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Abstract

Purpose To compare the effectiveness of abdominal wall

closure using the vacuum-assisted closure (NPC) as

described by Barker et al. with an institutional protocol

using a double polyvinyl bag in the first surgery, which is

changed in subsequent surgeries to a polyvinyl bag placed

over the bowel loops and a prolene mesh attached to the

abdominal fascia (MMFC).

Methods Randomized controlled trial. Patients with open

abdomen (OA) due to a traumatic or a medical cause were

included in the study. Variables studied included demo-

graphics, indication for surgery, number of interventions,

hospital length of stay (HLOS), ICU length of stay,

abdominal wound care costs, complication rates, and

method and time to definitive fascial closure.

Results From June 2011 to April 2013, 75 patients were

enrolled in the study. Patients who died within 48 h were

excluded; therefore, 53 patients in total were assessed.

NPC achieved fascial closure in 75 % of patients, and

MMFC achieved closure in 71.9 % of patients. The closure

rates in patients with OA secondary to medical causes

(80 % by NPC vs. 71.4 % by MMFC) or traumatic causes

(70 % by NPC vs. 73.7 % by MMFC) were similar in both

treatment groups. There were no differences between the

groups with respect to cause of OA, complications, length

of hospital stay, or the length of stay in the intensive care

unit.

Conclusion MMFC is a method comparable to NPC for

the temporary management of OA that results in similar

closure and complication rates.

Keywords Open abdomen � Temporary abdominal

closure � Negative pressure wound therapy � Mesh

Introduction

Open abdomen (OA) is a validated and accepted surgical

strategy that is useful for the management of surgical and

traumatic pathologies [1–3]. Multiple temporary abdominal

closure (TAC) techniques are described in the literature for

OA management: Bogota bag [4], absorbable meshes, and

the negative pressure wound therapy system [5]. However,

these systems are not without risks; Infections, gastroin-

testinal fistulae, intra-abdominal abscesses, and multiple

organ failure are among the most common complications.

However, the evidence that defines NPC as the best

technique to achieve primary fascial closure is based on

comparative studies with historical cohorts [5–10] and only

two randomized studies [11, 12]. There have been recent
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additions to the NPC technique as originally described by

Barker et al. [5, 8], such as the addition of fascial retention

[12, 13] sutures or a mesh anchored to the fascia under-

neath the NPC dressing [10, 14], all of them with high

closure rates.

Patients in whom primary closure is achieved during

their hospitalization have shorter stays in the intensive care

unit (ICU), in the hospital and a better quality of life than

patients who are discharged with a ventral hernia [15, 16].

Thus, it is important to achieve primary closure during

hospitalization and to employ strategies that allow a higher

closure rate of the abdominal wall.

At the San Vicente Foundation University Hospital,

Medellı́n, Colombia, a protocol with a polyvinyl double

bag that is subsequently replaced by a Polypropylene

mesh over another polyvinyl bag has been used for sev-

eral years (mesh-mediated fascial closure or MMFC); the

latter bag prevents visceral adhesions to the abdominal

wall and allows fascia traction with serial approximations

of the mesh. The present study aims to compare this

system with the NPC as described by Barker et al. [5, 8]

to determine which of the two is related to a higher rate

of fascial closure. Additionally, the incidence of compli-

cations associated with OA management in both groups is

compared.

Materials and methods

This is a randomized clinical trial (ClinicalTrials.gov

Identifier: NCT01864590). Patients were divided into two

groups, one of traumatic OA and the other of OA of a

medical cause, with an allocation sequence in groups of

four generated by a computer program. Patients over

15 years who required OA management according to the

attending surgeon were entered in the study. An operating

room nurse then took a sealed envelope from the box that

corresponded to the patient group (traumatic or medical)

and read aloud the corresponding assignment (MMFC or

NPC).

The patient was required to continue the assigned tem-

porary OA management technique until wall closure was

achieved or for at least 21 days after the initial interven-

tion. If at any time the patient was considered fit for

abdominal wall closure, the patient was scheduled for

surgery. This decision was left up to the treating surgeon,

who also had the option of performing a standard abdom-

inal wall closure or a components separation technique.

The NPC system was used as described by Barker et al.

[5, 8] and was changed every 3 days in the operating room

as per protocol. MMFC uses two polyvinyl bags: one intra-

abdominal and subfascial that prevents the formation of

adhesions and the other attached to the skin with 2–0

polypropylene (Fig. 1). Once the patient’s abdomen is

macroscopically clean after consecutive washings and the

infection focus is controlled (if it ever existed), one sub-

fascial polyvinyl bag is inserted and tucked under the

abdominal wall, and a polypropylene mesh is then fixed to

the fascia. Every day, the mesh was ‘‘pinched’’ (Figs. 2, 3)

and if it was loose, it was tightened with a continuous

suture, without opening the mesh or changing the polyvinyl

bag, the procedure was performed on the patient’s bedside,

the excess mesh was usually trimmed down, and we do not

require to open the mesh to tighten it. When the patient was

considered ready for an abdominal wall closure, both the

polyvinyl bag and the mesh were removed.

Patients who died within 48 h were excluded. Patients

with penetrating trauma wounds on admission were

assessed using the penetrating abdominal trauma index

(PATI), revised trauma score (RTS), and APACHE II

score. If the patient suffered blunt trauma, only the RTS

and APACHE II scores were used. In patients with OA

Fig. 1 Double silo bag. Used

initially for patients in MMFC.

Once the patient has been

completely reanimated and

sources of infection are

controlled, a mesh can then be

used as the second layer
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secondary to medical causes, APACHE II scores were

recorded.

The following patient data were recorded: intrahospital

mortality, number of surgical interventions, OA-related

complications, abdominal wall closure, procedures used in

fascial closure, length of stay in the ICU, and length of stay

in the hospital general wards. The study was approved by

the ethics committee of San Vicente Foundation University

Hospital (Medellin, Colombia).

One patient was finally treated by MMFC after having

been initially assigned to NPC and is the only protocol

violation we had.

Statistical analysis

Sample size According to the available literature, 30 % of

patients who were managed for an OA with MMFC could be

later treated with delayed primary fascial closure, and a sys-

tem of negative pressure suction could increase the number of

closures up to 60 %. With a power of 80 % and a confidence

level of 95 %, 42 patients were required per group.

Kaplan–Meier survival analysis was used to calculate

the cumulative probability of wall closure. The log-rank

test was performed with the null hypothesis of no differ-

ence between the groups.

Fig. 2 Bed side ‘‘Pinch Test’’

Fig. 3 Bedside plication of the

mesh
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During the protocol’s development, we observed that

primary closure could be achieved in a great number of

patients with the MMFC. Therefore, an interim analysis

was performed by a group external to the research project,

and patient recruitment was suspended due to the results

obtained.

Analyses were performed with SPSS version 21. The

data were analyzed by ‘‘intention to treat’’ using nonpara-

metric tests. Continuous variables were analyzed with the

Mann–Whitney U test, and categorical variables were

analyzed with Fisher’s test. Statistical significance was

defined as p\ 0.05.

Results

During the period of June 1st 2011 to April 30th 2013, 75

patients entered the study (Table 1) at the San Vicente

FoundationUniversityHospital, a reference center in the city

of Medellin (Colombia). Thirty-seven patients entered the

NPC group, 18 with OA secondary to medical causes and 19

with OA secondary to trauma. Of the Thirty-eight patients

included in the MMFC group, there were 18 and 20 cases of

OA secondary to medical causes and trauma, respectively

(Fig. 4). The mean age of the patients was 47 years (SD 19).

In the first 48 h, the mortality rate was 45.9 % in patients

with NPC and 13.2 % in patients with MMFC, and these

patients were excluded from subsequent analyses (Fig. 4),

leaving a total of 53 patients for further analysis.

The causes for OA in the trauma group were gun-shot

wounds (GSW) with multivisceral intra-abdominal (IA)

injuries in 11 patients, GSW with thoracoabdominal inju-

ries in four, GSW with neck and thoracoabdominal injuries

in two, and stab wounds (SW) with multiple IA lesions in

two patients, SW with thoracoabdominal injuries in one,

seven patients with Blunt traumatic injuries, and two

patients with other mechanisms of trauma. In the group

with Medical causes for OA Peritonitis was the cause in 16

patients, Aortic aneurysm repair in two, mesenteric ische-

mia in one, severe necrotizing pancreatitis in one and other

causes in four patients.

Table 2 presents the APACHE, RTS, and PATI severity

indices. Additional prognostic variables were measured

upon admission to the ICU, including pH, excess base, and

lactate levels.

Seven patients died after the initial 48 h, for a late

mortality of 13.5 %. Two of these deaths were in the NPC

group and five in the MMFC. The two deaths in the NPC

were a patient with an abdominal GSW with a severe

pancreatico-duodenal injury that developed a duodenal

fistula, persistent sepsis, and died secondary to multiple

organ failure (MOF), and the other patient had an

abdominal GSW who developed an enterocutaneous fistula

(ECF) and died due to sepsis. Out of the five deaths in the

MMFC group, one was not related to the OA as it was a

patient with multiple thoracoabdominal SW that later

developed acute respiratory distress syndrome (ARDS);

one was a patient with a gastric pull-up that developed

Table 1 Patient demographics
NPC (n = 37) MMFC (n = 38) p value

# (%) # (%)

Age 41 (17–85) 46 (13–80) 0.52

Gender

Male 25 (67.6) 34 (89.5) 0.03*

Female 12 (32.4) 4 (10.5)

Cause of OA

Non-trauma 18 (48.6) 18 (48.7) 1.00*

Trauma 19 (51.4) 20 (51.3)

Type of trauma

GSW 14 (73.7) 11 (55.0) 0.06**

SW 0 (0) 5 (25.0)

Blunt trauma 3 (15.8) 4 (20.0)

Other 2 (10.5) 0 (0)

Reason for OA

Intra-abdominal hypertension 20 (54.1) 12 (31.6) 0.27**

Abdominal compartment syndrome 3 (8.1) 4 (10.5)

Damage control surgery 12 (32.4) 19 (50)

Inability to close 2 (5.4) 3 (7.9)

GSW gun-shot wound, SW stab wound

* Fisher test ** Pearson Chi squared ? Mann–Whitney U test
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gastric remnant necrosis and a small bowel fistula; two

patients had GSW with multiple intra-abdominal injuries

with ECF and died secondary to sepsis; and the last patient

had a ruptured hepatic abscess and died secondary to sepsis

from recurrent intra-abdominal collections. No difference

was found when comparing the risk of death with NPC

0.867 (CI 0.71–1.05) and MMFC 0.19 (CI 95 %

0.26–1.41).

Fascial closure was possible in 15 patients treated with

NPC (75 %) and in 24 (72.7 %) treated with MMFC;

Table 3 presents the type of closure according to the cause

of the OA. NPC patients underwent 4 surgical washings on

average (median = 3; range 1–10), whereas MMFC

patients underwent an average of three procedures (me-

dian = 2; range 0–8). It is important to clarify that these

surgical procedures did not include the mesh ‘‘plication’’

Assessed for eligibility (n= 83) 

Excluded  (n=  8) 
♦ Other reasons (n=  8) 
 Died on the Operating Table 3 
 Not randomized by in charge 

Surgeon 5

Analysed  (n= 20) 
♦ Excluded from analysis (n= 0  )

Lost to follow-up (give reasons) (n= 0) 
♦ 2 deaths after 48 hours 

• 2 Related to Open Abdomen 

Allocated to intervention NPC (n= 37) 
♦ Received allocated intervention (n= 36)

♦ Did not receive allocated intervention (Protocol 
violation) (n=  1) 

♦ Died within 48 hours and are excluded from 
further analysis  (n=17) 

Lost to follow-up (give reasons) (n= 0) 
♦ 5 deaths after 48 hours 

• 1 Not related to Open Abdomen 
• 4 Related to Open Abdomen

Allocated to intervention MMFC (n= 38) 
♦ Received allocated intervention (n= 38  )

♦ Died within 48 hours and are excluded from 
further analysis  (n=5) 

Analysed  (n= 33) 
♦ Excluded from analysis (n= 0 )

Allocation 

Analysis 

Follow-Up

Randomized (n=  75) 

Enrollment 

Fig. 4 CONSORT 2010 flow diagram

Table 2 Severity scores
NPC MMFC p value*

Mean (SD) Mdn (min–max) Mean (SD) Mdn (min–max)

PATI (n = 17) 26 (11) 28 (6–45) 24 (9) 24 (10–43) 0.351

RTS (n = 18) 7.32 (1.02) 7.84 (4.5–7.84) 6.68 (2.1) 7.84 (0–7.84) 0.587

APACHE 11 (5) 10 (5–21) 10 (6) 10 (0–21) 0.446

pH 7.2 (0.1) 7.3 (7–7.4) 7.3 (0.1) 7.3 (7.0–7.6) 0.169

Excess base -8.1 (7.2) -7.2 (-23;2,7) -6.7 (5.4) -7.2 (-18.8;4,5) 0.665

Lactate 47.5 (33.9) 32.9 (12–122) 43(33.8) 30 (4.1–110.7) 0.403

* Mann–Whitney U
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that was done at the bedside for the patients in the MMC

group.

The mean number of days with OA was 14 for the NPC

group (median = 12) and 10 for MMFC (median = 6).

The probability of not achieving fascial closure [NPC = 17

(CI 10.4–23.6), MMFC = 12 CI 9.9–18] was similar in

both groups (p = 0.742) (Fig. 5).

With respect to the definitive management of OA, 39

patients had fascial closure, including 45.3 % by primary

fascial closure and 28.3 % by the separation of components

technique (Table 4) [17]. ICU and hospital length of stay,

and mortality were similar among both groups (Table 5).

Patients randomized to the MMFC had the mesh placed on

the second surgical wash on average, median 2 (min 1–max

8).

Two patients in the NPC group and three in the MMFC

developed fistulas, the rates (10.0 % in the NPC versus

9.4 % in the MMFC) did not reach significance (Table 6).

We had four cases of evisceration of abdominal contents

with the MMFC, all of them in the initial resuscitation

phase with the double silo bags, all patients had to be taken

back the OR to correct the problem and new double silo

bags were placed. We analyzed complications of closure as

a separate result and found no difference among both

groups (Table 7).

Discussion

OA is a strategy that has proven useful in the management

of critically ill patients. However, it has been associated

with complications such as abscesses, fistulas, and

impaired quality of life [3, 18–21]. Fascial closure during

hospitalization has been associated with a shorter stay in

the ICU, shorter overall hospital stay, and a decreased

incidence of complications [9], as well as a better quality of

life during the first year following discharge [15].

This study includes patients with OA secondary to

traumatic and medical causes. This is a prospective study

where the highest proportion of patients in the trauma

subgroup had suffered penetrating injuries (84.2 % in NPC

and 80 % in MMFC).

The study by Bee et al. [11] proposed the ninth day as

the deadline for abdominal wall closure. Given that some

authors report that up to 48 % of their cohorts had achieved

closure between the ninth and twenty-first day, this study

conducted follow-up through at least day 21 [22].

The closure rate achieved in this group with NPC is

comparable to what has been reported in the literature,

68–100 % [6, 7, 10, 13, 22–25]. The highest rates of

abdominal wall closure reported have been achieved using

NPC and the Wittman patch according to some studies [18,

26]. However, there are several reports of NPC with closure

rates that are comparable or even lower [11, 19, 20, 27].

Nonetheless, there are no previous reports of the similarities

in the closure rates achieved with NPC and MMFC.

Patients with OA of medical cause treated with NPC

tend to have lower closure rates than those with trauma-

related OA [19, 26, 28]. In the patients in our study with

OA of medical cause, we observed a high percentage of

fascial closure with both temporary techniques for OA

management, and this closure rate was similar to that of

patients with OA of traumatic cause. There was no

Table 3 Fascial closure rates

Non-trauma Trauma

NPC MMFC NPC MMFC

n (%) n (%) n (%) n (%)

Closure 8 (80.0 %) 10 (71.4 %) 7 (70.0 %) 14 (73.7 %)

Non-closure 2 (20.0 %) 4 (28.6 %) 3 (30.0 %) 5 (26.3 %)

p* value = 1.00 p* value = 1.00

Fig. 5 Cumulative probability of open abdomen according to tem-

porary abdominal closure technique

Table 4 Fascial closure technique

Group Total

NPC MMFC

Separation of components 6 9 15

30.0 % 27.3 % 28.3 %

Primary closure 9 15 24

45.0 % 45.4 % 45.3 %

No closure 5 9 14

25.0 % 27.3 % 26.4 %
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difference in time to closure if the abdomen was left open

due to trauma or due to a medical cause. We did find a

statistical trend toward earlier closure in the MMFC group

(mean day 10 vs. 14 in NPC, p = 0.191), possibly in a trial

with more patients this could have reached statistical

significance.

Acosta et al. [10] and Rasilainen et al. [14] have per-

formed studies in which they combined mesh-mediated

closure with negative pressure technique and obtained a

fascial closure rate of 76 and 78 %. These closure rates are

extremely good; we think it would be interesting to com-

pare the MMFC and their technique, to determine if the

fascial closure rate is increased with the addition of the

negative pressure dressing.

One of the difficulties that we encountered with the

MMFC is that during the initial resuscitation of critically ill

patients, if there is a considerable increase in the intra-

abdominal pressure, the patients might eviscerate and

require an urgent take-back to surgery. To prevent this

from happening during the initial procedure, we recom-

mend using a loose double silo bag that once the patient has

been adequately resuscitated can be changed to the MMFC

and traction to the fascia can be applied.

The incidence of deep surgical site infection (SSI) ran-

ges from 4 to 19.7 % [6, 9, 11, 22, 28]. One of the theo-

retical advantages of NPC is the management of secretions,

which could help reduce intra-abdominal collections.

However, no difference in intra-abdominal collections has

been observed in the previous randomized study [11] or in

our study.

Some authors cautioned the use of the NPC because it

can increase the rate or severity of gastrointestinal fistulas.

A higher risk of gastrointestinal fistulas is observed in

patients with OA due to peritonitis [21, 29]. In our study,

there were no differences in the complications between

groups despite long-term follow-up. The systematic review

of the extensive literature on OA demonstrates a fistula rate

of 15.6 % in patients with NPC and peritonitis compared

with 7.3 % in patients with NPC due to trauma [26].

According to Carlson [27], a study of 2000 patients would

be required to detect a difference of 3 % in the fistula rate,

which does not appear to be feasible.

No difference was observed between the groups with

respect to complications associated with abdominal wall

closure. Most studies do not report these sets of compli-

cations. Kafka-Ritsch [13] reported superficial, deep, and

organ/space SSI in 19, 4, and 10.75 % of the patients in

their study, which is similar to what we have observed.

Pliakos et al. [12] reported a decrease of 5.6 days in the

length of hospital stay with the use of VAC� (VAC, KCI)

with retention sutures. Battacchi et al. reported shorter

hospital stays (6.4 days less) and shorter ICU stays

(5.9 days less) in patients treated with NPC compared with

those treated with the Bogota bag [30]. We observed no

difference in the length of hospital stay, the length of ICU

stay, or in the duration of OA between the groups. It is

Table 5 Length of stay and

interventions
NPC MMFC p value*

Mean (SD) Mdn (min–max) Mean (SD) Mdn (min–max)

# of surgical washings 4 (2.9) 3 (1–10) 3 (2) 2 (0–8) 0.288

ICU length of stay 21 (17.5) 14 (3–58) 20 (20.1) 16 (3–82) 0.891

Hospital length of stay 68 (94.7) 31 (5–405) 41 (27.9) 41 (7–121) 0.763

Days until fascial closure 14 (10.5) 12 (2–32) 10 (10.7) 6 (1–44) 0.191

* Mann–Whitney U

Table 6 Open abdomen associated complications

Complications NPC MMFC p value*

# (%) # (%)

Abscess/collection 3 (15.0) 4 (12.5) 1.000

Anastomotic leak 3 (15.0) 4 (12.1) 1.000

Evisceration with TAC 0 (0) 4 (12.5) 0.151

Fistula 2 (10.0) 3 (9.4) 1.000

Bleeding 2 (10.0) 1 (3.1) 0.551

Ossification 2 (10.0) 0 (0) 0.143

Fasciitis 1 (5.0) 0 (0) 0.385

Peritonitis 0 (0) 1 (3.1) 1.000

Sepsis 0 (0) 1 (3.1) 1.000

Other 1 (5.0) 1 (3.1) 1.000

Table 7 Complications of abdominal closure

Closure

complications

NPC (n = 20) MMFC (n = 33) p value*

# (%) # (%)

Superficial SSI 2 (10.0) 0 (0.0) 0.191

Deep SSI 3 (15.0) 2 (6.3)

Organ/space SSI 3 (15.0) 5 (15.6)

No SSI 12 (60.0) 25 (78.1)

Necrosis 1 (5.0) 0 (0.0) 0.385

Dehiscence 3 (15.0) 3 (6.3) 0.661

SSI surgical site infection
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worth noting that one case of abdominal wall closure was

achieved on day 44 in one patient with MMFC.

The management of the OA can be a challenging task,

especially if expensive commercially available assisted

closure devices are not readily available [28, 30]. We did

not use any commercially available NPC system but

instead we used the technique originally described by

Barker [8]. Some authors have suggested a higher closure

rate of the OA with the commercially available system,

possibly related to a better distribution of the negative

pressure, and there is even data that argue its use will have

long-term economic gain due to the prevention of a sub-

sequent ventral hernias [25].

On the other hand, the MMFC approach permits the

management of an OA in a cost-effective manner. It con-

sists of simple materials that are readily available in an

operating room. The MMFC approach represents another

feasible and inexpensive surgical option in the manage-

ment of the OA.

This study has several limitations, especially the

observed higher early mortality in patients randomly

assigned to NPC, which caused an imbalance in the patient

groups. Randomization was performed during the surgery in

which the abdomen was left open; we believe that it was

wrong to exclude a priori patients at high risk of early death

because it could introduce bias by excluding severely ill

patients. There were no statistical differences in the different

severity indexes between the two groups that could attribute

this to a randomization failure, and upon a case-by-case

review, we found no explanation for the mortality disparity.

The high mortality rate reported in our study is similar

to the rate of up to 44 % that have been reported by other

authors [9, 31]. There are several studies that demonstrate

that NPC therapy does not increase mortality rates [27]; no

association between NPC and early death was observed in

this study.

Another limitation for this study is the fact that it is a

single center study, and it would be better to test the novel

technique in a multi-institutional setting. Also, including a

larger number of patients could have lead to finding dif-

ferent outcomes between both TAC techniques.

The greatest strength of this study is that it suggests that

the most relevant factor for fascial closure is not negative

pressure suction but any system that would maintain con-

stant tension on the fascia, preventing the loss of the

abdominal wall domain.

Conclusion

To date, no single TAC technique has proven to be

appropriate for all OAs and each strategy is associated with

major shortcomings. Our study results suggests that the

most relevant and cost-effective factor for abdominal wall

fascial closure is probably not dependant solely on the use

of negative pressure but instead on the application of any

system that can provide constant tension to the opposing

abdominal fascial edges and thus regain abdominal wall

domain. The MMFC technique is easy to perform and can

be accomplished with routine operating room supplies at a

very reasonable cost.
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