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ABSTRACT

Background Primary closure of the fascia at the
conclusion of a stage laparotomy can be a challenging
task. Current techniques to medialize the fascial edges
in open abdomens entail several trips to the operating
room and could result in fascial damage. We conducted a
pilot study to investigate a novel non-invasive device for
gradual reapproximation of the abdominal wall fascia in
the open abdomen.

Methods Mechanically ventilated patients =16 years
of age with the abdominal fascia deliberately left open
after a midline laparotomy for trauma and acute care
surgery were randomized into two groups. Control group
patients underwent standard care with negative pressure
therapy only. Device group patients were treated with
negative pressure therapy in conjunction with the new
device for fascial reapproximation. Exclusion criteria:
pregnancy, traumatic hernias, pre-existing ventral
hernias, burns, and body mass index =40kg/m?. The
primary outcome was successful fascial closure by

direct suture of the fascia without mesh or component
separation. Secondary outcomes were abdominal wall
complications.

Results Thirty-eight patients were investigated, 20 in
the device group and 18 in the control group. Primary
closure of the fascia by direct suture without mesh or
component separation was achieved in 17 patients
(85%) in the device group and only 10 patients (55.6%)
in the control group (p=0.0457). Device group patients
were 53% more likely to experience primary fascial
closure by direct suture than control group patients.
Device group showed gradual reduction (p<0.005) in
the size of the fascial defects; not seen in control group.
There were no complications related to the device.
Conclusions The new device applied externally on the
abdominal wall promoted reapproximation of the fascia
in the midline, preserved the integrity of the fascia, and
improved primary fascial closure rate compared with
negative pressure therapy system only.

Level of evidence |, randomized controlled trial.

INTRODUCTION

Approximately 25% of trauma patients undergoing
emergency laparotomy are ineligible for primary
fascial closure at the conclusion of the initial
operation.'” Therefore, purposely leaving the
abdominal fascia open has become a key compo-
nent of damage control laparotomy.” The indi-
cations to leave the abdominal wall fascia open at
the conclusion of a laparotomy can be separated
into three categories: anatomic, physiologic and

logistic reasons.” ' Anatomic reasons pertain to
the inability to bring the fascial edges together at
the index operation or creating unwarranted risks
of abdominal compartment syndrome. Physiologic
reasons relate to systemic dysfunction, and logistic
reasons refer to anticipated surgical reinterven-
tions in the abdomen.’® ! Leaving the abdomen
open with a temporary abdominal coverage device
preserves the integrity of the abdominal wall fascia
and facilitates repeated abdominal explorations.
Ideally, the fascia is closed through primary suture
during the last phase of the staged laparotomy
approach.'>'* However, there is significant vari-
ability in primary fascial closure rates reported
in the literature.!? 13 717 A systematic review and
meta-analysis involving more than 3000 patients
reported that the average rate of primary fascial
closure was only 62%.!

The method of temporary abdominal coverage
used during the initial phases of the staged lapa-
rotomy approach is an important factor for
successful fascial closure.’2! Generally, primary
fascial closure rates greater than 80% have
been reported with vacuum-assisted devices in
combination with methods that provide gradual
midline dynamic tension of the abdominal wall
fascia.!3"15 2273% In contrast, attempts to medialize
the fascia using only vacuum-assisted devices are
limited, and excessive negative pressure could
potentially damage intra-abdominal viscera.'
Therefore, a combined approach enhances the
approximation of the fascia and prevents progres-
sive loss of abdominal domain by counteracting
lateralization of the abdominal wall muscles.
However, current techniques to medialize the
fascial edges entail suturing prosthetic material to
the fascia followed by gradual fascial reapproxima-
tion through several reoperations.” 13 15 16 23 24 26 31-34
Moreover, those techniques generally engage only
the rectus abdominis muscle and the rectus sheath.
Therefore, significant opposing force generated by
the lateral components of the abdominal wall, not
encompassed in the process, limits medialization of
the fascial edges. Furthermore, excessive traction at
the anchoring sites on the fascia frequently results
in fascial damage. To tackle those limitations, we
developed a novel non-invasive device for gradual
reapproximation of the abdominal wall fascia and
dynamic splinting of the abdominal wall muscles.
We conducted a single-center pilot study to investi-
gate the impact of the new technology on primary
fascial closure in the open abdomen.
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METHOD
A sample size of 40 patients (n=20 per group) was estimated
for this study based on statistical recommendation and relevant
feasibility factors.>

Open abdomen patients were randomized into two groups.
Control group patients underwent standard care with negative
pressure therapy system only. Device group patients were treated
with negative pressure therapy system in conjunction with the
new device for gradual reapproximation of the fascia. The
negative pressure system used in both groups was the ABThera
Open Abdomen Negative Pressure Therapy System (Kinetic
Concepts, San Antonio, Texas, USA). The primary outcome was
the proportion of patients with successful closure of the fascial
defect by direct suture of the fascia without mesh or compo-
nent separation techniques. Secondary outcomes were compli-
cations linked to the use of the device, predominantly affecting
the abdominal wall.

Eligibility criteria and randomization process
All mechanically ventilated patients =16 years of age who had
the abdominal wall fascia and the skin deliberately left open at
the conclusion of a midline laparotomy for both trauma and
acute care surgery were assessed for eligibility by the research
coordinator. Exclusion criteria included pregnancy, patients
with any loss of the integrity of the abdominal wall (traumatic
hernias, extensive debridement), pre-existing ventral hernias,
burn patients, and those with a body mass index =40 kg/m?.
The intervention given to each patient was determined by a
randomization sequence using a validated software (Dacima Soft-
ware, Montreal, Quebec, Canada). The randomization sequence
was administered by sealed randomization envelopes opened by
the research coordinator after consent from the legally accept-
able representative. Randomization took place within 24 hours
after the attending surgeon opted to leave the abdominal fascia
open; the device was applied to the patient’s abdominal wall
within 6 hours of randomization always at the bedside.

Abdominal closure device and installation procedure

The new device for gradual reapproximation of the abdominal
wall fascia consisted of two pairs of rigid polyurethane plates,
20 cm (L)X6 cm (W)X 1 cm (H). Metal hinges joined the plates
together forming a pair of clamps (figure 1). The bottom plate of

Figure 1
top plates of one clamp with the metal loop and the metal spikes on
the bottom plate and the corresponding apertures on the top plate.
Arrows show the lateral gap between the top and the bottom plates for
insertion of the elastic abdominal binder. (B) Depicts the lateral view of
the device.

The new device. (A) Front view depicts the bottom and

each clamp had four metal spikes to pin the extremity of an elastic
abdominal binder, and a metal loop to secure 48" self-locking
nylon cables (Commercial Electric, Atlanta, Georgia, USA). The
underside of the bottom plates had an angle of inclination of 20°
to engage the rectus abdominis muscles and promote medializa-
tion of the lateral borders of the rectus sheaths (figure 1). The
top plates had apertures for the metal loops and the metal spikes
located on the bottom plates (figure 1).

The elastic abdominal binder (Ossur, Foothill Ranch, Cali-
fornia, USA) passed behind the patient’s back centered along
the spine. The skin surrounding the fascial defect was protected
with silicone foam dressings (Mepilex, Gothenburg, Sweden).
The silicone foam dressings were not necessary to maintain the
device in place they were applied exclusively to safeguard the
skin. Subsequently, the two clamps were positioned parallel to
each other on top of the abdominal wall on both sides of the
fascial defect. The lateral edges of the clamps were bilaterally
aligned with the anterior axillary lines along the rectus abdom-
inis muscles. Afterwards, the elastic binder was stretched taut
around the patient’s back to engage the lateral abdominal wall
muscles. The ends of the binder were inserted into each clamp
through the lateral gaps between the top and the bottom plates
(figure 1); the clamps were subsequently closed pinning the ends
of the binder between the plates and the spikes. Subsequently,
self-locking nylon cables were inserted through the metal loop of
each clamp spanning the fascial defect. The cable ties were tight-
ened enough to secure the clamps in position without sutures or
any surgical procedure (figure 2).

Patient management

The research team assessed each patient every 12 hours. A data
safety monitor reviewed all adverse events in a blinded fashion
and notified the principal investigator (PI). The baseline width
of the fascial defect was ascertained on three different locations,
namely 2 cm below the most cranial point of the incision, at the
midpoint of the incision, and 2 cm above the most caudal point
of the incision. The lengths of the laparotomy incisions were
also recorded.

The PI gradually tightened the cable ties at the bedside during
daily assessments ensuring that adequate tension was main-
tained on the cables. Apart from that, the general care of the
patients in both groups was at the discretion of the attending
surgeon, including the decision to close or to keep the abdomen
open on subsequent operations and the surgical technique.
The attending surgeons removed the device by simply cutting
the cable ties with scissors. In case of continuation of the open
abdomen strategy after a take-back to the operating room, the
attending surgeons reapplied the ABThera system in all patients.
Afterwards, the PI reapplied the device to the appropriate
patients at the bedside. Individual patient participation in the
study ended when no more plans for additional intra-abdominal
procedures were considered by the attending surgeons. In those
cases, the fascial defect was managed by one of the following
methods: primary fascial suture, fascial closure with the use of
mesh (biologic or synthetic), relaxation incisions to advance the
fascia prior to closure, component separation techniques with
or without mesh, skin closure only with or without mesh, and
delayed planned ventral hernia with skin graft.

Statistical analysis

The intention-to-treat principle was applied to analysis of
outcomes. Baseline characteristics and the outcomes are
described using means and SD for continuous data, and counts
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Figure 2 (A) The new device on a patient. The cable ties were
tightened to secure the clamps in position without sutures. Diamonds
depict the silicone foam dressings to prevent potential damage to the
skin caused by the device. (B) Arrows depict the elastic abdominal
binder coming around the patient’s back on the left side and entering
the lateral aspect of the device. Triangle depicts the 20° inclination on
the underside of the bottom plate engaging the left rectus abdominis
muscle. (C) The final aspect of a device group patient’s abdominal wall
after primary fascial closure.

and proportions for categorical data. The primary outcome was
compared between groups using the x? test. The treatment effect
was expressed as the difference in proportions with successful
closure and the 95% CI. All analyses were performed using
SAS (Statistical Analysis System) V.9.4 (SAS Institute); data are
reported as mean=SD. All tests were two sided and statistical
significance was defined with the p value <0.05.

RESULTS

Forty eligible patients were initially enrolled in the study between
January 2018 and July 2019 (figure 3). However, two patients
had to be excluded from the study after randomization, both
patients belonged to the control group. In one case, the family

revoked consent because the patient was randomized to the
control group; unfortunately, this patient died weeks later with
an open abdomen. In the other case, the patient died shortly
after randomization. Hence, 38 patients were investigated, 20
in the device group and 18 in the control group. Results showed
that the demographic data of the two groups were comparable
(table 1).

Primary closure of the abdominal wall through direct suture of
the fascia without mesh or component separation was achieved
in 17 patients (85%) in the device group, whereas only 10
patients (55.6%) in the control group had the abdominal wall
fascia closed through direct fascial suture (p=0.0457). Device
group patients were 53% more likely to experience primary
fascial closure by direct suture than the control group patients
(risk ratio=1.53; exact 95% CI 0.9943 to 2.7976). One patient
in the device group required component separation and mesh
for fascial closure and two other patients were treated with skin
grafts and planned ventral hernias; one of those patients died
from severe head injury. In contrast, four patients in the control
group required component separation and mesh for fascial
closure and four other patients were managed with planned
ventral hernias. The number of days between the randomization
of the patient and the day of the final decision pertaining to
the definitive solution to the open abdomen was similar in the
control and the device groups; respectively 4.0+3.4 days versus
4.9+4.7 days (p=0.5228). The number of operations during
this time period was similar between control and device group
patients; respectively 1.3%0.6 operations versus 1.5+0.8 oper-
ations (p=0.372).

The mean baseline width of the fascial defects measured at
the midpoint of the incisions was similar between the control
group and the device group; respectively 12.71%2.7 cm versus
12.53+4.2cm (p=0.1237). The mean baseline area of the
defects was also similar between the control and the device
groups; respectively 264.9+56.6cm? versus 315.0£116.2cm?
(p=0.0588). However, the final area and the final width of the
fascial defects of patients in the device group reduced signifi-
cantly compared with baseline; respectively 315.0£116.2 cm?

(January 2018 - July 2019)

2225 Trauma patients and 1425 acute care surgery patients

Excluded patients who did not undergo laparotomy:
» 1. Trauma; n =2095
2. Acute care surgery; n = 1284

A4

Trauma laparotomies: n = 130
Acute care surgery laparotomies: n = 141

Excluded patients without an open abdomen:
» 1. Trauma; n =99
2. Acute care surgery; n =112

v

Open abdomens: n = 60 (20.1%)

Excluded patients:

1. Declined consent by family; n= 15

2. *BMI > 40; pre-existing ventral hernia; traumatic hernia; n =5
3. Consent revoked by family after result of randomization; n =1
4. Patient died after randomization; n = 1

A 4

Total number of patients included in the study: n = 38

Figure 3 Patient enrollment flow chart. BMI, body mass index.
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Table 1 Patient characteristics

Device group  Control group

Demographics 20 (52.6%) 18 (47.4%) P value
Age, mean+SD 46.3+24.6 56.8+20.2 0.1630
BMI, mean+SD 28.2+5.6 26.4+5.0 0.3071
Male, n (%) 17 (85.0) 11(61.1) 0.1440
Trauma patient, n (%) 12 (60.0) 7(38.9) 0.1937
Penetrating injury, n (%) 9 (75.0) 3(42.9) 0.3261
Indication for the open abdomen*

Anatomic reason, n (%) 5(25.0) 3(16.7) 0.6968

Physiologic reason, n (%) 15 (75.0) 13(72.2) 1.000

Logistic reason, n (%) 18 (90.0) 12 (66.7) 0.1171
Medical history

Smoker, n (%) 4(20.0) 4(22.2) 1.000

Previous laparotomy, n (%) 1(5.0) 1(5.6) 0.941
Clinical status at the time of randomization

Peritonitis/sepsis, n (%) 5(25.0) 7 (38.9) 0.3577

Ostomy, n (%) 3 (15.0) 1(5.6) 0.6062

Vasopressors, n (%) 15 (75.0) 11 (61.1) 0.3577

Coagulopathy, n (%) 8 (40.0) 7 (38.9) 0.9442
AKI, n (%) 8 (40.0) 4(22.2) 0.2391
APACHE Il, mean+SD 20.6+7.6 21.2+5.5 0.7591
Mannheim Peritonitis Index, mean+SD 16.5+10.3 18.4+8.5 0.7130

*Some patients had more than one reason to leave the abdomen open, thus the number
of indications is larger than the number of patients enrolled in the study.

AKI, acute kidney injury (twofold to threefold increase in serum creatinine and or urinary
output <0.5 mL/kg for 12 hours); APACHE II, Acute Physiology and Chronic Health
Evaluation Il at admission to the intensive care unit after laparotomy; BMI, body mass
index.

versus 218.6+150.5cm? (p=0.0053) and 12.53+4.2 cm versus
9.32+4.7cm (p=0.005). In contrast, there were no significant
reductions in those measurements in control group patients
compared with baseline (figure 4).

The degree of fixation of the abdominal viscera to the abdom-
inal wall at the time of the definitive management of the fascial
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Figure 4 Area and width of the fascial defects baseline and final.
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defect was similar between the two groups.*® Twelve patients in the
control group and 13 patients in the device group were graded as
having no fixation (classes 1A and 1B). Six patients in each group
were categorized as developing fixation, thus rated classes 2A and
2B. One remaining patient in the device group had an enteroatmo-
spheric fistula and a frozen abdomen; this patient was rated as class
4. Comparably, the Mannheim Peritonitis Index scores were also
similar between the groups; 16.5%+10.3 in the control group and
18.4%8.5 in the device group (p=0.713).

The volume of crystalloid solution administered during the
elapsed time between the randomization and the final procedure
for the definitive management of the open abdomen was similar
between the control and the device groups; respectively 12
1937789 mL versus 13 227+11947mL (p=0.7537). Compa-
rably, the cumulative fluid balance on the day of the final deci-
sion pertaining to the definitive solution to the open abdomen
was also similar between the control and the device groups;
respectively 12 226666 mL versus 13 521+125mL (p=0.691).
Lactate levels from arterial blood samples obtained at random-
ization were similar between the two groups; 2.9+1.7 mmol/L
in the control group versus 3.0+3.3 mmol/L in the device group
(p=0.901).

Three patients in the device group and two patients in the
control group required an ostomy during the management of
the open abdomen. The reasons for the ostomies were related
to fistula formation. An opening was created in the elastic
abdominal binder to accommodate the ostomy in device group
patients. Concerning the secondary outcomes, there was one
incidence of a blister on the anterior abdominal wall poten-
tially caused by the new device. The blister was treated with
topical petroleum jelly (Vaseline Covidien, Dublin, Ireland) and
covered with gauze, no additional treatment was required. The
new device did not cause any injuries to the fascia. There were
no cases of abdominal compartment syndrome with the new
device. Moreover, there were no cases of fascial dehiscence in
device group patients up to the seventh postoperative day after
primary fascial closure.
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DISCUSSION

The preferred outcome in the management of the open abdomen
is to restore the integrity of the abdominal wall through primary
suture of the fascial defect.!?15-17192123-26283134 Qur study showed
that the use of the new device combined with a negative pressure
system resulted in a higher rate of primary fascial closure than
the use of the negative pressure therapy system alone. The new
device also preserved the integrity of the fascial edges and facil-
itated continuous access to the abdominal cavity. More signif-
icant, however, was the fact that those results were achieved
through a non-invasive procedure applied at the bedside.

Previous research showed that mechanical forces applied to the
skin of the abdomen can be effectively transmitted to the fascia
across the three layers of the subcutaneous tissue of the anterior
abdominal wall.’”*° This process initially involves the fibrous septa
in the superficial layer and the stratified bundles of collagen in the
membranous layer.’” The collagen bundles are fused with the linea
alba medially, and are particularly resistant to transverse and longi-
tudinal traction. Ultimately, the mechanical forces reach the fascia
of the abdominal wall muscles through tightly packed collagen
network present in the deep subcutaneous layer.?” 384

The conception of the device was grounded on the notion
that the configuration of the abdominal cavity is similar to an
elliptical cylinder. The circumferential stress created on the walls
of a cylinder is known as hoop stress (6="%/; where P=intra-
abdominal pressure; R=abdominal radius; t=wall thickness).*! +?
Therefore, we developed a mathematical formula to assess the
correlation between the hoop stress and the force vectors gener-
ated on the self-locking cables (o, = m; where
F=stress on the cables; w=width of the elastic binder; t=wall
thickness; p=coefficient of friction between the elastic binder
and the skin). In an experimental porcine model, we attached a
digital scale to the edge of the fascial defect and determined the
midline traction force required to reapproximate the fascia in the
midline completely. We subsequently placed the rigid polyure-
thane plates of the device on top of the animal’s anterior abdom-
inal wall. The plates were positioned along the topography of
the rectus abdominis muscles parallel to the fascial defect. The
self-locking cables were tightened as described in the present
clinical trial. Our findings showed that the midline traction force
generated at the widest portion of the fascial defect by tightening
the cables was 196.3 N (44.12 pound force (Ibf)). The subcu-
taneous tissue acted as interconnected load-transmitting struc-
ture despite the lack of direct contact between the plates and the
fascia. Interestingly, that traction force was three times greater
than the force required for suture pull-out in the linea alba as per
previously published biomechanical research.** However, given
the rectangular configuration of the rigid polyurethane plates
the total force was distributed along the anterior abdominal wall
resulting in a midline traction force of 2.79 N/cm?, avoiding
damage to the abdominal wall (figure 5).

The literature shows higher primary fascial closure rates when
vacuum-assisted devices are used in conjunction with techniques
that provide gradual midline dynamic tension of the abdom-
inal wall fascia.!'*-'¢ 223 This approach decreases the degree of
reshaping that occurs in the abdominal cavity as a result of a
severed linea alba, and reduces the fascial gap in open abdo-
mens.** However, the favorable results of that combined
approach are limited by the gradual lateralization of the oblique
muscles, the outward buckling of the rectus abdominis muscles,
and the increase in intra-abdominal pressure.*”*® Failure to over-
come those limitations leads to the enlargement of the fascial
defect and loss of abdominal domain. The technology described

2.79 Nfem ?
Distributed force using
Abdominal Closure

Figure 5 Force distribution and corresponding midline traction of the
abdominal wall fascia with the new device. N, newtons.

herein enhances the efficacy of the gradual midline dynamic
tension concept by engaging the entire abdominal wall. More-
over, the rigidity of the polyurethane plates positioned on top
of the rectus abdominis muscles counteracts the outward buck-
ling of those muscles during fascial reapproximation, helping
to preserve the original elliptical cylinder configuration of the
abdominal cavity and to prevent loss of abdominal domain.
Lastly, the non-invasive feature of the new device and the
recourse of concomitantly interposing a plastic barrier between
the fascia and abdominal viscera could potentially reduce adhe-
sion formation between those structures.

This study has several limitations. First, the sample size was
restricted by feasibility issues related to the allotted period for
completion of this study by the Research Ethics Board and the
low yearly number of open abdomen patients in our institu-
tion. Consequently, we combined patients with open abdomens
related to both trauma and non-trauma laparotomies, notwith-
standing previous evidence of disparate rates of primary fascial
closure between those groups.?’#’ Nonetheless, the homogeneity
of the two groups in our study helped to mitigate that limita-
tion. Second, given that the standard management of the open
abdomen in our institution calls for the use of negative pressure
therapy system only, we were unable to perform a head-to-head
comparison between our device and different invasive methods
currently available for gradual fascial reapproximation. Third,
in this pilot study, we did not implement a standardized patient
management protocol. This limitation could interfere with the
comparability of the results. Alternatively, all elements in the
management of the open abdomen were at the discretion of
the attending surgeon including take-back operation plans and
the technique used for the definitive management of the fascial
defect.?” We anticipate, for the most part, that a recently started
multicenter clinical trial will help address the aforementioned
limitations. That trial is in progress with the production version
of the device used in the present study. Lastly, the detection of
additional benefits and potential hazards related to the use of
our device was limited by a short follow-up period of 7 days.

CONCLUSION
In conclusion, this study demonstrated that a non-invasive tech-
nology applied externally on the abdominal wall promoted
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reapproximation of the fascia in the midline. The new device
enabled continuous access to the peritoneal cavity, preserved the
integrity of the fascia, and improved primary fascial closure rate
compared with negative pressure therapy system only. Further
investigation is necessary comparing this technology to current
invasive techniques for gradual fascial reapproximation.
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