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Abstract

Purpose Abdominal wall hernia secondary to open

abdomen management represents a surgical challenge. The

hernia worsens due to lateral muscle retraction. Our

objective was to evaluate if Botulinum Toxin Type A

(BTA) application in lateral abdominal wall muscles

modifies its thickness and length.

Methods A clinical trial of male trauma patients with

hernia secondary to open abdomen management was per-

formed from January 2009 to July 2011. Thickness and

length of lateral abdominal muscles were measured by a

basal Computed Tomography and 1 month after BTA

application. A dosage of 250 units of BTA was applied at

five points at each side between the external and internal

oblique muscles under ultrasonographic guidance. Statis-

tical analysis for differences between basal and after BTA

application measures was performed by a paired Student’s t

test (significance: p \ 0.05).

Results Seventeen male patients with a mean age of

35 years were included. There were muscle measure

modifications in all the patients. Left muscle thickness:

mean reduction of 1 ± 0.55 cm (p \ 0.001). Right muscle

thickness: mean reduction of 1.00 ± 0.49 cm (p \ 0.001).

Left muscle length: mean increase of 2.44 ± 1.22 cm

(p \ 0.001). Right muscle length: mean increase of

2.59 ± 1.38 cm (p \ 0.001). No complications secondary

to BTA or recurrences at mean follow-up of 49 months

were observed.

Conclusions BTA application in lateral abdominal mus-

cles decreases its thickness and increases its length in

abdominal wall hernia patients secondary to open abdomen

management.

Keywords Incisional hernia � Open abdomen

management � Botulinum toxin type A � Abdominal wall

Introduction

Ventral hernias occur in up to 28 % of patients undergoing

abdominal surgery. Recurrence rates from 24 to 43 % have

been reported, even with mesh application [1].

Incisional hernia occurs most frequently after midline

laparotomy. When the linea alba is incised, the lateral

abdominal wall fascia and muscle insertion at the midline

is disrupted [2]. Excessive tension and subsequent ischemia

at the linea alba line of suture predispose to hernia for-

mation. This midline disruption allows for continued lateral

abdominal wall muscles’ contraction and retraction,
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increasing the risk of midline hernia formation or further

widening any midline abdominal wall defect [3]. Once the

hernia has occurred, it is necessary to minimize the tension

caused and maintained by the muscular contraction and

retraction process. In patients managed with open abdomen

whose abdominal wall closure is not performed early, a

sustained lateral muscular retraction will ensue until

reconstruction several months after the initial surgical

event. Consequently, the lateral muscular wall thickness

will increase and its length will decrease with the resultant

muscular tension. During the surgical procedure, different

techniques can be used to minimize the muscle tension,

which include fascial release, myofascial component sep-

aration, and liberation of the scarred and restricted

abdominal wall [4]. Ideally, this muscle tension should be

minimized before the surgical event. There are only few

alternatives for this purpose: progressive preoperative

pneumoperitoneum (PPP) and placement of tissue

expanders between lateral abdominal wall muscles [5, 6].

Recently, the application of Botulinum Toxin Type A

(BTA) in the lateral abdominal wall muscles before hernia

surgery was reported, with a significant reduction in the

transverse hernia defect diameter [7]. Botulinum toxin type

A is a neurotoxin that is isolated and purified from Clos-

tridium botulinum type A bacteria which blocks the ace-

tylcholine receptor at the neuromuscular junction,

originating a 4- to 6-month reversible flaccid paralysis.

Among other indications, BTA is indicated in patients with

retracted and spastic muscle diseases [8].

The objective of the present work was to evaluate if the

BTA application in lateral abdominal wall muscles of

patients with incisional hernia secondary to open abdomen

management modifies its thickness and length.

Materials and methods

A clinical trial was conducted at our department from

January 2009 to July 2011. The research protocol was

approved by the Research and Bioethics Committee in our

Hospital. Male trauma patients with midline abdominal

wall hernia secondary to open abdomen management with

no previous abdominal wall closure and 12 months after

their last laparotomy were included. An informed consent

was signed by each patient for inclusion in the protocol.

A CT scan was performed for lateral abdominal wall

muscles’ thickness and length measurement, in cm. These

muscular measurements were performed at the umbilicus

CT level between iliac crest and costal margin on both

sides. A dilution of 500 units of BTA (Dysport�, Ipsen,

Boulogne-Billancourt, France) in 5 ml of 0.9 % saline

solution was prepared (100 units/1 ml). An injection of

0.5 ml was performed at 5 sites (50 units/0.5 ml per

injection site) between the external and internal oblique

muscles at one side of the abdomen, through a 25Fr sub-

dural blockage needle and under ultrasonographic

Fig. 1 BTA injection sites on the right flank abdominal wall muscles.

MAL middle axillary line, AAL anterior axillary line, MCL middle

clavicular line, CM costal margin, ICL iliac crest level

Fig. 2 US-guided injection of BTA in the lateral abdominal wall

muscles. EOM external oblique muscle, IOM internal oblique muscle,

TM transverse muscle
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guidance. The same BTA dosage was injected at the

opposite side of the abdomen, for a total of 500 units of

BTA. The application sites were previously described by

our group: two sites at the middle axillary line between

costal margin and iliac crest level, and three sites between

anterior axillary line and middle clavicular line between

costal margin and iliac crest level, with similar sites on the

opposite side [7] (Figs. 1, 2). Four weeks after BTA

application, a new CT scan was performed and the thick-

ness and length of the lateral abdominal wall muscles were

compared with the previous measures. The abdominal wall

reconstruction surgery was scheduled afterwards.

Descriptive statistics, including means and standard devi-

ations, were used to describe the continuous variables.

Statistical analysis for differences between the basal and

after BTA application CT abdominal wall muscle thickness

and length measurements was performed using a paired

Student’s t test, with a significance level of p \ 0.05.

Statistical analysis was performed using the SPSS for

Windows, version 12.0 (SPSS Inc, Chicago, IL).

Results

A total of 17 male patients with a mean age of

34.88 ± 12.34 years were included. All the patients had

the background of abdominal trauma and open abdomen

management of at least 12 months before. The hernia

defect affected the totality of the previous laparotomy and

open abdomen management site. There were no

Table 1 Age and surgical techniques in 17 male trauma patients with midline abdominal wall hernia secondary to open abdomen management

Case Age (years) Surgical technique Other procedures Mesh use Complications Follow-up (months)

1 45 Component separation None No None 43

2 44 Component separation Colostomy closure No Intestinal fistula 42

3 39 Component separation None No None 41

4 23 Component separation Colostomy closure No Seroma 39

5 38 Component separation Colostomy closure No None 37

6 17 Component separation Colostomy closure No None 38

7 47 Component separation Colostomy closure No Seroma 37

8 58 Rives technique None Yes None 54

9 22 Component separation Right lat. hernioplasty No Seroma 51

10 29 Rives technique None Yes None 61

11 22 Simple Closure None No None 57

12 36 Component separation Colostomy closure No Skin dehiscence 58

13 31 Simple Closure None No None 57

14 41 Simple Closure Colostomy closure No Intestinal fistula 59

15 31 Rives technique None Yes Seroma 56

16 17 Simple Closure None No None 54

17 53 Rives technique None Yes None 49

Fig. 3 a An illustrative CT scan of one of the patients, previous to

BTA application showing an 8.08 and 7.89 cm length of the right and

left lateral abdominal wall muscles, respectively, and the midline

hernia defect (arrows). b CT 4 weeks after BTA application, where a

10.19 and 10.13 cm length of the right and left lateral abdominal wall

muscles, respectively, can be seen (arrows)
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complications or mortality secondary to BTA application

(Table 1).

There was a decrease in the lateral abdominal wall

muscles’ thickness on both sides after BTA application in

all the patients. On the left side, there was a mean reduction

of 1 cm [p \ 0.001; 95 % confidence interval (CI),

0.7217–1.2901]. On the right side, there was a mean

reduction of 1 cm (p \ 0.001; 95 % CI, 0.7481–1.2518).

There was an increase in the lateral abdominal wall mus-

cles’ length on both sides after BTA application in all

patients as well. On the left side, there was a mean increase

of 2.44 cm (p \ 0.001; 95 CI, 1.8122–3.0701). On the

right side, there was a mean increase of 2.59 cm

(p \ 0.001; 95 % CI, 1.8769–3.2995) (Figs. 3, 4) A

decrease in the transverse hernia defect was observed as

well (Table 2).

A surgical repair with closure at the midline was pos-

sible in all the patients. Nine cases (53 %) were managed

with the ‘‘components separation’’ technique. Only the

vertical incision of the external oblique fascia lateral to the

linea semilunaris and dissection of the plane between the

external oblique muscle and internal oblique muscle were

needed, with no further incision being required [9, 10].

Four cases (23.5 %) were repaired using the Rives tech-

nique [11]. The remaining four cases (23.5 %) were man-

aged under a simple closure. No recurrence has occurred in

a mean follow-up of 49 months (range 37–61). Colostomy

closure was performed in the same surgical event in seven

patients. The complications were secondary to surgical

procedure and resolved with medical management. Table 1

summarizes the demographic characteristics, surgical

techniques, complications, mesh use, and follow-up.

Discussion

The open abdomen is defined as a surgical abdomen with

the surgical edges purposefully left unapproximated [12].

Damage control laparotomy and open abdomen are critical

techniques in the treatment of severely injured patients

[12–14]. Severe abdominal infection, acute mesenteric

ischemia, necrotizing infection of the abdominal wall and

intraabdominal hypertension are also indications for leav-

ing the abdomen open at the end of a laparotomy [15].

Many of the trauma patients managed by open abdomen

were traditionally managed by prosthesis placement at the

Fig. 4 a An illustrative CT scan of one of the patients, previous to

BTA application, which shows a 3.87 and 3.82 cm thickness of the

right and left lateral abdominal wall muscles, respectively (arrows).

b CT 4 weeks after BTA application showing a 2.33 and 2.71 cm

thickness of the right and left lateral abdominal wall muscles,

respectively (arrows)

Table 2 Differences in lateral abdominal wall and transverse hernia defect measures (cm) before and after 4 weeks of BTA application in

patients with hernia after open abdomen management (n = 17)

Basal After BTA Mean difference ± SD p Value 95 % CI

Left muscular thickness 2.94 ± 0.76 1.93 ± 0.48 1.0058 ± 0.5528 \0.001 0.7166–1.2901

Right muscular thickness 2.97 ± 0.64 1.97 ± 0.46 1 ± 0.4899 \0.001 0.7481–1.2519

Left muscular length 10.85 ± 2.19 13.29 ± 2.76 2.44 ± 1.2232 \0.001 3.0701–1.8122

Right muscular length 10.73 ± 2.15 13.32 ± 2.77 2.59 ± 1.3833 \0.001 3.2995–1.8769

Transverse hernia defect 14.65 ± 2.18 9.68 ± 1.63 4.79 ± 1.16 \0.001 3.627–6.313

SD standard deviation

p value derived from Student’s t test
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time of loss of abdominal wall integrity. When possible,

prosthesis was removed and fascial closure was performed

during the following 2–3 weeks [16]. While 20–75 % of

surviving patient managed with an open abdomen will have

the abdominal fascia closed prior to discharge, the

remaining patients may undergo abdominal wall recon-

struction afterwards [17]. These patients have been man-

aged as a planned ventral hernia, with abdominal wall

reconstruction after a delay of 6–12 months [16].

A lateral retraction of the abdominal wall will take place

with a consequent and progressive enlargement of the

fascial defect during the first week following the initial

laparotomy, making it difficult to reapproximate the fascial

edges [18, 19]. In patients managed with open abdomen

whose abdominal wall closure is not performed early, a

sustained lateral muscular retraction will ensue until

reconstruction several months after the initial surgical

event. A similar process is present in midline abdominal

wall hernias, where a continued myofascial lateral con-

traction enhances the defect. The rectus sheaths are also

translated laterally [4]. Therefore, these lateral forces will

result in muscular tension in patients with midline

abdominal wall hernia and open abdomen management

with a planned ventral hernia. Muscular thickness increase

and length decrease will ensue as part of the contraction

and retraction process, with the consequent muscular ten-

sion, making difficult any surgical attempt.

Tension-free reapproximation of the rectus muscles and

linea alba in the abdominal midline is the method of choice

for midline abdominal wall repair [4]. But in many

instances this is not possible, and tension limits the

abdominal wall approximation at the midline. During the

surgical procedure, different techniques can be used to

minimize the muscle tension, which include fascial release,

myofascial component separation, and liberation of the

scarred and restricted abdominal wall [4, 10, 20]. Ideally,

this muscle tension should be minimized before the sur-

gical event. There are only few alternatives for this pur-

pose: PPP, placement of tissue expanders between lateral

abdominal wall muscles and BTA application in lateral

abdominal wall muscles [5–7].

PPP is a method originally described to treat massive

hernias and eventrations [5]. The purpose of this method is

to produce elongation of the abdominal wall muscles, but it

also lengthens the incisional hernia [21]. The progressive

increase in abdominal capacity produces respiratory adap-

tation to tolerate hernia content reduction to the abdominal

cavity but it could also cause respiratory restriction. A

recent study reported a generally well-tolerated restrictive

syndrome, which causes pulmonary adaptation, while it

increases the abdominal volume and facilitates bowel

reduction [22]. Potential risks also include bowel injury

and cutaneous complications.

Tissue expanders placed between the external oblique

and internal oblique muscles, to expand the external obli-

que muscle and fascia have been used for primary closure

of the abdominal wall [23]. The gradual expansion pro-

vides autogenous, innervated, healthy tissue, allowing

reapproximation of the natural tissue [24]. This technique

requires a previous surgical procedure to place the tissue

expanders.

Recently, the application of BTA in the lateral abdom-

inal wall muscles before hernia surgery was reported, with

a significant reduction in the transverse hernia defect

diameter [7]. This reduction in the defect size may facili-

tate a repair under less tension.

More recently, Zielinski et al. reported a retrospective

review of their results of 300 units of BTA injection under

ultrasound guidance in the lateral abdominal wall muscles

of patients managed with open abdomen after a damage

control laparotomy. The authors recommend this procedure

only after hemodynamic stability has been achieved, which

generally takes 12–24 h. All the patients were managed

with negative pressure dressings for temporary abdominal

closures until primary fascial closure was performed.

Almost 90 % of patients who underwent a ‘‘chemical

component separation’’, as called by the authors, within

24 h of the initial open abdomen procedure, achieved pri-

mary fascial closure [27]. As mentioned by the authors,

BTA subjective clinical effect is not noticed for 48 h.

Therefore, a major aid for primary fascial closure might

have been also the use of negative pressure dressings,

which prevent abdominal wall lateral retraction. The BTA

effect duration will reduce lateral tension on the closed

abdominal wall.

In the present work, a significant decrease in thickness

and increase in length of lateral abdominal wall muscles

were observed after the application of BTA. These mus-

cular changes are the result of the muscle paralysis and

involution of the contraction and lateral retraction process,

which can be visualized by CT scan. This allowed the

reconstruction with fascial approximation in the abdominal

midline in all the patients. In a previous study, no further

muscular changes were observed after 4 weeks of BTA

application [7]. Therefore, the patients were scheduled for

surgery afterwards. The performed surgical techniques

were Rives technique and ‘‘components separation’’ tech-

nique. Simple closure was performed as well. Colostomy

closure was performed in seven patients.

The overall complication rate was similar to others

previously reported [2, 9, 25, 26]. Unfortunately, we had

two patients with intestinal fistulae secondary to colostomy

closure which was solved with medical management only.

There was no mortality.

The application of BTA in lateral abdominal wall

muscles may facilitate otherwise difficult abdominal wall
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hernia surgery. This BTA-induced reversible 4- to 6-month

flaccid paralysis may allow a hernia repair under less

tension.

Conclusions

The BTA application in lateral abdominal wall muscles

decreases its thickness and increases its length in patients

with abdominal wall hernia secondary to open abdomen

management.
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