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Background: Botulinum toxin type A (BTA) is a valuable adjunct in abdominal wall
reconstruction (AWR). Chemical component relaxation (CCR) involves injecting BTA
into the lateral abdominal wall, leading to muscle paralysis and elongation which
facilitates primary fascial closure during surgery without the need for extensive
dissection. There are currently no standardised protocols for BTA administration in the
perioperative period for AWR. We present a standardised protocol for CCR from our
tertiary hernia unit and report our outcomes following surgery.

Methods: A retrospective analysis of a prospective dataset of all patients undergoing
standardised pre-operative CCR between 1st May 2021 and 30th April 2024 for AWRwere
included in this study. Analysis of pre-operative multi-disciplinary team (MDT) planning,
BTA administration, surgical procedure and outcomes were performed.

Results: During the 3-year-period, 35 patients underwent CCR with subsequent AWR.
The median age was 58 and median BMI was 32. Median hernia defect width was 8 cm.
Anterior and posterior sheath closure was achieved in 91% of cases. In total, 39% with
defect size >8 cm did not require component separation and were considered
“downstaged”. There were no complications following CCR, and the surgical site
occurrence rate following AWR was 26%. Hernia recurrence occurred in 1 patient.

Conclusion: The presented protocol of pre-operative BTA appears to be a safe method of
CCR. We demonstrate that its use may reduce the need for component separation and is
associated with good post-operative outcomes.
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INTRODUCTION

Incisional hernias are increasingly common with occurrence rates
of 9%–20% after primary laparotomy [1]. Within the surgeon’s
armamentarium for repair of large incisional hernias are the
anterior and posterior component separation techniques
described by Ramirez [2] and Novitsky [3]. These procedures,
particularly transversus abdominis release (TAR), are challenging
to perform, have steep learning curves, and carry elevated risk of
complications. Moreover, muscle-releasing incisions interfere
with abdominal wall integrity and core stability as the divided
muscles atrophy over time.

Botulinum Toxin A (BTA) is now an established adjunct for
abdominal wall reconstruction (AWR) as a chemical component
relaxation (CCR) technique. It is a neurotoxin derived from
Clostridium Botulinum that selectively blocks the release of
acetylcholine from presynaptic cholinergic terminals to prevent
nerve conduction. Its use was first presented in 2009 by the
Mexican group Ibarra-Hurtado and colleagues [4]. Their group
described 5 injections bilaterally in the lateral abdominal wall of
12 patients and demonstrated a reduction in mean hernia defect
width of 5.25 cm after 4 weeks. Notably, half did not require
intraoperative component separation.

Over the subsequent 15 years, the use of BTA has grown in
popularity, with literature supporting its use in the pre-operative
setting prior to AWR worldwide [5]. Administration of BTA can
help achieve primary fascial closure (PFC) of both anterior and
posterior rectus sheaths by flaccid paralysis and elongation of the
lateral muscle complex, which facilitates medialisation during
surgery. Some authors suggest that it can be used as the primary
modality to assist with PFC [6, 7] rather than classic approaches of
anterior or posterior component separation. It also confers an
advantage of being non-invasive and can be performed in the
outpatient setting. A systematic review of 995 patients
demonstrated that BTA allowed an average elongation of lateral
abdominal wall muscles by 3.2 cm bilaterally andwas associatedwith
a significant improvement in fascial closure rates [8].

However, the heterogeneity in techniques and regimens used
for preoperative BTA is a notable concern. Uncertainty remains
regarding its dosing, formulation, timing, number of injections,
injection sites, and adjunctive techniques. Published data remains
limited, with few protocols reported. Some studies fail to
rigorously report on key technical steps such as number of
injections, anatomical site, specific indication for the use of
BTA and role of clinical governance to ensure patient safety.
Despite rapidly evolving interest, there is no current standardised
protocol for the administration of BTA. In this article, we
therefore share our experience of establishing a BTA service in
a UK tertiary hernia unit, with the aim of proposing a safe,
reproducible, and standardised administration protocol.

MATERIALS AND METHODS

Type of Study and Participants
This was a retrospective single-centre case series. Consecutive
adult patients aged 18 years or older who underwent (BTA)

administration for chemical component relaxation (CCR) were
prospectively collected for inclusion in the database, which was
retrospectively maintained and analysed for outcomes. The
period of data collection was 1st May 2021 to 30th April 2024,
which provided a 3-year overview of the development of a
standardised service. Patients with known contraindications to
BTA such as myasthenia gravis, multiple sclerosis, severe COPD,
breastfeeding, and pregnancy were excluded from our study. For
the analysis, patients undergoing parastomal hernia repair, flank
hernia repair and those that were referred just for BTA injection
(having subsequent AWR elsewhere) were excluded. Included
patients therefore had ventral hernias and received both BTA and
AWR at our centre.

Establishing a Chemical Component
Relaxation Service
The experience of establishing a protocol for BTA is described by
authors SP and RT, as the senior authors and joint leads of our
tertiary hernia centre. When building the CCR service, there were
three main areas of focus: 1) hospital board approval; 2)
maintaining a safe patient pathway; and 3) presenting all
outcomes for review in clinical governance meetings.

Board Approval
In the UK, BTA is not licensed for CCR, therefore, approval from
the local hospital board and medicines approval committee was
necessary to allow regulated off-label dispensing and clinical use.
Presentation of the literature supporting the use of BTA was
presented to the committees, with approval from the hospital
board, lead pharmacist and the elective surgery leads. In response
to the committee’s challenge to source an algorithm to determine
cases where BTA is appropriate, the senior author (RT) discussed
with consultants from 5 other AWR tertiary referral units in the
UK. Anecdotally surgeons were unaware of such algorithms being
in use, and it was down to the local multi-disciplinary team
(MDT) to decide. However, there was consensus that hernia
defect widths exceeding 10 cm and loss of domain more than 25%
of the intraabdominal volume (Sabbagh method [9]) were
indications for BTA. This was supported by a protocol
published by Yurtkap et al. [10].

Initially, the first 9 patients in this series were selected if the
transverse width of their hernia defect was 10 cm or greater.
However, in 2022 when our service was still in its infancy, a team
from Macquarie University (Australia) published their protocol
showing BTA reduced the needed for component separation. Of
note, they gave BTA to patients with hernia defects down to 5 cm
[6]. Based on this, our protocol was adapted to include midline
defects down to 5 cm where the risk of raised intraabdominal
pressure and medical comorbidities may be ameliorated by BTA
administration. BTA was therefore prescribed (Botox® due to
local availability) more liberally according to our updated
algorithm (shown in Figure 1) and was integrated into the
patient pathway and local MDT. Our MDT service is already
described elsewhere [11], and consists of abdominal wall
surgeons, plastic surgeons, radiologists, anaesthetists, and other
key service stakeholders. These members are responsible for
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prescribing BTA based on the algorithm. The primary intention
of BTA administration for all patients was to induce flaccid
muscle paralysis in the elective setting to aid with PFC
during surgery.

Patient Pathway and Technique for Administering BTA
To reduce strain on other services within the trust, it was
important to create a pathway which facilitated patient flow
using pre-existing structures, and without the requirement of
additional training or staff. Patients selected for CCR were
booked to attend elective theatres on a day the AWR team
were operating. During a concurrent AWR case, the
anaesthetic room was used as the BTA treatment room, with a
dedicated anaesthetist (RJ) performing ultrasound-guided
intramuscular injections according to a standardised protocol.
A weight-based dose of 1% lidocaine local anaesthetic plus/minus
Entonox was used for analgesia, followed by 300 IU of Botox®
diluted across 150 mL of 0.9% normal saline (2 IU/mL of BTA).

BTA was divided into 3 injections per side into the external
oblique, internal oblique, and the transversus abdominus
muscles. Injections were placed in the anterior axillary line or
at a safe point lateral to this if a giant ventral hernia encroached
on it. An imaginary line was drawn between the lower border of

the costal margin and upper border of the iliac crest. The first
injection was placed at a point halfway along this line, followed by
2 further injections: one halfway between the first point and edge
of costal margin, and one halfway between the first point and iliac
crest. After administration, patients were monitored for an hour
in the recovery area for adverse effects, such as bleeding, urticaria
or respiratory compromise. They were then discharged home
same day when there were no concerns from medical or
nursing staff.

Patients were called back for their elective AWR operation
between 3-4 weeks after BTA infiltration unless there were
clinical or logistical factors delaying the process. Micro-Delphi
process [12] was performed routinely before knife-to-skin,
ensuring the MDT operative plan was central to the dialogue
and possible bail-out strategies had been discussed. Patients
received an open approach and where possible, placement of
mesh in the retrorectus or retromuscular plane. Our protocol
states that component separation may be required if the maximal
transverse defect width is 8 cm or greater, the choice of which
(TAR or ACS) was discussed during MDT beforehand. If tension
was apparent during PFC and the retromuscular plane not
previously used, then unilateral TAR was the first line choice,
followed by bilateral TAR or contralateral ACS. Anterior and
posterior sheaths were closed with 2/0 PDS small bites technique
[13]. In extreme cases where despite component separation PFC
could not be achieved, a peritoneal flap hernioplasty or bridging
mesh technique was performed.

Clinical Governance
Clinical governance is a central facet of our tertiary AWR service
to ensure outcomes are scrutinised for efficacy and patient safety.
As a newly established service with off-formulary use of BTA, it
was mandatory for outcomes following BTA administration to be
examined at least on a yearly basis. This was the rationale for
establishing a database of patients undergoing BTA injection for
an AWR indication and prompted this study to be conducted.
The database was divided into the following sections: baseline
demographics, hernia characteristics, operative characteristics,
and patient outcomes.

Data Extraction and Outcomes
Approval from the Trust clinical governance department was
granted for the retrospective collection and analysis of data for
this study. Ethical approval was not required as this was
conducted for service evaluation, with data captured as part of
normal clinical care. Data were extracted from the Trust clinical
documentation system, PowerChart, CernerWorks, and inputted
onto a retrospectively maintained database stored on a secure
Trust computer. All forms of documentation stored on the
patient record were reviewed such as perioperative notes,
clinic letters, operation notes, prescriptions, and
multidisciplinary team (MDT) outcomes. Baseline
demographics, preoperative MDT plan, BTA administration,
surgical procedure and postoperative outcomes were of
particular interest when the database was created. We defined
“defect size” based on the maximum transverse width of a single
defect documented radiologically or intraoperatively, or the

FIGURE 1 | Complex ventral hernia treatment algorithm with botulinum
toxin A and component separation.
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summed total of multiple Swiss cheese defects. “Downstaging”
was defined as no TAR/ACS when the defect size was 8 cm or
greater. We defined “upstaging” as the opposite situation, when
TAR/ACS was required with a defect <8 cm. Recurrence was
detected clinically during outpatient follow-up and/or
radiologically if CT scan was performed for other reasons.

Statistical Analysis
Analysis was performed using preset summary functions on
Microsoft excel (Microsoft Excel for Mac, Version 16.66.1,
Microsoft Corporation, Washington, USA). Dichotomous
variables were reported as number and percentage occurrence
rate and continuous variables with skewed distributions were
reported as median with range.

RESULTS

See Table 1 for a summary of patient characteristics and Table 2
for outcomes following BTA administration and AWR.

Baseline Demographics
During the 3-year period, a total of 45 out of the 200 patients
discussed at the local MDT underwent BTA. Of these 45 patients,
35 were included in the analysis. The median age was 58 years
(range 30–80), and median body mass index was 32 kg/m2

(21–40). Sixty three percent of patients were female (n = 22).
Within the cohort, 20% were active smokers and 17% were
diabetic. The majority of patients were ASA grade 2 or 3 (89%).

Hernia Characteristics
Hernia defect widths ranged from 5cm to 15.5 cm with a median
width of 8 cm. Midline hernias accounted for 86% and off-
midline hernias 14%. According to the EHS classification for
ventral hernia [14], the commonest location of the defect “centre-
point” was M3 (n = 22), followed by M5 (n = 4) and L3 (n = 3).
There were 2 hernias each for M2 and L1, and 1 hernia each for
M1 and M4. Incisional or recurrent incisional hernias accounted
for 91% (n = 32) of the cohort and primary hernias 9% (n = 3).

Operative Characteristics
Overall, component separation was performed in 51% (n = 18) of
cases of which 72% (n = 13) were posterior component separation
and 28% (n = 5) were anterior component separation. Of those
patients who had posterior component separation, 69% (n = 9)
were unilateral TAR and 31% (n = 4) were bilateral TAR.
Successful PFC of both anterior and posterior rectus sheaths
was achieved in 91% (n = 32). A synthetic mesh (Prolene,
Ethicon) was placed in 54% (n = 19) and biologic mesh
(Ovitex ®, TELA Bio) in 46% (n = 16). Median operating time
was 237 min (range 76–338).

Outcomes
Median time from BTA administration to surgery was 29 days
(range 12–78) and median length of follow-up after AWR was
335 days (range 15–1047). There were no reported complications
following BTA administration, and all patients were managed as
day cases. There were no re-admissions following BTA treatment.

At the point of surgery, 39% of cases (n = 9) were downstaged
i.e. 39% of patients with hernia widths 8 cm or greater did not
require component separation. A total of 49% (n = 17) did not
require any component separation, and primary fascial closure of
both anterior and posterior sheaths was achieved in 91% (n = 32)
of cases. Upstaging occurred in 4 cases where the hernia
width was <8 cm.

The rate of surgical site occurrence (SSO) was 31% (n = 11)
and the rate of hernia recurrence was 3% (n = 1). The hernia
recurrence occurred in an incisional hernia with defect width of
15 cm. Two patients required formal return to theatre–one for
operative drainage of a large superficial seroma following reversal
of transverse loop colostomy and bilateral TAR, and another for
debridement of necrotic umbilicus after a combined AWR and
abdominoplasty. The other re-interventions included bedside
debridement of wound dehiscence and drainage of seroma by
interventional radiology.

TABLE 1 | Summary of patient characteristics.

n = 45 Value (median with range or n with %)

Demographics
Age (years) 58 (30–80)
BMI (kg/m2) 32 (21–40)
Female sex (male) 22 (13)
Active smokers 7 (20%)
Diabetes 6 (17%)
ASA grade
ASA 1 4 (11%)
ASA 2 26 (74%)
ASA 3 5 (14%)

Hernia characteristics
Hernia defect width (cm) 8 (5–15.5)
Hernia type
Off midline 5 (14%)
L1 2 (6%)
L3 3 (9%)
Midline 30 (86%)
M1 1 (3%)
M2 2 (6%)
M3 22 (63%)
M4 1 (3%)
M5 4 (11%)

Operative characteristics
Component separation 18 (51%)
Anterior 5 (14%)
Posterior 13 (37%)
Unilateral TAR 9 (26%)
Bilateral TAR 4 (11%)

None (rives-stoppa only) 17 (49%)
Operating time (mins) 237 (76–338)
Mesh type
Synthetic 19 (54%)
Biologic 16 (46%)

BMI, body mass index; ASA, American Society of Anaesthesiologists; TAR, transversus
abdominis release.
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DISCUSSION

A standardised BTA protocol is a valuable tool not only in tertiary
AWR units, but also in lower-volume, lower-resource settings
where downstaging of complex hernias can be pivotal for patient
outcomes. Whilst we acknowledge that other UK centres are
using preoperative BTA, we are not yet aware of any that have
published their protocols or reported on their outcomes. We
found no clinically important adverse events following BTA
administration in our series which aligns with existing
literature [8]. Publications citing serious complications
following BTA seem to be infrequent [15] and this is
comparable with our experience. We therefore believe this
practice is unlikely to be detrimental in the short-term given
that patients typically undergo surgery within 2–3 months of
administration. Whilst we failed to measure any quality-of-life
outcomes such as bloating, back pain and difficulty with
defaecation, these could potentially be mitigated with careful
preoperative counselling. As part of our protocol, we advocate the
need for centres with existing or new BTA services to audit their

outcomes at least annually and review these outcomes in a local or
regional clinical governance setting.

A key finding from our study is that BTA facilitated
“downstaging” of the final operation in just over a third of
cases which would have received component separation
otherwise. This is important given that TAR is associated with
increased operative time [16], higher complication rates [17], and
prolonged recovery [18]. Furthermore, obviating the need for
myofascial release maintains virgin planes in case of hernia
recurrence and need for further surgery. While muscle
elongation appears to be an objective, repeatable and
quantifiable endpoint suitable for clinical trials, the concept of
“downstaging” appears to be a pragmatic measure. It captures the
essence of real-world intraoperative decision-making, where
preoperative imaging may not fully represent the dynamic
behaviour of tissues encountered during surgery. Complete
PFC of both anterior and posterior sheaths together was
successful in all cases except 3; two of these were midline
hernias that despite component separation, required bridging
of the posterior sheath with sac or omentum to restore the visceral
protection layer, and one required bridging of the anterior sheath
with mesh. Other studies describe a similar rate of PFC when
utilising BTA protocols with or without preoperative progressive
pneumoperitoneum (PPP) [6, 10, 19].

Jacombs et al. describe a protocol implemented over 7 years
and routinely use BTA with hernia defects of 5 cm or greater.
They found that BTA could facilitate PFC without the need for
component separation when the defect was <12 cm. Our protocol
was influenced by this and whilst initially using 10 cm as a cut-off
point for which BTA is used, this was decreased to 5 cm if after
discussion in theMDTwas felt to provide benefit. These decisions
were either to relieve the effects of comorbidities or pre-empt a
technical challenge during surgery. Examples from our series
included a patient with moderate COPD and several defects
totalling 5cm, and a patient with previous renal transplant
secondary to diabetic nephropathy and a 6 cm defect. In such
patients, mitigating the effect of raised intraabdominal pressure
was important to prevent medical complications of respiratory
failure or acute kidney injury. Operative challenges included a
patient with a 6 cm M1 hernia and concurrent diaphragmatic
hernia following colonic interposition repair of tracheo-
oesophageal fistula and a patient with multiple previous
caesarean sections with a 5 cm M5 Pfannenstiel hernia. In
both cases we anticipated some difficulty with PFC due tight
myofascial structures close to costal margin and pelvic brim.

Our group use the Rives-Stoppa repair as our standard
approach assuming the retrorectus plane has not been
violated. For hernia defects of 8 cm and above, this allows
component separation to be applied for additional length gain.
Our data suggests that BTA may reduce the likelihood of
performing component separation, which is similar to results
from other studies [7, 20]. However, it is worth noting that BTA
may not entirely obviate the need for component separation since
some cases with defect sizes <8 cm were unexpectedly “upstaged.”
These cases were all off-midline hernias or close to bony
prominences where myofascial tension is greatest. The choice
for which method of component separation to use is decided

TABLE 2 | Summary of outcomes following botulinum toxin A (BTA) administration
and abdominal wall reconstruction (AWR).

n = 45 Value (median with range or n with %)

General outcomes
Length of follow up 335 (15–1047)
Time from BTA to surgery 29 (12–78)
BTA day case rate 35 (100%)
BTA complications
Injection site complication 0 (0%)
Respiratory 0 (0%)
Cardiac 0 (0%)
Urticaria 0 (0%)
Anaphylaxis 0 (0%)

AWR complications
SSO 11 (31%)
SSI 3 (9%)
Seroma 5 (14%)
Haematoma 1 (2%)
Superficial wound

dehiscence
2 (6%)

Enterocutaneous fistula 0 (0%)
Other
Hospital acquired

pneumonia
3 (9%)

Urinary tract infection 1 (3%)
Ileus 1 (3%)
Venous

thromboembolism
1 (3%)

Recurrence 1 (3%)
Re-intervention 6 (17%)
Bedside wound

debridement
2 (6%)

Drainage of seroma 3 (9%) [2 by interventional radiology and
1 operative drainage]

Debridement of umbilicus 1 (2%)
Mortality 0 (0%)
Length of hospital stay 7 (5-48)

SSO, surgical site occurrence; SSI, surgical site infection.
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during the MDT but depends on multiple factors such as
location of previous mesh, availability of mesh planes,
rectus muscle bulk and lateral strap muscle retraction. Our
preferred method of component separation is the transversus
abdominis release. But this depends on good quality rectus
muscle and an intact retrorectus plane. In this series, the
majority of cases were incisional or recurrent incisional
hernias, thus the choice of component separation could not
always follow a strict algorithm but was tailored to individual
circumstances.

An advantage of BTA administration is its simplicity and non-
invasiveness, with ultrasound-guided injections relatively easy to
learn and perform in the outpatient setting. In our unit, a dedicated
anaesthetist performed BTA injections under ultrasound guidance,
but this could be easily adopted by surgeons, radiologists or pain
specialists depending on local expertise and resource availability.
Electromyography (EMG) recording is reported in the literature [4,
7], but we believe this is impractical for routine clinical use.
Ultrasonography skills are already well-established among
anaesthetists who frequently perform transversus abdominis plane
(TAP) blocks for other indications, whereas interpreting EMG
signals is not a common skill for most medical professionals.
Additionally, performing BTA injections in the anaesthetic room
during an operative case presents logistical advantages. Since
anaesthetists often have a trainee present who can oversee the
patient undergoing surgery, BTA administration can be carried
out simultaneously without disrupting workflow or need for extra
procedure rooms.

In the absence of obvious contraindications such as allergy or
severe neuromuscular compromise, we believe the risk benefit ratio
appears to favour using BTA liberally. If an extensive dissection with
increased risk of surgical site occurrences can be avoided, then it is
probably worth doing. This is especially so as our team are moving
towards complete extra-abdominal AWR with central zone skin
excision which, anecdotally, is easier to perform due to increased soft
tissue laxity. During the study period, other adjuncts to AWR such as
PPP and Fasciotens® were not available and so are not described in
our protocol. However, our PPP service has since developed and is
used for patients with loss of domain >25% using the Sabbagh
method [21]. In the future, we aim to integrate our BTA service into
a perioperative care pathway which includes prehabilitation,
supervised weight loss programme and progressive preoperative
pneumoperitoneum (PPP) as required.

Limitations of the Study
This study has inherent limitations. As a retrospective case series
from a single institution with a relatively small sample size, its
findings may not be generalisable. Although patients were
prospectively enrolled, there was no randomisation and there
is potential for confounding by uncategorised variables.
Furthermore, downstaging and PFC depends on multiple
factors, not just abdominal wall compliance, which is the
primary aim of BTA. For example, PFC is dramatically
affected by defect size, loss of domain, and tissue quality
which we were unable to control for.

A dual-centre cohort study by Zamkowski et al. [20] was able
to report on clinically significant differences in PFC rates between

a BTA group and non-BTA control group of 50 patients each. In
this study, patients undergoing preoperative BTA showed a
significant reduction in component separation technique
compared to the non-BTA group (46% and 84% respectively).
Unfortunately, a notable weakness is that our study did not have a
comparator arm. As the cohort grows, we plan to include a
control group and perform propensity-matched scoring to allow
more accurate comparison between BTA versus no BTA and
reduce the influence of confounding variables. It would also be
beneficial going forward to perform cost analysis in order to
evaluate the economic impact of different BTA preparations and
their feasibility in clinical practice.

In this cohort, we were not able to measure quality-of-life
themes for patients after BTA including impact on psychology,
social dynamics and daily life [22]. Several quality-of-life
assessment tools have been shown to aid in a more holistic
approach to patient outcomes [23] and we aim to incorporate
these into future series. We are reassured however that there were
no clinically important adverse events which may pose a future
contraindication to BTA for eligible patients.

Conclusion
We have established a chemical component relaxation service where
BTA is now used for AWR patients with hernia defects >5 cm. In
summary, our protocol for BTA administration could be effective for
downstaging hernias >8 cm where component separation would
otherwise be required. High quality randomised controlled trials are
needed to confirm the efficacy of BTA for CCR and would benefit
from strict inclusion criteria to determine the situations where it is
most valuable.
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