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Purpose: To describe the experience of patients over a 7-year period who have had open abdomen (OA)
surgery, at a tertiary university hospital.
Methods: The medical records of 59 patients, who were managed with OA after a laparotomy
between March 2009 and December 2015, were reviewed retrospectively. The data collected included
demographics, indication for OA, abdominal closure methods, abdominal closure rate, the intensive
care unit stay duration, mechanical ventilation duration, hospital stay duration, and complications.
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Results: Forty-seven patients (37 males, 78.7%) with a mean age of 52.2 ± 16.7 years were reviewed in
the study. The indications for OA were traumatic intra-abdominal bleeding in 23 patients (48.9%), nontraumatic bowel perforation in 10 (21.3%), non-traumatic bleeding in 7 (14.9%), and bowel infarction in
6 (12.8%). The abdominal wall was closed in 38 patients (80.9%). Primary closures and fascial closure
using an artificial mesh were performed on 21 (44.7%) and 12 patients (25.5%), respectively. The median
number of dressing changes was 0 (interquartile range 0 - 1). The median duration of the intensive
care unit and hospital stays were 12.0 and 32.0 days, respectively. The median interval to abdominal
closure was 4 days (interquartile range 2 - 10.3 days). Twenty-seven patients developed complications,
including uncontrolled sepsis (21.3%), entero-atmospheric fistula (19.1%), ventral hernia (8.5%), bleeding
(4.3%), and lateralization (4.3%). The mortality rate was 44.7% with sepsis being the main cause of death
(61.9%).
Conclusion: Traumatic intra-abdominal bleeding was a common indication for OA. Primary closure was
performed in most patients, and frequent complications resulted in poor patient outcomes.
Keywords: abdominal wound closure, hemoperitoneum, intra-abdominal hypertension, intraabdominal infections

Introduction

to avoid elevation of intra-abdominal pressure following
laparotomy, then surgical re-exploration is desirable. However,

In the supine position, intra-abdominal pressure is usually

if the abdomen is opened for a long time, lateral retraction

0mmHg but can increase by up to 10mmHg following

of the fascia can occur leading to closure difficulties, which

abdominal surgery [1]. Increased intra-abdominal pressure

complicate future abdominal surgery ,and increase patient

affects organ function in critically ill patients and may lead to

morbidity and mortality [4].

abdominal compartment syndrome [2].

However, in Korea there is limited data about the indications,

Open abdomen (OA) describes temporary abdominal wall

complications, and time interval to abdominal closure of OA

closure when the skin and fascia have not been closed after

after a laparotomy. Therefore, the objective of this present

a laparotomy [3]. When the fascia is intentionally left open

study was to evaluate OA in a single-center tertiary university

©2019 Korean Society of Acute Care Surgery. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/4.0).
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hospital, and examining whether non-traumatic patients with
preoperative conditions like pre-repetitive operations and
septic conditions, would cause worse results than those of
traumatic patients.

Materials and Methods
The medical records of 59 patients at a tertiary university
hospital who were managed with OA following laparotomy
between March 2009 and December 2015 were reviewed
retrospectively. Patients who died within 48 hours after
the initial OA were excluded from the study. The study
was approved by the Institutional Review Board (IRB no.:

Figure 2. Open abdomen – negative pressure wound therapy.

4-2016- 1159), and informed consent was waived due to
the retrospective nature of the study. All procedures were
conducted in accordance with the Declaration of Helsinki.

During maintenance of the OA, bowel and peritoneal

Collected data included demographics, indications for OA,

membrane was detached using poly-vinyl sheets to prevent

abdominal closure methods, abdominal closure rate, intensive

postoperative adhesion between bowel and peritoneal

care unit stay duration, mechanical ventilation duration,

membrane, and to protect the bowel from the negative

hospital stay duration, and complications. OA indications

pressure injury. Small holes on the poly-vinyl sheet were made

included traumatic hemoperitoneum requiring massive

to enhance the drainage of fluid and blood during negative

transfusion, uncontrolled intra-abdominal infection, bowel

pressure. Two sheets were overlapped to the same cavity and

infarction requiring second-look laparotomy, and impending

to avoid direct negative pressure to the bowel accounting for

risk of abdominal compartment syndrome such as non-

the position of the holes in both sheets. These are the common

traumatic intra-abdominal bleeding. OA was maintained via

principles of the TAC and NPWT.

temporary abdominal closure (TAC) and negative pressure

In TAC, the surgical pad containing the suction tube was put

wound therapy (NPWT; Figures 1 and 2). These techniques are

on the sheets to create negative pressure, and one additional

used to treat postoperative wound complications, to prevent

sheet was put into position to cover the whole abdomen.

intra-abdominal wound infection, and for temporary wound
closure after laparotomy [5].

NPWT is a sponge-based technique using commercially
available products like CuraVAC (Cgbio Co., Seongnam, Korea)
which contain sponge. The sponge placed on the two sheets
in place of the surgical pad, with one more additional sheet
placed on it covering the whole abdomen. The commercial
suction kit was then put on the sponge for negative pressure.
Statistical analysis was performed using IBM SPSS Statistics
ver. 23.0 (IBM Co., Armonk, NY, USA). Continuous variables
were expressed as means and standard deviations or medians
and interquartile ranges (IQR), and were compared between
the groups using the Student t-test or Mann-Whitney U
test. Categorical variables were expressed as n (%), and were
compared between the groups using Fisher’s exact test. A p <
0.05 was considered statistically significant.

Figure 1. Open abdomen – temporary abdominal closure.
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Results
There were 47 patients included in this study (Figure 3).
The mean age was 52.2 ± 16.7 years, and 37 patients (78.7%)
were male. The leading indication for OA was a traumatic
abdominal injury in 23 patients (48.9%), followed by nontraumatic bowel perforation in 10 (21.3%; Table 1). Preoperative
shock occurred in 37 patients (78.7%). The abdominal wall was
closed in 38 patients (80.9%; Table 2). The median duration of
intensive care unit and hospital stays were 12.0 (IQR, 5 - 26)
and 32.0 (IQR, 15 - 69) days, respectively. The median interval
to abdominal closure after OA was 4 days (IQR, 2 - 10.3 days)
and the median number of dressing changes was zero (IQR,
0 - 1). The abdominal wall was closed mainly by primary
closure in 21 patients (44.7%) and fascial closure using artificial
mesh in 12 patients (25.5%; Table 3). Twenty-seven patients
Table 1. Patient characteristics.
Variable

Patients with open abdomen (n = 47)

Age (y)

52.2 ± 16.7

Gender

Male
Female

Figure 3. Flow chart of study population.

37 (78.7)
10 (21.3)

developed complications, including uncontrolled sepsis in 10

Diagnosis

patients (21.3%), entero-atmospheric fistula in 9 (19.1%), and

Trauma

23 (48.9)

Non-trauma

24 (51.1)

did not experience any complications. Twenty-one patients

Bowel perforation

10 (21.3)

died, resulting in a mortality rate of 44.7%; with sepsis being

ventral hernia in 4 (8.5%; Table 3). Nineteen patients (40.4%)

the cause of death in 23 patients (48.9%), followed by non-

Bleeding

7 (14.9)

Bowel ischemia

6 (12.8)

Others

1 (2.1)

closed in 38 patients (80.9%; Table 2). The median duration

37 (78.7)

of intensive care unit and hospital stays were 12.0 (IQR, 5-26)

Preoperative shock
Data are presented as mean ± SD or n (%).

traumatic bowel perforation in 10 (21.3%; Table 1). Preoperative
shock occurred in 37 patients (78.7%). The abdominal wall was

and 32.0 (IQR, 15-69) days, respectively. The median interval to
abdominal closure after OA was 4 days (IQR, 2-10.3 days) and
the median number of dressing changes was zero (IQR, 0-1).

Table 2. Characteristics of open abdomen.
Variable

The abdominal wall was closed mainly by primary closure in

Patients with open abdomen

Abdominal wall closure

38 (80.9)

Number of dressing
changes

0.0 (0.0-1.0)

21 patients (44.7%) and fascial closure using artificial mesh in
12 patients (25.5%; Table 3). Twenty-seven patients developed
complications, including uncontrolled sepsis in 10 patients
(21.3%), entero-atmospheric fistula in 9 (19.1%), and ventral
hernia in 4 (8.5%; Table 3). Nineteen patients (40.4%) did not

Duration of intensive
care unit stay (d)

12.0 (5.0-26.0)

experience any complications. Twenty-one patients died,

Duration of hospital
stay (d)

32.0 (15.0-69.0)

were the main cause of death (Figure 4).

Duration of mechanical
ventilation (d)

10.0 (5.0-20.0)

between traumatic OA and non-traumatic OA (86.9% versus

Time until abdominal
closure (d)

4.0 (2.0-10.3)

resulting in a mortality rate of 44.7%; sepsis and septic shock
There were no significant differences in the closure rates
75%, respectively; p = 0.298). However, survival rates were

Data are presented as n (%) or median (interquartile range).

significantly different between traumatic OA and nontraumatic OA (73.9% versus 33.3%, respectively; p = 0.002).
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Table 3. Methods of abdominal wall closure, closure failure, complications, cause of death and mortality of open abdomen.
Variable

Total
(n = 47)

Trauma
(n = 23)

Non-trauma
(n = 24)

Closure

0.482

Primary closure

21 (44.7)

12 (52.2)

9 (37.5)

Artificial mesh with skin

12 (25.5)

7 (30.4)

5 (20.8)

Skin alone

4 (8.5)

1 (4.3)

3 (12.5)

Artificial mesh alone

1 (2.1)

0 (0.0)

1 (4.2)

3 (13.0)

6 (25.0)

Closure failure
Complication
None

0.461
0.147

19 (40.4)

12 (52.2)

7 (29.2)

E-A fistula

9 (19.1)

4 (17.4)

5 (20.8)

Uncontrolled sepsis

10 (21.3)

2 (8.7)

8 (33.3)

Uncontrolled bleeding

2 (4.3)

0 (0.0)

2 (8.3)

Ventral hernia

4 (8.5)

3 (13.0)

1 (4.2)

Lateralization (non-closure)

2 (4.3)

1 (4.3)

1 (4.2)

Cause of death
Sepsis

p

0.085
13 (27.7)

1 (4.3)

1 (4.2)

MOF

6 (12.8)

3 (13.0)

3 (12.5)

Bleeding

2 (4.3)

1 (4.3)

12 (50.0)

5 (21.7)

16 (66.7)

Mortality

0.003

Data are presented as n (%).
E-A = entero-abdominal; MOF = multi-organ failure.

Discussion
Although OA can lead to complications such as enterocutaneous fistula, ventral hernia, uncontrolled bleeding, and
sepsis, it is a recommended strategy to treat critically ill
patients [6-10]. Early fascial closure is important for shorter
hospital stays and lower rates of complications [11].
Seternes et al [12] assessed the effectiveness of NPWT and
found that fascial closure was performed in two-thirds of
cases. Interestingly, both Acosta et al [13] and Rasilainen et
al [14] combined a mesh method with the negative pressure
technique, achieving fascial closure rates of 76% to 78%. Other
Figure 4. Causes of mortality. MOF indicates multi-organ failure
(p = 0.002). MOF = multi-organ failure.

studies have shown closure rates varying from 68% to 100%
[15-21]. The results of these previous studies are congruent
with the findings of the present study, in which the total rate
of fascial closure was 80.9%. Fascial defects were repaired by
direct closure in 44.7% of patients and by artificial mesh in
27.7% of the patients.
Lateralization occurs in all patients if OA is maintained
for a long time, mainly associated with intra-abdominal
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hypertension which may lead to closure failure. There are some

pressure techniques improved the care of patients with

medical strategies avoiding intra-abdominal hypertension like

traumatic OA, but stressed that closure must be achieved early

fluid restriction, avoiding hypothermia, nasogastric drainage,

to avoid complications [28]. Early definitive closure of fascial

insertion of rectal cannula, administration of prokinetic agents,

defects is one of the most important factors for complication

endoscopic decompression, and using colloids or hypertonic

prevention [29]. In the present study, in patients with

solutions [22].

traumatic OA, there was a strong relationship between closure

Fascial closure rates are lower in patients undergoing OA
because of poor medical conditions (non-traumatic) compared

failure and mortality, but this association was not observed in
patients with non-traumatic OA.

with those undergoing OA due to trauma [23], and sepsis was

It is expected that complications would be strongly

noted as a major indication for medical OA. A similar pattern

associated with mortality, but that preoperative conditions

was observed in the present study, and even in patients with

would be the strongest risk factor for mortality in patients with

traumatic OA, sepsis was the main cause of complications and

non-traumatic OA. The majority of patients with non-traumatic

death. The fascia was not closed in 3 of 5 patients who died

OA were transferred from other departments including the

following traumatic OA, and in 6 patients of 16 expired patients

departments of urology, gynecology, and colorectal surgery,

with non-traumatic OA. The main cause of closing failure

owing to unstable conditions such as uncontrolled bleeding or

seems to be connected with mortality, however, statistical

sepsis following cancer surgery. Therefore, most patients had

analyses did not demonstrate any significant factors associated

a high mortality risk before OA. After transfer, damage control

with closing failure. Quyn et al [24] found that multi-organ

surgery such as bleeding vessel ligation, and primary closure

failure (MOF) was the principal cause of mortality and argued

of perforated bowel was applied using OA. Therefore, the poor

that this might be due to primary or secondary complications

preoperative conditions are likely to be the main causes of the

such as fistula formation or intestinal leakage, either of

high mortality rates observed in patients with non-traumatic

which could cause sepsis and multi-organ failure. The same

OA.

patterns regarding causes of mortality were also expected in

It is very hard to point out what was the main cause of

the present study. In addition to a patient’s general condition,

MOF, especially with complex, systemic septic conditions.

bowel problems such as fistula, anastomosis site leakage, and

Anastomosis site leakage, bowel fistula and uncontrolled

free perforations are strongly associated with mortality [25].

sepsis appeared to be the main causes of MOF, but pneumonia

Although these bowel problems can occur in patients treated

happened secondarily, with uncontrolled sepsis being an

using a negative pressure closure system, Rao et al [10] warned

additional cause of MOF (Table 3).

of the dangers of using negative pressure closure. Therefore,

The present study had limitations due to the retrospective

care is required when performing dressing changes to avoid

design and small number of participants. In addition, because

the need for further surgery due to bowel edema or adhesion

of heterogeneity among the participants, a subgroup analysis

[26,27].

would be needed to uncover other potential relationships

The difference in mortality rates between traumatic and non-

between risk factors and mortality. The statistical analysis of

traumatic OA might be due to different preoperative conditions.

factors associated with closing failure is difficult. There was

In many patients with traumatic OA, their general condition

no significant factor affecting the closure failure. Large-scale,

and intra-abdominal pressure were at least equivalent to

prospective, multicenter studies including subgroup analyses

those in patients with non-traumatic OA, so mortality rates

would provide a more comprehensive overview of the risk

among patients with traumatic OA may be lower. Mortality of

factors associated with mortality in patients with OA.

traumatic patients within 48 hours showed acute coagulopathy

In conclusion, in this single-center setting, traumatic

and uncontrolled bleeding as the major causes, suggesting

intra-abdominal bleeding was a common indication for OA.

that early hemodynamic instability from multiple traumas

Primary closure was performed in most patients, and OA was

such as pelvic bone fracture and major vessel injury may be

feasible for the management of traumatic and non-traumatic

involved. In contrast, mortality of non-traumatic patients

indications. However, OA was associated with multiple

shows a different pattern. In 12 of 16 patients, sepsis was

complications and high mortality rates, especially in non-

the main cause of death. And the sepsis was associated with

traumatic patients. Further studies are needed to develop more

preoperative anastomotic leakage or repeated postoperative

effective strategies for controlling sepsis in patients with non-

bowel perforation. Trauma patients who died within 48 hours

traumatic OA.

after OA were excluded from the study because we could not
evaluated the success rate of OA. So, in non-trauma patients,
mortality rate was higher than trauma patients.
In 2016, Osvaldo et al proposed that OA and negative-

44

J Acute Care Surg 2019;9(2):39-44

Conflicts of Interest
No potential conflict of interest relevant to this article was
reported.

Acknowledgments
The authors wish to thank KW Lee for assistance with the
statistical analyses and all of the coordinators for their valuable
help and cooperation. This research was supported by a faculty
research grant from the Yonsei University College of Medicine
(6-2016-0100).
This abstract was presented orally at the Critical Surgical
Abdomen Consensus Conference, held on July 22-23, 2016, in
Dublin, Ireland.

References
[1]	Sanchez NC, Tenofsky PL, Dort JM, Shen LY, Helmer SD, Smith RS. What is
normal intra-abdominal pressure? Am Surg 2001;67(3):243-8.
[2]	Malbrain ML, Cheatham ML, Kirkpatrick A, Sugrue M, Parr M, De Waele
J, et al. Results from the international conference of experts on intraabdominal hypertension and abdominal compartment syndrome. I.
Definitions. Intensive Care Med 2006;32(11):1722-32.
[3]	B jörck M, Wanhainen A. Management of abdominal compartment
s y n d ro m e a n d t h e o p e n a b d o m e n . E u r J Va s c E n d ova s c S u r g
2014;47(3):279-87.
[4]	Refinetti RA, Martinez R. Necrotizing pancreatitis: Update and when to
operate. ABCD (São Paulo) 2010;23:122-7. [in Portuguese].
[5]	Jang JY, Shim H, Lee YJ, Lee SH, Lee JG. Application of negative pressure
wound therapy in patients with wound dehiscence after abdominal open
surgery: A single center experience. J Korean Surg Soc 2013;85(4):180-4.
[6]	Open Abdomen Advisory Panel, Campbell A, Chang M, Fabian T, Franz
M, Kaplan M, et al. Management of the open abdomen: From initial
operation to definitive closure. Am Surg 2009;75(11 Suppl):S1-22.
[7]	Boele van Hensbroek P, Wind J, Dijkgraaf MG, Busch OR, Goslings JC.
Temporary closure of the open abdomen: A systematic review on delayed
primary fascial closure in patients with an open abdomen. World J Surg
2009;33(2):199-207.
[8]	D iaz JJ Jr, Dutton WD, Ott MM, Cullinane DC, Alouidor R, Armen SB,
et al. Eastern association for the surgery of trauma: A review of the
management of the open abdomen--part 2 “Management of the open
abdomen”. J Trauma 2011;71(2):502-12.
[9]	Diaz JJ Jr, Cullinane DC, Dutton WD, Jerome R, Bagdonas R, Bilaniuk JW,
et al. The management of the open abdomen in trauma and emergency
general surgery: Part 1-damage control. J Trauma 2010;68(6):1425-38.
[10]	Rao M, Burke D, Finan PJ, Sagar PM. The use of vacuum-assisted closure of
abdominal wounds: A word of caution. Colorectal Dis 2007;9(3):266-8.
[11]	Chiara O, Cimbanassi S, Biffl W, Leppaniemi A, Henry S, Scalea TM, et
al. International consensus conference on open abdomen in trauma. J
Trauma Acute Care Surg 2016;80(1):173-83.

[12]	Seternes A, Rekstad LC, Mo S, Klepstad P, Halvorsen DL, Dahl T, et al. Open
abdomen treated with negative pressure wound therapy: Indications,
management and survival. World J Surg 2017;41(1):152-61.
[13]	Acosta S, Bjarnason T, Petersson U, Pålsson B, Wanhainen A, Svensson
M, et al. Multicentre prospective study of fascial closure rate after open
abdomen with vacuum and mesh- mediated fascial traction. Br J Surg
2011;98(5):735-43.
[14]	Rasilainen SK, Mentula PJ, Leppäniemi AK. Vacuum and mesh-mediated
fascial traction for primary closure of the open abdomen in critically ill
surgical patients. Br J Surg 2012;99(12):1725-32.
[15]	Barker DE, Green JM, Maxwell RA, Smith PW, Mejia VA, Dart BW, et al.
Experience with vacuum-pack temporary abdominal wound closure in
258 trauma and general and vascular surgical patients. J Am Coll Surg
2007;204(5):784-93.
[16]	Roberts DJ, Zygun DA, Grendar J, Ball CG, Robertson HL, Ouellet JF, et
al. Negative-pressure wound therapy for critically ill adults with open
abdominal wounds: A systematic review. J Trauma Acute Care Surg
2012;73(3):629-39.
[17]	Kafka-Ritsch R, Zitt M, Schorn N, Stroemmer S, Schneeberger S, Pratschke
J, et al. Open abdomen treatment with dynamic sutures and topical
negative pressure resulting in a high primary fascia closure rate. World J
Surg 2012;36(8):1765-71.
[18]	Miller PR, Meredith JW, Johnson JC, Chang MC. Prospective evaluation
of vacuum-assisted fascial closure after open abdomen: Planned ventral
hernia rate is substantially reduced. Ann Surg 2004;239(5):608-14;
discussion 614-6.
[19]	P erez D, Wildi S, Demartines N, Bramkamp M, Koehler C, Clavien
PA. Prospective evaluation of vacuum-assisted closure in abdominal
compartment syndrome and severe abdominal sepsis. J Am Coll Surg
2007;205(4):586-92.
[20]	Patel NY, Cogbill TH, Kallies KJ, Mathiason MA. Temporary abdominal
closure: long-term outcomes. J Trauma 2011;70(4):769-74.
[21]	Cothren CC, Moore EE, Johnson JL, Moore JB, Burch JM. One hundred
percent fascial approximation with sequential abdominal closure of the
open abdomen. Am J Surg 2006;192(2):238-42.
[22]	Kula R, Szturz P, Sklienka P, Neiser J, Jahoda J. A role for negative fluid
balance in septic patients with abdominal compartment syndrome?
Intensive Care Med 2004;30(11):2138-9.
[23]	Wondberg D, Larusson HJ, Metzger U, Platz A, Zingg U. Treatment of the
open abdomen with the commercially available vacuum-assisted closure
system in patients with abdominal sepsis: Low primary closure rate.
World J Surg 2008;32(12):2724-9.
[24]	Quyn AJ, Johnston C, Hall D, Chambers A, Arapova N, Ogston S, et al. The
open abdomen and temporary abdominal closure systems--historical
evolution and systematic review. Colorectal Dis 2012;14(8):e429-38.
[25]	Fischer PE, Fabian TC, Magnotti LJ, Schroeppel TJ, Bee TK, Maish GO 3rd,
et al. A ten-year review of enterocutaneous fistulas after laparotomy for
trauma. J Trauma 2009;67(5):924-8.
[26]	B jarnason T, Montgomery A, Hlebowicz J, Lindstedt S, Petersson U.
Pressure at the bowel surface during topical negative pressure therapy of
the open abdomen: An experimental study in a porcine model. World J
Surg 2011;35(4):917-23.
[27]	Shaikh IA, Ballard-Wilson A, Yalamarthi S, Amin AI. Use of topical negative
pressure in assisted abdominal closure does not lead to high incidence of
enteric fistulae. Colorectal Dis 2010;12(9):931-4.
[28]	Demetriades D, Salim A. Management of the open abdomen. Surg Clin
North Am 2014;94(1):131-53.
[29]	Dubose JJ, Scalea TM, Holcomb JB, Shrestha B, Okoye O, Inaba K, et al.
Open abdominal management after damage- control laparotomy for
trauma: A prospective observational American Association for the Surgery
of Trauma multicenter study. J Trauma Acute Care Surg 2013;74(1):11320; discussion 1120-2.

