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Case report: Intrathecal baclofen therapy improved gait pattern in a stroke patient with spastic dystonia
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Background: Intrathecal baclofen (ITB) therapy, a viable alternative for unsuitable candidates of conventional spasticity medications, is a preferred method of administration over the oral route. Owing to its enhanced bioavailability, ITB ensures a more effective delivery at the target site.

Objective: There is a lack of conclusive evidence regarding the use of ITB treatment in managing ambulatory patients with spastic dystonia. Before ITB pump implantation, patients commonly undergo an ITB bolus injection trial to rule out potential adverse reactions and verify the therapeutic effects on hypertonic issues. In this report, we highlight a case of spastic dystonia, particularly focusing on an ambulatory patient who demonstrated significant improvement in both the modified Ashworth scale (MAS) score and gait pattern following the ITB injection trial.

Case report: This case report outlines the medical history of a 67-year-old male diagnosed with left-side hemiplegia and spastic dystonia, resulting from his second episode of intracranial hemorrhage in the right thalamus. An ITB injection trial was initiated because the patient was not suitable for continued botulinum toxin injections and oral medications. This was due to the persistent occurrence of spastic dystonia in both the upper and lower extremities. The patient underwent a four-day ITB injection trial with progressively increasing doses, resulting in improved MAS scores and gait parameters, including cadence, step length, step time, stride length, and stride time were increased. Particularly, kinematic gait analysis demonstrates a substantial improvement of increased knee flexion in the swing phase in stiff knee gait pattern. These findings indicated a gradual reduction in spasticity-related symptoms, signifying the positive effect of the ITB injection trial. The patient eventually received an ITB pump implantation.

Conclusion: In this post-stroke patient with spastic dystonia, ITB therapy has demonstrated effective and substantial management of spasticity, along with improvement in gait patterns.
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Introduction

Spasticity is defined as velocity-dependent hypertonia and tendon jerk hyperreflexia, resulting from stretch reflex excitability (1, 2). In contrast, dystonia involves involuntary muscle contractions, often leading to abnormal posturing and twisting movements (3). There are different types of dystonia, including focal dystonia such as blepharospasm, oromandibular dystonia, spasmodic dysphonia, torticollis, and writer’s cramp (4, 5). Generalized dystonia involves the leg, trunk, and at least one other body part (6). Spastic dystonia, which is a specific aspect of the upper motor neuron syndrome, is characterized by involuntary tonic contractions caused by the inability to relax the muscles (1). Spastic overactivity, a prevalent subtype of muscle hypertonia is frequently observed in patients with spinal or cerebral dysfunction. The term “spastic overactivity,” frequently employed to describe stretch-sensitive muscle overactivity, poses difficulties in precisely defining this intricate condition, as it includes spasms, involuntary motions, and undesired muscle activity (7).

The primary treatment for muscle overactivity and generalized dystonia typically involves oral medications, including baclofen, benzodiazepines, anticholinergics, antispasmodics, and levodopa (8, 9). Baclofen, an agonist for gamma-aminobutyric acid (GABA) B receptors, inhibits mono- and polysynaptic reflexes in the central and peripheral nervous systems, contributing to its therapeutic effect in reducing spasticity (10). Previous research explored the effectiveness of oral baclofen in managing poststroke spasticity, focusing on ankle stiffness and clonus during passive stretch, and identified factors influencing responsiveness (2). Nevertheless, oral baclofen may not always be effective for all patients due to the low concentration of baclofen in the cerebrospinal fluid (2). These non-responders exhibited a positive effect at higher cerebrospinal fluid levels achievable through intrathecal baclofen injection (2). Benzodiazepines demonstrate limited effectiveness, with approximately 16 to 23% showing a good clinical response (11). Trihexyphenidyl, a widely used agent, is a muscarinic acetylcholine receptor antagonist with a notably variable therapeutic dosage. While children may effectively respond to doses as low as 4 mg/day, adults are less likely to tolerate increasing dosages when necessary as they tend to be more sensitive to side effects such as memory loss, confusion, restlessness, insomnia, and nightmares (11). Intramuscular botulinum toxin injections can be beneficial in reducing focal spasticity in specific muscle groups (12, 13). Adverse effects, including dry mouth, fatigue, and flu-like symptoms, may occur when the drug spreads to unintended muscles and organs during botulinum toxin therapy (13). In some cases, these manifestations can escalate to systemic botulism signs. Although recent studies support the safety of botulinum toxin high-dose therapy, official documents recommend maximum botulinum toxin doses of onabotulinumtoxinA (Botox®, Allergan, Irvine, CA, USA) 400 units for upper limb or lower limb spasticity (14, 15). In the 1980s, intrathecal baclofen (ITB) therapy emerged as potentially effective next-in-line management for severe spasticity unresponsive to oral medications (9, 16–18), delivering concentrated drug doses directly into the intrathecal space to minimize systemic toxicity (19). Given the delicate nature of baclofen therapy and its potential complications, ITB bolus injections are administered to rule out adverse reactions and ensure the drug’s therapeutic effect on hypertonia before ITB pump implantation (9). ITB therapy offers reversible treatment of spasticity and effective modulation of muscle tone to reduce severe spasticity, for it was approved for the management of spasticity (20, 21). However, current literature highlights the necessity for additional research on the effectiveness of ITB treatment for mixed hypertonia, including spastic dystonia (21). In particular, additional research dedicated to ambulatory patient is essential.

Evaluating the effectiveness of treatment is crucial in managing spastic overactivity, and commonly employed methods include high-speed passive muscle stretching assessments like the modified Ashworth scale (MAS) and the modified Tardieu scale. However, these evaluations solely gauge resistance to passive movement and lack insight into muscle dynamics during dynamic tasks like gait (22). These scales also rely on subjective interpretation by clinicians, making it challenging to differentiate specific types of spastic hyperactivity, such as spasticity, spastic dystonia, and spastic co-contraction. Therefore, surface electromyography or gait analysis reflecting muscle activity during dynamic tasks has recently been used to classify spastic overactivity in detail (23, 24). Gait analysis, in particular, assesses muscle hyperactivity during functional tasks, allowing for a comprehensive understanding of specific movement patterns and continuous monitoring of various gait factors (23). Moreover, a transient decrease in spastic dystonia following ITB therapy can induce changes in gait pattern that are not easily discernible through casual observation. In such cases, gait analysis offers precise and objective measurements, detecting even subtle modifications in ambulatory performance (25).

Herein, we report an ambulatory patient with spastic dystonia demonstrating significant improvement in both the MAS score and gait pattern following the ITB bolus injection trial. The objective of this case study is to enhance comprehension of the response of adult spastic dystonia patients to ITB bolus injections and identify prospective recipients who may experience improved gait after ITB pump implantation. This study also represents the first stage in assessing whether the walking performance observed during the ITB bolus injection trial, evaluated through computerized gait analysis, is associated with changes following ITB pump implantation.



Case description

We report the case of a 67-year-old male diagnosed with left-side hemiplegia with spastic dystonia resulting from an intracranial hemorrhage (Supplementary Figure S1). In 2004, the patient was initially admitted for facial paralysis and gait disturbance resulting from the initial episode of intracerebral hemorrhage in the right basal ganglia. The patient received conservative treatment and reported experiencing mild gait disturbance despite claiming no spasticity. Subsequently in 2012, a second episode of intracerebral hemorrhage occurred in the right thalamus, resulting in sensory loss upon placing his foot on the ground (Supplementary Figure S2). Despite undergoing traditional treatments, his dystonic movements persisted in both the left upper and lower limbs, with no significant improvement. He received botulinum toxin injections in specific muscles, such as the left shoulder flexor, elbow flexor, hip flexor, hip extensor, and ankle plantar flexor (onabotulinumtoxinA (Botox®, Allergan, Irvine, CA, USA) injection ranging from 50 to 100 units for each muscle, with a maximum dose of 300 units, distributed across two to four injection sites). He also received oral medications, namely Pregabalin (75 mg bid), Trihexyphenidyl (2 mg bid), Clonazepam (0.5 mg bid), and Baclofen (10 mg qid). In October 2022, the patient was eventually admitted undergoing ITB bolus injection trial and further evaluation for managing the symptoms.

Initial assessments included the modified Barthel Score (MBI) and Functional Independence Measure (FIM) to measure the level of independence in activities of daily living. Jebsen Hand Function Test (JHFT) was conducted to evaluate fine and gross motor hand function. Berg Balance Scale (BBS), a clinical test of a person’s static and dynamic balance abilities, was also administered. The severity of dystonia movements and their impact on daily life were evaluated using the Burke-Fahn-Marsden Dystonia Rating Scales (BFM-DRS). The results of these assessments, as presented in Table 1, indicated notable deficiencies in ambulation and stair climbing in activities of daily living. JHFT showed delayed fine and gross motor function on the left side. BBS indicated a lack of dynamic balance. BFM-DRS revealed dystonic movements in the left arm and leg, with evident walking disability.



TABLE 1 Changes in Modified Barthel Index (MBI), Functional Independence Measure (FIM), Jebsen Hand Function Test (JHFT), Berg Balance Scale (BBS), and Burke-Fahn-Marsden Dystonia Rating Scales (BFM-DRS) after intrathecal baclofen trial.
[image: Table1]

In terms of spasticity, the left upper and lower extremities exhibited MAS scores ranging from 1 to 2. Specifically, the knee flexor and extensor muscles were assigned a MAS score of 2 (Table 2). The results of pre-trial temporospatial gait parameters on the left side during gait analysis are detailed as follows: cadence of 88.1 steps/min, walking speed of 0.39 m/s, step length of 0.28 m, step time of 0.79 s, step width of 0.14 m, stride length of 0.54 m, and stride time of 1.36 s (Table 3). Based on kinematic analysis from the gait analysis illustrated in Figure 1A, no dissociated movement was observed between the pelvis and lower limbs in the pelvic area. In the hip region, there was reduced hip flexion observed at the initial heel contact on both sides, with more definite findings on the left side. Furthermore, a decrease in maximal hip flexion was noted during the swing phase, particularly on the left side. In the knee joint, there was knee hyperextension during the stance phase, accompanied by decreased knee flexion in the swing phase on the left side. The ankle area exhibited a fixed contracture at the neutral ankle angle, and there was a lack of ankle plantar flexion and dorsiflexion motion throughout the entire phase on the left side. These clinical observations suggested an involuntary, persistent tonic contraction preceding muscle stretch, indicative of spastic dystonia. Additionally, the patient displayed stiff knee gait pattern, which is recognized as one of the abnormal gait patterns.



TABLE 2 Changes in modified Ashworth scale after intrathecal baclofen injection trial.
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TABLE 3 Changes in temporospatial gait parameter after intrathecal baclofen injection trial.
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FIGURE 1
 Kinematic changes in gait analysis after ITB injection trial. When compared with not injected state (Day 0) (A), knee hyperextension was decreased and maximal dorsi flexion and peak hip extension were increased during the stance phase on the left side after 75 mcg injected state (Day 4) (B). Moreover, maximal knee flexion was increased during the mid-swing phase on the left side. ITB, Intrathecal baclofen.


Typically, the trial to assess the impact of ITB bolus injection at the L2 spinal level involves incremental doses administered over four consecutive days, ranging from 12.5 mcg to 75 mcg. No administration occurs on Day 0. The sequence comprises 12.5 mcg on Day 1, followed by 25 mcg on Day 2, 50 mcg on Day 3, and 75 mcg on Day 4 (Supplementary Figure S1).

The therapeutic impact of ITB on spastic dystonia was assessed through clinical evaluations, encompassing the MAS score and gait analysis. Kinematic changes during gait analysis were recorded for various parameters, including pelvic tilt, hip flexion/extension, knee flexion/extension, ankle dorsi/plantar, pelvic obliquity, hip abduction/adduction, knee varus, foot progress, pelvic rotation, hip rotation, knee rotation, and foot rotation (Figure 1). Serial assessments of the MAS score demonstrated a gradual reduction in symptoms associated with spastic dystonia with increasing doses of baclofen, suggesting a positive dose–response relationship (Table 2). Gait parameters, including walking velocity, and secondary temporospatial factors like cadence, step length, step time, stride length, and stride time, exhibited enhancements as well (Table 3). Moreover, kinematic analysis revealed significant improvement (Figure 1B). In the stance phase on the left side, there was a reduction in knee hyperextension, an increase in maximal dorsi flexion, and heightened peak hip extension. There was also a significant augmentation in maximal knee flexion observed during the mid-swing phase on the left side. These changes suggest enhanced gait stability and coordination. Follow-up evaluations, which included MBI, FIM, JHFT, BBS, and BFM-DRS demonstrated enhancements in overall activities of daily living, functional recovery in the left upper limb including the hand, improved dynamic balance, and a reduction in dystonic movements after the ITB injection trial (Table 1; Supplementary Figure S3). Observing positive effects in the ITB injection trial, the decision was made to proceed with ITB pump implantation. On December 13th, 2022, the patient underwent ITB pump implantation at the T3 spinal level during a neurosurgical hospitalization. After implantation, the patient had regular outpatient visits, and the baclofen dosage was adjusted based on symptom improvement and side effects. Spastic dystonia in the left upper and lower limbs improved, leading to a gradual increase in baclofen dosage from 50 mcg/day to 85 mcg/day. However, later, the patient complained of weakness in the right upper and lower limbs, resulting in a reduction to 75 mcg/day. As rehabilitation therapy was implemented concurrently, the dosage was gradually increased, and the patient currently maintains 105 mcg/day without experiencing weakness. Five months post-ITB pump implantation, the patient’s spasticity, the level of independence in activities of daily living, hand function and dynamic balance were assessed during a follow-up outpatient clinic visit to confirm the treatment effectiveness. In the follow-up assessment, the MAS score for the left upper and lower extremities remained at 1, the MBI total score was 90, and the BBS total score was 32. A comparison with Tables 1, 2; Supplementary Figure S3, and revealed that the overall improvements were consistently maintained compared to the pre-ITB trial.



Discussion

We observed that ITB therapy resulted in a reduction of lower-extremity spastic hypertonia and improvement in gait function for a patient with hemiplegia and spastic dystonia following intracranial hemorrhage, ultimately leading to the decision for ITB pump implantation. The positive correlation between clinical spasticity reduction and functional improvement is highlighted in Table 1 and Supplementary Figure S3. Standard treatments for muscle overactivity and generalized dystonia, including oral medications and intramuscular botulinum toxin injections, may yield varied responses and side effects due to individual physiological differences (2, 8, 9, 12). Despite attempting oral medication and botulinum toxin muscle injections with no apparent symptom improvement, the patient sought a new therapeutic approach, leading to the consideration of ITB pump implantation. Although multiple prior studies propose the implantation of an intrathecal baclofen (ITB) pump as a therapeutic approach for spastic hypertonic conditions (9, 19, 26–28), there is a scarcity of research specifically addressing patients with spastic dystonia. The prevalence of spasticity and spastic dystonia is inadequately explored, with some studies indicating that spastic dystonia might be more common than spasticity in individuals who have experienced a stroke (24). To differentiate between spasticity and spastic dystonia, gait analysis or surface electromyography is frequently employed, as they offer insights into muscle activity during dynamic tasks (23, 24).

In this study, the patient exhibited spastic dystonia, as assessed through the MAS, BFM-DRS, and gait analysis. Dystonia movements and spasticity were observed in the left upper and lower extremities, with the elbow flexor, knee extensor, and knee flexor displaying more pronounced spasticity than other muscles (Tables 1, 2). Gait analysis revealed an overall abnormal gait pattern in this case (Figure 1A). Specifically, the left hip area showed decreased hip flexion in the stance phase and reduced maximal hip flexion in the swing phase. In the left knee area, knee hyperextension was noted in the stance phase, accompanied by decreased knee flexion in the swing phase. The left ankle area displayed a lack of ankle plantar and dorsi flexion motion throughout the entire gait cycle. These findings collectively indicated spasticity in the hip flexor, knee extensor, knee flexor, and ankle plantar flexor muscles. Furthermore, coactivation of knee extensor and knee flexor was identified. These results suggested stiff knee gait, a prevalent gait dysfunction in approximately 60% of stroke patients with gait disorders (29). Although the precise pathology of stiff knee gait is not fully elucidated, it may arise due to spasticity in the hip flexor, knee extensor, knee flexor, and ankle plantar flexor muscles, as well as coactivation of knee flexor and knee extensor muscles (30–32).

Throughout the ITB bolus injection trial, we continuously assessed spasticity using the MAS score and analyzed gait patterns through gait analysis. The MAS score consistently decreased, indicating a reduction in spasticity (Table 2). Temporospatial gait parameters, including cadence, step length, step time, stride length, and stride time, showed overall improvement (Table 3). Notably, gait velocity, a key measure for assessing functional response to ITB bolus injection trial (26), demonstrated improvement from 0.39 m/s to 0.54 m/s on the left side. Since velocity is the product of stride length and cadence, we examined the relation between these three parameters, and the improvements in stride length (from 0.54 m to 0.68 m) and cadence (from 88.1steps/min to 95.2 steps/min) were also observed. A significant increase in step length, indirectly reflecting gait balance, was also observed, improving from 0.28 m to 0.43 m. The decreased peak of hip extension, knee hyperextension, and decreased maximal dorsi flexion are related to spasticity of the knee extensor, plantar flexor muscles, and coactivation of knee extensor and knee flexor muscles, indicating stiff knee gait pattern (Figure 1A). According to kinematic analysis, knee hyperextension was decreased, and maximal dorsi flexion and peak hip extension were increased during the stance phase on the left side. Maximal knee flexion in particular showed a significant increased during the mid-swing phase on the left side (Figure 1B). Consequently, stiff knee gait pattern was improved after the ITB bolus injection.

Considering previous indications for ITB pump implantation, it is necessary to consider ITB pump insertion in patients with severe spasticity, especially indicated by MAS score of 3 or higher in the lower limbs, that is not relieved by oral muscle relaxants and adjuvant therapy including botulinum toxin injections and exercise (33–35). Individualized objectives may be assigned to each patient; patients capable of mobility may aim to enhance their movement, while those less capable of mobility may require attention to nursing care or ensuring comfortable sitting arrangements (36). Despite having a hemiplegic sequela, this patient could walk with some limitation and his level of spasticity was not severe (the MAS score 1 to 2). However, to improve gait function, an ITB bolus injection trial was attempted before considering the ITB pump insertion. Throughout the ITB bolus injection trial, the patient encountered a decrease in spasticity along with improvements in gait parameters and patterns. We expect that this case report will serve as evidence for the need to actively consider inserting an ITB pump according to each patient’s goals, even in patients with symptoms of spastic dystonia.

Limitations in this study include the fact that the patient underwent an ITB bolus injection trial after a considerable duration from the onset of symptoms, suggesting that spastic hypertonia may not have been the sole factor influencing his gait function. Other post-stroke sequelae, such as joint contractures and muscle shortening, could have contributed to abnormal gait patterns. Analyzing cases that undergo ITB bolus injection trials and ITB pump implantation as soon as possible after the onset of symptoms may provide more effective insights into efficacy. In this study, the efficacy of spastic dystonia treatment was validated through a four-day clinical trial utilizing gait analysis. Follow-up outpatient visits five months post-ITB pump implantation revealed that the patient’s condition remained improved, as indicated by the MAS, MBI, JFHT, and BBS. These outcomes highlight the necessity for additional long-term follow-up studies to substantiate the therapeutic benefits of ITB therapy for spastic dystonia via gait analysis. Large-scale clinical studies are also necessary to validate these findings and explore the long-term benefits and safety of ITB therapy for spastic dystonia. As more evidence accumulates, ITB therapy may emerge as an essential and effective treatment option for this complex and challenging movement disorder.



Conclusion

The case report presented herein provides insights into the potential efficacy of ITB therapy for managing spastic dystonia in patients with stroke. The significant improvement in gait pattern and the MAS score following the ITB bolus injection trial suggested that ITB treatment may be a viable treatment option for spastic dystonia cases that do not respond to conventional therapies.
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