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Abstract
Introduction Repair of complex ventral hernia presents a significant challenge plagued by high morbidity and recurrence. 
Recent studies have demonstrated significant benefits achievable with preoperative Botulinum Toxin A (BTA) chemical 
component paralysis to the abdominal wall muscles, facilitating primary closure of complex ventral hernia defects. However, 
transversus abdominis is known to play an integral role in truncal stability, and its paralysis can result in unwanted physi-
ological changes. This is the first study to report on selective administration of preoperative BTA to internal and external 
oblique muscles only, thus sparing transversus abdominis from paralysis.
Methods This is a prospective observational study of 46 patients who underwent either selective two-layer or standard 
three-layer abdominal wall muscle BTA injection prior to elective laparoscopic ventral hernia repair. Serial abdominal CT 
imaging was performed to compare defect size and length of the lateral abdominal musculature.
Results 46 patients received preoperative BTA injections (23 in each group). A comparison of gains achieved from chemi-
cal component paralysis demonstrated no statistically significant difference between the two groups. Fascial closure was 
achieved in all cases, with no post-operative sequelae of abdominal hypertension. There are no hernia recurrences to date.
Conclusion Preoperative selective muscle chemical component paralysis is an effective technique to counteract the chronic 
muscle retraction observed in large ventral hernias. Transversus abdominis plays a significant role in truncal and spinal sta-
bility, and sparing it from paralysis preserves an important component of abdominal wall physiology and does not detract 
from the ability to primarily close complex defects.
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Introduction

Repair of complex ventral hernia presents a formidable chal-
lenge, plagued by high morbidity and recurrence. Closure 
of large defects with loss of domain can have serious con-
sequences in the unprepared abdomen due to chronically 

contracted abdominal wall muscles and the ensuing tension 
after repair. Despite advances in mesh technology, surgi-
cal techniques, and myofascial reconstruction techniques, 
benefits are modest and associated with unacceptably high 
recurrence rates [1, 2]. In addition, each failed repair results 
in higher morbidity, higher costs, and higher risk of recur-
rence for each subsequent repair [3, 4].

Traditional repair of the large and complex ventral her-
nia, where native fascia cannot be safely re-approximated, 
consists of bridging mesh and/or abdominal wall reconstruc-
tion (component separation). Bridging mesh repairs have 
demonstrated suboptimal results, with high risk of failure 
and recurrence attributable to lack of mesh–fascia overlap 
[1, 5]. Component separation (CS), in its original popular-
ized form, involves raising myofascial flaps to allow primary 
defect repair using autologous tissue and has its own inher-
ent set of wound complication risks due to extensive tissue 
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dissection and disruption of perforator vessels [2, 6, 7]. In 
an effort to reduce morbidity, various other forms of CS have 
evolved since its original description; however, the common 
feature of dissection and disruption of the native abdominal 
wall remains constant.

Preoperative botulinum toxin A (BTA) offers an alterna-
tive option. BTA is a well-known neurotoxin which causes 
flaccid paralysis in treated muscles. BTA administered to 
the anterolateral abdominal musculature does not disrupt 
the integrity of the abdominal wall tissues, it facilitates clo-
sure of complex abdominal wall defects under minimal ten-
sion, and its effects are prolonged but progressively wear 
off within several months. Recent published studies have 
demonstrated significant potential benefits to BTA admin-
istration prior to abdominal wall reconstruction or elective 
repair of complex ventral hernia defects [1, 8–16].

Since publication of the authors’ original papers on this 
topic [13–16], our attention has been drawn to the common 
side effects of complete abdominal wall paralysis, and the 
relationship between those side effects and the physiologi-
cal function of the abdominal wall. Described side effects 
consist of back pain, weak cough, and, rarely, dyspnoea. 
Any intervention which interferes with the normal stabiliz-
ing function of the core abdominal muscles can contribute 
to back pain and predispose to injury. Specifically, the trans-
versus abdominis muscle is known to play an integral role in 
truncal and spinal stability, and concerns have arisen regard-
ing its paralysis potentially resulting in undesirable spinal 
overload and other physiological changes. Until recently, our 
protocol has dictated that BTA be administered to all three 
abdominal wall muscle layers—transversus abdominis (TA), 
internal oblique (IO), and external oblique (EO)—to maxi-
mize the benefits of abdominal wall paralysis. This is the 
first study to investigate whether the same gains are achiev-
able in selective abdominal wall paralysis, sparing transver-
sus abdominis, thus allowing TA to continue its important 
role as a truncal stabilizer.

Methods

This was a single-center, prospective cohort trial of 46 
patients, comparing standard three-muscle (EO + IO + TA) 
to selective two-muscle (EO + IO) abdominal wall BTA 
treatment prior to elective ventral hernia repair. Twenty-
three consecutive patients were enrolled in each group and 
underwent either standard or selective preoperative BTA 
injections and proceeded to elective laparoscopic (or laparo-
scopic-open-laparoscopic) repair of complex ventral hernia 
between December 2015 and March 2018. The outcomes of 
interest were change in lateral abdominal muscle length and 
hernia defect width, complications, and hernia recurrence. 

This study was registered in public trial registry Research 
Registry trial no. 4459 http://www.resea rchre gistr y.com.

Utilizing our previously published BTA protocol [14–16], 
patients were administered Botulinum Toxin A injections 
between 2 and 4 weeks preoperatively. Twenty-three con-
secutive patients received injections into the muscle bellies 
of all three layers of the lateral abdominal wall (transversus 
abdominis, internal oblique, and external oblique). The sub-
sequent 23 patients received injections only in the outer two 
layers (internal and external oblique muscle bellies), thus 
sparing transversus abdominis from paralysis. The injec-
tions were performed in a single outpatient setting. Patients 
were administered a total of 200 IU of Botulinum Toxin 
A, diluted to 2 IU/ml with 100 ml 0.9% saline and divided 
into six equal aliquots. Using real-time ultrasound guidance, 
three sites were identified on either side of the abdomen, as 
depicted by Smoot et al. [17], along the anterior axillary 
line spaced at equal distances between the costal margin at 
the level of the ninth rib and a point anterior to the anterior 
superior iliac spine. In very large hernia defects, adjust-
ments were made to the site of injection to compensate for 
significant lateral retraction of the muscle complexes. BTA 
was injected under direct ultrasound vision into each of the 
intended muscle bellies. The process was repeated at each 
of the six injection sites.

Patients proceeded to laparoscopic or laparoscopic-open-
laparoscopic (LOL) ventral hernia repairs, the details of 
which have been reported previously [14–16]. Myofascial 
defects were closed using transcutaneous figure-of-eight 
(‘shoestring’) non-absorbable sutures along the length of the 
defect. Mesh was placed intraperitoneal onlay (IPOM), with 
absorbable tack fixation as well as four transfascial anchor 
sutures at mesh periphery. All procedures performed by the 
same lead surgeon.

Patients routinely underwent serial non-contrast CT 
imaging at baseline assessment, post-BTA (preoperative), 
post-operatively, and at 2 and 6 months following surgery. 
Additional CT imaging was performed as clinically indi-
cated. Measurements of lateral abdominal wall length were 
performed using a single axial CT image at the same ver-
tebral level on each occasion. Measurements of the hernia 
defect both before and after BTA were performed in the 
same manner. Radiological assessments were all performed 
by the same radiologist (JR).

Statistical analysis was performed using XLstat with sig-
nificance level set at a p value less than 5%.

Results

Forty-six patients received preoperative BTA injections 
and underwent elective ventral hernia repair. Mean age was 
62 years in the standard and 64 years in the selective group. 

http://www.researchregistry.com
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Mean age, body mass index, transverse size of hernia defect, 
and number of previous hernia repairs were similar in each 
group. Maximum width of fascial defect repaired was 29 cm. 
(Table 1)

Imaging data for all 46 patients were available for com-
parison. A comparison of baseline (pre-BTA) and post-BTA 
abdominal CT measurements demonstrated significant elon-
gation of the unstretched lateral abdominal wall muscles in 
both groups (Figs. 1 and 2). Analysis of the standard three-
muscle group demonstrated a mean post-BTA increase in 
abdominal wall length of 3.58 cm ± 2.6 cm per side. The 
selective two-muscle group demonstrated a mean post-BTA 
increase of 4.06 cm ± 2.4 cm per side. Statistical analysis of 
the gains achieved from standard three-muscle to selective 
two-muscle injections demonstrated no statistically signifi-
cant difference between the 2 groups (p = 0.365).  

The preoperative BTA injections were well tolerated, 
with no complications. Side effects commonly reported 
included weak cough or sneeze, and a sense of distension or 
bloating. Some patients described back pain and one patient 
experienced dyspnoea. Side effects in general were notice-
able but not debilitating. In cases where symptoms caused 
concern to patients, an abdominal binder was utilized with 
good effect. A detailed analysis of symptoms was not under-
taken to quantitatively compare the two groups.

The 30-day mortality rate was zero. There have been no 
hernia recurrences within this cohort, with a mean follow-up 
for 24 months (range 9–36 months).

Discussion

Traditionally, reconstructive techniques for large ventral 
herniae employed methods such as mesh bridging and com-
ponent separation [1]. Bridging repairs fail to reconstruct 
the myofascial continuity of the abdominal wall and have 
demonstrated high recurrence rates [5], which are similar to 
primary suture repair without mesh [18]. This is most likely 
due to inadequate mesh–fascia overlap [1, 5] Component 
separation, while popular, involves extensive tissue dissec-
tion and division of perforator vessels (to a variable degree 

within the assorted reincarnations of Ramirez’s original con-
cept), which alters the integrity of the abdominal wall and 
can be accompanied by serious complications such as flap 
necrosis, wound infection, wound dehiscence, and hema-
toma and seroma formation [2, 6, 7, 19–23].

Alternatively, the neuromodulatory effect of BTA has 
been shown to offer significant potential benefits in the 
repair of complex herniae. BTA has many varied and well-
established uses in the clinical setting, and has a safety pro-
file spanning decades [24]. BTA imparts sustained flaccid 
paralysis of the affected musculature, and when used in the 
ventral hernia setting, preoperatively reduces the hernia 
defect width and relaxes and lengthens the lateral abdominal 
muscles, thereby facilitating primary closure of large defects 
at time of surgery.

A 2017 systematic review and meta-analysis evaluating 
BTA use in hernia repair [1] confirmed a significant reduc-
tion in hernial defect width (mean reduction of 5.79 cm, 
p < 0.001) and increased lateral abdominal wall length (mean 
increase of 3.33 cm, p < 0.001) following BTA injections. 
While the authors noted a lack of standardization with regard 
to BTA volume and concentration, injection location, and 
timing of both injection and surgery, the study concluded 
that BTA offers tremendous potential in ventral hernia man-
agement. These studies all utilized a ‘complete’ paralysis of 
all three abdominal wall muscle layers, i.e., IO, EO, and TA, 
which were all administered BTA.

This current study was undertaken to examine if the same 
benefit was achievable if only selective muscles were para-
lyzed (IO + EO), thus sparing TA and allowing it to continue 
its important role as a truncal stabilizer. Our results indicate 
that there is no statistically significant difference when only 
EO and IO are paralyzed, and TA is spared paralysis.

The abdominal muscles are required to not only support 
the contained viscera but to stabilize and move the trunk. 
They comprise both ‘slow twitch’ Type 1 fibers that are 
capable of sustained contraction required for stabilization 
and ‘fast twitch’ Type 2 fibers that can function anaerobi-
cally and are responsible for movement [25]. Although each 
of the lateral abdominal wall muscles contributes to both 
truncal stability and movement, they vary with regard to 

Table 1  Characteristics of the 
standard and selective groups

Standard three-layer group Selective two-layer group
N = 23 N = 23

Age Mean: 62
Range: 20–83

Mean: 64
Range: 36–83

BMI Mean: 30
Range 23–40

Mean: 33
Range: 23–51

Transverse size of defect Mean: 11.3 cm
Maximum: 29 cm

Mean: 11.4 cm
Maximum: 24 cm

Number of previous unsuccessful 
hernia repairs

Mean: 1.4
Range 0–5

Mean: 1.2
Range 0–3
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Fig. 1  Three-dimensional volume rendered abdominal CT images 
illustrating patients with multi-recurrent upper midline incisional her-
nias. Patients were preoperatively treated with either standard three-
layer (Fig.  1a) or selective two-layer (Fig.  1b) BTA therapy. Each 
patient demonstrates similar post-BTA elongation and thinning of 

the anterolateral abdominal musculature, and similar reduction in the 
traverse diameter of the hernia defect. Both patients underwent lapa-
roscopic ventral hernia repair with fascial defects closed at the time 
of surgery and placement of intraperitoneal onlay mesh (IPOM)
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Fig. 2  Three-dimensional 
volume rendered abdominal CT 
images demonstrating pre- and 
post-BTA treatment comparing 
standard 3-layer BTA treat-
ment (Fig. 2a) and selective 
2-layer BTA treatment (Fig. 2b). 
Both patients presented with 
multi-recurrent large midline 
ventral hernias with three failed 
repairs each. After BTA treat-
ment, both patients demonstrate 
similar elongation and thinning 
of the anterolateral abdominal 
musculature and reduction in 
the hernia defect transverse 
diameter. Both patients under-
went laparoscopic-assisted 
ventral hernia repair, with 
fascial defects closed at the time 
of surgery and placement of 
pre-peritoneal mesh
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the relative proportions of their contained fiber types [26]. 
As the transversus abdominis muscle harbors the greatest 
proportion of Type 1 fibers, it may be considered the most 
important of the dynamic stabilizers [27]. Conversely, the 
rectus abdominis muscle contains the least amount of Type 1 
fibers and is, therefore, not regarded as a functionally impor-
tant lumbopelvic stabilizer.

These muscles together exert their stabilizing effect 
throughout the range of truncal motion. Physiologically, 
the transversus abdominis muscle has been shown to con-
tract and, thus, ‘brace’ the abdominal cavity, lumbar spine, 
and pelvis just prior to movement [28, 29]. This enables 
the prime movers (EO, IO, and RA) to act on a semi-rigid 
cylinder and facilitate movement. During truncal motion 
and upright locomotion, all four muscles then contribute to 
increased intraabdominal pressure and, thus, further stiffen-
ing/stability of the spinal column. Without this process of 
dynamic bracing, altered movement patterns occur and the 
loss of spinal support may result in back pain [30]. Back 
pain can, in turn, inhibit normal function of the stabilizing 
muscles [31], thus forming a negative feedback loop that 
prevents recovery. Therefore, any therapeutic maneuver that 
interferes with the normal myofascial stabilizing function 
can contribute to back pain and predispose in the longer 
term to the development of disk and facet injury through 
repetitive micro-trauma.

The role of the abdominal core muscles in respiratory 
physiology (e.g., coughing and deep inspiration) is also gain-
ing increased understanding. There is a rhythmic contrac-
tion and relaxation of the abdominal muscles that accom-
panies breathing; however, these muscles are also required 
for spinal stability [30]. A postulated concern is that both 
these functions may be critically compromised when com-
ponent separation is carried out; those same concerns could 
be applied to paralysis of the abdominal wall muscles and 
resulting physiological changes.

Conclusion

BTA is an effective adjunct which counteracts the chronic 
muscle retraction observed in large ventral herniae and 
facilitates elective surgical repair. The gains from selective 
abdominal wall paralysis, sparing the transversus abdominis 
muscle, are statistically equivalent to gains achieved when 
all three-muscle layers are paralyzed. The transversus 
abdominis muscle plays a significant role in truncal and 
spinal stability and sparing it from paralysis preserves an 
important component of abdominal wall physiology, poten-
tially mitigating some of the risks and side effects of abdom-
inal wall paralysis in this setting.
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