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Objective: To develop an algorithm for the selection

(LAY ABSTRACT )

of adults with disabling spasticity for treatment with
intrathecal baclofen (ITB) and/or botulinum toxin
type A (BoNT A).

Methods: A European Advisory Board of 4 neurolo-
gists and 4 rehabilitation specialists performed a
literature review on ITB and BoNT A treatment for
disabling spasticity. An online survey was sent to
125 physicians and 13 non-physician spasticity ex-
perts. Information on their current clinical practice
and level of agreement on proposed selection crite-
ria was used to inform algorithm design. Consensus
was considered reached when =75% of respondents
agreed or were neutral.

Results: A total of 79 experts from 17 countries com-
pleted the on-line survey (57%).

Agreement was reached that patients with multi-
segmental or generalized disabling spasticity refrac-
tory to oral drugs are the best candidates for ITB
(96.1% consensus), while those with focal/segmen-
tal disabling spasticity are ideal candidates for BONT
A (98.7% consensus). In addition the following
are good candidates for ITB (% consensus): bila-
teral disabling spasticity affecting lower limbs only
(97.4%), bilateral (100%) or unilateral (90.9%)
disabling spasticity affecting lower limbs and trunk,
and unilateral or bilateral disabling spasticity affec-
ting upper and lower extremities (96.1%).
Conclusion: This algorithm will support the manage-
ment of adult patients with disabling spasticity by
aiding patient selection for ITB and/or BoNT A tre-
atments.
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Involuntary muscle overactivity or spasticity is an
increase in muscle tone caused by a neurological

Involuntary muscle overactivity or spasticity is the in-
crease in muscle tone caused as a consequence of a brain
or spine lesion. The muscle overactivity can become
disabling spasticity and adequate treatment or combina-
tion of treatments are essential to reduce or eliminate
the problems and disability caused by the involuntary
muscle overactivity. An European expert consensus on
the treatment of disabling spasticity, with Intrathecal Ba-
clofen (an implanted pump that delivers baclofen directly
near the spinal cord) or injection of Botulinum Toxin into
muscles, was made using an online survey with 79 ex-
perts completing the survey. This algorithm supports the
future management of adult patients with disabling mus-
cle overactivity by aiding patient selection for Intrathecal
\Baclofen and/or Botulinum Toxin treatment. /

insult that creates an upper motor neurone lesion from
either a cerebral (e.g. cerebral palsy, acute brain injury,
stroke) or spinal cord (e.g. spinal cord injury, multiple
sclerosis) aetiology (1, 2).

Development of spasticity is a complex process, oc-
curring over time, caused by changes in afferent cen-
tral and peripheral input to the spinal motor neurones,
changes in tonic and phasic stretch reflexes that affect
spinal excitability, and changes in the intrinsic properties
of motor neurones (3). Depending on the location of
the lesion, the muscle overactivity can be focal, multi-
focal, segmental, multi-segmental or generalized and
can become disabling spasticity. The correct treatment,
or combination of treatments, is essential to reduce or
eliminate the problems and disability caused by the in-
voluntary muscle overactivity, to optimize function, and
to prevent secondary complications, such as muscle and
soft-tissue shortening (contractures) or skin breakdown.

Many parameters can influence the clinician’s
choice of treatment for disabling spasticity; whilst
physiotherapy and an effective physical management
programme remain pivotal to effective management,
pharmacological agents are often required and oral
medication is frequently utilized first line; however,
side-effects or poor efficacy are commonly reported.
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Other treatment options may then be considered,
including intrathecal baclofen (ITB) or botulinum toxin
type A (BoNT A).

ITB is administered by a programmable, subcuta-
neously implanted drug delivery system with a reser-
voir and catheter, delivering low doses of baclofen
(<1% of the oral dose) directly to the spinal cord,
where Gamma-aminobutyric acid (GABA) receptors
are expressed at high density. In long-term follow-up
studies, I'TB has proven to be safe and its effect sustai-
nable over time (4—7), with many individuals demon-
strating high levels of satisfaction and continuing to
benefit for many years. However, despite the increasing
body of evidence documenting the usefulness of ITB in
managing spasticity, there is a lack of patient selection
tools to aid the clinician in deciding which patients are
most likely to benefit from ITB (8). On the basis of
current evidence, the best-established treatment effect
of ITB is in reducing spasticity in the lower limbs of
patients with spasticity of cerebral or spinal origin
who have failed to respond to maximum tolerated or
recommended doses of oral antispasmodics (9—11).

Botulinum toxin (BoNT) is an extremely powerful
naturally occurring neurotoxin produced by Clostridium
botulinum, a Gram-negative anaerobic bacterium. BoNT
type A products are licensed for the treatment of upper
and lower limb spasticity in adults and children. BONT A
is injected directly into muscles and causes inhibition of
release of acetylcholine at the neuromuscular junction,
the clinical effects of which last some months before
functional recovery of the injected muscle. Current treat-
ment guidelines for BONT A recommend that injections
should be offered for focal spasticity of the upper and
lower limbs. Such recommendations are based largely
on extensive safety and efficacy data from well-designed
clinical trials in adults with upper-limb spasticity, while
there are fewer data reporting the efficacy of BONT A
in clinical trials in adults and children with lower-limb
spasticity (12—15). Furthermore, treating multi-focal or
multi-segmental upper- or lower-limb spasticity may re-
quire higher total doses per session than those currently
approved for products available in Europe, in order to
meet individual clinical needs and goals of rehabilitation
therapy (16). The safety of BoNT A treatment is well
established in both adults (17) and children (18), across
a variety of indications (19) and also at higher dosages
for one BoNT A product (incobotulinumtoxinA, Xeo-
min, Merz Pharmaceuticals, Germany) (20). However,
there are some concerns that the administration of hig-
her doses of BONT A can increase the risk of systemic
diffusion, with the development of clinically evident
adverse effects and neutralizing antibodies (21).

When faced with a patient with disabling spasticity,
however, there remains uncertainty in how to select
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the most appropriate treatment. The objective of this
study was therefore, through a review and consensus
statement, to develop an algorithm to aid clinicians
in the management of adult patients with disabling
spasticity who are potential candidates for treatment
with ITB, BoNT A or both in combination.

METHODS

An Advisory Board of 8 specialists (4 neurologists and 4 phy-
sical medicine and rehabilitation (PM&R) physicians) from 8
European countries, with experience in spasticity management,
were assembled to evaluate current knowledge and to share ex-
perience on patient selection and the optimal treatment pathway
for patients with disabling spasticity.

A 4-step approach was implemented, as described
below.

Step 1

A literature review on recent evidence of ITB and BoNT A
treatments for patients with disabling spasticity was conducted.
PubMed and EMBASE databases were searched from January
2010 to November 2020 using the following search strategies:

(‘botulinum toxin a’ OR * btxa’ OR ‘abobotulinum’ OR ‘in-
cobotulinum’ OR ‘onabotulinum’ OR ‘“intrathecal drug delivery
systems’ OR ‘ITB’) AND (‘spasticity’ OR spasticit*) AND
((‘cerebrovascular accident’ OR ‘brain ischaemic attack*” OR
‘brain injury’ OR ‘stroke’ OR ‘brain hemorrhage’ OR ‘multiple
sclerosis’ OR ‘cerebral palsy’ OR ‘spinal cord injury”) OR (brain
OR cerebral OR spinal) NEAR/5 “origin’)).

This resulted in 555 abstracts. Following an in-depth review
of the abstracts by the advisory board members, a final total
of 29 ITB papers, 29 BoNT papers, and 6 guidelines reporting
information on patient selection criteria and outcomes of ITB
and BoNT for disabling spasticity treatment were selected and
summarized as pre-reading material. The list of selected studies
along with their main characteristics is shown in Appendix I.
The included papers were selected based on study type (non-
systematic reviews, books, comments, abstracts, letters, and
editorials were excluded), sample size (papers containing fewer
than 10 patients analysed were excluded), and main outcomes
of safety and/or effectiveness reported. Non-human studies and
non-English publications were not considered for inclusion.

Step 2

The results of the literature review were debated by the board
members in a virtual meeting in December 2020. Based on the
discussion a survey was designed and finalized at the second
virtual meeting in January 2021 (Appendix II reports the
survey questions). During that meeting, an algorithm for the
management of adult patients with disabling spasticity, who
are potential candidates for ITB or BoNT, was proposed, based
on the evidence and the expert opinion of the advisory board.
Further survey questions were also developed in order to gather
information on parameters relevant for treatment selection (ITB
or BoNT), treatment timing, and evaluation of patient outcomes,
including pain, spasticity/muscle tone, spasms, individual and
motor function, quality of life and goal attainment.

The survey consisted of a total of 27 questions: 6 were intro-
ductory questions aimed at stratifying the sample of responders,
9 focused on clinical practice, and 12 on patient selection desig-
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Table I. Definitions of disabling spasticity and location used in the current paper

Disabling spasticity

Term Definition
Disabling spasticity

Spasticity which is perceived by the individual or caregivers as hindering body function, activities, and/or participation.

This definition is based on clinical expertise and conceptually incorporates the domains of the International Classification of

Functioning, Disability and Health (ICF).
Disabling spasticity location
Term Definition

Focal spasticity
forearm or foot and ankle) (19).

Segmental spasticity

Spasticity limited to muscles in a close anatomical region, including only 1 or 2 joints (excluding finger and toe joints, e.g. hand and

Spasticity limited to several adjacent anatomical regions (e.g. hand, forearm, elbow and/or shoulder) (19).

Multi-segmental spasticity Spasticity distributed to anatomically separate and distant sites and affecting at least 2 limbs, including the trunk (e.g. arm and leg,

leg and trunk, or arm and trunk) (19).
Generalized spasticity Spasticity diffused in more than 2 limbs.

Multi-focal spasticity*

Spasticity affecting multiple joints that are not adjacent (e.g. ankle and hip or wrist and shoulder).

*This definition was proposed by the advisory board.

ned to seek their level of agreement on the proposed algorithm.
Nine of the 27 questions were multiple-choice questions. Most
questions allowed responders to enter comments (Appendix II).
Definitions of disabling spasticity and of the distribution of
disabling spasticity were agreed upon by the advisory board
and included in the survey for the external experts (Table I).

Step 3

Each advisory board member was asked to send the on-line
survey to at least 10 physicians with expertise in spasticity
treatment, as well as additional non-physician experts (e.g.
physiotherapists and specialist nurses), in his/her geographi-
cal area with a 4-week deadline for completion and a weekly
reminder. The survey was sent to 138 external experts in total
(125 European physicians and 13 non-physician specialists) via
Qualtrics electronic platform (22).

In line with previous consensus reports (23), the advisory
board members defined that consensus was reached when >75%
of respondents agreed with or were neutral on the question
response (<25% disagreed).

Step 4

A third virtual meeting was held in April 2021 to present and
discuss the results of the survey and revise the algorithm based
on external expert responses.

Statistical analysis

Descriptive statistics were used to summarize responder cha-
racteristics and survey results. Excel Office 365 (Microsoft,
California, CA, USA) was used to perform statistical analyses.

RESULTS

Survey results

Actotal of 105 of 138 surveys were received. Twenty-six
surveys were excluded as they were incomplete and a
further two were excluded because the physicians were
solely treating children. Therefore, a final total of 77
surveys were analysed and contributed to the develop-
ment of the algorithm; these 77 were completed in full
by external experts who manage adults with disabling
spasticity from 17 European countries (56% response

rate). Respondents were mainly physicians (54% PM&R
specialists, 30% neurologists, 4% neurosurgeons, and
1% anaesthetists), but also included physical therapists
(7%, specialist nurses (3%), and clinical scientists (1%).
The estimated number of annually implanted ITB
pumps in total for all respondents was 1,007, and the
estimated total number of new patient treatments with
BoNT in at least 2 limbs each year was 4,177 (Table 11).
The six introductory survey questions addressed the
external expert’s opinion on the current level of evidence
for ITB therapy and BoNT treatment in patients with
disabling spasticity (Table II). The majority of respon-
ders (55/77; 71.4%) agreed that the evidence on ITB is
still lacking. Specifically, they agreed that more evidence
is needed on the characteristics of patients who could
benefit most from this treatment (37/77; 48.1%) as well
as on its efficacy in ambulatory patients (35/77; 45.5%).
Concerning the available literature on BoNT, over
half of responders (43/77; 55.8%) consider it is not
conclusive, particularly with regard to the role of BONT
therapy in combination with other treatments (e.g.
ITB, rehabilitation, orthosis) (27/77; 35.1%) and on
its efficacy in patients with multi-segmental disabling
spasticity (24/77; 31.2%)).
For both treatments, the current evidence on safety
aspects was deemed adequate by responders.

Patient management

The survey enabled information to be gathered on the cur-
rent clinical practice of patients with disabling spasticity
treated with BoNT or ITB. A question concerning the
earliest optimal timing of treatment of BoNT demon-
strated the majority of external experts recommended
BoNT immediately (24/77; 31.2%), or not more than 3
months (38/77; 49.4%) from disabling spasticity onset in
order to prevent secondary complications of spasticity.
The same question for ITB revealed that this treatment
is proposed later than BoNT in clinical practice, with the
respondents recommending waiting at least 4-6 months
(22/77; 28.6%) or more than 6 months (20/77; 26.0%), de-
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pending on the neurological condition causing spasticity.
When respondents were asked which parameters are
taken into consideration when selecting a candidate for

Table II. Survey introduction results

Survey questions n (%)
Country

Italy 13 (16.9)
Germany 12 (15.6)
UK 12 (15.6)
Iberia 8 (10.4)
France 7 (9.1)
Eastern Europe 5 (6.5)
Austria 4 (5.2)
Slovenia 4 (5.2)
BeNeLux 3(3.9)
Denmark 3(3.9)
Norway 3(3.9)
Sweden 3(3.9)
Role

PM&R (physical medicine & rehabilitation physician) 42 (54.5)
Neurologist 23 (29.9)
Physical therapist 5 (6.5)
Neurosurgeon 3(3.9)
Other 4 (5.2)

Mean number of NEW patients treated/year for spasticity with ITB pump
implant during the last 3 years in your hospital (adults; subjects > 18 years):

0 implant/year 11 (14.3)
1-5 implants/year 28 (36.4)
6-10 implants/year 23 (29.9)
11-50 implants/year 13 (16.9)
51-100 implants/year 2 (2.6)
>100 implants/year 0 (0.0)

Mean number of NEW patients treated/year for spasticity with botulinum
neurotoxin injections in at least two limbs during the last 3 years in your
hospital (adults; subjects >18 years):

0 patients/year 6 (7.8)
1-5 patients/year 5 (6.5)
6-10 patients/year 7 (9.1)
11-50 patients/year 38 (49.4)
51-100 patients/year 16 (20.8)
>100 patients/year 5(6.5)

In your opinion, the level of evidence on ITB therapy is: (select all that apply)

Appropriate 22 (28.6)
Not appropriate: 55 (71.4)
Low, more evidence and guide are needed on characteristics of

patients who could benefit more from this treatment 37 (48.1)
Low, more evidence is needed on functional improvement in

ambulatory patients 35 (45.5)
Low, more evidence is needed on patient’s QoL improvement 29 (37.7)
Low, more evidence is needed on health economics 25 (32.5)
Low, more evidence is needed on functional improvement in non-
ambulatory patients 19 (24.7)

Low, more evidence is needed on burden of care improvement for
patients and caregivers 13 (16.9)

Low, more evidence is needed on therapy safety 4 (5.2)
Other 3(3.9)

In your opinion, the level of evidence on BoNT therapy is: (select all that apply)

Appropriate 34 (44.2)
Not appropriate: 43 (55.8)
Low, more evidence is needed on the role of BoNT therapy in

combination with other treatments 27 (35.1)
Low, more evidence is needed on efficacy in patients with

multisegmental disabling spasticity 24 (31.2)
Low, more evidence and guide are needed on characteristics of

patients who could benefit more from this treatment 22 (28.6)

Low, more evidence is needed on patient’s functional improvement 17 (22.1)

Low, more evidence is needed on patient’s QoL improvement 17 (22.1)
Low, more evidence is needed on immunogenicity 8 (10.4)
Low, more evidence is needed on injection techniques 4 (5.2)
Low, more evidence is needed on therapy safety 2 (2.6)
Other 2 (2.6)

QoL: quality of life; ITB: intrathecal baclofen; BoNT: botulinum toxin.
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either ITB or BoNT treatment, consensus regarding pa-
rameters for choosing ITB treatment (defined as level
of agreement >75%) was achieved for four parameters:
“benefit/risk ratio” (84%), “patient compliance to treat-
ment” (79%), “dose of BoNT (i.e. BoONT would reach
maximum recommended dose)” (77%), and “patient
goal/expectation” (76%) (Fig. 1A).

External expert agreement was reached on two
parameters that need to be considered when selecting
candidates for BONT treatment: “patient goal/expecta-
tion” (80%), and “benefit/risk ratio” (78%) (Fig. 1B).

In the on-line survey, the external experts were pro-
vided with a list of scales and questionnaires based on
the results of the literature review and asked which of
them they use to monitor patient-reported outcomes in
their practice. Respondents rated the visual analogue
scale (VAS) and Numeric Pain Rating Scale (NPRS)
as the preferred scales for measuring pain (73/77,;
94.8%), the Ashworth scale (or modified Ashworth
scale) for the measurement of spasticity/muscle tone/
spasm outcomes (70/77; 90.9%), and the Barthel Index
(or modified Barthel Index) for the measurement of
individual and motor functions (38/77; 49.4%).

Table III. Survey results on patient outcomes measurement

Survey questions n (%)

If you monitor Pain in your service, which scales do you generally use?
(select all that apply)

VAS (visual analogue scale)/NPRS (Numeric Pain Rating Scale) 73 (94.8)
I don’t usually measure Pain 3(3.8)
Other 7 (8.9)
If you monitor health-related QoL (Quality of Life) in your service, which

generic or spasticity-specific questionnaires do you generally use? (select all
that apply)

I don't usually measure health-related QoL 34 (44.2)
SF-36 (Short Form Health Survey) 25 (32.5)
EuroQol-EQ5D (5 dimensions of health) 18 (23.4)
Life Satisfaction Index 5(6.5)

Other 10 (13)

If you monitor Individual and Motor function in your service, which scales do
you generally use? (select all that apply)

Barthel Index or Modified Barthel Index 38 (49.4)
GAS (Global Assessment Scale) 32 (41.6)
FIM (Functional Independence Measure) 22 (28.6)
DAS (Disability Assessment Scale) 10 (13.0)
I don't usually measure function 8 (10.4)

Other 21 (27.3)

If you monitor Spasticity/Muscle tone/Spasm outcomes in your service,
which scales do you generally use? (select all that apply)

Ashworth Scale or Modified Ashworth Scale 70 (90.9)
PSS (Penn Spasm Scale) 30 (39.0)
Tardieu Scale or Modified Tardieu Scale 22 (28.6)
I don't usually measure Spasm outcomes 2 (2.6)
I don’t usually measure Muscle tone 1(1.3)

Other 1(1.3)

If you monitor Goal Attainment in your service, which scales do you
generally use? (select all that apply)

GAS (Goal Attainment Scale) 40 (51.9)
Personalized goal achievement questionnaire 19 (24.7)
I don’t usually measure Goal Attainment 19 (24.7)
Other 7 (9.1)
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Green dotted line: 75% consensus threshold.

Fig. 1. Parameters considered by experts when selecting (a) intrathecal baclofen (ITB) or (b) botulinum toxin (BoNT) treatment for the management

of disabling spasticity.

In terms of health-related quality of life (HRQoL)
almost half of respondents stated that they do not rou-
tinely measure QoL in their clinical practice (34/77,;
44.2%), and although the most selected option for
measuring goal attainment was the Goal Attainment
Scale (GAS) (40/77; 51.9%), nearly a quarter of
respondents said they do not routinely record goal
attainment (Table III).

Algorithm development

The main goal of the advisory board was, on the basis
of current evidence and expert opinion, to develop an
algorithm to aid the clinical decision-making process
for treatment of adult patients with disabling spasticity,
who are potential candidates for ITB or BoNT.

Table IV summarizes the results of the survey in
terms of consensus on the algorithm. Even though

consensus was reached for all the questions addres-
sed in the algorithm, for three of the questions the
percentage of neutral respondents was crucial to reach
the consensus threshold of 75%.

In terms of the distribution of disabling spasticity,
there was high-level agreement on the fact that pa-
tients with multi-segmental or generalized disabling
spasticity refractory to oral drug treatment are the best
candidates for ITB (96.1% consensus), while patients
with focal or segmental disabling spasticity are the
ideal candidates for BoNT (98.7% consensus). During
the final meeting the advisory board debated and agreed
to include patients with multi-focal disabling spasticity
in the algorithm, although this sub-category was not
addressed in the survey. The advisory board defined
multi-focal as “spasticity affecting multiple joints
that are not adjacent (e.g. ankle and hip, or wrist and
shoulder)” (see Table I), and they were unanimous in
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Table IV. Survey results in terms of agreement with the proposed algorithm

Survey questions

Agree, n (%) Neutral, n (%) Disagree, n (%) Reasons for disagreement

Distribution of disabling spasticity

I consider patients with multi-segmental or generalized 67 (87.0)
disabling spasticity refractory to oral drug treatment

the best candidates for ITB treatment.

7(9.1)

I consider patients with focal or segmental disabling 74 (96.1)
spasticity the best candidates for BoNT treatment.

I consider patients with unilateral disabling spasticity 10 (13.0)
affecting lower extremities only as good candidates

for ITB treatment.

2(2.6)

29 (37.7)

I consider patients with bilateral disabling spasticity 64 (83.1)
affecting lower extremities only as good candidates

for ITB treatment.

Iconsider patients with unilateral or bilateral disabling 52 (67.5)
spasticity affecting both upper and lower extremities

as good candidates for ITB treatment.

11 (14.3)

22 (28.6)

I consider patients with unilateral disabling spasticity 35 (45.5)
affecting lower extremities and back and/or abdominal
muscles as good candidates for ITB treatment.

35 (45.5)

I consider patients with bilateral disabling spasticity 74 (96.1)
affecting lower extremities and back and/or abdominal

muscles as good candidates for ITB treatment.

I consider patients with bilateral disabling spasticity 69 (89.6)
affecting upper extremities only more appropriate
candidates for BoNT treatment than ITB.

3(3.9)

8 (10.4)

Combined therapy

Combined ITB and BoNT treatments should be 69 (89.6)
proposed: in case of generalized or multi-segmental

disabling spasticity and patient’s goals not fully
achieved with ITB only.

Combined ITB and BoNT treatments should be 44 (57.1)
proposed: in case of generalized or multi-segmental

disabling spasticity affecting lower limbs and jaw

and/or neck.

If a patient doesn’t fully reach their rehabilitation 40 (51.9)
goals with BoNT therapy plus rehabilitation/orthosis,

I consider him/her for ITB.

0 (0.0)

0(0.0)

30 (39.0)

Patient preference

I consider patient/caregiver preferences regarding 74 (96.1)
treatment option at every stage of the treatment

decision process (shared decision approach).

3(3.9)

3(3.9) Some responders stated that in patients with generalized
spasticity the high doses of baclofen could lead to listlessness,
severe motor slowdown and weakness, as well as to some
side-effects; others consider ITB the therapy of choice for
patients with spasticity in both legs, but not necessarily
multi-segmental or generalized.

One responder stated that other treatments could be
considered.

Some responders stated that this case is a focal/segmental
spasticity, therefore ITB is not the therapy of choice as per
current guidelines; others confirmed that they treat these
patients with BoNT or other therapeutic alternative than ITB.
One responder stated that the decision on treatment depends
on ambulatory capacity of patients.

1(1.3)

38 (49.4)

2(2.6)

3(3.9) Some responders expressed concerns about negative effects
of ITB on the healthy extremity and the trunk/respiratory
muscles; others would recommend ITB only in case of
bilateral spasticity.

Some responders expressed concerns about negative effects
of ITB on the healthy side and postural muscles (worsening
balance); others recommend BoNT as first option in case of
unilateral spasticity.

0 (0.0) None.

7(9.1)

0 (0.0) None.

8 (10.4) None reported.

33 (42.9) None reported.

7 (9.1) Some responders stated that in these cases they would
prefer oral medications or other conservative measure first;
others stated that they would consider surgical procedures

if contracture was evident.

0 (0.0) None.

ITB: intrathecal baclofen; BoNT: botulinum toxin.

indicating BoNT as the preferential treatment option
for these patients.

In terms of spasticity location, negative consensus
(87.0%) was reached on proposing ITB to patients
with unilateral disabling spasticity affecting lower
extremities only. The main reason indicated in the
external experts’ comments was that this represents
a case of focal/segmental spasticity; therefore BONT
would be first-line treatment in combination with
walking aids, splints, and rehabilitation, and there was
concern that ITB may decrease muscle strength/tone in
the non-spastic side. With regards to bilateral disabling
spasticity affecting lower extremities only, there was
a high-level agreement (97.4% consensus) on the fact
that these patients could be good candidates for ITB
treatment. Patients with bilateral disabling spasticity
affecting lower limbs and back and/or abdominal mus-
cles were similarly considered as good candidates for
ITB by all the respondents (100% consensus), while

medicaljournalssweden.se/jrm

a weaker consensus (90.9%) with 45% of respondents
being neutral was achieved for unilateral spasticity and
back and/or abdominal muscle involvement.

Weak consensus (96.1% including 28.6% of neutral
answers) was achieved for patients with unilateral
or bilateral disabling spasticity affecting both upper
and lower extremities as good candidates for ITB
treatment. It was felt by the advisory board members
that the large number of neutrals in this case was
probably due to the fact that this question considered
both unilateral (hemiplegia) and bilateral (tetraplegia)
distribution together. During the final advisory board
meeting it was considered appropriate to represent this
question as two separate boxes in the algorithm, one for
unilateral, and one for bilateral spasticity: for unilateral
spasticity ITB treatment is therefore recommended
through a weak consensus (as found in the survey), but
for bilateral spasticity affecting both upper and lower
extremities ITB should be the treatment of choice, in
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line with current guidelines that strongly recommended
ITB for such patients (24) (Fig. 2).

All external and advisory board experts agreed that
patients with bilateral disabling spasticity affecting
only the upper extremities are more appropriate can-
didates for BoNT treatment than ITB, while those with
unilateral disabling spasticity affecting only the upper
extremities are already included in the focal, multi-
focal and segmental spasticity arm of the algorithm,
with BoNT as the first-choice treatment (Fig. 2).

More than 75% of experts agreed on proposing
combined therapy (ITB together with BoNT) in cases
of generalized or multi-segmental disabling spasticity
where the patient’s goals are not fully achieved with ITB
alone. Consensus on utilizing combined therapy was not
reached for patients with generalized or multi-segmental
spasticity affecting the lower limbs and jaw/neck; the-
refore this section was removed from the algorithm.
During the final meeting the advisory board debated
and agreed that non-consensus on this latter statement
is probably due to the rarity of this presentation; they,
however, suggest combined therapy (plus rehabilitation)
is most appropriate, based on their experience.

For patients previously managed with BoNT, exter-
nal experts agreed that ITB should be considered as
a second-line treatment option (90.9% consensus) if
rehabilitation goals are not fully reached following a
trial of oral medication.

All respondents agreed (96.1%) or were neutral
(3.9%) with respect to a “shared decision approach”
in the patient management strategy, where patient’ and
caregiver’ preferences are taken into consideration at
every stage of the treatment decision process.

The final algorithm for patient selection and mana-
gement is shown in Fig. 2.

Given the high level of agreement reached in the
first survey round, the algorithm was not tested further.

DISCUSSION

To increase the likelihood that patients with disabling
involuntary muscle overactivity/spasticity due to up-
per motor neurone (UMN) lesions receive the correct
treatment at the correct time, a treatment algorithm
is warranted. In the clinical setting, spasticity is
often associated with pain, sleep disorders, feeding

Patients with disabling spasticity

Patient / Caregiver preference
MUST be considered at every

A4

stage (shared decision approach)

\ 4 Multidisciplinary input essential at

Focal, multi-focal or
segmental disabling
spasticity

Multi-segmental or
generalized disabling
spasticity refractory to oral

all times to optimise physical
management programme and
manage spasticity trigger factors

drug treatment

|

|

!

A4

|

}

Bilateral disabling
spasticity
affecting upper
extremities only

Unilateral disabling
spasticity affecting
both lower and
upper limbs

Bilateral disabling
spasticity affecting
both lower and
upper limbs

Bilateral disabling

affecting lower
extremities only

spasticity

Unilateral disabling
spasticity affecting lower
limbs and back and/or
abdominal muscles

Bilateral disabling
spasticity affecting lower
limbs and back and/or
abdominal muscles

{ (-

Treatment goals not reached with
max BoNT recommended dose

A 4 A 4 A4 A4

i i

Treatment goals not
reached with ITB only

. Yy v y

BoNT + adjuvant treatments
(including rehabilitation and orthosis)

ITB + Rehabilitation

Combined BoNT and ITB
+ Rehabilitation

Dotted line: weak consensus (includes neutral answers to reach >75% consensus);
Straight line: strong consensus.

Fig. 2. Algorithm developed by the expert panel for the management of adult patients with disabling spasticity who are potential candidates for

intrathecal baclofen (ITB) or botulinum toxin (BoNT)
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problems and difficulties with positioning, transfers,
dressing and personal care (10). As spasticity is not
always disabling and, if not problematic, should not
be pharmacologically treated, it was important for the
advisory board to agree on the definition of disabling
spasticity. After discussion it was agreed to use the
definition on disabling spasticity published by “The
Ability Network™: “Spasticity which is perceived by
the individual or caregivers as hindering body function,
activities, and/or participation (25)” (Table I). This de-
finition is based on clinical expertise and conceptually
incorporates the domains of the International Clas-
sification of Functioning, Disability and Health (ICF)
and is therefore helpful when describing goals related
to spasticity treatment (26). Likewise, advisory board
members found it relevant to use only the definition
of disabling spasticity in this context and not the terms
“mild, moderate and severe spasticity”, since all the
severity grades can become disabling and therefore
warrant treatment. The level of functioning should be
considered as the base to set the goals of an individual
rehabilitation programme.

First-line management of spasticity is always
through a multidisciplinary approach of non-pharma-
cological measures, predominantly by establishing
an effective physical management programme, which
will include optimizing posture, positioning (with the
use of equipment and splints), stretching, standing,
etc., with input from physiotherapy and occupational
therapy. Effective management of any spasticity trig-
ger factors, such as bladder and bowel dysfunction
or reduced skin integrity, are also essential. When
considering pharmacological measures many factors
influence the choice of treatment of disabling spastic-
ity; often spasticity distribution is highlighted as one
of the most important features, as illustrated by the
algorithm (Fig. 2). Patients considered for ITB tend to
have predominantly lower limb spasticity (8); however,
ITB is known to have some impact in the upper limbs
and trunk (often considered to be approximately one-
third of the effect in lower limbs), particularly at higher
doses and perhaps depending on the placement of the
tip of the catheter (7, 27-29).

The current study found high-level agreement that
patients with multi-segmental beside those patients
with only bilateral affected upper extremities or gen-
eralized disabling spasticity refractory to oral drug
treatment are the best candidates for ITB. Furthermore,
there was a high level of consensus in the current study
that combined ITB and BoNT treatments should be
proposed in cases of generalized or multi-segmental
disabling spasticity if the patient’s goals are not fully
achieved with ITB alone.

With regards to treatment of multi-segmental unilat-
eral disabling spasticity affecting both upper and lower

medicaljournalssweden.se/jrm

limb, the current study cannot draw a firm conclusion
on the level of consensus, because the survey question
combined “unilateral or bilateral disabling spasticity
affecting both upper and lower extremities”. However,
the advisory board agreed that, in bilateral spasticity
affecting both upper and lower extremities, ITB should
be the treatment of choice, which is in accordance
with current guidelines (24). The advisory board also
agreed that if treatment goals for the upper extremities
are not reached after initiating ITB treatment, BoNT
should be considered early for management of upper
limb spasticity. Comparing these results with other
studies on unilateral disabling spasticity affecting both
the upper and lower limb, the “Spasticity In Stroke —
Randomised Study” (SISTERS) showed a significant
superior effect of I'TB therapy compared with conven-
tional medical management with oral antispasmodic
medication, in reducing muscle tone in the lower limb
of'the affected side (27). The study showed a significant
beneficial treatment effect for ITB over conventional
management for spasticity reduction in the upper limb;
however, the study was not powered to detect these
treatment differences. More patients reported adverse
events while receiving ITB (24/25 patients, 96%; 149
events) compared with conventional medical man-
agement (22/35, 63%; 77 events) (27). Similarly, the
cohort study by Ivanhoe et al. demonstrated significant
improvement in function, QoL, and spastic hypertonia
after ITB implant in stroke patients, without adversely
affecting muscle strength of the unaffected limbs (30).
In the current study we report a weak consensus for
selecting ITB for unilateral disabling spasticity, affect-
ing both upper and lower limbs. The advisory board
agreed that such patients (multi-segmental unilateral
disabling spasticity affecting both upper and lower
limbs) may also benefit from BoNT treatment alone.
Therefore, even though this aspect was not part of the
survey, during the final advisory board expert meeting
it was agreed to also add a dotted line to BoNT in the
treatment algorithm (Fig. 2).

The TOWER study of patients with upper and
lower-limb post-stroke spasticity found that the mean
improvement in spasticity was greater with treatment
with incobotulinumtoxinA in both the upper and lower
limbs vs the upper limb only, concluding that a com-
bined upper and lower limb treatment may optimize
treatment results (12). Furthermore, the study by Hara
et al. demonstrates that greater improvement in motor
function was achieved by administering BoNT A con-
currently to the upper and lower limbs in the context of
multidisciplinary rehabilitation (31). At present, there
is limited clinical evidence supporting the efficacy of
all BONT A products in the management of multi-focal
or multi-segmental spasticity. Contributing factors
to this may be BoNT A dose limitations in current
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product licences and the lack of general consensus on
the maximum safe dose per injection site and injection
session for all BoNT A products (32, 33), as patients
may benefit from BoNT A treatment with higher total
doses per session than currently recommended (20).
This is in accordance with the high level of agreement
in the current study on choosing ITB over BoNT, due
to “the dose of BONT would reach maximum recom-
mended dose”.

No randomized controlled trials comparing ITB
with BoNT A injection were identified in the current
review, although it is acknowledged in one study that
patients not responding to oral medications and BoONT
A treatment showed a significant reduction in generali-
zed spasticity following ITB pump implantation (34).
Likewise, no studies were found examining the role
of combining ITB and BoNT A treatment.

Another factor that might influence the clinician’s
choice of treatment is the patient’s functional level,
particularly if they are able to walk. ITB is traditionally
reserved for non-ambulatory patients (35), based on
the assumption that improvement in walking function
should not be expected with ITB therapy (36). Howe-
ver, there is a growing body of evidence that this is
not the case and early ITB treatment may keep people
walking for longer, particularly in progressive disor-
ders, such as multiple sclerosis (29, 35), although a
higher rate of catheter-related complications has been
observed in this cohort (35, 37).

Concerns about adverse events with ITB may also
influence the choice of treatment due to the relatively
high rate of complications, particularly infections,
cerebrospinal fluid (CSF) leakage, and catheter-related
problems (1, 6, 37—41). That the ITB risk profile is
important when considering the choice of treatment is
illustrated by the high agreement on the “benefit-risk
ratio” as a parameter to be considered when choosing
ITB in the current study. In the same way, there is
consensus on the parameter “patient compliance with
treatment”, which is highly likely to be dependent on
the parameter “patient goal/expectation”. It is therefore
of paramount importance that, before embarking on
ITB treatment, patients/relatives and care-givers must
be engaged, suitable and willing to undergo a trial with
a test dose of ITB to assess efficacy, a surgical proce-
dure for implantation and commit to regular follow-up
for pump refills (29).

In accordance with other guidelines (15), patients
with focal or multi-focal disabling spasticity are ideal
candidates for BONT treatment (98.7% consensus).

Interestingly, in the UK National guideline of spas-
ticity treatment in adults (15), ITB is proposed for
segmental or regional disabling spasticity, whereas
BoNT is recommended for focal and multi-focal
spasticity, while the current study among European

experts indicates a high agreement for BoNT treat-
ment in segmental disabling spasticity. This disparity
is probably due to differences in definitions, in that
segmental spasticity in the UK guideline is combined
with “regional spasticity”, which, in our definition,
might be regarded as multi-segmental spasticity (e.g.
lower limb with back/abdominal muscle involvement).
This illustrates the importance of definitions with clear
descriptions of their meanings (Table I). The earliest
optimal timing of treatment might also influence the
management pathway chosen due to a deteriorating
patient, and suggests that BONT may be chosen over
ITB in this situation, perhaps without considering all
other factors. The current study confirmed the results
of the recent Delphi consensus paper by Baricich et
al. (41), with the majority of external experts propo-
sing BoNT immediately (24/77; 31.2%), or not more
than 3 months (38/77; 49.4%) after onset of disabling
spasticity, in order to prevent negative consequences of
spasticity. The same question for ITB revealed that ITB
is proposed later than BoNT in clinical practice, with
the respondents recommending waiting at least 4—6
months (22/77; 28.6%) or more than 6 months (20/77;
26.0%), depending on the cause of spasticity, before
treating patients with ITB. This is clearly inappropriate
if patients are losing range, particularly in the context
of dysautonomia following brain injury, where ITB
has been shown to be beneficial (42).

Although helpful, it is important to recognize that a
treatment algorithm cannot stand alone when selecting
the appropriate spasticity treatment for the specific
patient. As described above, many other parameters
can influence the choice of treatment and need to be
considered.

Reassuringly, there is a high level of agreement in
the current study with respect to a “shared decision
approach” in the patient management strategy, where
patient’ and caregiver’ preferences are taken into
consideration at every stage of the treatment decision
process. The patient or caregiver might have other
concerns or expectations than the clinician regarding
the choice of treatment, and if these concerns or expec-
tations are not taken into consideration and explored, a
successful outcome for the physician, patient/relative
or caregiver is unlikely.

Similar to many other studies, the Ashworth scale (or
modified Ashworth scale) remains the most commonly
used objective measure of spasticity in current clinical
practice for the evaluation of patients with disabling
spasticity treated with BoNT or ITB (43); however,
patient-reported outcomes (visual analogue scales) and
goal attainment are also commonly reported, reflecting
the importance of patient-reported outcomes.

The choice of treatment may also be influenced by
external factors, such as healthcare funding systems or

J Rehabil Med 53, 2021
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the availability of treatments/expertise in the treating
centre and the consequent need to refer the patient to
another centre for treatment. The current study did not
explore this dilemma, and our high level of consensus
on many parameters probably illustrates that many of
the participating centres in the current study are able to
offer both ITB and BoNT treatment. This is, of course,
a possible confounding factor and weakness of the
current study, as the advisory board members selec-
ted experts known to them in their country/region of
origin. Furthermore, the current study did not explore
concerns or perceptions regarding treatment costs or
cost-effectiveness (although participants could have
raised this in free-text answers), so this could also be
considered a study weakness/limitation.

The algorithm produced by this panel review is not
a substitute for clinical judgment and is not intended to
define a standard of practice or requirement for ITB or
BoNT treatment. No single document can categorically
define appropriate practice in this setting, as every pa-
tient with disabling spasticity is unique; however, we
hope that it is a useful tool to guide treatment choice
and help our patients and their families understand and
engage in shared decision-making.

In conclusion, based on the current literature, a
comprehensive survey of European expert opinion, and
the consensus process, this study provides an algorithm
for the management of adult patients with disabling
spasticity who are potential candidates for treatment
with ITB and/or BoNT A (Fig. 2). Further studies
focusing on goal attainment, functional benefit, QoL,
and the role of combined ITB and BoNT treatment
are needed to accurately define which patients could
benefit most.
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Appendix 1. Characteristics of included studies

First Author, Publication Year (Ref) Study Design Size (n) Spasticity Origin
Abbatemarco, 2020 (35) Retrospective 256 Spinal (Multiple Sclerosis)
Barney, 2020 (8) Prospective non-RCT 32 Cerebral (Cerebral Palsy)
Bayhan, 2016 (39) Retrospective 294 Cerebral (Cerebral Palsy)
Borowski, 2010 (S1) Retrospective 174 Cerebral (Cerebral Palsy)
Borrini, 2014 (S2) Prospective non-RCT 158 Multiple (Cerebral and Spinal)
Creamer, 2018 (27, S3) RCT 60 Cerebral (Stroke)
Dvorak, 2010 (S4) Retrospective 167 Multiple (Cerebral and Spinal)
Imerci, 2019 (40) Retrospective 341 Cerebral (Cerebral Palsy)
Khan, 2010 (S5) Retrospective 40 Spinal (Multiple Sclerosis)
Lee, 2018 (36) Retrospective 47 Spinal (Multiple Sclerosis)
Morton, 2011 (S6) Prospective non-RCT 38 Cerebral (Cerebral Palsy)
Motta, 2016 (38) Retrospective 508 Multiple (Cerebral and Spinal)
Motta, 2014 (S7) Retrospective 430 Multiple (Cerebral and Spinal)
Motta, 2011 (S8) Retrospective 30 Cerebral (Cerebral Palsy)
Natale, 2012 (4, S9) Prospective non-RCT 112 Multiple (Cerebral and Spinal)
Pucks-Faes, 2018 (37) Retrospective 116 Multiple (Cerebral and Spinal)
Ramstad, 2010 (S40) Prospective non-RCT 38 Cerebral (Cerebral Palsy)
Reis, 2019 (S11) Retrospective 155 Multiple (Cerebral and Spinal)
Sammaraiee, 2020 (29) Prospective non-RCT 30 Spinal (Multiple Sclerosis)
Sammaraiee, 2019 (7) Prospective non-RCT 106 Spinal (Multiple Sclerosis)
Schiess, 2020 (1) Prospective non-RCT 1,743 Multiple (Cerebral and Spinal)
Schiess, 2011 (28) Prospective non-RCT 30 Cerebral (Stroke)
ITB Studies
Taira, 2013 (S12) Retrospective 400 Multiple (Cerebral and Spinal)
Vles, 2013 (S13-515) RCT (through 6-month) then Prospective non-RCT 17 Cerebral (Cerebral Palsy)
Yoon, 2017 (34) Prospective non-RCT 37 Cerebral (Cerebral Palsy and Brain Injury)
BoNT A Studies
Baricich, 2015 (32) Retrospective 26 Cerebral (Stroke)
Chaleat-Valayer, 2011 (S16) Prospective non-RCT 282 Cerebral (Cerebral Palsy)
Choi, 2019 (S17) Retrospective 591 Cerebral (Cerebral Palsy)
Clemenzi, 2012 (S18) Prospective non-RCT 21 Cerebral (Brain Injury)
Copeland, 2014 (S19) RCT 41 Cerebral (Cerebral Palsy)
Delgado, 2017 (S20) Prospective non-RCT (extension of a previous RCT) 216 Cerebral (Cerebral Palsy)
Demetrios, 2014 (S21) Prospective non-RCT 59 Cerebral (Stroke)
Dressler, 2015 (33) Prospective non-RCT 54 Multiple (Cerebral and Spinal)
Esquenazi, 2019 (17) RCT 468 Cerebral (Stroke)
Fheodoroff, 2020 (12, 16, 20) Prospective non-RCT 155 Cerebral (Cerebral Palsy, Stroke, Brain Injury, Brain
Tumour, Cerebral Vascular Disorders)
Gonnade, 2018 (18) RCT 61 Cerebral (Cerebral Palsy)
Hara, 2018 (13) Retrospective 35 Cerebral (Stroke)
Hara, 2017 (31) Retrospective 51 Cerebral (Stroke)
Ianieri, 2018 (S22) Retrospective 120 Multiple (Cerebral and Spinal)
Intiso, 2014 (S23) Prospective non-RCT 22 Cerebral (Cerebral Palsy and Brain Injury)
Invernizzi, 2015 (21) Prospective non-RCT 11 Cerebral (Stroke)
Juneja, 2012 (S24) Retrospective 29 Cerebral (Cerebral Palsy)
BoNT A Studies
Jung, 2011 (S25) Prospective non-RCT 27 Cerebral (Cerebral Palsy)
Kerzoncuf, 2020 (526) RCT 40 Cerebral (Stroke)
Lannin, 2018 (S27) Prospective non-RCT (feasibility randomized study) 37 Cerebral (Stroke)
Maanum, 2011 (S28) RCT 66 Cerebral (Cerebral Palsy)
Roche, 2015 (S29) RCT 35 Cerebral (Stroke)
Safer, 2016 (S30) Prospective non-RCT 24 Cerebral (Cerebral Palsy)
Santamato, 2017 (S31) Prospective non-RCT 20 Cerebral (Stroke)
Santamato, 2013 (S32) Prospective non-RCT 25 Cerebral (Stroke)
Schramm, 2014 (S33) Prospective non-RCT 508 Multiple (Cerebral and Spinal)
Unlu, 2010 (S34) Retrospective 71 Cerebral (Cerebral Palsy)

RCT: randomized controlled trial
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