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Abstract

Introduction: The micrograft technique involves collecting a small amount of healthy tissue which is then
disaggregated and transplanted to cover a larger wound area. We present our experiences and findings utiliz-
ing micrografts for abdominal wound dehiscence associated with postoperative gastroenterological surgical
site infections (SSIs).

Materials and Methods: This is a retrospective study constructed from medical records including patient
backgrounds, gastroenterological diagnosis, wound culture results, duration of epithelialization, and adverse
events. Patients whom have undergone micrograft treatments for abdominal wound dehiscence associated
with postoperative gastroenterological SSIs were considered for the study. The micrograft procedure was per-
formed under local anesthetics using the Rigenera® system based on its protocol.

Results: All 4 cases are presented below. Of the total cases, 3 patients were accompanied by septic shock
associated with acute panperitonitis after emergency laparotomy. Two cases had positive MRSA bacterial cul-
ture results. In all cases, the wounds healed, no adverse events were observed, and no limitations on postopera-
tive activities.

Case 1: A 68-years-old male patient with peritoneal metastasis of unknown primary site and small-
intestinal perforation. Epithelialization was observed 3 weeks after the micrograft treatment. The patient was
discharged from the hospital 4 weeks after the micrograft treatment.

Case 2: Male patient, 79-years-old, with a small-intestinal perforation associated with liver cancer surgery.
Hospital discharge at 6 weeks after the micrograft treatment and epithelialization of the ulcer was observed at
8 weeks postoperatively.

Case 3: A 59-years-old female patient, diagnosed with colonic perforation penetrating into the abdominal
wall, forming an abdominal wall abscess. The patient was discharged approximately 4 weeks from the micro-
graft procedure.

Discussion: The autologous tissue is minced into pieces of 50 to 70 um using the Rigenera® system, and the
tissue suspension is then transplanted. The procedure can be performed under local anesthetics, allowing pa-
tients with general anesthetic considerations to receive the treatment. Restrictions on postoperative activities
were considered to be unnecessary after micrografting, and patients were able to start postoperative rehabili-
tation without any limitations.

(JJOMT, 73: 10—17, 2025)

—Key words—
micrograft, SSI, refractory skin ulcer

Introduction

In a micrograft technique, a small amount of healthy skin and subcutaneous tissue are collected, disaggre-
gated into sizes from several mm to tens of um, and transplanted to a larger area than the donor site”. The first
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transplantation method was originated by Reverdin and published in 1869, which was succeeded by many
others with various ingenuities””. In recent years, micrograft is receiving more attention as a new and less-
invasive treatment strategy for wound healing, but not much has been reported to date on its effect pertaining
to refractory skin ulcers®". We have experienced cases of wound dehiscence due to postoperative wound in-
fection associated with emergency laparotomy for acute panperitonitis. The physical conditions of each patient
were considered to be hard-to-treat; nevertheless, the micrograft technique showed good results. Only one pre-
vious study'” was found on micrograft-treated cases involving skin ulcers associated with postoperative SSIs,
and we have presented here some findings based on the treatments.

Materials and Methods

The study was conducted with the approval (approval number: 2020002) by the Ethics Committee of Ki-
tasato University Medical Center. Patients whom have undergone micrograft treatments on abdominal wound
dehiscence associated with postoperative gastroenterological SSIs were considered for the study. This study
was retrospectively constructed from medical records, including patient backgrounds, gastroenterological di-
agnosis, wound culture results, the duration of epithelialization, and adverse events. All micrograft procedures
were performed under local anesthesia.

Micrograft preparation and transplantation:

The micrograft preparation method shown in Fig. 1 is referenced from our reported study in year 2022".
Micrograft suspension was created based on the protocol for the Rigenera® system (HBW srl, Italy). A spindle-
shaped sample of approximately 4 X 2 cm in size was harvested from the abdomen as donor site. The har-
vested skin was divided into layers of (1) epidermal-upper dermal layer and (2) mid-dermal-subcutaneous
layer. The donor site wound was closed with a suture. Harvested tissue fragments (1) (2) were prepared sepa-
rately. Consequently, micrograft suspensions (1) and (2) were generated independently. The system'’s disaggre-
gation device Rigeneracons® comes in sizes of 2 ml and 16 ml. An appropriate device is selected based on the
wound size. The harvested sample is cut into fragments of 2 to 3 mm which are then placed inside the Rigener-
acons® with saline solution of 2 mL or 16 mL. Micrograft suspension is created by placing the device on the Ri-
genera® machine and disaggregating for approximately 2 minutes. The suspension is dispensed into a 1 ml
syringe. Before transplantation, the ulcer is debrided, cleansed and sprayed with bFGF (Kaken Pharmaceutical
Co., Ltd,, Japan). At first, micrograft suspension (2), the dermal-hypodermal layer, was injected using a 27 G
needle into the ulcer and at its edges, infused within the subcutaneous layer at approximately 1 cm intervals in
a grid pattern. Nextly, micrograft suspension (1), the epidermal-upper dermal layer, was sprayed onto the ul-
cer surface, or was used to infiltrate an artificial dermis made from collagen sponge and silicon film (Pelnac
Gplus®, Gunze Limited, Japan) and transplanted to the ulcer. For cases where the graft suspension was
sprayed, Sofratulle® Gauze Dressing (Teika Pharmaceutical Co., Ltd., Japan) was used; for other cases that em-
ployed the artificial dermis, preoperative treatments were continued. All procedures took place at the treat-
ment room within the ward area, under local anesthesia.

Results

The study consisted of a total of 3 cases, with patient ages between 59 to 79 years. A detailed summary of
the cases is provided under Table 1. In all cases, patients were admitted to ICU during the clinical course of
the disease, and 3 cases reported septic shock after gastroenterological surgery. In 3 cases, wound depth
reached the peritoneum, and in one case, the wound reached as far as the intestines. Prior to the micrograft
treatment, 2 patients had positive MRSA wound culture results. In all cases, no restrictions were prescribed
for postoperative activity, and they all continued with functional rehabilitation. Prior to micrograft treatments,
in all the cases, negative pressure wound therapy installation and dwelling (NPWT-id) was applied on the
wounds, which continued after the micrograft treatments. Of the cases, 3 patients required no additional sur-
gery and, in one case, a patch graft was used to heal the wound. No adverse events were reported. Summary
of each case follows.
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Fig. 1 Micrograft Preparation (referenced from Niimi et al., 2002%)
a. Epidermal - upper dermal layer (e; white arrow) was harvested. Black arrow indicates the mid-dermal layer. Mid-dermal - hypodermal
layer (D; black arrow) was harvested.
b. Harvested samples of epidermal — upper dermal layer (E; white arrow) and mid-dermal - hypodermal layer (d; black arrow) are shown.

c. Mid-dermal - hypodermal layer was cut into pieces of approximately 2 to 3 mm with a surgical blade.

d. Skin tissue fragments (black arrow), each piece 2 to 3 mm in size, were placed inside the Rigeneracons®.

e. Saline solution was added to the Rigeneracons® and the device was then placed on the Rigenera® machine in order to disaggregate the
samples.

f. Micrograft suspension was collected from the Rigeneracons®.

g. The suspension is dispensed into a 1 ml syringe (black arrow).

h. Micrograft suspension D, the dermal - hypodermal layer, was injected into the ulcer and at its edges (black arrow), infused within the
subcutaneous layer at approximately 1 cm intervals in a grid pattern.

Table 1 Table summarizing patient data for the 3 cases in our study.

Systemic Wound Main Duration of| Period to | Period to
. . ysten depth Addi- |Combina-| epitheliali- | hospital hospital
Case Gen- | Main Medical . . .| condition wound . . . - .
Age . Surgical diagnosis . before tional tion |zation after| discharge | discharge
No. der History at the time| . culture . 7 H
micrograft surgery | therapy | micrograft | post-mi- post- mi-
of surgery results
treatment treatment | crograft crograft

Colonic perforation

after surgery for Septic On the MRSA
cancer of unknown | shock | peritoneum
primary, peritonitis

1 68 M Hypertension None |NPWTid| 3 weeks 3 weeks 4 weeks

Small intestinal

2 | 79| M Diabetes perforation after | Septic | Onthe | ypgp | Patch | \pywpig | 8 weeks | 8 weeks | 6 weeks
liver cancer shock | peritoneum graft

surgery, peritonitis

Chronic
inflammatory | Colonic perforation, .
3 |59 | F | demyelinating | abdominal wall Eﬁggf Intestines | Ecoli | None |NPWTid| 4 weeks | 4 weeks | 4 weeks
polyradiculoneu- abscess

ropathy (CIDP)

Case 1 (Fig. 2):

Male, 68 years-old with peritoneal metastasis of unknown primary site and small-intestinal perforation.
Comorbidities: hypertension and hyperlipidemia. Past medical history: varicose veins on the lower limbs.

History of present illness: The patient had septic shock and was transported by ambulance to our hospital.
An emergency laparotomy was performed for the acute panperitonitis, followed by closure of the perforated
site and ileostomy with double orifices. The cause of the colonic perforation was diagnosed as the peritoneal
metastasis of unknown primary site. SSI occurred 1 week after the emergency laparotomy. Abdominal incision
dehiscence occurred due to the SSI, forming an ulcer which tested positive for MRSA. Because of the ulcera-
tion at the abdominal midline, stomal construction became a challenge, and 2 weeks post-op, the patient was re-
ferred to our department.
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Fig. 2 Wound area for Case 1
a. Condition before the micrograft treatment.

b. Conditions after the treatment and during healing.

Postoperative course: The patient had advanced cancer with a life expectancy of a few months. The pa-
tient and his family wished for an early discharge. NPWT-id was applied to improve the wound bed environ-
ment, and 2 months after the surgery, micrograft procedure was conducted. The tissue suspension was pre-
pared using the dermis, which was transplanted into the ulcer and at its margins. Likewise, another tissue sus-
pension using the epidermis was prepared and transplanted to the ulcer surface. The ulcer area had mostly
epithelialized approximately 3 weeks after the micrograft treatment, and the stoma became easier to manage.
The patient was discharged approximately 4 weeks (about 3 months from the initial surgery) after the micro-
graft treatment.

Case 2 (Fig. 3):

Male, 79 years-old, diagnosed with small-intestinal perforation associated with liver cancer surgery.
Comorbidities: hepatic cirrhosis, diabetes and hypertension. Past medical history: subarachnoid hemorrhage,
cerebral aneurysm surgery, bladder cancer surgery, and esophageal cancer radiation therapy.

History of present illness: A small-intestinal perforation was detected after laparoscopic hepatic subseg-
mentectomy for the hepatic cancer. An emergency laparotomy was performed due to the acute panperitonitis
successively with septic shock. SSI occurred 5 days post-op from the emergency laparotomy which was fol-
lowed by dehiscence of the abdominal midline incision. The wound base showed a defect in the peritoneum, de-
veloping a 15 cm ulcer pocket on the right side which tested positive for MRSA. Our department has inter-
vened two weeks into the initial surgery.

Postoperative course: This was a case of an elective surgery with postoperative complications, in which an
early discharge was desired after the surgical treatments. NPWT-id was applied to promote formation of
granulation tissue at the defective peritoneal region, which improved the wound bed environment. The micro-
graft treatment occurred at 1.5 months after the initial surgery. Tissue suspension was prepared using the
dermis, and transplanted inside the ulcer and at its margins. The epidermal sample was 5 mm in size and was
transplanted onto the surface of the ulcer. Approximately 6 months from the micrograft procedure, self-
treatment of the wound became possible and the patient was discharged. Full epithelialization was observed
approximately 8 weeks from the micrograft treatment.
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Fig. 3 Wound area for Case 2
a. Condition before the micrograft treatment.
b. Conditions after the patch graft.
c. Conditions after the treatment and during healing.

d
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Fig. 4 Wound area for Case 3

a. Condition before the micrograft treatment.
b. Micrograft suspension D was injected into the ulcer and at its edges.
c. Micrograft suspension E which was then infiltrated into an artificial dermis (Pelnac Gplus®, Gunze Limited, Japan) and transplanted to

the surface of the ulcer.
d. Conditions after the treatment and during healing.

Case 3 (Fig. 4):

Female, 59 years-old, diagnosed with a colonic perforation penetrating into the abdominal wall, forming an
abdominal wall abscess. Comorbidities: chronic inflammatory demyelinating polyradiculoneuropathy (with
long-term steroid use), hyperlipemia, hypertension and obesity. Past medical history: colonic perforation associ-
ated with colostomy.

History of present illness: The patient was transported to the hospital emergency department due to ab-
dominal pain and emesis. Detailed examinations found that the patient had a recurrence of colonic perforation,
which penetrated into the abdominal wall, forming an abdominal wall abscess and cellulitis, which eventually
lead to septic shock. The patient underwent emergency operation (debridement) at the surgical department.
For the open wound abscess, a catheter was inserted into the intestine for drainage of intestinal fluids. The aim
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was to manage it as an enterocutaneous fistula, but it had developed into an infected wound due to leakage of
intestinal fluids around the catheter. Our department intervened at 2 weeks post-op from the first surgery.

Postoperative course: With the application of NPWT-id, the wound bed environment improved and the
first micrograft treatment was performed 1 month postoperatively. The tissue suspension prepared from the
dermis was transplanted inside the ulcer and its border. Similarly, another tissue suspension was created using
the epidermis which was then infiltrated into an artificial dermis (Pelnac Gplus®, Gunze Limited, Japan) and
transplanted to the surface of the ulcer. A catheter for the enterocutaneous fistula spontaneously dislodged
and the intestinal fistula closed. No recurrence of the enterocutaneous fistula was observed. At approximately
4 weeks from the micrograft procedure, almost all of the ulcer had closed and the patient was discharged.

Discussion

Micrograft is a treatment method that entails harvesting and disaggregating the autologous skin and hy-
podermal tissue, and transplanting the micrografts over a larger area. Since it was first reported, various
authors have followed with ingenuities including different fragment sizes. Zhang et al. in 1986 reported a
method of split-thickness skin graft in which the skin sample is minced into pieces of approximately 1 mm in
size, which are then transplanted on the surface of a burn wound™”. The method came to be known and was
reacknowledged as a less-invasive method. In 2013, a micrograft system called Rigenera® (HBW srl, Italy)
which creates tissue fragments of a size between 50 to 70 um was developed. Our cases utilized this technique
in accordance with its protocol. The method (Fig. 1) involves collecting a skin sample of a few centimeters in
size. This technique, however, does not require skin graft fixation as seen in conventional skin transplants. It is
a simple procedure conducted under local anesthesia, and also can be performed in cases where the patient’s
systemic condition is not favorable for general anesthesia. All of our reported cases had comorbidities and re-
quired ICU admission, but all patients were able to undergo the micrograft procedure without any issues. De-
spite the fact that SSIs can cause a considerable burden on clinical resources and be a mental distress to a pa-
tient, in all of our cases, the micrograft procedure was performed in the treatment room and was less stressful
for all parties involved.

To our knowledge, no reports have been found pertaining to micrograft treatment performed on ulcers
associated with SSIs. In our study, the micrograft treatment was applied in an environment where no appar-
ent infections are present through wound bed preparation, including infected granulation tissue and necrotic
tissue debridement and suture removal. Not only control of the infection itself, but underlying comorbidities
were adequately treated prior to the micrograft procedure. In view of the fact that full epithelialization neces-
sitates a certain amount of time after a micrograft procedure, continual and adequate postoperative wound
management was indispensable. Even when an SSI tested culture positive for bacterial infection, as long as
there was adequate infection control, micrograft procedure was considered to be useful.

Despite the ulcers being considered as difficult-to-treat, all cases nonetheless formed apparent granulation
after the micrograft treatment. Even with the NPWT-id application, micrograft treatments were perceived to
be effective each time. General observation showed that granulation tissue formed on the whole ulcer, indicat-
ing an elevation of the ulcer’s base and a size reduction of the wound width, followed by epithelialization from
the surrounding edges. Case 2 consisted of a wound with large epidermal loss, and a patch graft was used to
compensate for the epidermal cells in order to encourage epithelialization. In our past reports pertaining to mi-
crograft treatments, epithelialization was not demonstrated as forming islands within the ulcer area. We re-
ported that chemical mediator asocciated whith micrograft could promote wound healing rather than the mi-
crograft itself attachment'. Therefore, in Case 2, we decided that a patch graft was performed due to size of
skin-lack.

It is generally known that the wound healing goes through hemostasis, inflammation, proliferation and re-
modeling phases in which various cells are activated; in addition to these cells, cytokines and growth factors
are identified as playing an important role'™. In conventional skin grafting, new blood vessels are initially
formed from the transplant/recipient bed to the grafted tissue, allowing the grafted tissue to adhere to the
transplant/recipient bed. On the other hand, the mechanism of micronized tissue transplantation, although
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clinically still unclear, is presumed to be different from the traditional approach. Micrograft suspension created
by the Rigenera® system has been reported in various studies such as in vitro experiments using human tis-

Y19 These studies suggested that cytokines and growth factors within

sue” as well as in vivo mice experiments
the micronized tissue fragments may have induced a beneficial physiological response to heal wounds. In 2022,
we have presented our histological analysis of clinical samples based on the use of the Rigenera® system". Our
hypothesis at the time was not in contradiction with earlier studies reported by various authors™®. Conven-
tional skin graft requires a few days for the blood vessels to form from the transplant/recipient bed to the
graft tissue; during this time, the patient is prescribed postoperative bed rest to allow the skin graft to be in
close contact with the transplant/recipient bed until it stabilizes. In other words, bed rest may compromise
mobility, leading to a decline in activities of daily living (ADL). Conversely, because the transplanted tissue is
smaller when using the micrograft and with the understanding that physiological response is key to its effi-
cacy, we surmised that a bed rest would be unnecessary. Our micrograft cases demonstrated that the ulcers
improved even without any rehabilitation limitations and ADL recovery was not impaired, contributing to
shortening the length of hospital stay. The micrograft treatment was beneficial for inpatients with concerns
pertaining to limitations on postoperative rehabilitation.

Limitations

The number of cases were limited in this study. Additionally, the study was based on clinical cases and
there was difficulty of arranging for a control group. As such, a comparative investigation was not considered.

Conclusion

The study presents cases of micrograft treatment performed on wound dehiscence associated with post-
operative gastroenterological SSIs. The less-invasive micrograft procedure demonstrated to be beneficial in
healing skin ulcers associated with SSIs for patients with unfavorable systemic conditions.
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