The present study demonstrates that AFSGs show both
regenerative and antimicrobial effects for healing compli-
cated wounds. AFSGs consist of proteoglycans, glycosami-
noglycans, fibrin, and collagen, which act as a substitute
for human skin [50]. AFSGs regulate matrix metallopro-
teinase (MMP) activity by providing a breakdown site for
the scaffold instead of the host tissue and extracellular ma-
trix (ECM) components. This regulation prevents excessive
pro-inflammatory cytokines, aiding wound healing and
maintaining cellular processes [51]. AFSGs have higher levels
of omega-3 fatty acids (DHA and EPA) than do mammalian
grafts, making up 10.7% and 8.5 %, respectively, of the lipid
content. Omega-3 fatty acids accelerate wound healing, as
shown in a study where healthy patients taking EPA (1.6 g)
and DHA (1.2 g) healed blisters faster by day 5 compared
to a control group on mineral oil and low-dose aspirin [52].
Additionally, AFSGs are also known to show anti-microbial
effects, as depicted by Baldursson et al. [38] A recent study
using a two-chamber assay on Staphylococcus aureus cul-
tures found that fish skin acted as a bacterial barrier. The
barrier function of fish skin improved by 80% when spiked
with over 10% omega-3 fatty acids [53]. Also, researchers
have stated that colony-forming units found in fish skin con-
sist of non-infectious microbiota [54]. AFSGs have taken
over mammalian skin grafts as fish skin does not transmit
any disease, like variant Creutzfeldt-Jakob disease or bovine

spongiform encephalopathy [55]. Therefore, there is no need
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for a robust sterilization process for AFSGs [56]. Addition-
ally, Baldursson et al. reported that fish skin-derived ADM
treats full-thickness wounds without changing autoantibod-
ies, indicating no autoimmune response in humans. [38].

AFSG rich in omega-3 fatty acid is easily available
worldwide as a vacuum-dried product. The processing of the
product is gentle, which enables it to retain its molecular com-
position and omega-3 polyunsaturated fatty acids (PUFA).
Moreover, keeping sustainability in mind, Atlantic cod are
not farmed and are always line-caught, which is highly reg-
ulated by the government of Iceland. Present indications, as
stated by the company’s official website, include partial and
full-thickness wounds, trauma wounds, burns, soft tissue
reinforcement, surgical wounds, DFUs, venous ulcers, pres-
sure ulcers, and draining wounds [49]. However, in spite of
including full-thickness wounds as a part of the applicabil-
ity of AFSGs, mild adverse events such as rashes, erythema,
hyper granulation and skin irritation with discharge were
observed by Kirsner et al. and by Baldursson et al. [37-38].
Thus, extra precautions should be taken when treating acute
biopsy wounds with AFSGs.

The present study highlights the potential of AFSGs as a
regenerative and antimicrobial solution for complex wound
healing. It should also be noted that adequate debridement
and SoC should not be overlooked when employing AFSGs
for good patient outcomes. All the studies included in this
systematic review, in conjunction with a recent cost analysis
published by Winters et al.[57] based on a Monte Carlo sim-
ulation [57] reporting that fish skin grafting is 93.6% more
likely to be a cost-effective choice, demonstrate the value and
suitability of the procedure in the years to come.

The relevance of existing reports on the efficacy of AFSGs
for wound healing is limited, as this therapeutic strategy is
relatively new. As a result, there are fewer studies available on
the applicability of fish skin in wound healing. Trials should
be designed by widening the scope of wounds included in the
studies, e.g., venous foot ulcers and many such chronic con-
ditions. Moreover, a meta-analysis could not be conducted
due to the heterogeneity of study designs and outcome mea-
sures across the included studies. Additionally, the lack of a
homogeneous control group across studies limited the ability
to directly compare the outcomes. Thus, future studies with
standardized methodologies and control groups are needed
to validate the effectiveness of AFSG for complicated wound
management.The available literature suggests that AFSGs
are effective for treating complex wounds. AFSGs are able
to heal the whole wound area at a faster rate, demonstrate
anti-inflammatory and antinociceptive effects, cause less
pain, and decrease the number of follow-ups for of dressing
changes. One of the major findings of this systematic review
is that antibiotics need not be administered in association

with fish skin grafting. Therefore, AFSGs can not only be
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employed for their regenerative effects but also for their an-
tiseptic properties. However, as AFSGs are a relatively new
strategy, large-cohort studies are needed to assess their po-
tential for wound healing. In addition, upcoming research
should focus on novel strategies like network pharmacology
[58], [59], nano-hydrogel based dressings [60], stem cell
technology [61], and so on to develop new molecules and

approaches to achieve accelerated wound healing.
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