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Introduction: The management of giant diaphragmatic paralysis remains a significant
surgical challenge, frequently associated with high rates of recurrence and the risk of
developing abdominal compartment syndrome. While the use of Botulinum Toxin Type A
(BTX- A) as an adjuvant therapy has been established in complex ventral hernia repair, its
application in diaphragmatic paralysis is novel and sparsely documented. This study aims
to present our institutional experience with BTX-A as a prehabilitation strategy in patients
with complex diaphragmatic paralysis and to evaluate short- and long-term outcomes.

Materials and Methods: Three patients with complex diaphragmatic paralysis
underwent preoperative administration as part of a prehabilitation protocol prior to
surgical repair. Loss of domain (LD) was calculated using the Sabbagh formula.
According to Sabbagh, LD is defined as the ratio of herniated volume to total
peritoneal volume (LD = HV/TPV), with a loss >20% being considered significant. Al
patients received a standardized BTX-A administration protocol consisting of ultrasound-
guided injection of 500 units of botulinum toxin type A, administered at six sites following
the technique described by Smoot, with three injection points on each side targeting the
internal oblique muscle 4 weeks before surgery.

Results: Preoperative administration of Botulinum Toxin Type A (BTX-A) was safe in all
three patients, with no postoperative complications or development of abdominal
compartment syndrome, which was monitored through continuous intra-abdominal
pressure measurements during the hospital stay (short-term outcomes). Six months
postoperatively, all patients demonstrated significant improvement in respiratory
function, assessed by standard pulmonary function tests, and reported improved
quality of life, including relief from dyspnoea and enhanced daily functioning. At twelve
months, two patients remained asymptomatic, with no clinical or radiological evidence of
recurrence (long-term outcomes). Overall, preoperative BTX-A was associated with both
short-term safety and sustained long-term functional benefits in this series.
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Conclusion: Preoperative BTX-A appears to be safe and well-tolerated in complex
diaphragmatic paralysis. The results suggest that BTX-A may reduce complications,
improve functional outcomes, enhance respiratory function, and increase quality of life,
with effects maintained for at least 1 year in most patients.

Keywords: botulinum toxin type A, compartment syndrome, diaphragmatic paralysis, prehabilitation,

surgical treatment

INTRODUCTION

Diaphragmatic eventration is a congenital or acquired
condition characterized by abnormal elevation of the
diaphragm due to muscular or phrenic nerve dysfunction
while maintaining its continuity and attachment to the
costal margins [1]. Phrenic paralysis, often secondary to
nerve injury, thoracic or cervical surgery, trauma, or
neurological disease, represents the most frequent functional
disorder of the diaphragm [2, 3]. Symptomatic patients may
present with dyspnoea, orthopnoea, hypoxemia, and
nonspecific gastrointestinal complaints.

Surgical treatment, particularly diaphragmatic plication,
remains the mainstay of therapy for symptomatic patients,
aiming to improve respiratory function and relieve dyspnoea
[1, 2]. However, giant or complex diaphragmatic paralysis poses
significant challenges, with high recurrence rates and risk of
abdominal compartment syndrome [4].

Botulinum Toxin Type A (BTX-A) has been increasingly used
in complex ventral hernia repair. By inducing temporary flaccid
paralysis of abdominal wall muscles, BTX-A facilitates fascial
closure and reduces tension [5-12]. Its application in
diaphragmatic paralysis remains scarcely documented. This
study presents our experience using BTX-A as a
prehabilitation strategy prior to diaphragmatic plication.

CASE REPORT

Case 1

A 44-year-old man (body mass index 39 kg/m?) was evaluated for
chest pain and dyspnoea with a two-year history. After
assessment by the pulmonology, cardiology, and neurology
departments, a diagnosis of idiopathic left diaphragmatic
relaxation was made, and the patient was referred for thoracic
surgery. His medical history was notable for suspected
obstructive sleep apnoea syndrome (OSAS), managed with

non-invasive  mechanical  ventilation = (NIV).  Physical
examination was unremarkable.
A neurophysiological study and thoracic computed

tomography scan (Figure 1) revealed a serious elevation of the
left hemidiaphragm and herniation of abdominal contents into
the thorax, including stomach, spleen, and colon splenic flexure,
occupying approximately 50% of the left hemithorax and causing
right mediastinal shift, with 20% of abdominal viscera displaced
into the thorax according to Sabagg’s formula [13]. Preoperative
preparation focused on prehabilitation with respiratory
physiotherapy.

Given the size of the defect, adjuvant therapy was performed
with botulinum toxin injection following the Smoot technique
[14], without complications.

Four weeks later, a left diaphragmatic plication was performed
via  posterolateral thoracotomy, using non-absorbable
monofilament barbed sutures and reinforced with a Gore-
Tex® mesh. Intraoperative findings confirmed significant
diaphragmatic laxity, with the dome of the diaphragm
reaching the level of the bronchial carina. A pleural drain and
an epidural catheter were placed for postoperative management.

The patient was extubated in the operating room and
transferred to the postoperative recovery unit, where he
remained for 4 days, hemodynamically stable, eupnoeic, and
without need for supplemental oxygen. Intra-abdominal
pressure was monitored, with values of 10 mmHg
preoperatively, 11 mmHg at the end of surgery, and less than
15 mmHg over the subsequent days. The epidural catheter was
removed at 72 h, the pleural drain removed on postoperative day
5, and the patient was discharged on day 6.

At the six-month follow-up, the patient reported significant
improvement in quality of life, including the ability to tolerate the
supine position, which had previously been intolerable. He
demonstrated good respiratory function, and a follow-up chest
radiograph (Figure 2) showed no elevation of the left
hemidiaphragm. At twelve months, the patient remained
asymptomatic and recurrence-free.

Case 2

A 63-year-old woman (body mass index 35 kg/m?) was evaluated
for dyspnoea and digestive symptoms of 2 years” duration. After
being evaluated by the pulmonology department, idiopathic left
diaphragmatic relaxation was diagnosed, and the patient was
referred for thoracic surgery. Her medical history included being
a former smoker for 20 years, and she was diagnosed with severe
OSAHS (obstructive sleep apnoea-hypopnea syndrome). The
physical examination was normal.

A chest CT (Figure 3) scan revealed a severe elevation of the
left hemidiaphragm and herniation of abdominal contents into
the thorax, including stomach, spleen, and colon splenic flexure,
with a percentage of herniated viscera of 23% according to
Sabagg’s formula [13], which occupied more than half of the
left hemithorax. It is associated with compressive atelectasis and a
moderate contralateral mediastinal shift. No image of a
diaphragmatic defect was observed. Preoperative preparation
focused on prehabilitation with chest physiotherapy. Given the
size of the defect, adjuvant therapy was performed with
botulinum toxin injection following the Smoot technique [14],
without complications.
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FIGURE 1 | Computed tomography scan (coronal and transverse section). Significant elevation of the left hemidiaphragm and infradiaphragmatic abdominal
contents, including the stomach, spleen, and splenic flexure of the colon and deviation of the mediastinum to the right.

FIGURE 2 | Postoperative Chest X-ray showed no elevation of the left
hemidiaphragm.

Four weeks later, a left diaphragmatic plication was performed
via  posterolateral  thoracotomy, using nonabsorbable
monofilament barbed sutures reinforced with Gore- Tex®
mesh.  Intraoperative  findings  confirmed  significant
diaphragmatic laxity, with the dome of the diaphragm
reaching the main carina. A pleural drain and an epidural
catheter were placed for postoperative management.

The patient was extubated in the operating room and
transferred to the Postoperative Recovery Unit, where she
remained hemodynamically stable, eupnoeic, and without the
need for supplemental oxygen for 2 days. Intra-abdominal
pressure was monitored, with values of 12 mmHg
preoperatively, 12 mmHg at the end of surgery, and less than
15 mmHg in the following days. The epidural catheter was
removed 72 h later, the pleural drain was removed on the
fourth postoperative day, and the patient was discharged on
the fifth day.

At a six-month follow-up, the patient reported a significant
improvement in her quality of life, with improved respiratory
function and digestive symptoms. At 12 months, the patient
remained asymptomatic and without recurrence. The follow-up
postoperative X-ray showing decreased—but not complete
resolution of—left hemidiaphragm elevation compared to the

preoperative state, which did not show an elevated
diaphragm (Figure 4).
Case 3

A 45-year-old man (body mass index 30 kg/m?) was evaluated for
mild haemoptysis, moderate exertional dyspnoea, episodes of
central chest tightness, and exercise intolerance. After being
evaluated by the pulmonology department, he was diagnosed
with idiopathic left diaphragmatic relaxation and referred for
thoracic surgery. His medical history included being a former
smoker for 2 months, asthmatic bronchitis in childhood, and
admission to the emergency department in November 2022 for
extensive deep vein thrombosis in the right lower extremity and
acute pulmonary thromboembolism in the inferior lobar
pulmonary artery and left basal segmental pulmonary arteries.
Physical examination was normal.

A chest CT scan showed left lung volume loss due to a large
diaphragmatic elevation with intra-abdominal visceral contents in
the chest and a right-sided mediastinal shift (Supplementary
Figure 1). Preoperative preparation focused on prehabilitation
with respiratory physiotherapy. Given the size of the defect,
adjuvant therapy was performed with botulinum toxin injection
following the Smoot technique [14], without complications.

Four weeks later, diaphragmatic plication was performed with
a non-absorbable barbed suture without the need for reinforcing
mesh using video-assisted thoracoscopy. A pleural drain and an
epidural catheter were placed for pain control. The patient was
extubated in the operating room and transferred to the
postoperative recovery unit, where he remained for 24 h,
hemodynamically stable, eupnoeic, and without the need for
supplemental  oxygen. Intra-abdominal  pressure  was
monitored, with values of 13 mmHg at the end of surgery.
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FIGURE 3 | Computed tomography (coronal and transverse section) marked elevation of the left hemidiaphragm and herniation of abdominal contents into the
thoracic cavity, including the stomach, spleen, and splenic flexure of the colon with a moderate contralateral mediastinal shift.

FIGURE 4 | Postoperative image showing decreased—but not complete resolution of—left hemidiaphragm elevation compared to the preoperative state.

The epidural catheter and pleural drain were removed 48 h later,
and the patient was discharged on the third day.

At a six-month follow-up, respiratory function improved
without dyspnoea or recurrence (Supplementary Figure 2).

DISCUSSION

Diaphragmatic paralysis and eventration represent a complex
surgical challenge, and several studies have evaluated
diaphragmatic plication as a standard intervention.

Reviews and series in adults and children have consistently
shown improvements in respiratory function, including increased
forced vital capacity and reduced dyspnoea, as well as relief of

symptoms such as orthopnoea and exercise intolerance following
plication [1-3], [15]. However, complications such as abdominal
compartment syndrome, although rare, have been reported in
cases of diaphragmatic paralysis or large diaphragmatic
eventrations [4], highlighting the need for careful perioperative
planning. In parallel, the use of botulinum toxin type A as a
preoperative adjunct has been extensively studied in the context of
large ventral hernias and abdominal wall reconstruction. Multiple
studies and systematic reviews have demonstrated that
preoperative botulinum toxin A increases abdominal wall
compliance, reduces tension during closure, facilitates the
reduction of herniated contents, and, in some series, decreases
postoperative complications such as seroma, infection, or hernia
recurrence [5-12]. Specifically, volumetric analyses and clinical
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measurements have shown improved abdominal cavity
accommodation and decreased intra-abdominal pressure after
toxin administration [6, 9].

Evidence specifically addressing the use of botulinum toxin
A prior to diaphragmatic plication is extremely limited. In
isolated reports, such as the use in Morgagni hernias [16],
botulinum toxin A facilitated abdominal wall relaxation,
allowing for tension-free closure and reducing the risk of
postoperative complications. Similarly, in giant hiatal
hernias with loss of domain [17, 18], preoperative toxin
injection improved diaphragmatic mobility and abdominal
cavity accommodation, contributing to successful surgical
reduction and repair without major adverse events. These
findings suggest potential benefits, but the evidence is
limited to case reports and small series, leaving a significant
gap in systematic data for complex diaphragmatic eventrations.

To our knowledge, no previous study has systematically
described the use of botulinum toxin type A as a prehabilitation
strategy prior to diaphragmatic plication. Our series of three
patients provides new evidence supporting the safety and
feasibility of this approach in complex diaphragmatic paralysis
with large eventrations. In all cases, preoperative botulinum
toxin administration facilitated abdominal wall relaxation,
allowed for tension-free plication, and was associated with
favourable postoperative outcomes, including the absence of
abdominal compartment syndrome and sustained clinical and
radiological stability at 12 months in two patients. These
findings suggest that the benefits previously observed in
abdominal wall reconstruction may be extended to thoracic
surgery, offering a novel strategy to optimize surgical conditions
and patient outcomes in this underexplored field.

When comparing these findings with the present series, there
is consistency in the effectiveness of botulinum toxin type A in
improving preoperative abdominal and thoracic dynamics,
reducing postoperative risks, and enhancing patient quality of
life. However, it is important to note that most existing studies
consist of case reports or small series, which limits the
generalizability of their findings. Additionally, it would be of
interest to assess the quantitative impact of botulinum toxin type
A on intra-abdominal pressure, postoperative respiratory
function, and objective markers of quality of life, which would
enable the establishment of stronger and standardized
recommendations for its use in thoracic surgery.

The present study has some limitations, such as its
retrospective nature, the small number of patients
included, short follow-up, and lack of a comparison
group. However, this series contributes to the growth of
evidence supporting the use of botulinum toxin type A as
an adjunctive tool in prehabilitation before complex
diaphragmatic eventrations repair.

In conclusion, although this is a novel and still underexplored
indication, the preoperative administration of botulinum toxin
type A as part of a prehabilitation protocol in patients with
complex diaphragmatic paralysis appears to be a safe and effective
strategy and may represent a significant advancement in the
management of these conditions. Larger prospective studies are
needed to establish standardized protocols and to validate these

Boyulinum Toxin in Diaphragmatic Eventrations

findings in broader populations with long-term follow-up in
order to draw definitive conclusions.
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