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Delayed closure of an open abdomen (OA) is a clinically challenging task despite its various modali-
ties. It is substantially more difficult when the duration of OA treatment is prolonged due to a pa-
tient’s condition. We introduced the management of a patient who had a delayed OA treatment 
spanning approximately 3 months due to severe abdominal contamination. The 64-year-old male 
patient had an injured pelvis pressed by a road roller. After visiting a trauma center, the patient ini-
tially underwent damage control surgery and OA management; however, early primary abdominal 
closure failed due to severe peritonitis. After negative pressure wound therapy for several months, 
an acellular dermal matrix graft followed by a skin graft were successfully used as treatments. A 
combination of acellular dermal matrix graft, negative pressure wound therapy, and skin graft tech-
niques is a considerable management sequence for patients subjected to delayed OA treatment. 
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INTRODUCTION 

Open abdomen (OA) management is a life-saving strategy for 
patients with trauma who requires damage control surgery for a 
severe abdomen injury, such as compartment syndrome, uncon-
trolled abdominal contamination, and abdominal wall tissue loss 
[1]. Although OA is a helpful method in the early stages of treat-
ment for patients with trauma, it may result in delayed morbidity 
from conditions such as incisional hernia, abdominal abscess, 
and enteroatmospheric fistula (EAF). Therefore, after the initial 
resuscitation stage, the abdominal wall should be closed at an 
early stage. The closure rates of OA are archived during the first 7 
to 10 days of treatment; however, afterward, the timing of ab-

dominal closure tends to extend to 20–40 days and make poor 
outcome [2,3]. 

Primary fascia closure is the best method of OA closure; how-
ever, it cannot be performed under many conditions. If it cannot 
be performed at an early stage, then it is unlikely to be performed 
at a late stage. As alternatives, various definitive closure methods 
for a difficult abdomen include bilateral anterior rectus sheath 
flap, component separation method, abdominal closure method 
using a mesh, planned ventral hernia, thigh musculocutaneous 
flap, early planned ventral hernia, and posterior component sep-
aration method [4]; however, no conclusion has been reached re-
garding the most suitable method. 

In this case, we performed abdominal wall restoration using an 
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acellular dermal matrix (ADM) and skin grafts in a patient under 
long-term OA treatment due to intestinal perforation accompa-
nied by open pelvic fractures and wound infection. 

CASE REPORT 

A 64-year-old male patient, who had an injured pelvis that was 
pressed by a small road roller, visited a trauma center. The patient 
had a blood pressure of 64/32 mmHg, a heart rate of 63 beats/
min, and was stupor with a Glasgow Coma Score of 13 (eye, 2; 
verbal, 5; motor, 6). On physical examination, active bleeding 
was observed in an open pelvic fracture from the left inguinal to 
the scrotal area. Massive transfusion, resuscitative endovascular 
balloon occlusion of the aorta, and pre-peritoneal pelvic packing 
were performed simultaneously. A radiograph taken at the trau-
ma bay showed a severe pelvic bone fracture (Fig. 1A). The pa-
tient was immediately moved to the operating room for emer-
gency surgery. 

The surgical findings showed ruptured pelvic floor muscles 
and a perforated rectum with multiple pelvic arterial injuries. 
Sigmoid colon hematoma was also identified. Hemostasis was at-
tempted through ligation of bleeding vessels and perforated rec-
tum was closed primarily. Following this, gauze packing was per-
formed for the diffuse oozing. After wound irrigation with warm 
saline, the operation ended with an OA. Pelvic external fixation 
was performed by an orthopedic surgery team, followed by a 

damage control surgery. 
A day after the damage control surgery, the patient’s vital signs 

stabilized. Computed tomography scans were performed (Fig. 
1B), followed by a second-look operation via a long midline ab-
dominal incision; sigmoid colon segmental resection was per-
formed due to sigmoid colon perforation with multiple mesen-
teric injuries. Sigmoid colon stump was made without anastomo-
sis due to a severely contaminated abdomen and a high chance of 
leakage. Colon anastomosis or end colostomy was planned in the 
third operation, depending on the patient’s status. Likewise, the 
operation ended with an OA because of oozing from the abdom-
inal cavity and severe intestinal swelling. 

The third operation was performed on the 3rd day of hospital-
ization; the OA was closed after the hemostasis of soft tissue 
bleeding in the pelvis and end-colostomy maturation in the left 
lower abdomen (Fig. 2A). However, on the 18th day of hospital-
ization, intestinal necrosis was observed on the colostomy site. 
The patient went into shock, and emergency surgery was per-
formed. During the surgery, the EAF of the transverse colon and 
intestinal necrosis of the terminal ileum and cecum were ob-
served, and a total colectomy was performed. Subsequently, an 
end ileostomy was formed in the right lower abdomen, and the 
surgery was terminated with an OA because of intraabdominal 
swelling (Fig. 2B). Abdominal closure was delayed for several 
weeks due to soft tissue necrosis, coagulopathy, and continued 
intraabdominal sepsis. 
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Fig. 1. Radiologic findings. (A) Initial radiographic finding at the trauma bay. (B) Results of the computed tomography scan performed 1 day after 
admission. Intraabdominal extravasation was observed.
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The OA was managed through continuous negative pressure 
wound therapy (NPWT). To avoid direct pressure on the intes-
tine, we used a sterile bag as the first layer of dressing directly in 
contact with the intestine and a soft silicon dressing (Mepitel, 
Mölnycke Health Care) as the second layer of dressing (Fig. 2C). 
The pressure of the dressing was usually maintained at 120 
mmHg (Fig. 3). Wound debridement and irrigation were repeat-
ed every 2 to 3 days in the operating room. Coagulation and ab-
dominal inflammation considerably improved; however, primary 
fascia closure was not feasible due to massive and destructive tis-
sue loss. 

After consulting with a plastic surgeon, we applied an ADM 
graft and planned a skin graft. As an intermediate step, wound 
covering with an ADM graft was attempted on the 48th day of 
hospitalization (Fig. 2D). Afterward, the ADM graft was partially 

lost; however, granulation tissue formation resulted in a mem-
brane covering most of the surgical area (Fig. 2E, F). A 
split-thickness skin graft was used by the plastic surgery team 
100 days after the second OA was created. The skin graft was well 
stabilized; it healed without an EAF or ulcer (Fig. 2G). Abdomi-
nal wall defects were not observed until the last follow-up (Fig. 
2H) and patients were transferred to local hospital. 

Ethics statements
Informed consent was obtained from the patient. 

DISCUSSION 

In this case, we demonstrated that a chronically inflamed OA 
could be repaired through constant wound management. The 

Fig. 2. Abdominal wound findings. (A) Colostomy was performed at the third-look operation. (B) End ileostomy with an open abdomen was per-
formed. (C) Intraabdominal inflammation and intestinal swelling improved. (D) Open abdomen was covered by an acellular dermal matrix (ADM) 
graft. (E) Partial loss of the ADM graft. (F) Granulation tissue formed at the surface of the ADM graft. (G) Wound healed after the placement of a 
split-thickness skin graft. (H) Wound at the last follow-up (13 months after the injury).
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management of patients with OA requires three fundamental 
steps: (1) hemodynamic resuscitation, (2) source control of ab-
dominal infection, and (3) delayed abdominal closure [3]. Thus, 
a severe abdominal infection may extend the period of the sec-
ond step, resulting in delayed abdominal closure. In this case, ab-
dominal contamination had seriously progressed due to multiple 
necrosis of the small and large intestines and the occurrence of 
an EAF following rectal and colon damage. 

An OA can be definitively closed in various ways. According to 
a recent guideline, these are principally divided into non-
mesh-mediated and mesh-mediated techniques. Nonmesh-me-
diated techniques include primary fascia closure, component 
separation method, and planned ventral hernia. Primary fascia 
closure is an ideal solution to restore abdominal closure; howev-
er, it is difficult to perform in an OA with fascial retraction [5]. 
The component separation method may be useful in managing 
an abdominal wound with fascial retraction; however, it should 
only be considered as a definitive closure technique; it destabiliz-

es the outer layer of the abdominal wall, allowing the skin to shift 
in relation to the underlying myoaponeurotic tissue, making its 
application difficult in patients with enterostomies [6]. A planned 
ventral hernia is another treatment option to cover the abdomi-
nal viscera. It can be considered in cases of persistent contamina-
tion, several comorbidities, or severely ill patients [1]. Various 
skin coverage techniques that involve using skin grafts, or vascu-
larized, pedicled, or free flaps, can be performed by comprehen-
sively considering the condition of the wound, donor site, and 
patient [7]. In mesh-mediated techniques, a nonabsorbable syn-
thetic mesh (i.e., polypropylene mesh) or biological prostheses 
can be used as wound closing materials. Synthetic meshes in con-
taminated fields are not recommended by the guidelines for 
emergency abdominal wall reconstruction [1,8]. 

Despite several treatment strategies for OA treatment, using a 
synthetic mesh was contraindicated in our patient due to pro-
longed intraabdominal infection. Likewise, the component sepa-
ration method could not be performed because the abdominal 
soft tissues, including the skin, subcutaneous fat, and fascia, be-
came fibrotic tissue. 

Since its introduction in the mid-1990s, NPWT has continu-
ously developed and become a popular treatment modality for 
managing acute and chronic wounds [2,9]. As a treatment mo-
dality, it provides the following clinical benefits: control of drain-
age of fluids, reduction of local edema, reduction of bacterial 
load, and early development of granulation tissue by angiogenic 
stimulation [10]. Therefore, we used NPWT as a wound man-
agement method for the reduction of tissue edema and stimula-
tion of granulation tissue development. 

NPWT is an effective technique to reconstruct the abdominal 
wall; however, it poses a risk of developing complications, such as 
a fistula. In a systematic review, Boele et al. [11] reported primary 
fascia closure rates ranging from 35% to 92% and fistula rates 
ranging from 0% to 15%]. To avoid this complication, we used a 
sterile bowel bag as an impermeable barrier to protect and avoid 
direct pressure on the intestine; the sponge was in contact with 
the wound margin. Fascia retraction and intraabdominal adhe-
sions may occur in a prolonged OA. If the fascia cannot be closed 
primarily, the defect may bridge with the ADM. At this time, 
NPWT can be instituted to help reduce edema, control wound 
exudates, and maintain the abdominal domain while encourag-
ing abdominal fascial closure. It can be used in combination with 
a biological mesh to facilitate granulation and skin closure 
[12,13]. The skin graft can be used after the granulation tissue 
has grown on the ADM. 

There were three reasons for selecting ADM grafts. First, we 

Fig. 3. Negative pressure wound therapy.
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intended to prevent the loss of additional nutrients and moisture 
by using it as a temporary coverage. ADM acts like a barrier be-
cause it has a dermis structure like that of human skin. Also, 
ADM with skin graft is expected to be better for hernia preven-
tion than skin graft alone. Second, ADM promotes the wound 
healing process. Third, ADM could prevent adhesion by direct 
contact with internal organs, thereby lowering the chance of in-
testinal obstruction. However, ADM is quite expensive because it 
is not covered by the National Medical Insurance of Korea (it 
costs approximately 20,000 KRW/cm2). 

In conclusion, definitive abdominal closure can be performed 
through stepwise management. The combination of ADM and 
skin graft may be considered a reasonable treatment option, es-
pecially in patients with a prolonged OA.  
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