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Abstract

Background: Damage control laparotomy, or abbreviated initial laparotomy followed by temporary abdominal
closure (TAC), intensive care unit resuscitation, and planned re-laparotomy, is frequently used to manage intra-
abdominal bleeding and contamination among critically ill or injured adults. Animal data suggest that TAC
techniques that employ negative pressure to the peritoneal cavity may reduce the systemic inflammatory response
and associated organ injury. The primary objective of this study is to determine if use of a TAC dressing that affords
active negative pressure peritoneal therapy, the ABThera Open Abdomen Negative Pressure Therapy System,
reduces the extent of the systemic inflammatory response after damage control laparotomy for intra-abdominal
sepsis or injury as compared to a commonly used TAC method that provides potentially less efficient peritoneal
negative pressure, the Barker’s vacuum pack.

Methods/Design: The Intra-peritoneal Vacuum Trial will be a single-center, randomized controlled trial. Adults will
be intraoperatively allocated to TAC with either the ABThera or Barker’s vacuum pack after the decision has been
made by the attending surgeon to perform a damage control laparotomy. The study will use variable block size
randomization. On study days 1, 2, 3, 7, and 28, blood will be collected. Whenever possible, peritoneal fluid will also
be collected at these time points from the patient’s abdomen or TAC device. Luminex technology will be used to
quantify the concentrations of 65 mediators relevant to the inflammatory response in peritoneal fluid and plasma.
The primary endpoint is the difference in the plasma concentration of the pro-inflammatory cytokine IL-6 at 24 and
48 h after TAC dressing application. Secondary endpoints include the differential effects of these dressings on the
systemic concentration of other pro-inflammatory cytokines, collective peritoneal and systemic inflammatory
mediator profiles, postoperative fluid balance, intra-abdominal pressure, and several patient-important outcomes,
including organ dysfunction measures and mortality.
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Discussion: Results from this study will improve understanding of the effect of active negative pressure peritoneal
therapy after damage control laparotomy on the inflammatory response. It will also gather necessary pilot
information needed to inform design of a multicenter trial comparing clinical outcomes among patients
randomized to TAC with the ABThera versus Barker’s vacuum pack.

Trial registration: ClinicalTrials.gov identifier NCT01355094

Keywords: Abdominal injuries, Damage control laparotomy, Inflammation, Negative pressure wound therapy,
Randomized controlled trial, Sepsis, Temporary abdominal closure, Wounds and injuries
Background
Intra-abdominal sepsis and abdominal trauma constitute
major international public health problems [1]. As limited
treatments aside from source control and antimicrobial
therapy exist for severe intra-abdominal infections, intra-
peritoneal sepsis is associated with significant morbidity
and mortality [2]. Moreover, trauma affects approximately
700 million people, including 30 million North Americans
and 2 million Canadians, worldwide each year [1,3]. These
injuries result in 5 million deaths, with blunt and penetrat-
ing abdominal trauma constituting a substantial propor-
tion of trauma-related mortality [1,3,4].
Deranged patient physiology as a result of massive

hemorrhage and/or contamination from hollow viscus
or pancreaticobiliary injuries is an important contributor
to poor outcomes after intra-abdominal sepsis or injury
[5,6]. In an attempt to limit this deranged physiology,
damage control laparotomy, or abbreviated initial laparot-
omy followed by temporary abdominal closure (TAC) and
planned re-operation after intensive care unit (ICU) resus-
citation, is increasingly used to manage intra-abdominal
bleeding and contamination among these patients [5-10].
The stages of damage control laparotomy broadly include:
(1) limited initial operation with temporary control of
hemorrhage and contamination; (2) application of a TAC
device; (3) ICU resuscitation; and (4) re-operation with
attempted completion of definitive surgical repairs after
normalization of patient physiology [5,7-9].
A common component of the deranged physiologic re-

sponse after intra-abdominal sepsis or injury is inflamma-
tion. Although intra-abdominal sepsis or injury also results
in a systematic inflammatory response, evidence suggests
that this response is exaggerated in the peritoneum [11,12].
Microcirculatory disruption after septic or hemorrhagic
shock may lead to loss of intestinal barrier function, bowel
edema, and formation of pro-inflammatory-mediator-rich
ascites [13-18]. This inflammatory ascites may serve as a
motor for sepsis, which may perpetuate systemic inflam-
mation and result in multi-organ dysfunction syndrome
[11,12,14,18]. In support of this, the levels of select peri-
toneal cytokines have been reported to be significantly
different between animals that survived as compared to
those who died in animal models of intra-abdominal sepsis
[19]. However, although a number of mediators have been
associated with sepsis or injury, relatively little is known
about their temporal peritoneal and systemic expression
after intra-abdominal sepsis or injury, including abdominal
surgery (Table 1) [16,20-43].
Importantly, animal data suggest that TAC techniques

that employ constant negative pressure to the peritoneal
cavity may remove inflammatory ascites, reduce the sys-
temic inflammatory response, and improve organ injury
and potentially outcomes [10,18]. One preclinical study
randomly allocated animals with intra-abdominal sepsis
to TAC with vacuum-assisted drainage of the peritoneal
cavity after laparotomy and observed significantly reduced
levels of the pro-inflammatory cytokines tumor necrosis
factor-α (TNF-α) and interleukin (IL)-1β, -6, and −12 as
compared to those who received a TAC that afforded only
passive peritoneal drainage [18]. Animals with septic open
abdominal wounds treated with negative pressure periton-
eal therapy also demonstrated significantly reduced intes-
tinal edema and improved pulmonary, renal, and hepatic
histological features; intra-abdominal pressure (IAP); car-
diac and renal function; and pulmonary compliance, with
a trend towards a lower incidence of acute lung injury
[18]. These animal data are interesting as several studies
have reported that the pro-inflammatory cytokine IL-6 is
associated with an increased risk of organ dysfunction,
adverse complications, and/or mortality among trauma
victims and patients with sepsis [44-50].
However, very little relevant clinical data yet exist to

support that negative pressure peritoneal therapy may
improve outcomes among trauma and acute care surgery
patients after damage control laparotomy [10]. One sys-
tematic review and meta-analysis of largely uncontrolled
case series of damage control laparotomy suggested that
vacuum-assisted TAC techniques may be associated with
improved outcomes among critically ill adults with con-
taminated open abdominal wounds [51]. However, a sys-
tematic review conducted by our group in 2012 found only
11 comparative studies, including 2 randomized controlled
trials (RCTs) and 9 cohort studies, examining the efficacy
and safety of negative pressure peritoneal therapy versus
alternate TAC methods among critically ill or injured
adults [10]. As only one RCT compared negative pressure

http://www.clinicaltrials.gov/ct2/show/NCT01355094?term=NCT01355094&rank=1


Table 1 Inflammatory mediators associated with intra-abdominal sepsis or injury, including abdominal surgery, among
studies of animals or humans

Mediator Potential role in intra-abdominal sepsis or injury Reference(s)

CRP A serum marker of sepsis that increases in concentration in plasma following abdominal surgery [20-22]

Haptoglobulin Elevated expression in blood leukocytes following severe blunt trauma [23]

IL-1ra Elevated in plasma following trauma; elevated expression in blood leukocytes following severe blunt trauma [23,24]

IL-6 Potent inflammatory mediator and marker of sepsis; elevated levels correlate with length of hospital stay,
complications, and mortality among patients with intra-abdominal sepsis; elevated levels in peritoneal fluid in a
porcine model of intra-abdominal sepsis; elevated plasma/serum levels following abdominal surgery; elevated
plasma levels following severe trauma associate with injury severity, development of organ dysfunction, and
poor outcomes, including mortality

[21-23,25-28,44-50]

IL-8 Potent neutrophil chemoattractant; elevated expression in blood leukocytes following severe blunt trauma [23,29]

IL-10 Elevated serum levels during intra-abdominal sepsis; blocks pro-inflammatory cytokine release; elevated after
abdominal surgery

[30-32]

IL-15 Elevated levels in serum correlate with organ dysfunction and poor patient prognosis [33]

IL-17 Potent pro-inflammatory mediator; promotes neutrophil recruitment to the peritoneal cavity and enhanced
bacterial clearance in a mouse model of intra-abdominal sepsis; elevated plasma levels in select patients
following severe trauma

[28,34,35]

IL-22 Elevated serum levels during intra-abdominal sepsis [30]

IL-33 Mediates neutrophil recruitment to peritoneum; promotes bacterial clearance and reduces mortality in a mouse
model of intra-abdominal sepsis

[36]

MCP-1 (CCL2) Potent monocyte chemoattractant; serum levels elevated in a rat model of intra-abdominal sepsis; elevated
expression in blood leukocytes following severe blunt trauma

[23,37]

M-CSF Elevated in plasma following trauma [24]

MIF Present early in sepsis and remains elevated for a prolonged time period; significantly higher levels in non-
survivors of sepsis compared to survivors; MIF neutralization reduces mortality in a mouse model of intra-
abdominal sepsis

[38,39]

PDGF Elevated in plasma following trauma [24]

Procalcitonin Marker of infectious complications following abdominal surgery and negatively associated with survival; elevated
after abdominal surgery

[32,40]

TNF-α Serum levels elevated in a rat model of intra-abdominal sepsis [37]

tPA Enhances bacterial clearance, reduces cellular influx, increases plasma and peritoneal IL-12 and IL-10 levels, and
reduces lung and liver damage in a mouse model of intra-abdominal sepsis

[16]

TRAIL Promotes inflammatory cell recruitment to the peritoneum, enhances bacterial clearance, and reduces mortality
in a mouse model of intra-abdominal sepsis; modulates apoptosis

[41,42]

CCL2, Chemokine (C-C motif) ligand 2; CRP, C-reactive protein; IL-1ra, Interleukin-1 receptor antagonist; IL-6, Interleukin-6; IL-8, Interleukin-8; IL-10, Interleukin-10;
IL-15, Interleukin-15; IL-17, Interleukin-17; IL-22, Interleukin-22; IL-33, Interleukin-33; MCP-1, Monocyte chemoattractant protein-1; M-CSF, Macrophage colony-
stimulating factor; MIF, Macrophage migration inhibitory factor; PDGF, Platelet-derived growth factor; TNF-α, Tumor necrosis factor-alpha; tPA, Tissue plasminogen
activator; TRAIL, Tumor necrosis factor-related apoptosis-inducing ligand.
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peritoneal therapy with an alternate type of TAC tech-
nique [52], and all studies were associated with at least a
moderate risk of bias and significant clinical heterogeneity,
we concluded that there was insufficient evidence to sup-
port the preferential use of negative pressure peritoneal
therapy after damage control laparotomy [10].
The primary objective of this study is to determine if

use of a TAC dressing that may afford active negative
pressure peritoneal therapy, the ABThera™ Open Abdomen
Negative Pressure Therapy System (Kinetic Concepts Inc.
(KCI), San Antonio, TX, USA) [10,53], reduces the extent
of the systemic inflammatory response after damage con-
trol laparotomy for intra-abdominal sepsis or injury as
compared to a commonly used TAC method that provides
potentially less efficient peritoneal negative pressure, the
Barker’s vacuum pack [54-56].

Methods/Design
Overview
The Intra-peritoneal Vacuum Trial is a single-center RCT,
which will intraoperatively allocate critically ill or injured
adults to TAC with either the ABThera™ or Barker’s vacuum
pack after damage control laparotomy for intra-abdominal
sepsis or injury. Although the trial in itself may not be
sufficient to establish superiority of the ABThera™ over
the Barker’s vacuum pack, we hypothesize superiority,
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and will examine for evidence of this in hypothesis tests.
The CONSORT flow diagram [57] and an overview of the
study design are presented in Figures 1 and 2, respectively.
Intervention and comparator choice rationale
The ABThera™ was chosen as the intervention as its
design may allow for active, and potentially equally dis-
tributed vacuum pressures throughout the peritoneal
cavity and across the viscera [58], theoretically enabling
effective removal of pro-inflammatory-mediator-rich intra-
peritoneal fluid. The Barker’s vacuum pack was chosen as
the comparator as it is a commonly used TAC technique,
which has been recommended by the Eastern Association
for the Surgery of Trauma as the current standard by
which to measure other devices [59].
Setting
The trial will be set at the Foothills Medical Centre (FMC)
in Calgary, Alberta, Canada. The FMC is a University of
Calgary-affiliated, adult, tertiary care, level one regional
trauma center that affords trauma and emergency gen-
eral surgical services for southern Alberta, southwest
British Columbia, and southeast Saskatchewan. Postoper-
ative critically ill or injured adults at the FMC are cared
Assessed for eli

Randomize

Allocated to ABTheraTM Open Abdomen NPT 
System with 125 mmHg suction (n=23)

Received allocated intervention (n=...)

Lost to follow-up (give reasons) (n=...)
Discontinued intervention (give reasons) (n=...)

Analysed (n=...)
Excluded from analysis (give reasons) (n=...)

Figure 1 Flow of participants in the Intra-peritoneal Vacuum Trial. Dia
for in a 30-bed, closed, medical/surgical/neurosurgical
ICU staffed by fellowship-trained intensivists.

Patient recruitment
Recruitment into the trial will occur in the operating
room once the decision has been made by the attending
trauma or general surgeon to perform a damage control
laparotomy and TAC. We will define an open abdomen
as that requiring a TAC due to the abdominal skin and
fascia not being closed after laparotomy.
Although no objective, evidence-based indications for

damage control laparotomy or open abdominal manage-
ment exist [60,61], the Eastern Association for the Surgery
of Trauma suggest that this technique may be considered
in cases of severe abdominal trauma involving hepatic,
non-hepatic, or vascular injuries with intra-abdominal
packing; among trauma patients with acidosis (pH ≤7.2),
hypothermia (temperature ≤35°C), and clinical coagulopathy
or if the patient is receiving massive transfusion; and in
patients with severe intra-abdominal infection/peritonitis
or necrotizing pancreatitis [59]. Other indications for the
procedure suggested in 2005 by a multidisciplinary expert
advisory panel on management of the open abdomen in-
cluded bowel edema and a significant risk of developing
abdominal compartment syndrome [62].
Excluded
Not meeting inclusion criteria (n=...)
Declined to participate (n=...)
Other reasons (n=...)

gibility (n=...)

d (n=46)

Allocated to Barker’s vacuum pack technique with 
20 mmHg wall suction (n=23)

Received allocated intervention (n=...)

Lost to follow-up (give reasons) (n=...)
Discontinued intervention (give reasons) (n=...)

Analysed (n=...)
Excluded from analysis (give reasons) (n=...)

gram constructed according to the CONSORT statement [57].



Abdominal fascia closure within 24-72 h if possible or 
dressing changes every 24-72 h (Surgeons free to utilize 
any type of temporary abdominal closure device they feel 

is most appropriate at the first and all subsequent dressing 
changes)

Per-protocol Analyses
Primary Outcome

Difference in peritoneal and plasma 
mediator profiles

Secondary Outcomes
Difference in physiological and organ 

dysfunction endpoints

Intention-to-treat Analyses
Exploration of clinical efficacy and 

safety outcomes

Operating
Room

Operating
Room, ICU, 
and Wards

Post-trial
Analyses

Randomization with delayed consent

Collection of peritoneal fluid 
and blood samples (day 1)

ABTheraTM Open Abdomen 
NPT System with 125 mmHg 

suction

Barker’s vacuum pack 
technique with 20 mmHg 

wall suction

Collection of blood +/- peritoneal fluid 
samples on days 2, 3, 7 and 28 or at 

hospital discharge

Figure 2 Overview of the design of the Intra-peritoneal Vacuum Trial. Where per-protocol treatment will be defined as the allocated
temporary abdominal closure dressing having been in place for at least 24 h. ICU, intensive care unit; IL-6, interleukin-6; h, hours; NPT, negative
pressure therapy.

Roberts et al. Trials 2013, 14:141 Page 5 of 14
http://www.trialsjournal.com/content/14/1/141
Inclusion criteria

� Age ≥18 years
� Decision made by the attending trauma or general

surgeon to perform a damage control laparotomy with
application of a TAC device during the index laparotomy

� Requirement for postoperative ICU admission

Exclusion criteria

� Age <18 years
� Decision made to perform a definitive or single-stage

laparotomy with closure of the abdominal fascia
during the index laparotomy

� Administration of intraperitoneal chemotherapy for
treatment of intra-abdominal malignancies

� Pregnancy
Eligible, non-randomized patients
Dedicated research coordinators will screen all ICU
admissions daily and identify and record patients admit-
ted with an open abdominal wound. When potentially
eligible patients are identified that were not recruited,
the principal investigator, a trauma and acute care surgeon
(AWK), will be informed such that he can ascertain and
record reason(s) why these patients were not randomized.
These reasons and the list of eligible, non-randomized
patients will be used to populate the CONSORT flow
diagram and estimate trial feasibility (see below).

Patient randomization
To preserve allocation concealment, randomization will
be performed using a random treatment generator hosted
on a dedicated, publicly available trial website (http://
peritonealvac.com/). When an eligible patient is identified

http://peritonealvac.com/
http://peritonealvac.com/
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by the attending surgeon, this website will be accessed by
a member of the operating room team and the patient’s
last name and hospital number will be entered. The ran-
dom treatment allocation will then be announced such
that the attending surgeon can perform the indicated
method of TAC. Variable block size randomization will
be performed to ensure equal numbers of patients in
each treatment group. Day 1 is considered the day of
randomization.

Consent procedures
We were granted a waiver of immediate consent for
patient enrollment in the trial because: (1) all of the
eligible patients will be intubated, critically ill or injured
adults under general anesthesia at the time the decision
to perform a damage control laparotomy and TAC is
made; (2) it will be impractical for the attending surgeon
or investigators to contact surrogate decision-makers as
the decision to perform open abdominal management
is frequently made intraoperatively, and many trauma
patients arrive unidentified (as an ‘unknown male/female’);
(3) the TAC dressing must be placed emergently after
the decision is made to leave the abdomen open [59];
(4) the ABThera™ and Barker’s vacuum pack technique
are commonly utilized for TAC at the FMC and across
North America [10]; and (5) a recent systematic review
by our group found insufficient evidence to suggest that
the ABThera™ was superior to the vacuum pack for TAC
among critically ill or injured adults requiring damage
control laparotomy [10]. Trained surgical investigators will
therefore approach recruited patients after their recovery
to obtain delayed, written, informed consent to utilize
their data for the study. These investigators will provide a
written information sheet and explain the study proce-
dures and that continued enrollment in the trial is volun-
tary. One copy of the consent form will be given to the
patient, one will be kept in their chart, and one will be
filed as trial documentation.

Study interventions overview
The first application of the ABThera™ or Barker’s vacuum
pack will be performed in the operating room by the at-
tending trauma or general surgeon while the patient is
under general anesthesia.

ABThera™ application
The ABThera™ (Figure 3) will be applied according to
manufacturer’s recommendations [53]. The visceral pro-
tective layer will first be folded or cut to size to ensure
full coverage of all viscera. It will then be gently inserted
into the abdominal cavity, beneath the peritoneal lining
of the abdominal wall, ensuring to work the dressing
down evenly into both pericolic gutters. The more superfi-
cial perforated foam layer will then be torn to size and
inserted into the open abdominal wound directly over
the visceral protective layer. The adjacent skin will sub-
sequently be sponge-dried, after which the open abdo-
men drape will be placed adhesive-side down onto the
foam and intact skin, covering at least an 8- to 10-cm
border of periwound tissue. A 2.5-cm hole will then be
cut through the drape, after which the interface pad will
be applied. The tubing set will subsequently be connected
between the interface pad and the canister located in the
negative pressure source. Finally, active negative pressure
peritoneal therapy will be initiated at 125 mmHg of nega-
tive suction.

Barker’s vacuum pack application
The Barker’s vacuum pack (Figure 4) will be applied
according to our local institutional guideline and previ-
ously published descriptions [54-56]. At the completion
of abdominal operation, a polyurethane sheet will be
opened and may be perforated several times with a scalpel
or surgical scissors. This sheet will then be placed evenly
over the viscera, beneath the peritoneal cavity of the
abdominal wall, extending deep into the pericolic gutters.
Moistened surgical towels will subsequently be placed over
the polyurethane sheet. Two closed-suction, 10-French,
flat, silicone, Jackson-Pratt drains will then be placed over
the moistened surgical towels. Thereafter, their drainage
tubing will be tunneled approximately 3 to 5 cm below
the skin in order to exit away from the laparotomy wound.
The adjacent skin will subsequently be sponge-dried
and covered by a large Opsite™ (Smith & Nephew Inc.,
St. Petersburg, FL, USA) adhesive film dressing. Finally,
the drainage tubing from the two Jackson-Pratt drains will
be connected to closed drain bulb suction. The Jackson-
Pratt drainage tubing will be removed from these drainage
bulbs after the patient arrives in the ICU, and connected
to 20 mmHg of negative wall suction.

Reoperation and TAC dressing changes
Although the allocated TAC dressings will be left in place
for a duration determined by the attending surgeon,
local FMC and international guidelines suggest re-operation
with attempts at abdominal fascia closure between 24 and
72 h after initial application [53,59,62]. If abdominal fascial
closure is not safe or possible at this time, then a TAC dress-
ing change is recommended [53,62]. Surgeons will be free
to utilize any TAC device that they feel is most appropriate
at the time of the first and all subsequent dressing changes.

Data collection
Peritoneal fluid and blood
On study day 1, just before application of the allocated
TAC dressing, 4 mL of peritoneal fluid and 16 mL of
blood will be collected. Peritoneal fluid will be taken
directly from the peritoneal cavity and then transferred



Figure 3 The ABThera™ Open Abdomen NPT System. NPT, Negative pressure therapy.

Figure 4 The Barker’s vacuum pack.
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into sodium-heparin-containing vacutainer tubes (Benton
Dickinson Biosciences, Oakville, ON, Canada). Blood will
be collected from the patient’s indwelling intravascular cath-
eter or via venipuncture into sodium-heparin containing
and clot-activating (serum collection) vacutainer tubes
(Benton Dickson Biosciences, Oakville, ON, Canada).
Sixteen mL of blood will also be drawn on study days 2,
3, and 7, as well as on study day 28 or at hospital dis-
charge (whichever comes first). Whenever possible, 4 mL
of peritoneal fluid will also be removed at these times
from the tubing set or Jackson-Pratt drainage tubing
among patients fitted with an ABThera™ or Barker’s
vacuum pack, respectively. Immediately after collection,
blood and peritoneal fluid samples will be gently inverted
several times and then immediately spun at 1,200 g for
15 min at 4°C in a swinging bucket centrifuge to re-
move cellular debris. The cell-free supernatants will subse-
quently be collected, aliquoted into labeled cryopreservation
tubes, and frozen at −80°C until laboratory analyses can
be performed.

Clinical data
Clinical data will be prospectively recorded at the time
of enrollment and until study day 28, hospital discharge,
or death. We will collect data on baseline patient demo-
graphics; past history; indication for damage control lapar-
otomy; injury or illness severity scores (Acute Physiology
and Chronic Health Evaluation-II [APACHE-II] [63];
Sequential Organ Failure Assessment [SOFA] [64], and
Injury Severity Score [ISS] [65,66]); fluid balance; need for
renal replacement therapy and the Risk, Injury, Failure,
Loss, and End-stage-kidney-disease (ESKD) (RIFLE) criteria
for acute renal dysfunction [67]; and patient physiology
(arterial pH, base deficit, and lactate levels; oxygenation
indices and partial pressure of arterial oxygen [PaO2]/
fraction of inspired oxygen [FIO2] ratios; and gastric
residual volumes). IAP will also be measured via an
indwelling bladder catheter as recommended by the
World Society of the Abdominal Compartment Syndrome
(WSACS) [68] every 6 h while the abdomen is open and
every 12 h once it has been closed.

Laboratory analyses
We will quantify the peritoneal and plasma concentra-
tions of 65 different mediators relevant to the inflamma-
tory response (Table 2). This broad-based approach will
be taken in order to minimize bias with regards to which
mediators are measured and to gain a better understand-
ing of which inflammatory pathways are activated after
damage control laparotomy and intra-abdominal sepsis
or injury.
The levels of the mediators listed in Table 2 will be

determined using Luminex® technology (EMD Millipore)
by an investigator blinded to TAC dressing allocation
status. All samples will be screened using a unique com-
bination of the following multiplex kits: Bio-Plex Pro™
Human Cytokine 21-plex Assay, Bio-Plex Pro™ Human
Cytokine 27-plex Assay, and Bio-Plex Pro™ Human Acute
Phase 5 + 4-plex Panel Complete (Bio-Rad Laboratories).
In addition, a Bio-Plex Pro™ Human Custom 8-Plex (IL-
17F, -21, -22, -23, -25, -31, -33, and sCD-40L) (Bio-Rad
Laboratories) will also be used to provide broadened
coverage of Th17 cytokines.
Luminex® combines the sensitivity, specificity, and repro-

ducibility of the Enzyme-Linked ImmunoSorbent Assay
(ELISA) with the multiplexing capacity of fluorescent
bead immunoassays, thus allowing multiple biomarkers
to be measured simultaneously. Using this approach, we
will be able to measure, in a cost- and time-efficient
manner, a host of analytes using <200 μL of sample (as
compared to an ELISA-based approach, which would
require >5 mL of sample), while minimizing inter-assay
variability. This technology, although new, has been
thoroughly tested and validated using human samples
[69]. The biomarkers listed in Table 2 will be grouped
into four panels based on typical sample dilution and
assay buffer compatibilities. Standard curves will then
be generated and the data analyzed using Bio-Plex
Manager Software version 6.0 (Bio-Rad Laboratories).
Study endpoints
Primary endpoints
As the pro-inflammatory cytokine IL-6 is consistently
upregulated following intra-abdominal sepsis or injury
and has been reported to correlate with outcomes (Table 2),
the primary endpoint is the difference in the plasma
concentration of IL-6 at 24 and 48 h after dressing ap-
plication between patients randomized to TAC with the
ABThera™ versus Barker’s vacuum pack after damage
control laparotomy.
Secondary endpoints and exploration of clinical efficacy
and safety
Secondary endpoints of interest include trial feasibility
(number of patients enrolled/number of eligible candi-
dates) and the differential effects of the allocated TAC
dressings on several physiological and organ dysfunction
outcomes, including: (1) the plasma concentration of
TNF-α and IL-1, -8, -10, and −12 at 24 and 48 h; (2) the
collective peritoneal and systemic mediator profiles (see
below); (3) the activation potential of peritoneal fluid
[70,71]; (4) peritoneal fluid drainage volume; (5) postop-
erative daily fluid balance; (6) SOFA scores and individual
organ system components of these scores; (7) the PaO2/
FIO2 ratio; (8) vasopressor requirements and arterial lac-
tate levels; (9) need for renal replacement therapy; (10)
RIFLE criteria; (11) APACHE-II scores; and (12) 24 h



Table 2 Groups of mediators to be measured using Luminex® bead-based multiplexing technology

Bio-Plex Pro™ Human
Cytokine 21-plex Assay
(Bio-Rad Laboratories)

Bio-Plex Pro™ Human
Cytokine 27-plex Assay
(Bio-Rad Laboratories)

Bio-Plex Pro™ Human
Acute Phase 5- + 4-Plex
Panel Complete
(Bio-Rad Laboratories)

Bio-Plex Pro™ Human
Custom 8-Plex
(Bio-Rad Laboratories)

IL-1α IL-1β Ferritin IL-17F

IL-2Rα IL-1ra Fibrinogen IL-21

IL-3 IL-2 Procalcitonin IL-22

IL-12 (p40) IL-4 Serum amyloid A IL-23

IL-16 IL-5 tPA IL-25

IL-18 IL-6 α2-macroglobulin IL-31

CTACK (CCL27) IL-7 CRP IL-33

GRO-α (CXCL1) IL-8 Haptoglobulin sCD-40L

HGF IL-9 Serum amyloid P

IFN-α2 IL-10

LIF IL-12 (p70)

MCP-3 (CCL7) IL-13

M-CSF IL-15

MIF IL-17

MIG (CXCL9) Basic FGF

β-NGF Eotaxin (CCL11)

SCF G-CSF

SCGF-β GM-CSF

SDF-1α IFN-γ

TNF-β IP-10 (CXCL10)

TRAIL MCP-1 (CCL2)

MIP-1α (CCL3)

MIP-1β (CCL4)

PDGF-BB

RANTES (CCL5)

TNF-α

VEGF

Basic FGF, Basic fibroblast growth factor; β-NGF, Beta-nerve growth factor; CCL2, Chemokine (C-C motif) ligand 2; CCL3, Chemokine (C-C motif) ligand 3; CCL4,
Chemokine (C-C motif) ligand 4; CCL7, Chemokine (C-C motif) ligand 7; CCL11, Chemokine (C-C motif) ligand 11; CCL27, Chemokine (C-C motif) ligand 27; CRP,
C-reactive protein; CTACK, Cutaneous T-cell-attracting chemokine; CXCL1, Chemokine (C-X-C motif) ligand 1; CXCL9, Chemokine (C-X-C motif) ligand 9; CXCL10,
Chemokine (C-X-C motif) ligand 10; eotaxin, Eosinophil chemotactic protein; G-CSF, Granulocyte colony-stimulating factor; GM-CSF, Granulocyte macrophage
colony-stimulating factor; GRO-α, Growth-related oncogene-alpha; HGF, Hepatocyte growth factor; IFN-α2, Interferon alpha-2; IFN-γ, Interferon-gamma; IL-1α,
Interleukin-1-alpha; IL-1β, Interleukin-1-beta; IL-1ra, Interleukin-1 receptor antagonist; IL-2, Interleukin-2; IL-2Rα, Interleukin-2 receptor-alpha; IL-3, Interleulin-3;
IL-4, Interleukin-4; IL-5, Interleukin-5; IL-6, Interleukin-6; IL-7, Interleukin-7; IL-8, Interleukin-8; IL-9, Interleukin-9; IL-10, Interleukin-10; IL-12 (p40), Interleukin-12
beta subunit; IL-12 (p70), Interleukin-12 (active heterodimer of IL-12 (p40) and IL-12 (p35)); IL-13, Interleukin-13; IL-15, Interleukin-15; IL-16, Interleukin-16; IL-17,
Interleukin-17; IL-17F, Interleukin-17F; IL-18, Interleukin-18; IL-21, Interleukin-21; IL-22, Interleukin-22; IL-23, Interleukin-23; IL-25, Interleukin-25; IL-31,
Interleukin-31; IL-33, Interleukin-33; IP-10, Interferon gamma-induced protein 10; LIF, Leukemia inhibitory factor; M-CSF, Macrophage colony-stimulating factor;
MCP-1, Monocyte chemoattractant protein-1; MCP-3, Monocyte-specific chemokine 3; MIF, Macrophage migration inhibitory factor; MIG, Monokine induced by
gamma interferon; MIP-1α, Macrophage inflammatory protein-1-alpha; MIP-1β, Macrophage inflammatory protein-1-beta; PDGF-BB, Platelet-derived growth
factor-B homodimer; RANTES, Regulated and normal T cell expressed and secreted; sCD-40L, Soluble cluster of differentiation 40 ligand; SCF, Stem cell factor;
SCGF-β, Stem cell growth factor-beta; SDF-1α, Stromal cell-derived factor-1; TNF-α, Tumor necrosis factor-alpha; TNF-β, Tumor necrosis factor-beta; tPA, Tissue
plasminogen activator; TRAIL, Tumor necrosis factor-related apoptosis-inducing ligand; VEGF, Vascular endothelial growth factor.
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enteral tolerance (if no gastrointestinal anastomosis
was performed).
Secondary clinical efficacy and safety endpoints of inter-

est include: (1) in-hospital death; (2) fascial closure rate
and days with fascial closure for the month after admis-
sion to hospital; (3) ventilator-free days for the month
after admission to hospital; (4) ICU-free days from the
month after admission to hospital; (5) hospital-free days
from the month after admission to hospital; and (6) risk
of renal replacement therapy and days free of renal re-
placement therapy from the month after admission to
hospital. Further, as some have suggested that negative
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pressure peritoneal therapy may be associated with an
increased risk of abdominal fistula formation or devel-
opment of intra-abdominal hypertension/recurrent ab-
dominal compartment syndrome [72-74], additional safety
outcomes include: (1) intestinal and enteroatmospheric
fistula formation; (2) daily IAP; (3) daily WSACS intra-
abdominal hypertension grading classification; and (4)
risk of abdominal compartment syndrome development.

Sample size
No clinical data yet exist on the effect of negative pressure
peritoneal therapy on the inflammatory response after
damage control laparotomy for intra-abdominal sepsis or
injury. Thus, estimates are not available to allow accurate
sample size estimation. We therefore propose to under-
take a study among a convenience sample of 46 adults. As
there are approximately 40 to 50 patients who undergo
damage control laparotomy and open abdominal manage-
ment per year at our institution, this trial should be able
to be completed within a 2-year time period.

Statistical analyses
All continuous variables will be summarized using histo-
grams and measures of central tendency to determine
their underlying distribution before statistical descrip-
tions or analyses are conducted. Means (with standard
deviations) and medians (with interquartile ranges) will
be used to summarize normal and skewed data, respect-
ively. Non-correlated means and medians will be com-
pared using t-tests and Wilcoxon rank sum tests while
dependent means and medians will be compared using
paired t-tests and Wilcoxon signed rank tests. Differences
in proportions will be compared using Fisher’s exact test
and risk ratios with associated 95% confidence intervals.
For the analysis of the primary endpoint, we will use a

mixed-effects repeated measures linear model to compare
the effects of the ABThera™ and Barker’s vacuum pack on
changes in plasma IL-6 concentration at 24 and 48 h after
TAC dressing application [75,76]. For longitudinal studies,
mixed-effects models have previously been shown to be
superior to conventional last-observation-carried-forward
approaches for handling missed observations during
follow-up [77,78]. This approach will also be used to
compare the plasma concentrations of TNF-α and IL-1,
-8, -10, and −12 between groups at 24 and 48 h in the
analysis of secondary endpoints.
Multidimensional analysis will be used to assess whether

the allocated TAC dressing has an effect on the collective
peritoneal and plasma mediator profiles of the study
patients. Principal components analysis will be used to
reduce the mediator concentration variables into a smaller
set of components that account for most of the variability
in the data. Component scores will subsequently be calcu-
lated along the reduced number dimensions, after which
we will attempt to distinguish between patients treated
with the ABThera™ and Barker’s vacuum pack using dis-
criminant or latent class analysis. A similar approach will
be performed in order to relate inflammatory mediator
concentrations to outcomes.
Results will be stratified according to the primary indi-

cation for damage control laparotomy (intra-abdominal
sepsis or abdominal trauma). While clinical efficacy
and safety data will be analyzed according to intention-
to-treat methods, mediator data will be examined using
per-protocol techniques, with per-protocol treatment
being defined as the allocated TAC dressing having been
in place for at least 24 h. As the number of conducted
statistical tests will be large, we will use the false discov-
ery rate (FDR) procedure developed by Benjamini and
Hochberg to restrict the proportion of incorrectly rejected
null hypotheses to 0.05 [79-81]. All tests will be two-sided,
and only those with an FDR-corrected P value (that is
q-value) <0.05 will be considered statistically significant
[79]. Stata version 12.0 (Stata Corp., College Station, TX,
USA) will be used for all analyses.

Ethics approval, trial registration, and role of the sponsor
The study protocol has been approved by the Conjoint
Health Research Ethics Board (CHREB) at the University of
Calgary, and is registered online at ClinicalTrials.gov (identi-
fier NCT01355094). Costs of the study will be covered by
an investigator-initiated trial funding agreement between the
principal investigator (AWK), KCI USA (the manufacturer
of the ABThera™ Open Abdomen NPT System), and the
Governors of the University of Calgary (KCI contract num-
ber: KCI Clinical/UniversityCalgaryAlbertaHealth/082611-
000/7). KCI USA has had no role in the design or conduct
of the study and will have no role in the collection, manage-
ment, analysis, or interpretation of the data or preparation,
review, or approval of the final manuscript.

Discussion
This will be the first study to compare the systemic in-
flammatory response among critically ill or injured adults
fitted with a TAC that may provide active negative pres-
sure peritoneal therapy with a commonly used TAC tech-
nique that provides potentially less efficient peritoneal
negative pressure, the Barker’s vacuum pack [10]. This
study aims to afford a robust prospective description of the
peritoneal and systemic inflammatory response after dam-
age control laparotomy for intra-abdominal sepsis or injury.
A secondary aim is to gather necessary pilot information
related to trial feasibility, intervention safety, and design de-
ficiencies needed to inform construction of a multicenter
RCT comparing clinical outcomes among patients fitted
with the ABThera™ versus Barker’s vacuum pack.
In this trial, study patients in both treatment arms will

undergo planned re-operation with attempts at abdominal
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fascial closure approximately 24 to 72 h after damage
control laparotomy. Although one RCT (the RELAP trial)
reported that planned re-laparatomy after an initial emer-
gency laparotomy for secondary peritonitis resulted in
increased healthcare utilization and costs as compared
to re-laparotomy on demand [82,83], these findings likely
cannot be generalized to our study’s source population. In
the RELAP trial, the investigators excluded patients that
were managed with temporary operative techniques
such as intra-abdominal gauze packing and stapled intes-
tinal resections without reanastomosis [82]. Moreover, 89%
of the patients allocated to planned re-laparotomy received
intraoperative primary abdominal fascial closure [82]. Thus,
very few, if any, of the patients in the planned re-laparotomy
group likely received damage control laparotomy.
Several difficulties were encountered in designing the

Intra-peritoneal Vacuum trial. The trial is demanding for
study investigators as damage control laparotomy must
be performed emergently and is often done at night in our
center when research coordinators and laboratory mem-
bers are unavailable. For these reasons, the randomization
interface and enrollment process were simplified in order
to prevent delays in application of the TAC device, which
could alter patient outcomes. Further, as no objective,
evidence-based consensus indications for damage control
laparotomy or open abdominal management have yet
been described, we were forced to utilize a pragmatic
study design, which attempts to mimic actual surgical
practice. However, in order to increase understanding,
we planned a priori to conduct a nested prospective co-
hort study that will explore indications used for open
abdominal management among attending trauma and
general surgeons at our center.
As compared to previous translational human studies

of physical therapies to reduce peritoneal and systemic
inflammation among critically ill adults, this trial will
utilize novel laboratory analyses and rigorous statistical
techniques. In order to avoid bias with regards to which
mediators are measured, we will use the validated Luminex®
multiplexing technology to assay a host of pro-inflammatory
mediators simultaneously in a cost- and time-efficient
manner, maximizing use of the obtained patient samples
[69]. Further, although many authors have conducted
comparisons of cytokine concentrations with study end-
points, they frequently ignore the correlation between
mediators measured within individual patients over
time. Thus, when examining the relationship between
cytokines and TAC method, we will use validated statis-
tical techniques that estimate and incorporate this correl-
ation, and which appropriately handle missed observations
during follow-up. Finally, in order to collectively analyze
the difference in multiple measured mediators between
TAC treatment groups, we will also use multidimensional
analyses, including principal components analysis.
This trial has limitations. Although we will be combin-
ing the inflammatory mediator concentrations and out-
come data for patients with both intra-abdominal sepsis
and injury, which may be different, we will stratify our
analyses to examine if differences exist between patient
diagnoses. Moreover, as the primary objective of this trial
is to explore the influence of active abdominal therapy
on the systemic inflammatory response among critically
ill or injured adults, we will principally use a per-protocol
method of analysis. As this method of analysis may not be
appropriate or as clinically useful for the exploration of
safety and efficacy, we will also utilize an intention-to-treat
method of analysis when comparing these endpoints.
Importantly, however, as we were unable to estimate the
required sample size, we may be underpowered to detect
differences in the plasma pro-inflammatory mediator
concentrations (or clinical and safety endpoints) among
patients randomized to TAC with the ABThera™ versus
Barker’s vacuum pack.
In conclusion, the Intra-peritoneal Vacuum Trial will

be a single-center RCT. Results from this study will lead
to an improved understanding of the effect of active
negative pressure peritoneal therapy on the systemic in-
flammatory response to intra-abdominal sepsis or injury
after damage control laparotomy. The study will also gather
pilot information needed to inform creation of a future
multicenter RCT comparing clinical outcomes among
those undergoing TAC with the ABThera™ versus the
Barker’s vacuum pack after damage control laparotomy.

Trial status
The first patient was enrolled into the Intra-peritoneal
Vacuum Trial on 29 September 2011, and we are still
actively recruiting patients. At the time of writing this
manuscript, 37 patients had been enrolled into the trial,
the majority of which have already given delayed in-
formed consent for use of their data. Final results of the
study are expected to be prepared for publication near
the conclusion of 2013.
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