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Abstract

:

Abstract


Botulinum toxin type A is approved for the focal treatment of spasticity; however, the effectiveness of abobotulinumtoxinA (aboBoNT-A) in patients with shoulder pain who have set reduced pain as a treatment goal is understudied. In addition, some patients encounter delays in accessing treatment programs; therefore, the suitability of aboBoNT-A for pain reduction in this population requires investigation. These factors were assessed in aboBoNT-A-naive Brazilian patients in a post hoc analysis of data from BCause, an observational, multicenter, prospective study (NCT02390206). Patients (N = 49, n = 25 female; mean (standard deviation) age of 60.3 (9.1) years; median (range) time since onset of spasticity of 16.1 (0–193) months) received aboBoNT-A injections to shoulder muscles in one or two treatment cycles (n = 47). Using goal attainment scaling (GAS), most patients achieved their goal of shoulder pain reduction after one treatment cycle (72.1%; 95% confidence interval: 57.2–83.4%). Improvements in GAS T-score from baseline, clinically meaningful reductions in pain score at movement, and clinically meaningful increases in passive shoulder abduction angle further improved with repeated treatment more than 4 months later, despite treatment starting at a median of 16.1 months after the onset of spasticity. These findings support the further investigation of aboBoNT-A injections in chronic post-stroke shoulder pain.




Plain Language Summary


After a stroke, patients often experience shoulder pain, which can lead to difficulty with arm movement and interfere with their rehabilitation. Some patients also experience difficulty or delays in receiving treatment. Botulinum toxin injections can be used to improve muscle pain and function. The BCause trial looked at how one or two doses of a specific type of botulinum toxin injection, called abobotulinumtoxinA (aboBoNT-A), into shoulder muscles could help patients with shoulder pain following a stroke. This analysis of the BCause trial included 49 Brazilian patients aged 18–80 years who had suffered a stroke in the previous year and who set reduced shoulder pain as a goal of their treatment. They had not previously received any botulinum toxin injections. The researchers looked at how helpful the injections were by using a scale that measured how well each patient achieved their treatment goal. Additionally, researchers measured pain levels, muscle tone, range of shoulder movement, and quality of life before and after treatment. The results showed that aboBoNT-A injections helped most patients to reach their goal of reduced shoulder pain. Patients receiving repeated aboBoNT-A injections experienced further improvements in how much they could move their shoulder after more than 4 months compared with at the start of the study. Patients’ and caregivers’ quality of life was also improved after treatment compared with before. The researchers considered these results to be clinically meaningful—that is, the improvements with aboBoNT-A were likely to provide a real benefit for patients, caregivers, and clinicians.
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Key Contribution: This study showed that in patients with chronic post-stroke shoulder pain who selected pain as a therapeutic goal, abobotulinumtoxinA injections to adductor muscles of the shoulder resulted in clinically meaningful pain reduction and increased functioning, despite patients being treated at a median of 16.1 months after the onset of stroke or spasticity. This is an important finding because some patients with post-stroke shoulder pain encounter delays in receiving treatment, and the effectiveness of abobotulinumtoxinA injections in patients who set pain reduction as a therapeutic goal is understudied.










1. Introduction


Shoulder pain is one of the most common post-stroke complications, with the reported incidence ranging from 5% to 84% [1,2,3,4,5,6]. Shoulder pain leads to a reduction in the shoulder joint range of motion (ROM), a decrease in the functional use of the arm, and restriction of patient performance and participation in rehabilitation [5,6,7,8].



Botulinum toxin type A (BoNT-A) injections are approved for the focal treatment of spasticity in adults and children (≥2 years of age) to improve muscle tone and function [9,10,11,12]. BoNT-As have also demonstrated analgesic properties in numerous therapy areas [13,14,15]. In a review of 19 clinical studies, intramuscular BoNT-A injections were reported to be helpful in patients with stroke who had hemiplegic shoulder pain [13]. In a prospective multicenter study in 60 patients with spasticity and pain, intramuscular BoNT-A injections were reported to reduce spasticity-related local pain [14]. Prospective, placebo-controlled, double-blind studies provide evidence for the efficacy of BoNT-A treatment in therapy areas including cervical dystonia, pelvic pain, low back pain, plantar fasciitis, postsurgical painful spasms, myofascial pain syndromes, migraine, and chronic daily headaches [15]. The underlying mechanisms behind the antinociceptive effects of BoNT-A are due to the inhibition of peripheral neurotransmitters, such as acetylcholine and inflammatory mediators released from motor neurons and autonomic synapses [16,17]. BoNT-A may also act at the spinal cord level to induce central antinociceptive activity through plastic rearrangement in the brain subsequent to denervation or alterations in sensory output [18,19]. Treatment with BoNT-A in patients with shoulder pain has been shown to provide clinically meaningful improvements in pain and mobility, with well-tolerated safety profiles across studies [20,21,22]. A randomized, double-blind, placebo-controlled study found that BoNT-A injected into the subscapularis muscle was beneficial in the management of shoulder pain in patients with post-stroke shoulder pain. Lateral rotation was also improved [20]. A systematic review and meta-analysis of randomized controlled trials comparing the clinical efficacy (pain intensity and shoulder range of motion) of BoNT-A injection with conventional therapy found that patients treated with BoNT-A had improved pain scores and shoulder abduction ROM versus those in the control group [21]. In a follow-up study of patients with refractory post-stroke shoulder pain, patients receiving BoNT-A injections plus rehabilitation had reduced pain during shoulder motion, mainly during the movements of extension and rotation versus baseline [22]. Treatment with abobotulinumtoxinA (aboBoNT-A, Dysport®, Ipsen, Paris, France) injections to shoulder muscles in adults with upper limb spasticity improved pain (−0.7; Disability Assessment Scale) and active function (+0.60; Modified Frenchay Scale score) in a phase 3 open-label study (NCT01313299) [23].



However, there are limited data regarding the effectiveness of aboBoNT-A for the treatment of shoulder pain in patient populations who have set reduced pain as their primary treatment goal. Goal achievement in patients with hemiplegic shoulder pain has been reported with BoNT-A treatment; however, the proportion of patients who set pain as the primary treatment goal was low (25.6%) [23]. Additionally, there is a need to investigate the attainment of pain reduction goals with BoNT-A in patients who encounter barriers and delays to treatment, for example, those in low- to middle-income countries, such as Brazil [24].



BCause was an observational, multicenter, prospective study (NCT02390206) designed to assess the effectiveness of BoNT-A treatment in Brazilian patients with chronic post-stroke (hemorrhagic or ischemic) spasticity affecting upper and lower limbs [25]. Of patients who received BoNT-A injections to the upper limb (n = 200), 57.8% were responders (defined as the achievement of the primary goal from the goal attainment scaling (GAS) at visit 2; primary endpoint). The upper limb mean GAS T-score (which indicates overall improvement (higher score) or worsening (lower score) of outcomes) increased by 14.13 from baseline during cycle 1 [25]. BoNT-A injections improved mobility (shoulder abduction angle; ROM), pain (pain score; visual numeric scale (VNS)), muscle tone (modified Ashworth scale (MAS) score), and independence (Barthel Index score) in these patients.



Here, we present a post hoc analysis of data from the BCause Study to assess the effect of aboBoNT-A in the management of chronic post-stroke shoulder pain in patients who set pain as a therapeutic goal.




2. Results


2.1. Participants


Overall, 239 patients were enrolled in the BCause Study [25]. Of these, 49 set shoulder pain as a primary or secondary treatment goal at their first and/or second injection and received aboBoNT-A injections to the shoulder; these patients were included in this post hoc analysis.



Baseline demographics are presented in Table 1. The mean (standard deviation (SD)) age of the patients was 60.3 (9.1) years, 51.0% were female, and 89.8% were right-handed. The median (range) time since the last cerebrovascular accident (CVA), onset of CVA, and onset of spasticity was 20.6 (12–240), 21.2 (12–240), and 16.1 (0–193) months, respectively. All the patients had spasticity that affected the upper limbs, and most (65.3%) had no or mild impairment of communication. The remainder had significant or total impairment (18.4%), or data were not available (16.3%). Overall, 12% of the patients were using oral antispasmodics, with baclofen, tizanidine, and diazepam use being recorded. All patients received injections in upper limbs at the first visit, with 47 of these receiving injections during cycle 2. One patient only received injections to lower limbs during cycle 2. Table 2 describes the muscles injected and doses used during cycles 1 and 2 of the study. The mean (SD) time between the first and second treatment was 4.63 (0.74) months. The most frequently injected muscle in cycle 1 was pectoralis major (89.8%), followed by latissimus dorsi (55.1%) and subscapularis (26.5%). Injection was most often guided by palpation/anatomic landmarks, a practice previously described among Brazilian healthcare providers [26].




2.2. Effectiveness


The majority of the patients achieved or overachieved their goal of shoulder pain reduction (responders, GAS of 0, +1, or +2). Of the patients with available data, 72.1% (95% confidence interval (CI): 57.2, 83.4; 31/43 patients) were responders after the first injection cycle and 60.9% (95% CI: 40.7, 77.9; 14/23 patients) were responders after the second injection cycle.



GAS T-scores improved by the end of each treatment cycle (Figure 1). The mean (95% CI) change from baseline in GAS T-score during cycle 1 (n = 48) was 17.1 (13.9, 20.4) and 14.9 (11.4, 18.4) during cycle 2 (n = 41). The mean (SD) overall cumulated GAS T-score (defined as the mean GAS T-score across both cycles or equal to the achievement score if only one cycle was completed; N = 49 (both cycles, n = 17; only cycle 1, n = 26; only cycle 2, n = 6)) was 49.6 (8.0).



Patients reported a reduction in pain following aboBoNT-A injections as measured using a visual analogue scale (VAS) (Figure 2). The mean (95% CI) change in pain score at movement was −2.9 (−3.7, −2.1) from baseline to the end of cycle 1 (visit 2) and −3.5 (−4.4, −2.5) from baseline to the end of cycle 2 (visit 3). The mean (95% CI) change in pain score at rest was −0.7 (−1.7, 0.3) from baseline to visit 2 and −1.1 (−2.1, −0.1) from baseline to visit 3.



ROM, muscle tone, and passive function improved after each treatment cycle (Figure 3). In terms of ROM, the mean (95% CI) change in shoulder abduction angle from baseline was 19.0 (12.9, 25.1) degrees and 27.1 (18.7, 35.5) degrees by visits 2 and 3, respectively. The mean (95% CI) change in MAS score from baseline was −0.30 (−0.46, −0.14) and −0.39 (−0.61, −0.17) for visits 2 and 3, respectively.



Quality of life (QoL) was improved following treatment with aboBoNT-A injections (Table 3). Patients became less dependent throughout the study, as measured by the Barthel Index score, and of those with data available from the five-dimension five-level EuroQol questionnaire (EQ-5D-5L), 44.0% (11/25) and 65.2% (15/23) of the patients reported at least one level of improvement from baseline in pain/discomfort at visits 2 and 3, respectively. At visit 2, a weak correlation (Spearman coefficient (95% CI)) between change from baseline in pain score at movement and change from baseline in shoulder MAS score was observed; this correlation was not statistically significant (n = 47; 0.23 (−0.06, 0.48)). At visit 3, no correlation between pain score and shoulder MAS score was observed (n = 41; 0.08 (−0.24, 0.37)).



At visits 2 and 3, very weak and nonsignificant correlations (Spearman coefficient (95% CI)) were observed between mean change from baseline in pain score at movement and change in ROM (n = 35; 0.04 (−0.30, 0.36) and n = 31; −0.03 (−0.38, 0.33), respectively) and EuroQol (EQ) VAS score (n = 24; −0.19 (−0.55, 0.23) and n = 23; −0.12 (−0.51, 0.30), respectively).



At the end of cycles 1 and 2, 77.6% (38/49) and 85.7% (36/42) of the patients, respectively, reported some or great benefit from the treatment. Corresponding values for physician-reported treatment benefits were 98.0% (48/49) and 92.9% (39/42), respectively.



Overall, 85.7% of the patients (42/49) required caregivers. In most cases (39/42; 92.9%), this was (or included) a family member, and in 51.3% of the cases (20/39), caregiving affected his/her professional activity. Caregivers’ physical and psychological burden of disease decreased from baseline in 76.2% (32/42) and 57.1% (24/42) of the cases, respectively, after cycle 1, and in 71.4% (25/35) and 65.7% (23/35) of the cases, respectively, after cycle 2.





3. Discussion


This post hoc analysis of data from the BCause Study demonstrated the effectiveness of aboBoNT-A injections in Brazilian patients with chronic post-stroke shoulder pain who set pain as a therapeutic goal. Improvements in GAS T-score from baseline, clinically meaningful reductions in pain score at movement, and clinically meaningful increases in passive shoulder abduction angle improved further with repeated treatment after more than 4 months. Improvements in patients’ QoL and reductions in caregiver burden were also observed. The magnitude of change from baseline in pain score was not significantly associated with levels of improvement in muscle tone, mobility, or QoL in this post hoc analysis. The improvements seen with aboBoNT-A are in line with a trend of successful treatment noted with the use of a recently developed diagnostic algorithm [27]. In the algorithm, diagnostic nerve block was used to assess early-phase hemiplegic shoulder pain and to guide clinicians into selecting the most appropriate diagnosis of the etiology of pain, with BoNT-A being effective in the case studies when the algorithm was applied.



The etiology of post-stroke shoulder pain is multifactorial and includes soft tissue disorders (rotator cuff lesions, glenohumeral dislocation, hand–shoulder syndrome, myofascial pain syndrome, spasticity and contractures, adhesive capsulitis) that cause peripheral and central pain sensitization due to localized ischemia and release of algogenic substances [2,6,28,29]. As well as reducing muscle tone, aboBoNT-A may inhibit the release of local nociceptive neuropeptides to reduce pain sensitization [16]. In the previously published analysis of BCause, aboBoNT-A was shown to reduce pain in the overall population [25], and this treatment benefit is confirmed in the ad hoc analysis reported here in patients with a goal of pain reduction. Pain reduction, together with improved mobility, ROM, and motor function, is a frequent goal of therapy and was identified as a primary or secondary goal by 21% of the BCause population. It was beyond the scope of this analysis to compare outcomes in patients who had and had not identified pain as a key goal, but this could be a focus of future analysis. Understanding more about the underlying etiology of shoulder pain in patients post-stroke would also be valuable. Shoulder pain is a frequent concern in patients in the over-60-years age group irrespective of stroke. As an observational study, a history of shoulder pain prior to the stroke was not recorded, and it is possible that some patients were experiencing impingement syndrome or other pathologies unrelated to stroke. Future analyses should consider collecting additional information on patient history prior to stroke to allow a more detailed picture to emerge.



In the BCause Study, the patients received injections into the adductor muscles of the shoulder (pectoralis major, subscapularis, teres major, latissimus dorsi), and the results, therefore, support the muscular etiology of the pain, originating from the joint movement disorganization mediated by adductor–abductor imbalance [19]. Indeed, in a previous study of post-stroke survivors from Brazil, increased adductor tone was a frequent finding [30], also noted in patients with spastic hemiplegia [21,22]. Consistent with clinical practice in Brazil [26], anatomic palpation was used to guide injection in most patients; however, it is important to acknowledge that this may not be routine practice in other countries where electrical stimulation or ultrasound may be more widely available and, therefore, more commonly used to guide injections [31,32].



Results presented here reflect those of other real-world studies of BoNT-A treatment for upper limb spasticity [33,34]. In the Upper Limb International Study (ULIS)-II and ULIS-III, respectively, 32% and 40% of the patients received injections to shoulder muscles, and pain reduction was a goal for treatment in 31% (n = 145) and 37% (n = 349) of the patients [33,34]. After one treatment cycle, 84% and 66% of these patients, respectively, were responders, which is comparable to the 72% response rate in the present study [33,34]. The mean GAS T-score was 52.0 (weighted (SD 10.1)) in ULIS-II and 49.8 (overall (95% CI: 49.2, 50.3)) in ULIS-III, with a mean (SD) change from baseline of 17.6 (11.0; p < 0.001) and 13.1 (not reported), respectively [33,34]. Similarly, in our post hoc analysis, the mean (SD) overall cumulated GAS T-score was 49.6 (8.0), with a mean (SD) change from baseline of 17.1 (11.3) during cycle 1 and 14.9 (11.0) during cycle 2.



Here, the patients reported clinically relevant lower pain scores (median −1.1) at visit 3 (end of cycle 2) than at baseline. This is consistent with results from previous trials. For example, in a study of patients with post-stroke upper limb spasticity, a trend for reduced pain over the first injection cycle was observed; however, this result was not statistically significant [35]. In another study, in which patients with upper limb spasticity received repeated cycles of aboBoNT-A, there was an improvement in passive and active ROM in the shoulder extensors at week 4 of each cycle, and passive motion improvements increased between cycles [36]. Furthermore, passive and active function were improved with aboBoNT-A 1500 U compared with 1000 U, because 1500 U included shoulder injections, whereas 1000 U did not. This may indicate the importance of shoulder muscle injections, possibly as a result of improved active shoulder flexion, which is a joint movement required in most daily activities [36].



In terms of passive ROM, the findings for ULIS-II and the present analysis highlight the potential clinical benefit of treatment with BoNT-A in patients with chronic post-stroke upper limb spasticity [33]. The increase in passive ROM and decrease in pain in the upper limb at active movement shown here may be due to the fact that adductor muscles of the shoulder were injected with aboBoNT-A in this study. These findings are consistent with several studies that have investigated the use of BoNT-A in the reduction of pain and improvement of ROM in the shoulder [20,22,37]. Interestingly, greater pain reduction was reported at active movement (i.e., during daily activities) than at rest in the current study. However, the correlation between change from baseline in pain score at movement and ROM was very weak and not statistically significant. This result does not align with the findings of a large meta-analysis that reported the effectiveness of BoNT-A for the treatment of shoulder pain [21]; the lack of statistical significance observed in the current analysis could be driven by the small sample size.



Furthermore, in ULIS-II and ULIS-III, respectively, the mean MAS total score at follow-up (3–4 months after one treatment cycle) was 8.4 (SD: 3.4) and 9.4 (95% CI: 9.1, 9.6), with a mean change from baseline of −2.6 (95% CI: −2.9, −2.4; p < 0.0001) and −0.5 (95% CI: −0.6, −0.4; p < 0.0001). Both the findings in the ULIS studies and the present analysis highlight the potential clinical benefit of treatment with aboBoNT-A injections to improve muscle tone in this patient population [33,34].



The reported independence of the patients increased throughout the study, demonstrated by an increased Barthel Index score and reduced physical burden on caregivers. This is consistent with literature highlighting the potential of treatment with aboBoNT-A injections to improve the independence of adults with upper limb spasticity [33,34]. In the study previously described of patients with upper limb spasticity who received repeated cycles of aboBoNT-A, scores for dressing, hygiene, and pain improved progressively across cycles, paralleled by small but positive changes in QoL [36]. Following aboBoNT-A injections, QoL was also improved in the current study and in previous trials of post-stroke upper limb spasticity [35,38].



A sustained treatment effect was observed throughout the study. Patients and caregivers reported increased independence and reduced disease burden, respectively, at the end of both cycles. This may potentially reduce the amount of care that is required to be provided to patients by their respective caregivers. It may also reduce distress caregivers may experience when they are helping with activities, such as dressing and cleaning, that cause the patient pain.



These findings could potentially address an unmet clinical need in this patient population. Patients often experience delays in admission to a rehabilitation program in Brazil following a stroke [39]. Here, pain relief was reported following aboBoNT-A treatment despite patients being treated at a median of 16 months after the onset of stroke or spasticity. It is feasible that a greater magnitude of pain relief and improvement in ROM may have been reported if treatment had been initiated earlier (within 6 months of a stroke) for patients in the present study [39]. However, the patients did not return to baseline levels before retreatment at visit 2, and an enhanced effect was observed upon repeat treatment; therefore, repeat injections may overcome any treatment lag effect. The results from this analysis demonstrate the potential for BoNT-A treatment in the management of post-stroke pain; however, head-to-head comparisons with other therapies are currently lacking, and these would be valuable in this area to establish how best to optimize pain management in this patient population.



The current analysis was limited by both being a post hoc analysis and using a small sample size; however, because this analysis examined a specific patient group within a study, this was expected. Other limitations reflect the observational nature of the BCause Study. Information on the exact injection points of the muscles was not collected, and clinicians were free to choose the injection muscles in accordance with the local summary of product characteristics and locally agreed therapeutic guidelines. The Tardieu Scale is not routinely used because it can be time-consuming and requires multiple notes. This study used the modified Ashworth scale and goniometry instead; however, the component of the range of motion that was affected or benefited after BoNT-A treatment was unknown. Thus, the effects observed may not have been specific to BoNT-A treatment. This may explain the absence of correlation between pain improvement and goniometry improvement. A number of potential confounders should be acknowledged. The complex patients included in the study had a number of conditions that could potentially influence response to therapy (i.e., depression, anxiety, cognitive disorders, type of brain injury), and a high proportion of the participants were also using nondrug therapies to support their rehabilitation. It should be stressed that patients with chronic post-stroke spasticity who received physical therapy were already receiving this treatment before BoNT-A injection and were functionally stable, suggesting that the observed pain reduction was associated with BoNT-A treatment. The use of antispasmodic treatments was permissible, and these may also affect response [40]. The potential for these interventions to influence response to aboBoNT-A treatment cannot be excluded, but given that any improvements were being observed on average 20 months post-stroke, it is possible that any benefits associated with these supportive therapies had been achieved prior to initiation of aboBoNT-A. The time that had elapsed since the stroke also reduces the likelihood that the benefits observed could be explained by spontaneous recovery.



Additionally, because patients are often aphasic following a stroke, a description of pain characteristics and intensity would have been compromised; almost one-fifth of the patients in the present study had significantly or completely impaired communication, and in such cases, pain evaluation was based on involuntary signs, such as grimacing and withdrawal, or caregiver reporting. The high rate of cognitive dysfunction may also have affected the ability of individuals to discuss their goals and describe their pain level; however, this was not considered to be severe enough to impact the findings of the study.



Despite the limitations associated with the observational nature of the study, by describing the muscles injected, the doses used, and the benefits achieved with BoNT-A in this chronic population, the BCause Study provides valuable insights in an area in which randomized controlled trials are still to be conducted.




4. Conclusions


Overall, these data suggest that aboBoNT-A may be a useful treatment for patients with chronic post-stroke spasticity who set shoulder pain as a therapeutic goal, and that further investigation in prospective, randomized trials is warranted. Treatment with aboBoNT-A injections in this population may provide clinical benefit to patients by reducing pain and improving ROM and improving the quality of patients’ and caregivers’ lives through increased independence of patients. Despite the prolonged duration between the onset of stroke/spasticity and the initiation of treatment in this study, repeated aboBoNT-A injections resulted in improved effectiveness with a durable response. These findings are particularly meaningful for patients with shoulder pain who have limited arm function, as well as their caregivers who may experience distress if activities that they assist with cause or worsen pain.




5. Materials and Methods


5.1. Study Design


The BCause Study was an observational, national, multicenter, noninterventional, postmarketing, prospective study (NCT02390206) conducted at 11 centers in Brazil between June 2015 and August 2017. Full details of the study design have been published previously [25].



Briefly, patients with upper limb spasticity, with or without lower limb involvement, received BoNT-A injections as part of routine treatment; thus, the investigators were free to choose the targeted muscles, BoNT-A preparation, injected doses, injection interval, number of injection points, and volume/dosage per point, in accordance with the local summary of product characteristics and locally agreed therapeutic guidelines.



Patients attended two visits in cycle 1 at baseline (visit 1) and months 3–6 (visit 2), and one visit in cycle 2 at months 6–12 (visit 3). All visits included clinical examination (ROM, MAS score, pain score (VNS), Barthel Index, QoL (EQ-5D-5L)) [33,41,42,43,44] and setting/review of treatment goals (GAS) [45,46].



The patients included in this post hoc analysis received aboBoNT-A only.




5.2. Participants


Full details of the inclusion and exclusion criteria for the BCause Study have been published previously [25]. Adult patients (18–80 years) with a last documented stroke (hemorrhagic or ischemic) at least 1 year prior to study entry were eligible for the study. All patients had documented upper limb spasticity, with or without lower limb spasticity. Patients who had received prior injections of BoNT-A to treat spasticity symptoms were excluded, as were those who had undergone previous surgical procedures for spasticity treatment, had received previous phenol injections, or had been indicated to receive phenol during the study. Patients with contraindications to any BoNT-A preparations were excluded.



Patients with upper limb spasticity following a stroke occurring at least 1 year prior to study entry, who had received at least one injection of BoNT-A and had one post-treatment assessment of their primary goal, were assessed in the BCause Study.



This post hoc analysis included aboBoNT-A-naive patients treated with aboBoNT-A who set improvement in shoulder pain as a primary or secondary treatment goal at cycle 1 and/or 2, and patients who received aboBoNT-A injections to the shoulder muscles in the same cycle. Patients with a primary or secondary GAS goal of pain not related to shoulder pain were excluded from this post hoc analysis.



Treatment in cycle 1 was administered at visit 1. Patients received aboBoNT-A injections to one or more of the following muscles: deltoideus, pectoralis major, subclavius, subscapularis, teres major, latissimus dorsi, biceps brachii, triceps brachii, and trapezius.



At the end of cycle 1 (visit 2), goal attainment was evaluated, goals were reset, and the second cycle of aboBoNT-A injections was administered. At the end of cycle 2 (visit 3), goal attainment was evaluated. Details on AboBoNT-A injections were not collected at visit 3.




5.3. Endpoints


The proportion of the responders (achievement or overachievement of the set pain goal (GAS of 0, +1, or +2) at the end of the considered injection cycle) at visits 2 and 3, and change from baseline to visits 2 and 3 in total GAS T-score, pain intensity (pain score (VAS) at rest and at movement during daily activities), shoulder ROM (shoulder abduction angle), shoulder MAS scores, QoL (EQ VAS) score, and the pain/discomfort domain of EQ-5D-5L were assessed.



The degree of independence reported by the patients was also assessed (Barthel Index score from baseline and change by visit 3).



The time interval between the first and second treatment was reported.



The physical and psychological burden of the disease was assessed using EQ-5D-5L for patients’ QoL, and a five-point Likert scale was used for the patients’ and caregivers’ overall satisfaction with treatment effectiveness.




5.4. Statistical Analysis


Descriptive statistics (frequency count and percentages of categorical variables, number of observations, mean, SD, median, minimum, and maximum) are presented for all assessments based on available data. The first and third quartiles, and 95% CI of the mean (or of the proportion) are presented as appropriate. Missing data were not imputed.



Correlations between change from baseline in pain score at movement and change from baseline in shoulder MAS score, pain score, ROM, and EQ VAS score were calculated at visits 2 and 3 using the Spearman correlation coefficient.
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Figure 1. GAS T-score. Error bars depict standard deviation. The end of cycle 1 and beginning of cycle 2 assessments were both conducted at visit 2. Three patients completing cycle 1 did not receive a second cycle of injections. GAS, goal attainment scaling; n, number of patients with available data. 
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Figure 2. Change in pain score from baseline to the end of cycle 1 (visit 2) and the end of cycle 2 (visit 3). Error bars depict 95% confidence intervals. n, number of patients with available data; VAS, visual analogue scale. 
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Figure 3. Mean change from baseline to the end of cycle 1 (visit 2) and the end of cycle 2 (visit 3) in ROM (shoulder abduction angle) and MAS (muscle tone). Error bars depict 95% confidence intervals. MAS, modified Ashworth scale; n, number of patients assessed; ROM, range of motion. 
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Table 1. Baseline demographics and treatment information.
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Patients (N = 49)






	
Female, n (%)

	
25 (51.0)




	
Age, mean (SD) years

	
60.3 (9.1)




	
Handedness, n (%)

	
Left 5 (10.2)

	
Right 44 (89.8)




	
Time since last CVA, median (range) months

	
20.6 (12–240)




	
Time since onset of CVA, median (range) months

	
21.2 (12–240)




	
Time since onset of spasticity, median (range) months (n)

	
16.1 (0–193) (47)]




	
Time between first CVA and onset of spasticity, median (range) months (n)

	
4.0 (0–237) (42)]




	
Upper limbs affected, n (%)

	
49 (100.0)




	
Laterality, n (%)

	
Left 30 (61.2)

	
Right 18 (36.7)




	

	
Bilateral 1 (2.0)




	
Post-stroke complications, n (%)

 Cardiovascular disease

 Hypertension

 Hypercholesterolemia

 Pressure ulcer

 Urinary tract infection

 Bronchopulmonary infections

 Sleep disorder

 Loss of vision

 Depression/anxiety

 Dizziness

 Aphasia

 Fractures

 Falls

	
35 (71.4)

5 (14.3)

26 (74.3)

13 (37.1)

1 (2.9)

2 (5.7)

3 (8.6)

6 (17.1)

5 (14.3)

14 (40.0)

3 (8.6)

10 (28.6)

2 (5.7)

7 (20.0)




	
Impairment of communication, n (%)

 None

 Mild

 Significant

 Total

 Not done

	
24 (49.0)

8 (16.3)

7 (14.3)

2 (4.1)

8 (16.3)




	
Patients who had other conditions that could affect functional outcome, n (%) 1

 Mood/emotional function

 Behavioral problems

 Fatigue

 Orientation

 Memory

 Attention

	
30 (61.2)

24 (49.0)

4 (13.3)

9 (30.0)

8 (26.7)

16 (53.3)

13 (43.3)




	
Patients who underwent nondrug therapies, n (%) 1

 Splinting

 Orthotics

 Physical therapies

 Home exercises

 Electrical stimulation

	
43 (87.8)

16 (33.3)

19 (39.6)

34 (70.8)

29 (60.4)

6 (12.5)








1 More than one response was permissible; therefore, the sum of the percentages may exceed 100%. CVA, cerebrovascular accident; N, total number of patients; n, number of patients; SD, standard deviation.
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Table 2. AbobotulinumtoxinA injections to shoulder muscles during two cycles of treatment.
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	Patients (N = 49)





	Total dose administered in upper limb

median (range) units (n)

 Visit 1 (start of cycle 1)

 Visit 2 (start of cycle 2)
	 

 

600.0 (100.0–1200.0) (49)

600.0 (100.0–1500.0) (46) 1



	Number of muscles injected in upper limb

mean (SD) (n)

 Visit 1 (start of cycle 1)

 Visit 2 (start of cycle 2)
	 

 

5.8 (2.6) (49)

5.7 (2.5) (46) 1



	Muscles injected, n (%)

 Visit 1 (start of cycle 1)

 Pectoralis major

 Latissimus dorsi

 Subscapularis

 Teres major

 

Visit 2 (start of cycle 2)

 Pectoralis major

 Latissimus dorsi

 Subscapularis

 Teres major
	 

n = 49

44 (89.8)

27 (55.1)

13 (26.5)

1 (2.0)

 

N = 46 1

35 (76.1)

26 (56.5)

12 (26.1)

1 (2.2)



	Injection guidance technique used, n (%) 2

 Visit 1 (start of cycle 1)

 Palpation/anatomic landmarks

 Electrical stimulation

 

 Visit 2 (start of cycle 2)

 Palpation/anatomic landmarks

 Electrical stimulation
	 

n = 49

41 (83.7)

9 (18.4)

 

n = 46 1

39 (84.8)

9 (19.6)



	Time in months between first and second treatment

mean (SD)
	n = 46

4.63 (0.74)







1 One patient received abobotulinumtoxinA injections to lower limbs only at visit 2. 2 Both techniques may have been used; therefore, the sum of the percentages may exceed 100%. N, total number of patients; n, number of patients; SD, standard deviation.
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Table 3. Quality-of-life assessments at baseline, end of cycle 1 (visit 2), and end of cycle 2 (visit 3).
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	Baseline
	Visit 2
	Visit 3
	Change from Baseline to Visit 3





	Barthel Index score, mean (SD) (n)
	56.5 (28.1) (49)
	NA
	65.8 (27.8) (42)
	4.3 (10.5) (42)



	EQ VAS score, mean (SD) (n)
	51.0 (26.4) (31)
	59.6 (26.7) (25)
	64.7 (24.1) (23)
	16.7 (28.7) (23)



	Pain/discomfort, n (%) 1

No pain

Slight

Moderate

Severe

Extreme

Missing
	 

3 (9.7)

7 (22.6)

12 (38.7)

5 (16.1)

4 (12.9)

18
	 

6 (24.0)

10 (40.0)

5 (20.0)

3 (12.0)

1 (4.0)

24
	 

9 (39.1)

9 (39.1)

3 (13.0)

2 (8.7)

0

26
	NA







1 Percentages are based on the number of nonmissing observations. EQ VAS, EuroQol visual analogue scale; NA, not applicable; SD, standard deviation.
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