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Introduction

Damage control surgery (DCS) is standard treatment strategy 
for severe trauma cases accompanied with deadly triad (bloody 
vicious cycles) improving survival rate. Appropriate implement 
of  DCS has decreased the mortality, however, serious 
complications such as ventral hernia (VH), enteroatmospheric 
fistula (EAF), the cases which is unable to close the abdominal 
wall have been increased in proportion to increase of 
abbreviated surgery and open abdomen management (OAM) 
[1]. Damage control resuscitation (DCR) has reduced the 
number of cases requiring DCS and mortality, and improved 

the rate of fascial closure, but there are still some cases which 
unable to close the abdominal wall closure despite appropriate 
DCR [2]. 

In this article, we report 1) temporary abdominal closure 
method following DCS, 2) key points of OAM for definitive 
abdominal closure following DCS, 3)various definitive 
abdominal closure methods for difficult cases of abdominal 
closure following DCS, 4) surgical treatment guideline in our 
trauma center for definitive abdominal closure in the OAM 
following DCS.
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ABSTRACT

The vacuum packing closure (VPC) is often performed as temporal abdominal closure after damage 
control surgery (DCS). We occasionally encounter severe trauma patients whose abdomens were 
unable to be closed after DCS. The bilateral anterior rectus abdominis sheath flap turnover method 
and component separation (CS) method are one of the options to close the abdomen. However, it can 
be challenging to close the abdomen in some patients with very severe trauma or obesity by these 
methods. The open abdomen management (OAM) with a planned ventral hernia can be performed in 
those patients. The patients with long term OAM occasionally develop persistent enteroatmospheric 
fistula (EAF). The VPC using absorbable mesh is useful to reduce the likelihood of EAF. The posterior 
component separation with transversus abdominis release is a useful method for delayed abdominal 
wall reconstruction following planned VH if bilateral anterior rectus abdominis sheath flap turnover 
method and CS method are unable to be performed. 
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Temporary Abdominal Closure Method Following DCS
 
DCS is an abbreviated surgical procedure mainly focusing 

on controlling bleeding and contamination, requiring 
quick conversion to intensive care to improve deteriorated 
physiologic state. For this purpose, a temporary abdominal 
closure method is adopted upon which abdominal closure 
method in consideration of  prevention of  abdominal 
compartment syndrome (ACS) [3], monitoring of the amount 
of bleeding and management of drainage. etc.  

Historically, there have been so many kinds of temporary 
abdominal closure methods. As a simplified method, skin 
suture method and towel clip method can be considered. 
However, they have the very poor preventive effect of ACS. 
Currently, common abdominal closure methods include 
vacuum packing closure (VAC) [4] represented by Barker 
method and silo closure method and etc. Common point of 
these methods is to be able to prevent the occurrence of ACS. 
VPC is a method using so-called drape gauze which affixed one 

side of it by loban™ drape and made many slits with a scalpel 
to use. The management of the method is that affix drape side 
of drape gauze on abdominal organ side and put the drape 
gauze between the abdominal inner layer and abdominal 
organ, and then place suction drape in the front side of it for 
air-tight sealing and closure, applying negative pressure of 
approximately -125mmHg (at the time of hemorrhage due 
to coagulopathy : -75mmHg) [5]. This method enables quick 
and easy bleeding monitoring. The size of the protective layer 
sheet to be inserted in the abdominal organ side is enough 
large to cover all abdominal organs and to reach to the bilateral 
paracolic gutter. A characteristic thin sponge is contained in 
this sheet with radial shape (asterisk shape), providing negative 
pressure to the tip of the sheet (Figure 1A). This enables it 
to give continuous suction of a place where fluid tends to 
accumulate in the abdomen. It significantly improved the 
rate of fascial closure for 30 days and all mortality compared 
with Barker’s method [6]. However, an availability within the 
insurance only is limited up to 5 times within 10 days.

Figure 1. The abdominal wound appearances.
(A) The protect layer sheet of ABTHERATM was 
entered into the abdominal cavity.
(B) VPC with mesh mediated fascial traction was 
performed.
(C) The abdominal  wound was developed 
persistent enteroatmospheric fistula (EAF) during 
OAM.
White arrow head shows cranial side. White 
arrow of (B) reveals PROLENE mesh
White arrow of (C) shows EAF.
EAF = enteroatmospheric fistula; OAM = open 
abdomen management; VPC = vacuum packing 
closure.

(A)

(B)

(C)
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Key Points of OAM for Definitive Abdominal Closure 
Following DCS

It is important to stabilize respiratory condition and 
circulatory state, rewarm body temperature, and improve 
acidosis and coagulopathy in intensive care following DCS. 
Abdominal closure methods such as VPC is effective to prevent 
ACS. However, if there is a massive retroperitoneal hematoma 
accompanied by severe pelvic fracture, it is necessary to 
monitor intra-abdominal pressure. Once effective hemostasis 
is performed and the circulatory state becomes stable, it 
is important to keep water balance as low as possible for 
planned reoperation. If it is difficult to close the abdominal 
wall at the time of planned reoperation, exchange of the VPC 
system must be executed within 24-72 hours [7]. During this 
time, appropriate nutritional management is important. Once 
hemostasis is completed and circulatory state is stabilized and 
there is no sign of gastrointestinal damage, it is desirable to 
attempt early enteral feeding [7]. During OAM, since intestinal 
peristalsis becomes remarkably low and intestinal edema is 
also observed, it is necessary to administer from small doses of 
enteral feeding. 

When OAM is continued for a long time, fascia retraction may 
occur. In order to prevent fascia retraction, there are tension 
closure methods, such as Wittmann Patch method [8] in which 
tension is steadily applied to the direction of abdominal wall 
closure, simultaneously attempting VPC, and its fascia closure 
rate has been reported to be 83% to 100% [9]. When a group 
in which VPC was executed with abdominal tension closure 
method was compared with VPC without it, it was reported 
that the group using both methods had significantly higher rate 
of fascia closure [10]. The VPC with tension closure method is 
effective in difficult cases of abdominal wall closure. However, 
Wittmann Patch is available only by personal import in Japan. 
As an alternative method, there is VPC method executed with 
the way which sutures non-absorbable mesh on both sides 
of the abdominal wall and closes rolling it to the direction 
of approximation of abdomen [10] (Figure 1B), and another 
VPC method by penetrating wire for sternum closure into all 
layers of the abdominal wall and gradually tightening it. While 
performing them, it is necessary to monitor intro-abdominal 
pressure. 

During OAM, caution on complications such as EAF such as 
EAF must be taken especially. Since intestine which is exposed 
to the atmosphere is too fragile, EAF is likely to occur in the 
area (Figure 1C). Even if simple closure is performed for EAF, 
the perforated spot is spread rather than becoming to be 
smaller. Therefore, the surrounding area should be gradually 
granuated and, as a result, transformed it to the stoma. EAF 
management is very cumbersome and becomes serious 
sometimes, therefore, it is necessary to proceed with OAM 
avoiding of EAF.  

Various Definitive Abdominal Closure Methods for 
Difficult Cases of Abdominal Closure Following DCS

Definitive abdominal closure methods for the difficult cases 
of abdominal closure following DCS include 1) bilateral anterior 
rectus abdominis sheath flap turnover method (after exposing 
the rectus abdominis sheath on both sides, the sheath of the 
anterior lobe is incised and peeled longitudinally, then inverted 
medially, and the bilateral sheath is sutured and closed) [11], 
2) component separation (CS) method ( the innermost portion 
of the external oblique muscle aponeurosis is incised, and 
the area between the external and internal oblique muscles 
is detached and removed from the linea alba, then posterior 
sheath of the rectus abdominis muscle is detached and closed 
suturing [12]), 3) abdominal closure method using mesh, 4) 
planned ventral hernia (PVH) [13] (method of skin-grafting 
after growing granulation on the intestine and other intra-
abdominal organs deliberately), 5) thigh musculocutaneous 
flap method. In addition, there is 6) early planned ventral 
hernia method (method of early making ventral hernia 
deliberately with skin-grafting after VPC using absorbable 
mesh, which we have learned at Chulalongkorn University 
in Thailand). In case that cannot close the abdomen within 
1 week by VPC management following DCS, an absorbable 
mesh is sutured to the fascia (Figures 2A and 2B), and then 
VPC is performed spreading sterilized polyvinyl chloride and 
sponge on the mesh (Figure 2C). While the mesh is absorbed 
within about 10 days, granulation occurs and increased 
during this period (Figure 2D). Skin-grafting can be executed 
within 10 days to 2 weeks after suturing absorbable mesh. 
The skin-grafted part is gradually grown up and colonized 
about 10 days, and the patient can be transferred to another 
hospital within 1 to 1.5 months. Definitive abdominal wall 
reconstruction can be performed by delayed CS method about 
6 months after discharge. In this method, the increase in intra-
abdominal pressure is minimal because of the tension-free 
closure with absorbable mesh. In addition, because abdominal 
wall reconstruction by fascial detachment is not performed 
during the acute phase, there is less damage caused by fascial 
ischemia and infection, therefore the fascia can be used in very 
good conditions during delayed reconstruction. The negative 
pressure of the VPC causes the granulation to penetrate into 
the mesh, and the mesh is absorbed into the granulation 
while it is integrated, resulting in granulation growth. In 
case of infection, since the infected part becomes naturally 
detached, it is unnecessary to remove the entire part, unlike 
non-absorbable material. Thick granulation is more likely to 
form than VPC without mesh, which is a good method for the 
prevention of EAF (Figure 2D). There were no cases of EAF 
out of 16 trauma cases in which performed this procedure for 
difficult cases of definitive abdominal wall closure in the last 
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Figure 3. PPosterior component separation/transversus abdominis release (PCS/TAR) method for abdominal reconstruction.
(A) The transversus abdominis muscle can be seen extending medial to the linea semilunaris behind the rectus muscle.
(B) The neurovascular bundles perforating the rectus are seen laterally with the posterior layer dissected off the rectus.
PCS/TAR begins by entering the space between the rectus abdominis muscle and the posterior rectus sheath. The posterior rectus sheath is 
divided, taking care to avoid the perforating neurovascular bundles. The transversus abdominis muscle is divided. The retromuscular space is 
then bluntly developed to as far as the lateral border of the psoas muscle. The posterior rectus sheaths are approximated to one another side.

(A) (B)

Figure 2. Vacuum packing closure (VPC) using absorbable mesh aiming for planned ventral hernia.
(A) An absorbable mesh was sutured to the abdominal wall to cover up organs to make a planned ventral hernia early on day 7.
(B) Absorbable mesh was interruptedly sutured for fixation to fascia of rectus abdominis muscle and peritoneum.
(C) The layers of VPC were composed of a plastic sheet which put on the absorbable mesh, and sponge which placed on the sheet.
(D) Thick and substantial granulation was formed on organs, assimilating the mesh.
White arrow head shows cranial side. Black arrow reveals an absorbable mesh.

(A) (B)

(C) (D)
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Table 1. Five severe trauma cases which were performed long term OAM after DCS in our center.

Age/
sex Mechanism Injury site ISS Ps TAC DAC

Day of 
abdominal 

closure
EAF Outcome

Total blood 
transfusion 

for 24 
hours(unit)

In- out 
balance 
for 24 
hours 

(L)

76/F

Traffic 
accident, 
walker vs 

car

Splenic injury, liver 
injury, pelvic fracture, 
left multiple rib 
fractures, bilateral 
pulmonary contusion

57 0.058 VPC VH - - Death on
day 23 174 23

37/
M

Traffic 
accident,
car vs car

Massive mesenteric 
injury, pelvic fracture, 
left femur fracture, etc

41 0.34 VPC
VH→ 

anterolateral 
thigh flap

Day 75 -
Discharge 

on day 
225

144 16

78/
M

Traffic 
accident,  
bicycle vs 

car

Liver injury, renal 
injury, IVC injury,  
pulmonary contusion, 
multiple rib fractures, 
pelvic fracture

57 0.12
VPC→

ABTHERA™
→VPC

CS Day 33 - Death on 
day 38 260 29

43/
M

Traffic 
accident, 

motorcycle 
vs car

Massive mesenteric 
injury, pelvic fracture, 
multiple rib fractures, 
hemopneumothorax, 
pulmonary contusion, 
cerebral contusion, etc

57 0.26
VPC→VPC

+mesh 
tracion

VH→
PCS/TAR Day 465 +

Discharge 
on day 

506
150 21

56/
M

Traffic 
accident, 
walker vs 

car

Splenic injury, renal 
injury, pancreatic 
injury, pelvic fracture, 
pulmonary contusion, 
multiple rib fractures

48 0.21
VPC→VPC

+wire 
traction

VH - -
Discharge 

on day 
215

124 15

ISS = injury severity score; TRISS Ps = Trauma and Injury Severity Score Probability of survival; TAC = temporary abdominal closure; DAC = definitive 
abdominal closure; DCS = damage control surgery; EAF = enteroatmospheric fistula; OAM = open abdomen management; VPC = vacuum packing 
closure; VH = ventral hernia; PCS/TAR = posterior component separation with transversus abdominis release.

two years at the same institution.
In addition, 7) posterior component separation with 

transversus abdominis release (PCS/TAR) method is also 
considered as a useful abdominal closure method. An 
abdominal closure is performed detaching the area between 
the internal oblique muscle aponeurosis and the transversus 
abdominis muscle at the part of a transition from the posterior 
lobe of the posterior sheath of the rectus abdominis muscle to 
the transversus abdominis muscle in the original PCS method 
[14]. On the other hands, PCS/TAR method is implemented in 
the way of making an incision on the transverse abdominal 
muscle at the median side of the neurovascular bundle, 
preserving the neurovascular bundle to the side of the rectus 
abdominis muscle at the part of the transition from the 
posterior lobe of the posterior sheath of the rectus abdominis 
muscle to the transversus abdominis muscle, peeling  away 
the area between the transverse abdominal muscle and the 
underlying transverse fascia to the psoas muscle (Figures 3A 
and 3B), and then closing the abdominal wall by securing 
sufficient membrane tissue to enclose the intra-abdominal 
organs. It has been reported that a defect with an average 
maximum lateral diameter of 20 cm could be closed by PCS/

TAR method [15], and that the PCS/TAR technique has a 
significantly lower wound complication rate compared with 
the CS technique because blood flow in the abdominal wall is 
maintained by preserving the neurovascular bundle without 
detachment between the subcutaneous tissue and fascia [16]. If 
the abdomen is unable to be closed by bilateral anterior rectus 
abdominis sheath flap turnover method and CS method at the 
delayed abdominal wall reconstruction, PCS/TAR technique can 
be considered as another option.

  

Surgical Treatment Guideline in Our Trauma Center 
for Definitive Abdominal Closure in the OAM 
Following DCS

In our trauma center, VPC is the basic method of temporary 
closure following DCS. Most cases could be closed within 
one week with this approach. However, over the past 5 years, 
we have had 5 cases of difficult abdominal wall closure 
that required long-term OAM after DCS (Table 1). We have 
experienced one case each of abdominal wall reconstruction 
with CS, PCS/TAR, and anterolateral thigh flap, two cases of 
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resulting in VH, and one case of EAF during the past 5 years. All 
cases were associated with severe pelvic fractures, with a total 
blood transfusion ≥100 units and total fluid balance ≥10 liters 
within 24 hours.

A variety of treatment guidelines have been reported 
regarding definitive abdominal closure following DCS [17]. 
Since there are some devices that cannot be used in Japan, 
some of those guidelines are unfeasible. It is presented an 
outline of the surgical guidelines for abdominal wall closure 
that can be performed in Japan based on our experiences 
hereby (Figure 4). Temporary abdominal closure is performed 
with VPC, ABTHERA™ and etc. after DCS (Phase 1). If it is 
impossible to close the abdominal wall within about 1 week 
with these methods, consider adding tension with mesh or 
wire to them. The aim in Phase 2 is to achieve early definitive 
abdominal wall closure, using primary fascial closure, bilateral 
anterior rectus abdominis sheath turnover method, and CS. If 
the abdomens are unable to be closed, OAM aiming for planned 
ventral hernia is performed using VPC or wet dressing (Phase 3), 
and then skin grafting should be performed when granulation 
has been increased continuing VPC. At this time, it is useful to 
perform VPC using absorbable mesh for the reduction of the 
the rate of EAF occurrence. After 6 months to one-year, delayed 
reconstruction of the abdominal wall should be performed 
using CS procedure, mesh repair, thigh musculocutaneous flap 
or PCS/TAR methods according to patients’ condition and age 
(Phase 4). We think that this surgical treatment strategy for 
abdominal wall closure completely will lead to making a more 

appropriate decision of abdominal wall closure method.

Conclusion 

In the cases which is unable to close the abdominal wall 
following DCS, a phase-by-phase approach for definitive 
abdominal closure should be selected according to various 
cases. In Japan, VPC/ABTHERA™ is considered to be the best 
option as a temporary abdominal closure method during 
OAM, requiring the application of tension onto fascia for 
closure according to various cases. However, it is important 
to recognize that some cases are still difficult to close the 
abdomen in spite of those methods. In the case that early 
abdominal closure is not expected and VH must be performed, 
it is considered that VPCs using an absorbable mesh reduces 
the occurrence of EAF and grows granulation earlier and results 
in being able to perform early skin grafting, contributing 
to shortening the hospitalization period. As for delayed 
abdominal wall reconstruction, PCS/TAR method can be an 
effective option in cases that the CS method and the bilateral 
anterior rectus abdominis sheath turnover method cannot be 
performed.
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Figure 4.  Overview of abdominal closure following DCS which we recommend in our country. Temporary abdominal closure (TAC) such as 
vacuum packing closure (VPC) or vacuum-assisted closure (VAC) ®/ ABTHERA™ is performed, which accompanied wire traction or mesh-
mediated fascial traction occasionally in Phase 1. Early definitive closure is undergone using acute component separation or bilateral 
anterior rectus abdominis sheath turnover method etc. after TAC. If the abdomens are unable to be closed, OAM aiming for planned ventral 
hernia is performed using VPC or wet dressing (Phase 3) and the delayed reconstruction of the abdominal wall is occasionally performed 
according to patients’ condition (Phase 4).
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