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Introduction

In general, wounds are classified into two types depending on the progress of healing: 
acute and chronic. Improper wound management causes delayed wound healing, 
which leads to chronicity. A wound is for the most part considered chronic if it has 
not healed in 4 weeks. Delayed wound healing is also often associated with complica-
tions such as infections, scar formation, and incomplete wound healing. 

Whether the wound is caused by direct trauma or a burn, proper wound manage-
ment is one of the essential concerns for early wound healing. In general, wound 
management contributes to the healing process by protecting the wound fluids, pre-
venting infection, controlling mechanical influences, and influencing the collagen 
maturation course. Physiologically, growth factors, chemokines, cytokines, and their 
receptors are critical in normal wound healing [1,2]. 

Many therapies promoting early wound healing by accentuating spontaneous heal-
ing at molecular levels have been recently introduced. Acellular dermal matrix 
(ADM) is one of such treatments, and it has shown potential for accelerating wound 
healing. ADM helps wound healing by stimulating angiogenesis, and providing a 
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Abstract

Background: The newly-approved Kerecis is a piscine acellular dermal xenograft. This piscine acellular dermal matrix (ADM) has specific 
bioactive lipid mediators, omega-3 polyunsaturated fatty acids, and has a positive effect on the process of wound healing. This study aimed 
to explore the utility of this novel material by comparing healing rates, and suggest the proper timing for applying Kerecis. 
Methods: Patients who visited the hospital with acute or chronic deep dermal wounds from June 2019 to May 2020 were enrolled in the 
study. A total of 48 patients were assessed. All wounds in the experimental group (n=16) were treated only once with Kerecis and a non-
adherent absorptive foam material (Therasorb) to cover the ADM. In the control group, daily conventional dressings were provided. All 
wounds sizes were measured with mass-market computer software in a method suggested by the authors for the first time. 
Results: The mean healing rate proved to be faster in the Kerecis group (P<0.05) versus the control group, and no complications were ob-
served. It was statistically proved that treating burn wounds with the ADM showed better healing rates than the conventional method 
(P<0.05).
Conclusion: This study establishes that managing wounds with the ADM is likely to heal wounds faster than traditional dressings. In addi-
tion, for burn wounds, a prolonged application (10 days vs. 5 days after the onset) showed a better wound healing rate (98.8%±2.5% vs. 
67.0%±14.3%, respectively, P=0.029).
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scaffold for granulation tissue formation [3]. Many kinds of 
ADM products have been reported to promote tissue regener-
ation and wound healing, and are in wide clinical use, such as 
AlloDerm from human skin (LifeCell Crop.), Integra from 
bovine tendon type I collagen (Integra Lifesciences) and EZ 
Derm from porcine aldehyde cross-linked dermal collagen 
(Molnlycke HealthCare). 

Most recently, a novel acellular fish-skin graft product, Kere-
cis Omega3 (Kerecis), has become commercially available. It 
was already approved from the Food and Drug Administration 
in the United States in 2016. The material had obtained clear-
ance from the Ministry of Food and Drug Administration in 
Korea in 2018 as well. We therefore aimed to investigate the 
utility of this novel material as a dressing material, comparing 
healing rates between a Kerecis-applied group and a control 
group. We also attempted to suggest the proper timing to apply 
Kerecis.

Methods

Patients who visited the emergency department or the outpa-
tient clinic, from June 2019 to May 2020, with acute or chronic 
wounds of the deep dermal layer were recruited for this study 
(Fig. 1). We retrospectively surveyed the patient’s age, sex, 
smoking status, wound location, and categorized the wounds 
[4]. For acute wounds, we differentiated them by the causes of 
injury, into either burn or trauma. Patients treated with ADM 
or conventional dressings were chosen by patient’s preference. 
The 32 patients in the control group were enrolled in a retro-
spective cohort during the same period. None of the patients 

were placed on medical or surgical treatment for faster wound 
healing. Patients who underwent surgery during the study pe-
riod or failed to appear for follow-up were excluded. Demo-
graphic values in the ADM group were summarized in Tables 
1 and 2. There were no significant differences among the pa-
tients in other factors such as diabetes, hypertension, smoking, 
age, sex, and location

Wound dressing using Kerecis
The application of Kerecis (Kerecis, Isafjordur, Iceland) was 
differentiated according to certain criteria. For acute wounds, 
the ADM was applied around 2 days after the onset of injury 
when the amount of discharge from each wound sufficiently 
diminished. For acute burn wounds, it was applied later than 
acute traumatic wounds, i.e., later than 5 days after the onset, 
because the discharge from burn wounds is typically more 
than that of acute wounds. Normally, burn wounds initially 
have excessive discharge that is likely to impede the effective 
wound healing of Kerecis. 

The Kerecis Omega3 wound matrix was applied on the 
wound as follows. First, we removed most of the necrotic tis-
sue, measured the size of fresh tissue surface, and cut the ma-
terial 1 mm to 2 mm larger than the wound to cover the wound 
margin. The cut material was then bathed in saline solution 
for 60 seconds at room temperature. The Kerecis sheet was 
then directly applied on the wound, its rough side face down. 
Lastly, a non-adherent absorptive foam material (Therasorb 5 
mm) was used to cover the ADM (Fig. 2). Wounds were treat-
ed only once with Kerecis; those that were managed with other 
dermal substitutes were excluded. Foam change was per-

Fig. 1. Patient selection process.
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formed daily after the ADM was used. In the control group, 
the wound was covered with the same foam material after ap-
plying antibiotic ointment once a day.

Clinical outcomes
Digital images, including a ruler (cm scale) within the frame 
of each image, were photographed with a Canon D750 Cam-

Table 1. Patients with acute or chronic wounds in the Kerecis group

Patient 
No.

Sex
Age 
(yr)

Cause
Types of 
injuries

Personal 
history

Location
Application 
timing (day)

Healing 
rate (%)

Dischargea) Complication

  1 M 43 Machinery injury Trauma HTN Right thumb 3 82.94 + No

  2 F 39 Knife injury Trauma - Left 3rd finger 2 94.95 + No

  3 M 89 Venous insufficiency Spontaneous - Right great toe 2 wk 73.32 +++ No

  4 M 30 Glass injury Trauma - Forehead 2 70.02 + No

  5 M 49 Knife injury Trauma - Right thumb 2 63.48 + No

  6 F 56 Hot water Burn HTN Right lower leg 5 63.72 + No

  7 F 84 Hot water Burn DM Left heel 5 83.00 + No

  8 M 52 Diabetic gangrene Spontaneous DM Right 5th toe 2.5 wk 43.53 ++ No

  9 M 61 Slip down Trauma HTN Left lower leg 3 46.39 +++ No

10 F 50 Pressure sore Spontaneous DM Left heel 1 mon 77.38 +++ No

11 F 7 Hot water Burn - Left thumb 12 99.36 ++ No

12 F 62 Hot water Burn HTN Right ankle 10 99.99 + No

13 F 11 Hot material Burn - Right forearm 6 85.85 ++ No

14 F 11 mon Hot material Burn - Right hand 11 98.05 +++ No

15 F 25 Hot water Burn - Left thigh 10 97.94 + No

16 F 35 Hot material Burn - Left forearm 5 64.61 +++ No

M, male; F, female; HTN, hypertension; DM, diabetes mellitus.
a)The amount of initial wound discharge.

Table 2. Total comparison of each group

Criteria Conventional group Kerecis group P-value

Age (yr) 42.0±21.1 43.3±25.2 0.328

Sex (M/F) 15/17 11/5 0.381

Diabetes 0.480

   Yes 9 3

   No 23 13

Hypertension 1.000

   Yes 8 4

   No 24 12

Smoking 0.297

   Yes 11 8

   No 21 8

Type of injuries 0.053

   Trauma 11 5

   Burn 15 8

   Spontaneous 6 3

Location 2.580

   Face 4 1

   Lower extremity 21 8

   Upper extremity 7 7

Values are presented as mean±SD or number.
M, male; F, female.

Fig. 2. The rough surface of Kerecis.



Kim TH et al.
The usefulness of Kerecis

42 www.jwmr.org  https://doi.org/10.22467/jwmr.2020.01228

era at a resolution of 6,000×4,000 pixels by a single trained 
photographer. In order to measure the wound sizes, based on 
clinical photos, their size and depth were assessed by three dif-
ferent board-certified plastic surgeons (SYW, HGJ, and JHP) 
(Fig. 3). The three reviewers all evaluated the wound as com-
pletely healed when it recovered with full epithelialization, and 
as healing state when it started to form healthy granulation tis-
sue [5]. To measure the size of the wounds, the digital photos 
were opened on Adobe Photoshop version 21.2.4 (Adobe, 
California, LA, USA) and the areas of the initial wounds and 
epithelialized wounds were calculated by their number of pix-
els [5-7]. We compared the initial wound size when Kerecis 
was applied, with the wound size at 7th post-application day. 
The healing rate was calculated by the change in epithelializa-
tion over the course of a week in each group (Fig. 4) [7,8]. We 
represented and recorded the progress of the wound based on 
clinical photography. In addition, the number of days until full 
recovery was recorded. The wounds were also examined for 
complications such as infection and dermal component loss 
for further follow-up in 2 months.

This study was approved by the Institutional Review Board 
of Soonchunhyang University Gumi Hospital (IRB No. 2020-
04) and performed in accordance with the principles of the 
Declaration of Helsinki. Proper informed consent was ob-
tained and each patient was provided with an explanation of 
the procedure.

Analysis
Variables in such a study are typically presented in values of 

mean and standard deviation. To compare the mean values, 
the Mann-Whitney U test was used because the sample size 
was small. Regression analysis was performed to estimate rela-
tionships between a dependent variable and one or more inde-
pendent variables. Statistical analyses were performed using 
IMB SPSS Statistic version 27.0 (IBM Corp., Armonk, NY, 
USA).

Results 

A total of 48 patients with acute and chronic deep dermal-lay-
ered wounds were enrolled. Of the 16 patients in the ADM 
group, 10 were women and six were men with ages ranging 
from 0 to 89 years (mean, 43.3±25.2 years). There were eight 
acute burns, and five wounds in the acute stage created by di-
rect trauma such as knife, machine, and glass. Of the other 
three chronic wounds, one patient had a diabetic foot ulcer on 
his right fifth toe, one had developed a wound on his right great 
toe due to venous insufficiency, and one had a pressure sore on 
her left heel. The average treatment duration in the ADM group 
was 10.1±5.5 days. The ADM was applied 2 to 3 days (average, 
2.40±0.55 days) after the onset of the injury in traumatic acute 
wounds. For burn wounds, the application was later, from 5 to 
12 days (average, 8.00±3.02 days) after the onset. 

The Kerecis was not fully absorbed until an average of 
5.56±1.60 days after its application. The average healing rate 
was 77.7%±18.2%, which was measured on when Kerecis was 
fully absorbed, which was 2 weeks after starting treatment.

The mean healing rate for the traumatic acute wound was 

Fig. 3. Wound size measurement by three different reviewers. 
Initial wound size (red line), epithelialized area (blue line), 
granulation tissue (yellow line). (A) Reviewer 1. (B) Reviewer 
2. (C) Reviewer 3.

A B

C
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71.4%±18.4% when Kerecis was fully absorbed after its appli-
cation, and 52.7%±24.1% in the control, which represented 
no statistical difference (P=0.310). For the burn wounds, the 
mean healing rate was 86.5%±15.2% in the ADM group and 
61.1%±20.7% in the control group (P=0.021). The average 
healing rate of all wounds with the ADM application in this 
study was 77.7%±18.2% and 53.3%±22.0% for the control 
group, demonstrating statistical significance with a P-value of 
<0.05. The aforementioned information is summarized in Ta-
bles 3 and 4, representing the rate of healing for each type of 

wound. 
Meanwhile, for the burn wounds, the mean healing rate for 

the wounds on which Kerecis was applied over 10 days (n=4) 
after the onset of injury was 98.8%±1.0%, which is much faster 
compared to the burn wounds (average, 74.2%±11.7%; n=4) 
treated with the ADM 5 days after the onset (P<0.05).

Case 1
A 43-year-old male patient was injured on the thumb by a ma-
chine. He showed an avulsive laceration on his right thumb. 

Fig. 4. The calculation of the healing rate. (A) The formula of healing rate in this study. (B, C) The size of the wound was assessed by 
our new method of measuring wound sizes using computer software. SA, initial surface area; SB, day 7 surface area. Raw surface 
tracing (dotted line), pixel counts (red arrows).

A

B

C

Photo at 7th day

B=Pixel counts of residual raw surfaces

y=Pixel counts of standardized (1×0.5 cm) ruler

Photo at initial wound

A=Pixel counts of initial wound

Treatment

x=Pixel counts of standardized (1×0.5 cm) ruler
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The avulsed flap was necrotized and had a deep dermal layer 
skin defect, 2×1 cm in size. The proximal portion of the defect 
was primarily closed with nylon number 5-0, and Kerecis was 
applied on the tip of the defect 3 days after the injury. A week 
after application, 87.5% epithelialization was observed. The 
Kerecis remained in place for up to 7 days, promoting wound 
healing. Additional dressing was performed, and 13 days after 
the injury, the wound healed completely (Fig. 5).

Case 2
A 56-year-old female patient experienced a hot water burn in-
jury. She suffered from a deep second-degree burn on her 
right lower leg. The wound was nearly 7×2 cm in size and af-
fected the deep dermal layer with a whitish change on the 
wound bed. The ADM was applied 5 days after the injury, and 
the wound was epithelialized by 71.4% at 7th day after the first 
application. The Kerecis was fully absorbed after 5 days. The 
wound healed completely 14 days after the application of the 
Kerecis (Fig. 6).

Table 3. Comparison of healing rate and duration among the 
causes of injuries

Cause
Healing rate, mean±SD

P-valueKerecis 
group

Conventional 
group

Burn 86.5±15.2 55.7±17.1 <0.05

Trauma 71.4±18.4 55.7±16.4 0.11

Spontaneous 64.7±18.4 27.9±7.9 0.03

Total 77.7±18.2 50.5±18.7 <0.05

Table 4. Comparison between wound types in the Kerecis group  

Cause No. Healing rate, mean±SD P-value

Burn 8 86.5±15.2 0.093a) 0.225b)

Trauma 5 71.4±18.4

Spontaneous 3 64.7±18.4

Total 16 77.7±18.2

a)Burn vs. trauma; b)Burn vs. trauma vs. spontaneous.

Fig. 6. Acute burn wound on the lower leg. (A) At the time of initial application of the acellular dermal matrix (ADM). (B) Three days 
after application. (C) Five days after application, the ADM was fully absorbed. 

Fig. 5. Acute trauma wound on the thumb. (A) At the time of initial application of the acellular dermal matrix (ADM). (B) Three days 
after application. (C) Eight days after application, the ADM was fully absorbed.

A B C

A B C
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Discussion 

ADM is widely used in managing various types of wounds. 
ADMs that are derived from cadaveric or pig skin can trigger 
a series of autoimmune reactions and transmit viral and bacte-
rial disease, while also being costly [9]. In fact, the main disad-
vantage of using ADMs among options of wound manage-
ment is their price (Table 5). However, the cost of Kerecis is 
relatively low compared to other ADMs.

Kerecis, a newly-approved ADM, is a piscine acellular der-
mal xenograft, which is derived from the Atlantic cod (Gadus 
morhua) [10,11]. Fish skin shows architectural similarities to 
mammalian skin, owing to its molecular structure [9,10,12]. 
Kerecis maintains its three-dimensional structure composed 
of glycosaminoglycans, proteoglycans, fibronectin, and growth 
factors [9]. These lipid mediators are also preserved through 
the special manufacturing process of Kerecis [10]. Further-
more, the product has specific bioactive lipid mediators called 
omega-3 polyunsaturated fatty acids, which are a distinct fea-
ture of piscine ADM. 

It has been reported in previous studies that the omega-3 
matrix contributes to the process of wound healing. Baldurs-
son et al. [13] found that treatment with the omega-3 matrix 
compared to that with porcine matrix (Oasis) caused no sero-
conversions in autoantibodies and healed much faster. Mag-
nusson et al. [11] concluded that application of the omega-3 
matrix in acute complicated wounds shows a 50% mean re-
duction in wound area in the early stage of healing. Further-
more, studies by Yang et al. [12] proved that the omega-3 ma-
trix was a promising material in managing chronic wounds 
including diabetic foot ulcers, and a 48% decrease in wound 
depth was observed after 5 weeks of application of the fish-de-
rived ADM.

Kerecis provides a complex scaffold that gives the optimal 
environment for a positive host tissue response, characterized 
by restoration of tissue structure and function, while deliver-
ing anti-inflammatory eicosapentanoic acid and docosahexa-

noic acid type omega-3 fatty acids [12]. Studies have demon-
strated that omega-3 fatty acids serve as inflammation regula-
tors [9], promote antibacterial activity against Gram-positive 
and Gram-negative bacteria, and also antiviral activity against 
human immunodeficiency virus and herpes simplex viruses 
[10]. Magnusson et al. [14] reported that fish-skin graft has 
healthy antibacterial activity compared with human amnion/
chorion membrane allograft: the acellular fish-skin grafts can 
withstand bacterial invasion for up to 48–72 hours. In addi-
tion, in vitro studies show that acellular fish-skin grafts fur-
thermore exert an immunomodulatory effect by inhibiting 
macrophage secretion of the proinflammatory cytokine inter-
leukin 1-beta [13]. Given the literature, we assumed that man-
aging chronic wounds with Kerecis would have a better heal-
ing rate than the control group, and proved the efficacy statis-
tically. Further research using Kerecis comprising a large 
number of chronic wounds is expected to support our findings 
on its efficacy on chronic wounds. 

The microporous structure (i.e., pores of less than 2 nm in 
diameter) of Kerecis allows autologous cells and capillaries to 
migrate and promote epithelialization. In addition, it has been 
described to be useful in covering deep dermal layer wounds, 
such as wounds sustaining loss of full-thickness skin, for ex-
ample in injuries where the bone or tendon is exposed [10].

To further verify the efficacy of Kerecis in wound manage-
ment as was investigated in preceding studies, we found how 
effectively it acted on a variety of wounds by differentiating the 
timing of Kerecis application. The right time for application 
tends to be later in acute burn wounds than in acute traumatic 
wounds, and is more delayed in chronic wounds compared to 
acute burn wounds (Table 6). This tendency is attributed to 
the quantity of discharge from each type of wound. The more 
discharge, the more meticulous the physicians’ dressings were, 
and the faster Kerecis was absorbed. Meanwhile, keeping Ker-
ecis longer on the wound surface turned out to not speed up 
the healing rate (P=0.217). For fast and efficient dressing, it is 
recommended to start to apply the ADM when discharge is 
moderate.

In this study, we applied Kerecis in specific wounds of the 
deep dermal layer and found a decent healing rate of more 
than 70% when the ADM was fully absorbed. 

The application of Kerecis on acute burn wounds showed 
better progress in terms of wound healing rates compared to 
acute traumatic wounds, albeit without statistical significance 
(P=0.435). Overall comparison of healing rate between the 
two groups demonstrated that using Kerecis (P<0.05) was 

Table 5. Acellular dermal matrix cost considerations

Product Source Dimensions (cm) Unit cost (KRW)a)

Kerecis Piscine 3×3.5 126,500

AlloDerm Human 2×4 233,920

Integra Bovine 5×5 162,800

a)Unit cost based on an exchange rate of South Korean Won (KRW) 1,100=US 1 
dollar.
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more efficient. In particular, our stratification analysis revealed 
that managing burn wounds with the ADM had much better 
results (P<0.05). In addition, we found that the delayed appli-
cation of Kerecis on acute burn wounds, later than 10 days, 
had better outcomes (Table 7). This study controlled con-
founding variables by randomization during the study period. 
Independent variables such as personal medical history and 
the locations and types of wounds were excluded, based on 
Pearson chi-square test (Tables 1, 2).

Several approaches have been developed and used in clinical 
and basic research to measure the shape of wounds [5,6,15], 
from the traditional approach using transparent film to trace 
the outline of the wound, to use of computer-based software. 
None has proved to be superior to others in terms of accuracy 
and efficiency. Although the three-dimensional shape and col-
or of the wound can be obtained and measured using a laser 
projector and camera [15], it is expensive and not efficient for 
clinical use [16], also requiring special software and instru-
ments. In this study, we referred to the study by Li et al. [6] for 
pixel-based wound measuring, and calculated the healing rate 
on the mass-market Adobe Photoshop program. However, 
while in Li’s study the authors included much data into a single 
image and compared them by counting pixels [6,16], we used 
a reference ruler and the simple program to measure disparate 
images traced when we first examined the patient and, on the 
7th posttreatment day (Fig. 3), introducing a new method of 
measuring wounds.

The limitations of this study include its small sample size 
and the attributes of a retrospective study covering a short pe-
riod of time. Also, the factors influencing healing rate such as 
nutrition, stress level, alcoholism, and so on were not evaluat-

ed because the data in the study was collected from chart re-
views [4]. Furthermore, the timing of ADM application dif-
fered among the types of injuries, which would have affected 
the outcomes. In addition, the depth of the wounds was not 
evaluated by histopathology, and neither were indications for 
application of the ADM evaluated. A larger number of cases 
included in a long-term study is required to increase the reli-
ability of the results.

While no previous literature has reported the efficacy of 
Kerecis for different types of injury, our study provides for the 
first time different progress rates and durations of healing after 
the application of Kerecis in acute and chronic wounds. In ad-
dition, this article suggests the ideal application timing of Ker-
ecis in acute burn wounds.

ADM is widely used in managing wounds. Its use acceler-
ates wound healing and helps diminish wound complications. 
A novel acellular fish-skin graft product, Kerecis Omega3, is 
commercially available. Our study found that managing 
wounds with the piscine ADM is more effective than with 
conventional dressings. In addition, we suggest that applica-
tion of the ADM in managing burn wounds should be delayed 
until discharges are sufficiently reduced. A 10-day postburn 
delayed application showed a better wound healing rate than 
applying the ADM 5 days after the onset. 
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Table 6. Simple regression analysis

Dependent variable Variable Criteria P-value

Kerecis application timing (day) Discharges Mild=1, moderate=2, severe=3 0.032

Type of wounds Acute burn=1, acute traumatic=2, chronic stage=3 <0.001

Kerecis duration (day) Discharges Mild=1, moderate=2, severe=3 0.03

Healing rate (%) Kerecis duration Days until Kerecis is fully absorbed 0.344

Table 7. Comparison of healing rate and duration in burn wounds

Cause
Application 

timing
No.

Healing rate, mean±SD  
(Kerecis group)

P-value

Burn <5 Days 4 74.2±11.7 <0.05

>10 Days 4 98.8±1.0
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