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Abstract

Background The major challenge in the management of

patients with an infected open abdomen (OA) is to control

septic peritonitis and intra-abdominal fluid secretion, and to

facilitate repeated abdominal exploration, while preserving

the fascia for delayed primary closure. We here present a

novel method for closure of the infected OA, based on con-

tinuous dynamic tension, in order to achieve re-approxima-

tion of the fascial edges of the abdominal wall.

Methods Eighteen cases with severe peritonitis of various

origin (e.g., gastrointestinal perforations, anastomotic leak-

age) were primarily stabilized by laparostomy, sealed with

either the vacuum-assisted closure abdominal dressing or the

Bogotá bag. After hemodynamic stabilization and control of

the sepsis, the Abdominal Re-approximation Anchor System

(ABRA; Canica Design, Almonte, Ontario, Canada) was

applied. This system approximates the wound margins

through dynamic traction exerted by transfascial elastomers.

Before ABRA application, 5/18 patients had a grade 2B, 2/18

a grade 3, and 11/18 a grade or 4 status according to the open

abdomen classification of Björck.

Results In this severely ill population the mean time before

ABRA system application was 12 days (range: 2–39 days).

Two of 18 patients died of non-ABRA-related causes within

three weeks. In 14 of the remaining 16 patients (88%) pri-

mary abdominal closure of the midline was accomplished in

15 days (range: 7–30 days). The other two patients needed a

component separation technique according to Ramirez to

reach closure. However, secondary wound dehiscence

occurred in both these patients. Two thirds of patients (12/

18) developed pressure sores to the skin and/or dermis, but all

healed without further complications. During outpatient

clinic follow-up, 4/14 successfully closed patients still

developed a midline hernia.

Conclusions Delayed primary closure of OA in septic

patients could be achieved in 88% with this new approxi-

mation system. However, the risk of hernia development

remained. We consider this system a useful tool in the

treatment of septic patients with an open abdomen.

Introduction

The treatment of the open abdomen (OA) is performed by

surgeons of various subspecialties, for example in

abdominal compartment syndrome (ACS) after trauma or

ruptured aneurysm, or in the case of severe generalized
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peritonitis [1, 2]. All patients with an OA are critically ill

and have a high risk of developing major complications,

such as multiple organ dysfunction syndrome (30%–40%)

[3], enterocutaneous fistula (2%–25%) [4, 5], intra-

abdominal abscess (83%), and abdominal wall hernia

(around 25%) [6]. Mortality rates up to 50% are reported

[1, 7], and the risk of mortality is even higher in the

infected than in the traumatic OA [1, 3, 8].

The septic patient with an open abdomen first needs to

be stabilized. The priorities are to control sepsis, treat the

intra-abdominal infection, and prevent multiple organ

failure. Secondly, the management of this type of patient is

aimed at closure of the abdomen. Many current manage-

ment modalities used in the infected OA are not primarily

intended to close the abdomen (such as draping and suc-

tion, wound manager). Those modalities that are aimed at

closure (e.g., Wittmann patch, meshes) produce more sat-

isfying success rates [7], but abdominal closure is still not

always accomplished. As a consequence, many OA

patients often develop large and debilitating hernias of the

abdominal wall that require complex repair surgery at a

later stage [6].

The Abdominal Re-approximation Anchor system

(ABRA, Canica, Almonte, Ontario, Canada) is a novel

technique based on dynamic elastic closure. It was

designed specifically for the delayed closure of the OA.

This closure technique has been used previously in OA of

mainly nonseptic origin [9, 10]. In the present study, we

describe the use of this abdominal re-approximation tech-

nique in an OA patient cohort with generalized sepsis due

to peritonitis.

Materials and methods

Population characteristics

We present our experience with the ABRA system in 18

septic cases with OA treatment in three large, nonacademic

hospitals in the Netherlands between January 2006 and

May 2010. In all centers, one surgeon applied the system

and supervised all patients.

The causes for the need of OA treatment in this septic

population varied; spontaneous perforations occurred in 8

patients: stomach (n = 1), coecum (n = 4), and colon

(n = 3). These spontaneous perforations occurred due to

either an inflammatory process (n = 6) or due to an

underlying malignancy (n = 2). Anastomotic leakage was

found in 7 cases; after diverticulitis (n = 3) or malignancy

(n = 4). Three patients suffered from a traumatic bowel

perforation; one patient from a small bowel perforation

during hernia repair surgery after Dukes C colon carci-

noma, one after restoration of intestinal continuity after

Hartmann procedure, and one patient suffered a self-

inflicted perforation of the rectum, duodenum, and right

hemidiaphragm by a foreign body.

Before any kind of abdominal wall approximation

method could be applied, our main concern was to reach

hemodynamic stability in these septic patients. In the first

phase of open abdominal treatment, control of the sepsis

was established in the intensive care unit (ICU), by

mechanical ventilation, antibiotic treatment, decompres-

sion of the abdominal cavity, and repeated lavage. Next to

these general supportive measures, the laparostomy was

sealed by either the VAC Abdominal Dressing (Kinetic

Concepts, Inc. San Antonio, TX; n = 9) or the Bogotá bag

(n = 9). These methods allow decompression of the

abdomen, sequential lavage, and debridement, and they do

not damage the midline fascia. VAC therapy has the

additional advantage of evacuating the inflammatory exu-

date. The APACHE II score, the Mannheim peritonitis

index [11], and the abdomen classification according to

Björck et al. [12] were retrospectively calculated from the

patient records and are presented in Table 1.

After stabilization of the abdominal sepsis, patients were

considered for delayed primary closure. If it was expected

that abdominal closure with conventional methods could

not be achieved within a few days, selection for the

Table 1 Patient characteristics

Male/female 14/4

Mean age, years (range) 66 (50–90)

Causes of peritonitis leading to OA

Visceral perforation (inflammatory

origin/malignancy)

8/18 (6/2)

Leakage of bowel anastomosis 7/18

Traumatic bowel perforation 3/18

Mean APACHE II score (range) 15 (5–29)

Presence of colostomy 5/18

Presence of fistula 3/18

Mean width of the abdominal

defect, cm (range)

21 (17–27)

OA score according to Björcka

Grade 2B 5/18

Grade 3 2/18

Grade 4 11/18

Mean duration of OA until ABRA

application, days (range)

12 (2–39)

a The classification for open abdomens according to Björck was

noted before the application of the ABRA system: grade 1A, clean

OA without adherence between bowel and abdominal wall or fixity of

the abdominal wall; grade 1B, contaminated OA without adherence/

fixity; grade 2A, clean OA developing adherence/fixity; grade 2B,

contaminated OA developing adherence/fixity; grade 3, OA compli-

cated by fistula formation; and grade 4, frozen OA with adherent/fixed

bowel, unable to close surgically, with or without fistula
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application of the ABRA system was based on the clinical

judgment of the treating surgeons.

Documentation included the timing of application of the

ABRA system, width of the abdominal defect (cm), extent

of damage to the fascia (scored as undamaged, damaged, or

severely damaged), and the type of abdominal exudate

(clear, purulent, or fecal). The presence of a stoma, fistula

development, and ABRA-related complications were reg-

istered. Moreover, duration of surgery, admission period in

the ICU, total hospital admittance, and the occurrence of

incisional hernia during outpatient clinic follow-up were

recorded. Statistical analysis was performed with SPSS

15.0 (SPSS Inc., Chicago, IL) and Prism 5.0 for Windows

(GraphPad Software Inc., San Diego, CA). All data are

presented as mean and range.

Technique of ABRA-mediated abdominal closure

The application of the ABRA system is performed in the

operating room. Before application, the wound is surgically

debrided, and adhesions to the abdominal contents are

carefully dissected to create clean, mobile wound margins

(Fig. 1a). Then, a series of midline-crossing elastic bands

(elastomers) are surgically inserted through the full thick-

ness of the abdominal wall, in a perpendicular manner at a

distance of approximately 5 cm from the medial fascial

margin (Fig. 1b–d). The elastomers are aligned about 3 cm

apart across the defect and fixed to the so-called button

anchors at the insertion site (Fig. 1e, f). Before tensioning

the elastomers, the viscera protector of the ABRA system

(Canica), a perforated silicone sheet, is inserted between

the abdominal wall and contents, in order to both protect

the viscera and to prevent adhesions during the entire

re-approximation process (Fig. 1d).

An adhesive button tail is attached to the anchor to

prevent its displacement and tilting. The calibrated elas-

tomers provide continuous dynamic traction in a controlled

manner (Fig. 1f). The optimal tension of 80–190 gr/cm of

wound length is obtained by stretching the elastomers 1.5

to twice their tension-free length, which is easily monitored

by means of the black-and-white calibration marks (Fig. 1

e and f; Supplementary Fig. 1a) and can be re-adjusted

throughout treatment. The remaining defect between the

wound margins and the perforated silicone sheet is treated

with negative pressure wound therapy (NPWT; VAC sys-

tem, Kinetic Concepts; Fig. 1g) to ensure drainage of

abdominal exudate, and reduce edema [7]. In this way,

dynamic traction is evenly distributed, the abdominal

exudate is drained by VAC, and the abdomen is progres-

sively closed.

The first few days after application, patients remain in

the ICU under general anaesthesia. As soon as the patient’s

condition permits, treatment can be continued on the

surgical ward. With respect to patient bedside care, the

buttons and skin are cleansed daily. After this daily routine,

the abdominal wall is massaged to reshape the abdomen

and to mobilize the abdominal wall over the silicone sheet.

This maneuver is performed at bedside according to the

ABRA manual and referred to as ‘‘the move.’’ In short,

both hand palms are placed parallel to the abdominal

wound at least 10–15 cm from the wound edges, and ten-

sion-reducing force is applied toward the midpoint (Sup-

plementary Fig. 1b). By this massage, the abdominal

oblique muscles are mobilized over the sheet and the

abdominal content; advancement of the wound margins

toward the midline is facilitated, while the elastomers

maintain dynamic apposition of the musculature. The

elastomers lose tension and can be re-adjusted after

‘‘the move’’ to the desired tensile strength. Because of the

decreasing working tension on the elastomers and ongoing

gradual approximation of the wound margins, the tension

needs to be checked twice daily and reset if necessary.

Every two to three days, the NPWT dressing is changed. If

the perforated silicone sheet is visibly soiled with fibrino-

purulent discharge, it is taken out, washed in sterile saline,

and repositioned. As closure progresses, the sheet often

needs to be trimmed. As soon as the fascial edges are

re-approximated to 1 cm distance or less, the midline can

be closed. The silicone sheet is removed, and standard

fascial closure with non-absorbable sutures is performed in

the operating room without the need for additional mesh

(Fig. 1h). In almost all cases, the skin can be closed

simultaneously. Then the ABRA system can be removed,

or it can be maintained for a day or two to decrease tension

on the suture repair.

Results

The study cohort consisted of 18 severely septic patients

(14 men, 4 women) with a mean age of 66 years (range:

50–90 years). At the time of primary laparostomy, the

mean APACHE II score was 15 (range: 5–29) and the

Mannheim peritonitis index was 34 (range: 28–38).

According to the abdominal scoring system by Björck et al.

[12] 5 patients are classified as grade 2B, 2 patients as

grade 3, and 11 patients as grade 4, illustrating the severe

pathology of this population. Patient characteristics,

including the classification according to Björck, are sum-

marized in Table 1. The mean duration with VAC or

Bogotá bag treatment, before ABRA application, was 10 days

(range: 2–39 days), and the average time from the ABRA

application to closure was 15 days (range: 7–30 days). During

ABRA treatment, 2 patients died; 1 due to multiple organ

failure, 1 due to massive gastric hemorrhage. The average
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Fig. 1 Procedure of the abdominal re-approximation anchor system.

a Abdominal defect during open abdomen treatment, before

application of ABRA. b Measurement and marking the insertion

sites of the elastomers. c An elastomer is pulled trough the

abdominal wall via the cannula. The yellow rubber device protects

the intra-abdominal organs. d The viscera protector, a perforated

silicone sheet (included with the ABRA system) is cut to an

appropriate size. e The elastomers are tensioned over the silicone

sheet and secured by means of the buttons. f ABRA system after

surgical application, before applying of Negative Pressure Wound

Therapy and button tails. g Negative Pressure Wound Therapy is

applied with the ABRA system, on the remaining wound defect. It

serves to evacuate abdominal exudate via the perforated silicone

sheet. The adhesive button tails are in place and prevent tilting of

the buttons. h Image of the abdomen 14 days later, just before

removal and definite closure
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length of the total open abdominal treatment for the remaining

16 patients was 25 days (range: 7–48 days).

The average width of the abdominal defect was 21 cm

(range: 17–27 cm) at ABRA application. The duration of

the application procedure ranged from 23 to 90 min (mean:

65 min). Typically, in the first few days after application, a

local inflammatory response occurred, with a transient

expansion of the wound and increased tension. The tension

on the elastomers was adjusted accordingly.

We did not encounter any signs of deep infection.

However, pressure sores at the anchor sites were encoun-

tered in 12 of 18 cases. In 6 cases, the pressure sores were

mild; redness around the tunnel of the elastomer was

observed from after one week of ABRA treatment up until

removal of the system (grade 1 according to Barczak et al.

[13]). In another 6 cases, pressure sores of the subcutane-

ous tissue were observed (grade 2), while muscle and fascia

remained unaffected. In 3 of these latter cases deep sub-

cutaneous necrosis (without involving fascia or muscle)

occurred. The most severe pressure sore was seen on the

contralateral side of a colostomy (Fig. 2a, b; Table 2),

implying that too much pressure was exerted on the button

at the opposite side of the stoma. Pain developed in 5

patients during ABRA treatment, during the initial phase,

when patients were still intubated. This may have been

caused by overtensioning the elastomers, and/or induced by

reactive edema in the first few days. This pain was severe

and had to be treated by administration of morphine and/or

ketamine, whereas routinely all patients received non-

opioid analgesics.

Primary abdominal closure was accomplished in 14 of

the remaining 16 patients (88%), by suturing both the full-

thickness abdominal layer including fascia, muscle, and

skin, without the use of mesh. After closure, there were no

wound infections. In the 2 other patients, an additional

component separation technique described by Ramirez

et al. [14] was used to close the midline fascia. However, a

wound dehiscence occurred in both these patients. One of

them suffered from fecal peritonitis in all quadrants after a

Hartmann procedure for diverticulitis; the other developed

extended peritonitis carcinomatosa and died four months

after discharge.

Fig. 2 Pressure sore after use of the abdominal re-approximation anchor system. a Pressure sore anchor button on the contralateral side of the

stoma after delayed closure and removal of the ABRA System. b The same patient three months later, during an outpatient clinic follow-up visit

Table 2 Preoperative and postoperative statisticsa in ABRA patients

Duration of ABRA operation, min (range) 65 (23–90)

Fascia condition at the time of ABRA application,

undamaged/damaged/severely damaged

6/7/5

ABRA treatment time, days (range) 15 (7–30)*

ABRA related pressure sore (severest grade encountered)b

Stage 1 6/18

Stage 2 6/18

Stage 3 0/18

Stage 4 0/18

Total period of OA until final closure, days (range) 25 (7–48)*

Mortality 2/18

Successful delayed primary closure 14/16*

Admission time, days (range) 65

(16–175)*

Hernia during follow-up (n = 16) 4/14*

Follow-up time, months (range) 23 (3–50)*

a Data are presented as mean (range) and are based on the total

population (n = 18), unless indicated with an asterisk, in which case

the number is based on the 16 surviving patients
b Pressure sores were staged according to Barczak et al.; stage 1, skin

intact but reddened for greater than 1 h after relief of pressure; stage

2, blister or other break in dermis with or without infection; stage 3,

subcutaneous destruction into muscle with or without infection and

stage 4, involvement of bone or joint with or without infection
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Furthermore, fistula formation occurred in 3 cases. One

patient developed a colocutaneous fistula from a blind

distal rectal stump right after sigmoidectomy. Another case

developed an enterocutaneous fistula during the VAC

abdominal dressing treatment (before application of the

ABRA system). The third patient developed an enterocu-

taneous fistula during ABRA treatment combined with

vacuum-assisted closure. These fistulae were treated by

means of percutaneous drains. All fistulas closed sponta-

neously within four months postoperatively.

The average ICU stay was 20 days (range: 7–130 days)

and the total hospital admission period was 65 days (range:

16–175 days). In the outpatient clinic, patients were seen

every other month during the initial six months and once

yearly thereafter; average follow-up is 23 months (range:

3–50 months). Four of the 14 successfully closed patients

still developed a midline incisional hernia of around 5 cm

(range: 4–9 cm). Interestingly, two of these patients were

scored with extensive fascial damage. Three of the four

hernias occurred within six months, and were surgically

corrected with a mesh-augmented repair. The fourth patient

developed the hernia after 26 months, which remained

asymptomatic and was left untreated. The results of ABRA

treatment are summarized in Table 2.

Discussion

In the present study, a novel abdominal wall approximation

technique was applied in the infected OA and delayed

closure was achieved in 88% within 30 days. Previous

studies of septic cases with an OA reported delayed pri-

mary closure rates between 33% and 66% [15, 16]. In the

only multiple case study using the ABRA abdominal

approximation system, complete primary closure was

achieved in all cases with non-gastrointestinal pathology

(such as abdominal compartment syndrome or trauma).

However, of the 10 patients with underlying gastrointesti-

nal sepsis, only 4 abdomens could be closed [9]. This is in

line with other studies illustrating that the success rate of

abdominal closure depends on etiology [8, 17]. Tsuei et al.

described both the likelihood and the type of closure (with/

without fascia, mesh, or no closure) to be related to the

underlying etiology [8]. Patients with gastrointestinal sep-

sis or pancreatitis are generally older, less healthy, show

higher mortality rates, and are more likely to require a

mesh or not reach formal closure at all [8]. In general, it

can be stated that sound closure of the infected OA is more

challenging [8, 9, 16–18].

In this respect, it is of great importance to classify the

OA status according to Björck et al. [12]. Thereby, patients

are not only divided into septic and non-septic causes of

OA, but visceral adhesion formation and abdominal wall

fixity are also taken into account [12]. Most of our patients

had an advanced-stage infected OA (Table 2). In these

severe kinds of cases, we have experienced that fascial

traction techniques in our hands often fail, due to pro-

gressive tearing of the fascia (a complication also described

by Gaddnas et al. [4]) during the required prolonged trac-

tion. In the present 18 cases, we therefore chose to use the

ABRA system, exerting continuous controlled dynamic

traction on all layers of the abdominal wall without dam-

aging the fascia during approximation. Our results indicate

that the ABRA method is a very suitable alternative for

delayed primary closure in these advanced-stage OA cases.

In nonseptic or mildly septic OA cases, we normally use

a midline fascial traction method with meshes or a two-

sided Velcro burr (Wittman patch). This policy is in line

with the recent study of Acosta and co-workers, who

achieved an 80% fascial closure rate in OA by vacuum-

assisted wound treatment and mesh-mediated fascial trac-

tion [19]. Their patient population, however, is very dif-

ferent; over 90% of patients were classified as either Björck

grade 1A or 1B, as opposed to only grade 2B, 3, and 4

patients in our study. One of their conclusions is that the

higher the Björck grade, the lower the chance of sound

fascial closure. In our opinion, mesh- or Velcro-mediated

fascial traction methods are appropriate in the early stages

and/or in low-grade OA, whereas the application of ABRA

offers additional value in the severely infected high-grade

OA. Unfortunately, according to a recently published sys-

tematic review and to our best knowledge, no comparative

studies for the treatment of the infected OA have been

reported [7].

The ABRA system can easily be readjusted at bedside,

with a sedative agent and analgesics if necessary, but

without anesthesia. This system distributes force over lar-

ger surface area instead of converging force on the fascia.

However, we realize that this has a significant drawback:

the development of pressure sores by transmural traction

on the buttons (Fig. 2; Table 2). In most cases, pressure

sores were superficial, but grade 2 lesions developed in 6

cases. These patients all had a highly edematous abdominal

wall, and elastomer tensioning was performed at its max-

imum strength (twice the length of the calibration marks).

Although all pressure sores eventually healed well, this is a

disturbing complication causing pain, discomfort, and

unsightly scarring. A more cautious tensioning policy of

the elastomers, and additional padding of the buttons with

underlying hydrocolloid and gauze dressings may prevent

this problem.

Another important factor for successful closure could be

the timing of approximation. We applied our approxima-

tion system on an average of 12 days after the beginning of

OA treatment, compared to 18 days in the previously

mentioned study with the ABRA system [9]. In our two
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cases where secondary dehiscence occurred, the system

was applied relatively late (after 22 and 39 days), com-

pared to other subjects (all less than 22 days). However,

the start of ABRA application in our cases was dictated by

clinical judgment, considering the general and hemody-

namic condition of the patient, and control of the abdom-

inal sepsis. Nevertheless, it is tempting to speculate that

early application at regression of the abdominal sepsis is

beneficial for the prevention of fascial retraction, and for

reduction of time to closure. This is in line with other

studies that acknowledge the importance of preventing

fascial retraction [7, 18, 20, 21]

In the presented cases, the etiology of OA was invari-

ably severe peritonitis and not an ACS. Therefore, IAP was

not measured before the first acute operation. Throughout

ABRA treatment, all patients were hemodynamically sta-

ble, and ACS symptoms remained absent. Hence, IAP was

not routinely monitored. Since ACS may occur in OA

treatment [22], IAP measurements were performed in some

patients during VAC abdominal dressing and ABRA

treatment in the ICU, but no pathologic values were

recorded. However, IAP measurement could be of addi-

tional value as a guideline for tensioning of the elastomers

or as an indicator for the timing of final closure. Future

studies will provide further insight into the usefulness of

this parameter.

Regardless of the methods used in OA management, the

development of late ventral hernias remains of major

concern. In our population of infected OA, 4/16 patients

(25%) still developed a ventral hernia after delayed clo-

sure. Interestingly, 2 of these 4 patients were scored with

extensive preoperative damage of the fascia. In the previ-

ously mentioned study by Reimer et al. with various

indications for OA treatment, a ventral hernia developed in

6/23 cases (26%) [9]. Out of these 6 hernias, 4 occurred in

patients with an OA after gastrointestinal sepsis (67%). The

risk of hernia development after delayed primary closure of

the OA is likely to be more pronounced in infected abdo-

mens, due to compromised fascial margins, and formation

of granulation tissue and adhesions [23]. Both etiology and

the condition of the fascia are suggested as playing a role.

Therefore, we feel that an effort should be made, especially

in advanced stage OA treatment, to spare the fascia from

repeated suturing. In contrast to mesh-mediated traction,

the traction provided by the ABRA system is dynamic, can

continuously be adjusted, and permits both expansion and

retraction without damaging the fascia. Even though the

septic etiology of OA seems to be a disadvantage with

respect to delayed abdominal closure, our results are

promising compared to the literature. For future studies, it

would be interesting to investigate whether hernias can be

prevented by using a synthetic or collagen mesh augmen-

tation at the time of final closure.

In conclusion, our results advocate the abdominal

re-approximation system as a useful aid in the management

of the infected open abdomen. It would be of value to study

this re-approximation system in a prospective, comparative

manner. We are currently setting up a national multicenter

database for the management of the open abdomen.
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