Movement Disorders
Vol. 24, No. 6, 2009, pp. 801-812
© 2009 Movement Disorder Society

CME

Botulinum Neurotoxins for Post-Stroke Spasticity
in Adults: A Systematic Review

Antonio Emanuele Elia, MD,I’2 Graziella Filippini, MD,1 Daniela Calandrella, MD,I’2
and Alberto Albanese, MD'**

'Fondazione IRCCS Istituto Neurologico Carlo Besta, Milano, Italy
2Universitd Cattolica del Sacro Cuore, Milano, Italy

Abstract: The aim of this systematic review was to deter-
mine whether botulinum neurotoxin (BoNT) reduce spasticity
or improve function in adult patients after stroke. Eleven
double-blind randomized placebo-controlled trials met inclu-
sion criteria. They encompassed 782 patients, 767 (98%) of
whom received BoNT/A, and 15 (2%) BoNT/B. Most studies
used the Ashworth scale as primary outcome measure. Differ-
ences between treated and control groups were assessed as
categorical or continuous comparisons. The overall effect on
upper limb spasticity was in favor of BoNT/A. A signifi-
cantly higher number of patients had a reduction of upper
limb spasticity at 4-week and 8-week evaluations in the treat-
ment group compared with placebo. Mean changes in joint
spasticity revealed improvement 3 to 6 weeks and 9 to 12

weeks after treatment. There were insufficient data to estab-
lish BoNT/A efficacy on lower limb spasticity or the effect
of BoNT/B on the upper and lower limbs. Because of incon-
sistency and heterogeneity of the available data, it was not
possible to perform a meta-analysis on disability and
patients’ reported outcomes. There was an overlapping safety
profile between the treatment and the placebo groups. BoNT/
A reduces upper limb spasticity in patients post-stroke, but
the improvement in functional ability remains to be estab-
lished. This gap needs to be filled by new studies to assess
the effect of BoNT in the context of multidisciplinary patient
management. © 2009 Movement Disorder Society

Key words: botulinum toxin; spasticity; stroke; meta-
analysis

INTRODUCTION

In adults, stroke is the most common cause of upper
motor neuron syndrome, that follows damage to the
direct and indirect descending corticospinal fibers."
Spasticity develops few days or weeks after stroke and
is characterized by an increase in muscle tone and a
velocity-dependent increase in tonic stretch reflexes,’
that is associated to muscle weakness. The combination
of hypertonia and paralysis, which characterizes the
upper motor neuron syndrome, predisposes to the de-
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velopment of contractures leading to further impair-
ment. It is unclear whether functional improvement
following stroke occurs in parallel with the reduction
of spastic hypertonia.’

Numerous treatments are used to reduce spasticity.
Botulinum neurotoxin (BoNT) injections are employed
as focal antispastic agents usually as part of complex
rehabilitation regimens.® Treatment plans must con-
sider a trade-off between reduction of spastic hyperto-
nia and preservation of residual motor function.’
Active function relates to the capacity to move the
body or its parts actively and can range from simple
active movements at a specified joint to complex
movements and even complex actions; passive function
relates to the ability to integrate a body part in activ-
ities passively.® Functional treatment goals in patients
with spasticity include improvement of active and pas-
sive function, reduction of pain associated with passive
mobilization and painful spasms, improvement of
hygiene and prevention of contractures.
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There is no consensus as to when BoNT treatment
should be initiated, or how long it should last; further-
more, it remains unsettled if BoNT treatment improves
daily living activities in post-stroke patients. There are
a number of possible reasons for this uncertainty: first,
it is possible that weakness, more than spasticity, con-
tributes to disability3; second, studies may have been
inadequately powered to detect functional gain; third,
the outcome measures on function may have been
insufficiently sensitive.’

We reviewed the available evidence on the use of
BoNT in adult patients with stabilized spasticity, and
evaluated its efficacy on motor and functional outcome
measures.

PATIENTS AND METHODS

Double-blind randomized placebo controlled trials
were included; quasi-randomized, nonrandomized, sin-
gle-blinded, and nonblinded trials were excluded. Tri-
als where the comparisons of interest were confounded
by other antispastic treatments were also excluded.
The trials included were on adult patients (>15 years)
with post-stroke spasticity assessed by the normal,®
modiﬁed,9 or expandedm versions of the Ashworth
scale. Interventions considered were intramuscular
injections of type A BoNT (BoNT/A) or type B BoNT
(BoNT/B) in stabilized patients, regardless of the dose,
number of treatments, and time from stroke onset to
treatment.

Two primary outcomes were chosen: change of Ash-
worth scores in each upper or lower limb joint, and
number of patients with at least a two-point reduction
in Ashworth scores observed at 3- to 6-week or 8- to
12-week follow-up visits after BoNT treatment. The
following secondary outcome measures were also
assessed: improvement of global assessment scale
(GAS)!!; area under the curve of Ashworth scores
changes from baseline to the end of follow-up; func-
tional disability, pain, and quality of life measured by
validated scales; occurrence of serious adverse events.

Search Strategy

The following were searched: MEDLINE (1966 to
September 2006), EMBASE (1988 to September
2006), the Cochrane Central Register of Controlled
Trials (CENTRAL—The Cochrane Library, Issue 3,
2006). Abstracts and proceedings of relevant scientific
meetings were hand-searched. The bibliographies of all
eligible articles were also examined for relevant stud-
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ies. Searches used a combination of text words and
MeSH terms. There were no language restrictions.

Selection of Trials

Titles and abstracts of articles revealed by the search
were assessed independently by two authors (AEE,
DC). Each potentially relevant study located in the
search was obtained in full text and assessed for inclu-
sion independently by the two authors. Doubts were
resolved by discussion between all the authors and
reexamination of the paper when necessary.

Assessment of trial quality also considered the fol-
lowing features: randomization and allocation conceal-
ment, blinding of those providing and receiving the
intervention and blinding of the outcome assessor to
treatment allocation, baseline clinical characteristics,
concomitant treatments, type of outcome measures,
losses to follow-up and dropouts, and whether an
intention-to-treat analysis was performed.

The studies were classified according to BoNT sero-
type (A or B) and to specific BONT/A brands which
are dosed using nonequivalent brand units.'?

Statistical Analysis

We performed descriptive statistics for trial and
study population characteristics across all eligible trials
and an intention-to-treat analysis of the data. Missing
values for dichotomous outcome measures were
assumed to indicate a poor outcome. Missing means
and standard deviations were calculated whenever
possible."?

Dichotomous outcomes were analyzed calculating
odds ratios (OR) for each trial with the uncertainty in
each results being expressed by their confidence inter-
val (CI). Continuous outcomes were analyzed calculat-
ing the Weighted Mean Difference (WMD) or the
standardized mean difference (SMD) with 95% CI.
The OR, the WMD, or the SMD from the individual
trials were combined through meta-analysis where pos-
sible (absence of clinical or statistical heterogeneity)
using a fixed effect model unless there was significant
statistical heterogeneity, in which case a random effect
model was used. Heterogeneity between trials was
assessed using the 1> statistic."* Heterogeneity was not
judged exclusively on a statistical basis; evidence of
clinical heterogeneity among trials (heterogeneity of
study populations, interventions, settings, and outcomes
between trials) prevented pooling the results. The
Review Manager software (version 5) developed by
the Cochrane Collaboration was used for data organiz-
ing and analysis.



803

BOTULINUM TOXINS IN SPASTICITY

LT

9¢

4

11

e

¥4

dVS ‘VINY ‘AOY ‘SVIA :Arepuodag

ZLA :Arewtg

SVD SV :A1epuoddg
SV Arewnd

‘19 ‘dVS ‘NOY :A1epuoddg
syutol 1a3uy J0 ISuM ‘Moq[e Ay}
19Uie Ul  yoom Je SVIA 943 ul

Juraseq woy a3ueyd 1soq :Arewtid

I9 ‘VINY ‘dVS ‘INOY :A1epuoddg
syutol 1a8uy J0 ISLM ‘Moq[e Ay}
IoIe Ul {7 joom Je SYIN oy ut
Juraseq woy o3ueyd 1saq AIew

19 ‘dVS ‘INOY ‘SVIA :Arepuodeg
dD ‘sq :Arewd

01LM ‘SVDD D4
‘LVA ‘dl :Arepuodog
NOY 'SYIN :Arewttig

14V ¥dT1SVIN

SVD ‘S¥d ‘Vd ‘SAd
‘SINA ‘TA9EY ‘IH SV

(0 00S°1-009) 20D

(N sTz—sL) dad
(N sTT—SL) sad
(N sTz-0L) NDA
(N STT—SL) ¥DA
(N 0s1) dad
(N 0ST—0S1) sad
(N0 os1) NDA
(N 0S1) ¥oA

(N 007—00¢) 19
(N sTz—sL) dad
(N sTz-=sL) sad
(N sTT—sL) NDA
(N STT—SL) ¥dDA

(N 009-002) 9
(N 00€—001) dad
(N 00$—002) Sad
(N 00z—001) NOA
(N 002-001) ¥4

(N0 00¥—001) '

(0S7—08) dad/sAd

(0ST-08) NDA/4D4
(000°1-0€¢€) 1d
(n sz1) dad
(n sz1) sad
(N sT1) ¥oA
(n sz Ndd
(n0so) 4
(n0so 1d

(N0 0y—01) NDA
(N 09-S1) YDA

(N 002-09) 19

(S$) 0gaoelq
(09) N yModsAa 00s°1
(09) N g ModsAd 000°T

(syuaned 66) N g Hods&g 00S

(29) 0qadeld
(sianed $9) N, X010g 0¥T—00T

(z€) 0qaoeld

(siened £7) N, M0dsAQ 0007

(61) 0g0e[d
(61) N mHods&q 00s‘T

(syuwaned 77) N g Hods&a 00S

(07) 0999e[d
(siwened (07) N1 5 M0dsAQ 000°T
(9) 0gaoe[d
(9) N yHods&q 00°T

(L) N gMods&a 000°T
(swened 9) 5 uods&q 00S

(01) 0georld
(swened 71) N Mods&q 000°1

(01) 0g2eld
(6) N yXo10g 00

(s1aned 6) N X010g G/

ym 71 dn-moqjoq
sdnoi3 juouwnjearn; Inog
SurSuer-osop

PUI[Q-9[qnop PIzIwopuey

ym g1 dn-mofjoq
sdnoi3 juounjean; omJ,
PUI[G-9[qnOp PazIuopuey]

M 91 dn-mofjoq
sdnoi3 juounjean omJ,

pUIG-2]qnop pazIwopuey

M 91 dn-mofjog
sdnoi3 juounjeon Ino,q

Surduer-osop
PUI[Q-9[qnOp pazItiopuey

M g1 dn-morjoq
sdnoi3 juouwjean omJ,
PUIqQ-9[qNOp poZIuOpUBY

M g1 dn-mofrog
sdnoi3 juouwrjeorn; 1o,

Surduer-osop puljq
-9[qQnop paziwopuey

ym g1 dn-mofjoq
sdnoi3 juounjean; omJ,
PUI[Q-9[qNOpP PIZIWOPUBY

M 91 dn-mojjo
'sdnoi3 juswean Inog

Surduer-asop
PUIQ-9[qnop pazituopuey

SIOMAD 6T
‘odoinyg uIQ)SEH pUL UIAISOM
oW 7'()f :O)OIIS QOUIS QUIT} UBIA
65°0/1 onel J/IN
(VN @3uer) 1£ GGG :a8e uedn

syuaned ¢

SIUAD G ‘SN

ow /G 901 QJUIS W) UBIIA
I/1 onel J/IN

1L (88-€7) §'19 08¢ ULy
syuaned 971

SI01U0d £ ‘odoinyg uI)SIM

VN :9YOIS 90UlS W) UBIJA
9T'1/1 onel J/IN

(VN 23uer) 1L ¢'GQ 98 ued\

syuaned ¢

SIOIUQD [ ‘odoIng uIAISIA
VN :9)0I)S 90UIS W) UBIA
19°0/T :onel J/IN

(VN 93uer) 1L ()9 :93e ued]n

sjuaned 78

1)U [3uIs JN

owl g¢ :9YOIS QJUIS W) UBIJA
YL 01 :onel J/IN

(VN 28uer) 1L ()9 :93e ued\
sjuaned (o

I9JUdd A[3UIs ‘3N

ow g¢ :9YOIS AOUIS W) UBIJA
ST:T oner J/IN

(VN 93uer) 1L 7'16 988 uedn
sjuaned ¢g

19)ud 9[3uls ‘AuBuLIdn)

ow G'/ :YOIS AOUIS W) UBIA
€°0:1 -onel 4/IN

1K (€L—T€) €7TS T8 UBN
sjuaned ¢

SIUAD ¢ ‘SN

oW /¢ :9YOIS QJUIS W) UBIJA
€141 sonel 4/IN

1K (91-67) 6S 95 uLd]

sjuaned g¢

QOURIRJIY

salnseall awodINQ

(orosnuw 1ad oFuer

asop) pajoalur sapasnjA

(sjuoned jo roquunu
pue ) puelq) JuUSWIRAL],

ugisoq

sjuaned

Ma140.0 21) U1 papnjoul saipnis dno.s-jap.avd puijq ajqnop ayi fo so1sLv.Y) T TIIV.L

Movement Disorders, Vol. 24, No. 6, 2009



A.E. ELIA ET AL.

804

-9[eos ured anSofeue [BNSIA ‘SY A 1S9) WL [OIB3SAI UONOR “YYV AAINS [I[eaY WI-9¢ puey
Jo uwoy 1oyS ‘9¢-JS oress ured jo AJ11oAds pue Kouonboiy jutod oAl :JSAS (O[eOS ypIoMYsy papuedxe ‘SyH SSIUIqNs WNIONSIP JOXIP ‘S 59 Udsqaf ‘L[ 1591 3od o[oy auru ‘I JHG 1591
N[eM UI-7 ‘ZLAA SSNIWauo0onsesd ‘)0 (9[eds JUAWSSAsse ANIQeSIP ‘SY( JUSWSSISSE JOJOW PRIULIDATY ‘VIAY Xopul [oyueyg ‘I ‘ured jo juowssasse aAnodfqns ‘gqys :SIfeiperonyoeiq g
SQ[QB[IBAR JOU ‘YN ‘9[BIS UIpINg IdIe)) ‘gD o[eds Swal-g AN[IQesIP ‘S 1591 q[em IJoW-O] ‘O] LA O[BdS JUAWISSISSE [BDIUI]D [BQO[S ‘SO {[INd 133Uy ‘D 1S9 wre ABYoudl] ‘I SsaIp
0] own ‘], “JusweAow Jo a3uel ‘NOY snpunjoid wnion3ip 10xag ‘dgd ‘sierogrodns wnion3ip 10xdp ‘S ‘SIRIYIRIQ ‘g :9[eds SUIAI] A[Iep JO SAMIANOR PIZIWO0ISNd “JV 1Sl Je uon
-1sod quiI YJT O[edS YMOMUSY payIpowl ‘SYIA ‘sueupn 1dred 10Xy ‘N ‘sieiped 1died 10xay YD 9[eds JUAWSSASSe [BqO[S ‘SyD) 9[eds Suner uonouny ‘Y, uowssasse ured pue uorn
-ounj ‘yqd ‘oreds Aouopuadop 10A13218 ‘§D (Q[BIS IAN-ISNG ‘SINA 0'1 ASAINS ey WAI-9¢ puey ‘JA9EY :eunseaw douapuadopul [euonouny ‘NI o[eds yuomysy ‘Sy :sdeoiq ‘ig

6¢ ‘SVA ‘T4 'VaV ‘SVIA

9¢-dS

‘INIA “dSdS

‘SVD ‘SVH £q pamseaul 9uo0) I0XJ 193Ul
‘SVH £q painseaul 9uo) moq[o :AI1epuoddg

01 SVH Aq pamseawr ouoy IOXaf ISUM Arewnnig

L[ ‘LdH6 ‘SYD :A1epuodss
8¢C SV :Arewnd

(N 0S1-0S) daA
(N 0S1-08) sad
(N 0S1-08) NDA
(N 0S1-08) ¥4
(N 00—0S1) 19
(N 0g-¢'L) dad
(N 0g—¢'L) sad
(n o701 NDA

(S1) 0gadeld

\rﬁo%\AD 00S
(sianed G1) N, Mods&Q 0S¢

(97) 0qadeld
(17D N g x0l0g 09¢

(0 09-S1) ¥dd (€D N y X009 081
(0 002-09) 19
(N $29) dad
(N $29) sad
(N 00S7) NDOA
(N 00$°7) ¥DA
(N osLe) 19

(sianed 17) N 4 X010g 06

(§) 0qaoed
(siwaned O1) 1 ;201904 000°0T

I9JUQD Q[3UIS ‘pueIey],

owr ()0 93OS QOUIS AW} UBIA!
T6'0/1 onel J/IN

IK (L8—G€) #6 958 uvdy
sjuaned ()¢

SIOMUAD 6] ‘SN

owr §°G7 OIS QOUIS W} UBIN
61°0/1 onel J/IN

M 7 dn-mofjog
sdnoig jusunean Inog

purq-a[qnop pazrwopuey

M 7 dn-mofjog

sdnoi3 juourjear; Inoq
Suruer
-9SOp PUI[q-9[qNOP PIzZIWOpULY

1K (64-0€) 09 :95e urap

sjuaned 16

I0JU9d J[3UIS ‘SN

VN :9Y0IS Q0Uls W) UBIJA
SL8'0/1 :oner 4/IN

1K (6L—81) SS :o8e UL
sjuaned G

M 91 dn-mof[og
sdnoi3 juounean omJ,
PUI[Q-9[qnOp pazituopuey]

QJURIRJIY salnseall awodINQ)

(oposnu 1od oFuer
asop) pajoalur sa[IsnA]

(sjuarred jo roquunu
pue ) puelq) juauneAL],

usdiso sjuoned

(ponuiuo)) 1 A14V.L

Movement Disorders, Vol. 24, No. 6, 2009



BOTULINUM TOXINS IN SPASTICITY 805

TABLE 2. Quality of trials included in the review

Allocation Double-blinded assessment Number (%) of patients who were Intention-to-treat Length of
concealment of primary outcome withdrawn or dropped out analysis performed follow-up (wk) Reference
Unclear Unclear 2 (5) No 16 21
Unclear Yes 0 Yes 12 23
Yes Yes 25 No 12 11
Unclear Yes 1(1) No 16 25
Unclear Yes 0 Yes 12 24
Yes Yes 0 Yes 16 26
Unclear Yes 4 (3) No 12 7
Unclear Unclear 6 (2.5) No 12 27
Unclear Yes 0 Yes 16 28
Unclear Unclear 14 (15) No 24 10
Unclear Unclear 0 Yes 24 29
FINDINGS three studies reported no between-group differen-

Description of Studies

We identified 63 references of which 18 were identi-
fied as potentially eligible for inclusion in the review.
Five studies were excluded because participants were
treated with phenol block'>'® or casts,17 because not
all patients had post-stroke spasticity,'® or because the
data were incomplete.'” Two trials were reported both
as full length publication and as abstract.'®?%>
Thence, the review assessed eleven randomized, pla-
cebo-controlled, double-blind trials (Table 1) involving
a total of 782 patients.

The methodological quality of the studies is sum-
marized in Table 2. Concealment of treatment alloca-
tion was adequate in two trials''?® and unclear in the
other nine.”'%*!%¥2527-2% Blinding of patients and of
the outcome assessor was poorly reported in four stud-
ies.'®?!1272% The Ashworth score was used as a pri-
mary outcome measure in all trials, but some trials
used the scale as a continuous measure,7’m’11’21’23’24’28
whereas others used it as a categorical measure.”> 2"
Overall, 29 (3.7%) patients were excluded by the stud-
ies after randomization or loss to follow-up: in one
study?' no indication of allocation (BoNT vs. placebo)
was given for two dropouts; in the other trials there
were 15 BoNT-treated dropouts and 12 placebo-treated
dropouts. Five trials performed an intention-to-treat
analysis, 23:24:26.28.29

Baseline spasticity was of comparable severity in
the BoNT and placebo groups in seven
trials,l1’21’23’24’26’27’29 whereas information on baseline
clinical characteristics was considered insufficient in
the other four studies.”'****® Considering the potential
relevance of concomitant drug treatments, rehabilita-
tion, or devices, this information was not reported in
seven triz:11s,7’11’21’24’27*29 whereas one study indicated
that no patient received concomitant therapy> and

ces.'%%>2 In two studies,23’29 all patients received a

concomitant rehabilitation program. Information on
clinical side effects and adverse events was reported in
all trials, but severe adverse effects were a priori
defined in one study only.'®

Primary Outcome Measures

Two BoNT/A trials with Dysport®*2° used the
Ashworth score as a categorical measure of primary
outcome. In these trials 142 patients were treated in
the upper limb.

Results indicated that BoNT/A is efficacious 4
weeks after treatment with 500 Dysport U or 1,000
Dysport U, whereas there was no significant improve-
ment in Ashworth scores after treatment with 1,500 U
(Fig. 1). In another study,”’ the number of patients
with at least two-point reduction in Ashworth score
indicated that BoNT/A treatment in the upper limb is
efficacious 8 weeks after treatment with doses of 350
(OR: 0.02, 95% CI: 0.0-0.34, P = 0.008), 500 (OR:
0.0, 95% CI: 0.0-0.06, P < 0.0001) or 1000 Dysport
U (OR: 0.0, 95% CI: 0.0-0.17, P = 0.005). Compara-
ble results were obtained when the analysis was
repeated using a one-point score reduction.

Only one study analyzed the effect of BoNT injec-
tions in the lower limb. In this dose-ranging study,
BoNT was injected in the gastrocnemius muscle at the
dose of 500, 1,000, or 1,500 Dysport U.”” No signifi-
cant reduction of spasticity occurred 4, 8, or 12 weeks
after treatment, as measured by the number of patients
who had at least a two-point reduction of the Ashworth
score.

Three BoNT/A studies with Botox ,”'*?! involving
184 patients, provided data on the efficacy of BoNT
treatment on different upper limb joints. Three to six
weeks after treatment, 62 of these patients were
assessed for elbow spasticity, 184 for wrist spasticity,

Movement Disorders, Vol. 24, No. 6, 2009
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Placebo BolT

Odds Ratio
M-H, Fixed, 95% CI

Odkds Ratio
M-H, Fixed, 95% CI

Heterogeneity: Mot applicable
Test for overall effect =228 P = 002)

3.1.2 BollT type A: Dysport 1000 U

Heterogeneity: Chi* =021, df=1 (P =0.65), 1= 0%
Test for overall effect: Z= 3.44 (F = 0.0008)

3.1.3 BollT type A: Dysport 1500 U

Heterogeneity: Mot applicable
Test for overalleffect Z=130F =0.19)

Study or Subgroup  Events Total Events Total Weight
3.1.1 BollT type A: Dysport 500 U

Bakheit 2000 6 18 15 22 1000%
Subtotal (95% Cl) 19 22 100.0%
Total events 5] 15

Bakheit 2000 & 19 16 22 461%
Bakheit 2001 7 32 14 27 5839%
Subtotal (95% Cl) 5 49 100.0%
Total events 13 30

Bakheit 2000 6 19 10 18 1000%
Subtotal (95% Cl} 19 19 100.0%
Total events & 10

0.22[0.06,081]
0.22 [0.06, 0.81]

£

047 [0.04,0567] —a—
0.26 [0.08, 0.80] ——
0.22 [0.09, 0.52] il
0.42[0.11,1.56] —
0.42 [0.11, 1.56]

001 04 1 10 100
Favours treatment  Favours control

FIG. 1. Numbers of patients with a reduction of Ashworth scores of at least two points in the BoNT/A and placebo groups, 4 weeks after treatment.

and 165 for finger flexor spasticity. The overall effect
was significantly in favor of BoNT/A compared with
placebo, without evidence of heterogeneity among tri-
als (Fig. 2A). Weighted mean differences of Ashworth
scores were —0.95 (P < 0.001) for elbow, —1.35 (P <
0.0001) for wrist, and —1.07 (P < 0.0001) for finger
flexor in favor of BoNT. Nine to 12 weeks after treat-
ment, 62 patients were assessed for elbow spasticity,
184 for wrist spasticity, and 122 for finger flexor spas-
ticity. The overall effect was significantly in favor of
BoNT/A, with weighted mean differences of —0.80 (P
= 0.003) for elbow spasticity, —0.83 (P < 0.001) for
wrist spasticity, and —0.76 (P < 0.001) for finger
flexor spasticity (Fig. 2B). One trial evaluated BoNT/B
in 15 patients and did not find significant effects on
upper limb spasticity at 3- to 6-weeks follow-up visits
(mean differences of —0.81 for elbow, 95% CI. —1.94
to 0.32, P = 0.16; —1.43 for wrist 95% CI: —2.95 to
0.09, P = 0.07; and —1.12 for finger flexor 95% CI:
—247 to 0.23, P = 0.1) or at 9- to 12-weeks after
treatment (mean differences of 0.69 for elbow, 95%
CI: —0.45 to 1.83, P = 0.24; 0.42 for wrist, 95% CI:
—1.29 to 2.13, P = 0.63; and —1.26 for finger flexor,
95% CI: —3.18 to 0.66, P = 0.2).*®

Movement Disorders, Vol. 24, No. 6, 2009

Three studies with Dysport were not included in the
meta-analysis of primary outcomes because standard
deviations were not indicated. One of them® analyzed
the efficacy of BoNT/A alone or combined with elec-
trical stimulation: it was found that BoNT alone did
not reduce Ashworth scores 2, 6, or 12 weeks after a
total injection of 1,000 U in elbow, wrist, and finger
flexors. The other trial'' reported improvement in fin-
ger flexor spasticity 2, 6, or 12 weeks after a total
injection of 1,000 Dysport U; elbow spasticity was
reduced only at 2 weeks after treatment, but not at 6
or 12 weeks. A dose-ranging study®* reported no
improvement in Ashworth scores at the highest doses
employed (1,500 and 1,000 Dysport U), whereas a sig-
nificant reduction of wrist spasticity was found with
the lowest dose (500 Dysport U).

Secondary Outcome Measures

Two BoNT/A studies with Dysport®° reported cu-
mulative Ashworth score changes by analyzing the
area under the curve over 16 weeks starting from the
time of treatment. Results indicated a significant effect
in favor of BONT/A for wrist (P < 0.001) and



BOTULINUM TOXINS IN SPASTICITY 807

A

BollT Flac ebo Stil. Mean Difference Stil. Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
1.1.1 Elbow
Simpson 1996 12 08 9 -03 05 10 27.5% -1.31[-2.32,-029] —
C hilders 2004 08 07 21 -04 05 22 725%  -081[143,.019) .
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1.1.2 Wrist
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Heterogeneity. Chi*=010,df=1 (P = 0.75] I*= 0%
Tes for overall effect: Z = 6.40 (P = 0.00001)
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Test for subgroup differences Chi* = 228, df=2(P = 0.32),F=123%
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Heterogeneity: Chi*=0584 df=1(P =036), 17= 0%
Test for overall effect: Z = 3.00 (F = 0.003)
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Heterogeneity: Chi*=087 df=2(P =0.72), 17 = 0%
Test for overall effect: Z=5.39 (P =< 0.00001)

2.1.3 Finger flexors
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Heterogeneity: Not applicable

Ted for overall effect: Z = 406 (P < 0.0001)
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FIG. 2. Mean changes in Ashworth scores for elbow, wrist, and finger flexor spasticity in BoNT/A and placebo-treated patients at 3-6 weeks (A),
and 9 to 12 weeks (B) follow-up visits. For dose-ranging studies the highest BONT/A dose was included in the analysis.
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EoNT Placebo Mean Difference Mean Difference
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4.1.1 Elbow
Bakheit 2000 -15 13.13 22 32 13.86 20 38.7% -11.80[-19.99,-3.61] —
Bakheit 2001 -104 118 27 86 7.6 32 61.3% -1.80 [-6.97, 3.37] ‘J
Subtotal (95%. CI) 49 52 100.0%  -6.28 [-16.02, 3.47]
Heterogeneity: Tau® = 37.80; Chi* =4.10, df= 1 (P = 0.04); I* = 76%
Test for overall effect: £ = 1.26 (P =0.21)
4.1.2 Wrist
Bakheit 2000 -20.7 1547 22 -3 164 20 36.5% -14.40[-23.97,-4.83] —
Bakheit 2001 =198 129 27 9.1 a5 32 635% -10.70[-16.57,-4 83] ——
Subtotal (95% CI) 49 52 100.0% -11.71 [-16.72, -6.71] “"
Heterogeneity: Taw® = 0.00; Chi? =042, df = 1 (P =0.52); F = 0%
Test for overall effect: Z = 4 59 (P < 0.00001)
4.1.3 Finger flexors
Bakheit 2000 -16.3 1547 22 63 1641 20 40.6% -10.00[-19.57.-0.43] —
Bakheit 2001 =-16.5 15 27 99 119 32 594% -6.60 [-13.60, 0.40] —
Subtotal (95% CI) 49 52 100.0% -7.79[-13.44, -2.14] il
Heterogeneity: Taw® = 0.00; Chi? =0.32, df =1 (P =0.57), F = 0%
Test for overall effect: Z = 2.70 (P = 0.007)
20 -0 0 10 20
Favours treatment Favours control

FIG. 3. Area under the curve of Ashworth scores from baseline to 16 weeks in BoNT/A (1000 Dysport U) and placebo treated groups.

finger flexor spasticity (P = 0.007), but not for elbow
(Fig. 3).

Clinician’s judgment concerning the effect of treat-
ment, as measured by the global assessment scale, was
in favor of BoNT/A treatment in three trials,7’10’21 but
not in favor of BoNT/B*® (Fig. 4).

Measures of disability were available for nine
BoNT/A studies (three using Botox, six using Dys-

port), but an overall quantitative analysis could not be
performed, because different assessment instruments
and scoring systems were used. Two studies found a
significant improvement in disability after BoNT/A
treatment.”** One reported that the number of patients
with reduced disability, as measured with the Disability
Assessment Scale, increased during BoNT/A treatment
compared with placebo.” The second reported an

Test for subgroup differences; Chi*= 037, df =1 (P =0.54), F=0%

BoNT Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight [V, Fixed. 95% CI IV, Fixed, 95% CI
5.1.1 BoNT type A
Simpson 1996 14 07 9 02 04 10 209% 1.20[068 1.72 -
Brashear 2002 177 0.88 64 057 0.86 62 61.2% 1.20[0.90 1.50] [in
Childers 2004 1.7 143 21 07 08 26 17.9% 1.00[0.44 1.56 -
Subtotal (95% CI) 94 93 100.0% 1.16 [0.93, 1.40] (]
Heterogeneity: Chi* = 0.40, df =2 (P = 0.82); F=0%
Test for overall effect: Z = 9.60 (P < 0.00001)
5.1.2 BoNT type B
Brashear 2004 25 14 10 075 19 5 1000% 1.75[-0.13 363 t
Subtotal (95% CI) 10 5 100.0% 1.75[-0.13, 3.63]
Heterogeneity: Not applicable
Test for overall effect: Z = 1.83 (P = 0.07)

10 -5 0 5 10

Favours control Favours treatment

FIG. 4. Mean changes in global assessment scale for BONT and placebo treated patients at 4 to 6 weeks follow-up visit. For dose-ranging studies

the highest BONT/A dose was included in the analysis.
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TABLE 3. Adverse events reported in trials included in the review

Adverse events in BoNT group

(number of patients) Adverse events in placebo group (number of patients) Reference

Hypothyroidism (1), visceral lymphoma (1), pain due None 21
to spasticity (1)

None None 23

Self limiting arm pain (2), worsening of muscle spasm (1) Herpes labialis (1), transient ischaemic attacks (1), 11

exacerbation of cardiac failure (1)

Epileptic seizures (5), accidental injury (5), urinary and respiratory 25
tract infections (6)

Hip pain (1), flu-like symptoms (1) None 24

Accidental injury (3), urinary and respiratory tract infections (3) Accidental injury (3), urinary and respiratory tract 26

infections (3)

Pain (4), arm pain (2), headache (2), dizziness (1), Pain (5), arm pain (4), headache (4), dizziness (4), muscular 7
incoordination (8), weakness (4), incoordination (3), infection (3),
infection (6), ecchymosis (4), hypoesthesia (4) ecchymosis (2), hypoesthesia (2)

Pain (2), astenia (1), somnolence (2), abnormal gait (1), Pain (1), edema (1), parestesia (1), hypertonia (1), 27
pharyngitis (1), dysphagia (1), headache (1), dizziness (1) pancreatitis (1)

Dry mouth (8), death due to a large stroke (1) Dry mouth (1) 28

Decreased lung function, respiratory infection, peripheral edema, 10
arthralgia, arm pain, hypertension, depression, abdominal pain

Weakness (5), epileptic seizures (4) Epileptic seizures (2), accidental injury (1), urinary tract 29

infection (1)

improvement in the Action Research Arm test and the
Barthel index following treatment with 500 Dysport U,
but a worsening following 1,000 U.?° Other studies did
not find improvement in disability, as assessed by the
functional independence measure,'™?' the Barthel
index,”>® dressing time and the Frenchay arm test.”*
In one of these studies, there was a significant
improvement in the ability to clean the palm of the
affected hand, but this effect occurred only in patients
treated with BoNT/A and electrical stimulation.”® In
three studies global motor function was unchanged, as
assessed by the Fugl-Meyer scale’' and the Rivermead
motor assessment.”>?” Disability was not reduced in
BoNT/B treated patients compared with placebo, as
measured by the Jebsen test or nine-hole peg test.”®

Information on the frequency and severity of pain
was available for eight studies, but these used different
methods to assess and score pain; therefore, a meta-
analysis could not be performed. Two trials reported a
significant pain decrease in patients receiving BoNT/A,
that was more evident at doses above 500 Dysport
U.2”*° The other studies found no reduction in pain,
either using BoNT/A (Dysport or Botox)'%!!21:25:26 op
BoNT/B.*®

Health-related quality of life was assessed by vali-
dated scales in two trials.'®?' There was a nonsignifi-
cant improvement in the Rand 36-item health survey,”'
and a significant improvement in the SF-36 in patients
who received the lowest BONT/A dose (90 Botox U).'®

BoNT/A was well tolerated. No study reported a
higher frequency of adverse events in BoNT/A-treated

than placebo groups. One study reported excessive
weakness in patients treated at the highest BoNT/A
dose (1,500 Dysport U).? Only one trial provided in-
formation on the incidence of severe adverse effects'®:
these occurred in 12 of 65 (18.4%) BoNT/A-treated
patients and 3 of 26 (11.5%) controls (difference was
not significant). None of the serious adverse event was
considered treatment-related by the study investigators.
In one BoNT/B trial, dry mouth was more common in
the treated group than in controls.”® A summary of the

adverse events is reported in Table 3.

DISCUSSION

This systematic review provides evidence that a sin-
gle BoNT/A treatment reduces hypertonia because of
post-stroke spasticity, measured by the clinician with
the Ashworth score in elbow, wrist, and finger flexors
1 month after treatment. Nine to 12 weeks after treat-
ment, the effect of BoNT/A is maintained in distal
upper limb joints, but is less evident at the elbow,
where the results of two studies conflict.'®?! This is in
keeping with the observation that measurements of the
area under the curve (until 16 weeks after treatment)
did not show significant effects on elbow spasticity.
The inconsistent results on elbow may be due to the
small sample size of patients evaluated at this joint, or
to insufficient doses injected into the larger proximal
muscles, considering that the clinical effects of BoNT/
A are dose-dependent.®® Previous reviews on the effi-

cacy of BoNT considered the upper limb as a whole

31-33
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and could not identify distal-to-proximal variations
in outcome. The doses used for the smaller muscles
varied consistently in the studies included in this
review and it was not possible to establish a minimal
efficacious dose. The dose range in finger flexors var-
ied from 7.5 to 225 Botox U, from 100 to 500 Dysport
U, or from 625 to 2,500 Myobloc‘" U.

In this review, we evaluated the outcome in upper
limb joints and found that clinical improvement is
more consistent for distal joints. A similar evaluation
was not performed for the lower limb, as only one
study on the lower limb spasticity could be included
based on our strict criteria27; the other available trials
were excluded because the patients were also treated
with casts,'” or they did not all have post-stroke spas-
ticity,"® or the data were incomplete.'® The results of
the lower limb spasticity study included showed no
significant improvement in walking or spasticity?’ fol-
lowing injection in the gastrocnemius muscle. This evi-
dence is very limited, because several other muscles
(including the tibialis anterior and posterior, flexor and
extensor digitorum or the peroneal muscles) are
involved in post-stroke lower limb spasticity. Overall,
the available information indicates the need for further
good quality studies assessing the efficacy of BoNT on
lower limb spasticity.

Heterogeneity of outcome measures in the nine
randomized controlled trials and some relevant weak-
nesses made it difficult to pool the data on patients
with stabilized post-stroke spasticity. A common
ground to the studies reviewed was provided by the
use of Ashworth scale as the primary outcome mea-
sure. Although usage of this scale has been questioned
based on the fact that it evaluates resistance to passive
movements rather than spasticity,®* it remains the most
widely-used outcome measure in clinical trials, and has
fair inter-rater reliability. The commonest flaws of the
studies analyzed were unclear randomization methods,
uncertain concealment of allocation, and doubtful
blinding of primary outcome measurement, which is
particularly relevant in this case because the Ashworth
score is a soft outcome measure. Baseline information
was considered insufficient in four studies,””'%*>*® and
six studies did not perform intention-to-treat analyses:
these potentially severe limitations were mitigated by
the observation that dropout rates after randomization
were low (between 1% and 15%).

Muscle selection is a key feature for the efficacy of
BoNT treatment and the injection techniques are a fur-
ther source of heterogeneity. Four trials did not men-
tion how the muscles were targeted,“’z“’28 three used
surface landmarks,”" three used needle EMG guid-

Movement Disorders, Vol. 24, No. 6, 2009

ance,'®?'?° and one study used both EMG targeting

and electrical stimulation.”” There is evidence from
dystonia that EMG targeting increases accuracy and
improves outcome®’; however, when high doses are
injected into sufficiently large muscles, as in the spas-
ticity studies reviewed here, toxin diffusion compen-
sates for this limitation.

Most patients had ischemic strokes, and about 25%
had hemorrhagic strokes. This finding is consistent
with the prevalence of stroke types*® and indicates that
the stroke case mix of the patients reviewed is realistic.
The large number of patients assessed, their prove-
nance from various countries, and realistic stroke case
mix all suggest that the findings of this systematic
review have good external validity. Earlier, more lim-
ited, analyses provided results, which are encompassed
by the present review,’' which also indicates that
available data on BoNT/B are insufficient to assess its
effect on spasticity and that further controlled trials
using BoNT/B are necessary.

The reported reductions in muscle tone were meas-
ured on average 1 month and 3 months after treatment,
similarly with the duration of BoNT effect seen in dys-
tonia.”’® Although the duration of BoNT action in
patients with spasticity was not specifically addressed
by the studies reviewed, they suggested that some effi-
cacy persists 6 weeks after injection and up to 9 to 12
weeks.”'!"2! In dystonia patients, BoNT injections
are usually repeated at regular intervals. It is likely
that repeated treatments are also efficacious in patients
with spasticity, but there is limited available evidence
in support. Only one open trial addressed this issue,
reporting that a higher number of patients in the BoNT
group than in the placebo group improved after a sec-
ond treatment session performed 3 months after the
first one.'” Another open label trial mentioned that
improvement in spasticity was maintained for three
consecutive BoNT/A treatments at different intervals
of 3, 4, or 5 months, as clinically indicated.>”
Adequate management of patients with post-stroke
spasticity requires knowledge of long-term outcomes
following repeated BoNT treatments—an aspect that
remains to be addressed by specific studies.

No study reported more serious adverse events in
the treatment than placebo arms, indicating that BoNT/
A can be considered a safe treatment in adults. A
recent FDA communication was issued regarding cases
of botulism-like symptoms with the use of BoNT/A or
BoNT/B prevalently in children treated for limb spas-
ticity.*® Excessive weakness occurred in the reviewed
papers after injections of high Dysport doses (1,500 U)
in the upper limb,* consistent with similar reports on
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patients with multiple sclerosis*' and cerebral palsy.**
Available data on BoNT/A usage in patients with dys-
tonia and other movement disorders also indicate a
similar safety profile.*> A pooled analysis concluded
that nausea was the most frequent minor adverse event
in post-stroke patients treated with BoNT/A, affecting
only 2.2% of cases.** BoNT/B may have more side
effects than BoNT/A, particularly on autonomic func-
tion. This is suggested not only by the study included
in the present review,”® but also by trials with BoNT/B
for other indications.*’

Six studies reported inconsistent and conflicting
results on pain reduction in the upper limb following
BoNT treatment,lo’l1’21’25’26’28 whereas one controlled
study showed significant pain reduction in the lower
limb.?” These inconsistencies in secondary outcome
measures are likely explained by the heterogeneity of
patients included and by the lack of systematic evalua-
tion of pain or disability as outcome measures.

We reviewed all validated measures of disability,
activities of daily living, and quality of life. Most of
the reviewed studies did not support an effect of
BoNT/A on these outcomes,lo’21’25_27 whereas two
studies reported functional improvement on active
function.”?® To resolve this inconsistency, new studies
need to be planned in which function is a primary out-
come measure. Because spasticity is only one among
several clinical signs of post-stroke syndrome,' treat-
ment with BoONT may not be sufficient to produce a
demonstrable improvement in motor function, because
of the persistence of remaining features not managed
by this treatment. A methodological fault of the
reviewed studies is that the experimental design did
not correspond to usual clinical care, and multidiscipli-
nary management of the patients was not performed.
BoNT treatment is only one out of several interven-
tions in the comprehensive management of upper
motor neuron syndrome and is commonly associated
with physical therapy.*® Because post-stroke rehabilita-
tion is efﬁcacious,47 future BoNT trials should consider
patients under standard rehabilitation programs. Fur-
thermore, the time lag between the acute event and
BoNT treatment also needs to be stratified in future tri-
als, as in the studies reviewed here the lag of treatment
was quite variable (ranging from 3 months to 8 years
after the acute event).

BoNT is increasingly being used in patients with
spasticity as an alternative or add-on to other sympto-
matic treatments. It is safe and superior to placebo in
reducing stabilized upper limb spasticity. The quality
of functional improvement after BoNT treatment
remains a point of uncertainty, which requires to be

specifically addressed. Future research should also aim
to identify which patients may best benefit from BoNT
treatment, either on motor or on functional features,
and set criteria for their selection. Patient groups need
to be stratified for secondary variables, such as pain or
disability. Recently, a guideline on the efficacy of
BoNT for the treatment of spasticity was issued,™ but
currently there are no guidelines for the multidiscipli-
nary and comprehensive management of patients with
spasticity. This seems to be an appropriate goal for
future efforts.

Acknowledgments: This work was supported in part by
the Italian Ministry of Health. We thank the Cochrane Col-
laboration for permitting usage of the Review Manager soft-
ware (version 5).

Author Roles: A. E. Elia: research project, execution; sta-
tistical analysis, execution; Manuscript, writing of the first
draft. G. Filippini: research project, conception; manuscript:
review and critique. D. Calandrella: research project, execu-
tion. A. Albanese: research project, conception; manuscript,
review and critique.

REFERENCES

1. Mayer NH, Esquenazi A. Muscle overactivity and movement
dysfunction in the upper motoneuron syndrome. Phys Med Reha-
bil Clin N Am 2003;14:855-883.

2. Lance JW. The control of muscle tone, reflexes, and movement:
Robert Wartenberg lecture. Neurology 1980;30:1303—1313.

3. Sheean GL. Botulinum treatment of spasticity: why is it so diffi-
cult to show a functional benefit? Curr Opin Neurol 2001;14:
771-776.

4. Esquenazi A. Improvements in healthcare and cost benefits asso-
ciated with botulinum toxin treatment of spasticity and muscle
overactivity. Eur J Neurol 2006;13 (Suppl 4):27-34.

5. Woldag H, Hummelsheim H. Is the reduction of spasticity by
botulinum toxin a beneficial for the recovery of motor function
of arm and hand in stroke patients? Eur Neurol 2003;50:165—
171.

6. Platz T, Eickhof C, Nuyens G, Vuadens P. Clinical scales for the
assessment of spasticity, associated phenomena, and function: a
systematic review of the literature. Disabil Rehabil 2005;27:7—
18.

7. Brashear A, Gordon MF, Elovic E, et al. Intramuscular injection
of botulinum toxin for the treatment of wrist and finger spasticity
after a stroke. N Engl J Med 2002;347:395-400.

8. Ashworth B. Preliminary trial of carisoprodol in multiple sclero-
sis. Practitioner 1964;192:540-542.

9. Bohannon RW, Smith MB. Interrater reliability of a modified
Ashworth scale of muscle spasticity. Phys Ther 1987;67:206-207.

10. Childers MK, Brashear A, Jozefczyk P, et al. Dose-dependent
response to intramuscular botulinum toxin type A for upper-limb
spasticity in patients after a stroke. Arch Phys Med Rehabil
2004;85:1063-1069.

11. Bhakta BB, Cozens JA, Chamberlain MA, Bamford JM. Impact
of botulinum toxin type A on disability and carer burden due to
arm spasticity after stroke: a randomised double blind placebo
controlled trial. J Neurol Neurosurg Psychiatry 2000;69:217-221.

12. Wenzel R, Jones D, Borrego JA. Comparing two botulinum toxin
type A formulations using manufacturers’ product summaries.
J Clin Pharm Ther 2007;32:387-402.

Movement Disorders, Vol. 24, No. 6, 2009



812

13.

14.

15.

17.

18.

20.

21.

22.

23.

24.

26.

27.

28.

29.

Cochrane Handbook for Systematic Reviews of Interventions.
2007. (Internet communication).

Higgins J, Thompson S, Deeks J, Altman D. Statistical heteroge-
neity in systematic reviews of clinical trials: a critical appraisal of
guidelines and practice. J Health Serv Res Policy 2002;7:51-61.
On AY, Kirazli Y, Kismali B, Aksit R. Mechanisms of action of
phenol block and botulinus toxin type A in relieving spasticity:
electrophysiologic investigation and follow-up. Am J Phys Med
Rehabil 1999:78:344-349.

. Kirazli Y, On AY, Kismali B, Aksit R. Comparison of phenol

block and botulinus toxin type A in the treatment of spastic foot
after stroke: a randomized, double-blind trial. Am J Phys Med
Rehabil 1998;77:510-515.

Verplancke D, Snape S, Salisbury CF, Jones PW, Ward AB. A
randomized controlled trial of botulinum toxin on lower limb
spasticity following acute acquired severe brain injury. Clin
Rehabil 2005;19:117-125.

Richardson D, Sheean G, Werring D, et al. Evaluating the role
of botulinum toxin in the management of focal hypertonia in
adults. J Neurol Neurosurg Psychiatry 2000;69:499-506.

. Burbaud P, Wiart L, Dubos JL, et al. A randomised, double

blind, placebo controlled trial of botulinum toxin in the treatment
of spastic foot in hemiparetic patients. J Neurol Neurosurg Psy-
chiatry 1996;61:265-269.

O’Brien CF, Simpson DM, Alexander DN, Tagliati M, Aswad
AS, Gibson J. A randomized, doubleblind, placebo-controlled
study to evaluate the use of botulinum toxin type A in the treat-
ment of spasticity. Neurology 1995;45(4 Suppl 4):A329.

Simpson DM, Alexander DN, O’Brien CF, et al. Botulinum toxin
type A in the treatment of upper extremity spasticity: a random-
ized, double-blind, placebo-controlled trial. Neurology 1996;46:
1306-1310.

Childers MK, Brashear A, Jozefczyk PB, Reding MJ, Dru RM,
Lee CH. A multicenter, double-blind, placebo-controlled dose
response trial of botulinum toxin type A (Botox™) in upper limb
spasticity poststroke. Neurology 1999;52(6 Suppl 2):A295.

Hesse S, Reiter F, Konrad M, Jahnke MT. Botulinum toxin type
A and short-term electrical stimulation in the treatment of upper
limb flexor spasticity after stroke: a randomized, double-blind,
placebo-controlled trial. Clin Rehabil 1998;12:381-388.

Smith SJ, Ellis E, White S, Moore AP. A double-blind placebo-
controlled study of botulinum toxin in upper limb spasticity after
stroke or head injury. Clin Rehabil 2000;14:5-13.

. Bakheit AM, Thilmann AF, Ward AB, et al. A randomized, dou-

ble-blind, placebo-controlled, dose-ranging study to compare the
efficacy and safety of three doses of botulinum toxin type A
(Dysport) with placebo in upper limb spasticity after stroke.
Stroke 2000;31:2402-2406.

Bakheit AM, Pittock S, Moore AP, et al. A randomized, double-
blind, placebo-controlled study of the efficacy and safety of botu-
linum toxin type A in upper limb spasticity in patients with
stroke. Eur J Neurol 2001;8:559-565.

Pittock SJ, Moore AP, Hardiman O, et al. A double-blind rando-
mised placebo-controlled evaluation of three doses of botulinum
toxin type A (Dysport) in the treatment of spastic equinovarus
deformity after stroke. Cerebrovasc Dis 2003;15:289-300.
Brashear A, McAfee AL, Kuhn ER, Fyffe J. Botulinum toxin
type B in upper-limb poststroke spasticity: a double-blind, pla-
cebo-controlled trial. Arch Phys Med Rehabil 2004;85:705-709.
Suputtitada A, Suwanwela NC. The lowest effective dose of bot-
ulinum A toxin in adult patients with upper limb spasticity. Disa-
bil Rehabil 2005;27:176-184.

Movement Disorders, Vol. 24, No. 6, 2009

30.

31.

32.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

A.E. ELIA ET AL.

Albanese A, Bentivoglio AR. Botulinum toxin in movement dis-
orders. In: Jankovic J, Tolosa E, editors. Parkinson’s disease and
movement disorders, Sth ed. Philadelphia: Lippincott Williams &
Wilkins; 2007. pp 605-619.

Cardoso E, Rodrigues B, Lucena R, Oliveira IR, Pedreira G,
Melo A. Botulinum toxin type A for the treatment of the upper
limb spasticity after stroke: a meta-analysis. Arq Neuropsiquiatr
2005;63:30-33.

Sheean G. Botulinum toxin treatment of adult spasticity: a bene-
fit-risk assessment. Drug Saf 2006;29:31-48.

. Simpson DM, Gracies JM, Graham HK, et al. Assessment: botu-

linum neurotoxin for the treatment of spasticity (an evidence-
based review): report of the Therapeutics and Technology
Assessment Subcommittee of the American Academy of Neurol-
ogy. Neurology 2008;70:1691-1698.

Pandyan AD, Johnson GR, Price CI, Curless RH, Barnes MP,
Rodgers H. A review of the properties and limitations of the
Ashworth and modified Ashworth Scales as measures of spastic-
ity. Clin Rehabil 1999;13:373-383.

Cordivari C, Misra VP, Vincent A, Catania S, Bhatia KP, Lees
AJ. Secondary nonresponsiveness to botulinum toxin A in cervi-
cal dystonia: the role of electromyogram-guided injections, botu-
linum toxin A antibody assay, and the extensor digitorum brevis
test. Mov Disord 2006;21:1737-1741.

Sudlow CL, Warlow CP. Comparable studies of the incidence of
stroke and its pathological types: results from an international
collaboration, International Stroke Incidence Collaboration. Stroke
1997;28:491-499.

Jankovic J, Schwartz K. Botulinum toxin injections for cervical
dystonia. Neurology 1990;40:277-280.

Bentivoglio AR, Albanese A. Botulinum toxin in motor disor-
ders. Curr Opin Neurol 1999;12:447-456.

Bakheit AM, Fedorova NV, Skoromets AA, Timerbaeva SL,
Bhakta BB, Coxon L. The beneficial antispasticity effect of
botulinum toxin type A is maintained after repeated treat-
ment cycles. J Neurol Neurosurg Psychiatry 2004;75:1558—
1561.

U.S.Food and Drug Administration. Early communication about
an ongoing safety review Botox and Botox Cosmetic (botulinum
toxin type A) and Myobloc (botulinum toxin type B). 2008
(Internet Communication).

Shakespeare DT, Boggild M, Young C. Anti-spasticity agents
for multiple sclerosis. Cochrane Database Syst Rev 2003;4:
CD001332.

Wasiak J, Hoare B, Wallen M. Botulinum toxin A as an adjunct
to treatment in the management of the upper limb in children
with spastic cerebral palsy. Cochrane Database Syst Rev 2004;4:
CD003469.

Naumann M, Jankovic J. Safety of botulinum toxin type A: a
systematic review and meta-analysis. Curr Med Res Opin 2004;
20:981-990.

Turkel CC, Bowen B, Liu J, Brin MF. Pooled analysis of
the safety of botulinum toxin type A in the treatment of
poststroke spasticity. Arch Phys Med Rehabil 2006;87:786—
792.

Dressler D, Eleopra R. Clinical use of non-A botulinum toxins:
botulinum toxin type B. Neurotox Res 2006;9:121-125.

Ward AB. A summary of spasticity management—a treatment
algorithm. Eur J Neurol 2002;9 (Suppl. 1):48-52.

Outpatient Service Trialists. Therapy-based rehabilitation services
for stroke patients at home. Cochrane Database Syst Rev 2003;
1:CD002925.



