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Abstract

Introduction:OnabotulinumtoxinA treatment for spasticity is dependent on numerous factors and varies according to selected treat-
ment goals.
Objective: To examine real-world onabotulinumtoxinA treatment utilization and effectiveness in patients with upper limb spasticity
over 2 years from the Adult Spasticity International Registry (ASPIRE) study.
Design: Multicenter, prospective, observational registry (NCT01930786).
Setting: Fifty-four international clinical sites in North America, Europe, and Asia.
Patients: Adults (naïve or non-naïve to botulinum toxins for spasticity) with upper limb focal spasticity related to uppermotor neuron
syndrome across multiple etiologies.
Interventions: OnabotulinumtoxinA administered at clinician’s discretion.
Main Outcome Measures: OnabotulinumtoxinA utilization, clinician and patient satisfaction.
Results: Four hundred eighty-four patients received ≥1 treatment of onabotulinumtoxinA for upper limb spasticity. Patients were on
average 55.1 years old, 50.8%male, predominantly Caucasian (72.3%), and 38.6%were naïve to botulinum toxins. Strokewas themost
frequently reported underlying etiology (74.0%). Most patients (81.2%) had moderate to severe spasticity at baseline. The most com-
monly treated upper limb clinical presentation was clenched fist (79.1% of patients). Across all presentations, onabotulinumtoxinA
doses ranged between 5-600U. Electromyography (EMG) was most often utilized to localize muscles (≥57.0% of treatment sessions).
Clinicians (92.9% of treatment sessions) and patients (85.7%) reported being extremely satisfied/satisfied that treatment helped
manage spasticity, and clinicians (98.6%) and patients (92.2%) would definitely/probably continue onabotulinumtoxinA treatment.
One hundred seventy-nine patients (37.0%) reported 563 adverse events (AEs); 15 AEs in 14 patients (2.9%) were considered treat-
ment related. Sixty-nine patients (14.3%) reported 137 serious AEs; 3 serious AEs in 2 patients (0.4%) were considered treatment
related. No new safety signals were identified.
Conclusions: ASPIRE captured the real-world individualized nature of onabotulinumtoxinA utilization for upper limb spasticity over
2 years, with consistently high clinician- and patient-reported satisfaction. Data in this primary analysis will guide clinical use of
onabotulinumtoxinA, as well as provide insights to improve educational programs on spasticity management.

Introduction

Spasticity can be defined as disordered sensorimotor
control, resulting from an upper motor neuron lesion,

presenting as intermittent or sustained involuntary acti-
vation of muscles.1,2 Several central nervous system dis-
orders are associated with spasticity, including stroke,
cerebral palsy, multiple sclerosis, spinal cord injury, and
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traumatic brain injury.3–5 Upper limb spasticity affects the
shoulder, elbow, wrist, and finger flexors, resulting in abnor-
mal postures.6,7 Upper limb spasticity affects both active
and passive function, which can interfere with limb dexter-
ity and mobility, activities of daily living, and lead to limb
pain.4,7–9 Due to its negative impact on emotional and phys-
ical function, spasticity can result in lower quality of life and
higher caregiver and economic burden.10–14

Clinical approaches to treat spasticity should be tai-
lored tomeet the needs and realistic goals of each patient,
and often aim to improve quality of life and prevent sec-
ondary complications.5 Several treatment options to man-
age spasticity are available (reviewed in several
studies3–5,8,15,16), including oral medications, botulinum
toxins, intrathecal baclofen, and procedures/surgeries,
with combination treatments often recommended.17,18

As many daily activities and occupations require highman-
ual dexterity, treatments that improve occupational ther-
apy outcomes are especially important for patients with
upper limb spasticity. OnabotulinumtoxinA (Botox, Alle-
rgan plc, Dublin, Ireland) is approved for use in upper and
lower limb spasticity in the United States andworldwide.19

OnabotulinumtoxinA is a focal neuromodulator that blocks
acetylcholine release at neuromuscular junctions, leading
to muscle relaxation.19,20

There is a large body of evidence demonstrating the
efficacy and safety of onabotulinumtoxinA for the treat-
ment of upper limb spasticity in controlled trials
(eg,21–28 and reviewed in8,29), with recommended use in
clinical practice.8,16,30,31 However, published
onabotulinumtoxinA treatment utilization data in real-
world settings are limited but are necessary to help guide
clinicians on common treatment practices to better meet
the needs of patients. The Adult SPasticity International
REgistry (ASPIRE) study was developed to describe the
clinical characteristics of patients being treated with
onabotulinumtoxinA for spasticity across multiple etiolo-
gies and geographical regions over 2 years.32 The main
objectives of the ASPIRE study were to examine the pat-
terns of onabotulinumtoxinA utilization and assess the
effectiveness of onabotulinumtoxinA treatment for spas-
ticity. This article focuses on patients from ASPIRE
treated for upper limb spasticity, defined as any enrolled
patient who received at least one treatment of
onabotulinumtoxinA to the upper limb during the study
period.

Methods

A complete description of the study methods have
been published previously32 and are described in
brief here.

Study Design and Setting

ASPIRE is an international, multicenter, prospective,
observational registry (NCT01930786). Data were

collected by 74 treating clinicians at 54 international
sites in the United States, Spain, Germany, the United
Kingdom, France, Italy, and Taiwan. OnabotulinumtoxinA
treatments were administered at the clinician’s discre-
tion in accordance with usual clinical practices and
country-specific regulations. For most patients, re-
treatment is expected to occur approximately every
12 weeks according to the package inserts.19,33 Financial
support was not provided by the sponsor for any treat-
ment/treatment related costs. ASPIRE included a
96-week study period, followed by a 12-week follow-up
period (108 weeks total). For study completion, patients
had tomeet the following criteria: (1) did not discontinue
within the 96-week study period; (2) were not lost to
follow-up; and (3) completed the final assessment form.
ASPIRE was conducted in accordance with all relevant
regulatory requirements, including the Declaration of
Helsinki and the Guidelines for Good Phar-
macoepidemiology Practices (International Society for
Pharmacoepidemiology [IPSE]).

Participants

Adult patients (≥18 years of age, men and women,
naïve or non-naïve to botulinum toxin[s] for spasticity)
were treated with onabotulinumtoxinA for focal spastic-
ity related to upper motor neuron syndrome during rou-
tine clinical practice. Inclusion/exclusion criteria are
detailed in Francisco et al.32 All patients were required
to provide written informed consent. Institutional review
board approval was granted at each study site.

Outcomes and Data Sources

Patient demographics and clinical characteristic data,
including assessment of the patient’s severity of spastic-
ity using the Modified Modified Ashworth Scale (MMAS34),
were collected at baseline. The primary objectives of
ASPIRE were to (1) determine the patterns of utilization
of onabotulinumtoxinA treatment for spasticity in clinical
practice; and (2) quantify the effectiveness of
onabotulinumtoxinA for the treatment of spasticity in
clinical practice using clinician- and patient-reported
satisfaction. OnabotulinumtoxinA utilization data were
captured at each treatment session. Clinician satisfaction
was collected at each subsequent treatment session and
patient satisfaction was collected 5 � 1 weeks post-
treatment via phone or web.

The secondary objectives relevant to this analysis
include (1) patient-reported outcome (PRO) data to eval-
uate the impacts of spasticity on quality of life, physical
function, activities of daily life, and pain; and (2) estima-
tion of the incidence of adverse events (AEs). PRO data
included the Disability Assessment Scale (DAS35), which
was assessed by the clinician at treatment session 1 and
at each subsequent treatment session, and the Numeric
Pain Rating Scale (NPRS36,37), which was self-reported
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by patients at baseline and 5 � 1 weeks post-treatment
via phone or web. AE data were captured throughout
the study (108 weeks total) and were summarized using
the Medical Dictionary for Regulatory Activities
(MedDRA) version 20.0 by system organ class and pre-
ferred term. Relationship to treatment and evaluation
of potential distant spread of toxin were adjudicated by
a panel of safety clinicians. For additional details on the
assessment scales utilized in ASPIRE, as well as a com-
plete list of data collected, refer to Francisco et al.32

Control for Bias

ASPIRE was designed for high generalizability to clini-
cal practice. To minimize selection bias, broad eligibility
criteria were applied to capture real-world
onabotulinumtoxinA utilization for spasticity, including
multiple etiologies and geographical regions, as well as
patients naïve or non-naïve to botulinum toxins for spas-
ticity. However, inclusion of non-naïve patients may have
introduced a selection bias for patients in which
onabotulinumtoxinA was tolerable and effective. To min-
imize this bias, ASPIRE aimed to enroll approximately
one-third of patients that were naïve to botulinum toxins
for spasticity in addition to non-naïve patients. To mini-
mize information bias, case report forms were carefully
designed, and training provided to site staff, with assess-
ments performed by the contract research organization
to ensure data quality.

Study Size, Statistical Methods, and Analysis
Populations

No formal sample size/statistical power calculations
were performed, as analyses of the primary study objec-
tives were descriptive and did not test specific hypothe-
ses. Data collected beyond 108 weeks were not
included. Observed data are shown; no imputation of
missing values was performed. Statistical significance
was determined using ordinal logistic regression for DAS
and paired t-tests with Bonferroni correction for NPRS.
Statistics were performed using SAS version 9.2 or higher
(SAS Institute, Cary, NC).

The total analysis population includes all enrolled
patients who received at least one dose of
onabotulinumtoxinA during the study and was subdivided
into the upper limb spasticity population and the lower
limb spasticity population for publication. For this analy-
sis of the upper limb spasticity population, all enrolled
patients (naïve and non-naïve to botulinum toxins for
spasticity) who received at least one treatment of
onabotulinumtoxinA to the upper limb during the study
period were included. Data were collected by clinical
presentation; patients could have been treated for ≥1
presentation. Importantly, patients in the upper limb
spasticity population may have also received treatment

to the lower limb during the study; however, only upper
limb data are described here.

Results

Patient Disposition

ASPIRE (study dates: 16 Oct 2013 to 9 Oct 2017)
enrolled 744 patients. For the total analysis population,
14 patients were excluded (N = 14/744, 1.9%; Figure S1)
and 730 patients were included (N = 730/744, 98.1%).
Over the 2-year study, 484 patients received at least
one treatment of onabotulinumtoxinA to the upper limb
during at least one treatment session, hereafter referred
to as the upper limb (spasticity) population. Patients who
received treatment to the lower limb only (N = 246) were
excluded from this analysis. Of those in the upper limb
population (N = 484), 285 patients (58.9%) completed
the study and 199 patients (41.1%) discontinued the
study. Of those that discontinued, 121 patients (60.8%)
withdrew consent, 63 patients (31.7%) failed to complete
the final assessment form, and 15 patients (7.5%) were
lost to follow-up. The most common patient-reported
reasons for withdrawal of consent were treatment inef-
fective (N = 45/484, 9.3%) and difficulty paying for
onabotulinumtoxinA treatment (N = 25/484, 5.2%). A full
list of reasons for discontinuation is provided in Table S1.

Demographics and Clinical Characteristics

At baseline, patients were on average 55 years old,
predominantly Caucasian (N = 350/484, 72.3%), evenly
distributed by gender (men: N = 246/484, 50.8%), and
most patients (N = 297/484, 61.4%) were non-naïve to
botulinum toxins for spasticity (Table 1). Patient demo-
graphics for the upper limb population were similar to
the total population, as described previously.32 Stroke
was the most commonly reported underlying etiology of
spasticity (N = 358/484, 74.0%; Figure 1). The majority
of patients (N = 358/472, 75.9%) had either more marked
or considerable increase in tone, as evaluated by the
MMAS (Figure 2).34 For additional baseline data, including
oral medications, treatment modalities, SF-12 domain
scores, as well as caregiver and clinician demographics,
refer to Francisco et al.32

OnabotulinumtoxinATreatment Utilization

Over 2 years, onabotulinumtoxinAwas administered in
1974 treatment sessions to the upper limb spasticity pop-
ulation (N = 484). The mean (SD) treatment interval
across all treatment sessions was 17.1 (7.1) weeks. The
most common upper limb clinical presentation treated
in ASPIRE (as determined by number of patients) was
clenched fist, followed by flexed elbow, flexed wrist,
pronated forearm, adducted/internally rotated shoulder,
thumb-in-palm, and intrinsic plus hand (refer to Simpson
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et al31 and Mayer and Esquenazi38 for presentation
descriptions). Data in Table 2 and Figure 3 demonstrate
the real-world diversity of onabotulinumtoxinA treat-
ment for each clinical presentation individually, including
dose and dilution, needle length, number of injections,
treatment side, injection localization methods, and mus-
cles targeted, with findings of interest highlighted here.

Clenched Fist
In total, 383 patients received onabotulinumtoxinA for

clenched fist in 1505 treatment sessions (Table 2). The

most common dose (mode) of onabotulinumtoxinA per
treatment session for clenched fist was 100 U. Of the avail-
able injection guidance techniques, clinicians frequently
located the site(s) for injection using electromyography
(EMG; n = 861/1505, 57.2%). For most treatment sessions,
onabotulinumtoxinAwas injected into the flexor digitorum
superficialis (n = 1299/1505, 86.3%) and the flexor
digitorum profundus (n = 1210/1505, 80.4%; Figure 3).

Flexed Elbow
In total, 367 patients received onabotulinumtoxinA for

flexed elbow in 1352 treatment sessions (Table 2). The most
common dose of onabotulinumtoxinA per treatment session
for flexed elbow was 100 U. Clinicians most commonly
located the site(s) for injection using EMG (n = 771/1352,
57.0%). For most treatment sessions, onabotulinumtoxinA
was injected into the biceps brachii (n = 1171/1352,
86.6%), followed by brachialis (n = 820/1352, 60.7%) and
brachioradialis (n = 751/1352, 55.5%; Figure 3).

Flexed Wrist
In total, 284 patients received onabotulinumtoxinA for

flexed wrist in 1024 treatment sessions (Table 2). The
most common dose of onabotulinumtoxinA per treatment
session for flexed wrist was 100 U. Clinicians most com-
monly located the site(s) for injection using EMG
(n = 595/1024, 58.1%). For most treatment sessions,
onabotulinumtoxinA was injected into the flexor carpi
radialis (n = 891/1024, 87.0%) and the flexor carpi ulnaris
(n = 771/1024, 75.3%; Figure 3).

Pronated Forearm
In total, 191 patients received onabotulinumtoxinA for

pronated forearm in 610 treatment sessions (Table 2).
The most common dose of onabotulinumtoxinA per treat-
ment session for pronated forearm was 50 U. Clinicians

Table 1
Baseline patient demographics for the upper limb spasticity population

(N = 484)

Age (y)
Mean (SD) 55.1 (15.3)
Median 57.0
Min, Max 19.2, 93.2

Gender, N (%)
Female 238 (49.2)
Male 246 (50.8)

Race, N (%)
Caucasian 350 (72.3)
Black/African/Caribbean 69 (14.3)
Asian 39 (8.1)
Latino/Hispanic 16 (3.3)
Middle Eastern/Arab 3 (0.6)
American Indian/Alaska Native 1 (0.2)
Other 2 (0.4)
Data Not Available 4 (0.8)

BMI (kg/m2), N 402
Mean (SD) 26.7 (5.5)
Median 25.8
Min, Max 14.9, 56.8

Naïve to botulinum toxin for spasticity, N (%)
Yes 187 (38.6)

BMI = body mass index; Max = maximum; Min = minimum; N = number of
patients.

Figure 1. Primary etiology of spasticity at baseline in the upper limb spasticity population. For each population shown (ie, naïve, non-naïve, and
total), percentages sum to 100% across etiologies. Etiologies were not mutually exclusive, as more than one response was allowed per patient. †Stroke
includes ischemic, hemorrhagic, and embolic stroke. ‡Other includes hereditary spastic paraparesis, stroke during aneurysm clipping, chiari malfor-
mation, and hydrocephalus. CP, cerebral palsy; MS, multiple sclerosis; N, number of patients; TBI, traumatic brain injury; SCI, spinal cord injury.
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most commonly located the site(s) for injection using
EMG (n = 397/610, 65.1%). At nearly all treatment ses-
sions, onabotulinumtoxinAwas injected into the pronator
teres (n = 589/610, 96.6%; Figure 3).

Adducted/Internally Rotated Shoulder
In total, 185 patients received onabotulinumtoxinA for

adducted/internally rotated shoulder in 612 treatment
sessions (Table 2). The most common dose of
onabotulinumtoxinA per treatment session for
adducted/internally rotated shoulder was 100 U. Clini-
cians most commonly located the site(s) for injection
using EMG (n = 374/612, 61.1%). For most treatment ses-
sions, onabotulinumtoxinA was injected into the
pectoralis complex (n = 516/612, 84.3%; Figure 3).

Thumb-in-Palm
In total, 147 patients received onabotulinumtoxinA for

thumb-in-palm in 323 treatment sessions (Table 2). The
most common dose of onabotulinumtoxinA per treatment
session for thumb-in-palm was 20 U. Clinicians most com-
monly located the site(s) for injection using EMG
(n = 185/323, 57.3%). For approximately half of treat-
ment sessions, onabotulinumtoxinA was injected into
the flexor pollicis longus (n = 175/323, 54.2%; Figure 3).

Intrinsic Plus Hand
In total, 119 patients received onabotulinumtoxinA for

intrinsic plus hand in 350 treatment sessions (Table 2).
The most common dose of onabotulinumtoxinA per treat-
ment session for intrinsic plus hand was 50 U. Clinicians
most commonly located the site(s) for injection using
EMG (n = 208/350, 59.4%). For nearly all treatment ses-
sions, onabotulinumtoxinA was injected into the
lumbricals/interossei (n = 343/350, 98.0%; Figure 3).

Adjustments to Muscles Targeted and Dose of
OnabotulinumtoxinA

At re-treatment, clinicians were asked (1) if the mus-
cles treated changed and (2) if the dose was adjusted,
from the last treatment session (Figure 4). Clinicians
adjusted the muscles treated in half of treatment ses-
sions (overall: n = 759/1512, 50.2%; Figure 4A), with the
top reason being to better control spasticity (overall:
n = 374/759, 49.3%). For over a third of treatment ses-
sions (overall: n = 592/1512, 39.2%), clinicians adjusted
the dose of onabotulinumtoxinA administered
(Figure 4B), with the top reason being not enough effect
in previousmuscles treated (overall: n = 205/592, 34.6%).

Effectiveness

Disability Assessment Scale (DAS)
Compared to treatment session 1, onabotulinumtoxinA

significantly improved DAS scores at subsequent treat-
ments for all subscales, indicative of decreased func-
tional impairment over time (all comparisons, P < .0001;
Table 3).

Numeric Pain Rating Scale (NPRS)
The baseline NPRS score (N = 463) was 3.8 � 3.3

(mean � SD). OnabotulinumtoxinA decreased mean NPRS
scores (range:−0.2 to−1.2 points; Figure 5), indicative of
reduced patient-reported spasticity-related pain, with
treatments 2 and 3 statistically significant compared to
baseline (both comparisons, P < .006).

Clinician Satisfaction
Clinicians reported extreme satisfaction/satisfaction

that onabotulinumtoxinA helpedmanage a patient’s spas-
ticity (overall: 92.9% of treatment sessions; Figure 6A)
and had sustained benefit of treatment (overall: 84.3%;

Figure 2. Severity of spasticity at baseline in the upper limb spasticity population. Severity of spasticity was determined at baseline for each clinical
presentation using the Modified Modified Ashworth Scale (MMAS34). Data shownwithin the figure represents themean MMAS score at baseline across all
upper limb clinical presentations. For each population shown (ie, naïve, non-naïve, and total), percentages sum to 100% across MMAS categories. MMAS
data are missing for 12 patients (2 naïve, 10 non-naïve). N, number of patients.

1124 ASPIRE



Figure 6C). Additionally, clinicians reported extreme sat-
isfaction/satisfaction that onabotulinumtoxinA helped
manage their patient’s spasticity-related pain (overall:
89.0%; Figure 6B) and helped patients participate in ther-
apy/exercise (overall: 91.0%; Figure 6D). Clinicians
responded that they would definitely/probably continue
onabotulinumtoxinA to manage their patient’s spasticity
(overall: 98.6%; Figure 6E).

Patient Satisfaction
Patients reported extreme satisfaction/satisfaction

that onabotulinumtoxinA helped their spasticity (overall:
85.7% of treatment sessions; Figure 7A) and spasticity-
related pain (overall: 84.5%; Figure 7C), as well as helped
them participate in therapy/exercise (overall: 76.4%;
Figure 7H). Patients were extremely satisfied/satisfied

with how fast (overall: 82.8%; Figure 7D) and how long
(overall: 75.7%; Figure 7E) they felt onabotulinumtoxinA
working. Patients responded that they would definitely/
probably continue onabotulinumtoxinA to manage their
spasticity (overall: 92.2%; Figure 7I).

Safety and Tolerability

In total, 563 AEs were reported in 179 patients (37.0%;
Table S2), with 15 events in 14 patients (2.9%) considered
treatment-related (Table 4). The most commonly
reported treatment-related AE was muscular weakness,
with seven events reported in seven patients (1.4%). In
total, 137 serious AEs were reported by 69 patients
(14.3%; Table S2). Of these serious AEs, three events in
two patients (0.4%) were considered treatment-related

Table 2
OnabotulinumtoxinA treatment utilization in patients treated for upper limb spasticity (N = 484), stratified by clinical presentation*

Clenched Flexed Flexed Pronated Adducted Thumb- Intrinsic
Fist Elbow Wrist Forearm Shoulder In-Palm Plus Hand

Patients, N (%) 383 (79.1) 367 (75.8) 284 (58.7) 191 (39.5) 185 (38.2) 147 (30.4) 119 (24.6)
Treatment Sessions, n 1505 1352 1024 610 612 323 350
Dose (U)
Mean (SD) 106 (70) 116 (74) 80 (59) 46 (29) 91 (57) 35 (30) 45 (22)
Mode 100 100 100 50 100 20 50
Min, Max 10, 525 15, 600 10, 500 10, 250 12, 450 5, 300 5, 125

Dilution (U/mL),† n (%)
< 25 32 (2.2) 51 (3.8) 28 (2.7) 17 (2.8) 18 (2.9) 1 (0.3) 0 (0.0)
25 112 (7.4) 106 (7.8) 51 (5.0) 49 (8.0) 82 (13.4) 16 (5.0) 13 (3.7)
50 664 (44.1) 609 (45.0) 451 (44.0) 281 (46.1) 231 (37.7) 125 (38.7) 192 (54.9)
100 572 (38.0) 472 (34.9) 412 (40.2) 227 (37.2) 248 (40.5) 161 (49.8) 137 (39.1)
Other 134 (8.9) 119 (8.8) 86 (8.4) 37 (6.1) 33 (5.4) 21 (6.5) 8 (2.3)

Needle Length (mm),† n (%)
10 128 (8.5) 103 (7.6) 80 (7.8) 39 (6.4) 14 (2.3) 30 (9.3) 26 (7.4)
37 828 (55.0) 760 (56.2) 562 (54.9) 341 (55.9) 333 (54.4) 186 (57.6) 190 (54.3)
50 245 (16.3) 197 (14.6) 161 (15.7) 90 (14.8) 114 (18.6) 54 (16.7) 83 (23.7)
75 9 (0.6) 6 (0.4) 10 (1.0) 0 (0.0) 2 (0.3) 3 (0.9) 1 (0.3)
Other 317 (21.1) 297 (22.0) 214 (20.9) 140 (23.0) 152 (24.8) 53 (16.4) 52 (14.9)

Injections,† n (%)
1 172 (11.4) 191 (14.1) 207 (20.2) 385 (63.1) 205 (33.5) 205 (63.5) 42 (12.0)
2 503 (33.4) 290 (21.4) 524 (51.2) 201 (33.0) 206 (33.7) 80 (24.8) 51 (14.6)
3 283 (18.8) 275 (20.3) 119 (11.6) 13 (2.1) 91 (14.9) 21 (6.5) 112 (32.0)
4 241 (16.0) 312 (23.1) 115 (11.2) 8 (1.3) 53 (8.7) 15 (4.6) 128 (36.6)
5 98 (6.5) 69 (5.1) 13 (1.3) 3 (0.5) 29 (4.7) 0 (0.0) 8 (2.3)
≥ 6 208 (13.8) 215 (15.9) 46 (4.5) 0 (0.0) 28 (4.6) 2 (0.6) 9 (2.5)

Treatment Side,† n (%)
Right 664 (44.1) 607 (44.9) 512 (50.0) 256 (42.0) 253 (41.3) 136 (42.1) 120 (34.3)
Left 792 (52.6) 713 (52.7) 498 (48.6) 352 (57.7) 347 (56.7) 184 (57.0) 224 (64.0)
Both 49 (3.3) 32 (2.4) 14 (1.4) 2 (0.3) 12 (2.0) 3 (0.9) 6 (1.7)

Localization Method,‡ n (%)
Anatomical 531 (35.3) 432 (32.0) 310 (30.3) 129 (21.1) 203 (33.2) 85 (26.3) 115 (32.9)
E-stim 279 (18.5) 168 (12.4) 154 (15.0) 90 (14.8) 49 (8.0) 48 (14.9) 36 (10.3)
EMG 861 (57.2) 771 (57.0) 595 (58.1) 397 (65.1) 374 (61.1) 185 (57.3) 208 (59.4)
Ultrasound 395 (26.2) 303 (22.4) 261 (25.5) 156 (25.6) 189 (30.9) 89 (27.6) 97 (27.7)

EMG = electromyography; E-stim = electrical stimulation; Max = maximum; mL = milliliter; mm = millimeter; Min = minimum; N = number of
patients; n = number of treatment sessions; U = units of onabotulinumtoxinA.
*Upper limb spasticity presentations and muscles are not mutually exclusive, and therefore, do not add up to 100%.
†Data represent the sum, per clinical presentation, across all treatment sessions in the 2-year study. Dilution and needle length categories are not
mutually exclusive.
‡Injection localization methods were not mutually exclusive and may have been influenced by availability of equipment at the site. “Anatomical”
localization refers to palpation. Data represent the sum, per clinical presentation, across all treatment sessions in the 2-year study.
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Figure 3. Muscles injected with onabotulinumtoxinA for the treatment of upper limb spasticity, stratified by clinical presentation. Clinical presenta-
tions are listed in order of number of patients treated: highest to lowest. Upper limb spasticity presentations, and muscles within each presentation,
are not mutually exclusive, and therefore, categories may sum to >100%. Data for “other” clinical presentations and “other”muscles not predefined
within the case report form, including for nonspasticity indications, are not shown. n, number of treatment sessions per clinical presentation ormuscle
injected.

Figure 4. Adjustments to muscles targeted and dose of onabotulinumtoxinA at time of re-treatment in the upper limb spasticity population. At the time of
re-treatment, clinicians were asked (A) if the muscles treated changed from the last treatment session and (B) if the dose was adjusted from the last treat-
ment session (shown inblack box).Of those clinicians that responded“yes” to thequestions above, the top 3 reasons cited for this decision (excluding “other”)
are provided in rank order (shown in gray box), where more than one reason was allowed. n, number of treatment sessions; Tx, treatment session.
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(Table 4): one post-stroke man experienced muscular
weakness of the thumb and a second post-stroke man
experienced dysphagia and slow speech. Neither case
was considered related to the distant spread of toxin as
adjudicated by a panel of safety clinicians. Both
patients experienced the AE following their third
onabotulinumtoxinA treatment and returned for several
subsequent treatments. An AE leading to withdrawal
from the study occurred in five patients; two of these
were considered treatment-related and included muscu-
lar weakness and drug tolerance. During the study period,
13 deaths were reported, with 9 of these deaths in the
upper limb population; none were considered
treatment-related.

Discussion

Controlled trials on the use of onabotulinumtoxinA to
treat upper limb post-stroke spasticity have been publi-
shed (eg,23,26,27,39). However, observational, real-world
data are limited but are recommended to improve
patient outcomes. The goals of ASPIRE were to examine

onabotulinumtoxinA treatment patterns in a real-world
clinical setting, as well as the effectiveness of
onabotulinumtoxinA to treat spasticity using clinician-
and patient-reported outcomes. This analysis describes
the upper limb spasticity population from ASPIRE, which
included patients who received at least one treatment
with onabotulinumtoxinA to the upper limb during the
2-year study.

In ASPIRE, clenched fist was the most frequently
treated upper limb clinical presentation, followed
by flexed elbow, flexed wrist, pronated forearm,
adducted/internally rotated shoulder, thumb-in-palm,
and intrinsic plus hand. Specific aspects of onabotu-
linumtoxinA treatment utilization were comparable
across clinical presentations. For example, EMG was the
most common injection localization method utilized by
clinicians, ranging from 57%-65% of treatment sessions.
Additionally, regardless of presentation, ultrasound was
used in ~25% of treatment sessions. The use of localiza-
tion techniques, such as EMG, electrical stimulation (E-
stim), and ultrasound, are recommended to help identify
target muscles for injection,31,40,41 resulting in increased

Table 3
Disability Assessment Scale (DAS) in the upper limb spasticity population*

Tx1 Tx2 Tx3 Tx4 Tx5 Tx6 Tx7 Tx8
(N = 483)† (N = 410) (N = 348) (N = 295) (N = 226) (N = 169) (N = 112) (N = 33)

Dressing, N (%)
0 - No disability 49 (10.1) 57 (13.9) 42 (12.1) 41 (13.9) 23 (10.2) 26 (15.4) 11 (9.8) 4 (12.1)
1 - Mild disability 129 (26.7) 150 (36.7) 141 (40.5) 117 (39.7) 102 (45.1) 74 (43.8) 49 (43.8) 15 (45.5)
2 - Moderate disability 205 (42.4) 142 (34.7) 115 (33.0) 106 (35.9) 74 (32.7) 49 (29.0) 38 (33.9) 10 (30.3)
3 - Severe disability 100 (20.7) 60 (14.7) 50 (14.4) 31 (10.5) 27 (11.9) 20 (11.8) 14 (12.5) 4 (12.1)
OR (95% CI) 2.3 (1.7, 3.1) 2.4 (1.8, 3.3) 3.0 (2.2, 4.2) 2.9 (2.0, 4.2) 3.4 (2.2, 5.1) 2.4 (1.5, 3.9) 4.2 (1.9, 9.6)
F Value: 9.5; P < .0001‡

Hygiene, N (%)
0 - No disability 97 (20.1) 105 (25.6) 90 (25.9) 82 (27.8) 63 (27.9) 61 (36.1) 36 (32.1) 10 (30.3)
1 - Mild disability 133 (27.5) 125 (30.5) 132 (37.9) 99 (33.6) 78 (34.5) 50 (29.6) 34 (30.4) 10 (30.3)
2 - Moderate disability 152 (31.5) 129 (31.5) 84 (24.1) 81 (27.5) 58 (25.7) 41 (24.3) 25 (22.3) 8 (24.2)
3 - Severe disability 101 (20.9) 51 (12.4) 42 (12.1) 33 (11.2) 27 (11.9) 17 (10.1) 17 (15.2) 5 (15.2)
OR (95% CI) 2.0 (1.5, 2.6) 2.6 (1.9, 3.5) 2.4 (1.7, 3.3) 2.7 (1.9, 3.9) 3.6 (2.4, 5.4) 2.3 (1.4, 3.6) 2.6 (1.2, 5.7)
F Value: 8.7; P < .0001

Limb Posture, N (%)
0 - No disability 43 (8.9) 46 (11.2) 32 (9.2) 30 (10.2) 23 (10.2) 23 (13.7) 15 (13.4) 6 (18.2)
1 - Mild disability 75 (15.5) 113 (27.6) 106 (30.5) 86 (29.2) 73 (32.3) 58 (34.5) 40 (35.7) 11 (33.3)
2 - Moderate disability 226 (46.8) 180 (43.9) 149 (42.8) 138 (46.8) 97 (42.9) 68 (40.5) 45 (40.2) 13 (39.4)
3 - Severe disability 139 (28.8) 71 (17.3) 61 (17.5) 41 (13.9) 33 (14.6) 19 (11.3) 12 (10.7) 3 (9.1)
OR (95% CI) 2.7 (2.0, 3.6) 2.6 (1.9, 3.6) 3.1 (2.3, 4.3) 3.5 (2.4, 5.0) 4.8 (3.2, 7.2) 4.7 (2.9, 7.4) 6.3 (2.9, 13.7)
F Value: 14.3; P < .0001

Pain, N (%)
0 - No disability 151 (31.3) 170 (41.5) 164 (47.1) 143 (48.5) 109 (48.2) 84 (49.7) 57 (50.9) 18 (54.5)
1 - Mild disability 142 (29.4) 142 (34.6) 111 (31.9) 92 (31.2) 74 (32.7) 52 (30.8) 35 (31.3) 9 (27.3)
2 - Moderate disability 124 (25.7) 74 (18.0) 57 (16.4) 43 (14.6) 35 (15.5) 26 (15.4) 16 (14.3) 5 (15.2)
3 - Severe disability 66 (13.7) 24 (5.9) 16 (4.6) 17 (5.8) 8 (3.5) 7 (4.1) 4 (3.6) 1 (3.0)
OR (95% CI) 2.9 (2.1, 3.9) 3.5 (2.6, 4.9) 3.9 (2.7, 5.5) 4.3 (2.9, 6.3) 4.3 (2.8, 6.6) 4.2 (2.5, 6.9) 5.0 (2.1, 11.8)
F Value: 15.1; P < .0001

CI = confidence interval; N = number of patients; OR = odds ratio; Tx = treatment session.
*DAS objectively evaluates functional impairment resulting from spasticity across several subscales, including dressing, hygiene, limb posture, and
pain.35 Patients were scored on a 4-point scale (range: 0-3) for each subscale, where a “0” represents no disability and a “3” represents severe disabil-
ity (normal activities limited). DAS was assessed by the clinician at treatment session 1 and at each subsequent treatment session.
‡Data were analyzed using ordinal logistic regression. The F value and level of significance (P value) are shown for each subscale.
†Data from treatment session 1 were used as the reference for statistical analysis.
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accuracy of injection placement compared to manual
needle placement alone.42 Of note, more than one local-
ization method could be recorded per treatment session
and localization type may have been influenced by avail-
ability of equipment at the study site.

Not surprisingly, onabotulinumtoxinA treatment utiliza-
tion, such as number of injections, dilution, and dosing,
varied by clinical presentation. The highest mean dose of
onabotulinumtoxinA, as well as the largest dose range
(minimum to maximum = 585 U), was for the treatment
of flexed elbow. The maximum dose of onabotu-
linumtoxinA per presentation was higher than the 400 U
recommended by the product label.19 Dosing decisions
can be influenced by many factors, such as treatment his-
tory, patient condition, severity of spasticity, number and
location of muscles targeted, AE risk, and experience of
clinician.29,31,43,44 Indeed, when clinicians were asked
about changes to their approach compared to the previous
treatment, ~50% of clinicians changed the muscles
targeted to better control spasticity and ~39% of clinicians
adjusted the dose of onabotulinumtoxinA due to not
enough effect in previous muscles treated. A recent Delphi
panel agreedwith this strategy, recommending an increase
in the number of muscles targeted and/or changes to the
dose of onabotulinumtoxinA to improve treatment out-
comes.31 These adjustments likely require instrumented
localization techniques, such as those utilized in ASPIRE
(ie, EMG and ultrasound),which is in contrast to older stud-
ies that did not utilize these methods.27 Despite variability
in onabotulinumtoxinA utilization, ASPIRE data are consis-
tent with clinical recommendations6,17,31,43 and muscles
targeted in the upper limb were comparable to previous
publications.15,31,45,46 Combined, these data reflect the
similarities and differences in clinical approaches to treat

common spasticity presentations of the upper limb.
ASPIRE data speak to the individualized nature of
onabotulinumtoxinA treatment for spasticity and the need
to continually reassess a patient’s condition to achieve
treatment goals.

As utilization patterns and treatment goals vary, it can be
difficult to assess the efficacy of onabotulinumtoxinA for
the treatment of spasticity. Clinician- and patient-reported
outcomes,47,48 such as treatment satisfaction, functional
impairment (clinician-reported DAS35), and pain intensity
(patient-reported NPRS36,37), can better capture informa-
tion regarding patient health, quality of life, and functional
goals compared to traditional assessments. Data from
ASPIRE demonstrate that most clinicians and patients were
satisfied with onabotulinumtoxinA treatment throughout
the study and would continue to use onabotulinumtoxinA
to manage spasticity. In support of these findings, only
9.3% of upper limb spasticity patients discontinued ASPIRE
due to ineffective treatment. In alignmentwith recommen-
dations on combining onabotulinumtoxinA treatment with
rehabilitation,18,22,49 most clinicians and patients in ASPIRE
reported extreme satisfaction/satisfaction that treatment
helped patients participate in therapy/exercise. Similarly,
recurrent onabotulinumtoxinA significantly reduced DAS
scores (dressing, hygiene, limb posture, and pain), demon-
strating improved quality of life with repeated, long-term
treatment. Increased disability on the DAS has been asso-
ciated with diminished health-related quality of life in
post-stroke spasticity patients.50 Therefore, a reduction
in DAS scores following onabotulinumtoxinA treatment
in ASPIRE demonstrates a meaningful outcome for
patients. Lastly, similar to previous studies,51–57

onabotulinumtoxinA treatment significantly reduced
patient-reported spasticity-related pain. This is an

Figure 5. Numeric Pain Rating Scale (NPRS) in the upper limb spasticity population. NPRS is a common scale that is used to assess pain intensity using
an 11-point rating scale (range: 0-10), where “0” represents no pain and a “10” represents the worst pain imaginable.36,37 NPRS was reported by the
patient at baseline (prior to treatment) and 5 � 1 weeks post-treatment via phone or web. Mean change in NPRS scores vs baseline are shown.
*Indicates statistically significant change from baseline at P < .006 (Bonferroni correction applied). N, number of patients; Tx, treatment session.
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important finding from ASPIRE, as spasticity-related pain
has been associated with reduced quality of life58,59 and
decreased work productivity, leading to economic
losses.60

The safety and tolerability of onabotulinumtoxinA to
treat post-stroke spasticity (pooled analysis61) and other
etiologies (reviewed in62–64) has been demonstrated pre-
viously. Safety and tolerability data from large observa-
tional studies, such as ASPIRE, have generalizability to
clinical settings and help to demonstrate the complexity

of treating spasticity patients with onabotulinumtoxinA
in the real-world. Data from ASPIRE support the safety
of onabotulinumtoxinA to treat adult spasticity across a
wide range of doses, from multiple etiologies and geo-
graphical regions, and in patients naïve or non-naïve to
botulinum toxins for spasticity. OnabotulinumtoxinA
demonstrated an acceptable safety profile, with no
new safety signals identified. Adverse event data cap-
tured in ASPIRE are consistent with safety data within
the literature and the package insert.19,23,26,27

Figure 6. Clinician-reported satisfaction with onabotulinumtoxinA treatment in the upper limb spasticity population. At the subsequent treatment
session, clinicians were asked a series of questions to determine their satisfaction with the previous onabotulinumtoxinA (referred to as BOTOX in
the original questionnaire) treatment for spasticity. Therefore, data on clinician satisfaction at the final treatment session and/or treatment session
8 were not gathered. For figures (B) and (D), the percentage of clinicians was recalculated to exclude those that indicated that the question was “not
applicable.” Data presented as percentage of treatment sessions. n, number of treatment sessions; Tx, treatment session.
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One strength of the ASPIRE study is its size. ASPIRE is
the largest known adult spasticity registry, with data from
54 international sites, across 7 countries, including the
United States, Spain, Germany, the United Kingdom,
France, Italy, and Taiwan. In addition, ASPIRE data were
gathered across a range of underlying etiologies of spas-
ticity, including stroke, multiple sclerosis, cerebral palsy,
traumatic brain injury, and spinal cord injury. ASPIRE data
represent real-world clinical practice and reflect the sim-
ilarities and differences in spasticity management
approaches by clinicians. For these reasons, data from
ASPIRE has increased external validity and generalizabil-
ity and provides information incremental to published
controlled trials.

As discussed previously,32 there are limitations to
large, observational registries, like ASPIRE. As data were

collected in the real-world, there was a lack of control
over study elements and confounding factors. The length
of the study may have contributed to patient dropout,
leading to diminishing sample size at later treatment ses-
sions and the need for caution when interpreting these
results. Similarly, PRO data gathered outside of the clinic
via phone or web, such as NPRS or patient satisfaction,
also showed diminishing sample size, which may indicate
that patients found these assessments burdensome to
complete. As patients discontinued the study, reported
outcomes, such as satisfaction or DAS, at later timepoints
may disproportionally represent those that were satisfied
with, and/or responsive to, treatment. The reasons why
clinicians chose onabotulinumtoxinA vs another toxin
were not gathered; however, patient characteristics
could have influenced a clinician’s choice to use

Figure 7. Patient-reported satisfactionwith onabotulinumtoxinA treatment in the upper limb spasticity population. Patientswere asked a series of ques-
tions to determine their satisfaction with onabotulinumtoxinA (referred to as BOTOX in the original questionnaire) treatment for spasticity 5 � 1 weeks
post-treatment via phone orweb. For figures (B), (C), and (H), the percentage of patients was recalculated to exclude those that indicated that the ques-
tion was “not applicable.” Data presented as percentage of treatment sessions. n, number of treatment sessions; Tx, treatment session.
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onabotulinumtoxinA, thus affecting ASPIRE patient
demographics. As post-stroke patients were the largest
population in the study, ASPIRE data are highly reflective
of this etiology and may have more limited applicability
to other etiologies. The upper limb population included
patients that received at least one treatment with
onabotulinumtoxinA to the upper limb but may have also
received treatment to the lower limb. Therefore, data
representative of more holistic improvements following
onabotulinumtoxinA treatment (eg, PROs), may not be
exclusive to the upper limb. Inclusion of non-naïve
patients may have biased the patient population in favor
of those in which onabotulinumtoxinA was tolerable and
effective; however, inclusion of both naïve and non-na-
ïve patients in this analysis is reflective of the varied
treatment history observed in real-world clinical prac-
tice. Future analyses from ASPIRE will need to investi-
gate factors, such as treatment history or regional
differences, to better understand how they influence
onabotulinumtoxinA utilization and outcomes to further
guide spasticity management strategies to improve
patient care.

Conclusions

ASPIRE provides valuable, real-world data on
onabotulinumtoxinA utilization for the treatment of adult
upper limb spasticity over a 2-year period across a range of
underlying etiologies and geographical regions. ASPIRE
captured the individualized nature of onabotulinumtoxinA
utilization for upper limb spasticity, with consistently high
clinician- and patient-reported satisfaction. Data from
this primary analysis, combined with controlled trial data,
will guide clinical use of onabotulinumtoxinA, as well as
provide insights to improve educational programs on spas-
ticity management.
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