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ABSTRACT

The objective of the present study was to evaluate the
effectiveness and tolerability of incobotulinumtoxinA, at doses
according to individual needs, in 10 patients with acquired brain
injury and severe upper and lower limb spasticity. Patients
received a multipattern periodic treatment with ultrasound-guided
injections of incobotulinumtoxinA at doses of 800-900 U in the
upper and lower limbs. The mean number of injection cycles per
patient was 4.2, The 0-10 visual analogue scale for pain score
decreased significantly from pre-injection (mean: 4.7) to four-
week post-injection (mean: 0.7). Similarly, the mean Ashworth
Scale score (muscular tone assessment) at four-week post-injection
(mean: 1.4) was significantly lower than at injection (mean: 2.5).
Except for two patients in one pattern, all cases showed an
improvement in passive range of motion assessments using
goniometry. All patients reported maximum satisfaction with the
treatment, all reporting “much improved” after the treatment. No
treatment-related adverse effects were observed during the
study. Individualized doses of incobotulinumtoxinA are effective
and well-tolerated for this type of patients and allow better
management  of  their severe  spasticity.  Therefore,
individualization of doses should be taken into account for
optimizing clinical outcomes and improving the patients’ treatment
satisfaction.
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1. INTRODUCTION

Acquired brain injury (ABI) is a type of traumatic
injury caused to the brain that occurs after birth!.
It can be associated with significant and chronic
impairments across multiple areas of functioning,
including physical, cognitive, emotional,
behavioral, and social domains. Muscle spasticity
is one of the main clinical complications following
ABI, which may lead to different musculoskeletal
issues such as muscle contracture, joint stiffness,
reduced range of movement and pain2. Spasticity
has been associated with the damage of upper
motor neurons of the cortico-reticular pathways in
the brain cortex or internal capsule or in the
reticulospinal or vestibulospinal tracts in the spinal
cord3. Studies involving different populations
(stroke, spinal cord injury and multiple sclerosis)
have estimated a prevalence of problematic
spasticity in between 30% and 50% of cases with
traumatic brain injury4.

Various therapeutic strategies have been
proposed for the treatment of spasticity including
surgical, medical and rehabilitation procedures.
Botulinum neurotoxin type A (BoNT-A) represents
the gold standard therapy for tone modulation in
focal spasticity and related disorders also in
acquired brain injury including stroke. In general,
treatment with BoNT-A is performed in addition
to other rehabilitation strategies based on
individualized multidisciplinary programs aimed
at achieving tailored goals for each patient. The
efficacy and safety of different BoNT-A
formulations  for  spasticity have  been
demonstrated for labeled doses3¢. However, in
multifocal disabling upper and/or lower limb
spasticity, total doses required to fulfill goal
achievement and patients’ needs may exceed
those currently approved. In recent years, higher
doses have been used, especially in case of upper
and lower limb severe spasticity considering the
low prevalence of complications and the
reversibility of the BoNT-A7. Patients with
multifocal spasticity may benefit from BoNT-A
treatment with higher total doses than currently
recommended by the prescribing information of
different formulations available. The prospective,
single-arm, dose-titration TOWER study proved
the safety and efficacy of incobotulinumtoxinA
(IncoBoNT-A) in doses up to 800 UB. lanieri et al°,
in a retrospective, observational study involving
120 patients with severe spasticity, also
demonstrated long-term (2 years) efficacy of
IncoBoNT-A for the treatment of muscle spasticity
using variable doses (from 100 to 1000 U),
according to individual needs. These studies
introducing IncoBoNT-A high dose therapy (up to
1000 U) demonstrated that escalating IncoBoNT-
A doses did not compromise safety or tolerability
and was associated with increased treatment
efficacy®’. Recent consensus guidelines trying to
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optimize botulinum toxin therapy are in
agreement with the concept of individualized
dosing scheme therapy'©.

The objective of the present retrospective study
was to provide real-world evidence of the
effectiveness and tolerability of IncoBoNT-A, at
doses according to individual needs, in patients
with ABl and severe upper and lower limb
spasticity.

2. MATERIAL and METHODS

2.1. Study design

This retrospective observational monocentric
cohort study evaluated data from patients with a
confirmed diagnosis of ABlI who experienced
severe upper and/or lower limb spasticity at the
Hospital La Magdalena (Castellon, Spain)
between 2005 and 2017. Study data were
retrospectively extracted from the patients’
medical history kept at the electronic medical
system of the Hospital.

Criteria for inclusion in the study were: adult male
and female (over 18 years); diagnosis of severe
multifocal spasticity due to ABI and signing
informed consent. Exclusion criteria included those
related to the contraindication of the injection, i.e.
coagulation disorders, infection or inflammation
at the proposed injection site; hypersensitivity to
the active substance or any of the excipients; or
generalized disorders of muscle activity. Patients
received a multipattern periodic treatment with
ultrasound (US)-guided injections of
incobotulinumtoxinA at doses according to their
needs. Previous doses resulted in unsatisfactory
outcomes, thus higher (individualized) doses were
expected to achieve a satisfactory clinical
improvement. In this study, a pretest-posttest and
quasi-experimental design was used. This study
was approved by the Ethics Committee of
Hospital General Universitario of Castellén
(Castelldn, Spain).

2.2. Studied variables

Variables collected from patients included:
demographic variables (gender, age), clinical
variables (type of central nervous system — CNS
— lesion, severity degree of the spasticity
secondary to the CNS lesion, muscular tone, pain
score, articular range of motion — ROM -
assessment, quality of life of the patient,
treatment satisfaction and treatment-related
adverse effects), and variables related to the
botulinum toxin injection (injected muscles and
doses injected per muscle). Clinical assessments
were performed at the injection visit (pre-
injection) and 4 weeks after the injections. The
pain was assessed using a visual analogue scale
(VAS, 0-10). The muscular tone was determined
by using the Ashworth scale, scoring from O (no
increase in tone) to 4 (limb rigid in flexion or
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extension). Goniometry was used for the
assessment of passive ROM. Movements of the
gleno-humeral joint were also evaluated. The
satisfaction with the treatment was analyzed
using a 5-point Likert scale, scoring from -2 (much
worse) to +2 (much improved).

2.3. Statistical analysis

All eligible men and women with ABl were
included in the analysis. Results were evaluated
using descriptive analyses, and no a priori
hypothesis for statistical testing was defined.
Continuous variables were expressed as mean,
range (minimum-maximum values) and standard
deviation (SD), whereas categorical ones as
absolute and relative frequencies. Differences in
VAS and Ashworth Scale between pre-injection
and four weeks post-injection were analyzed with
the p-paired t-test. Statistical significance was
established with p<0.05. All statistical procedures
were carried out with SAS 9.4 software.
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3. RESULTS

3.1. Population

Adult men and women with cerebrovascular
accident (CVA) and upper and/or lower limb
multifocal severe spasticity were eligible for
inclusion if they had received total body doses of
at least 800 U IncoBoNT-A. These doses were
deemed necessary by the physician for the
treatment of their severe spasticity. Ten patients
included in the study. They had a mean age of
62.3 years (range: 40-77; Table 1). Six of them
suffered from an ischemic CVA, and 4 from a
hemorrhagic CVA. The ischemic CVA occurred in
the right (n= 5) or left (n=1) middle cerebral
artery. Seven and three patients experienced
right or left hemiplegia, respectively. At the pre-
injection, the mean Barthel index was 78.5
(range: 50-95), the mean VAS was 4.7 (range: 3-
7), and the mean Ashworth scale was 2.5 (range:

1-3).

Table 1. Characteristics of patients at pre-injection

Patients
(N=10)
Age, mean years (range) 62.3 (40-77)
Diagnosis of CVA, n (%)
Hemorrhagic 4 (40.0)
Ischemic 6 (60.0)
Hemiplegia
Right 7 (70.0)
Left 3 (30.0)
Assessment scales, mean (range)
Barthel Index (0-100) 78.5 (50-95)
VAS 4.7 (3-7)
Ashworth Scale 2.5(1-3)

n (%), number of patients (percentage of patients); CVA, cerebrovascular accident; VAS, visual analogue

scale

3.2. IncobotulinumtoxinA injections

Forty injections of 800 U and 2 of 900 U were
administered in total to these 10 patients. The
mean number of injection cycles per patient was
4.2 (range: 1-6; Table 2). A total of 77 muscles
were injected (a mean of 7.7 muscles per patient).
All patients were injected in the flexor digitorum
superficialis, and 9 out of 10 patients in the flexor
digitorum profundus, triceps surae and biceps. The
mean duration of the treatment was 4.1 months
(range: 3-6). The VAS score for pain decreased
significantly from pre-injection (mean: 4.7; SD:
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1.3) to four-week post-injection (mean: 0.7; SD:
1.1; p= 0.001; Table 3). Similarly, the mean
Ashworth Scale score at four-week post-injection
(mean: 1.4; SD: 0.6) was significantly lower than
at injection (mean: 2.5; SD: 0.6; p= 0.001).
Except for two patients in one pattern, all patients
showed an improvement in passive ROM
assessments (Table 4). All patients reported
maximum satisfaction with the treatment, all
reporting “much improved” after the treatment.
No treatment-related adverse effects were
observed during the study period.
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Table 2. Information on incobotulinumtoxinA injections

Patients
(N=10)
4.2 (1-6)

Mean number of injection cycles (range)
Number of injections, n (%)

2 (20.0)

0 (0.0)

1(10.0)

2 (20.0)
1(10.0)

4 (40.0)

77 /10 (100.0)
10 /10 (100.0)

o WN —

Injected muscles, m / n (%)
Flexor digitorum superficiales

Flexor digitorum profundus 9 /9 (90.0)
Triceps surae 9 /9 (90.0)
Biceps brachii 9 /9 (90.0)
Pronador teres 7 /7 (70.0)
Flexor carpi radialis 6 / 6 (60.0)
Soleus 5 /5 (50.0)
Brachialis 5 /5 (50.0)
Tibialis posterior 3/ 3(30.0)
Triceps brachii 3/ 3(30.0)
Extensor carpi radialis 3/ 3(30.0)
Peroneus longus 2/ 2(20.0)
Rectus femoris 1/1(10.0)
Supinator 1/1(10.0)
Hamstring 1/1(10.0)
Interossei dorsalis pedis 1/1(10.0)
Duration of treatment, mean months (range) 4.1 (3-6)

n (%), number of patients (percentage of patients); m, number of muscles

Table 3. Change in pain and muscular tone assessments between pre-injection and four weeks after the
last injection

Mean score Mean difference p*
(SD) (95% ClI)
Pain assessment (VAS, 0-10)
Pre-injection 4.7 (1.3)
Four weeks after last injection 0.7 (1.1) -4.0 (-5.2, -2.7) 0.001
Muscular tone assessment (Ashworth Scale, 0-4)
Pre-injection 2.5 (0.6)
Four weeks after last injection 1.4 (0.6) -1.1 (-1.2, -0.9) 0.001

SD, standard deviation; 95% Cl, 95% confidence interval; VAS, visual analogue scale
* paired t-Student

Table 4: Results on the passive range of motion using goniometry

PATIENT 1 PRE-INJECTION 4 WEEKS POST-INJECTION ROM GAIN
Elbow EXTENSION: -60° EXTENSION: -40° +20°
SUPINATION: -30° SUPINATION: -0° +30°
Wrist DORSIFLEXION: -30° DORSIFLEXION; -10° +40°
Hand MCP EXTENSION: -65° EXTENSION: 0° +65°
Foot IN 20° INVERSION NEUTRAL +20°
NO REDUCTION
Ankle DORSIFLEXION: -45° DORSIFLEXION: -0° +45°
PATIENT 2
Elbow EXTENSION: -10° EXTENSION: 0° +10°
SUPINATION: -50° SUPINATION: -5° +45°
Wrist DORSIFLEXION: -0° DORSIFLEXION: 40° +40°
Hand MCP EXTENSION: -75° EXTENSION: 0° +75°
Ankle DORSIFLEXION: -10° DORSIFLEXION: -10° +0°
PATIENT 3
Shoulder ANTEPULSION: 90° ANTEPULSION: 130° +40°
ABDUCTION: 45° ABDUCTION: 110° +65°
Elbow EXTENSION: -35° EXTENSION: 0° +35°
SUPINATION: -20° SUPINATION: -5° +15°
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Hand MCP EXTENSION: -85° EXTENSION: -10° +75°
Ankle DORSIFLEXION: -10° DORSIFLEXION: -10° +0°
PATIENT 4
Shoulder ANTEPULSION: 100° ANTEPULSION: 120° +20°
ABDUCTION: 120° ABDUCTION : 140° +20°
Elbow EXTENSION: -25° EXTENSION: 0° +25°
SUPINATION: -30° SUPINATION: -5° +25°
Wrist DORSIFLEXION: 20° DORSIFLEXION: 30° +10°
Knee FLEXION: 90° FLEXION: 130° +40°
Ankle DORSIFLEXION: -15° DORSIFLEXION: 0° +15°
PATIENT 5
Elbow EXTENSION: -30° EXTENSION: 0° +30°
WRIST PALMAR FLEXION: -45° PALMAR FLEXION: +15° +60°
Hand MCP EXTENSION: -75° EXTENSION: 0° +75°
Ankle DORSIFLEXION: -10° DORSIFLEXION: 0° +10°
PATIENT 6
Elbow EXTENSION: -30° EXTENSION: 0° +30°
SUPINATION: -45° SUPINATION: 0° +45°
Wrist DORSIFLEXION: -10° DORSIFLEXION: 0° +10°
Hand MCP EXTENSION: -45° EXTENSION: 0° +45°
PATIENT 7
Elbow EXTENSION: -60° EXTENSION: 0° +60°
SUPINATION: -35° SUPINATION: -5° +30°
Wrist DORSIFLEXION: -10° DORSIFLEXION: +40° +50°
Hand (MCP) EXTENSION: -65° EXTENSION: 0° +65°
Ankle DORSIFLEXION: -15° DORSIFLEXION: 0° +15°
Foot EVERSION: -20° EVERSION: 10° +30°
PATIENT 8
Shoulder ABDUCTION: 100° ABDUCTION : 130° +30°
Elbow FLEXION: 40° FLEXION: 90° +50°
SUPINATION: -50° SUPINATION: -20° +30°
Wrist DORSIFLEXION: -30° DORSIFLEXION: 0° +30°
Hand EXTENSION: -75° EXTENSION: 0° +75°
Ankle DORSIFLEXION: -10° DORSIFLEXION: 0° +10°
PATIENT 9
Shoulder ABDUCTION: 90° ABDUCTION: 120° +30°
Elbow EXTENSION: -30° FLEXION: 0° +30°
Hand EXTENSION: -75° EXTENSION: 0° +75°
Ankle DORSIFLEXION: -10° DORSIFLEXION: 0° +10°
PATIENT 10
Shoulder ABDUCTION: 90° ABDUCTION: 130° +40°
Elbow FLEXION: 90° FLEXION: 110° +20°
EXTENSION: -40° EXTENSION: -20° +20°
PRONATION: -30° PRONATION: 0° +30°
Hand EXTENSION: -65° EXTENSION: 0° +65°
Knee EXTENSION: -45° EXTENSION: -30° +15°
Ankle DORSIFLEXION: -10° DORSIFLEXION: 0° +10°

ROM, range of motion; MCP, metacarpophalangeal joint

4. DISCUSSION

Patients with upper and lower limb severe
spasticity are complex for treatment plannings.
The aim of the treatment with botulinum toxin in
these patients is not only to improve their
functionality, in many cases, the goal is to improve
joint ranges of motion and muscle extensibility to
facilitate care, hygiene and even improve limb
posture. Moreover, it has been suggested that
incobotulinumtoxinA increased quality of life by
improving movement, daily activities, mental
health, and muscle tone more effectively than
conventional therapy'!.

One of the problems usually found in patients with
severe impairment is that the maximum
recommended authorized dose is not enough for
patients” needs. This is the reason why, in recent
years, there is a tendency to use higher doses,
especially in case of upper and lower limb severe
spasticity considering the low prevalence of
complications and the reversibility of the BoNT-
A7. Besides, the precision of the injection has
improved a lot with the use of advanced
instrumental guidance techniques like electrical
stimulation or ultrasonography, allowing a correct
muscle identification which may reduce the spread
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of the toxins to the nearby tissues thus reducing
the risk of adverse effects.

Among the botulinum toxin A formulations,
IncoBoNT-A presents the particular feature that it
is a 150 kDA purified neurotoxin, free from
accessory complexing proteins. The advantage of
the absence of complexing proteins could be
related to a lower risk of immunogenicity as has
been demonstrated recently in the first
comparative study showing a statistically
significant difference in antigenicity between the
different licensed BoNT-A formulations'2.

The use of incobotulinumtoxinA is effective in the
treatment of patients affected by spasticity!3-14,
In addition, Cordero-Garcia and Sdenz de
Tejada Sdnchez indicated the benefits and safety
of the use of incobotulinumtoxinA for early
treatment of post-stroke spasticity in patients with
SARS-COV-215.  Individualized doses  of
incobotulinumtoxinA allow increasing the doses
per muscle within the recommended range and,
therefore, treating more spasticity patterns and
muscles according to the objectives and needs of
the patients, as demonstrated in the TOWER study
aimed at investigating the efficacy and safety in
a dose titration study with IncoBoNT-A in upper
and lower limb spasticity of cerebral causes in
155 subjects deemed to require total body doses
of 800 U. The results of TOWER have been
subsequently confirmed by lanieri et al® and
included in consensus guidelines'® . In a recent
work, Paba Dotes and De Torres-Gdrcia showed
that the use of incobotulinumtoxinA at high doses
and short intervals (the first infiltration was 800
U, the second 800 U, and the last 500 U over 14
weeks) waseffective in a 16-year-old patient with
a history of quadriplegia due to acquired brain
damage secondary to thrombosis of the dural
sinus. In this case, the individualized treatment
schedule with incobotulinumtoxinA doses and
dosing intervals designed to the patient and
medical needs resulted in good clinical outcomes
and good tolerability’s. A phase 3 study,
demonstrated that incobotulinumtoxinA  used
according to an individualized treatment plan
within standardized guidelines is beneficial in
improving muscle tone and motor function for
children with spasticity-related cerebral palsy'”.
In our study, patients with multifocal spasticity
have significantly benefited from IncoBoNT-A
treatment with high individualized total doses as
have been seen in the clinical parameters
assessed at baseline and 4 weeks after
treatment, such as pain control, muscle tone
reduction and passive range of motion gained. It
is important to emphasize that the doses per
muscle were always within the recommended
ranges and the number of muscles and spasticity
patterns treated were always in accordance with
the needs and goals of the patients. In addition to
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the reduction of muscle tone and improvement of
limb functionality, pain relief may be considered
an important treatment goal. Furthermore, pain
relief may also maximise gains in other treatment
domains, such as  improved mobility,
independence in daily activities, sleep, quality of
life, etc. The results obtained on pain relief in this
study are in agreement with those recently
published from a pooled analysis on pain
reduction in adults with limb spasticity following
treatment with IncoBoNT-A'8,

After treating these severe spastic patients, no
new safety issues arose with incobotulinumtoxinA
doses of 800-900 U and up to 6 injection cycles.
Each one of the patients, as well as their
caregivers, were satisfied with the dose increase
as the spasticity improved and it was well
tolerated as none of them experienced side
effects or atypical symptomatology. The results
observed in this group of patients treated in a
real clinic setting show that individualized doses
of IncoBoNT-A, highly purified 150 kDa core
neurotoxin protein, are effective and well-
tolerated for this type of patient and as more
clinical spasticity patterns can be treated
allowing a greater focus on patient’s needs and
goals and better management of their severe
spasticity. Therefore, individualization of doses
should be taken into account for optimizing clinical
outcomes and improving the patient's treatment
satisfaction.

Some authors agree that botulinum toxin therapy
should be complemented by physiotherapy!'s.
Others, advise the use of botulinum toxin therapy
combined with any other anti-dystonic therapy
including oral drugs, intrathecal baclofen and
peripheral or central surgery including deep
brain stimulation 20, The strengths of this study
include our patient focus approach to treatment,
with individualized treatment options. Moreover,
the study design allowed for the treatment of
several muscle groups. Given the limited number
of patients, the results reported here will provide
a valuable starting point for future research in this
field. However, our findings represent a positive
and promising future regarding treatment and
recovery for patients with brain injury and severe
upper and lower limb spasticity.

5. CONCLUSION

Our results suggest that the repeated
administration of doses, adapted to individual
needs, allows the treatment of a higher number of
spasticity patterns and the increase of treatment
efficacy by an improvement of pain, muscular
tone and articular balance, without the
development of adverse effects.
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