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a b s t r a c t

Cultured epidermal autografts (CEAs) are used to treat extensive burns, giant congenital melanocytic
nevi, and epidermolysis bullosa, but information about the long-term clinical course after CEA trans-
plantation is scarce. Here we report 10 years’ progress of a 7-year-old Japanese girl who suffered from a
scald burn injury affecting 80% of her total body surface area and was treated with CEA transplantation.
The skin of a child with extensive burns treated with CEAs appeared soft and of a good texture, even after
10 years, and recovery of skin pigmentation and scar condition were better at sites with a combination of
CEAs and autologous skin grafts than those with CEAs alone.
© 2022, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

Significant changes in appearance due to skin depigmentation
and thickening and a reduced range of motion due to scar
contracture always occur after skin grafts for extensive burns or
congenital giant pigmented nevi. This can cause emotional distress
and interfere with normal social activities for both patients and
their families. Prediction of the long-term prognosis of the skin's
condition after skin grafting could minimize these problems.
Autologous skin grafts are a popular treatment for extensive skin
defects but have the disadvantage of scarring at the donor site and a
limited area of skin harvesting when there is little normal skin. This
can be overcome using cultured epidermal autografts (CEAs) either
alone or in combinationwith an autologous skin graft. In Japan, CEA
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transplantation was approved for extensive burns from 2007, and
its application was subsequently expanded to giant congenital
pigmented nevi and epidermolysis bullosa. Therefore, it is expected
that the use of CEAs will increase in pediatric cases. However, in-
formation on the long-term prognosis of the skin's condition after
CEA transplantation in childhood is scarce. To this end, we evalu-
ated the skin surface hydration (SSH), depigmentation, and scar
condition of various body parts after more than 10 years in a pe-
diatric patient with extensive burns who underwent a combination
of autologous skin grafting and CEA transplantation.
2. Case report

A 7-year-old Japanese girl suffered a scald burn injury affecting
almost her whole body (80% total body surface area) except for her
head and upper left limb (superficial dermal burn, 7%; deep dermal
burn, 18%; deep burn, 55%; burn index, 67.5; and prognostic burn
index, 74.5) (Fig. 1a). We performed debridement of burn eschar
and autologous patch skin grafts on days 8 and 19 of the injury. The
entire chest, abdomen, and lower limbs were debrided to the depth
of the adipose tissue, and autologous patch skin grafts (approxi-
mately 1 cm2) were performed on the abdomen and the front of
both lower limbs (skin defect area:skin graft area¼ 1:0.3) (Table 1).
On day 5 of the injury, a 5-cm2 specimen of full-thickness normal
skin was harvested from the upper left arm for the preparation of
autologous cultured epidermis (JACE) by Japan Tissue Engineering
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Fig. 1. Patient burn condition and treatment. (a) Total body surface area and degree of burn. (b) Autologous skin patches and CEAs transplant site. SDB; superficial dermal burn,
DDB; deep dermal burn, DB; deep burn, CEA; Cultured epidermal autograft.
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Co., Ltd. (Gamagori, Japan). Subsequently, CEA transplantations
were performed on days 32 and 46 of the injury (Fig. 1b). The
abdomen and anterior surface of the lower limbs, where the
autologous patch skin grafts were combinedwith the CEAs, showed
good CEA take. However, a temporary CEA failure was observed in
the regions where CEA was solely engrafted without autologous
patch skin grafts, regardless of the debridement depth. Thewounds
where CEA failure was observed were healed using topical oint-
ment treatment (Fig. 2aed).

Skin pigmentation recovery at the CEA sites was observed early
after CEA transplantation on the patient's back, where debridement
was performed to the depth of the dermis. In regions where
debridement was performed to the depth of the adipose tissue,
depigmentation was observed early after CEA transplantation but
recovered in the long term except on the posterior surface of the
lower limbs. Good pigmentation recovery was observed on the
abdomen and the anterior surface of the lower limbs with CEA and
autologous patch skin grafting, but the pigmentation was mottled
in the regions treated with CEA only (Table 1 and Fig. 2).
Table 1
Treatment and skin condition of the patient.

Region Debridement
depth

Patch
graft

CEA engraftment Dep
(1 y
tran

Back Dermis e Temporary erosion after
engraftment

þ
(mo

Chest Adipose tissue e Temporary erosion after
engraftment

þ
(mo

Abdomen Adipose tissue þ Good þ
Lower limb
(anterior)

Adipose tissue þ Good þ

Lower limb
(posterior)

Adipose tissue e Temporary erosion after
engraftment

þ

Right upper limb Adipose tissue e Temporary erosion after
engraftment

þ

CEA; cultured epidermal autograft; mS; micro Siemens.
a The skin surface hydration values represent the mean of three measurements.
b The Kyoto Scar Scale is a tool used to assess the condition of scars, classifying them
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We evaluated the scar condition at each site 10 years after CEA
transplantation using the Kyoto Scar Scale, which consists of an
objective (redness and hardness of the scar) and a subjective
(itching and pain) assessment [1]. The degree of scarring was
graded as excellent on the patient's back, where the dermis had
been preserved (Fig. 3). In the areas where debridement was to the
depth of the adipose tissue, the score trended to be lower where
both CEA transplantation and the autologous patch skin grafts were
performed compared with the areas with CEA alone (Table 1).

The condition of the skin was assessed 12 years after the CEA
transplantations (Table 1). SSH was measured using a Skicon-
200EX hygrometer (Yayoi, Tokyo, Japan) at a room temperature of
24 �C with 60% humidity. The mean SSH values on the left shoulder,
supraclavicular fossa, and upper arm (normal skin sites) were 108,
162, and 88 micro Siemens, respectively. The SSH values of the CEA
sites were lower than those of the normal skin sites. Moreover, the
SSH values of the CEA sites with autologous patch skin grafts were
even lower than those of the sites without autologous patch skin
grafts.
igmentation
ear after CEA
splantation)

Depigmentation
(10 years after CEA
transplantation)

Skin surface
hydration (mS)a

(12 years after
transplantation)

Kyoto Scar Scaleb

(10 years after CEA
transplantation)

ttled)
þ
(mottled)

58 0, excellent

ttled)
þ
(mottled)

44 2, good

e 39 0, excellent
e 32 1, good

þ 52 3, fair

þ (mottled) 80 0, excellent

as excellent (0 points), good (1e2 points), fair (3 points), or bad (4e8 points).1



Fig. 2. Clinical photographs of the patient from immediately after surgery to 10 years after surgery. (aed) At the time of cultured epidermal autograft (CEA) transplantation after
autologous patch skin grafting. (eeh) One year after CEA transplantation. (iel) Ten years after CEA transplantation.

Fig. 3. Clinical photograph of pinched upper right back skin 11 years after cultured epidermal autograft transplantation.
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3. Discussion

This is the first report to objectively evaluate the skin condition
of a pediatric patient with extensive burns 10 years after surgery.
The lifesaving treatment of extensive burns in children leads to
many problems and challenges, including repeated ulcerations;
scar contracture; dry skin; and physical, psychological, and social
issues associated with growth [2]. The combination of CEA with
autologous split-thickness skin grafts was suggested to improve the
take of CEAs [3]. It is speculated that autologous split-thickness skin
grafts provide a suitable niche for CEA take and growth [3]. In our
case as well, a good CEA take occurred at the regions where the
autologous skin patches were grafted. The Kyoto Scar Scale scores in
the areaswhere debridement was to the depth of the adipose tissue
tended to be lower in the areas with both CEA transplantation and
autologous patch skin grafts than in those with CEA transplantation
alone, suggesting that the combination of CEA and autologous
patch skin grafts may control scarring 10 years after surgery. On the
other hand, in areas where the dermis was preserved during
debridement, the scarring after 10 years was graded as excellent,
even with CEA transplantation alone (Fig. 3).

It makes sense that the SSH of the CEA sites was inferior to
normal skin, but it is unclear why that of the CEA sites was superior
to the sites where autologous patch skin grafts were used in com-
binationwith CEA. At the CEA site, there is a difference between the
epidermis and the stratum corneum depending on the presence or
absence of autologous patch skin grafting, which might have
contributed to the result. Treatment with CEA alone may be ad-
vantageous for SSH, but this needs further investigation using a
larger sample size.

Depigmentation at the site of a deep burn injury exerts not only
a cosmetic burden but also a mental burden on patients. The
development of melanin-containing CEAs has progressed [4] and is
expected to improve depigmentation after deep burns. Addition-
ally, our case suggests that the combined use of CEAs and autolo-
gous split-thickness skin grafts promotes pigment recovery in the
skin more easily than treatment with CEA alone, even for wounds
where the adipose tissue is exposed. There is a possibility that
melanocytes of autologous patch skin grafts migrated to the CEA
transplant site, but histological examination is required.

In summary, the skin of a child with extensive burns treated
with CEA grafts appeared to be soft and of good texture, even after
157
10 years. However, depending on the site and the debridement
depth, it is advisable to consider using autologous skin grafts in
combination with CEA transplants. The skin condition in patients
with epidermolysis bullosa or giant pigmented nevi treated with
CEA is also expected to be good after surgery.
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