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Abstract

Burn care has been limited in recent years due to the limited availability of allogenic skin. Nevertheless,
some burn patients may refuse surgery because of their age, physical condition, or economic status. We
propose a new method involving eschar perforating and inlaying of small autogenic skin patches for the
treatment of deep burn wounds in this study. A total of 10 deep burn wounds were included in the study.
The skin patches were inlayed 4-21 days after the patients were burned. The ratio of the skin peeling
area and the skin grafting area was 1:17 - 1:25. The skin graft survival rate was 53.85%-72.73%. The
grafts expanded 3—-4 weeks after transplantation and then fused 35-55 days after transplantation.
Follow-up examinations revealed that the skin graft area healed well and that scar hyperplasia was less
obvious than that in the surrounding area without a skin graft. It is feasible for eschar holing and inlaying
of autologous small skin patches in the treatment of deep burn wounds, while the optimal timing and
specific methods for skin inlaying still need further research and optimization.

INTRODUCTION

Burn injuries are severe injuries that result from contact with a thermal, radiation, chemical or electrical
device and are a major public health concern. 'Burn injuries destroy the skin and subcutaneous tissue,

thus affecting homeostasis as well as the immune system.?

Deep burns are common worldwide and are divided into deep partial- and full-thickness burns. Deep
partial-thickness burns penetrate the reticular dermal layer. The surface of the burn often appears deep
red with mottling due to ruptured erythrocytes within the dermis, does not blanch with pressure, may
appear dry, and may exhibit reduced sensitivity to pinprick. Full-thickness burns may appear white, brown
or black in color, involve the full thickness of the skin, and extend into subcutaneous tissues. The
formation of an eschar is typical of deep partial- and full-thickness burns.® Deep burns are associated
with scar growth, joint dysfunction, deformity, and even death.* Deep burns are difficult to cure in a short
time because of their complexity and related complications,® and they may be accompanied by

psychological distress and economic burdens for both the patients and their families.® Burn wounds,
especially deep burn wounds, are difficult to treat, and methods to promote the healing of burn wounds

are needed.”8

Various strategies including debridement and coverage with autografts, allografts or xenografts have
been used as remedies for burn injuries. Therapeutic agents have also been applied.® Skin grafting or
autografting are considered the gold standard in the management of full- and partial-thickness burns.
Among these methods, intermingled skin grafting, which was created at Guangci Hospital, Shanghai, in
the 1960s has been proven successful. The method involves the placement of a large, partial-thickness
allograft with holes for inlaying small pieces of partial-thickness autografts.'®!" This intermingled
transplantation method has been used as a rescue measure for several patients with severe, extensive
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full-thickness burns. It is a low-cost method for definitive coverage of extensive burns and achieves good
cosmetic outcomes.'?

Burn care has been limited in recent years due to the limited availability of allogenic skin. Nevertheless,
some burn patients may refuse surgery because of their age, physical condition, or economic status.
Therefore, a new method that is suitable and accessible to all burn patients is needed. Although a burn
eschar is considered a complication, they can have a protective effect on burn wounds. Thus, we
propose a new method involving eschar perforating and inlaying of small autogenic skin patches for the
treatment of deep burn wounds.

PATIENTS AND METHODS
Patients

Seven patients who were treated for deep burn wounds between October 2019 and January 2024 in the
Department of Burns and Plastic Surgery and Wound Repair at the First People’s Hospital of Xuzhou
were included. The inclusion criteria were as follows: definite diagnosis of deep burns (deep partial- or
full-thickness burns); no tumor, bleeding disorder, intellectual disability, or severe systemic disease;
complete perioperative data; and willing to cooperate with follow-up procedures. All participants signed
an informed consent form prior to inclusion in the study. The work described has been carried out in
accordance with the Declaration of Helsinki for experiments involving humans, and approved for
implementation by the Ethics Committee of the First People’s Hospital of Xuzhou (approval number
xyyll[2023]077, March 20, 2023).)

The study was conducted on the basis of the theory of shared decision-making (SDM). SDM is an
approach that involves the discussion of available treatment options with patients, thus equipping them
with pertinent information necessary for decision making. Through collaborative engagement between
physicians and patients, the potential benefits and risks associated with various outcomes are
thoroughly evaluated. Additionally, the values and preferences of patients are integrated into the
decision-making framework. For deep burn patients, options such as eschar excision, allo- or xeno-skin
grafting and routine autoskin transplantation were presented. In this study, patients were informed about
the surgery as well as the severity of their condition, enabling them to make their choice autonomously.
Thus, the optimal approach was tailored to meet the patient’'s needs. Seven patients with 10 deep burns
chose to undergo eschar perforating and inlaying of small skin patches. Basic information, including the
ratio of the skin peeling area to the grafting area, skin graft survival rate and incidence of scar
hyperplasia, were analyzed.

Preoperative treatment

Novel treatments for patients with extensive burns include preventive tracheotomy and assisted
mechanical ventilation, relieving incisions to the thoracic region and limbs, fluid resuscitation with
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lactated Ringer's solution and plasma transfusion. Systemic antibiotics were applied to prevent infection
and silver sulfadiazine powder was externally applied for eschar preservation. Meanwhile, oral and
intravenous nutritional supplements were also conducted according to the patient's nutritional status.

Surgical technique for eschar holing and inlaying of autologous
small skin patches

The operation can be performed at the bedside in the ward or during routine surgeries in the operating
room. Holes were made through the eschar. The distance between the holes was approximately 1.5 cm-
2.0 cm, the length of the incision was approximately 0.8 cm-1 cm, and all the holes were made below the
fat layer. Then a piece of autologous split-thickness skin was harvested and cut into small patches with
tissue scissors; each skin patch measured 0.3 cm x 0.3 cm-0.3 cm x0.5 cm. The donor site was covered
with Vaseline gauze. The skin patches were inlayed into the holes. The eschar was pressed to maintain
its intact state; however, if there was exudate, the holes were filled with a small saline gauze.

Postoperative treatment

The eschar was preserved for approximately 5-7 days after the operation and then dissolved with silver
sulfadiazine cream. The eschar was carefully removed with tissue scissors. The dressing was changed
regularly after the eschar was removed, and the dressing was changed more frequently if there were
excess secretions. Anti-infection therapy and nutritional supplements were also administered.

RESULTS
General results

This study included 3 males and 4 females who ranged in age from 31 to 86 years. All the patients had
burns on 15%-80% of the TBSA (total body surface area) and full-thickness burns on 5%-30% of the
TBSA. Two patients with major degree burns refused further escharotomy and skin grafting after
undergoing skin grafting surgery for partial-thickness burn wounds, and 4 patients with moderate degree
burns refused skin grafting surgery because of their age and economic status. The other patient
participated in this study after undergoing routine surgical treatment. A total of 10 deep burn wounds
were included in the study. The skin patches were inlayed 4-21 days after the patients were burned. The
skin peeling area was 2—6 cm? and the skin grafting area was 50-150 cm?, for which the ratio was 1:17
- 1:25. Dressings were changed once per day for 10 days due to evident secretions after the eschar was
removed, then dressings were changed once every 2 days. The skin graft survival rate was
53.85%-72.73%. The grafts expanded 3—-4 weeks after transplantation and then fused 35—55 days after
transplantation. The donor sites healed within 7-10 days without obvious scars. The follow-up period
was 4-10 months. Follow-up examinations revealed that the skin graft area healed well and that scar
hyperplasia was less obvious than that in the surrounding area without a skin graft.

Page 4/16



Typical case

A 52-year-old female patient was accidentally burned by fire at home, resulting in burns covering 64% of
the TBSA, deep partial-thickness burns covered approximately 11% of the TBSA, whereas full-thickness
burns covered approximately 53% of the TBSA (Fig. 1A, B and C). Patients underwent treatments such as
tracheotomy and assisted mechanical ventilation, relieving incisions on the upper limbs, fluid
resuscitation and the application of systemic antibiotics preoperatively. Silver sulfadiazine power was
applied to the wounds for eschar preservation after admission. Routine surgeries, including wound
excision, xenograft skin coverage and autologous skin grafting, were conducted on the upper limbs and
the left lower limb. In accordance with the wishes of the patient’s family members, small autogenic skin
patches were inlayed under the topical eschar of the anterior wound on the right thigh on post-burned
day (PBD) 13 (Fig. 2A and B) and under the eschar at the root of the left thigh after routine skin grafting
on the wound of the left lower limb on PBD 19 (Fig. 3A and B). The eschars were dissolved with silver
sulfadiazine cream 5-7 days after the skin was inlayed and then gradually removed during dressing
changes. Most of the skin patches survived, although some dissolved (Fig. 2C and Fig. 3D). The skin
patches expanded rapidly 3 weeks after transplantation (Fig. 2D, E and F and Fig. 3E, F) and fused in
approximately 35 days, whereas the surrounding wounds turned into granulation wounds without skin
islands (Fig. 4A). Afterward, the granulation wound underwent stamp skin grafting and mesh skin
grafting (Fig. 4B and C), and dressings were routinely changed for the residual wounds. All the wounds
healed within two and a half months (Fig. 5A) and maintained a good state 3 months after discharge
(Fig. 5B). The degree of scar hyperplasia in the skin inlaying area was less obvious than that in the
surrounding area at 6 months after discharge (Fig. 5C and D).

DISCUSSION

Burn wounds are difficult to treat and major public health issues. They have a serious impact on and are
extremely stressful for victims and their families, physically, psychologically, and financially.”® Burn
wounds are traditionally managed with regular dressing changes and skin grafting surgery. Burns
covering a total body surface area (TBSA) > 30% may require skin transplantation. In general, split-
thickness skin grafting is the gold standard treatment. Skin transplantation leads to the regeneration of
the epidermis and is associated with less skin contracture as well as less extracellular matrix

deposition.™

However, the limited availability of autograft skin from suitable sources limits the success of treatment
and the quality of healing of extensive burns.'® Therefore, clinicians need a tool or a skin grafting
technique to expand the limited donor site to maximize coverage of the denuded wound. There are
several examples of techniques that facilitate larger expansion ratios, such as the meshed technique, the
conventional postage stamp skin graft technique, the Meek micrograft technique, the intermingled
transplantation technique using autografts, homografts, microskin, allografts, or xenografts.
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When the skin graft is meshed or minced, the actual expansion rate is lower than the estimated
expansion rate and the claimed expansion rates (ninefold-fold), with substantial discrepancies between
the estimated and actual expansion rates, whereas the actual and estimated expansion rates of the
micrografting technique are better than those of the skin meshing technique.’® The expansion ratio of
the postage stamp skin graft ranged from 1:4 to 1:9, with the harvested skin being cut into 0.5-1.0 cm
postage-stamp-like squares and applied to the recipient sites at a distance of 0.5-2.0 cm."” However, the
transplantation of postage stamp skin grafts is time consuming, both directly and piece-by-piece.
Moreover, compared with meshed skin grafts, Meek micrografts provide an expansion ratio of 1:4, 1:6 or
1:9, require a smaller donor graft site, lead to higher graft survival rates, and has greater resistance to
infection. This technique provides better long-term aesthetic outcomes at the recipient site. However, it
has a steep learning curve, is time consuming, and expensive.'® Intermingled transplantation and
microskin transplantation are hampered by a lack of allogenic skin.

Other newer therapeutic approaches are available to manage skin burn wounds. Nanotechnology-based
wound management, which involves the delivery of growth factors to burned skin, scaffolds, dressings,
etc., for exogenous stem cells to aid in skin regeneration, have shown exceptional efficacy.'®?% Cultured
epidermal autograft (CEA) transplantation has also shown good clinical effects, such as soft skin, good
texture, and better recovery of skin pigmentation and scar conditions.?! The keratinocytes obtained from
a skin biopsy are cultured with feeder cells and can be expanded more than 5,000- to 10,000-fold;

however, transplantation must be delayed by 3 to 4 weeks.??%3

The various successful techniques for treating deep burn wounds must be performed in high-level
facilities with high-quality materials, making such techniques expensive to perform; therefore,
conservative treatment is still needed in certain situations for certain patients. In addition to the
shortage of allogenic skin, which hampers some techniques, the patient’s age, physical condition, and
economic status also affect the outcomes of routine surgery. Moreover, for patients with critical burns,
wounds in the lower limbs are treated first, followed by those in the upper limbs and the torso, and
wounds in the thigh root, hip, and iliolumbar are treated last. Nevertheless, the treatment of some
wounds in the limbs may be delayed because of delays in harvesting skin from the scalp. Therefore,
there is a need for wound management strategies that can be used as an alternative or supplementary
treatment to early eschar excision and routine skin grafting but can accomplish the same outcomes.

In this study, we suppose that a burn eschar can be useful as coverage material if it can be well
preserved. Among various conventionally available antimicrobial formulations, silver sulfadiazine (SSD),
which can penetrate the eschar to control subeschar bacterial invasion in deep burns, is considered the
mainstay topical therapy for the management of major burns.?* The eschar can be preserved for as long
as one month or so.

We made the holes through the eschar with a distance between the holes of approximately 1.5 cm-2.0

cm, which was a slightly greater distance than that of conventional intermingled skin grafting, whereas

the small skin patches were 0.3 cm x 0.3 cm-0.3 cm x0.5 cm in size, which was smaller than that of
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conventional intermingled skin grafting.?® The expansion ratio in this study was greater than that of
conventional skin grafting; however, the higher the ratio was, the longer it took to close the wounds.

One of the greatest risks of eschar preservation is wound infection. As is well known, eschar excision
with skin grafting is the gold standard for treating massive burns. In recent years, eschar excision has
been performed as early as 3 or 4 days after burn injury to decrease the risk of wound infection and
death in burn patients.?®2” Owing to the different conditions of each patient, the skin remained inlayed
from the 4th to the 21st day after burn injury, and several patients had a long-term eschar. When the
eschar was dissolved with silver sulfadiazine cream, the necrotic tissue softened, and the amount of
secretions increased. Moreover, the risk of infection increased, and some skin patches dissolved, which
reduced the survival rate of the skin patches to some extent.

Nonetheless, the benefit of this approach is that it may preserve the dermal tissue as much as possible,
which is considered a key factor in determining wound healing and scar quality.?®Non tangential excision
(sharp debridement) plays an important role in preserving dermal tissue. Enzymatic debridement has
been proven to be a safe method for the treatment of burns covering more than 15% of the TBSA.?° It
can reduce the blood loss volume, improve dermal preservation and even reduce the need for
autografting.3? Another effective method of debridement is hydrosurgical excision, which is a novel

alternative for managing deep partial-thickness and full-thickness burn wounds.3! The precision and
tissue selectivity of the hydrosurgical technique for excising burn tissue while preserving dermal tissue
have been established, although the procedure must be performed in special facilities, which may be
expensive. Therefore, we expect that in our subsequent research, enzymatic debridement or
hydrosurgical excision can be used during the debridement process to improve wound treatment
efficiency, which may reduce the risk of skin dissolution and increase the skin survival rate to some
extent.

Another disadvantage of our study is that it was a time-consuming and slow process to inlay the skin
patches piece-by-piece into the holes, and the subsequent workload of dressing changes also brought
significant pressure to medical staff. This is also an important reason why intermingled skin grafting has
almost been forgotten, as was said by Domres B."? In recent years, scholars have reported that the use
of negative pressure wound therapy (NPWT) can significantly reduce the frequency of dressing changes,
which may be a psychological and logistical advantage.3? We assume that the NPWT technique will be
applied to an isolated deep burn wound in our study after the eschar is removed to simplify the dressing
change process and improve wound healing efficiency.

Our current research focused mainly on exploring the feasibility of this method, so the skin graft area
was relatively small. If the skin graft area is larger, an excessively long operative time may become the
greatest barrier to this method. However, patients who are unwilling to undergo conventional skin
grafting surgery still benefit more from this method. Moreover, it can be used as a supplementary
treatment for routine skin grafting as well as for burn sites (thigh root, hip, iliolumbar, etc.) outside the

conventional surgical area of patients with extensive burns.
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In future research, we will optimize the experimental design to determine the optimal time for skin
inlaying, appropriate size of skin patches and optimal distance between the skin patches, as well as a
more effective wound treatment after skin inlaying.

CONCLUSIONS

This report reviews several routine skin grafting techniques, including intermingled transplantation and
microskin transplantation. Given the lack of allogenic skin, which hampers skin grafting, and the
unwillingness of certain patients to undergo routine surgery, we propose for the first time a new method
for treating deep burn wounds. We confirmed that it is feasible for eschar perforating and inlaying small
autologous skin patches in the treatment of deep burn wounds. It can be used as a supplementary
treatment for routine skin grafting as well as for burn sites (thigh root, hip, iliolumbar, etc.) outside the
conventional surgical area of patients with extensive burns. It can also be used as an effective
conservative management scheme for patients with deep burns who refuse conventional skin grafting.
The optimal timing and specific method of skin inlaying still need further research and optimization.
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Figure 1

Burn wounds when admitted (A, B & C).
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Figure 2

Treatment for the wound on the front side of the right thigh. (A) Small skin patches and holes on the
eschar were made. (B) Skin patches inlayed into the holes with physiological saline gauze ball. (C) Most
skin patches survived when the eschar was moved. (D, E and F) The skin patches expanded gradually.
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Figure 3

Treatment for the wound on the left lower limb. (A) Mesh and stamp-like skin transplantation. (B) Small
skin patches made for the wound at the root of the left thigh. (C) Skin patches inlayed into the eschar
with physiological saline gauze ball. (D) Most skin patches survived when the eschar was moved. (E and
F) The skin patches expanded gradually.
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Figure 4

Overall healing status of wounds in both lower limbs. (A) The skin patches fused together while the
surrounding wounds became granulation wounds. (B and C) Mesh skin and stamp-like skin
transplantation for the granulation wounds.
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Figure 5

Wound healing and follow-ups. (A) All the wounds healed well. (B) Follow up for 3 months. (C) Follow up
for 6 months.
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