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Summary: Acellular fish skin grafts (FSGs) are tissue-based products created by
minimally processing the skin of the Atlantic cod (Gadus morhua). The FSG is rich
in omega-3 and facilitates tissue regeneration by supporting revascularization and
ingrowth in the proliferation and remodeling phases of wound healing. FSG is struc-
turally more similar to human skin than antiviral-processed skin substitutes such
as amniotic membrane, and there are no known prion, bacterial, or viral diseases
that can be transmitted from North-Atlantic cod to humans. The FSG is processed
using a proprietary method that preserves the structure and lipid composition of
the skin. FSG is CE marked, and US Food and Drug Administration cleared for
multiple clinical applications in partial and full-thickness wounds. FSG is currently
the only acellular dermal matrix product that does not originate from mammalian
tissues. For this narrative review, Medline and UpToDate were used to include a
total of 21 articles published from 2015 to 2022 about fish skin graft use. We also
reported a case of a 7-year-old boy who underwent treatment with FSG for abdomi-
nal wall dehiscence at our department of pediatric surgery, IRCCS Sant’Orsola-
Malpighi, Alma Mater Studiorum, University of Bologna, University Hospital of
Bologna. FSG provides a valuable and sustainable treatment that improves wound
healing in both adult and pediatric populations. We described the first applica-
tion of an FSG for wound dehiscence of the abdominal wall in a pediatric patient,
reporting how FSG was completely reabsorbed and improved the skin’s repair.
(Plast Reconstr Surg Glob Open 2023; 11:¢5244; doi: 10.1097/GOX.0000000000005244;
Published online 14 September 2023.)

ulcers, trauma wounds, acute surgical wounds, and burns.

Skin grafts are commonly used to facilitate skin clo-
sure in nonhealing wounds, which require a great deal of
healthcare resources and represent a major issue for public
health, associated with high morbidity and significant costs.
The available grafts can be obtained from the same patient
(autograft), a human donor (allograft), or from different
species (xenograft). In 2013, Kerecis developed a xenograft
derived from the skin of the Atlantic cod (Gadus morhua).
Kerecis Omega3 Wound is an intact decellularized fish skin
graft (FSG) used for the management of chronic and acute
wounds, pressure ulcers, vascular ulcers, diabetes-related
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The FSG sheet contains fats, proteins, elastin, glycans, and
other natural skin elements, and they are particularly rich
in omega-3. Such properties guarantee a better ingrowth
compared with human allograft, with statistically proven evi-
dence. Its enhanced cellularization process and unique bio-
mechanical properties make acellular FSG ideal to be used
as a protecting cover for severe trauma and burn wounds
in the battlefield. Furthermore, the authors described the
antibacterial nature of FSG; it can withstand bacterial inva-
sion for up to 48-72 hours."

The aim of this review is to summarize the uses of the
acellular FSG described in literature and to present the
first case of FSG use in the pediatric age, for the treatment
of abdominal wound dehiscence.

For this narrative review, Medline and UpToDate were
used to search articles about FSG use. A total of 21 articles
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published from 2015 to 2022 were included in the study.
(See table, Supplemental Digital Content 1, which shows
the cited study. http://links.lww.com/PRSGO/C770.) We
also reported a case of a 7-year-old boy who underwent
treatment with FSG for abdominal wall dehiscence at our
Department of Pediatric Surgery, IRCCS Sant’Orsola-
Malpighi, Alma Mater Studiorum, University of Bologna,
University Hospital of Bologna.

Acellular FSG is a wound dressing created by mini-
mally processing the skin of the Atlantic cod (Gadus
morhua). Kerecis Omega3 Wound is produced in
Isafjordur, Iceland, according to Good Manufacturing
Practice standards, FDA standards, and the European
Medical Device Directive, and has therefore attained
the CE marking. The product is ISO13485 certified.
The clinical trial followed the ethical guidelines of
the Declaration of Helsinki and of the World Health
Organization.

This graft contains fats, collagen, fibrin, proteoglycans
and glycosaminoglycans, and other natural skin elements.
It is particularly rich in omega-3, promoting tissue regen-
eration by supporting revascularization and growth in the
proliferation and remodeling phases of wound healing.
Kotronoulas et al analyzed the lipidic composition of acel-
lular fish skin graft in comparison with more frequently
used wound grafting materials such as human cadaver
skin and two different bovine collagen—based wound graft-
ing materials. Their lipidic profile, in terms of the fatty
acid composition, was outlined using targeted gas chro-
matography. They demonstrated that FSG was particu-
larly rich in omega-3 fatty acids, whereas human cadaver
skin showed a prevalence of omega-6 fatty acids, and the
bovine collagen—-based wound grafting materials mainly
contained saturated and monounsaturated fatty acids.’?

The FSG is processed using a proprietary method
that preserves the structure and lipid composition of the
skin. Such properties are maintained because viral inac-
tivation is not strictly required for the purification of the
tissue, as it intrinsically has very little risk of transmitting
viral diseases to humans. In fact, viral inactivation is per-
formed with detergents, which remove all soluble com-
ponents from the tissue, including lipids, glycans, elastin,
hyaluronic acid, soluble collagen, potentially beneficial
to wound healing. Currently, there are no known prion,
bacterial, or viral diseases that can be transmitted from
North-Atlantic cod to humans such as bovine spongiform
encephalopathy and variant Creutzfeldt-Jakob disease.

When compared with other grafts used such as mam-
malian acellular grafts (eg, porcine, bovine) and amniotic
membrane, FSG seems to better mimic the three-dimen-
sional human skin structure, and FSG is currently the only
acellular dermal matrix product that does not originate
from mammalian tissues.'

In the last years, FSG has been applied in different
areas of interest: chronic diabetic foot ulcers, burns,
chronic wounds (CWs), calciphylaxis wounds, necrotic
angiodermatitis, or iatrogenic calcinosis cutis. Other
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Question: The role of fish skin as a graft in pediatric
patients.

Findings: Review of literature and presentation of a case
report.

Meaning: The fish skin graft provides promising results
in tissue regeneration and in the management of chronic
and acute wounds, pressure ulcers, vascular ulcers, diabe-
tes-related ulcers, animal bites, and burns.

additional challenges to its spread are represented by cul-
tural and religious barriers compared with porcine and
bovine derivatives.

The FGS is sterile, and before being applied, it must
be soaked in saline 0.9% solution. After 2 minutes, the
tissue is ready to be grafted. The FGS can also be meshed
based on size of the wound and be applied using stiches or
a medical patch. Pretesting for skin reactions is not neces-
sary before the application, as there are no known adverse
effects associated with the use of Kerecis Omega3 Wound.

Diabetic Foot

The prevalence of diabetes is approximately 10.8%
of the world population with an incidence of developing
diabetic foot estimated around 6.3% in 2023.> Generally,
wound management strategies include active treatment
such as vacuum-assisted closure (VAC) and skin graft or
passive treatment (acellular dermal matrices). If a skin
graft is needed, the new FSG could represent a valid
alternative. Woodrow et al analyzed eight patients, who
underwent FSG application for the management of post-
operative diabetic foot wounds, showing how fish skin
was well tolerated and potentially effective to accelerate
wound healing.* Lullove et al investigated the proportion
of index ulcers healed at 12 weeks and the healing time in
patients with ulcers for diabetic foot comparing FSG with
the standard of care (SOC), represented by collagen algi-
nate dressing. Their results revealed that in their larger
cohorts, there was a significant difference in the propor-
tion of healed wounds at 12 weeks, with the FSG group
outperforming the SOC group.” Zehnder et al treated
all venous and diabetic wounds with SOC and FSG. They
applied FSG on patients who did not show a reduction
area more than 50% after 4 weeks. Among 42 patients, 21
needed FSG, which shows how patients treated with FSG
had a minimum improvement of 25% over SOC in terms
of the necessary time to obtain complete healing. They
also reported the same cost for both treatments related
to fewer weeks of treatment for patients who underwent
fish skin grafting.® Trinh et al reported their experience
with complicated wounds secondary to an insufficient
soft-tissue coverage after amputations in diabetic patients.
They collected five patients treated with FSG, defining it
as aviable treatment option in complicated wounds in the
lower limb of diabetic patients to circumvent an otherwise
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necessary extension of the severed segment. Therefore,
they refrained from making any comparison with other
advanced medications.” Michael et al, in their retrospec-
tive study, evaluated the efficacy of acellular FSG for the
treatment of 58 full-thickness diabetic foot ulcers in 51
patients. They observed a rapid increase in wound heal-
ing, with a reduction of wound area by 87.57%, and 3b
wounds (60.34%) fully healed after 16 weeks.*

Dardari et al reported a rare case of a CW due to
necrotic angiodermitis in a patient with type 2 diabetes.
They treated the patient with 10 applications of FSG,
achieving accelerated scarring and pain relief, with com-
plete wound healing in 10 weeks.”

Acute and Chronic Complex Wounds

Itis estimated that 1%—2% of the population will expe-
rience a CW during their lifetime in developed countries.
CW treatment is a challenge for the surgeon because of
the difficult and slow healing, the impact on quality of
life, and the costs they generate. At the state of art, there
is no gold standard treatment described in the literature
for these kinds of lesions. There are various debridement
techniques available (surgical, biosurgical, enzymatic),
as well as VAC and acellular dermal matrix. Kirsner et al
compared the effect of FSG in acute full-thickness tissue
injury to human amniotic membrane. In a double-blind,
prospective randomized study, they showed that FSG is
significantly superior in terms of healing time on acute
wounds compared with human amniotic membrane, with
a hazard ratio of 2.37 (95% CI: 1.75-3.2, P=0.001)."
Likewise, Baldursson et al conducted a double blinded
randomized controlled trial, investigating the healing
time of whole thickness biopsy wounds treated with FSG
(Kerecis Omega3 Wound) compared with porcine small
intestinal submucosa extracellular matrix. They collected
82 patients, showing a statistically significant quicker heal-
ing at 28 days in the group treated with FSG (P = 0.041).
Moreover, no significant statistically adverse reaction was
noted, and there was no evidence of seroconversions of
autoantibodies'' Badois et al proposed the use of FSG for
the thin-skin donor site wounds in patients who under-
went free flap reconstructions for head and neck cancer.
They divided 21 patients in two groups: group 1 treated
with SOC (paraffin gauze) and group 2 treated with
FSG. The statistical analysis showed a significant decrease
(P<0.05) in the number of local infections and pain when
using the fish skin matrix compared with the standard
wound care protocol, although with higher costs for the
FSG."” Dorweiler et al used the Kerecis Omega3 wound to
treat 21 patients with complicated diabetes-related limb
wounds showing how FSG stimulates the granulation tis-
sue and reepithelialization as well as having antibacterial
and analgesic effects.” Ciprandi et al”” reported their expe-
riences in pediatric population with various lesions (six
trauma-related, two wounds developed because of auto-
immune diseases, three cases of surgical dehiscence, and
four sacral ulcer wounds) undergoing treatment with FSG
for definitive wound closure. Some of the posttraumatic
lesions were caused by animal bites, which are very com-
mon in pediatrics. In their article, they described rapid

wound healing in all patients, with a wound area cover-
age of 100% and complete healing in 95% of wounds.
They also showed the important role of negative pressure
wound therapy, the application length of which was halved
to an average of 12 days from their standard experience of
21 days. Therefore, they concluded that FSG represents an
innovative and sustainable solution for pediatric wound
care, resulting in shorter surgery time and reduced hos-
pital stays, with accelerated wound healing times."” Yang
et al'" in their study included 18 patients with full-thick-
ness ulcers that were either more than 20 cm? or that had
been present for at least 52 weeks. They used the FSG and
analyzed the odor, exudate, condition of the surrounding
skin, sign of erythema, and adverse events, and compared
these with the use of common extracellular matrices. They
concluded that the FSG seems to be a promising and effec-
tive wound closing adjunctive to extracellular matrices."

Burns

According to the World Health Organization, burns
are a global public health problem, accounting for
approximately 180,000 deaths annually. The correct man-
agement of burns represents a true challenge for patients
and health-care providers. In deep dermal and full-
thickness burn injuries, early excision and application of
split-thickness skin grafts (STSGs) is the established main
treatment to achieve early wound closure and avoid com-
mon complications, such as infections, cosmetically unac-
ceptable scar formation, and incomplete wound healing.
However, when facing large burns, autologous skin avail-
ability becomes a problem, and surgeons often rely heavily
on allogenic and xenogeneic skin for temporary coverage
after excision, using tissues from human cadaver and pig
skin. In the last years, FSG has gained popularity in this
field because of its properties, such as antisepsis, pain sup-
pression, and rapid wound healing. Alam et al,”” in their
series of 10 patients, used FSG for full-thickness burn
injury, defining it as excellent, robust, and pliable xeno-
graft that was easy to apply. So, limited to a small patient’s
size, they concluded that both the analgesic effect noted
and the relatively short average times until full reepi-
thelialization were promising. At a molecular level, FSG
provides an extracellular matrix composed of glycosami-
noglycans, proteoglycans, fibronectin, and growth factors,
promoting the migration of autologous cells to enhance
the proliferative and epithelialization phases of the burn
healing process. Wallner et al, in their retrospective study,
compared the use of Suprathel, FSG (Kerecis Omega3
Wound), and STSG to assess the optimal burn manage-
ment. They collected data related to objective wound
healing and subjective quality of life for 12 months after.
They showed a statistically significant reduction in the
healing time for FSG-treated burn wounds compared with
Suprathel-treated and STSG-treated wounds (P < 0.05).
The scar quality, determined by the skin elasticity, hydra-
tion, and sebum content, in FSG-treated wounds was sig-
nificantly better than in the Suprathel group. Therefore,
the authors concluded that a potential improvementin the
quality of life of burn patients can be envisioned using the
FSG.'" Luze et al'” in their systematic review analyzed 14
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studies investigating the reepithelialization time, conclud-
ing that treatment with FSG, not only resulted in at least
equal outcomes, but potentially accelerated wound heal-
ing, assuring a significant antalgic effect compared with
conventional approaches. Finally, they demonstrated that
FSG is cost-effective, considering the reduction of neces-
sary dressing changes and, therefore, of the inpatient treat-
ment days, which translates into a general reduction of
treatment-related costs. So, they consider FSG as the gold
standard for early wound closure in deep dermal and full-
thickness burn injuries, but they limit its use for selected
cases of STSG.!” Stone et al'® studied the role of FSG in
thermal injuries compared with other tissues in six female
Yorkshire pigs, demonstrating the statistically superior
wound healing properties of acellular FSG over its com-
mercial competitor (fetal bovine dermis) in a preclinical
porcine deep partial-thickness burn wound model. Their
findings support the use of FSG for achieving enhanced
wound closure, as established by quicker integration and
reepithelialization without increased contraction.

OTHER APPLICATIONS

Neonatal Calcinosis Cutis

A case report of a rare neonatal calcinosis cutis
induced by distant and delayed extravasation of intrave-
nous calcium gluconate was described by Ahn et al.’’ In
their clinical case, after a surgical debridement of the
defect (4x3cm), they placed the FSG for secondary inten-
tion closure of the wound, achieving a complete wound
healing within 2 weeks. No depression, contracture, or
calcification at the wound site were found. Considering
these results, Ahn et al stated the important role of FSG in
the fast healing and in obtaining a great aesthetic result.
Also, Tan et al” used an FSG in a case of a calciphylaxis
wound, recognizing an important role of this new graft in
the healing of the wound.

Hidradenitis Suppurativa

Baldursson reported a series of three patients with
hidradenitis suppurativa. Because of unaesthetic scars, the
patients underwent a debridement of scar tissue with subse-
quent application of FSG. They showed a significant reduc-
tion in time to epithelialization, as early as 5-7 days, and
wound closure was achieved on average after 21 days, com-
pared with their SOC for these types of lesions, in which
wound closure would require at least 1 month or more.”!

CASE REPORT

A 7-year-old boy came to our observation for an enterocu-
taneous fistula developed after multiple surgical treatments
for Hirschsprung disease. We approached the enterocuta-
neous fistula through a median laparotomy. After complete
isolation of the fistula, we performed a resection of the ileal
segment from which the fistula originated. Finally, we per-
formed a termino-terminal ileo-ileal anastomosis. On post-
operative day (POD) 7, the patient developed an abscess
of the surgical wound with a wound dehiscence of 4x4cm
involving the skin, subcutaneous tissues, and the rectus
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muscles. Only the peritoneum was intact. After surgery,
the patient made good clinical progress, with immediate,
return of bowel function and the ability to pass stool. No
fever was recorded, and no other systemic symptoms were
referred. He had resumed oral feeding on POD 5, with
immediate opening of the bowels to stool.

We treated the patient with advanced medication therapy
until POD 76, achieving very poor results. Due to the lack of
improvement of the granulation tissue and a reduction of the
dimensions of the dehiscence of only 0.5x0.5cm, we decided
to place a graft to improve the skin repair.

Among the available grafts, we chose to use the acel-
lular FSG Kerecis Omega3 Wound because, according to
recent literature, it seemed an optimal solution for faster
healing of the wound and to be less invasive, allowing the
child to resume daily activities as soon as possible.'*!"!®

In the operating room, we prepared the wound bed,
performing a debridement (Fig. 1) and causing bleed-
ing of the wound bed. Then, the FSG was cut to the exact
size of the wound and moisturized with room tempera-
ture saline for 1 minute. We applied the Kerecis Omega3
Wound on subcutaneous granulation tissue with four car-
dinal absorbable stitches as a fixation method (Fig. 2). At
the end of procedure, we placed the VAC-device to obtain
an optimal management of the exudate.

After 7 days, the patch was completely reabsorbed
(Fig. 3), and the VAC-device was removed due to a
considerable reduction of the exudate. We observed
a reduction in the extension of the dehiscence of
0.5x0.5cm. The wound was treated daily with saline
and Biatain alginate until complete healing. After 30

Fig. 1. Wound debridement.
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Fig. 2. Application of FSG.

Fig. 3. Resorption after 7 days and reduction in size.

Fig. 4. Complete healing.

was measured using Photoshop (Adobe Systems, Inc.,
San Jose, Calif.).

CONCLUSIONS

Kerecis omega3 Wound is an acellular FSG with
promising results in tissue regeneration and in the man-
agement of chronic and acute wounds, pressure ulcers,
vascular ulcers, diabetes-related ulcers, animal bites, and
burns. FSG provides a valuable and sustainable treatment
that improves wound healing in both adult and pediatric
populations. According to our limited experience, the
acellular FSG represents a valid alternative for promoting
the healing of surgical wound dehiscence in the pediatric
population. We could also speculate that FSG yields opti-
mal results, faster than other advanced medications. To
our knowledge, this is the first description of the applica-
tion of an FSG for wound dehiscence of the abdomen in a
pediatric patient, and this result is very encouraging.

Marco Di Mitri, MD

Pediatric Surgery Department IRCCS
Azienda Ospedaliero-Universitaria di Bologna
Via Massarenti 11, 40138

Bologna, Italy

E-mail: marco.dimitri@studio.unibo.it

days from the FSG placement, the wound dehiscence DISCLOSURE
of 1.2x1.5cm was substantially reduced. After 40 days, The authors have no financial interest to declare in velation to
we witnessed complete healing (Fig. 4). The wound size  the content of this article.
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