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Abstract

Introduction The optimal management of the open abdomen (OA) after liver transplantation (LT) is unclear. The

negative pressure wound therapy (NPWT) has been shown to be safe and can increase the chance for early fascial

closure in trauma or septic patients. However, little data are available on the specific setting of LT. We aimed to

report our experience of OA after LT, marked by the recent use of NPWT.

Methods All patients with postponed wall closure after LT, from 2002 to 2014, in a single institution were included

and retrospectively analyzed. Our management of OA after LT has shifted from skin-only closure (SOC) followed by

abdominal wall reconstruction at a distance to the use of NPWT with early fascial closure.

Results Of the 1559 LTs performed during the study period, immediate abdominal wall closure at the end of

transplantation could not be achieved in 46 (2.9%) patients. Of them, SOC was performed in 22 (47.8%) patients,

whereas vacuum-assisted closure (VAC) therapy was used in 24 (52.1%) patients. The comprehensive complication

indexes (CCI) were similar [CCI: 66 (0–100) in the SOC group vs. 56 (0–100) in the VAC group; p = 0.55]. No

evisceration or fistula occurred in both groups. One (4.2%) postoperative bleeding case was reported in the VAC

group. Early fascial closure was achieved within a median of 5.5 days (1–12) for the 24 patients (100%) of the VAC

group. In four of them, a biological mesh was necessary. Only nine patients (52.9%) of the survivors in the SOC

group underwent abdominal reconstruction.

Conclusion The NPWT in patients with OA after LT enables early fascial closure with limited morbidity provided a

specific attention is given to the risk of bleeding. These results support the use of NPWT as the first option in OA

patients after LT.

Introduction

The soft tissue edema, resulting from a large amount of

fluids given for patient resuscitation, may compromise

immediate fascial closure after laparotomy, thus delaying

closure during the necessary time for edema resorption.

Although the so-called open abdomen (OA) strategy has

improved the chances of survival [1], it carries an inherent

morbidity characterized by an increased risk of intestine

fistulae and giant ventral hernia [2, 3]. Many techniques

have been described to manage OA [4–6], but recent data

suggest that the use of negative pressure wound therapy
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(NPWT), with the vacuum-assisted closure (VAC) tech-

nology, allows increasing the rate of early fascial closure

[7, 8] without any additional complications.

After liver transplantation (LT), some patients share

common features with the extreme situations encountered

in trauma centers, in which VAC may be required. They

present severe coagulation disorders, and/or have experi-

enced massive blood loss, leading to multiple transfusion

and visceral edema, and/or have received a large graft with

respect to the abdominal cavity. The association of these

adverse factors may impair an immediate fascial closure,

thus forcing to leave the abdomen open. The management

of OA following LT has been little studied. Indeed, given

the paucity of OA after LT, the total number of patients in

the two previous studies dealing with NPWT after LT

[9, 10] was 13 only. Therefore, the questions regarding the

safety and the feasibility of NPWT in the particular setting

of LT still need to be addressed, and an additional report on

VAC experience after LT could be of interest.

This study aimed to report a single-center experience of

management of patients with OA after LT, with a recent

use of NPWT as the first option.

Methods

Study population

We included all consecutive adult patients for whom

immediate fascial closure could not be achieved after LT at

the Paul Brousse Hospital, Villejuif, France, from January

2002 to December 2014. The patients were identified in our

prospectively maintained database, and the analysis was

performed retrospectively.

Indications for open abdomen after liver

transplantation

The abdomen was left open after LT when the immediate

fascial closure was technically not possible (large graft

and/or bowel edema) and/or because of hemodynamic

instability due to caval compression or elevation of respi-

ratory pressure [9, 11].

The ‘‘open abdomen’’ management

• Skin-only closure (SOC)

Before 2010, the OA was managed by SOC, performed

after the insertion of an absorbable mesh bag (Vicryl�,

Polyglactin 910 Woven mesh, Ethicon US), to prevent non-

covert evisceration and reinforcement of the SOC [12].

Skin suture was achieved with Blair-Donati stitches.

During that period, an early fascial closure was not con-

sidered ‘‘by principle,’’ and hernia repair was planned

about 6 months after LT.

• Negative pressure wound therapy (NPWT)

From 2010, our group progressively adopted a strategy

based on the NPWT followed by early fascial closure. The

NPWT was carried out using the ABTheraTM open abdo-

men negative pressure system (KCI USA, San Antonio,

TX, USA). A polyurethane foam was placed between the

parietal banks and separated from intraabdominal content

with a plastic membrane protecting the viscera and

removing deep intraabdominal exudates (Fig. 1). The foam

was connected to a portable unit that delivered a continu-

ous negative pressure of 75–100 mmHg and was replaced

every 48–72 h in the operating room. No abdominal drai-

nage was placed since the collection of intraabdominal

fluid through the VAC system could be measured and

checked continuously. At each VAC exchange, we asses-

sed the feasibility of direct approximation of fascia edges,

and accordingly, we applied interrupted fascial sutures at

the apices of the wound. A complete fascial closure was

achieved as soon as it became feasible without excessive

tension. Generally, if the fascial closure could not be

completed after three VAC replacements, a biological

mesh (PermacolTM, Covidien, Minneapolis, USA) was

used (Fig. 2).

Endpoints

The primary endpoint was the safety of both the approa-

ches, with a specific focus on the risks related to OA, i.e.,

fistula, evisceration, and bleeding. We also used the

Fig. 1 Postoperative aspect of abdomen at the end of liver trans-

plantation. Immediate fascial closure could not be achieved
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comprehensive complication index (CCI) [13], which bet-

ter summarized all surgical and medical complications that

can occur in the same patient after LT. The feasibility of

early fascial closure with or without biological mesh (for

the VAC group) and the proportions of abdominal recon-

struction in the SOC group were also evaluated. Thora-

coabdominal CT scan was performed 3 months and 1 year

after LT in the absence of any symptoms or biological

abnormalities. The one-year CT scan was reviewed for the

diagnosis of asymptomatic hernia.

Statistical analysis

We divided our study population into two groups as fol-

lows: SOC group (early period) and VAC group (recent

period). Continuous variables were expressed as median

(range). Categorical data were compared using Chi-square

test or Fisher’s test, as appropriate. Wilcoxon’s test was

used to compare the continuous data. The analysis was

performed with R 3.0.0 (www.cran.r-project.org).

Results

Preoperative baseline characteristics

Of the 1559 LTs performed during the study period, 46

(2.9%) patients did not undergo an immediate fascial clo-

sure. Briefly, there were 21 (45.6%) men and 25 (54.4%)

women. The main indications for LT were fulminant

hepatitis or acute failure (N = 18, 39.1%), cirrhosis

(N = 15, 32.6%), and retransplantation (N = 12, 26.1%).

The MELD score was high with a median of 32 (6–40) at

Fig. 2 Postoperative aspect of abdomen after placement of vacuum-

assisted closure (VAC) therapy

Table 1 Baseline characteristics of the two groups: skin-only closure (SOC) and vacuum-assisted closure (VAC)

Variables Study population (N = 46) SOC group (N = 22) VAC group (N = 24) p

No, median (%, range) No, median (%, range) No, median (%, range)

Recipient data

Median age (years) 44 (14–71) 42 (14–70) 46 (16–71) 0.54

Sex: male 21 (45.6) 11 (50) 10 (41.7) 0.78

Height (cm) 168 (140–190) 165 (140–190) 168 (155–190) 0.83

Weight (kg) 65 (31–120) 60 (33–120) 75 (31–105) 0.04

Median MELD score at LT 32 (6–40) 33 (12–40) 28.5 (12–40) 0.68

Indications

Fulminant hepatitis 18 (39.1) 11 (50) 7 (29.2) 0.29

Cirrhosis 15 (32.6) 6 (27.3) 9 (37.5)

Others 1 (2.2) 1 (4.5) 0 (0)

Retransplantation 12 (26.1) 4 (18.1) 8 (33.3)

Procedures

Veno-venous by pass 14 (30.4) 6 (27) 8 (33) 0.90

Vena cava replacement 24 (52.2) 11 (50) 13 (54.2) 0.99

Median cold ischemia time, min 475 (305–1019) 470 (305–872) 480 (320–1019) 0.12

Median no. of packed red blood cell 8 (0–115) 9 (0–115) 7 (0–37) 0.94

Median no. of frozen plasma 14 (0–40) 16 (0–40) 14 (0–40) 0.24

Graft

Median graft weight (g) 1675 (600–2225) 1655 (1155–3000) 1685 (600–2225) 0.46

Median explanted liver weight/graft weight ratio 0.80 (0.3–2.23) 0.76 (0.3–1.6) 0.84 (0.3–2.23) 0.38

SOC skin-only closure, VAC vacuum-assisted closure
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the time of transplantation. Most of the procedures were

complex with a frequent use of veno-venous bypass

(N = 14, 30.4%), and the high median number of packed

red blood cell and frozen plasma was of 8 (0–115) and 14

(0–40), respectively.

Table 1 summarizes comparisons between the two

groups. There were 22 patients in the SOC group and 24 in

the VAC group. Briefly, the two groups were comparable

in terms of median age, median height of recipient, and

MELD score at the time of LT. The median body weight

was significantly higher in the VAC group (75 vs. 60 kg;

p = 0.04). There was also no difference in terms of graft

weight or graft weight-to-native liver weight ratio.

Early outcomes

Overall, the 90-day postoperative mortality was 13% (6/46

patients), with a tendency toward higher 90-day mortality

and 1-year mortality rates in SOC patients (22.7 vs. 4.2%,

p = 0.09 at 90 days and 22.7 vs. 12.5%, p = 0.45 at 1 year

for the SOC and VAC groups, respectively).

As expected, the overall morbidity was high with a

median CCI of 58 (0–100) and 65.2% (N = 30) of major

complications (Dindo–Clavien grade CIII). The two groups

experienced similar morbidity [median CCI: 66 (0–100) in

the SOC group vs. 56 (0–100) in the VAC group (p = 0.55)]

with comparable proportion of major complications (58.3%

in the VAC group vs. 72.7% in SOC group: p = 0.306). In

addition, no intestinal fistula or evisceration occurred in both

groups. In the VAC group, one patient (4.2%) experienced

bleeding within 12 h following LT. The urgent relaparotomy

led to active bleeding at the stump of a segment I vein. None

of the patients of the SOC group experienced similar early

post-transplant hemorrhage.

Length of hospital stay

The comparisons of the early outcomes are given in

Table 2. The overall median duration of stay in intensive

care unit and the median length of hospital stay were

15 days (1–158) and 38 days (1–261), respectively. The

length of stay in intensive care unit or the overall length of

hospital stay was similar in both the groups. The median

duration of mechanical ventilation was comparable in the

two groups, with a trend toward a shorter time in the SOC

group (3.5 vs. 7 days; p = 0.18).

Abdominal wall morbidity

In the VAC group, all patients (N = 24) underwent

delayed fascial closure after a median interval from LT of

5.5 days (1–12) and a median number of system replace-

ment of 1.5 (0–4). Of them, four (16.7%) patients required

the use of biological mesh to cover a part of fascial defect.

Of the 17 patients who were discharged from the hos-

pital after SOC, nine (52.9%) underwent hernia repair after

a median time of 18 months (3–40 months) from LT,

whereas the others remained with ventral hernia. All

abdominal reconstructions required a biological mesh and a

median length of hospital stay of 8 days (6–11 days).

As expected, the proportion of ventral hernia among the

survivors at 1 year diagnosed by either physical examina-

tion or CT scan was much lower in the VAC group (1/21,

4.8%) compared to that of the SOC group (10/17, 58.8%;

p = 0.0006).

Discussion

The impossibility to achieve fascial closure after adult LT

is an uncommon situation (2.9% in the present study), thus

explaining why the management of OA after LT is not well

codified. In the present study, we reported a single-insti-

tution experience of OA following LT.

Our approach has evolved over time. Indeed, in the late

period, our attitude was to first achieve a SOC implying a

planned ventral hernia and then consider the abdominal

wall reconstruction at a distance. Although immediately

Table 2 Outcomes after liver transplantation of the two groups

Variables SOC group (N = 22) VAC group (N = 24) p

No, median (%, range) No, median (%, range)

Mechanical ventilation, days 3.5 (0–151) 7 (0–158) 0.18

Postoperative dialysis 9 (40.9) 9 (37.5) [0.99

Comprehensive complication index 66 (0–100) 56 (0–100) 0.55

Major complications 16 (72.7) 14 (58.3) 0.31

Length of stay in intensive care unit, days 12 (1–152) 15 (3–158) 0.35

Length of hospital stay, days 37 (1–261) 38 (14–180) 0.59

90-day mortality 5 (22.7) 1 (4.2) 0.09

1-year mortality 5 (22.7) 3 (12.5) 0.45

SOC skin-only closure, VAC vacuum-assisted closure
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related morbidity has not been observed with the SOC, the

final proportion of patients who underwent a definitive

fascial closure was 52.9% only. Moreover, a biological

mesh to cover the large defect was necessary for all

patients due to the irremediable and continuous loss of

domain over time. In a series of patients with OA sec-

ondary to trauma or sepsis, Miller et al. [14] and Tremblay

et al. [2] reported similar rates of secondary fascial closure

after SOC that were 30 and 52%, respectively. This rela-

tively low proportion of secondary repairs testifies to the

reluctance of both patients and surgeons to undergo a

potentially morbid but non-life-saving procedure. It also

supports the recommendations of an expert panel to

achieve fascial closure for OA in the early period [15].

Encouraged by the reports of trauma centers [7, 8, 16],

we adopted the NPWT with early fascial closure, which

ultimately became our strategy of choice. As previously

reported in LT series [9, 10], no evisceration or fistula was

observed, confirming the safety of the VAC system.

Nonetheless, a specific comment about the risk of hemor-

rhage is needed. The abdominal suction induced by VAC

therapy may raise some concerns with regard to the post-

operative hemorrhagic complication, especially in trans-

planted patients with precarious hemostatic capacities.

Rare cases of major bleeding have occurred in patients with

deep sternal infection treated by NPWT [17, 18], but the

presence of confounding factors brings uncertainty in the

direct responsibility of NPWT [19] in these events.

One early postoperative bleeding occurred in the VAC

group. It is unclear whether such event has been directly

caused by NPWT and could have been avoided after a

SOC. Based on this case and a recent review of the liter-

ature [20], we retained the following recommendations for

our practice: (1) to maintain the lowest suction pressure

possible when setting the device. The default suction

pressure is settled at 125 mmHg but can be decreased by

steps of 25 mmHg, (2) to closely monitor the type of liquid

collected by the VAC, (3) to immediately stop the aspira-

tion in the case of hemorrhagic drainage, and (4) to con-

traindicate NPWT in case of doubtful function recovery of

the graft, suspected by diffuse bleeding.

The rate of fascial closure after LT was 100%, with the

need for biological mesh in four of them (16.7%). This

high rate is in line with the studies including trauma or

septic patients managed with VAC. Miller et al. [21]

reported a prospective cohort of 43 OA patients, managed

by VAC, enabling primary closure in 88% of cases after a

mean time of 9.6 days and a mean number of dressing

changes of 3.4. Another study [22], including 40 patients,

reported 100% of primary fascial closure with an average

time to closure of 7.5 ± 1.0 days and an average number

of laparotomies to the closure of 4.6 ± 0.5. Here, the

success of early fascial closure, without biological mesh in

the majority of cases, strongly argues in favor of NPWT in

the rare situation of OA after LT.

The limitation of the present study is the small number

of patients and the retrospective nature of its analysis. We

acknowledge that the comparison with the SOC group is

artificial when considering the parietal sequels at a dis-

tance. Indeed, since ventral hernia with further wall

reconstruction was systematically planned in the SOC

group, it was not possible to evaluate the real influence of

NPWT on the success rate of early fascial closure. Nev-

ertheless, a prospective randomized study is almost unre-

alizable, given the paucity of laparotomy cases after LT.

In conclusion, the NPWT is feasible without increased

morbidity, enabling early fascial closure in the majority of

patients with OA after LT. This strategy should be pre-

ferred for SOC with planned hernia.
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