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Background: The effect of decompressive laparotomy on outcomes in patients with abdominal compart-
ment syndrome has been poorly investigated. The aim of this prospective cohort study was to describe
the effect of decompressive laparotomy for abdominal compartment syndrome on organ function and
outcomes.

Methods: This was a prospective cohort study in adult patients who underwent decompressive laparo-
tomy for abdominal compartment syndrome. The primary endpoints were 28-day and 1-year all-cause
mortality. Changes in intra-abdominal pressure (IAP) and organ function, and laparotomy-related
morbidity were secondary endpoints.

Results: Thirty-three patients were included in the study (20 men). Twenty-seven patients were surgical
admissions treated for abdominal conditions. The median (i.q.r.) Acute Physiology And Chronic Health
Evaluation (APACHE) II score was 26 (20-32). Median IAP was 23 (21-27) mmHg before decompressive
laparotomy, decreasing to 12 (9-15), 13 (8-17), 12 (9-15) and 12 (9-14) mmHg after 2, 6, 24 and 72 h.
Decompressive laparotomy significantly improved oxygenation and urinary output. Survivors showed
improvement in organ function scores, but non-survivors did not. Fourteen complications related to the
procedure developed in eight of the 33 patients. The abdomen could be closed primarily in 18 patients.
The overall 28-day mortality rate was 36 per cent (12 of 33), which increased to 55 per cent (18 patients)
at 1 year. Non-survivors were no different from survivors, except that they tended to be older and on
mechanical ventilation.

Conclusion: Decompressive laparotomy reduced IAP and had an immediate effect on organ function. It
should be considered in patients with abdominal compartment syndrome.
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Introduction and aortic aneurysm repair®!?. The presence of IAH on

Intra-abdominal hypertension (IAH) is a clearly iden-
tified cause of organ dysfunction in patients who have
had emergency abdominal surgery or suffered severe
trauma' ~*. Tt is also being recognized increasingly in var-
ious other patients receiving intensive care after elective
surgical procedures’, liver transplantation®, massive fluid
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resuscitation for extra-abdominal trauma’, severe burns
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admission to the intensive care unit (ICU) is associated
with the development of severe organ dysfunction, and the
presence of IAH in the ICU is an independent predictor
of mortality™!!.

The clinical picture that results from sustained IAH
with an intra-abdominal pressure (IAP) of 20 mmHg or
higher has been described as abdominal compartment
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syndrome (ACS). Although the pathophysiology of IAH is
well understood!2 =14, the treatment of ACS remains chal-
lenging. Few non-surgical options are available. IAH can
be caused by intraperitoneal fluid accumulation, and percu-
taneous drainage'® may be a valid option in such situations.
Gastric and rectal tubes have been used to drain air and
gastrointestinal contents with some success, as have ultra-
filtration, pain relief and muscular blocking agents!*.

Surgical decompression of the abdomen, or decompres-
sive laparotomy (DL), is the only available definitive treat-
ment for ACS. Numerous case reports and case series have
been published detailing results'®~ 18, but the exact role of
DL remains unclear. Most papers focus on the description
of associated parameters such as airway pressure, central
venous pressure or urinary output, rather than specifically
looking at endpoints such as hospital mortality and organ
function. Morbidity associated with DL for ACS has not
been assessed prospectively in a large series.

The IAP threshold value for DL varies considerably
in the available literature, and the influence of factors
such as the interval between onset of organ dysfunction
and DL itself on measured outcomes remains unclear.
A more complete picture of DL as a treatment for IAH
and ACS, beyond the performance of the procedure itself,
could potentially lead to the identification of patients
who would benefit most. The aims of this study were
to describe the effects of DL for ACS on organ func-
tion, and the overall morbidity and mortality among
patients in intensive care, and to identify factors associated
with mortality.

Methods

This was a prospective multicentre observational study
of the effects of DL on mortality and organ function. It
was organized through WSACS - the Abdominal Com-
partment Society (http://WSACS.org). The study was
approved by the ethics committee of Ghent University
Hospital and similar committees at the individual partic-
ipating hospitals. Written informed consent was obtained
from the patient or their legal representative when required
by local institutional regulations; in some participating hos-
pitals a waiver for consent was granted.

Patients were eligible for inclusion in the study if they
were aged 18 years or older, and were treated with DL for
a diagnosis of ACS. Pregnancy and previous enrolment in
the present study were the only exclusion criteria.

The primary endpoints of the study were all-cause mor-
tality at 28 days and 1 year after DL. Secondary endpoints
were changes in organ function and laparotomy-related
morbidity.

© 2016 The Authors. BYS published by John Wiley & Sons Ltd
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Data collection

Relevant data were retrieved from the clinical notes and
included preoperative parameters: age, sex, weight, height,
date of hospital/ICU admission, admission diagnosis,
and Acute Physiology and Chronic Health Evaluation
(APACHE) II and Simplified Acute Physiology Score
(SAPS) 2 scores. The cause of ACS, the time of diagnosis
and treatment(s) for ACS, the surgical technique used for
DL and the method of temporary abdominal closure were
recorded.

TAP values were collected at baseline, in the days before
DL, and at 2, 6, 12, 24, 72 and 168h after laparotomy,
when available. Organ dysfunction was assessed using the
Sequential Organ Failure Assessment (SOFA) score!?. The
SOFA score was recorded before DL, and at 6, 24, 72 and
168 h thereafter.

The duration of stay in the ICU and in hospital, and mor-
tality at each time point was documented. Complications
related to DL and open abdomen treatment were recorded.

Definitions

TAP was measured using intravesical pressure according to
the WSACS guidelines!*?°. TAH was defined by a sustained
IAP of 12mmHg or higher. The diagnosis of ACS was
defined by an IAP of 20 mmHg or above with new-onset
or deteriorating organ dysfunction. DL was defined as a

laparotomy performed solely for ACS and aimed at reduc-
ing IAP.

Statistical analysis

Continuous data are expressed as median (i.q.r.). The
Mann-Whitney U test was used for comparison of median
values, and the Friedman test or Wilcoxon matched-pairs
signed-ranks test when appropriate. Proportions were
compared using 2 X2 tables and the y* or Fisher’s exact
test, as appropriate. Correlation between variables was
analysed using the Spearman correlation coefficient.
P <0-010 was considered statistically significant, adjust-
ing for multiple comparisons. Statistical analysis was
done using SPSS® version 20.0 (IBM, Armonk, New
York, USA).

Resulits

Thirty-three patients were included in the study, 20 of
whom were men. Their median age was 61 (51-70) years.
Median baseline APACHE II and SAPS 2 scores were 25-5
(20-0-31-8) and 57-0 (42-5-64-3) respectively. Median
body mass index was 29-0 (25-2-35-1) kg/m?.
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Table 1 Cause of abdominal compartment syndrome

No. of patients

Ruptured abdominal aortic aneurysm 6
Abdominal sepsis 5
Abdominal trauma 5
Severe acute pancreatitis 5
Complicated abdominal surgery 5
Severe sepsis/septic shock 4
Cardiogenic shock 2
Abdominal haemorrhage 1
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Fig. 1 Intra-abdominal pressure before and after decompressive
laparotomy. Median values (bold line), i.q.r. (box) and total range
(error bars) are shown. The dotted line indicates the threshold
value for abdominal compartment syndrome

Most were surgical patients treated previously for
abdominal conditions, and 27 of the 33 patients had pri-
mary ACS. Diagnoses leading to ACS are summarized in
Tuble 1. Patients were included at the eight participating
centres between 1 December 2009 and 31 December 2011;
the number of patients included per centre ranged from
two to 14.

Surgical procedure and temporary abdominal
closure

Decompression in 30 patients was achieved through a mid-
line laparotomy; other methods included subcostal inci-
sion (2) and subcutaneous linea alba fasciotomy (SLAF)
(1). The procedure was performed in the operating the-
atre in 30 patients; the abdomen was decompressed in the
ICU in the other three. In 17 patients a large volume of

© 2016 The Authors. BYS published by John Wiley & Sons Ltd
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Fig. 2 Ratio of arterial partial pressure of oxygen to fraction of
inspired oxygen (Pa0,/Fi0,) at baseline and after decompressive
laparotomy. Median values (bold line), i.q.r. (box) and total range
(error bars) are shown
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Fig. 3 Sequential Organ Failure Assessment (SOFA) score before
and after decompressive laparotomy. Median values (bold line),
i.q.r. (box) and total range (error bars) are shown

ascites was drained during the procedure (median 2000
(1000-3000) ml).

In 27 patients the DL was performed a median of 24-5
(8:3-75-3) h after ICU admission; this was at a median of
3 (1-9) h after the diagnosis of ACS. The remaining six
patients were admitted to the ICU only after the DL had
been done.

After DL, all but one patient (who was treated with
SLAF) required temporary abdominal closure. A vacuum
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Fig. 4 SOFA score after decompressive laparotomy in survivors and non-survivors. Median values (bold line), i.q.r. (box) and total range

(error bars) are shown

pack or a similar temporary abdominal closure technique
was used in 20 patients; ten patients were treated with a
negative-pressure wound therapy device (combined with
mesh-mediated traction in 3), and two patients had a
Bogota bag.

Effect on intra-abdominal pressure and organ
function

Median baseline IAP before DL was 23 (21-27) mmHg.
After DL, it decreased significantly, with all subsequent
measurements significantly lower than at baseline (all
P <0-001) (Fig. I).

DL significantly improved oxygenation (expressed as
the ratio of arterial partial pressure of oxygen to frac-
tion of inspired oxygen) measured at the same time
points (P <0-001 for all measurements after DL com-
pared with baseline) (Fig. 2). Median 2-h urinary output
at 6 and 24h after DL was 68 (9-185) and 41 (5-180)
ml respectively, compared with 23 (0-118) ml at base-
line (P=0-009 and P=0-020). Five patients required
renal replacement therapy (RRT) before undergoing
DL; one of them did not require RRT after DL.
RRT was initiated after DL in seven of the remaining
28 patients.

The median SOFA score before DL was 10 (7—12) and
initially increased to 11 (8—13) at 24h (P=0-020 versus
baseline), 9 (5-13) on day 3 (P=0-871) and 6 (4-11)
on day 7 (P=0-098) (Fig.3). The effect of DL on the
SOFA score in survivors and non-survivors is depicted
in Fig. 4.

© 2016 The Authors. BYS published by John Wiley & Sons Ltd
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Complications

Eight patients (24 per cent) developed a total of 14 compli-
cations related to the open abdomen treatment: infection
(4), recurrent ACS (2), bleeding (2), enteroatmospheric fis-
tula (1) and abdominal wall hernia (5).

Outcomes

The abdomen could be closed primarily in 18 of the 33
patients. The median duration of open abdomen treatment
was 7 (2—16) days. The abdomen was considered surgically
closed at 1-year follow-up in all 18 surviving patients.

Overall, the 28-day mortality rate was 36 per cent (12
of 33 patients). Deaths were due to multiple organ dys-
function syndrome (MODS) in seven patients, intestinal
ischaemia in two, septic shock in two and cardiac failure
in one patient. The mortality rate increased to 55 per cent
(18 of 33 patients) at 1-year follow-up, although four of
these patients died within 40 days of DL. Causes of death
were diverse and included MODS, cardiac arrest, septic
shock and abdominal bleeding; no cause was specified in
two patients.

Factors associated with mortality after
decompressive laparotomy

At baseline, patients who did not survive the first 28 days
after DL were no different from survivors, except that they
tended to be older (63 (60—74) versus 53 (43-70) years;
P =0-046), and were more often on mechanical ventilation

(12 of 12 versus 14 of 21 respectively; P=0-027) (1able 2).
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Table 2 Characteristics of survivors and non-survivors after treatment with decompressive laparotomy

Demographic characteristics and severity of iliness
Age*
Sex ratio (M: F)
APACHE Il score*
SAPS 2 score*
BMI (kg/m?)*
Organ function and support before decompressive laparotomy
SOFA score*
Pao,/Fio, ratio*
Urinary output over 2 h (ml)*
Serum creatinine (mg/dl)*
Mechanical ventilation
Renal replacement therapy
ACS-related factors
IAP before decompressive
laparotomy (mmHg)*
Interval from ACS diagnosis
to decompression (h)*
ACS type
Primary
Secondary
Temporary abdominal closure
None (SLAF)
Bogota bag
Vacuum pack or similar
Vacuum-assisted closure

713

Survivors (n=21) Non-survivors (n=12) Pt
53 (43-70) 63 (60-74) 0-046:%
12:9 8:4 0-719
24.5 (17-0-32-3) 27-0 (22-3-31-8) 0-454%
57-0 (38-3-62-0) 54.5 (46-0-65-0) 0-434:%
29.6 (25-0-35-7) 26-9 (25-1-30-4) 0-289%
8 (6-12) 11 (9-14) 0-200%
111 (63-177) 150 (101-229) 0-550%
40 (12-127) 5 (0-55) 0-073%
1.71 (0-80-2-96) 2:91 (1-31-3-32) 0-367:%
14 12 0-027
2 3 0-242§
24 (22-30) 22 (19-24) 0-061%
3 (2-33) 2 (1-6) 0-981%
0-626§
17 10
4 2
0-148§
1 0
1 1
10 10
9 1

*Values are median (i.q.r.). APACHE, Acute Physiology And Chronic Health Evaluation; SAPS, Simplified Acute Physiology Score; BMI, body mass
index; SOFA, Sequential Organ Failure Assessment; Pao,, arterial partial pressure of oxygen; Fio,, fraction of inspired oxygen; ACS, abdominal
compartment syndrome; IAP, intra-abdominal pressure; SLAF, subcutaneous linea alba fasciotomy. 1y test, except $Mann—Whitney U test and §Fisher’s

exact test.

Discussion

This study found that the use of DL was effective in
decreasing the IAP in patients with ACS, and resulted
in immediate improvement of oxygenation and urinary
output. The associated complication rate was low and the
overall outcome better than reported previously.

The absolute reduction in IAP observed in this study
is lower than reported previously, presumably owing
to the relatively lower IAP at which DL was per-
formed. The mean IAP was as high as 34-6mmHg in
a review!® reporting on experience dating from the 1990s
and early 2000s. The lower threshold for DL in this
study potentially reflects a more proactive approach to
TAH/ACS. The fact that decompression was carried out
at a lower IAP may have improved outcomes. In addition,
the median interval of 24-5h between ICU admission
and DL suggests that physicians are no longer post-
poning DL untl symptoms of organ dysfunction are
intractable.

"This contemporary study confirms the beneficial effect of
timely DL on organ dysfunction that has been reported in
previous publications. Although many studies suffer from

© 2016 The Authors. BYS published by John Wiley & Sons Ltd
on behalf of BJS Society Ltd.

methodological issues and most report on small patient
numbers, several larger studies have now confirmed these
early findings. Chiara and colleagues®! found that DL was
effective in reducing IAP, and improving haemodynamics
and urinary output, in 29 patients with primary ACS.
Struck and co-workers?? found a sustained improvement
in oxygenation as well as static compliance after DL in 35
burned patients treated with ACS, who had a median IAP
of 33 mmHg before DL.

Over time, the reported survival rate after DL has
also improved. The mortality rate in a systematic liter-
ature review'® in 2006 exceeded 50 per cent, whereas
recent figures are consistently lower. In 2013, Davis
and colleagues®® reported a hospital mortality rate of 25
per cent among patients with severe acute pancreatitis
who were treated with DL; this rate was compara-
ble to that of patients who did not require DL. In a
large cohort of more than 1000 patients who under-
went emergency or elective surgery for aortic aneurysm,
2.8 per cent needed open abdomen treatment. Among
these, 27 per cent died within 30 days, and 50 per cent
within 1 year’.
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This trend towards improved survival may be explained
by several factors. As already mentioned, ACS may now
be treated at an earlier stage; however, recent insights
into the pathophysiology of both IAH and ACS and the
related role of fluid overload, as well as improvements
in haemodynamic and ventilatory management, may also
have contributed. Finally, improvements in management
of the open abdomen - previously considered a challeng-
ing condition?*?’ — and the focus on early abdominal clo-
sure to avoid subsequent complications?¢ undoubtedly con-
tributed to the relatively low complication rates and low
early mortality rates in the present study. Late mortal-
ity was significantly higher, a finding in line with the
above-mentioned studies.

The timing of DL is an important issue, although
this could not be confirmed in the present study. Skoog
and co-workers?’ studied the effect of DL on peritoneal
metabolism at 4h after inducing IAH 30mmHg) in a
porcine model. They found that early DL resulted in
improved intestinal blood flow and could normalize the
lactate/pyruvate ratio, a marker of intestinal hypoperfu-
sion. Ke et al.?8 reported that well timed DL was associated
with lower mortality and improved organ function in an
experimental model of severe acute pancreatitis and ACS.
If DL was postponed for 12 h, compared with 6 or 9h,
more severe organ dysfunction ensued.

This study has a number of limitations. During enrol-
ment, the number of DLs performed for ACS was lower
than expected. This may have been due to improved con-
servative and proactive management of IAH that resulted
in prevention of the development of ACS. There was also
an increasingly used option to leave the abdomen open
prophylactically after abdominal surgery for reasons not
related specifically to ACS. The small number of patients
in this prospective study also precluded multivariable
analyses.

The WSACS used the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) clas-
sification to update its guidelines for managing IAH and
ACS, and published the recommendations in 2013'*. A
review of the literature revealed that there were no ran-
domized trials investigating the role of DL, but multiple
case series. When the data from these studies were pooled,
it was concluded that DL was very effective in reducing
IAP, especially when it was high before decompression.
Beneficial effects on organ function were also described,
and led the experts to conclude that the use of DL to
reduce IAP in critically ill adults with ACS compared with
strategies that do not use DL is strongly recommended,
although the available evidence is weak (GRADE 1D
recommendation).

© 2016 The Authors. BYS published by John Wiley & Sons Ltd
on behalf of BJS Society Ltd.
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