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HIGHLIGHTS

• Intrathecal baclofen injection could help the management of spasticity after stroke.
• Intrathecal baclofen injection could improve of thegait speed for spastic stroke.
• Intrathecal baclofen injection may be considered for severe spasticity.
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ABSTRACT

Although intrathecal baclofen injections have been used for spasticity management regarding 
stroke, spinal cord injury, and central nervous system diseases, their relative efficacy is 
controversial. This systematic review scoured 3 multinational electronic databases (Cochrane 
Library, MEDLINE, and Embase) to isolate relevant studies. We analyzed non-randomized 
studies and randomized control trials (RCTs) with direct comparisons against other spasticity 
management interventions for adult stroke patients. Risk of Bias (RoB) and the Risk of Bias 
Assessment tool for Non-randomized Studies evaluations were implemented with Cochrane’s 
RoB tool. Meta-analysis was performed with Revman 5.4, and evidence validity was assessed 
with the Grading of Recommendations, Assessment, Development, and Evaluations method. 
Lastly, the intrathecal baclofen injection meta-analysis included 2 RCTs and 7 non-RCTs for 
assessing spasticity and 4 non-RCTs to measure gait velocity. Based on this data, intrathecal 
baclofen injection significantly impacted spasticity and gait speed. Thus, intrathecal baclofen 
injection can potentially treat severe spasticity unresponsive to conventional spasticity 
therapy. Furthermore, clinicians must consider individual patient characteristics and 
conditions when contemplating intrathecal baclofen injection for spasticity intervention.
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INTRODUCTION

Spasticity is a velocity-dependent muscle tone increase in tonic stretch reflexes with 
hypertonic movements [1] caused by a central nervous system injury within the brain or 
spinal cord. Spasticity influences activity of daily living dependently in patients with stroke, 
and current treatments comprise oral medications and interventional procedures [2]. Oral 
medications can reduce spasticity by employing agents that affect central and peripheral 
systems, including baclofen, clonidine, tizanidine, benzodiazepines, and dantrolene. 
Interventional procedures inject focal botulinum toxin, phenol, or alcohol agents. Also, 
intrathecal baclofen pump can be a treatment option to control spasticity. Surgical treatments 
may also implement selective dorsal rhizotomy and neurectomy in the proper conditions [3].
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Intrathecal baclofen injections have been utilized since 1984 to treat uncontrolled spasticity 
following stroke through continuous baclofen infusions from a subcutaneously implanted 
pump [4]. According to the 2016 Korean Standard Treatment Guidelines for Stroke 
Rehabilitation [5], appropriate posture, joint exercise, and stretching are recommended for 
preventing and treating spasticity. Serial casting, oral tizanidine or baclofen administrations, 
botulinum toxin injections, and repeated transcranial magnetic stimulations are advised for 
spasticity control in selective patients [6].

The 2016 Korean Standard Practice Guidelines for Spasticity Treatment do not address 
intrathecal baclofen injections. However, guidelines overseas recommend intrathecal baclofen 
injection for spasticity management when other treatments are ineffective [6,7]. Therefore, this 
study aimed to verify whether intrathecal baclofen injection improves spasticity.

MATERIALS AND METHODS

Study protocol registration
This study was designed during prior systematic steering meetings to develop Clinical 
Practice Guidelines for Stroke Rehabilitation in Korea. Part 1: Rehabilitation for Motor 
Function (2022).

Review criteria (patient, intervention, comparison, outcome [PICO])
1. Patient (P): Stroke patients 18 or older with cerebral infarction and hemorrhage.
2. Intervention (I): Intrathecal baclofen injection.
3. Comparison (C): Compared to other spasticity management interventions.
4. Outcomes (O): Spasticity (assessing Ashworth Scale and gait velocity).

Search and selection
The literature search utilized 3 multinational electronic databases: Cochrane Library, 
MEDLINE, and Embase. The search’s scope did not specify a start date, but the end 
date was February 28, 2022, to ensure a comprehensive literature search. Searches were 
conducted using MeSH terms for MEDLINE, Cochrane Library and Emtree terms for 
Embase, and natural language to increase sensitivity (Supplementary Table 1). The 2 authors 
independently assessed and selected the relevant studies. Then, the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart was followed, including 
randomized control trials (RCTs) and non-RCTs with direct comparisons against other 
spasticity management strategies. Studies that did not meet PICO criteria or were written in a 
language other than English or Korean were excluded.

Risk of Bias (RoB) and Risk of Bias Assessment tool for Non-randomized 
Studies (RoBANS) assessment
Two clinical specialists individually evaluated the final selected literature using a screening 
evaluation tool for each key question. Cochrane’s Risk of Bias (RoB 1.0) was applied for 
RCT, while the Risk of Bias Assessment tool for Non-randomized Study 2.0 (RoBANS 2.0) 
was implemented for non-RCT studies. Evaluations were reviewed and discussed until a 
consensus was reached.
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Statistical analysis of evidence
Meta-analysis was conducted with Reviewer Manager Software 5.4 (Cochrane Collaboration, 
Oxford, UK) for data evaluation, and statistical analyses for continuous variables were 
performed. I2 indicated the total variation percentage across trials to estimate heterogeneity; 
an I2 value greater than 50.0% was considered substantial heterogeneity. For meta-analysis, 
studies were split into intrathecal baclofen injection intervention and conventional spasticity 
treatment groups. The meta-analysis model implemented an inverse variance method for 
continuous outcome variables. The 95% confidence intervals (CIs) of the standardized 
mean difference (SMD) and mean difference (MD) regarding intrathecal baclofen injection 
efficacy were determined in all analyses. To be included, zeroes within the SMD indicated no 
significant difference between interventions.

Assessment of evidence certainty
The Grading of Recommendations, Assessment, Development, and Evaluations (GRADE) 
method verifies evidence certainty as high, moderate, low, or very low. Depending on the 
study’s design, evidence certainty is first determined as ‘high.’ Whether the evidence level can 
be lowered is determined by the guidelines. The 2 authors independently conducted these 
processes and discussed the evidence until a consensus was reached.

RESULTS

Study selection
This meta-analysis only assessed studies directly comparing intrathecal baclofen injections 
and conventional spasticity treatments for stroke patients. After a comprehensive literature 
search, 1,631 studies were selected. Two authors independently screened the literature 
following the PRISMA method (Fig. 1); 3 RCTs and 8 non-randomized studies were assessed. 
Two of the 3 RCTs presented results from a sub-analysis based on one study, whereas only 
one considered the spasticity improvement degree. Lastly, 2 RCTs were analyzed.

Study characteristics
Only 2 RCTs were selected because 2 research papers published by Creamer were from one 
RCT [8,9]. A study published by Meythale reported that intrathecal baclofen injection in 
patients with stroke maintained spasticity reduction [10]. Similarly, Creamer et al.’s study 
[9] determined that intrathecal baclofen injection in patients with stroke exhibited improved 
therapeutic effects compared to oral medications. Furthermore, spasticity was reduced in 
both upper and lower extremities when combined with physical therapy [9].

The non-randomized study implemented a meta-analysis on spasticity treatment effects and 
gait speed based on 8 studies [11-18]. However, the study by Reis et al. [15] was excluded as 
the comparative data were not clearly presented. Thus, spasticity fluctuations before and 
after intrathecal baclofen injection were analyzed in 7 studies, and gait speed changes were 
analyzed in 4. The selected studies’ characteristics are presented in Table 1, and the analyzed 
RoB and RoBANS assessments are presented in Fig. 2.

Meta-analysis on intrathecal baclofen injection effects
Evidence summaries and GRADEs are displayed in Table 2, and the meta-analysis forest 
plots are presented in Figs. 3 and 4. The meta-analysis confirmed that intrathecal baclofen 
injection significantly impacted spasticity and gait speed.
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Spasticity
The 2 analyzed RCTs indicated that intrathecal baclofen infusion could make the Ashworth 
Scale Score reduced and maintain spasticity reduction in both upper and lower limbs. 
The 7 non-RCTs analyzed the Ashworth Scale outcome measures, and the effect size was 
calculated using SMD. The result was 1.86 (95% CI, 1.39, 2.32) (Fig. 3). One study indicated 
that additional baclofen intrathecal injection doses may reduce spasticity further [16]. Thus, 
one grade was elevated as it indicated a positive dose-response gradient. The final evidence 
quality was of moderate grade.

Gait speed
Velocity predicated the outcome measures in 4 non-RCT analyses, and the effect size was 
calculated using SMD. The result was −0.41 (95% CI, −0.75, −0.08) (Fig. 4), and the evidence 
was low grade.

DISCUSSION

Canadian Stroke Best Practice Recommendations have recently suggested intrathecal 
baclofen for severe intractable, disabling, or painful spasticity treatments [7]. Based on our 
analysis, intrathecal baclofen injection significantly impacted spasticity and gait speed. 

4/13https://doi.org/10.12786/bn.2024.17.e3

Intrathecal Baclofen Injection for Spasticity Brain & NeuroRehabilitation

02

https://e-bnr.org

Records removed before screening:
Duplicate records removed (n = 308)

Studies included in
previous version of

guideline
(n = 2)

Previous studies Identification of new studies via databases and registers

Records identified through database searching
PubMed (n = 294), Embase (n = 1,272)

Cochrane (n = 63)
Total (n = 1,629) 

Id
en

tifi
ca

tio
n

In
cl

ud
ed

Sc
re

en
in

g

Records screened
(n = 1,323)

Records excluded
(n = 1,234)

Reports not retrieved
(n = 7)

Reports assessed for eligibility
(n = 82)

Total studies included in quantitative synthesis
(n = 11)

SubKQ24 (Spasticity) (n = 9)
SubKQ24 (Gait speed) (n = 4)

Records sought for retrieval
(n = 89)

Reports excluded: (Total n = 71)
Literatures include diseases other than stroke (n = 23)
Literatures do not include outcome parameters (n = 18)
Other types of documents (n = 27)
Others language (n = 3)

Fig. 1. Preferred reporting items for systematic reviews and the meta-analysis flow diagram for article selection.
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This meta-analysis revealed that intrathecal baclofen injection reduced spasticity and gait 
disturbance in patients with spasticity after stroke, as lowering spasticity improved gait 
function, particularly gait velocity. These results support using intrathecal baclofen injection 
for patients with uncontrolled spasticity after stroke as an effective spasticity management 
strategy. However, the following clinical considerations should be contemplated:

1.  Benefits and harm: There are complication risks and inconveniences when periodically 
replenishing drugs after inserting the device into the human body. However, this 
treatment manages spasticity in stroke patients unresponsive to other spasticity 
management options or severe spasticity.
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Fig. 2. RoB and RoBANS for the included studies. The included studies were independently assessed and agreed upon by the 2 authors using Cochrane’s RoB 1.0 
and RoBANS 2.0. 
RoB, Risk of Bias; RoBANS, Risk of Bias Assessment tool for Non-randomized Studies.

Fig. 3. Spasticity forest plots for non-randomized control trials. 
Std., standard; SD, standard deviation; IV, inverse variance; CI, confidence interval.

https://e-bnr.org


2.  Values and preferences: Intrathecal baclofen injection has yet to become a well-known 
treatment. However, clinicians should consider its medical benefits rather than patient 
choice, as patients with severe spasticity unresponsive to conventional spasticity 
management may benefit from this therapeutic method.

3.  Obstacles, facilitating factors, and overcoming them: Patients must consider the 
costs of inserting the device into the body, completing the procedure, and injecting 
the necessary drugs. Patients with stroke who are candidates for intrathecal baclofen 
injection may require medical insurance support.

4.  Resource (cost): Procedure and equipment costs for device insertion are expensive, 
and the prerequisites necessary for medical insurance coverage may be challenging to 
acquire. The Health Insurance Review and Assessment Service’s standards for medical 
insurance benefits are: (1) when appropriate pain treatments (i.e., medication, nerve 
blocks) over 6 months are determined as ineffective, severe pain (a Visual Analog 
Scale [VAS] pain score of 7 or higher) persists, and incurable pain is apparent; (2) 
uncontrolled cancer pain (a VAS pain score of 7 or higher) despite oral administration 
of high morphine doses (200 mg per day) or other narcotic analgesics of equivalent 
potency and when life expectancy is expected to exceed one year; (3) cancer pain (a 
VAS pain score of 7 or higher) that cannot be treated due morphine or other narcotic 
analgesic side effects and a life expectancy of more than one year; and (4) when, despite 
appropriate spasticity management (i.e., medication), patients who continue to suffer 
with spasticity scale (Modified Ashworth Scale [MAS]) measurements higher than grade 
3 for lower extremities or grade 2 for upper extremities but can improve by more than 
one MAS grade following intrathecal baclofen injection (Notice No. 2014-107).

In addition, costs covered by medical insurance are as follows: (1) pump implantation 
(relative value score of 4,598.47), (2) pump drug refill (relative value score of 541.77), (3) 
pump reprogramming (relative value score of 305.38), (4) catheter exchange (relative value 
score of 3,558.10), (5) pump exchange (relative value score of 3,186.40), and (6) catheter and 
pump removal (relative value score of 2,438.69).

This study does acknowledge limitations due to insufficient research results regarding 
complication incidence; therefore, caution is necessary when interpreting and analyzing these 
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Fig. 4. Gait speed forest plots for non-randomized control trials. 
Std., standard; SD, standard deviation; IV, inverse variance; CI, confidence interval.
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results. When evaluating evidence certainty using the GRADE method for prominent outcome 
indicators, there was no significant RoB, and inconsistency, indirectness, and publication 
bias were not observed in any outcome indicators. Evidence certainty was high for RCTs and 
moderate for non-RCT studies. The final evidence certainty was determined as moderate.

Moderate-level evidence indicates that intrathecal baclofen injection is effective for 
spasticity management and may be considered for treating severe spasticity unresponsive 
to conventional therapies. Furthermore, clinicians must consider individual patient 
characteristics and conditions when contemplating intrathecal baclofen injection for 
spasticity intervention.

SUPPLEMENTARY MATERIAL

Supplementary Table 1
Search terms and strategies
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