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Abstract: To assess the effects of intravenous administration of the free radical scavenger mannitol
10% on complaints associated with complex regional pain syndrome Type | (CRPS 1), a randomized,
placebo-controlled, double-blinded trial was performed. Forty-one CRPS | patients according to the
Bruehl et al diagnostic criteria, were included in 2 outpatient pain clinics of 2 university medical
centers and randomly assigned to receive either 10% mannitol iv in 1 L 0.9% NaClL in 4 hours for 5
consecutive days or equal volumes of 0.9% NaCL (placebo). Patients in both groups received physical
therapy according to protocol and rescue pain medication if required. Complaints on impairment and
disability level and quality of life were assessed up to 9 weeks after baseline, with primary measure-
ment points at 2, 6, and 9 weeks. Monitoring of pain using the visual analogue scale took place
continuously during the course of the trial. Except for a significant improvement on a subscale of the
lebsen-Taylor hand function test, no significant differences were found between mannitol and
placebo treatment. Changes in both groups in the course of the trial were small and clinically
irrelevant on all measurement indices. We conclude that intravenous administration of 10% mannitol
is not more effective than placebo in reducing complaints for CRPS | patients and provides no addition
to already-established interventions for CRPS |. Whether 10% mannitol can provide beneficial effects
for subgroups of CRPS | patients with a pathophysiological profile more closely fitting the presumed
mode of action for this intervention remains to be established.

Perspective: This artide addresses the efficacy of the intravenous administration of the free radical scaven-
ger mannitol for treatment of CRPS type 1. This intervention is not more effective than placebo in reduding
complaints for CRPS | patients and provides no addition to already-established interventions for CRPS I.
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Table 1. Patient Characteristics of the Study Sample
TOTAL SCORE Praceso ManniToL T DF P VaLue
Gender (n) 41 19 22 1*
Male, mean (%) 819.5% 4 4
Female, mean (%) 33 80.5% 15 18
Age, mean (SD) 45.3(12) 43.9(12.9) 46.5(11.5) -0.7 39 513
Average number of patients using pain medication 10.2(0.9) 10.8(1.2) —-1.1 10 .310
in week O (baseline), mean (SD)
Of which acetaminophen 1.0(0.8) 0.7 (0.5)
NSAIDS 2.5(0.5) 3.3(1.0)
Anticonvulsants/antidepressants 4.3(1.2) 4.5(0.5)
Weak/strong opioids 2(0.6) 2.1(0.7)
Education .538*
tElementary (n) ) 20 11 9
$Vocational (n) 21 13

Abbreviation: NSAIDS, nonsteroidal anti-inflammatory drugs.
*Fisher exact test.

1=10 years of education.

#>10 years of education.

with the initiating event, whereby incidences up to 37%
have been reported after wrist fractures.® Various under-
lying mechanisms have been suggested for CRPS |, none
of which are able to completely explain the variety of
clinical features exhibited by CRPS [ patients. A recent
hypothesis suggests that multiple mechanisms could be
working in CRPS |, whereby the predominance of 1 mech-
anism may lead to a distinct clinical phenotype.?

One of these proposed mechanisms is an inflammatory
response, in which an unknown stimulus induces an ex-
cessive production of inflammatory mediators,'® ' lead-
ing to an imbalance in production and clearance of toxic
oxygen radicals.?® An excessive production of oxygen
radicals subsequently results in destruction of healthy
tissue. Besidés positive results found for the use of free
radical scavengers dimethyl sulfoxide (DMSO) and n-ace-
tylcysteine for CRPS | treatment in controlied stud-
ies,'%16:31.36 the yse of intravenous mannitol, a known
oxygen radical scavenger, has been suggested in the lit-
erature as a possible treatment for CRPS 1.1637

However, the efficacy of this treatment method has
not been investigated in a controlled trial. Therefore, the
aim of the present study was to determine whether in-
travenous mannitol infusion is an effective treatment
in reducing pain and improvement of function of CRPS
| by determining its effects compared with those of
placebo.

Methods

Sample and Data Collection

A prospective, randomized, placebo-controlled study
was performed in 2 outpatient clinics for pain manage-

ment of the university hospitals in Amsterdam and Maas-

tricht in The Netherlands. To participate in the study,
patients had to meet the Brueh! et al®7 criteria for CRPS
I: (1) Report of at least 1 symptom of sensory, vasomotor,
sudomotor/edema, and motor/trophic nature and dis-

play at least 1 sign in 2 of these categories; (2) continuing
pain, which is disproportionate to any inciting event
should be present. The patients had to be older then 18
years of age and younger than 75. Pain as measured on a
10-cmvisual analog scale (VAS) had to be more than 4 cm
on average in the preceding week, based on a single
rating.'? Radical scavengers such as DMSO and n-acetyl-
cysteine had to be stopped for more then 1 week before
the beginning of the trial. No specific inclusion criteria
with respect to CRPS | subgroups,® patient profile, or
duration of CRPS | was used. Patients were excluded in
the case of pregnancy or lactation; known severe kid-
ney, liver, heart, or lung disease; known nerve damage
in the affected area; active infection; mental retarda-
tion; involvement in a legal procedure because of CRPS
I; the use of a pacemaker or defibrillator and in the
case another (second) complaint interfering with the
functional tests and VAS ratings was present. The med-
ical ethics committee of both participating institutions
approved the study. All patients gave written in-
formed consent.

After inclusion in the study, the patients were ran-
domly assigned to receive either 10% mannitol, admin-
istered over 4 hours by an intravenous infusion of 1 L
each day for a period of 5 days, or 1 L 0.9% NaCl (pla-
cebo), administered in the same fashion, using a computer-
generated table of random numbers. The intravenous
cannula was inserted into the unaffected extremity to
prevent further increase of complaints in the affected
extremity. Patients in both groups received standardized
physical therapy according to an evaluated treatment
protocol.?® Continued use or use of rescue pain medica-
tion according to the WHO pain ladder (ie, acetamino-
phen, nonsteroidal anti-inflammatory drugs [NSAIDS],
anticonvulsants/antidepressants, weak/strong opioids)
was allowed during the course of the trial. Patients, re-
searchers, and physicians administering the treatment
were blinded until the end of the trial.
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Table 2. Baseline Values of the Outcome Measurements

PLAacesO MaAnNITOL T DF P VALUE
VAS, mean (SD) 48(23.6) 53.1(17.5) -038 39 431
Duration of symptoms months, median (IQR) 14 (5-30) 6.5 (4-29) 401t
Duration of symptoms <12 mo (n) 29 13 16 1%
Duration of symptoms >12 mo (n) 12 6 6
CRPS side left, n (%) 24 12 12 752*
CRPS side right, n (%) 17 7 10
Temperature diff in °C, median (IQR) 39 0.5(0.1-1.8) 0.5(0.4-1.3) .593t
CRPS warm (n) 8 2 6 419*
CRPS cold (n) 18 8 10
Volumetry (diff in mL), median (IQR) 39 25 (9.3-53.7) 35 (16-60) 414t
Hand function tests
Jebsen-Taylor hand function test (n) 22 10 12
Turning cards diff, median (IQR) 3.8(1.5-12.2) 2.5(1.3-5.5) 11
Moving small objects diff, median (IQR) 2.3(1.2-7.1) 3.8(2.84.9 .254t
Simulated feeding diff, median (IQR) 2,6(-0,4-12.1) 1.6 (0.5-3.7) 6831
Stacking checkers diff, median (IQR) 1.6(0.2-3.4) 1.1(0.8-1.9) 970t
Moving empty cans diff, median {IQR) 2.4(0.7-7.9 0.9(0.4-1.2) .079t
Moving full cans diff, median (IQR) 2.7(0.6-4.3) 2.191.3-3.5) 11
Dynometer (n) 20 8 12
Force diff (kg), median (IQR) 4(11.6-20.0) 17.8(13.1-34.7) 305t
Active range of motion (AROM) (n) 22 10 12
Max. abduction DIG1-DIG5 (cm), diff median (IQR) 2.0(1.6-5.5) 3.8(1.7-6) 456t
Foot function tests
Foot function test board (n) 19 9 9
Forward and backward shifting diff, median (IQR) 5(-0.1-1.6) 5(~0.5-1.0) 916t
Lateral shifting diff, median (IQR) (0 1-1.4) 6(0.3-0.9) .355¢%
Alternately touching diff, median (IQR) 8(0.1-3.0) ( 0.8-0.8) 1631
Depressing a pedal diff, median (IQR) 2(0.7-12.3) ,0(0.8-3.3) : 606t
Rand-36 (n) 39 18 21
Physical functioning, mean (SD) 45.8(22.0) 54(21.8) -1.2 37 254
Social functioning, mean (SD) 57.6(27.5) 61.3(21.3) -05 37 641
Role limitations physical, median (IQR) 0(0-6.25) 0(0-0) 178+
Role limitations emotional, mean (SD) 57.4 (44) 57 1(46.1) 0.0 37 .986
Mental health, mean (SD) : ) 63.3(18.4) 71(14.9) -1.4 36 165
Vitality, mean (SD) 49.2 (23.2) 53.3(15.8) -0.7 37 512
Bodily pain, median (IQR) 27.5(11.7-47.5) 32 6(21.4-44.9) 865t
General health, mean (SD) 57.2(22.5 60(23.2) -04 37 .708

Abbreviations: CRPS, complex regional pain syndrome; IQR, interquartile range; diff, difference nonaffected-affected; VAS, visual analog scale.

*Fisher exact test.
tMann-Whitney U test.

Measurement of Effects

The primary effect measure was the influence of treat-
ment on the intensity of pain using the VAS. Pain at the
present time was measured 3 times daily for 1 week be-
fore treatment and after the treatment for 9 weeks con-
tinuously, using a paper pain diary. Secondary effect
measurements were obtained at impairment, disability,
and handicap level before treatment and aftér 2, 6, and
9 weeks. Two independent researchers tested the pa-
tients in both the participating institutes under environ-
mentally stable conditions. Consecutive measurements
were performed at the same time for each patient to
control for circadian influences. Both researchers fol-
lowed a rigid written assessment protocol for each as-
sessment instrument. Range of movement of the hands
was expressed by measuring the maximum abduction
dig 1-5 distance for the hand and total range of motion

of the ankle for the foot. Muscle strength was tested
with a Jamar dynamometer (Jackson, MI)."® Tempera-
ture of the hands or feet was measured with a Diatek
9000 infrared thermometer (San Diego, CA).2°> Volume
differences were assessed with the use of water displace-
ment volumeters.?*3° For measurements of hand func-
tion, the Jebsen-Taylor test?! was performed for patients
with upper extremity CRPS |, and lower extremity func-
tion was measured with the Foot Function.?? Quality of
life measured by the Dutch Rand-36 questionnaire (at 0,
6, and 9 weeks).! For measurements at impairment (ex-
cept for pain) and disability level, results of the measure-
ments were expressed as differences between the af-
fected and unaffected extremity. Possible side effects
were registered weekly from the onset of the interven-
tions for the duration of the trial. Use of rescue pain
medication was registered weekly in the pain diary.
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Table 3. VAS Pain Scores in the Course of the Trial

681

T2
Praceso MANNITOL PLaceso ManniToL Praceso ManniToL

VAS (n) 18 22 18 22 18 22

VAS max (mm), mean (SD) 71.1(21.0) 68.5(21.1) 63.3(27.0) 67.8 (24.5) 62.2 (29.6) 63.3(28.3)

VAS mean (mm), mean (SD) 46.2 (22.2) 50.6 (20.2) 45.1(24.9) 47.3(26.5) 45.1(31.8) 49.7 (25.3)

Average number of patients using rescue pain 10.4 (2.4) 10.4(2.4) 9.2(1.6) 10.2(2.1) 7.2(1.8) 77(1.3)

medication per week, mean (SD) ‘

Of which Acetaminophen 2.2(0.8) 1.2(0.5) 1(0.6) 1.3(0.5) 1.6(0.5) 0.5)
NSAIDS 1.9(0.4) 2.6(0.8) 1.9(0.4) 2(1.0) 1.9(0.9) (0.6)
Anticonvulsants/antidepressants 3.6(1.6) 4.9(0.9) 3(1.0) 3.9(0.9) 2.7(1.0) ( .5
Weak/strong opioids 2.6(0.5) 1.6(0.8) 2.6(0.5) 2.3(0.8) 1.6(0.5) 1 9 (0.4)

TOvs T2 TOvs T6 TOvs T9
VAS diff (mm), mean (SD) —1.1(9.5) 2.5(10.8) 0.0(15.5) 5.8(20.3) -0.1(22.2) 3.4(19.1)

Abbreviations: IQR, interquartile range; diff, difference nonaffected-affected; NSAIDS, nonsteroidal anti-inflammatory drugs; VAS, visual analog scale.

Analysis of Data

Standard power calculation based on the primary ef-
fect measure revealed that 21 patients per group were
necessary to establish a difference of 2 cm on the VAS
(SD = 2) with a power of 90% and asignificance level of
.05. Treatment effects were expressed as mean and me-
dian values for different measurement points and as dif-
ference scores (improvement) between measurements.
Baseline versus 1, 2, 3, 4, 5, 6, 7, 8, and 9 weeks (ie,
difference scores) was used for the outcome parameters
of pain and baseline versus 2, 6, and 9 weeks for the
secondary outcome parameters, except for the RAND-36.

Data gathered in the diary (ie, pain scores and quality-
of-life assessments) were controlled at each patient visit.
Missing values for quality-of-life assessments were cor-
rected if the patient was able to recall the missing value.

. Because VAS scores were considered to be specifically
time related, individual missing scores were not cor-
rected to avoid recall bias. in the case of missing VAS
scores (daily and weekly), sum score calculations were
corrected for fewer observations. In the case of inability
to perform clinical tests (due to severity of complaints of
fear of exacerbation of complaints by the patient), data
were handled as missing. No data imputation techniques
were applied.

Statistical analyses were performed blinded for the
treatment given, with the use of SPSS 12 software (SPSS,
Inc,, Chicago, IL). Prognostic comparability and treat-
ment effect were assessed by using the independent Stu-
dent t test, Mann-Whitney U test, x* test, and Fisher
exact test when appropriate. Possible influence of prog-
nostic variables and effect modification (interaction) was
analyzed by using stepwise regression. Success of blind-
ing was tested for patients and researchers at the end of
the trial period, using the binomial test. For all outcome
measures, the 2-sided significance level was set at 5%.

Results

From March 2002 until November 2004, 297 patients
were considered for this trial, of which 42 patients were

considered eligible and agreed to participate (Fig 1). So-
ciodemographic characteristics of both remaining pa-
tient groups are summarized in Table 1. All included pa-
tients had CRPS | affecting either 1 arm (n = 23) or 1 leg
(n = 19). Of these 42 patients, 1 (CRPS | affecting the arm
and assigned to the placebo group) was not included in
the analysis group. The patient did not receive study
medication because of a painful unaffected hand, so no
intravenous cannula could be placed. The randomization
was carried out successfully; no significant differences (P
> .10) were found between the placebo and mannitol
groups in sociodemographic features and baseline val-
ues (Table 2).

Outcomes and Estimation
Pain

No significant differences were found between manni-
tol and placebo for weeks 1 to 9 for the maximum and
mean VAS per week or VAS difference compared with
baseline on intention-to-treat analysis (Table 3). No sig-
nificant differences were found between both groups in
the number of patients requesting rescue pain medica-
tion (Table 3) or the amount or strength of pain medica-
tion used.

The mean VAS for each week is shown for both inter-
ventions in Fig 2. The mean values in both groups
showed no improvement in the course of the trial.

Impairment and Function Level

Except for a significant improvement at T9 in the
“stacking checkers” subscale of the Jebsen-Taylor test in
favor of mannitol treatment, no significant differences
were found on impairment and function level measure-
ments in this study. The changes in the course of the
study were, on average, small and clinically irrelevant on
all indices.

Quality of Life

Changes in quality of life on the 9 domains of the
RAND-36 questionnaire are displayed in Table 4. There
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Assessed for eligibility (n = 297)

Excluded (n = 252)

- insufficlent criteria for diagnosis (n = 129)
- insufficient pain (n = 28)

- interfering comorbidity (n = 34)

3

- age limitations (n = 12)

- refusal to stop scavenger treatment (n = 6)
- refused participation (n = 26)

- other reasons (n = 16)

Randomized (n = 42)

Allocated to intravenous NaCl (n = 20)
Received NaCl (n = 19)
Did not recsive intervention (painful hand)

Lost to follow-up (n = 0)

Analyzed (n = 19)

Allocated to intravenous mannitol (n = 22)
Received mannitol {n = 22)

Lost to follow-up (n = 0)

Analyzed (n = 22)

Figure 1. Flow diagram of patient inclusion.

are no significant differences between the effects of
the 2 interventions at 6 and 9 weeks after treatment.
As was the case on impairment and function level, the
changes in the course of the study were small.

Adverse Events and Side Effects

Patients in both groups had mild side effects. No
significant differences were found with respect to the
number of patients reporting side effects or the nature
of the side effects experienced between both groups.
The most frequently reported side effects are pre-
sented in Table 5 for the major measurement points.
No serious adverse events occurred during the course
of the trial.

Success of Blinding

Success of blinding was evaluated in all patients and in
34 instances by the treating physician. Blinding was con-
sidered successful for physicians, whereby in 22 of 34
cases, physician guesses were accurate, which was not
significantly different from chance (P = .123). However,
27 of 41 patients correctly identified whether they had
received placebo or mannitol, which was statistically sig-
nificant (P = .015).

Discussion

Based on the results of the present study, treatment
with intravenous 10% mannitol does not appear to be

Average VAS 0 - 9 weeks
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Figure 2. Average pain scores over a period of 9 weeks. VAS, visual analog scale.



Table 4. Secondary Outcomes in the Course of the Trial

Tovs 72 TovsT6 TOvs 79
Praceso ManniroL Praceso ManniToL PrLaceso MannrToL
Volume and temperature (n) 19 20 19 20 18 19
Temperature diff in °C, median (IQR) 0.1(-0.7-0.3) 0.2(-0.5-1.8) 0.4(—0.3-0.8) -0.1(-0.6-0.7) 0.0(-0.3-0.4) —0.1(—0.5-0.8)
Volumetry (diff in mL), median (IQR) —1.5(—20.0-25.3) —4.0(-30.0-15.0) 1.5(—16.3-15.3) —15(—25-5) —5.5(—13.8-8.8) ~10(—29.3-22.5)
Hand function tests
Jebsen-Taylor hand function test (n) 10 10 10 12 10 1
Turning cards diff (sec), median (IQR) 0.6 (0.2-3.8) 0.7(0.2-2.5) 1.7(0.3-2.7) 0.8(—1.4-2.1) 0..5 (—0.5-2.6) 0.6(—0.,2-2.9)
Moving small objects diff (sec), median (IQR) 0.3(-2.0-2.9) 0.7(-0.1-2.9) 1.0(—1.2-1.7) 2.0(0.7-2.9) 0.2 (—3.1-09) 1.6(0.1-3.1)
Simulated feeding diff (sec), median (IQR) 0.1(-2.7-2.7) 0.9(-2.0-1.9) 1.0(—-1.6-2.1) 0.4(—1.2-1.0) 1.2(-0.6-3.7) 04(-1.0-2.9)
Stacking checkers diff (sec), median (IQR) 0.0 (—1.5-0.8) 0.6(—-0.1-1.3) 0.1(-0.3-1.4) . 0.2(—0.5-0.8) —0.5(—3.2-0.4) 0.6 (0.3-1.0)*
- Moving empty cans diff (sec), median (IQR) 0.8(0.0-2.1) 0.1(-0.5-0.3) 0.9(—~0.1-2.6) 0.3(-0.3-2.1) 0.8(-0.4-2.0) 0.1(-0.6-1.0)
Moving full cans diff (sec), median (IQR) 0.5(-0.6-2.0) 1.0(-0.1-1.3) 0.3(—0.3-0.6) 0.6(—-0.4-1.3) 0.8(—0.4-2.6) 0.8(0.3-2.1)
Dynometer (n) 7 9 7 10 7 9
Force diff, median (IQR) —3.3(—6.0-03) - —0.3(-3.3-5.7) —3.6(—6.3-1.3) —2.2(-5.5-3.7) —3.7(-5.0-0.7) —-1.3(-8.6-2.7)
Active range of motion (AROM) (n) 10 1 10 1 10 12
Abduction DIG1-DIG5 (cm) diff, median (IQR) 0.8 (—~0.5-1.6) 1.0(0.2-1.5) —0.1(—1.1-1.5) —-0.1(—-1.0-1.5) —-0.4 (-0.9-0.8) -0.5(—1.2-2.2)
Foot function tests
Foot function test board (n) 8 8 7 7 8 7
Forward and backward shifting diff, median (IQR) 0.5 (—0.8-0.8) 0.39-0.60.7) -0.1(~-0.7-1.1) —0.1(-0.2-0.6) —0.4(-1.2-1.6) 0.3(-0.6-1.0)
Lateral shifting diff, median (IQR) : -0.2(-0.7-0.4) —0.5(—0.6-0.0) 0.1(—0.5-0.2) —0.3(-0.5-0.1) —0.4(-0.5-0.0) —0.2 (—0.5-0.0)
Alternately touching diff, median (IQR) —-0.3(—1.1-0.3) 0.2(-0.3-0.9) 0,1(—-0.9-0.8) 0.0(-1.1-0.6) -0.1(-0.5-0.4) 0.8(—0.4-0.9)
Depressing a pedal diff, median (IQR) —0.1(—0.8-1.7) —0.5(-3.5-1.2) —0.7 (-2.4-0.0) -1.1(-1.6-0.1) —-0.7(-1.8-0.1) -1.3(-2.2-0.1)
Rand-36 (n) 18 21 18 21
Physical functioning, median (IQR) — — 0.0(—11.3-1.3) 0.0(—10.0-7.5) —5.0(~10.0-15) 10 (—5.0-20.0)
Social functioning, median (IQR) — — 0.0(0.0-15.6) 0.0(—25.0-6.3) 0.0 (—25.0-12.5) 0.0(—12.5-12.5)
Role limitations physical, median (IQR) — — 0.0(0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0(0.0-0.0)
Role limitations emotional, median (IQR) — — 0.0(0.0-66.7) 0.0(-33.0-0..0) 0.0(0.0-0.0) 0.0(—33.0-0.0)
Mental health, median (IQR) — — —2.0(—9.0-9.0) 0.0(-8.0-3.0) —4.0(—16.0-4.0) —4.0(~9.0-4.0)
Vitality, median (IQR) — —_ 2.5(—10.0-12.5) ~5.0(-15.0-2.5) 0.0(—15.0-0.0) —5.0(—10.0-0.0)
Bodily pain, median (IQR) — — 0.0(—12.3-10.7) 0.0(-17.3-0.0) 10.2 (-22.4-10.2) -~10.2 (—12.5-0.0)
General health, median (IQR) — — 5.0(~11.3-15.0) 0.0(—13.8-10) 5.0 (—10.0-10.0) 0.0(—5.0-20.0)

Abbreviations: IQR, interquartile range; diff, difference affected-nonaffected.

*Mann-Whitney U test, P < .05.
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Table 5. Side Effects in the Course of the Trial
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T1 T2 T6 T9
PrAceBo ManiroL PLACEBO ManniToL PLAceBo MANNITOL PLAcEBO MANNITOL
Side effects (n) 13 16 7 6 4 3 3 3
Headache (n) 5 9 4 1 0 1 0 0
Dizziness (n) 0 2 0 1 0 0 0 0
Fatigue (n) 2 2 0 M 0 0 0 0
Increased urination (n) 1 3 0 1 0 0 0 0
Miscellaneous 1" 12 7 7 4 3 3 3

*x? test, <.05.

effective in the treatment of CRPS |, Except for a signifi-
cant improvement on a subscale of the Jebsen-Taylor
hand function test, no significant differences were found
between mannitol and placebo treatment. Considering
the overall lack of significant differences between both
groups and the chance of a type 1 error when perform-
ing multiple statistical comparisons, the significant dif-
ference found for the Jebsen-Taylor test can in all likeli-
hood be regarded as a chance finding, in absence of a
sound explanation for this difference. Furthermore, the
changes in both groups in the course of the trial were
small and clinically irrelevant. This lack of effect found
for mannitol treatment is in contrast with the positive
effects consistently found for other free radical scav-
engers in the treatment of CRPS I. For both 50%
DMSQ'418:36 and n-acetylcysteine®’ positive effects have
been found in (randomized) controlled clinical trials.
Both 50% DMSO, mannitol, and, to a lesser extent, n-
acetylcysteine, are particular scavengers for the hydroxyl
radical and poses diuretic properties. However, besides
these properties, DMSQ exhibits other anti-inflamma-
tory, local anesthetic, and (weakly) bacteriostatic prop-
erties, 235 whereas n-acetylcysteine is reported to
reduce the release of the proinflammatory mediator
TNF-o.'° and improve vascular function by promoting en-
dothelium derived vasodilation.* Possibly, the difference
in effectiveness may be explained by difference in mode
of action between these substances. However, in view of
the fact that multiple mechanisms have been suggested
to underlie CRPS I?° and identification of a specific mech-
anism explaining CRPS | signs and symptoms in an indi-
vidual patient is not yet possible, explaining the lack of
effect of mannitol by using a mechanistic approach re-
mains speculative.

Another possible explanation for the lack of effectin
this study might be the duration of the complaints of
the patients in the present study sample. Compared
with previous studies evaluating the effects of free
radical scavengers, which incorporated patients with a
short duration on the complaints (ie, 1 year or less), the
present sample contained 12 patients with a CRPS |
duration of more than 1 year. Although the value of
early intervention has yet to be established for CRPS |,
the general opinion? as well as results of subgroup
analyses from other studies?*:3! appear to be in favor

of early intervention. It is therefore possible that pa-
tients with a shorter duration of complaints might re-
spond more favorably to.mannitol treatment than the
population in this study. The fact that for the majority
of the patients in the present study the duration of
complaints was shorter than 1 year and the median
duration of the complaints in the mannitol group was
6.5 months makes the results more promising for man-
nitol treatment for patients with a shorter CRPS | du-
ration less likely.

A point of discussion with respect to the present study
might be that the severity of the complaints experienced
by the patients was limited; differences between the af-
fected and unaffected extremity with respect to temper-
ature, volume, and foot function for the lower extremity
were small. This might have accounted for limited im-
provement on these indices in both groups. This, how-
ever, does not apply to the intensity of pain (VAS) expe-
rienced by patients in both groups, which was moderate
to severe, and the RAND-36 scores, which were pooreron
all indices compared with Dutch reference data? and
other disease populations.''' Change over time on both
measurement indices was small in this study.

With respect to the VAS ratings, it should be noted that
the reported severity in our sample was still lower com-
pared with data on CRPS | in an identical fashion in one
of our institutions'? (VAS, 6.9 [SD 1.4]; n = 54). Although
lower pain scores are more difficult to improve and may
have limited the possibility to show a beneficial effect of
mannitol, we do believe that a (moderately) effective
intervention should have been able to reduce pain scores
more than we found in our study.

Related to this issue is the accuracy of the sample size
calculation used in this study. To establish the required
sample size, a power calculation was performed using
a more conservative standard deviation (n = 2) com-
pared with the abovementioned study by Forouzanfar
et al.’? The actual standard deviation in the present
sample was, however, slightly higher (SD = 2.1), which
would have lead to a slightly larger sample size. Also,
as higher levels of variance for present pain VAS rat-
ings have been reported in literature,?” one cannot
exclude sampling error on this point in our trial. In
addition, one could argue that a smaller difference
between groups could have been chosen in this study,
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as chronic CRPS | patients might also welcome a less
substantial reduction in pain. Again, this would have
led to a larger sample size. Whether we would have
been able to establish clinically relevant and statisti-
cally significant differences in favor of mannitol using
a larger sample size remains questionable, in our opin-
ion. The VAS scores for mannitol changed for only a
few millimeters (with stable SDs) in the course of the
trial, which is clinically irrelevant by any standard. Fur-
thermore, when we consider the stability of the VAS
scores, we believe it to be unlikely that these would
increase substantially with a larger sample size.

However, choosing a patient population with a profile
more favorable to mannitol intervention might well
have resulted in a better response to this intervention.
Because mannitol is a free radical scavenger, it is possible
that a subgroup of patients with inflammatory signs and
symptoms predominating would benefit more from
mannitol treatment. Because we did not apply a specific
focus based on pathophysiological or clinical appearance
in our inclusion, this aspect has to be established in a
future study. Again, we would like to stress that a mech-
anistic approach, in the absence of an established patho-
physiological mechanism for CRPS |, must be interpreted
with caution.

Another issue related to sampling error is the fact that
patients in both groups received rescue medication and
physical therapy according to protocol.?%?® As favorable
results for this specific physical therapy protocol have
been established (albeit in combination with DMSO
and/or n-acetylcysteine), one might expect more
progress in both groups than found in the present study.
Notwithstanding the fact that some CRPS complaints
were mild in this sample, it is possible that patients in this
study were more refractory to treatment than patients in
earlier studies. _

No serious adverse events occurred during mannitol
administration, and side effects were mild in nature
and comparable in both study groups. Patients in this
study were screened for relevant comorbidity, such as
preexistent renal dysfunction. However, physicians
should be aware of possible deleterious effects of
mannitol accumulation in patients with (moderate) re-
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