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ABSTRACT:

Background:

Acute sixth nerve palsy (abducens nerve palsy) is characterized by weakness or paralysis of the lateral rectus muscle,
resulting in impaired eye abduction. Current treatments for sixth nerve palsy, such as prism glasses and surgical
interventions, may have limitations in achieving satisfactory outcomes.

Objective:

This prospective observational study aims to evaluate the efficacy of botulinum toxin injections in improving ocular
motility and visual acuity in patients with acute sixth nerve palsy.

Methods:

Consecutive patients diagnosed with acute sixth nerve palsy at Saveetha Medical College & Hospital, Chennai, were
enrolled after obtaining institutional review board approval and written consent. Patients aged 18 years or older
underwent clinical evaluation and neuroimaging to confirm the diagnosis. Exclusion criteria included prior ocular
surgery, significant comorbidities affecting vision, contraindications to botulinum toxin injections, or inability to
adhere to follow-up visits. A total of 49 patients were included, with allocation into intervention (botulinum toxin
injections) or control (standard care) groups based on patient preference and clinical suitability. Botulinum toxin
injections were administered by experienced ophthalmologists targeting lateral rectus muscle involvement. Outcome
measures, including ocular motility, visual acuity, diplopia severity and adverse events, were assessed at baseline
and follow-up intervals (1 week, 1 month, and 3 months) using standardized methods.

Results:

Significant improvements in ocular motility and visual acuity were observed in the intervention group compared to
the control group over a one-month follow-up period. At baseline, there were no statistically significant differences
in ocular measurements between groups. However, at 1-week follow-up, the intervention group showed a significant
reduction in Hess screen measurements (p = 0.041) and improved visual acuity (p = 0.012) compared to controls.
These improvements were sustained and enhanced at 1-month follow-up (p < 0.001).

Conclusion:

Botulinum toxin injections demonstrate promise as an effective therapeutic intervention for acute sixth nerve palsy,
with significant improvements in ocular alignment and visual function compared to standard care. Larger studies
with longer follow-up are needed to validate these findings and establish clinical guidelines for botulinum toxin use
in managing acute sixth nerve palsy. Further research in this area will contribute to optimizing treatment strategies
and improving outcomes for patients with this condition
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INTRODUCTION:

Acute sixth nerve palsy or abducens nerve palsy, presents with weakness or paralysis of the
lateral rectus muscle, leading to impaired abduction of the affected eye (). This condition can
occur unilaterally or bilaterally and may result in diplopia, reduced visual acuity and
compensatory head positioning to mitigate symptoms. Any stage of nerve injury may result in
diplopia and abduction restriction. For every 1,000,000, there are 2.5 incidences of lateral
rectus palsy. Due to its higher incidence, diabetes has become one of India's main risk factors
for the development of nerve palsy. Infections, trauma, tumours, hypertension and
hyperlipidaemia are other known risk factors. According occurrence of lateral rectus palsy is
revealed by an Indian population-based study published in 2020; of those instances, 86.36%
were non-traumatic ). While existing treatments for sixth nerve palsy include prism glasses,
occlusion therapy and surgical interventions like lateral rectus muscle recession or resection,
these approaches may not consistently deliver satisfactory outcomes and can carry potential
complications. (-?

Botulinum toxin, derived from Clostridium botulinum bacteria has gained recognition as a
therapeutic agent for various ophthalmic conditions, including strabismus, blepharospasm and
hemifacial spasm, by inhibiting acetylcholine release at the neuromuscular junction, resulting
in temporary muscle paralysis. ¥ Despite its efficacy in other ocular disorders, the role of
botulinum toxin injections in acute sixth nerve palsy remains underexplored. This prospective
observational study aims to assess the effectiveness of botulinum toxin injections in improving
ocular motility and visual acuity in patients with acute sixth nerve palsy.

The sixth cranial nerve, vulnerable to a range of disorders and palsy, follows a lengthy and
winding path through the subarachnoid space. Esotropia, characterized by medial rectus
contracture and fibrosis, can develop in patients with sixth nerve palsy, complicating surgical
interventions.®) However, spontaneous recovery within six months has been reported in some
patients with this condition 46,

Research suggests that administering a toxin to the antagonist muscle (specifically, the medial
rectus muscle in lateral rectus palsy) can keep the muscle in a stretched position to potentially
expedite recovery %%, Prolonged muscle stretching has been shown to increase sarcomere
number, block contracture and promote quicker functional recovery.!®!"!2) This study
evaluates the effectiveness of this treatment approach in acute sixth nerve palsy, with injections
administered to the medial rectus muscle within the first month of paralysis.

METHODS:

In this prospective observational study conducted at Saveetha Medical College & Hospital,
Chennai, consecutive patients presenting with acute sixth nerve palsy were enrolled after
obtaining institutional review board approval and written informed consent. Eligible
participants, aged 18 years or older, were diagnosed with acute sixth nerve palsy through
clinical evaluation and relevant investigations like neuroimaging. Patients with previous ocular
surgery history, significant ocular comorbidities affecting vision, contraindications to
botulinum toxin injections or inability to adhere to follow-up visits were excluded. A sample
size of 49 patients was calculated to achieve 80% power at a significance level of 0.05 to detect
clinically significant differences in ocular motility and visual acuity between intervention
(botulinum toxin injections) and control (standard care) groups. Patient allocation into
intervention or control groups was based on patient preference and clinical suitability. Patients
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in the intervention group received botulinum toxin injections administered by experienced
ophthalmologists, tailored based on lateral rectus muscle involvement and individual patient
factors. Outcome measures including ocular motility, visual acuity, diplopia severity and
adverse events were assessed at baseline and follow-up intervals (1 week, 1 month, and 3
months) using standardized methods like the Hess screen test for ocular motility and Logmar
chart for visual acuity. Descriptive statistics summarized baseline characteristics, while
inferential statistics (e.g., t-tests, chi-square tests) were planned for comparing outcomes
between groups with a significance level set at p < 0.05. This study design aims to contribute
valuable insights into the efficacy and safety of botulinum toxin injections in managing acute
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sixth nerve palsy, potentially guiding clinical decision-making and optimizing patient care.

RESULTS:
Table 1: Baseline Characteristics of Study Participants
Characteristic Group 1 Group 2
Interventional Group | Control Group (n=25)
(n=24)
Age Mean = SD: 42.5+9.3 Mean + SD: 41.8 £ 8.7
Gender (M/F) 14/10 15/10
Duration of Palsy Mean + SD: 5.2 +£ 2.1 weeks | Mean = SD: 5.6 £ 2.5 weeks
Etiology Traumatic (n=12) Traumatic (n=10)
Idiopathic (n=8) Idiopathic (n=9)
Other (n=4) Other (n=6)

Table 2: Comparison of Ocular Motility and Visual Acuity Between Intervention and

Control Groups

Time Point Group 1 Group 2 p-
Intervention Group (n=24) | Control Group (n=25) value

Baseline

Hess Screen Mean £ SD: 4.8+ 1.2 Mean + SD: -4.5 £ 1.1 0.231

(Degree)

Visual Acuity Mean + SD: 0.6 + 0.2 |Mean + SD: 0.7 + 0.3 ]0.148
LogMAR LogMAR

(Snellen

Equivalent)

1 Week Follow-up

Hess Screen Mean £ SD: -3.2+ 1.0 Mean + SD: -4.2 £ 1.0 0.041

(Degree)

Visual Acuity Mean + SD: 04 + 0.1 | Mean + SD: 0.6 + 0.2]0.012
LogMAR LogMAR

(Snellen

Equivalent)

1 Month Follow-
up
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Hess Screen Mean + SD: -2.1 £0.8 Mean + SD: -3.8 £0.9 <0.001

(Degree)

Visual Acuity Mean + SD: 03 £ 0.1 | Mean + SD: 05 £ 0.2 ]<0.001
LogMAR LogMAR

(Snellen

Equivalent)

In this study evaluating the efficacy of botulinum toxin injections in acute sixth nerve palsy,
we observed significant improvements in ocular motility and visual acuity in the intervention
group compared to the control group over a one-month follow-up period. At baseline, there
were no statistically significant differences in Hess screen measurements (degree of deviation)
or visual acuity (Snellen equivalent) between the groups. However, at the 1-week follow-up,
the intervention group showed a statistically significant reduction in Hess screen measurements
(mean £ SD: -3.2 £+ 1.0 degrees) compared to the control group (mean + SD: -4.2 + 1.0 degrees;
p = 0.041). Similarly, visual acuity significantly improved in the intervention group (mean +
SD: 0.4 £ 0.1 LogMAR) compared to the control group (mean + SD: 0.6 £ 0.2 LogMAR; p =
0.012) at the 1-week follow-up. These improvements were sustained and further enhanced at
the 1-month follow-up, with the intervention group demonstrating a mean Hess screen
measurement of -2.1 £ 0.8 degrees and a visual acuity of 0.3 = 0.1 LogMAR, significantly
better than the control group (Hess screen: -3.8 = 0.9 degrees; visual acuity: 0.5 £0.2 LogMAR;
both p <0.001). These findings highlight the beneficial effects of botulinum toxin injections in
improving ocular alignment and visual function in patients with acute sixth nerve palsy,
supporting its consideration as an effective treatment option for this condition.
DISCUSSION:

Conflicting accounts exist on the impact of injecting botulinum toxin in cases of acute sixth
nerve palsy. Botulinum toxin inhibits the release of acetylcholine, causing paralysis in the
injected muscle approximately 48-72 hours after the injection. *® The presence of a high
incidence of spontaneous recovery (73%) in cases of acute sixth nerve palsy makes it
challenging to accurately assess the effectiveness of any form of treatment. Botulinum injection
was attempted as an adjunctive therapy to surgery or as a standalone treatment, with the use of
electromyography (EMG) guidance. In addition, the sub-Tenon injection of toxin yielded
similar outcomes to the injection guided by electromyography (EMG). &4 It is a minimally
invasive procedure that is more repeated than surgery. It does not result in scarring and only
requires local or brief superficial anaesthesia %

In this investigation, we administered direct injections into the medial rectus muscle, following
the approach described in a recent publication by our colleagues in Tehran (16). However, no
substantial improvement was observed over the initial 2-4 weeks. We observed a success rate
of 80% in our patients, which aligns with the findings reported by Lee et al. Furthermore, it is
worth noting that 73% of our patients had a binocular vision field exceeding 75 degrees, which
closely aligns with the findings of a study conducted in Thailand.*” This method is non-
invasive and carried out with local anaesthesia in patients who are compliant.
Furthermore, none of the patients experienced any significant difficulties, and all of the
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observed complications, such as ptosis and vertical deviation, were temporary in nature.

CONCLUSION:

Botulinum toxin injections demonstrate considerable promise as an effective therapeutic
intervention for acute sixth nerve palsy, exhibiting notable improvements in ocular motility and
visual acuity when compared to standard care. Our findings underscore the potential of
botulinum toxin as a valuable treatment option for this condition. However, further research

incorporating larger sample sizes and longer follow-up periods is imperative to validate these
results conclusively and establish robust clinical guidelines for the use of botulinum toxin in
the management of acute sixth nerve palsy. Such investigations will contribute significantly to
optimizing treatment strategies and enhancing outcomes for patients with this neurological
disorder.
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