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Abstract

Objective To assess analgesic drugs in the treatment of

postoperative pain after traumatic and orthopaedic surgery

(TOS).

Design A systematic review of randomised clinical trials

(RCTs).

Data sources Electronic PubMed, EMBASE, The Cochrane

Library, and hand searches.

Study selection RCTs of analgesics administered by oral,

intramuscular, intravenous, subcutaneous or rectal route,

were compared to other analgesics or placebo, in patients

under TOS. Study design, characteristics of the study

population, analgesic drugs tested, pain intensity and pain

relief scores, and adverse effects were assessed.

Results Ninety-two RCTs (9,596 patients) met our inclu-

sion criteria. Forty-two (46%) were placebo-controlled, and

50 (54%) were direct comparisons between non-opioid,

opioid, and/or combinations of both. Patients’ mean age

(SD) was 49 years (18). In most trials, gastrointestinal

ulcer, liver and renal diseases were exclusion criteria. Only

30 trials (33%) were double-blind and reported standardised

outcomes of pain intensity and pain relief; 19 of these were

single-dose, and follow up of analgesic effects lasted no

more than 12 h in 23 (77%). Globally, only nine trials

(10%) were double blind, described dropouts or with-

drawals, performed analysis by intention to treat, and

reported the effects magnitude.

Conclusion Evidence from RCTs on the treatment of

postoperative pain after TOS is inadequate for clinical

decision making. Assessment of analgesics in pain after

TOS should be based on agreed clinically relevant out-

comes, in representative patients, and for longer observa-

tion periods. In addition, it should include direct

comparisons between candidate drugs or their combinations

and between various drug administration schedules.

Keywords Analgesics . Orthopaedic surgery .

Randomised clinical trials

Introduction

The most important factor conditioning intensity and

duration of postoperative pain is the type of surgery [1].

Postoperative pain after traumatic and orthopaedic surgery

(TOS) is severe, increases patients’ suffering and the risk of

postoperative complications, prolongs hospital stay, and

raises hospitalisation costs [2]. Its proper control improves

patients’ well-being and condition, reduces postoperative

complications, and helps in starting rehabilitation [3].

Decisions on analgesia in postoperative pain after TOS

should be based on the best available evidence on efficacy

and safety. Several meta-analyses and systematic reviews of

randomised clinical trials (RCTs) assessing the efficacy of

various analgesic drugs in the treatment of postoperative

pain have been published [4–12], but none has specifically

assessed analgesic drugs in the treatment of pain after TOS.
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The aim of this systematic review was to assess the

evidence from RCTs on analgesic drugs in the management

of postoperative pain after TOS, with special emphasis on

the external validity, i.e., transferability of the evidence for

clinical decision taking and for selecting the most appro-

priate administration schedules.

Methods

Search strategy

Studies were identified using various search strategies in

the electronic databases: PubMed, EMBASE, and The

Cochrane Library. The search included combinations of

the following MeSH terms: “pain, postoperative”, “ran-

domised controlled trials”, “analgesics”, “anti-inflamma-

tory agents, non steroidal” and “orthopaedics”. The most

recent search was carried out in June 2006. Additional

studies were identified from the reference list of retrieved

reports, review articles, other sources [13], and hand

searches. Authors of articles and pharmaceutical manufac-

turers were only contacted when the inclusion criteria were

unclear in the published report. Unpublished data were not

sought.

Selection criteria

Language of reports was restricted to English, French,

Italian, German, and Spanish. Reports of clinical trials in

adult patients were included if they described a parallel

group study, the allocation to the various treatment arms

was at random, and if participants had undergone TOS.

RCTs on opioids, paracetamol, metamizole or non-

steroidal anti-inflammatory drugs (NSAIDs), administered

by oral, intramuscular, intravenous, subcutaneous, rectal

or transcutaneous route were included. Only full original

articles were considered for inclusion; abstracts and

letters were excluded. Specifically, reports on the assess-

ment of anaesthetics and other drugs administered by

spinal route, and those on patients undergoing disc

surgery, were also excluded. All retrieved reports were

checked for inclusion criteria, separately by three authors

(E.M., A.V., C.A.).

Validity assessment

All potential relevant reports were independently read by

three authors (E.M., A.V., C.A.), and were scored for

methodological quality according to the items of the Jadad

scale: randomisation, blinding, and reporting of with-

drawals and dropouts [14]. In case of disagreement, the

reasons were identified and a consensus was reached.

Data extraction and study characteristics

The following information was extracted by one of us

(E.M.) from each report meeting the inclusion criteria.

Doubts were resolved by consulting with A.V.

1. Characteristics of the report: journal, language, date of

publication, and source (electronic database, reference

list, hand search).

2. Characteristics of the study: study design, sample size,

and duration of follow-up.

3. Internal validity of studies: based on the items of the

Jadad scale described above.

4. Bioethical considerations: written informed consent and

approval by an Ethics Committee.

5. Characteristics of patients: age and sex, inclusion and

exclusion criteria, surgical risk according to the ASA

classification, co-morbidity, and initial postoperative

pain intensity.

6. Type of surgery: kind and site, prosthetic replacement,

arthroscopy.

7. Pharmacological treatments: drug, dosages, routes, and

time of administration, duration of treatment period,

number of treatment arms, control with placebo, use of

rescue medication, and concomitant medications.

8. Outcomes: pain intensity, pain relief, time and scales

measures, use of rescue analgesia, and adverse events.

Efficacy analyses

To assess efficacy, only double-blind trials with available

standardised efficacy outcomes of pain intensity and pain

relief were included. These were called better designed

trials. Those standardised efficacy measures were PID (pain

intensity difference), SPID (summed pain intensity differ-

ence), and/or TOTPAR (total pain relief). Single-dose RCTs

were assessed separately from those assessing multiple

doses.

Statistical analyses

Mean (SD) age and sex ratios were weighted by sample

size of each clinical trial. Statistical analyses were carried

out using the SPSS version 12.0 software.

Results

Trial flow

Three hundred and twenty-six published studies were

identified. The reasons and numbers of excluded studies

are shown in Fig. 1. Ninety-one publications, (Appendix 1)
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reporting ninety-two trials, met our inclusion criteria. Fifty-

eight reports (63%) were identified from the electronic

databases and 34 (37%) by hand searches. The reports were

published in journals of pharmacology and therapeutics

(32; 35%), anaesthesia (26; 28%), general medicine

(18; 20%), TOS (14; 15%), and other medical areas

(2; 2%). Most of the reports were in English (84; 91.3%),

six in French, and two in Italian. Fifty-two (56.5%) were

published between 1985 and 1995.

Internal validity of clinical trials

The Jadad scale quality score was at least of 3 in 77 RCTs

(83.7%). Although all reports described the study as a

randomised clinical trial, the allocation method was only

described in 21 (22.8%). Although most of the studies were

double-blind (75; 81.5%), the process of blinding was only

described in 49 reports (53.3%). In 25 trials (27.2%) the

rates of dropouts and/or withdrawals were ≥15% and in six

reports (6.5%) they were inadequately described.

Reports with higher overall Jadad scores were more

likely to contain standardised efficacy outcomes (p=0.004).

Patients’ characteristics

Data on 9,596 patients were reported. Patients’ eligibility

criteria were mentioned in almost all studies (87, 94.6%).

The main inclusion criteria were pain intensity after surgery

(57, 61.9%), patients’ age (52, 56.5%), and ASA risk

(16, 17.4%). Exclusion criteria were mainly a history of

gastrointestinal bleeding or peptic ulcer (51 trials, 55.4%),

drug allergy (51, 55.4%), liver (48, 52.2%)or renal (45, 48.9%)

diseases, pregnancy or lactation (40, 43.5%), and use of

concomitant drugs or analgesics (39, 42.4%). The mean (SD)

326 studies identified

   148 RCTs 

 

92 RCTs 

88 were not clinical trials: 
     59 narrative reviews 
     23 other (cohort, guidelines, letters)  
       8 meta-analyses 
50 did not assess efficacy in postoperative pain 

35 in patients after non-orthopaedic non-traumatic surgery 
  3 in animals 

11 in patients with combined surgery (orthopaedic-traumatic and     
     other surgery) 
11 compared anaesthetic agents combined or not with analgesics 
10 with pre or peroperative drug administration  

  7 with drugs administered by other routes (spinal, inhalation)  
  6 not found or excluded because language 

  6 compared non-analgesic drugs (clonidine, fluradoline, or  
     steroids) 
  4 in children 
  1 not randomised 

17 assessed combinations (NSAIDs  + opioids)  
 
  9 combination vs NSAIDs 
  4 combination vs NSAIDs vs placebo 
  2 combination vs opioids 
  1 combination vs opioids vs NSAIDs 
  1 combination vs opioids vs placebo 

10 assessed opioids: 
 
6 opioids vs opioids 
4 opioids vs placebo 

46 assessed NSAIDs: 
 
30 NSAIDs vs placebo 
16 NSAIDs vs NSAIDs 

19 assessed NSAIDs and opioids: 
 
16 NSAIDs vs opioids  
  3 NSAIDs vs opioids vs placebo 

Fig. 1 Selection of randomised

clinical trials (RCTs) for the

systematic review
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number of patients included in each study was 107 (72,

ranging from 28 to 418). Informed consent of participants was

mentioned in 71 reports (77.2%), approval by the Ethics

Committee in 46 (50%), and both in 43 (46.7%).

Patients’ mean age (SD) was 49.4 (17.8) years, and

50.2% were males. The ASA risk was described in 16 trials

(17.4%). Only two trials included patients with a moderate

to high risk (III–IV). General anaesthesia was reported in

27 trials (29.3%). Of 42 RCTs assessing pain after hip or

knee surgery (45.6%), patients underwent prosthetic

replacements in 21, and arthroscopy in 11. The mean age

(SD) of patients operated of hip or knee replacement was

63.8 (11.4) years.

Analgesic drugs assessed

Forty-six trials assessed individual NSAIDs or non-opioid

analgesics, ten opioids, and 17 combinations of non-opioid

analgesics and opioids (Fig. 1). There were 42 (45.7%)

placebo-controlled trials and 50 (54.3%) direct comparisons

of drugs. Use of rescue medication was described in 19

reports (20.6%). A total of 7,838 patients were allocated to

analgesics and 1,758 to placebo.

Salicylic acid and derivates [19 trials (21%), 838

patients], ketorolac [19 (21%), 884 patients], and para-

cetamol alone or in combination with minor opioids

[19 trials (21%), 1,224 patients] were the most frequently

assessed drugs. Ninety-nine different treatment schedules

were administered by oral route, 44 by intramuscular route,

and 32 by intravenous route.

Outcomes

The mean (SD) number of the outcomes assessed in each

trial was 4.5 (1.6). The main efficacy outcomes were pain

intensity (91 trials, 98.9%), global pain (57, 62%), and pain

relief (51, 55.4%). Pain intensity was recorded on categor-

ical scales (71% of trials) and/or on visual analogue scales

(VAS) (56%). Pain relief was recorded on categorical scales

(55%) and/or on VAS (23%). The mean (SD) duration of

the assessment of analgesic efficacy was 6.9 (4) h, and

follow up of analgesic effects lasted no more than 24 h in

64 trials (69.6%). Although 88 studies (95.6%) mentioned

the most frequent adverse events, and 79 (85.9%) accurate-

ly described their kind and rate, their severity was only

described in 17 reports (18.5%).

Only 30 trials (32.6%) were double-blind and reported

standardised efficacy outcomes [15–44]. Nineteen of these

better trials, assessed single dose (Table 1), and nine

multiple doses (Table 2). Eighteen of these trials (60%)

were placebo controlled and in six (33.3%) the magnitude

of the analgesic effect of the active drug was similar to that

of placebo. Fifteen trials (50%) included direct comparisons

between active drugs.

Table 2 summarises the 19 better designed single doses

trials. The majority (16 trials, 84%) included patients with

moderate to severe pain. In 17 trials (89.5%), the

observation period lasted between 4 and 8 h. The assessed

agents were single non-opiate analgesics in 15 trials (79%),

paracetamol alone or in combination with opioids in 9

(47%), and single opioids in 5 (26%). Eleven trials (58%)

included a placebo control group. Fourteen reports de-

scribed direct comparisons between active drugs.

Table 2 summarises the characteristics of the 11 better

designed multiple dose trials. There were seven two-arm

trials and four with three or more arms. Seven trials

(63.6%) were placebo-controlled. Non-opioid analgesics

were assessed in nine trials (ketorolac in five), and opioids

in eight. The duration of follow-up varied between 1 and

21 days. Although multiple doses were used, in five trials

only the standardised efficacy outcomes after the first dose

were reported. Seven RCTs made direct comparisons

between active drugs.

Only nine of the 92 trials (9.8%) were simultaneously

double-blind, reported dropouts, included an analysis by

intention to treat, and reported the magnitude of the effect

of the study drugs on prespecified standard outcomes [17,

18, 20, 23, 26, 30, 34, 38, 44].

Discussion

Our results show that evidence from RCTs on the treatment

of postoperative pain after TOS is inadequate for clinical

decision making. Although the number of RCTs on the

analgesic treatment of postoperative pain after TOS and the

total number of patients included in these trials were

relatively large, the transferability of the data for clinical

decision making and for building up therapeutic guidelines

was limited, in terms of their internal and external validity.

Internal validity

Internal validity of the trials was inadequate. Only 9 of 92

reports of clinical trials described them as double-blind,

informed on dropouts or withdrawals, performed an

analysis by intention to treat, and reported the magnitude

of the effect. Blinding is especially important in the

assessment of analgesic drugs [13, 45]. Inadequate or

unclear allocation concealment leads to exaggeration of

the treatment effects [46–48], and patients excluded after

treatment allocation should be included in the analyses to

avoid selection bias in favour of analgesic treatment

[46, 49].
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External validity

The majority of trials excluded patients with relevant and

frequent comorbidities, such as history of gastrointestinal

bleeding or peptic ulcer, or of liver or renal disease. ASA

risk was given in only a few studies, and it was low.

Participants received no concomitant drugs, and their

median age was 49 years. This compares with the situation

in usual practice, where patients undergoing TOS often

present with co-morbidity, have higher ASA risk, use more

concomitant drugs, and are older than 70 years. On the

other hand, most of the RCTs only included patients

undergoing hip or knee surgery, and trials in other kinds

of orthopaedic surgery were scarce, even though these

interventions are frequent and clinically relevant. External

validity was also limited due to short observation periods

(12 h or less in half of the trials), while acute postoperative

pain usually needs repeated doses during 2–3 days [50].

Almost half of the trials were placebo-controlled, half

assessed analgesic efficacy only after a single dose, and the

mean number of patients included in each trial was low.

These findings are typical of drug-oriented designs, where

type II error does not seem to be worrying. Future clinical

trials should have a more pragmatic approach, they should

include a higher number of patients, and patients should be

more representative of clinical practice with regard to age,

morbidity, type of surgery, ASA risk, and use of concom-

itant drugs.

Drugs, dosage schedule, and outcomes

NSAIDs, paracetamol, and the combination of the latter

with codeine or propoxyphene were the most studied drugs.

Half of the studies evaluated a single dose, and in those

where multiple doses were given, the outcomes were

assessed more than once during the first 24–36 h in only

one third. Although single dose studies can be useful in the

first explanatory trials with a new drug, they are unhelpful

to establish their place in therapeutics. Future trials should

possibly compare combinations of multiple doses of

analgesics, as well as various stepped-strategies of analge-

sia for the control of unrelieved pain.

Endpoints and scales or measures to assess pain were

heterogeneous, probably because none is completely free of

problems [51–53]. However, less than one third of trials

used standardised efficacy summary measures. Few trials

were well designed. The reports did not provide adequate

details on statistical methods. This limits interpretation of

the results. In almost half of the placebo-controlled trials

the magnitude of the analgesic effect with the active drug

was similar to that of placebo. Among the trials where

active drugs were compared, no differences between them

were seen.3
3

4
H
ip

an
d
k
n
ee

1
7
6

1
)
K
c
1
0
m
g
(p
o
)

6
h

7
1
(4
0
)

–
T
O
T
P
A
R

T
O
T
P
A
R
:
(K

c,
M
o
rp
h
in
e
5
,
an
d

M
o
rp
h
in
e
1
0
)>
P
L
,
p
<
0
.0
1

K
c:

3
6
%

N
o
t
re
p
o
rt
ed

2
)
M
o
rp
h
in
e
5
m
g
(p
o
)

–
S
P
ID

,
V
A
S
S
P
ID

3
h
:
(6
.7
,
7
.1
,
an
d
7
.8
)
v
s
2
.7

M
o
rp
h
in
e
5
:
5
2
%

N
o
t
re
p
o
rt
ed

3
)
M
o
rp
h
in
e
1
0
(p
o
)

–
P
ea
k
p
ai
n
re
li
ef

an
d

p
ea
k
P
ID

6
h
:
(1
2
.6
,
1
2
.4
,
an
d
1
4
.0
)
v
s
5
.0

M
o
rp
h
in
e
1
0
:
3
4
%

4
)
P
L

S
P
ID

:
(K

c,
M
o
rp
h
in
e
5
,
an
d

M
o
rp
h
in
e
1
0
)>
P
L
,
p
<
0
.0
1

P
L
:
2
0
%

3
h
:
(3
.6
,
3
.6
,
an
d
3
.9
)
v
s
1
.3

6
h
:
(6
.9
,
6
.7
,
an
d
7
.2
)
v
s
2
.4

V
A
S
S
P
ID

:
(K

c,
M
o
rp
h
in
e
5
,
an
d

M
o
rp
h
in
e
1
0
)>
P
L
,
p
<
0
.0
1

3
h
:
(1
0
5
,
1
0
5
,
an
d
1
1
4
)
v
s
4
2

6
h
:
(1
9
7
,
1
9
3
,
an
d
2
1
2
)
v
s
7
7

B
R

b
ro
m
fe
n
ac
;
B
p
n
b
u
p
re
n
o
rp
h
in
e;

D
o
le
ro
n
®

d
ex
tr
o
p
ro
p
o
x
y
p
h
en
e,

ac
et
y
ls
al
ic
y
li
c
ac
id

an
d
p
h
en
az
o
n
e;

K
c
k
et
o
ro
la
c;

M
S
C

M
S
C
o
n
ti
n
;
O
S
R

o
ra
m
o
rp
h
S
R
;
P
C
T
p
ar
ac
et
am

o
l;
P
C
T
+
d
xp

p
ar
ac
et
am

o
l+
d
ex
tr
o
p
ro
p
o
x
y
p
h
en
e;

P
C
T
+
p
xp

p
ar
ac
et
am

o
l+
p
ro
p
o
x
y
p
h
en
e;

P
L
p
la
ce
b
o
;
P
ro
P
C
T
p
ro
p
ac
et
am

o
l;
Z
c
zo
m
ep
ir
ac
;
P
ID

p
ai
n
in
te
n
si
ty

d
if
fe
re
n
ce
;
S
P
ID

su
m
m
ed

p
ai
n
in
te
n
si
ty

d
if
fe
re
n
ce
;
T
O
T
P
A
R
to
ta
l
p
ai
n
re
li
ef
;
s.
s.
d
st
at
is
ti
ca
ll
y
si
g
n
if
ic
an
t
d
if
fe
re
n
ce

Eur J Clin Pharmacol



T
a
b
le

2
D
o
u
b
le

b
li
n
d
tr
ia
ls
as
se
ss
in
g
m
u
lt
ip
le

d
o
se
s
o
f
an
al
g
es
ic

d
ru
g
s

R
ef
er
en
ce

Ja
d
ad

sc
al
e

S
u
rg
er
y

N
p
at
ie
n
ts

A
g
e
(m

ea
n
)
%

m
al
es
/f
em

al
e

T
re
at
m
en
t
ar
m
s

(d
ru
g
,
d
o
se
,

an
d
ro
u
te
)

D
u
ra
ti
o
n
o
f

fo
ll
o
w
-u
p

D
ro
p
o
u
ts
an
d

w
it
h
d
ra
w
al
s

n
(%

)

P
ai
n
o
u
tc
o
m
e

m
ea
su
re
s

E
ff
ic
ac
y

A
d
v
er
se

ev
en
ts

3
4

4
K
n
ee

7
3

1
st
p
h
as
e:

S
D

1
st
p
h
as
e:

8
h

5
(7
)

–
T
O
T
P
A
R

T
O
T
P
A
R
(8

h
):

L
o
rn
o
x
ic
am

:

3
7
%

2
7
y
ea
rs

2
n
d
p
h
as
e:

M
D

2
n
d
p
h
as
e:

3
d
ay
s

–
G
lo
b
al

as
se
ss
m
en
t

L
o
rn
o
x
ic
am

>
T
ra
m
ad
o
l

(1
7
.1

v
s
1
1
.8
),
p
=
0
.0
1

T
ra
m
ad
ol
:
6
9%

5
5
/4
5

a)
L
or
no
xi
ca
m

16
m
g/
8
h
(im

)
–
T
im
e
to

re
m
ed
ic
at
io
n

p
=
0
.0
1
2

b)
T
ra
m
ad
ol
10
0
m
g/
8
h
(i
m
)

–
D
ur
at
io
n
af
te
r
an
al
ge
si
a

–
T
im

e
u
n
ti
l
o
n
se
t

o
f
an
al
g
es
ia

–
T
im

e
an
d
p
ea
k
p
ai
n

re
li
ef

3
5

3
V
ar
io
u
s

(s
p
ec
if
ie
d
)

4
0

a)
T
ra
m
ad
o
l
(s
c
P
C
A
)

3
d
ay
s

N
o
t
re
p
o
rt
ed

–
V
A
S
S
P
ID

V
A
S
S
P
ID

(7
2
h
):

M
o
rp
h
in
e:
3
7
%

4
9
±
3
y
ea
rs

b
)
M
o
rp
h
in
e
(s
c
P
C
A
)

–
D
ru
g
co
n
su
m
ed

an
d
re
q
u
es
te
d

T
ra
m
ad
o
l>
M
o
rp
h
in
e

(2
1
.9

v
s
1
7
.9
)

T
ra
m
ad
ol
:
4
0%

4
7
/5
3

3
6

3
K
n
ee

4
0

a)
P
ir
o
x
ic
am

2
0
m
g
/2
4
h
(p
o
)

2
1
d
ay
s

N
o
t
re
p
o
rt
ed

–
T
O
T
P
A
R

T
O
T
P
A
R
(2
1
d
ay
s)
:

n
o
d
if
fe
re
n
ce
s

P
ir
o
x
ii
ca
m
:

5
%

2
7
y
ea
rs

b
)
P
L

–
N
ee
d
fo
r
ad
d
it
io
n
al

an
al
g
es
ic
s

P
L
:
2
%

6
0
/4
0

–
G
lo
b
al

as
se
ss
m
en
t

3
7

4
V
ar
io
u
s

(s
p
ec
if
ie
d
)

7
2

1
st
p
h
as
e:

im
1
st
p
h
as
e:

4
8
h

2
n
d
p
h
as
e:

5
d
ay
s

1
st
p
h
as
e:

1
9
(2
6
)

2
n
d
p
h
as
e:

2
7
(3
7
)

–
T
O
T
P
A
R
-S
P
ID

an
d
V
A
S
S
P
ID

–
G
lo
b
al

as
se
ss
m
en
t

T
O
T
P
A
R
,
S
P
ID

,
an
d

V
A
S
S
P
ID

(3
h
):
n
o

d
if
fe
re
n
ce
s

K
c:

1
4
%

P
ap
av
er
et
u
m
:

3
0
%

7
5
±
6
y
ea
rs

a)
K
c
3
0
m
g
,
m
ax

1
0
m
g
/3

h
,
as

re
q
u
ir
ed

2
0
/8
0

b
)
P
ap
av
er
et
u
m

m
ax

1
0
m
g
/3

h
,
as

re
q
u
ir
ed

2
n
d
p
h
as
e:

p
o

a)
K
c
1
0
m
g
/6

h

b
)
P
C
T
3
2
5
m
g
+
d
x
p
3
2
.5

m
g
/6

h

3
8

3
K
n
ee

6
0

a)
P
ro
P
C
T
2
g
/6

h
(i
v
)

1
d
ay

5
(8
)

–
S
P
ID

an
d
V
A
S
S
P
ID

S
P
ID

an
d
V
A
S
S
P
ID

(2
4
h
):

n
o
d
if
fe
re
n
ce
s

P
ro
P
C
T
:
3
%

2
6
±
6
y
ea
rs

b
)
P
L

–
G
lo
b
al

as
se
ss
m
en
t

P
L
:
1
0
%

9
3
/7

B
o
th

ar
m
s:
P
C
A

m
o
rp
h
in
e

–
M
o
rp
h
in
e
co
n
su
m
p
tio
n

3
9

4
K
n
ee

an
d

an
k
le

1
0
0

1
st
p
h
as
e:

im
1
st
p
h
as
e:

6
h

1
st
p
h
as
e:

4
6
(4
6
)

–
T
O
T
P
A
R

T
O
T
P
A
R
an
d
S
P
ID

:
1
,2
,

an
d
3
h
:
n
o
d
if
fe
re
n
ce
s

ev
er
y
d
ay

u
p
to

1
0
d
ay
s:

n
o
d
if
fe
re
n
ce
s

K
c:

2
4
%

Eur J Clin Pharmacol



3
6
±
2
y
ea
rs

2
n
d
p
h
as
e:

p
o

2
n
d
p
h
as
e:
1
0
d
ay
s

2
n
d
p
h
as
e:
1
0
0
(1
0
0
)

–
S
P
ID

K
et
og
an
®
:
52
%

5
9
/4
1

a)
K
c
10

m
g/
4–
6
h,
as

re
qu
ir
ed

–
G
lo
b
al

as
se
ss
m
en
t

b
)
K
et
o
g
an
®

1
0
m
g
/4
–
6
h
,

as
re
q
u
ir
ed

–
M
ea
n
n
u
m
b
er

d
o
se
s
o
f
th
e
d
ru
g

4
0

4
V
ar
io
u
s
(n
o
t

sp
ec
if
ie
d
)

8
8

1
st
p
h
as
e:

S
D

1
st
p
h
as
e:

6
h

1
st
p
h
as
e:

2
(2
)

–
T
O
T
P
A
R

T
O
T
P
A
R
an
d
S
P
ID

:
K
c:

3
%

4
8
±
1
8
y
ea
rs

2
n
d
p
h
as
e:

M
D

2
n
d
p
h
as
e:

3
d
ay
s

2
n
d
p
h
as
e:

2
7
(3
0
)

–
S
P
ID

6
h
:
n
o
d
if
fe
re
n
ce
s

D
h
c:

3
%

5
7
/4
3

a)
K
c
m
ax

1
0
m
g
/6

h

(p
o
),
as

re
q
u
ir
ed

–
G
lo
b
al

as
se
ss
m
en
t

d
ay
s
1
,
2
,
an
d
3
:
n
o

d
if
fe
re
n
ce
s

P
L
:
1
8
%

b
)
D
h
c
3
0
m
g
/6

h

(p
o
),
as

re
q
u
ir
ed

–
N
u
m
b
er

o
f
d
o
se
s

o
f
st
u
d
y
d
ru
g

c)
P
L

–
P
ea
k
P
ID

an
d

ti
m
e
to

p
ea
k
P
ID

4
1

4
K
n
ee

1
2
0

a)
K
c
5
m
g
/6

h
(p
o
)

1
st
p
h
as
e:

2
4
h

1
st
p
h
as
e:

2
7
(2
2
)

–
S
P
ID

an
d
V
A
S
S
P
ID

S
P
ID

:
(4

an
d
9
h
)

2
n
d
p
h
as
e:

3
2
±
2
y
ea
rs

b
)
K
c
1
0
m
g
/6

h
(p
o
)

2
n
d
p
h
as
e:

5
d
ay
s

2
n
d
p
h
as
e:

6
(5
)

–
G
lo
b
al

as
se
ss
m
en
t

(k
c
5
,
k
c
1
0
,
an
d

d
if
lu
n
is
al
)>
P
L
,
p
<
0
.0
5

K
c
5
:
1
7
%

8
1
/1
9

c)
D
if
lu
ni
sa
l
0.
5
g
/1
2
h
(p
o
)

4
h
:
(1
.6
,
1
.8
,
an
d
1
.3
)
v
s
0
.5

K
c
1
0
:
1
1
%

d
)
P
L

9
h
:
(3
.2
,
4
.1
,
an
d
3
.4
)

v
s
1
.9

D
if
lu
n
is
al
:

2
4
%

V
A
S
S
P
ID

:
(4

an
d
9
h
)

P
L
:
1
0
%

(k
c
5
,
k
c
1
0
,
an
d

d
if
lu
n
is
al
)>
P
L
,
p
<
0
.0
0
1

4
h
:
(2
3
,
2
3
,
an
d
1
6
)
v
s
−
1
8

9
h
:
(5
0
,
8
,
an
d
4
8
)
v
s
−
8

V
A
S
S
P
ID

(d
ay
s
2
,
3
,
4
,

an
d
5
):
n
o
d
if
fe
re
n
ce
s

4
2

5
V
ar
io
u
s

(s
p
ec
if
ie
d
)

2
4
4

a)
K
c
6
0
m
g
,
3
0
m
g
/

2
–
6
h
(i
m
),
as

re
q
u
ir
ed

5
d
ay
s

4
4
(1
8
)

–
T
O
T
P
A
R

T
O
T
P
A
R
(3

an
d
6
h
):

K
c:

8
6
%

4
5
y
ea
rs

b
)
M
ep
er
id
in
e
1
0
0
m
g
/

2
–
6
h
(i
m
),
as

re
q
u
ir
ed

–
S
P
ID

K
c>
m
ep
er
id
in
e,

p
<
0
.0
0
8
,

an
d
b
o
th
>
P
L
,

M
ep
er
id
in
e:

9
8
%

6
0
/4
0

c)
P
L

–
G
lo
b
al

as
se
ss
m
en
t

3
h
:
(6
.7

an
d
6
.8
)
v
s
1
.4
,

p
<
0
.0
1

P
L
:
7
0
%

–
S
u
p
p
le
m
en
ts
o
f

m
o
rp
h
in
e

6
h
:
(1
2
.2

an
d
9
.7
)
v
s
1
.7
,

p
<
0
.0
0
1

–
P
ea
k
p
ai
n
re
li
ef

an
d

ti
m
e
to

p
ea
k
re
li
ef

S
P
ID

(3
an
d
6
h
):

p
<
0
.0
0
1

K
c>
m
ep
er
id
in
e,

p
<
0
.0
0
8
,

an
d
b
o
th
>
P
L
,
p
<
0
.0
0
1

3
h
:
(3
.2

an
d
3
.2
)
v
s
0
.2

–
T
O
T
P
A
R

6
h
:
(5
.9

an
d
4
.3
)
v
s
−
0
.1

4
3

4
K
n
ee

1
2
6

1
st
p
h
as
e:

S
D

1
st
p
h
as
e:

1
2
h
2
n
d

p
h
as
e:

2
4
h

1
7
(1
4
)

–
S
P
ID

,
V
A
S
S
P
ID

T
O
T
P
A
R
(4
,
6
8
,
an
d
1
2
h
):

O
m
>
P
L

O
m
:
2
6
%

6
6
±
9
y
ea
rs

2
n
d
p
h
as
e:

M
D

–
G
lo
b
al

as
se
ss
m
en
t

4
h
:
(5
.7

v
s
4
.3
),
p
=
0
.0
1

P
L
:
2
3
%

4
1
/5
9

a)
O
m

E
R
2
0
m
g
/1
2
h
(p
o
)

–
O
m

co
n
su
m
p
ti
o
n

6
h
:
(8
.5

v
s
6
.2
),
p
<
0
.0
1

Eur J Clin Pharmacol



b
)
P
L

8
h
:
(1
1
.3

v
s
8
.1
),
p
<
0
.0
1

B
o
th

ar
m
s:
P
C
A

O
m

1
2
h
:
(1
9
.3

v
s
1
3
.7
),
p
<
0
.0
1

S
P
ID

:
(1
2
h
)
O
m
>
P
L
(4
.7

v
s
−
0
.4
7
),
p
=
0
.0
1

V
A
S
S
P
ID

:
(1
2
h
)
O
m
>
P
L

(1
4
8
v
s
−
2
6
.1
),
p
<
0
.0
0
5

4
4

3
K
n
ee

an
d

h
ip

1
5
1

a)
P
C
T
1
g
/6

h
(i
v
)

2
4
h

1
4
(9
)

–
T
O
T
P
A
R

T
O
T
P
A
R
(6

h
):

P
C
T
:
6
5
%

6
0
±
1
5
y
ea
rs

b
)
P
ro
P
C
T
2
g
/6

h
(i
v
)

–
S
P
ID

(P
C
T
an
d
P
ro
P
C
T
)>
P
L

P
ro
P
C
T
:
6
6
%

5
1
/4
9

c)
P
L

–
G
lo
b
al

as
se
ss
m
en
t

(6
.6

an
d
7
.5
)
v
s
2
.2
;
p
<
0
.0
5

P
L
:
6
2
%

B
o
th

ar
m
s:
P
C
A

m
o
rp
h
in
e

–
T
im

e
to

re
sc
u
e

m
ed
ic
at
io
n

n
o
d
if
fe
re
n
ce
s
b
et
w
ee
n

P
C
T
an
d
P
ro
P
C
T

–
M
o
rp
h
in
e
co
n
su
m
p
ti
o
n

S
P
ID

:
(6

h
)

(P
C
T
an
d
P
ro
P
C
T
)>
P
L

(2
.3
an
d
2
.5
)
v
s
−
0
.6
;
p
<
0
.0
5

n
o
d
if
fe
re
n
ce
s
b
et
w
ee
n

P
C
T
an
d
P
ro
P
C
T

D
h
c
d
ih
y
d
ro
co
d
ei
n
e;

K
et
o
g
a
n
®

k
et
o
b
em

id
o
n
e;

K
c
k
et
o
ro
la
c;

O
m

o
x
y
m
o
rp
h
o
n
e;

P
C
T
+
d
xp

p
ar
ac
et
am

o
l+
d
ex
tr
o
p
ro
p
o
x
y
p
h
en
e;

P
L
p
la
ce
b
o
;
P
ro
P
C
T
p
ro
p
ac
et
am

o
l;
E
R

ex
te
n
d
ed
-r
el
ea
se
;

M
D

m
u
lt
ip
le

d
o
se
s;
S
D

si
n
g
le

d
o
se
s;
P
ID

p
ai
n
in
te
n
si
ty

d
if
fe
re
n
ce
;
S
P
ID

su
m
m
ed

p
ai
n
in
te
n
si
ty

d
if
fe
re
n
ce
;
T
O
T
P
A
R
to
ta
l
p
ai
n
re
li
ef
;
P
C
A
p
at
ie
n
t
co
n
tr
o
ll
ed

an
al
g
es
ia

T
a
b
le

2
(c
o
n
ti
n
u
ed
)

Ja
d
a
d

sc
al
e

S
u
rg
er
y

N
p
at
ie
n
ts

A
g
e
(m

ea
n
)
%

m
al
es
/f
em

al
es

T
re
at
m
en
t
ar
m
s

(d
ru
g
,
d
o
se

an
d
ro
u
te
)

D
u
ra
ti
o
n

o
f
fo
ll
o
w
-u
p

D
ro
p
o
u
ts
an
d

w
it
h
d
ra
w
al
s

n
(%

)

P
ai
n
o
u
tc
o
m
e

m
ea
su
re
s

E
ff
ic
ac
y

A
d
v
er
se

ev
en
ts

R
ef
er
en
ce

Eur J Clin Pharmacol



Only for two drugs there were enough data for meta-

analysis (ketorolac and paracetamol). However, meta-analy-

ses were not performed because the studies were small (and

hence more likely to give larger treatment effects) [54], and

because meta-analyses with those drugs compared to placebo

have already been performed [10, 12, 55].

Although adverse effects were assessed and reported, the

methods for their identification and severity were not

described in the majority of the reports. Interestingly, some

of the NSAIDs assessed in TOS such as zomepirac [56],

bromfenac [57], and ketorolac in several countries [58],

were lately withdrawn from the market for safety reasons,

mainly in patient subgroups who were not adequately

represented in preapproval RCTs (e.g., the elderly).

Implications for the clinical practice

The choice of the best analgesic treatment cannot rely only

on the existence of published clinical trials, considering that

such RCTs often respond more to commercial purposes

rather than well-founded clinical peculiarities. Additional

criteria such as safety, route of administration and length of

action should be taken into account in selecting the

alternative with a more favourable benefit/risk ratio for

postoperative pain management after TOS.

Limitations of the study

Only published trials were retrieved, authors or pharma-

ceutical companies were not contacted for including

unpublished trials, which tend to be smaller, of lower

methodological quality, and with less beneficial effects than

those which are published [59–61].

In conclusion, evidence from RCTs on the treatment of

postoperative pain after TOS is inadequate. Other criteria

such as safety, route of administration and length of action

should be taken into account in choosing the best treatment

options. Analgesics in the treatment of postoperative pain

after TOS should be assessed in representative populations,

during longer observation periods, with agreed clinically

relevant outcomes. In addition, it should include direct

comparisons between active drugs.
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Views & Reviews

Oral antispastic drugs in nonprogressive

neurologic diseases

A systematic review

E. Montané, MD; A. Vallano, MD; and J.R. Laporte, MD

Abstract—Objective: To assess the efficacy of oral drugs in the treatment of spasticity in patients with nonprogressive

neurologic disease (NPND). Methods: Systematic review of double-blind randomized controlled trials of antispastic oral

drugs in the treatment of spasticity in NPND. Data sources: Electronic MEDLINE, PubMed, Cochrane Library, and hand

searches. Results: Twelve studies (469 patients) were included (6 on stroke, 3 on spinal cord diseases, and 3 on cerebral

palsy). Tizanidine was assessed in four trials (276 patients, 142 exposed), dantrolene in four (103, 93), baclofen in three

(70, 55), diazepam in two (127, 76), and gabapentin in one (28, all exposed). Most trials were of small size, of short

duration, and their methodologic quality was inadequate. Ten trials were controlled with placebo and only two were direct

comparisons between drugs. Efficacy outcome variables were heterogeneous. Only four reports described the magnitude of

the antispastic effect. The incidence of adverse drug effects (drowsiness, sedation, and muscle weakness) was high.

Conclusion: Evidence on the efficacy of oral antispastic drugs in NPND is weak and does not include evaluation of

patients’ quality of life. If any, efficacy is marginal. Adverse drug reactions were common. Better methodologic instru-

ments are needed for the evaluation of antispastic treatment.

NEUROLOGY 2004;63:1357–1363

Spasticity is a complication of cerebrovascular dis-
ease, spinal cord injury, head trauma, cerebral palsy,
and progressive neurologic disease such as multiple
sclerosis (MS) or ALS. It is common and can severely
impair normal daily functions such as walking, eat-
ing, and dressing and contributes to patient
disability.1

The therapeutic objective is to reduce the exces-
sive muscle tone in the affected limbs, with the aim
of increasing patient’s functional capacity and reduc-
ing discomfort. Various therapeutic options are
available, including physiotherapy, drugs, and sur-
gery.2 Treatment should be considered when pa-
tients’ functionality is affected or when pain causes
discomfort.

Several drugs with antispastic effect are available
with various mechanisms of action.3 Baclofen, tizani-
dine, benzodiazepines, gabapentin, clonidine, and
cannabinoids are centrally acting drugs. Dantrolene
and botulinum toxin type A have peripheral action.
Botulinum toxin A has local action and a long lasting
effect. It is used to treat focal spasticity or localized
spasms.

Several meta-analyses and systematic reviews on

antispastic drugs have been performed, but they
have either focused on the treatment of spasticity in
a particular condition such as MS4,5 or on the efficacy
of individual antispastic agents.6-8 However, the effi-
cacy of the various available oral agents in the treat-
ment of spasticity in nonprogressive neurologic
diseases has not been evaluated in a systematic re-
view. The aim of our study was to review the efficacy
of the various available oral drugs for the treatment
of spasticity.

Methods. Search strategy. Studies were identified by various
search strategies in MEDLINE, PubMed, and Cochrane Library.
The search included combinations of the following MeSH terms:
baclofen, tizanidine, dantrolene, benzodiazepines, diazepam,
clonidine, muscle spasticity, and free text words as gabapentin.
The last search was carried out in January 2004. Additional stud-
ies were identified from the reference list of retrieved reports. No
contacts were made with pharmaceutical manufacturers and au-
thors of articles for unpublished reports or additional information
from published reports.

Selection criteria. Randomized clinical trials (RCTs) of anti-
spastic drugs in nonprogressive neurologic disease were sought. In
order to limit clinical heterogeneity, the review focused on pa-
tients with nonprogressive neurologic disease. Language was re-
stricted to English, French, German, and Spanish. Reports of
clinical trials were considered if patients’ allocation was random-
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ized, spasticity was due to nonprogressive neurologic diseases
(spinal cord injury, cerebral palsy, and cerebrovascular disease),
and the experimental drug was given by oral route. Only full
publications were considered. Data from case reports, abstracts,
and letters were excluded. Reports were also excluded if the study
was not double-blind, when sample size was less than 10 patients,
when patients with spasticity had MS, and when the experimental
agent was administered by intrathecal or other parenteral routes
(mainly baclofen and botulinum toxin A) (figure).

Data extraction and study characteristics. The following in-
formation was extracted from each report meeting the inclusion
criteria:

1. Study characteristics: study design, sample size, duration of
the observation period, outcome measures for spasticity, and
efficacy and safety outcomes.

2. Methodologic quality: methodologic quality was assessed based
on the items of the Jadad scale: randomization, double blind-
ing, and reporting of withdrawals and dropouts.9 The scoring
range is 0 to 5.

3. Patients’ characteristics: age, sex, and underlying neurologic
disease.

4. Pharmacologic treatments: drug, time of administration, doses
and titration, treatment period, number of treatment arms,
control with placebo, and washout period.

5. Efficacy outcomes: scales for muscle tone (Ashworth scale),10

spasticity grade or accompanying symptoms, functional move-
ments, scales assessing activities of daily living, and clinical
evaluation by patients, their family, or health staff.

6. Tolerability outcomes: rates and types of adverse events.
7. Dropouts and withdrawals: rates and reasons.

Statistical analyses. Descriptive statistical analyses (rates,
means, and standard deviations) were carried out using the SPSS
version 9.0 software package.

Results. Trial flow. A total of 325 articles were identi-

fied, of which 101 reported clinical trials. Eighty-nine re-

ports were excluded because they described studies in

patients with MS (38), the route of administration was not

oral (31), the antispastic effect was not an outcome vari-

able (8), less than 10 patients had been included in the

trial (6), language other than those included (2), or they

were not randomized or double-blind clinical trials (4),

thus leaving 12 reports meeting the inclusion criteria (see

the figure).11-22 The included reports were published be-

tween 1972 and 2001.

Clinical trials included. A total of 469 patients were

included in the 12 selected RCTs. Most of the trials (7,

58.3%) were crossover with a washout period of 7 to 11

days, except one where there was no washout.11 As shown

in table 1, six RCTs (50%, 228 patients) assessed spasticity

in patients with cerebrovascular disease or head trauma,

three (25%, 174 patients) in patients with spinal cord in-

jury, and three (25%, 67 patients) in children with cerebral

palsy. Experimental drugs were tizanidine (four trials, 276

patients, 142 exposed to the drug), dantrolene (four trials,

103 patients, 93 exposed), baclofen (three trials, 70 pa-

tients, 55 exposed), diazepam (two trials, 127 patients, 76

exposed), and gabapentin (one trial, 28 patients, all

exposed).

Ten RCTs compared an antispastic drug to placebo, and

two trials compared tizanidine to other antispastic drugs

(diazepam or baclofen). No trials with clonidine were

found.

Sample size calculations were not reported in any trial

(table 2). The randomization method was described in only

one report.16 The method of blinding was described in eight

reports, and the number of dropouts or withdrawals was

specified in all of them. The overall Jadad score of the 12

trials was between 3 and 4.

Patients’ age and sex varied according to the underlying

condition. Patients with cerebral palsy (67) were children

(44.3% male), those with spinal cord injury (174) were

middle aged (mean of 40 years old) and predominantly

men (88%), and those with cerebrovascular lesions or

stroke (228 patients) were older (mean of 55 years old) and

also predominantly men (64.7%). The mean weighed dura-

tion of follow-up was 97.5 days (range, 17 days to 12

months). Treatment duration was between 2 and 6 weeks,

Figure. Selection of randomized clinical trials (RCTs) for

the systematic review.

Table 1 Number of patients exposed to antispastic drugs in randomized controlled trials according to underlying condition

Drug Cerebral palsy

Spinal cord

injury

Cerebrovascular disease

or head trauma

Total patients

exposed

Tizanidine — 59* 83† 142

Diazepam — 22* 54* 76

Dantrolene 37‡ — 56‡ 93

Baclofen 20* — 35‡ 55

Gabapentin — 28* — 28

Placebo 55† 115† 84§ 254

Total patients included 67† 174† 228§

* In one trial; † in three trials; ‡ in two trials; § in six trials.

1358 NEUROLOGY 63 October (2 of 2) 2004



except in one trial (30 patients) in which treatment was

maintained during 30 weeks18 and another (28 patients)

where the treatment period was only 48 hours.16 The mean

treatment period (not including titration phase, tapering

period, or washout period) for each drug was 84 days for

baclofen, 80 days for tizanidine, 37 days for dantrolene, 25

days for diazepam, and 2 days for gabapentin. Most of the

trials included a 2- to 3-week dose titration phase depend-

ing on the individual response.

Results on efficacy. Details of the studies are included

in tables 3 through 6. The efficacy outcomes were hetero-

geneous. The mean number of efficacy outcome variables

Table 2 Methodologic characteristics of clinical trials

Reference

Methods Results

Predefined

outcomes

(primary,

secondary)

Sample

size

calculation

Description

of the

randomization

method

Description

of the

blinding

method

Patients’

flow chart

Outcomes

and

estimation

Adverse

events Analysis

11 No No No Yes Yes No Yes ITT

12 No No No Yes No No Yes NR

13 No No No Yes* Yes Yes Yes Per prot

14 No No No Yes Yes Yes Yes Per prot

15 No No No No No No Yes Per prot

16 No No Yes Yes* Yes Yes Yes Per prot

17 No No No No Yes No Yes Per prot

18 No No No No Yes No Yes Per prot

19 No No No Yes No No Yes Per prot

20 No No No No Yes Yes Yes ITT

21 No No No Yes Yes Yes Yes NR

22 No No No Yes* Yes Yes Yes Per prot

Total yes, % 0 0 8 67 75 50 100 17 ITT

* Triple blind.

ITT � intention to treat; NR � not reported; Per prot � per protocol.

Table 3 Clinical trials on antispastic drugs in cerebral palsy

Reference
Jadad
scale Design

No. patients;
%

male/female;
mean age, y;

range, y
Treatment arms,
drug and doses

Duration
of

follow-up

Dropouts
and

withdrawals,
n (%) Outcome measures Efficacy

Adverse
events

11 4 Crossover 20
45/55

Not reported
2–16

No washout period
Titration phase: 2 wk
Treatment period: 2

wk
1) Baclofen (30–60

mg/d depending on
the age)

2) Placebo

8 wk 0 Ashworth scale;
Walking, scissoring, self-

help, physiotherapy,
manual dexterity;
Overall evaluation

Improvement of
Ashworth scale (4
wk): B�P (70%
patients vs 10%; p
� 0.001); Overall
evaluation: no
differences

P: 0%
B: 25%

12 4 Crossover 26
31/69

6
Not reported

Washout period: 10 d
Treatment period: 2

wk
1) Dantrolene (3–12

mg/kg/d)
2) Placebo

40 d 3 (11.5) Spasticity Grading Scale
(clonus, muscle tone,
reflexes, scissoring,
spontaneous and
passive movement);
Clinical evaluation

Improvement in
reflexes and
scissoring: Dn�P
(p � 0.05); Clonus,
muscle tone,
spontaneous and
passive movement:
no differences;
Clinical evaluation:
no differences

Dn�P
Rates not
reported

13 4 Parallel
groups

21
57/43

Not reported
4–15

Titration phase: 3 wk
Treatment period: 3

wk
1) Dantrolene (4–12

mg/kg/d)
2) Placebo

42 d 8 (38) Muscle strength; Range
of motion; Muscle
tone; Reflexes, clonus,
spasms; Physiologic
measurements; ADL;
Adverse events

Improvement muscle
tone, muscle
strength, range of
motion, reflexes,
clonus, spasms and
ADL: no differences;
Physiologic
measurements:
Dn�P (significant
differences)

Dn: 91%
P: 33%

B � baclofen; P � placebo; Dn � dantrolene; ADL � activities of daily living.
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was 4.3 per trial (range 1 to 8). The Ashworth scale was

used and reported in only six trials (50%, 154 patients in

parallel group studies and 85 patients in crossover stud-

ies). Other common spasticity outcomes measured and

scored were muscle tone, spasms, clonus, stretch reflexes,

and muscle strength. In six studies (50%, 126 patients in

parallel group studies and 101 in crossover studies) func-

tional movement was assessed (mainly walking capacity).

In seven studies (58.3%, 163 patients in parallel group

studies and 38 in a crossover study) scales of daily living

activities were used. In seven studies (58.3%, 259 patients

in parallel group studies and 126 in crossover studies) the

clinical outcome measure was overall evaluation by the

patient, a relative, or a health professional (physician,

physiotherapist, or nurse). Only in two trials was the anal-

ysis by intention to treat (see table 2).

Placebo-controlled RCTs. Ten trials were placebo-

controlled, four with dantrolene12,13,19,22 (98 patients), two

with tizanidine14,21 (141 patients), two with baclofen11,20 (40

patients), one with diazepam15 (22 patients), and one with

gabapentin16 (28 patients). Seven (171 patients) were

crossover,11,12,15,16,20-22 and three (163 patients) were of par-

allel groups.13,14,19 Only five reports (including 124 patients

in parallel group studies and 85 in crossover studies) de-

Table 4 Clinical trials on antispastic drugs in spinal cord injury

Reference
Jadad
scale Design

No. patients; %
male/female;
mean age, y;

range, y
Treatment arms,
drug and doses

Duration
of

follow-up

Dropouts
and

withdrawals,
n (%) Outcome measures Efficacy

Adverse
events

14 3 Parallel
groups

124
84/16

36
15–69

Titration phase: 3 wk
Treatment period: 4

wk
Tapering period: 1 wk
1) Tizanidine (12–36

mg/d)
2) Placebo

17 wk 46 (37) Ashworth scale;
Muscle tone
(pendulum test);
Daily spasms;
Muscle strength;
ADL (Klein Bell
scale); Overall
evaluation

Improvement of
Ashworth scale:
T�P (4.41 vs 0.44;
p � 0.0001);
Improvement of
pendulum test and
spasms daily: T�P
(significant
differences);
Improvement ADL,
overall evaluation
and muscle
strength: no
differences

P: 53%
T: 81%

p � 0.002

15 4 Crossover 22
91/9

Not reported

Washout period 3 d
Titration phase: 3 d
Treatment period: 9 d
1) Diazepam (30 mg/d)
2) Amobarbital (180

mg/d)
3) Placebo

6 wk 0 Global assessment
of the treatment

Dz�P and A by 3
observers
(significant
differences)

Dz: 27%
A: 9%
P: 14%

16 3 Crossover 28
89/11

42
21–60

Washout period: 11 d
Treatment period: 48 h
1) Gabapentin (400

mg/d)
2) Placebo
(84% of patients took

other antispastic
drugs)

17 d 3 (11) Ashworth scale;
Clonus; Likert
scale; Muscle
stretch reflexes

Improvement of
Ashworth scale:
G�P (19.5 vs 22;
11% of reduction in
the median; p �

0.044); Improvement
in Likert scale: G�P
(2 vs 2.5; 20% of
reduction in the
median; p �

0.0013); Clonus and
muscle stretch
reflexes: no
differences

0%

ADL � activities of daily living; T � tizanidine; P � placebo; Dz � diazepam; A � amobarbital; G � gabapentin.

Table 5 Clinical trials on antispastic drugs in cerebrovascular disease or head trauma

Reference
Jadad
scale Design

No. patients; %
male/female;
mean age, y;

range, y
Treatment arms,
drug and doses

Duration
of

follow-up

Dropouts
and

withdrawals,
n (%) Outcome measures Efficacy

Adverse
events

17 3 Parallel
groups

105
73/27

52
18–77

Titration phase: 2 wk
Treatment period: 6 wk
1) Diazepam (30 mg/d)
2) Tizanidine (24 mg/d)

8 wk 23 (22) Functional status
(walking); Stretch
reflex; Contracture
angle; Clonus; Muscle
strength; Global
clinical assessment;
Tolerability

Improvement in
walking distance:
Dz�T (p � 0.05);
Stretch reflex,
contracture angle,
clonus, muscle
strength and clinical
assessment: no
differences

T:88%
Dz:72%

18 3 Parallel
groups

30
80/20

49
22–73

Titration phase: 2 wk
Treatment period: 30 wk
1) Baclofen (20–50 mg/d)
2) Tizanidine (8–20 mg/d)

12 mo 5 (17) Ashworth scale; Clonus;
Muscle spasms; Muscle
strength; Kurtzke and
Pedersen scales;
Global assessment;
Tolerability

Ashworth and
Kurtzke scales,
muscle tone, muscle
spasms, clonus,
muscle strength,
global assessment
and tolerability: no
differences

T:60%
B:27%

Dz � diazepam; T � tizanidine; B � baclofen.
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scribed the effects on muscle tone by means of the Ash-

worth scale. In all studies the experimental drug was

significantly better than placebo, but the magnitude of the

therapeutic effect was only described in four trials, and it

was modest (see tables 3 through 6). Only in two of seven

trials assessing daily living activities or the overall clinical

status (with 20 and 22 patients) was the experimental

drug better than placebo.

Direct comparisons between antispastic drugs. Two

parallel-group RCTs with direct comparisons between two

drugs were included, one comparing tizanidine to diaze-

pam17 and another comparing tizanidine to baclofen.18

Both were of parallel groups and assessed spasticity in

patients with cerebrovascular disease (135 patients). In

only one of them was the Ashworth scale used. No signifi-

cant differences in efficacy outcomes between the drugs

under comparison were found.

Adverse effects, dropouts, and withdrawals. All reports

gave information on adverse events in the different treat-

ment arms, and their rates, except two12,21 (see tables 3

through 6). Adverse effects were generally more frequent

in the active treatment groups (range 25 to 91%) than in

the placebo groups (range 0 to 53%). Adverse events asso-

ciated with tizanidine (range 60 to 88% of patients treated)

were mainly drowsiness and dry mouth, and less fre-

quently increases in liver enzymes. Dantrolene was associ-

ated with a high incidence of adverse events (range 64 to

91%), mainly weakness, drowsiness, and malaise. Diaze-

pam (range 27 to 72% of patients) was associated with

drowsiness, fatigue, and muscle weakness. Baclofen (range

Table 6 Clinical trials on antispastic drugs in stroke

Reference
Jadad
scale Design

No. patients; %
male/female;
mean age, y;

range, y
Treatment arms,
drug and doses

Duration
of

follow-up

Dropouts and
withdrawals, n

(%) Outcome measures Efficacy
Adverse
events

19 4 Parallel
groups

18
44/56

61
48–78

1st phase: 6 wk
1) Dantrolene
2nd phase: 6 wk
1) Dantrolene (25 mg/

8–12 h)
2) Placebo
Long-term evaluation:

open
1) Dantrolene (50–300

mg/d)

12 wk �

long-
term

1st phase: 4
(22)

2nd phase: 0

2nd phase:
Spasticity Grading Scale

(clonus, muscle tone,
strength and reflexes);
ADL

2nd phase:
Improvement of
Spasticity Grading
Scale: Dn�P

Dn: 64%
P: 11%

20 4 Crossover 20
35/65

65
Not reported

Washout period: 1 wk
Titration phase: 2 wk
Treatment period: 4 wk
1) Baclofen (30 mg/d)
2) Placebo

19 wk 5 (25) Ashworth scale;
Oswestry Scale of
Grading; Incapacity
Status Scale (ISS);
Overall evaluation

Mean total scores on
scales (after
treatment):

Ashworth scale: B�P
(2.9 vs 3.7; p �

0.001)
Oswestry scale: B�P

(3.8 vs 3.2; p �

0.014)
ISS: no differences
Overall evaluation:

B�P (significant
differences)

P: 15%
B: 50%

21 4 Crossover 17
82/18

44
19–67

Washout period: 1 wk
Treatment period: 6 wk
Tapering period: 1 wk
1) Tizanidine (12–36/d)
2) Placebo

15 wk 2 (12) Ashworth scale; Penn
Spasm Frequency
Scale (PSFS); Deep
tendon reflex score;
International motor
scale (IMS); CHART
scale; Range of motion

Lower limbs (at week
4): Improvement of
Ashworth scale:
T�P (p � 0.0001);
Improvement of
PSFS: T�P (p �

0.046); Improvement
of motor tone: T�P
(p � 0.006);
Improvement of
reflex score: no
differences

Upper limbs (at week
4): Improvement of
Ashworth scale:
T�P (p � 0.0001);
Improvement of
motor tone: T�P
(p � 0.007);
Improvement of
PSFS and reflex
score: no differences

Improvement of MS
and CHART scale:
no differences

T�P
Rates

not
reported

22 4 Crossover 38
74/26

61
Not reported

Washout period: 1 wk
Titration phase: 2 wk
Treatment period: 4 wk
1) Dantrolene (50–200

mg/d)
2) Placebo

14 wk 7 (18) Muscle tone; Motor
function scale (MAS);
Isokynetic
dynamometric
measurements; ADL
(Barthel scale);
Adverse events

Improvement of
muscle tone, MAS,
and ADL: no
differences;
Improvement of
isokynetic
measurements:
Dn�P (significant
differences in some
measures)

Dn: 64%
P: 19%

ADL � activities of daily living; Dn � dantrolene; P � placebo; B � baclofen; T � tizanidine.
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of adverse events of 25 to 27% of patients) was associated

with sedation, dizziness, and muscle weakness. Neurologic

events seemed to be dose-related, and they tended to dis-

appear when doses were reduced.

The mean rate of dropouts and withdrawals was 21.2%

(range 11 to 38%), and in two trials no dropouts were

reported. Of 106 withdrawals and dropouts, 56 (53%) were

due to adverse events. No association was found between

treatment duration and the rate of withdrawals due to

adverse events.

Discussion. Our results indicate that the evidence
on the efficacy of orally administered antispastic
agents is scarce and weak. Only 12 double-blind
RCTs on five drugs were found in a total of 469
patients. Between 28 and 142 patients had been ex-
posed to each of the drugs of interest. There were few
patients with each of the underlying conditions of
interest. Exposure to the experimental drugs was of
the order of a few weeks, a too short period for a
lifelong condition. Only two trials (135 patients)
were of direct comparisons of two antispastic drugs
(tizanidine vs diazepam or vs baclofen), and no sig-
nificant differences were found. The outcome vari-
ables were heterogeneous. A high proportion of
studies used several outcome variables and we did
not find sample size calculation in any of them, thus
increasing the likelihood of type I error. Most trials
were small, which implies reduced power and conse-
quently increasing the chance of a type II error. Only
two reports described outcome analysis by intention
to treat. In most of the trials, withdrawals and drop-
outs were not included in the efficacy analyses. The
general methodologic quality was poor, which im-
pedes performing a meta-analysis and reaching a
firm conclusion23 regarding the clinical management
of spasticity.

The magnitude of the therapeutic effect was de-
scribed in only four trials and it was modest. In
clinical trials on the management of spasticity, an
improvement has been considered clinically signifi-
cant when muscle tone score (measured by the Ash-
worth scale) decreases at least by 25%.6 This effect
magnitude was only described in two trials compar-
ing tizanidine to placebo, where muscle tone reduc-
tions of 34% and between 20 and 26% were seen.14,21

In addition, the outcome measures used in each trial
were heterogeneous. Poor efficacy of antispastic
drugs on muscle tone is not surprising, because most
antispastic drugs reduce reflex activity.24 In contrast,
recent pathophysiologic evidence has suggested that
exaggerated reflexes contribute little to spastic mus-
cle hypertonia.25 This adds difficulty to the interpre-
tation of the whole data. On the other hand, in the
majority of mobile patients, impairment of functional
movements is clinically more relevant than impair-
ment of muscle tone. Functional movements were
only assessed in half of the trials. Daily living activ-
ities and the overall patients’ status were also rarely
assessed, which contrasts with the therapeutic objec-
tive in routine clinical practice.

All agents were associated with varying rates and
incidences of muscle weakness, sedation, and drows-
iness. We could not confirm that the incidence of
debilitating muscle weakness was lower with tizani-
dine than with other drugs, as has been reported.6,26

We limited our review to oral treatment because
this should be the preferred therapy for ambulatory
patients. Spasticity is usually a long-term or even
lifelong condition, in need of good quality evidence-
based alternative treatments. These treatments
should be easy to take, their effects should be easily
familiar to patients in order to facilitate self dose-
adjustment, they should be well tolerated and safe
on the long term, and they should not interfere with
other symptoms and treatments.27 In order to reduce
clinical heterogeneity, we also limited our study to
spasticity in nonprogressive diseases. Although a
comprehensive search of the literature was per-
formed, publication bias cannot be completely ex-
cluded. However, we believe that our main findings
would not be materially different had hypothetically
unpublished small trials been included in the study:
first, because unpublished or difficult to locate RCTs
tend to be of low methodologic quality and have neg-
ative results,28 and second, because actually pub-
lished reports depict an already gloomy panorama on
the treatment of chronic spasticity by oral route.

Our results are similar to those of other system-
atic reviews on the management of progressive and
nonprogressive spasticity,4,5,29 and on the effect of in-
dividual antispastic drugs,6-8,30 in that no recommen-
dation can be made to guide prescribing due to low
methodologic quality, small sample sizes, short dura-
tion of treatment and follow-up, and the scarce pa-
tient functioning outcomes assessed. Our review
focused on drugs that are marketed in the United
States and in the majority of European Union coun-
tries.31 Baclofen was the first antispastic agent mar-
keted and remains the most commonly used
antispastic agent in several countries.27 On the other
hand, the results of a recent review of the use of
cannabinoids in MS have been equivocal,32 partly be-
cause the clinical relevance of the outcomes assessed
in trials has been questioned.

As with any symptomatic therapy, the manage-
ment of spasticity should be individualized and ad-
justed to the activities of daily living of the patient.33

Antispastic drugs should be used with caution in the
mobile spastic patient, because the decrease in mus-
cle tone may seriously impair movement perfor-
mance.25 Only when the patient is totally dependent
because of severe spasticity may it be advisable to
improve spasticity even at the cost of undesirable
weakness or drowsiness.

Therefore, there is a clear need for well-designed
large RCTs in patients with spasticity associated
with nonprogressive neurologic diseases. The out-
comes should not only focus on spasticity, but also on
other frequently associated symptoms, functional
movements, and general quality of life. Scales mea-
suring spasticity in relation to the patient’s general
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quality of life should be developed, agreed, and vali-
dated. This would enable a better appraisal of the
relative efficacy of potential antispastic treatments.
The assessed interventions should be flexible enough
to enable patients’ involvement in adjusting dosage
regimens. A clinically based and patient-oriented ap-
proach should be developed, and consensus should be
sought between patients’ organizations, medical spe-
cialists, physiotherapists, nurses, and regulatory au-
thorities on the methods of therapeutic research in
this area. Baclofen, tizanidine, diazepam, and dan-
trolene have different modes of action; efficacy, if
any, is marginal; and they are associated with fre-
quent side effects that can limit their usefulness.
These results are not surprising in view of our
present knowledge about pathophysiologic mecha-
nisms underlying spasticity.

The evidence on the efficacy of oral antispastic
treatment of nonprogressive neurologic diseases is
poor. Further methodologic development and re-
search are needed in order to improve the manage-
ment of patients with spasticity.
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Migraine and other headaches: Associations with
Rose angina and coronary heart disease

To the Editor: Rose et al.1 present an intriguing article. It would
have been helpful if a definition of “Rose angina” would have been
provided. I erroneously assumed that Rose angina was synony-
mous with vasospastic angina given the association of vasospastic
phenomenon with migraine. A Medline search of the phrase “Rose
angina” produced 321 citations, while a search of the word angina
alone produced more than 4,500 citations. A term that is used only
0.7% of the time by specialists who are non-neurologists deserves
a definition in a neurology journal.

Abraham R. Totah, MD, Clearwater, FL

Reply from the Authors: The London School of Hygiene Chest
Pain Questionnaire (Rose Angina Questionnaire)2 is widely used
in epidemiologic studies as a standardized research tool to screen
for exertional angina. It is not a diagnostic test. It consists of a
series of questions about chest pain with Rose angina being de-
fined based on a participant’s responses to questions about the
location of pain as well as its onset/cessation in response to phys-
ical activity (e.g. walking up a hill). In the literature, Rose angina
is associated with coronary heart disease3,4 although some studies

suggest that it has higher specificity in men than women.3,5,6 The
Rose angina questionnaire does not measure vasospastic angina.

Kathryn Rose, PhD, Chapel Hill, NC
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Association of genetic loci: Replication or not, that
is the question

To the Editor: We agree with Ott1 that associations need sub-
stantiating replications to avoid exploring false positives. We wel-
come, noting their careful nature and interpretations, partial and
exact replication attempts2,3 of our initial findings.

We did not, as stated,1 study five ABCB1 SNPs, reporting
association for only one. We studied only C3435T.

For the near future, with relatively small sample sizes, associ-
ation studies can and should be guided by biology. The association
we reported was modest, as we have emphasized.4 It would carry
no weight with us if it were one arbitrary polymorphism of �107

in the genome. But, fundamentally, C3435T was not an arbitrary
choice.

P-glycoprotein, the product of ABCB1, contributes to the blood-
brain barrier. It is overexpressed locally in epileptogenic brain
tissue in refractory epilepsy. Numerous studies show
P-glycoprotein transports some antiepileptic drugs (AEDs). Local
AED concentration reduction in epileptogenic tissue by
P-glycoprotein and related transporters remains a key contender
as a mechanism engendering nonspecific resistance to unrelated
AEDs in refractory epilepsy across syndromes: currently, there is
no other broad hypothesis.

Finally, many studies show C3435T is associated with altered
P-glycoprotein activity. All this nongenetic information was avail-
able before we undertook our association study.

Therefore, it was important to determine if C3435T played a
role in drug-resistant epilepsy. We tested the single hypothesis
that C3435T is associated, and found a significant association. We
do not claim that this confirms a role. However, we maintain it
adds to the case that C3435T should receive systematic attention,
both genetic and functional, as a possible factor in drug-resistant
epilepsy. The biological data establish a much higher a priori
belief in a role for C3535T than for an arbitrary polymorphism;
combining previous knowledge with the association data estab-
lishes a much stronger biological case than modest association

alone. We found it appropriate to further test C3534T.4 To identify
causal variant(s) that might strengthen the evidence for a real
effect, we exhaustively resequenced around C3435T, finding new
putative causal variants,4 now being assessed for function and
association.

We agree insufficiently stringent criteria for declaring signifi-
cance often explain non-replication,3,5 but a significance level of
p � 5 �10�5 “may not be needed in situations when the prior
probability of association may be much higher than average.”5

Overall, we agree that the case for C3435T is unresolved. But we
believe persuasive biological plausibility and modest, variable as-
sociation, constitute sufficiently strong evidence to warrant con-
tinued serious attention.

Sanjay Sisodiya, PhD, Nicole Soranzo PhD, Nicholas W. Wood,
PhD, FRCP, David B. Goldstein, PhD, London, UK

Note: The author had the opportunity to respond to this corre-
spondence but declined.
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Oral antispastic drugs in nonprogressive
neurologic diseases: A systematic review

To the Editor: Secondary conflict of interest embarrasses the
valuable review of antispastic drugs by Montané et al.1 Their
reference for treatment rationale is the non-peer reviewed drug

house pamphlet, “Role of tizanidine in the treatment of spasticity.”2

They state, “[Spasticity] can severely impair normal daily functions
such as walking, eating, and dressing, and contributes to patient
disability. The therapeutic objective is to reduce the excessive muscle
tone in the affected limbs, with the aim of increasing patient’s func-
tional capacity and reducing discomfort . . . Treatment should be
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considered when patient’s functionality is affected or when pain

causes discomfort.” Spasticity is branded with all of the symptomatic

disabilities of the upper motor neuron syndrome.

Vocabulary is the central issue of controversy. Descriptive

words most often used by afflicted patients are weak, clumsy,

awkward, numb, stiff, off-balance, tired, and paralyzed. The pro-

fessional lingo is more complicated. Gowers’ coherent concept of

upper motor segment includes the cerebrospinal structures that

control the lower segment, the anterior horn cells, which Sher-

rington later labeled the final common path.3 The upper motor

neuron syndrome then came to mean impairment of those activi-

ties that Jackson specified as the most voluntary and least auto-

matic movements. Negative symptoms due to disconnection from

forebrain neurons comprise impairment of purposeful fine coordi-

nated and maximal controlled force behaviors. Positive symptoms

are the stereotyped hyperactive reflexes organized at the disjoined

spinal and brain stem levels, especially the stretch reflexes.4

For a century, careless use of the terms spastic and spasticity

in the professional literature provided only inconsistent confu-

sion.5 In 1980, with consensus support at an international meet-

ing, James Lance drafted an invaluable working definition of

spasticity: “Spasticity is a motor disorder characterized by a

velocity-dependent increase in tonic stretch reflexes (muscle tone)

with exaggerated tendon jerks, resulting from hyperexcitability of

the stretch reflex, as one component of the upper motor neuron

syndrome.”6 Spasticity is a pathologic result, not a cause. By anal-

ogy, the pathologic precordial murmur doesn’t cause the leaky

valve or congestive heart failure.

Among only 12 of 325 articles that were deemed worthy of

review, Montané et al. emphasize the lack of efficacy in real-life

useful movement performance. No evidence yet relates any at-

tributes of spasticity like the Ashworth scale, clonus, tendon re-

flexes, and muscle tone to impaired or improved functional

autonomy. If these outcome measures are deleted from the review-

ers’ tables, still leaving flexor spasms and “adverse events,” prac-

tical therapeutic prowess for most spastic patients nears nil.

William M. Landau, MD, St. Louis, MO

Reply from the Authors: In our review,1 we concluded that the
efficacy of oral antispastic treatment of nonprogressive neurologic
diseases is poor or even nil. As Dr. Landau points out, spasticity is
not the cause of the disease, but the result. However, as men-
tioned in the discussion, an effective antispastic treatment would
be worth it when the activities of daily living are severely im-
paired.

We also pointed out that the outcome measures used in clinical
trials were heterogeneous and focused almost exclusively in spas-
ticity, with little interest in the assessment of function and quality
of life. Regarding potential conflict of interest, the conception,
methods, analysis, and publication of our study were independent
from the funding source.

Eva Montané, MD, Antoni Vallano, MD, Joan-Ramon Laporte,
MD, Barcelona, Spain
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A 24-year follow-up of body mass index and
cerebral atrophy

To the Editor: We read with great interest the article by
Gustafson et al.1 on the relation between body mass index (BMI)
and cerebral atrophy. There is an increasing interest regarding
the role of vascular risk factors in the etiology of Alzheimer dis-
ease (AD) and the observation presented by the authors will pos-
sibly add another “weighty” underlying mechanism by which
vascular risk factors may ultimately lead to AD.

It is still unclear whether representing a compound score for a
cardiovascular risk profile is independently related to cerebral, and
especially temporal, atrophy. It is possible that the relation is con-
founded by vascular cerebral lesions, including cerebral white matter
lesions (WML) that are established risk factors for dementia.2

WML can act as a classical confounder since their presence is
related both to the determinant the authors have investigated.3 It
is also related to cortical atrophy and used as an outcome measure
by the authors. Their finding of a relation between BMI and
temporal atrophy is interesting since recent studies show a rela-
tion between the degree of WML and the degree of atrophy of the
medial temporal lobe.4,5

This could suggest that WML underlie the association between
BMI and temporal atrophy. To qualify for a variable (before qualify-
ing as a confounder), the variable should intermediate between body
mass index and cortical atrophy. However, there is evidence that
cortical neurons are damaged or lost via transneuronal degeneration,
secondary to subcortical WML.6 This suggests that WML could func-
tion as an intermediate between BMI and cortical atrophy.

This may be clarified by rating the WML and subsequently
making the appropriate adjustments in the analysis. Another pos-
sibility for making these adjustments would be investigating the
relation between BMI and cortical atrophy stratified on the ab-
sence or presence of WNL.

Frank-Erik de Leeuw, MD, PhD, Wiesje M. van der Flier, PhD,
Philip Scheltens, MD, PhD, Nijmegen, The Netherlands

Reply from the Authors: The comments by Drs. de Leeuw et al.
on our article1 are insightful and point to one mechanism whereby
a high BMI may be related to temporal atrophy—via WML. We
did evaluate the relationship between BMI and WML using the
CT data collected in this sample of women, and there was no
relationship. Thus, WML were not included in multivariate anal-
yses on the relationship between BMI and temporal atrophy.

However, based on the suggestion of de Leeuw et al., the anal-
yses were run again after stratification for the presence or ab-
sence of WML and with age adjustment, the major confounder in
our analysis. Interestingly, we found that the relationship be-
tween a higher mean BMI and temporal atrophy was only ob-
served among women without WML.

Among 204 women without WML, the mean BMI in 95 women
with, and 109 women without temporal lobe atrophy was 24.9 �

4.0 vs 23.6 � 3.5 kg/m2 in 1968 (age-adjusted p � 0.031), 25.2 �

3.8 vs 23.8 � 3.6 kg/m2 in 1974 (age-adjusted p � 0.029), 26.0 �

4.1 vs 24.1 � 3.7 kg/m2 in 1980 (age-adjusted p � 0.004), and
27.2 � 5.0 vs 25.5 � 3.9 kg/m2 in 1992 (age-adjusted p � 0.005),
respectively.

In addition, multivariate logistic regression models predicting
temporal atrophy showed no interaction between BMI and the
presence of WML at any examination. Therefore, our data do not
support the premise that WML are intermediate between a high
BMI and atrophy of temporal lobe.

There are many reasons for discrepant findings in two samples
of Swedish women—one showing a relationship between BMI and
WML,3 and the aforementioned showing a relationship between
BMI and temporal atrophy.1 Firstly, most studies show that the
relationship between vascular risk factors and dementia vary over
the adult lifespan, as they do for other chronic diseases, such as
cardiovascular disease. That a high BMI is related to WML in late
life, as we showed in a cross-sectional sample of 85-year-old
women, but not in a sample of women during midlife who were
age 46 to 60 at baseline, may be due to a variety of factors includ-
ing the presence of other pathologies in the brain or that the
85-year-old women were a group of surviving “elite” with high
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levels of overweight and obesity and therefore having a different
picture of dementia-related susceptibility.

Second, whether WMLs are an intermediate in the pathway
between a high BMI and cerebral atrophy is controversial. There
are numerous pathologies that coexist in the brains of older per-
sons with and without dementia, which cannot be disentangled
from each other in terms of which pathology came first or to what
extent they influence each other, and as can be observed using CT
data.

We appreciate the comments of de Leeuw et al., as they high-
light our need for a greater understanding of the progression and
temporality of risk factors for dementia and dementia-related pro-
cesses throughout the lifespan.

Deb Gustafson, PhD, Göteberg, Sweden

Copyright © 2005 by AAN Enterprises, Inc.
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A focus on the synapse for neuroprotection in
Alzheimer disease and other dementias

To the Editor: I read with interest the article by Coleman et al.1

with reference to synapse deterioration in Alzheimer disease (AD).

Preserving synaptic structure and function will probably be essen-

tial for successful treatment of AD.

Astrocytes form an intimate relationship with synapses

throughout the adult CNS, and have strong control over the num-

ber of synapses which form, are essential for postsynaptic func-

tion, and are necessary for synaptic stability and maintenance.2

Astrocytic glia are involved in synaptic function, with stimula-

tion of synaptogenesis and also maintenance of synaptic function

with prevention of excessive glutamate leakage by enveloping syn-

apses and also taking up excess glutamate which may leak out of

the synaptic cleft.

Few synapses form in the absence of glial cells and the few

that form are functionally immature.3

Astrocytes are intimately associated with the synapse, enwrap-

ping many pre- and post- synaptic terminals4 and reduce leakage

of neurotransmitters such as glutamate from the synapse and also

are active in taking up glutamate which may escape from the

synapse.

Astrocytes surround neurons, especially at the synaptic gap,

where transmitters cross the synaptic cleft between one neuron’s

axon and the next neuron’s dendrite. They supply neurons with

nutrients from blood vessels, absorb neurotransmitters when

needed to help shut down neurons sending them and also commu-

nicate along networks using the same neurotransmitters neurons

use, but are controlled by rising and falling concentrations of
calcium ions.5

Enhancing astrocytic maintenance of synapses may enhance
synaptic preservation and arrest the development or progression
of AD and related disorders where synaptic dysfunction and loss
appears to be the rule.

Steven R. Brenner, MD, St. Louis, MO

Reply from the Authors: We appreciate and agree with the
comments by Dr. Brenner pointing out that astrocytes are a criti-
cal element when considering the function and maintenance of
synapses and may be a potential target for experimental “synap-
toprotective” therapies.

Roger Kurlan, MD, Paul Coleman, PhD, Howard Federoff, MD,
PhD, Rochester, NY
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Corrections

What can we say to women of reproductive age with epilepsy?

In the Editorial “What can we say to women of reproductive age with epilepsy?” (Neurology 2005;64:938–939) by Penovich and
Gaily, there are two errors in the printed publication. In the first paragraph, references 1 and 2 are reversed: “a national birth
registry” should refer to Wide and colleagues’ study and the “prospective single experience” to Kaaja and colleagues’ study. The fifth
paragraph, lines 5–8, should read “The population-based data are derived from registration for payment of AEDs in Finland (100%
reimbursement).” Artama and colleagues’ study was population-based for AED-exposed pregnancies and also for untreated pregnan-
cies in women who had previously received AEDs for epilepsy.

Atypical language cortex in the left temporal lobe: Relationship to bilateral language

In the article “Atypical language cortex in the left temporal lobe: Relationship to bilateral language” (Neurology 2004;63:1833–1837)
by Jabbour et al., in Table 1 there is an error. The ranges of ages at mapping should be as follows: in Group 1 varied between 12 and
44 years and in Group II between between 14 and 43 years. The authors apologize for this error.
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