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ABSTRACT

BACKGROUND: There are various surgical and invasive treatment systems such as conservative skin grafts and autologous epider-
mal grafting (AEG) for diabetic foot ulcers. This study aims to evaluate the feasibility of using a novel epidermal graft harvesting system

in diabetic foot ulcer emergencies.

METHODS: A retrospective clinical study was conducted with |5 diabetic foot ulcer patients, and after written and signed consent
forms were taken, AEG system was applied to all patients. All of the clinical data of the patients such as their American Society of
Anesthesiologists (ASA) Physical Status Classification System scores, size of pre-application wound area (cm?), time to complete
re-epithelization of the wound, pain scores using the visual analog scale (VAS) for both donor and recipient sites, changes in size of
wound, complete dermal response time, and patients’ demographics, comorbidities were recorded. The age, gender, pre-post appli-
cation wound area (cm?), time of healing, ASA, and VAS variables were compared each other and analyzed statistically. P<0.05 was

considered as statistically significant.
RESULTS: The mean of time for complete wound healing was 5.9 (range 4-8) weeks. There was no statistically difference between

recipient wound size and patient’s age; size of both types of wounds (cm?) and time (weeks) for complete reduction for both types of
wounds; and time to complete both types of wound healing and gender (p=0.509, 0.788, and 0.233, respectively). ASA scores did not

impact the time required for complete healing of the wound (p=0.749).

CONCLUSION: The current study has tried to evaluate the efficacy of the AEG system in a homogenous population with diabetic
foot ulcers. An epidermal harvesting system may be used effectively and safely in patients with diabetic foot ulcer emergencies.
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limbs, which occurs as a chronic complication in diabetic
patients. It has been estimated that a single diabetic ulcer

INTRODUCTION

A wound is the disruption of skin integrity due to a disease
or external factors such as trauma or cold/hot burn inju-
ries. The consecutive stages of the wound healing process
are hemostasis, inflammation, proliferation, maturation, re-
modeling, and any pause and/or failure in any of these steps
make the wound a chronic one.!'l Diabetic foot ulcer is an
important clinical entity associated with neurological and
peripheral vascular disease of the deep tissues of the lower

carries a cost of nearly US$50,000 and chronic wounds as
a whole cost the medical system over US$25 billion per
year. The lifetime risk of developing a foot ulcer is about
25% for diabetic patients. While approximately half of the
patients with diabetic ulcers are expected to be infected,
over 20% of patients with ulcers are reported to have mod-
erate or severe diabetic foot infections that may progress
to amputation.l!

Address for correspondence: Mehmet Saydam, M.D.

Tel: +90 312 - 596 20 00 E-mail: opmsaydam@gmail.com

Copyright 2022 Turkish Association of Trauma and Emergency Surgery

Cite this article as: Saydam M, Yilmaz KB, Bostanci MT, Turan M, Akinci M, Yilmaz I, et al. The use of autologous epidermal grafts for diabetic foot
ulcer emergencies: A clinical study. Ulus Travma Acil Cerrahi Derg 2022;28:262-267.

Diskapi Yildirim Beyazit Egitim ve Arastirma Hastanesi, Genel Cerrahi Servisi, 061 10 Altindag, Ankara, Turkey

Ulus Travma Acil Cerrahi Derg 2022;28(3):262-267 DOI: 10.14744/tjtes.2020.68202 Submitted: 08.09.2020 Accepted: 08.12.2020

262

Ulus Travma Acil Cerrahi Derg, March 2022, Vol. 28, No. 3


https://orcid.org/
0000-0003-0953-4589
https://orcid.org/0000-0002-5514-4103
https://orcid.org/0000-0003-2876-2683
https://orcid.org/0000-0002-7854-4855
https://orcid.org/0000-0001-8719-6584
https://orcid.org/0000-0002-5980-0956
https://orcid.org/0000-0001-6819-6511
https://orcid.org/0000-0002-7601-1051

Saydam et al. The use of AEG for diabetic foot ulcer emergencies

Chronic wound management is a considerably challenging
clinical entity with its nature including a prolonged healing;
requiring frequent dressing changes or autologous skin graft-
ing (full and split thickness). Despite skin grafting being an
important modality for wound closure, it has many disadvan-
tages for patients such as having another painful wound which
needs more time to heal and also have the risk of infection
in the donor site.*’] Moreover, it often requires a hospital
admission, a period of immobility, and anesthesia. As an alter-
native to these skin grafts, a technique based on application
of negative pressure was first described in 1964 as autologous
epidermal grafting (AEG).I! The harvesting system commer-
cially developed is the CELLUTOME™ Epidermal Harvesting
System (KClI, San Antonio, Texas, USA).”® This study aims to
evaluate the feasibility of using a novel epidermal graft har-
vesting device in diabetic foot ulcer.

MATERIALS AND METHODS

After approval by the Local Ethics Committee, a retrospec-
tive clinical study was conducted with diabetic foot ulcer pa-
tients who had been referred to the Chronic Wound Clinic
of Diskapi Training and Research Hospital Ankara, Turkey,
and the Diabetic Foot Clinic of Gulhane Health of Sciences,
Training and Research Hospital, Ankara, Turkey, from March
2017 to December 2019. After providing detailed information
about AEG application by CELLUTOME™, written and signed
consent forms were taken from all patients. Inclusion criteria
were having a moderate diabetic foot ulcer and approving the
use of AEG. Patients who refused to participate, had non-dia-
betic chronic wounds, and whose wounds area were >20 cm?
were excluded from the study. Before grafting, the wound
bed was prepared by other chronic wound care modalities
included frequent wound dressing changes, surgical debride-
ment, negative pressure wound therapy, and epidermal growth
factor (Heberprot-p; Heber Biotec S.A., Havana, Cuba) ap-
plications to achieve effective granulation tissue formation. In
the event of vascular obstruction, vascularization was achieved
with peripheral angioplasty until the ulcer exhibited healthy
granulation tissue. In addition, culture samples were obtained
from each patient before grafting and submitted for culture
sensitivity assays. If the ulcer presented with no infection, then
epidermal grafts were applied (Figs. | and 2).

Patient demographics, comorbidities, their American Society
of Anesthesiologists (ASA) Physical Status Classification Sys-
tem scores, size of pre-application wound area (cm?), time to
complete re-epithelization of the wound, pain scores using
the visual analog scale (VAS) for donor and recipient sites,
changes in size of wound area at each visit, and complete
dermal response time were recorded. Wounds were checked
and evaluated weekly at least for 8 weeks. After follow-up,
one application of CELLUTOME™ was observed to be suf-
ficient specific to our patients. The age, gender, pre-post ap-
plication wound area (cm?), time of healing, ASA, and VAS
variables were compared each other and analyzed statistically.
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Figure 2. Autologous epidermal grafting application to the recipient
site.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics
2| software. The results were presented as the mean (rang-
es) and mediantstandard deviation. The time for complete
reduction of wound size and gender variables: The time for
complete reduction of wound size and size of both types of
wounds variables were compared using the Student’s t-test.
The Pearson’s correlation coefficient was used to determine
the association between age, gender, and healing time of do-
nor/wound sites, and also ASA scores with time required for
complete healing of the wound. P<0.05 was considered as
statistically significant.

RESULTS

AEG was applied to |5 patients (nine males and 6 females),
and mean age was of 58.4 years (range: 46—75 years) (Ta-
ble I). The mean wound size of the patients was |, 55 cm?
(range 6—18) (Table I). The median of VAS level of the pa-
tients was 2+0.86 (Table |). The mean of time for complete
wound healing was 5.9 (range 4-8) weeks. The mean of time
for complete donor site healing was 4.2 (range 3-6) weeks
(Table ).

Because this application allows outpatient care, 10 of the pa-
tients were discharged on the same day. The remaining five
patients had been hospitalized for their comorbidities and
were receiving intravenous medications.

There was no difference between recipient wound size and
patient’s age (p=0.509). There was no difference between size
of both types of wounds (cm?) and time (weeks) for complete
reduction for both types of wounds (p=0.788).
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Table I. Clinical data of patients treated with epidermal grafts

Patient Gender Age (years)  ASA Score  Wound size Time for 100% Time for 100% Pain Score
(cm?) reduction of wound reduction of donor (VAS)

size (weeks) size (weeks)

I F 58 3 12.5 5 3 I

2 M 59 3 14 6 4 2

3 M 47 3 12 7 5 I

4 M 46 3 6 4 3 3

5 M 75 4 8 4 3 2

6 F 58 3 12.6 8 5 I

7 M 59 3 14 7 5 3

8 M 47 3 6 4 3 3

9 F 62 3 16 6 5 I

10 F 63 4 18 8 6 2

I M 48 3 8 6 5 2

12 M 72 3 14.6 8 5 I

13 M 56 3 6 4 3 3

14 F 68 4 12 5 4 |

15 F 59 3 13.6 7 5 |

Mean/Median 9M—6F  58.4 (46-75) 310.1 11.55 (6-18) 5.9 (4-8) 4.2 (3-6) 240.86

F: Female; M: Male; ASA: American Society of Anesthesiologist; VAS: Visual Analog Scale.

There was no difference between time to complete recipient
wound healing and gender (p=0.25). There was no difference
between time to complete donor site healing and gender
(p=0.233).

The ASA scores did not impact the time required for com-
plete healing of the wound (p=0.749). The median of VAS was
2+0.86 (Table ).

DISCUSSION

Both acute and chronic wounds are defined as debilitating
diseases by the World Health Organization and are serious
public health issues putting on dramatic costs to the reim-
bursement institutions.’’. There are usually two types of
treatment, split-thickness skin grafting (STSG) and conserva-
tive treatment. STSG prevents the loss of protein by covering
the granulated tissues and enables the closure of the area
in question to avoid infection and facilitate rapid epitheliza-
tion. Conservative treatment requires long-term procedures
involving medications and successive dressings, which should
usually be done by professional personnel like the other
method. The STSG method includes surgical intervention
where the operating room is used, requiring anesthesia and
involving various professional equipment, and hospitalization
of the patients. Other invasive interventions include surgi-
cal treatments, negative pressure wound therapy, epidermal
growth factor applications, and dressings may be ended early
through properly timed STSG. AEG systems were developed
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as an alternative to these methods and have been widely used
in chronic wound treatment for about 3—4 decades and their
outcomes have been published.'®!'l After the efficacy and
ease-of-use of the epidermal harvesting systems have been
demonstrated with various studies, it has been widely used,
especially in patients with chronic wound complaints and es-
pecially in the outpatients setting.['”

Almost all of these devices work with the principle of apply-
ing continuous negative pressure to healthy skin and creating
skin islets in blister format.['*!] The currently used system is
commercially called the CELLUTOME™ epidermal harvest-
ing system and consists of an automated harvester, a vacuum
head, and a control unit. It combines a negative pressure of
400-500 mmHg and a temperature of 40°C, allowing 128 mi-
croblisters (each of 2 mm diameter, 2 mm apart) to be raised
within 30 min.l'Z The system has a built-in blade to excise
the epidermal microblisters. After that, the microblister can
be transferred to the wound site by the use of an adhesive
dressing. The epidermal harvesting system in question pro-
vides high negative pressure that is applied at 40°C to ensure
a shorter harvest time compared to the former systems.['"!
The system has also some additional advantages such as rel-
atively lower VAS scores to the other conventional systems,
without any need for anesthesia, which is easily performed in
the outpatient setting, simplicity, affordability, reproducibility,
efficiency, and practicability that allow non-surgeon clinicians
to perform after a short and a simple training course.l®'®l
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Table 2.

Comparison of SSG and AEG in terms of type of wound, patients, and general usability

$SG

AEG

Load-bearing zone

More convenient as it provides

Appropriate offloading should be added

a thicker area

Wounds with cavity and volume loss

Convenient

Unconvenient

Mobil zone Convenient with proper immobilization Unconvenient
Operating room Necessary Unnecessary
Pain Possible Not seen much

Recipient zone

sometimes primary suture and
sometimes left to secondary healing

Risk of infection

An area that needs attention,

Significant risk for donor area and recipient area

It is left completely open on the
3 day, and recurrent biopsies
can be taken from the same area

No risk for donor area and recipient area

SSG: Split-thickness graft; AEG: Autologous epidermal grafting.

Both techniques (STSG and AEG) have advantages and disad-
vantages compared to each other (Table 2). The STSG meth-
od is a more suitable method for load-bearing areas, wounds
with cavities or volume loss, and mobile areas. Infection, graft
necrosis, partial necrosis, and avulsion are the most common
complications of STSG, and the complication rate of STSG
technique is 1.74-2.8% according to the literature.['’-'") Most
possible risk for donor area and recipient area in STSG is
the infection compared to other technique in question.l'”] In
addition, particularly, the recipient area in STSG needs more
attention and requires primary suture or left to secondary
healing contrast to AEG system which allows being com-
pletely open on the 3™ day, and recurrent biopsies can be tak-
en from the same area. The AEG method, on the other hand,
is @ more convenient method for patients with simpler and
non-complicated wounds and for who have more infection
risk and comorbidity (Fig. 2), and above all we can witness
complete wound healing in a shorter time (Figs. 3 and 4).

Figure 3. Pre-cellutome application (left), after the 7" week appear-
ance of the wound (right).

Figure 4. Complete healing steps of the wound.
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Detailed histological and biochemical studies on the mecha-
nism of action of the autologous epidermal graft procedure
showed that the device produces an array of epidermal mi-
crodomes that contain multilayered keratinocytes through to
the basal layer which is available for the transfer. The kera-
tinocytes include a variety of other cell types with special-
ized functions such as the melanin pigment-producing me-
lanocytes, the immune-competent Langerhans cells, and the
neuroendocrine Merkel cell, while its basal layer contains
epidermal stem cells.?? Within 24 h, the keratinocytes begin
to migrate from the wound edges to the wound bed where
they then proliferate and form new epithelium. They produce
some extracellular matrix components, such as laminin, fi-
bronectin, and type IV collagen, and also some growth fac-
tors, such as epidermal growth factor (EGF), transforming
growth factor-alpha, and heparin-binding EGF?'?2 Thus, they
also stimulate the endogenous process of wound healing with
their products.

Our results indicate that these systems can be used reliably
even for a systemic disease like moderate diabetic foot ulcers,
which the wound healing process is considerably impaired.
Any kind of graft application should be considered as surgical
intervention. To ensure proper granulation and wound heal-
ing, especially, hyperglycemia should be brought under control.
Correction of nutritional/nutritional parameters and lifting
practices is important for graft success. Taking the culture and
controlling the infections in the donor area are necessary for
granulation, graft survival, and epithelialization. Although there
is not much information when the literature is scanned, com-
plete wound healing times in patients applied AEG, our re-
sults are correlated with the literature, with an average healing
time of 6 weeks.”®! Although these results are promising for
chronic and difficult (or complex) diseases such as diabetes,
especially in wound healing, it should not be forgotten that we
apply this method to more selected patients whose wounds
were simpler. However, based on our clinical experience, this
method can be applied in parallel with diabetes regulation
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therapy, especially in selected patients. The patients includ-
ed in the current study had elevated HbAlc. However, this
did not cause any failure in the AEG system application and
follow-up. Parallel results were obtained even in some stud-
ies where STSG was applied in the literature.?* Disorder of
albumin and nutritional parameters in surgical applications is
crucial due to require fasting for anesthesia and additional sur-
gical interventions.””] However, since our defects are small and
non-complicated, nutritional disorder has no significant effect.

In our study, we restricted wound size to 20 cm?, and it may
have affected the results. In the literature, there is no con-
sensus on an upper limit on the wound area for AEG to be
efficient; however, we chose 20 cm? as the cutoff due to re-
ported high failure rates in wounds larger than 20-25 cm?.l'2
On the other hand, success rates of 90% of wound closure
in STSG are about 78% in literature.? The reason for this
rate being lower than AEG is that STSG is a major surgi-
cal procedure and the wounds in AEG are simpler and more
controlled ones. In addition, we used only initial application
of CELLUTOME™ to our cases and it was sufficient after
complete follow-up. Nevertheless, multiple applications may
be required for worse or with bigger wound size patients.

Another advantage of AEG system is that they allow grafting
of the wound for patients who are not eligible for surgical
interventions under anesthesia. Epidermal grafts can even be
applied safely to patients with an ASA score of 4. Thus, pa-
tients are prevented from both the potential risks of anesthe-
sia and possible complications of a surgical procedure. The
patients in this study were assessed ASA scores of 3 or 4 and
the epidermal harvesting method did not require a visit to the
operating room. Besides, while another major intervention
except grafting is applied in the operating room, AEG can be
used simultaneously.

Undoubtedly that, one of the most important advantages of
these systems over other conventional grafting systems is the
good pain management. Conventional grafting can be painful
since the dermis is affected where the sensory nerves end. In
AEG methods, only the epidermis is used and sensory nerves
in the dermis are not exposed. In addition, the hair follicles
in the donor site are left, resulting in a better cosmetic re-
sult.”? In our study, VAS scores were quite acceptable but it
should not be forgotten that all of our patients had diabetes
and diabetes affects the neurosensory system. In addition, al-
though the patients had anxiety, AEG is a simple procedure
in general, the pain scores were quite low. Moreover, pain
management is generally good in also non-diabetics treated
with AEG, in the literature.”® Since the dermal layer remains
intact, bleeding and post-intervention scarring are minimal at
the donor site. In addition, the epithelization of the donor
site has reached was 80% and 100% at the 2" week and 5%
week visits, respectively. Cosmesis, pain management, and
time to complete healing of the donor site were found supe-
rior to conventional graft harvesting.[?*3%
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The main limitation of our study is the relatively low num-
ber of subjects. All of the patients were selected, and their
wounds were less complicated and simpler than STSG candi-
dates. Another limitation is that the graft we applied to pa-
tients facilitates rapid discharge and early epithelialization but
may have problems in terms of load management and require
very strict follow-up. We do not have much experience about
application of AEG in carrying load-bearing and mobile (joint)
areas, in this study. In addition, this study is a retrospective
presentation of the AEG technique. Despite STSG is per-
formed in our clinic, we did not find appropriate to compare
STSG and CELLUTOME™ statistically, because the defects
need to be applied with surgical technique and the defects
need to be applied in AEG were different in terms of size, lo-
cation. and depth. On the other hand, since the AEG system
was developed as an alternative to STSG, they deserve to be
compared conceptually, although the techniques are surgically
different from each other.

Conclusion

The current study tried to evaluate the efficacy of the AEG
system in a homogenous population with diabetic foot ul-
cers. An epidermal harvesting system was used effectively
and safely in patients with DFUs. After well-planned diabetes
regulation, less pain and better cosmetic results for the do-
nor site especially can be achieved without the need for an
operating environment, especially in patients whose wounds
are simpler and non-complicated. Prospective clinical studies
which have high patient numbers and have more complicated
wounds, and with different clinical etiologies, are needed to
fully demonstrate the efficacy and feasibility of these systems.
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AMAC: Diyabetik ayak Ulserlerinin cerrahi tedavisinde konservatif deri greftleri ve otolog epidermal asilama gibi gesitli invaziv tedavi sistemleri
bulunmaktadir. Bu galismayla; diyabetik ayak tlseri acil durumlarinda yeni bir epidermal greft asilama sisteminin uygulanabilirligini degerlendirmeyi
amaglamaktayiz.

GEREC VE YONTEM: Hastanemiz acil servise bagvuran ve yazili ve imzali onam formlari alinarak otolog epidermal agilama sistemi kullanilmis 15
diyabetik ayak ulseri hastasi ile geriye donik klinik calisma planlandi. Hastalarin uygulama ncesi yara alani boyutu (cm?), yaranin yeniden epiteli-
zasyonunu tamamlama siresi, hem verici hem de alici bolgeler icin yaranin boyutundaki degisiklikler; tam dermal yanit stresi, hastalarin demografik
ozellikleri ve komorbiditeleri; “American Society of Anesthesiologists” (ASA) Fiziksel Durum Siniflandirma Sistemi puanlari, Visual Analog Scale
(VAS) kullanilarak agri skorlari olmak tzere tim klinik verileri; kaydedildi. Yas, cinsiyet, uygulama sonrasi yara alani (cm?), iyilesme zamani, ASA ve
VAS degiskenleri birbirleriyle karsilastirilarak istatistiksel olarak analiz edildi. P<0.05 degeri istatistiksel olarak anlamli kabul edildi.

BULGULAR: Tam yara iyilesmesi icin gegen siire ortalama 5.9 (dagilim, 4-8) haftaydi. Alici yara boyutu ile hastanin yasi; her iki yara tlirtiniin boyutu
(cm?) ile her iki yara tiiri igin tam kugiltme suresi (hafta); her iki yara tiriinin iyilesmesini tamamlama stiresi ile her iki cinsiyet arasinda istatistiksel
olarak bir fark yoktu (sirastyla, p=0.509, 0.788, 0.233). ASA skorlari yaranin tam iyilesmesi igin gereken stireyi etkilemedi (p=0.749).

TARTISMA: Bu galisma, diyabetik ayak (ilseri olan homojen bir poplilasyonda otolog epidermal agilama sisteminin etkinligini degerlendirmeye calis-
mistir. Diyabetik ayak dlseri acilleri olan hastalarda epidermal agilama sistemi etkili ve glivenli bir sekilde kullanilabilir.

Anahtar sozciikler: Diyabetik ayak Ulseri; epidermal greftleme; otolog asilama sistemi.
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