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Abstract

:

The goal-setting process is pivotal in managing patients with disabling spasticity. This case–control study assessed the role of diagnostic nerve blocks in guiding the goal-setting process within goal-targeted treatment of spasticity with botulinum neurotoxin-A. In this case–control study, patients with disabling spasticity underwent either a goal-setting process based on the patient’s needs and clinical evaluation (control group) or additional diagnostic nerve block procedures (case group). All enrolled patients underwent a focal treatment with botulinum neurotoxin-A injection and a 1-month follow-up evaluation during which goal achievement was quantified using the goal attainment scaling-light score system. Data showed a higher goal achievement rate in the case group (70%) than in the control group (40%). In conclusion, diagnostic nerve blocks may help guide the goal-setting process within goal-targeted treatment of spasticity with botulinum neurotoxin-A towards more realistic and achievable goals, thereby improving the outcomes of botulinum neurotoxin-A injection. Future studies should better explore the role of diagnostic nerve blocks to further personalize botulinum neurotoxin-A according to individual patients’ preferences and requirements.
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Key Contribution: Diagnostic nerve blocks could help reach improved goals in patients with spasticity, making treatment with botulinum neurotoxin-A more effective and tailored to individual patients’ needs.










1. Introduction


Post-stroke spasticity (PSS) is a frequent disabling complication that affects functions, activities, and community participation of patients. Spasticity is experienced by approximately 34% of stroke survivors within 18 months following a stroke, and peaks at 84% among patients with multiple sclerosis with a long disease history [1,2,3].



Botulinum neurotoxin-A (BoNT-A) injections have an A level of evidence for the treatment of upper and lower limb spasticity in patients with stroke and multiple sclerosis [4,5,6]. There are different techniques for guiding and assisting BoNT-A injection, and ultrasound is largely applied to this aim [7]. Diagnostic nerve blocks (DNBs) play many pivotal roles in managing patients with spasticity, and guidelines regarding their safety have been recently published [8]. DNBs may support the differential diagnosis between spastic hypertonia and other conditions when the clinical examination is not conclusive [8]. Furthermore, DNBs help predict outcomes of BoNT-A treatment for spasticity and better tailoring this treatment to the needs of individual patients [9,10]. There is a broad consensus on the use of DNBs in the assessment and treatment of some spasticity patterns (i.e., equinus varus foot) [11]. Better identification of how and when to treat spasticity may ameliorate outcomes, e.g., reduce pain, disability, and other consequences of spasticity [12]. The treatment should be goal-targeted following the patient’s issues and clinical manifestations. Treatment should address passive (e.g., improving positioning and orthotic compliance and reducing spasms and pain) and active (e.g., improving upper and lower limb function and activities of daily living and reducing disability and dependence) limitations according to the level of functioning of individual patients [12,13]. Treatment of spasticity more frequently targets activity and participation [14], although achieving active goals may be more challenging [15]. The decision-making process in the treatment of spasticity with BoNT-A should be tailored to individual patients and address specific, measurable, attainable, realistic, and timed (SMART) goals [16]. Factors predicting the outcomes of spasticity treatment with BoNT-A based on SMART goals have been seldom studied.



The present study aims to assess the possible role of DNBs in guiding the goal-setting process within goal-targeted treatment of spasticity with BoNT-A according to the SMART framework and the specific needs of individual patients.




2. Results


This case–control study included 40 patients with disabling spasticity. In the case group, we prospectively enrolled 20 consecutive patients (post-stroke: n = 12, multiple sclerosis: n = 8). The retrospective control group included 20 patients (post-stroke: n = 16, multiple sclerosis: n = 4). The two groups did not differ for the main clinical and demographic variables (Table 1). The mean total BoNT-A dose was slightly lower in the case group than it was in the control group, while the mean upper and lower limb BoNT-A was slightly higher in the case group, because the number of patients who had their upper and lower limb muscles injected differed between groups. Within the case group, 4 patients received BoNT-A treatment in the upper limb, 12 in the lower limb, and 4 in both sites. Within the control group, 2 patients received BoNT-A treatment in the upper limb, 5 in the lower limb, and 13 in both sites.



Passive goals were chosen by 13 and 10 patients in the case and control groups, respectively, whereas 7 and 10 patients in the case and control groups, respectively, chose active goals. The single goals chosen by patients in each group are detailed in Table 2.



All patients in both groups demonstrated at baseline some function on the goal chosen. The GAS-light score was significantly different between groups (control group: −0.70 ± 1.30; median, −1, interquartile range (IQR) [–2, 0]; case group: 0.25 ± 1.29, median, 0 IQR [–1, 1]; p = 0.026) with an effect size of 0.733. The achievement rate was significantly higher in the case group than it was in the control group (case: 70%; control: 40%; p = 0.028; Table 3). Of 20 patients in the case group, 9 achieved a better outcome than expected (i.e., a GAS-light score of +1 or +2) in comparison to 3 of 20 patients in the control group (Table 3). The rate of goal achievement in the passive domain (impairment/symptoms) was 69.2% (i.e., 9/13) in the case group and 50.0% (i.e., 5/10) in the control group. The rate of goal achievement in the active domain (activities/function) was 71.4% (i.e., 5/7) in the case group and 30.0% (i.e., 3/10) in the control group.




3. Discussion


The DNB is a safe procedure that can be performed in the neurorehabilitation medicine setting and plays an increasingly key role in the management of patients with spasticity. Our data add to this notion, in that they document that DNBs may not only predict the effect of BoNT-A treatment on injected muscles in patients with disabling spasticity, but may also allow better achievement of treatment goals according to the requirements and preferences of individual patients according to the SMART framework [16,18].



In more detail, we found that prespecified goals were reached in nearly twice as many patients with spasticity when the treating physician choose the BoNT-A injection strategy based on DNBs and clinical assessments (i.e., a 70% achievement rate) rather than clinical assessments only (i.e., a 40% achievement rate). This difference was significant, with a moderate-to-high effect. The main reason for this significant difference can be explained by the role of the DNB, which allows a transient functional clinical evaluation of the effects of BoNT-A injection prior to treatment [8,10], in particular, in more complex patients [9]. Indeed, we may hypothesize that choosing passive and active goals combining patients’ preferences and requirements, clinical evaluation, and DNBs may allow prioritizing goals based on a better a priori definition of their achievability.



Active goals in the activities/function domain have been reported to be more challenging to achieve than passive ones in the impairment/symptom domain, probably because they reflect patients’ desire to prioritize a desirable goal rather than an achievable one [15]. Our data indicate that active goals were chosen less frequently than passive ones in the control group, but DNBs helped achieve them more frequently.



Our data indicate that other potentially biasing factors did not influence the outcomes of this study, in that demographic, clinical, and BoNT-A injection baseline features were comparable between the two groups.



This study was open to some consideration and suffered from some limitations. First, the control group was retrospective, because all patients with disabling spasticity currently undergo DNB procedures in our clinical practice. Second, we included patients with spasticity after stroke and due to multiple sclerosis, who may have different requirements. Third, active goals within the activities/function domain were mostly chosen by patients with lower limb spasticity, impeding the generalization of results to upper limb function. Fourth, performing a DNB requires a long learning curve, and its use is not currently widespread, thus limiting its use to tertiary centers.




4. Conclusions


This study confirmed that applying clinical goals to spasticity treatment is an effective method to identify treatment priorities and personalize BoNT-A treatment [13,19,20,21]. The new findings of our study are that DNBs may further optimize the goal-setting process for BoNT-A treatment of patients with disabling spasticity towards more realistic and achievable goals. Future studies should explore the role of DNBs in these patients’ treatments, whether its therapeutic yield to BoNT-A injection is comparable across different disease stages, and if it may help in understanding if other treatments (e.g., intrathecal baclofen, phenol neurolysis, and spasticity-reducing surgery) [22] may be more appropriate, alone or in combination with BoNT-A, to achieve a specific goal. Multicenter randomized controlled trials may help answer these questions.




5. Materials and Methods


5.1. Study Design and Assessment Times


This case–control study enrolled consecutive patients (April 2023–January 2024) with disabling spasticity as a prospective group (cases) and compared them with a retrospective group (controls) set up from a chart review process (January 2020–December 2021). We used a retrospective control group because in our spasticity outpatient service DNBs are currently the standard procedure for muscle target identification for BoNT-A injection. Disabling spasticity was defined using clinical expertise and incorporating classification of functioning, disability and health domains as spasticity that is perceived by the individual or caregivers as hindering body function, activities, and/or participation [23].



Assuming 33% goal achievement in the control group and 60% in the case group, the power analysis (G*Power, alpha = 0.05, power = 0.90, two-tailed) indicated a sample size of 38, which was rounded to 40 patients (case group = 20, control group = 20).



Inclusion criteria: (a) age > 18 years; (b) diagnosis of disabling spasticity of the upper and/or lower limb(s); (c) no contraindications to DNB (for the case group only) [8]; and (d) goal-setting process based on conventional clinical assessment (i.e., no DNB, for the control group only). Exclusion criteria: impossible to define a treatment goal and mini-mental state examination (MMSE) corrected for age and education < 23.8/30. The timing of assessment and treatment is described in Figure 1. At T0, patients in the case group underwent clinical evaluations and DNBs that guided the definition of their BoNT-A treatment goals. In contrast, only the clinical evaluation at T0 guided the definition of BoNT-A treatment goals for control patients. At T1, around 1–2 weeks later, all patients underwent treatment with BoNT-A injection, according to goals defined at T0. At T2, 1 month after T1, all patients underwent a follow-up visit to assess whether their goals were effectively achieved using the GAS-light scoring system. Patients did not undergo changes in oral therapy or other treatments for spasticity between T1 and T2. Figure 1 shows the flow-chart of this study.




5.2. Goal-Setting Process


The definition of each goal, referred to a function and matched to a specific outcome measure, was based on the requirements and preferences of each individual patient. A single goal was set for each individual patient. Possible goals, goal areas, and domains are listed in Table 4. Evaluation of the achievement of the chosen goal followed the GAS-light model [24] in accordance with the needs of each individual patient. The GAS-light model is based on six key steps (i.e., 1. What are the patient’s main problems? 2. What do you expect to be able to achieve? 3. Have the team and the patient/caregiver agreed on the expected outcome? 4. How will the outcome be assessed? 5. Plan treatment. 6. Review.), a baseline function evaluation of the goal (i.e., some function, no function), and a 5-point scoring system (i.e., goal achieved as expected, 0; a little more, +1; a lot more, +2; no change from baseline, −1; got worse, −2). The expected target was defined based on the SMART framework for each patient. GAS-light cut-off scores were based on the minimal clinical important difference (MCID) or minimal detectable change (MCD). For scalar measures, a GAS-light score of 0 was attributed if the gain from the baseline ranged between 0.9 and 1.1 times the MCD/MCID; a score of +1 was attributed if the gain ranged between 1.1 and 1.5 times the MCD/MCID; a score of +2 was attributed if the gain was more than 1.5 times the MCD/MCID; a score of −1 was attributed if no or minimal gain was achieved (i.e., less than 0.9 times the MCD/MCID); and a score of −2 was attributed if the outcome was worse than the baseline. For categorical outcome measures, score 0 was set as a gain from the baseline equal to 1 point; score −1 if there was no change from the baseline; score −2 if the outcome was worse than the baseline; score +1 when there was an improvement of at least 2 points; and score +2 when there was an improvement of more than 2 points. Goals, their respective outcome measures, and the GAS-light score 0 are described in Table 4 and Figure 2. Decimal values were rounded up if ≥ 0.5 and rounded down if < 0.5, except for seconds, where the sensitivity of the chronometer was set at 0.1” and rounded up/down if ≥/< 0.05.




5.3. DNB Procedures


DNBs were performed with a 22-gauge, 80-mm, ultrasound faceted tip echogenic needle for nerve block (SonoPlex STIM, Pajunk, Geisingen, Germany) applied to the motor branches of the target nerve by ultrasound (MyLab 70 XVision system, Esaote SpA, Genoa, Italy; linear probe set at 13 MHz) using an in-plane technique and electrical nerve stimulation (Plexygon, Vygon, Padua, Italy) guidance. Patients laid in a prone or supine position as appropriate. When the target nerve was identified by ultrasound, and following elicitation of appropriate muscle response to electrical stimulus (1 Hz, 100 μs, 0.5 mA), lidocaine (2%) was injected [33]. The maximum dose administered during each session of DNB was 2 mg/kg, following French clinical guidelines for peripheral motor nerve blocks in a physical and rehabilitation medicine setting [8]. DNB targets for the upper limbs included the lateral and medial pectoral nerves, the musculo-cutaneus nerve, and median and ulnar nerves. DNB lower limb targets included the anterior obturator nerve, femoral nerve and its motor branches for the rectus femoris muscle, and the tibialis nerve main trunk and its motor branches [9,34]. Each nerve was identified according to previously described techniques [35,36]. The amount of lidocaine changed according to the type of DNB, i.e., 1–2 mL for muscular motor branches (e.g., motor branch for the soleus muscle), 3–4 mL for main trunk nerves (e.g., the median nerve), and 5–6 mL for the tibial nerve. DNB procedures were performed by medical doctors with more than five years of experience in managing this technique.




5.4. BoNT-A Treatment


The BoNT-A injection strategy was chosen by the treating physician according to clinical and DNB evaluations (case group), or the clinical evaluation only (control group), and was verified one month after BoNT-A treatment at T2. The choice of injected muscles was based on the spasticity pattern of upper/lower limbs for each patient [37,38,39]. BoNT-A injections were guided by ultrasound (MyLab 70 XVision system, Esaote SpA, Genoa, Italy; linear probe set at 13 MHz) using a 22-gauge, 40 mm needle. Injection sites were identified according to the literature [40,41]. The dilution was 100 U/2 mL for onabotulinumtoxin-A and incobotulinumtoxin-A, and 500 U/2.5 mL for abobotulinumtoxin-A. Dosages, the number of injection sites, and total dose per session were in accordance with the product information for each BoNT-A type.




5.5. Statistical Analysis


Statistical analysis was performed with the SPSS version 21.0 (SPSS, Chicago, IL, USA) package. For continuous variables, normality of distribution was tested with the Shapiro–Wilks test. A descriptive analysis of collected data was performed using the mean, standard deviation, and median and interquartile ranges, as appropriate. Based on the study’s design, with two groups, but a single measure for both the baseline demographic, clinical, and treatment characteristics data (Table 1) and for the primary outcome (i.e., the GAS-light score), an independent samples t-test was used in cases of normal distribution, while the non-parametric Mann–Whitney U test was applied when the distribution was not normal (p < 0.05, two-tailed). Cohen’s d was used for the calculation of the effect size. The chi-squared (χ2) test was applied when comparing the rate of achievement between case and control groups (p < 0.05, one-tailed).
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Figure 1. Flow chart of the study. DNB: diagnostic nerve block. BoNT-A: botulinum neurotoxin-A. 
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Figure 2. Scores of the goal attainment scale (GAS). * Gain expressed as number of times of minimal clinically important difference or minimal detectable change from the baseline. # Gain expressed in point(s) from the baseline. 






Figure 2. Scores of the goal attainment scale (GAS). * Gain expressed as number of times of minimal clinically important difference or minimal detectable change from the baseline. # Gain expressed in point(s) from the baseline.



[image: Toxins 16 00258 g002]







 





Table 1. Demographic, clinical, and treatment characteristics of patients with disabling spasticity.
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	Case Group

(n = 20)
	Control Group

(n = 20)
	t, χ2 Values
	p





	Demographic
	
	
	
	



	Age, years
	58.0 ± 16.7
	62.5 ± 12.3
	t(38) = 0.97
	0.34



	Male, %
	50.0
	70.0
	χ2 (1,1) = 1.67
	0.20



	Clinical
	
	
	χ2 (1,1) = 1.07
	0.30



	Multiple sclerosis, %
	40.0
	20.0
	
	



	Post-stroke, %
	60.0
	80.0
	
	



	Time from stroke onset, mos
	113.6 ± 108.1
	64.5 ± 52.2
	t(26) = 1.59
	0.12



	Time from spasticity diagnosis, mos
	96.1 ± 60.7
	70.5 ± 39.5
	t(12) = 0.77
	0.46



	BoNT-A treatment
	
	
	
	



	Total BoNT-A dose, unit *
	292.3 ± 109.9
	320.4 ± 139.2
	t(36) = −0.70
	0.49



	Upper limb BoNT-A dose, unit *
	199.0 ± 84.71
	152.9 ± 56.1
	t(31) = 1.87
	0.07



	Lower limb BoNT-A dose, unit *
	264.4 ± 94.6
	211.9 ± 71.8
	t(31) = 1.80
	0.08



	Injected muscles, N
	3.5 ± 1.6
	4.7 ± 2.4
	t(36) = −1.93
	0.06



	Upper limb injected muscles, N
	3.1 ± 1.4
	2.8 ± 0.8
	t(21) = 0.56
	0.58



	Lower limb injected muscles, N
	2.8 ± 1.3
	2.8 ± 1.3
	t(31) = −0.02
	0.98







Legend. BoNT-A: botulinum neurotoxin-A; mos = months; N = number; * onabotulinum toxin-A and incobotulinum toxin-A to abobotulinum toxin-A ratio: 1:3 [17].













 





Table 2. Goals chosen by patients in each group.
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Domain

	
Goal Areas

	
Goals

	
Outcome Measures

	
Case Group

	
Control Group






	
Passive goals (impairment/ symptoms)

	
Pain/Discomfort

	
Pain reduction

	
NPRS

	
2

	
2




	
Involuntary

movements

	
Spasms reduction

	
PSFS

	
4

	
2




	
Clonus reduction

	
Tardieu score

	
1

	
1




	
Range of movement/

contractures

prevention

	
Muscle tone

reduction

	
MAS

	
4

	
2




	
Gain in ankle pROM

	
angle

	
1

	
3




	
Gain in shoulder abduction pROM

	
angle

	
1

	
0




	
Active goals (activities/ function)

	
Active function

	
Gain in muscle strength

	
MRC

	
0

	
0




	
Gain in balance during gait

	
TUG

	
2

	
0




	
Gain in hand dexterity

	
NHPT

	
0

	
0




	
Mobility

	
Gain in gait endurance

	
6 MWT

	
1

	
3




	
Gain in gait speed

	
10 MWT

	
2

	
3




	
Gain in gait functioning

	
LegA

	
2

	
4








Legend. NPRS: numerical pain rating scale; PSFS: Penn spasm frequency scale; MAS: modified Ashworth scale; pROM: passive range of motion; MRC: medical research council scale; TUG: time up and go test; NHPT: nine-hole peg test; 6 MWT: 6 min walking test; 10 MWT: 10 m walking test; LegA: leg activity.













 





Table 3. GAS-light scoring system.
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GAS-Light Scoring System

	
Case Group

	
Control Group

	
Rate of

Achievement

(Case Group)

	
Rate of

Achievement

(Control Group)






	
Some function

	
20

	
20

	
-

	
-




	
No function

	
0

	
0




	
Not achieved

	
score −2

	
2

	
7

	
30%

	
60%




	
score −1

	
4

	
5




	
Achieved

	
score 0

	
5

	
5

	
70% *

	
40%




	
score +1

	
5

	
1




	
score +2

	
4

	
2








Legend. GAS: goal attainment scale. * Significantly higher than control group; χ2: p = 0.028.













 





Table 4. Goals, outcome measures, and expected targets.
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Domain

	
Goal Areas

	
Goals

	
Outcome Measures

	
Expected Targets

GAS 0






	
Passive goals (impairment/symptoms)

	
Pain/discomfort

	
Pain reduction

	
NPRS

	
−1 point [25]




	
Involuntary

movements

	
Spasms reduction

	
PSFS

	
−1 point *




	
Clonus reduction

	
Tardieu score

	
−1 point [26]




	
Range of movement/

contractures

prevention

	
Muscle tone reduction

	
MAS

	
−1 point [27]




	
Gain in ankle pROM

	
angle

	
+7.7° [28]




	
Gain in shoulder abduction pROM

	
angle

	
+15° *#




	
Active goals (activities/function)

	
Active function

	
Gain in muscle strength

	
MRC

	
+1 point *




	
Gain in balance during gait

	
TUG

	
−2.9′′ [29]




	
Gain in hand dexterity

	
NHPT

	
−32.8′′ [30]




	
Mobility

	
Gain in gait endurance

	
6 MWT

	
+34.4 m [31]




	
Gain in gait speed

	
10 MWT

	
+0.16 m/s [32]




	
Gain in gait functioning

	
LegA

	
−13.2 points *$








Legend. GAS: goal attainment scale; NPRS: numerical pain rating scale; PSFS: Penn spasm frequency scale; MAS: modified Ashworth scale; pROM: passive range of motion; MRC: medical research council scale; TUG: time up and go test; NHPT: nine-hole peg test; 6 MWT: 6 min walking test; 10 MWT: 10 m walking test; LegA: leg activity. * No minimal clinically important difference or minimal detectable change was available. $ The target was set as an improvement from a baseline of 13 points, representing 10% of the maximum achievable score (i.e., 132 points). # The target was set as the difference from a baseline of 15°, which represents 10% of the complete range of movement (i.e., 150°).
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