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Abstract

Purpose: To discuss the utility of administrating botulinum toxin A (Botox) as an adjunct to surgical repair of complex
abdominal wall hernias. Through discussion of the ultrasound-guided procedural technique and outcome data of one
tertiary care center, it is our intention to bring awareness to this newer therapeutic option to facilitate the performance of
this procedure at other care centers on a larger scale.

Materials and methods: The procedure method of ultrasound-guided Botox injections and clinical course at one
institution will be discussed. Outcome data including complications, achievement of primary fascial closure, rate of
hernia recurrence, and patient population will be presented.

Results: Preoperative ultrasound-guided botulinum toxin A injection is a safe and effective procedure in patients
undergoing complex ventral abdominal wall hernia repair that helps facilitate primary closure of large abdominal wall
defects.

Conclusion: Awareness of this safe and effective preoperative image-guided procedure will help facilitate
performance of this technique at more care centers, increasing the likelihood of primary closure of abdominal wall
defects in more patients with large complex ventral hernias.

Keywords: Abdominal wall hernia; Loss of domain; Ultrasound Utilization of Botulinum Toxin A (BTA) has emerged asa promising
guided intervention; Botox technique for preoperative abdominal wall muscle relaxation [3]. A

neurotoxin derived from Clostridium botulinum, BTA acts by blocking
Introduction

Abdominal wall reconstruction of complex ventral hernias presents
several significant surgical challenges. Complex ventral hernias with
loss of domain, described as large abdominal wall defects that cannot
accommodate the abdominal viscera, occur when abdominopelvic
contents distribute into the hernia sac (Figures 1-3) [1]. This herniation
promotes increased lateral muscle retraction and abdominal wall
muscle tension, causing difficulties with tissue approximation and
subsequent risk for postoperative pain, compartment syndrome, and
hernia recurrence [2-4]. Many of the current surgical techniques that
aim to improve the preoperative expansion of the abdominal wall
musculature, including pneumoperitonisation, myocutaneous fascial
expanders, and component separation, are associated with high rates of
post-operative wound infection and deep muscle injury, contributing
to high costs and hernia recurrence rates [5,6].

Figure 1B: 56 y/o male with diastasis of the anterior abdominal wall. Axial (A) and
sagittal (B) CT shows alarge ventral defect containing much of the mesentery and
bowel.
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Figure 2A: 60 y/o female with a large ventral hernia. Axial (A) and sagittal (B) CT
images demonstrate the hernia containing large and small bowel.

Figure 2B: 60 y/o female with a large ventral hernia. Axial (A) and sagittal (B) CT
images demonstrate thehernia containing large and small bowel.

Figure 3: 48 y/o male with ventral hernia. Sagittal CT shows diastasis of the
anterior abdominal wallextending from the subxiphoid level to the mid pelvis,
containing small and large bowel.

acetylcholine ligand-receptor binding at the neuromuscular junction,
leading to flaccid paralysis of the local musculature. Commercially
marketed as Botox and Dysport, BTA is frequently used for cosmetic
procedures, dystonias, pain management, and spasticity disorders
given its efficacy and duration of effects for up to 6 months from the
time of administration. Since 2006, human and animal models have
shown BTA’s preoperative paralytic efficacy on abdominal wall prior to
operation via the lengthening and thinning of local musculature [7,8].
BTA administration may thus serve as a suitable candidate for assisting
in the primary fascial closure of large hernia defects [9-13].

Methods and Material

Patients with extensive ventral wall defects with loss of domain
presented to the Musculoskeletal Radiology division for US-guided
injection of BTA into the abdominal wall musculature. There were
26 instances of ultrasound (US)-guided administration of BTA on 24

different patients with ventral hernias with significant loss of domain,
identified according to surgical consultation documentation. The first
patient of the cohort later underwent two additional US-guided BTA
injection procedures solely intended as an adjunct to pain relief and not
with the intention of fascial closure. As such, this patient’s subsequent
encounters were excluded from the data set. The US-guided procedures
were performed by the Musculoskeletal Radiology division of a 1,110
bed-academic hospital in Southeast Michigan from May 2015 to July
2018. After obtaining Institutional Review Board (IRB) approval,
outcome data following the US-guided BTA injection procedure
and ventral hernia repair of these 24 patients were obtained through
observational retrospective review of electronic medical records. All
the hernias were described as “post-surgical” in etiology.

Although variable, the target time frame for BTA injection was 4
weeks prior to hernia repair. Versed and Fentanyl were administered
to provide conscious sedation by an independent radiology nurse
throughout the duration of the procedure. The abdomen was prepared
and draped in a sterile fashion. Each injection site was anesthetized with
1% lidocaine prior to the administration of BTA (Figure 4) [11]. 300
mg of BTA was diluted in 150 cc of normal saline and under real-time
ultrasound guidance, a 20-gauge spinal needle was used to administer
the dilute BTA into the muscle belly of the superior, mid, and inferior
portions of the rectus abdominis and lateral wall muscles (transverse
abdominis, internal oblique, and external oblique). Completed
injection sites were subject to minor variations in procedure technique
given the variability of the size of ventral defect, degree of muscle
retraction, and target visibility. The rectus abdominis was frequently
difficult to visualize due to significant thinning which caused concerns
for safe injection and led to reduced administrations in that muscle
region (Figure 6).

An example of typical injected volumes and locations during the
procedure are as follows (Figure 5) [12]:

Right inferior oblique: 12 cc (4cc at each layer)
Right mid oblique: 12 cc (4cc at each layer)
Right superior oblique: 12 cc (4cc at each layer)
Right inferior rectus abdominis: 4 cc

Right mid rectus abdominis: 4 cc

Right superior rectus abdominis: 4 cc

Left inferior oblique: 12 cc (4cc at each layer)

Figure 4: Graphic depicting the target anatomy and approach when localizing the
lateral oblique muscleson ultrasound prior to injection. EO (external oblique muscle)
10 (internal oblique muscle) TA (transverseabdominis muscle). Reproduced from
Zendejas et al. 2013.
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Figure 5: Location of target injection sites for BTA administration. Reproduced and
adapted from Smootet al. 2011 [12].

Figure 6A: Anatomic targets for BTA injection. Axial CT (A) demonstrating the
relevant anatomy with corresponding intra-procedural US images during (B) and
following (C) the injection of the rectus abdominis and the lateral abdominal wall
musculature (D,E). Rectus abdominis (RA), External oblique(E)O), Internal Oblique
(10), Transverse abdominis (TA).

Figure 6B: Anatomic targets for BTA injection. Axial CT (A) demonstrating the
relevant anatomy with corresponding intra-procedural US images during (B) and
following (C) the injection of the rectus abdominis and the lateral abdominal wall
musculature (D,E). Rectus abdominis (RA), External oblique(E)O), Internal Oblique
(10), Transverse abdominis (TA).

Left mid oblique: 12 cc (4cc at each layer)
Left superior oblique: 12 cc (4cc at each layer)

Left inferior rectus abdominis: 4 cc

Figure 6C: Anatomic targets for BTA injection. Axial CT (A) demonstrating the
relevant anatomy with corresponding intra-procedural US images during (B) and
following (C) the injection of the rectus abdominis and the lateral abdominal wall
musculature (D,E). Rectus abdominis (RA), External oblique(E)O), Internal Oblique
(10), Transverse abdominis (TA).
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Figure 6D: Anatomic targets for BTA injection. Axial CT (A) demonstrating the
relevant anatomy withcorresponding intra-procedural US images during (B) and
following (C) the injection of the rectus abdominis and the lateral abdominal wall
musculature (D,E). Rectus abdominis (RA), External oblique(E)O), Internal Oblique
(10), Transverse abdominis (TA).
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Figure 6E: Anatomic targets for BTA injection. Axial CT (A) demonstrating the
relevant anatomy with corresponding intra-procedural US images during (B) and
following (C) the injection of the rectus abdominis and the lateral abdominal wall
musculature (D,E). Rectus abdominis (RA), External oblique(E)O), Internal Oblique
(10), Transverse abdominis (TA).
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Left mid rectus abdominis: 4 cc
Left superior rectus abdominis: 4 cc

Measurements of the transverse diameter of the abdominal wall
defect were obtained at the maximum defect width from the medial
edge of the rectus abdominis on each side. The most recent axial
abdominal CT available prior to BTA administration was used to
determine these measurements.

*One patient in our cohort did not undergo hernia repair due to
significant comorbidities. The post ventral hernia repair outcome data
is therefore calculated using 23 patients total (Figure 7).

Results
96% of our patient cohort achieved primary closure at the time of
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Figure 7A: BMI distribution at the time of BTA injection.
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Figure 7C: Gender distribution of patients undergoing BTA injection.

hernia repair. At 1-year post-op, 78% had experienced no recurrence
(Figure 8). The mean age of the 24-patient cohort was 56 years and
was predominantly male. Mean patient BMI at the time of BTA
administration was 32.1. Most patients received a total of 10 to 12
injections (Table 1A and 1B). Mean hernia defect width was 15.8

Total No. of BTA Injections Per Procedure

e
o

No. of Patients
O RPN WBR UM W

7 8 9 10 11 12
No. of Injections

Figure 7D: Total number of BTA injections per procedure.

Figure 8A: 82 y/o male with a large ventral wall hernia defect and multiple dilated
loops of small bowel Preprocedural axial (A) and sagittal (B) CT images. The patient
underwent US-guided BTA injections 2 months later in preparation for hernia repair.

Figure 8B: 82 y/o male with a large ventral wall hernia defect and multiple dilated
loops of small bowel Preprocedural axial (A) and sagittal (B) CT images. The patient
underwent US-guided BTA injections 2 months later in preparation for hernia repair.
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Figure 8C: 82 y/o male 2.5 years after undergoing ventral hernia repair. Axial
(C) and sagittal (D) CTimages show the abdominal wall musculature is still well
approximated.

Figure 8D: 82 y/o male 2.5 years after undergoing ventral hernia repair. Axial
(C) and sagittal (D) CTimages show the abdominal wall musculature is still well
approximated.

Percent of Patients Where Primary Closure Was
Achieved at Time of Ventral Hernia Repair

Yes 96%

No 4%

Table 1A: Achievement of primary surgical closure following US guided BTA
injections (A) andrecurrence rate 1 year post-op (B).

Recurrence Rate of Ventral Hernia Status Post
Repair
No Recurrence 78%
Recurrence 22%

Table 1B: Achievement of primary surgical closure following US guided BTA
injections (A) and recurrencerate 1 year post-op (B).

centimeters (cm) with a range 0£4.9 to 29.2 cm. Average time from BTA
injection to hernia repair was 49 days with a range of 8 to 133 days. 0 of
24 patients experienced a documented US-related complication. 5 of 23
patients experienced a surgical procedure-related complication such as
post-operative fluid collection, chronic wound, or bowel perforation.

Discussion

Outcome data on 24 patients undergoing 26 preoperative US-

guided abdominal wall BTA injections prior to ventral hernia repair
was reported. Among studies by Elstner et al. and Rodriguez-Acevedo
et al., our cohort is one of the largest data sets to examine this topic
to date [2,9]. Of the 23 patients who underwent ventral hernia repair,
96% of patients achieved primary closure. This finding is consistent
with the published literature that has reported a closure rate of 83%
when preoperative abdominal wall BTA injections were performed
[8]. Abdominal hernia recurrence was experienced by 22% of the
patients in our data set. This is a significant reduction in comparison to
the recurrence rate of up to 53% when only surgical techniques, such
as mesh and component separation, were utilized for ventral hernia
repair [10]. All BTA injections were well tolerated and there were no
reported procedure-related complications.

Conclusion

Preoperative ultrasound-guided Botulinum Toxin a injection
is a safe and effective procedure for patients undergoing complex
ventral abdominal wall hernia repair that aids primary closure of large
abdominal wall defects. Awareness of this emerging preoperative
image-guided procedure will help facilitate the performance of this
technique at more care centers, increasing the likelihood of primary
closure of abdominal wall defects in many patients with large complex
ventral abdominal wall hernias.
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