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1st paediatric study for amitriptyline and gabapentin for CRPS I and neuropathic pain.
Amitriptyline and gabapentin proved similarly effective for decreasing pain scores.
No difference between amitriptyline and gabapentin in decreasing sleep disruption.
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a b s t r a c t

Background: Treatment of neuropathic pain in children is challenging, and requires a multimodal
approach of pharmacologic, physical, and psychological therapies; however there is little evidence to
guide practice. Amitriptyline and gabapentin are first-line drugs for treating neuropathic pain in adults,
yet no studies have examined their efficacy, or compared them directly, to determine which might be
better for pain relief and sleep disturbance in children.
Methods: After informed consent was obtained, 34 patients aged 7–18 years diagnosed with complex
regional pain syndrome type I (CRPS I) or a neuropathic pain condition were randomly allocated to
receive either amitriptyline or gabapentin. Patients were followed for 6 weeks and assessed for pain
intensity, sleep quality and adverse events. We blinded study personnel, including health-care providers,
participants, parents, the research coordinator and the data analyst. Patients then completed quantitative
sensory testing (QST) and a psychosocial pain assessment with the team psychologist, within 1–3 days
of the start of the trial.
Results: At the end of the 6-week trial, patients on both drugs had important reductions in pain, having
surpassed the minimally important difference (MID) of 1. The difference between the groups however was
not statistically significant. For the secondary outcomes, we found no statistically significant difference
between the two drugs in sleep score or adverse events suggesting that both drugs improve sleep score
to a similar degree and are equally safe.
Conclusions: Amitriptyline and gabapentin significantly decreased pain intensity scores and improved

sleep. There were no significant differences between the two drugs in their effects on pain reduction or
sleep disability.
Implications: Although larger
term follow-up, both drugs ap
treatment of CRPS I and neuro
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. Introduction

Chronic pain affects 25% of children and youth of whom 5%
ave severe pain and pain-related disability. Neuropathic pain

s the most predominant form of chronic pain and is associated
ith significant pain related disability, accounting for up to 40%

f referrals to paediatric pain clinics in North America [1,2]. Neu-
opathic pain may arise as a consequence of a disease or lesion
ffecting the somatosensory system [3] typically occurring from
amage to the nerve pathways from the periphery to the corti-
al neurons in the brain. Conditions are associated with injury,
ysfunction, or altered excitability of portions of the peripheral,
entral, or autonomic nervous system [4]. The pain sensations are
ot a result of normal nociceptive neural transmission evoked by
cute injury or acute inflammation. Instead, pain persists indepen-
ent of any ongoing tissue injury or inflammation. Common clinical
haracteristics include spontaneous and provoked pain, paresthe-
ias and dysethesias, and sensory abnormalities including lowered
hresholds to tactile, thermal, and noxious stimulation, allodynia
pain due to a stimulus that does not provoke pain), and hyper-
lgesia (increased pain from a stimulus that normally provokes
ain) [5].

At the Chronic Pain Clinic, The Hospital for Sick Children, com-
lex regional pain syndrome type I (CRPS I) and painful neuropathic
isorders comprise approximately 20% of outpatient referrals. The
ost common conditions of this group include post-surgical and

ost-traumatic peripheral neuropathic pain, metabolic and toxic
europathies, neurodegenerative disorders, and CRPS. CRPS types
and II refer to conditions in which there is pain, most commonly

n an arm or leg with “neuropathic characteristics” (e.g., spon-
aneous and evoked pain, warm or heat allodynia, hyperalgesia)
nd autonomic dysfunction (e.g., cyanosis, mottling, hyperhidro-
is, cooler extremity than contralateral by 3 ◦C, oedema) [6]. CRPS
ype I refers to conditions with no demonstrable peripheral nerve
njury, while CRPS type II refers to conditions with signs of par-
ial or complete nerve injury [6]. The exact incidence of CRPS
and neuropathic pain is unknown in children [6,7]. Clinical

tudies from two centres indicate a female:male ratio of 6:1, a
igher prevalence in the lower extremities (7:1 lower:upper),
nd an age of onset is typically between 9 and 15 years
ld [5–8].

The management of CRPS I and neuropathic pain requires
multimodal approach typically combining pharmacologic,

hysical, and psychological therapies [9–11]. Pharmacologically,
mitriptyline, a tricyclic antidepressant (TCA), and gabapentin,
n anticonvulsant, are two of the first-line drugs for treating
europathic pain in adults [12]. Most of the evidence on the
harmacologic treatment of neuropathic pain in children and ado-

escents is based on extrapolation from adult studies, case reports
r clinical series from specialized paediatric pain centres [5–7,13].
ot surprisingly, the downward extensions of adult interventions
re identified as questionable [6]. Well-designed, pharmacologi-
al trials for children examining the outcome of pain reduction are
acking [6,7]. Furthermore, the impact of treatment on other core
omains of impairment in individuals with chronic pain is required.
pecifically, the PedIMMPACT statement [14] recommends includ-
ng sleep as a core outcome domain in paediatric chronic pain
rials.

This study is the first prospective randomized controlled trial
irectly comparing gabapentin and amitriptyline for the treatment
f CRPS I and neuropathic pain in a paediatric population. In addi-
ion to pain, our secondary objective was to evaluate disruption in

hildren’s sleep, which can be common in patients with chronic
ain [15] and the safety of the two drugs.
al of Pain 13 (2016) 156–163 157

2. Methods

2.1. Participants and recruitment

Consecutive paediatric patient referrals to an interdisciplinary
Chronic Pain Clinic (The Hospital for Sick Children, Toronto, Canada)
were screened for eligibility between April 2006 and July 2010.
Enrollment criteria included children aged 8–17 years, CRPS I or
neuropathic pain and recommendation for pharmacological treat-
ment with gabapentin or amitriptyline by a clinic physician during
the patients’ intake appointment.

Children were not eligible if they were: unable to speak English,
lactose intolerant, pregnant, previously using either gabapentin
or amitriptyline for the treatment of CRPS I or neuropathic pain
or if they were unable to swallow a size “0” gelatin capsule.
Children were also excluded if study medications were contraindi-
cated by additional health conditions or the treatment of such
conditions, including the regular use of any of the following medica-
tions or classes of medications: anticholinergics, antihypertensives,
anticonvulsants, H2 receptor antagonists, antidepressants, sympa-
thomimetics, thyroid replacements, antacids and analgesics.

2.2. Study design

This was a 6-week single-centred, blinded (health-care
providers, participants, parents, research coordinators, data ana-
lyst) randomized controlled trial stratified by sex. The study
received Health Canada approval, Institutional Review Board
approval of protocol and consent forms, and adhered to ongo-
ing Institutional Safety Review Board’s adverse monitoring and
Good Clinical Practice guidelines. The study was registered
on clinicaltrials.gov (clinicaltrials.gov identifier: NCT00312260).
Reporting of this study adheres to CONSORT guidelines [16].

Patients who met eligibility criteria were informed about the
study by the clinic physician. If interested in hearing more about
the study, a research coordinator explained the study protocol pri-
vately to families and for those agreeing to participate, obtained
consent from patients and/or parents. Patients were informed that
the clinical management for children who agreed to participate
in the study was the same as for children who did not consent,
and typically included one of the two study medications with an
individualized physiotherapy and/or a cognitive-behavioural ther-
apy programme as recommended by the team physiotherapist or
psychologist, respectively.

Patients who consented were then randomly allocated to
receive either gabapentin or amitriptyline (see dosing schedule
below) and received an ECG (to rule out any unknown cardiac
arrhythmias or prolongation of the QTc interval), typically on the
same day or within 1 day of their intake appointment. Most par-
ticipants began study medication within 1 day of their intake
appointment after review of ECG results. Patients then completed
quantitative sensory testing (QST) (approximately 45 min) and a
psychosocial pain assessment (90 min) with team psychologist,
within 1–3 days of the start of the trial.

Participants were asked to complete daily journal entries docu-
menting pain, sleep disability and any adverse events. The research
coordinator phoned parents within the first 3 days of the trial and
then weekly to obtain pain intensity and sleep disability ratings,
and to inquire about any adverse events. In keeping with chronic
pain continuity of care, parents were also invited to complete 2-,
4- and 6-week post-trial interviews with the study coordinator to
report on any adverse events of current medications. A modifica-
tion in protocol was made to include the use of journals for pain

https://clinicaltrials.gov/
https://clinicaltrials.gov/
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nd sleep disability scores. In the event that data from the 6-week
linic visit was missing, patient journals were used for pain and
leep disability scores and the last observation was carried forward.

.3. Randomization and allocation concealment

Participants were randomly assigned to receive either
abapentin or amitriptyline. The randomization sequence gener-
tion was completed by the research support service pharmacist
not involved in patient care) and the allocation list was concealed
rom the participants and the study team. The research support
harmacy held the allocation sequence schedule, with a copy
f participant-specific medications in sealed manila envelopes
vailable to the research coordinator for emergency purposes or
nblinding at the end of the study period. Since some neuropathic
ain conditions disproportionately affect boys and girls, random-

zation was stratified by sex to ensure that equivalent numbers
f boys and girls were randomized to each treatment group. The
andomization sequence of 1:1 ratio of amitriptyline to gabapentin
as a block 4 design with the possible sequence combinations

e.g., AABB, ABAB) assigned a number and then a point on a page
f printed random numbers picked.

.4. Study medication and blinding

Dosing schedules were selected based on our “best practice” rec-
mmendations for treating CRPS I and neuropathic pain in children
t the time of study design [5] The doses and titration schedules
ere the same for all children treated in the Chronic Pain Clinic,

ndependent of their enrolment in this trial. Amitriptyline was
rescribed at a dose of 10 mg (at bedtime) and gabapentin was
rescribed at 900 mg/d (300 mg three times per day). To main-
ain blinding due to differences in dosing frequency for the two
tudy drugs, participants were prescribed one capsule at night
∼20:00 h) for the first 3 days, then added a second capsule in
he morning (∼08:00 h) for the next 3 days and then added a
hird capsule mid-afternoon (∼14:00 h) for the remainder of the
rial. Children randomized to the amitriptyline group received
mitriptyline in the evening pill and placebo in the morning and
fternoon pills; while children randomized to gabapentin received
00 mg of gabapentin in each pill. If untoward adverse events (e.g.,
ausea, vomiting, activity-limiting sedation) developed at the start
f trial, the patient’s dose was decreased by removing the last pill
dded until adverse events remitted and the patient was returned
o the study dosing schedule. Additional pain medications were not
llowed during the trial.

Both study and placebo medications were made to be simi-
ar in composition, odour, colour and taste by over encapsulating
he untouched original dosage form with a larger opaque hard
elatin capsule (7.34 ml in length) and filling any space with lac-
ose powder. The powder stopped the capsule from rattling and

ade sure no shape of the original dosage form could be seen
f the study capsule was held up to light. Study medications for
he morning/afternoon doses were bottled separately (Bottle A, 90
apsules) from the evening medication (Bottle B, 45 capsules) and
xtra pills were provided in case of misplacement or if patients’ 6-
eek follow-up appointment was delayed. Adherence/medication

ompliance was confirmed by parental report of medication con-
umption and confirmed by assessing pill usage from standardized
ottles at the end of the study trial.

.5. Measures and outcomes
Our primary outcome measure was change in usual pain inten-
ity (i.e., past week) from baseline to 6-weeks post-trial start,
s measured by the Coloured Analogue Scale (CAS) [17]. Our
al of Pain 13 (2016) 156–163

secondary outcomes were sleep disability as measured on an inter-
nally developed 5-point Likert scale [18] and the occurrence of
adverse events. All baseline outcomes were measured before any
study drugs were administered.

For pain intensity, children were instructed on using the
Coloured Analogue Scale [19] for completing all study pain inten-
sity ratings prior to start of the trial. The CAS is a visual analogue
scale and scored from 0 to 10 (0.25 increments), and is considered a
valid and reliable tool for the measurement of pain in children [19].
Patients rated their current pain, usual pain in the last week, and
their lowest (min) and strongest (max) pain levels at baseline and
end of trial. If CAS ratings were incomplete, 0–10 numerical rating
scale (NRS) scores (where 0 equals “no pain” and 10 equals “the
worst pain you can imagine”) were used as substitutes if available
(e.g., from clinic intake or follow-up appointment). In the event that
NRS scores were not available from clinic visits, pain scores from
journals or parent interviews were used. As identified by McGrath
et al.; pain diaries are a frequently used tool in chronic pain clinical
trials of children and adolescents [14].

Prior to commencement of study medications, secondary out-
comes were measured, including disruption of sleep, school, social
and sports. These patient reported outcomes were collected by cli-
nicians and a research coordinator using clear, objective criteria on
5-point Likert scales developed at The Hospital for Sick Children. For
the sleep scale, 0 equals no disruption of regular sleep, 1 equals mild
or difficulty falling/staying asleep 1–2 nights per week, 2 equals
moderate disruption or difficulty falling/staying asleep 2–4 nights
per week, 3 equals major disruption or difficulty falling/staying
asleep 5–6 nights per week and 4 equals severe disruption or diffi-
culty falling/staying asleep daily. To assess school, social and sports,
0 equals “regular attendance” and 4 equals “complete withdrawal
for at least 1 week” to evaluate children’s level of disability at clinic
intake and follow-up appointments [18]. Parents also provided dis-
ruption ratings for their children at baseline and during weekly
telephone interviews using our standardized questionnaires rated
by interviewer using the 5-point criteria described above. When
patient or parent questionnaire data was unavailable for disability
ratings, patient journals were used.

2.6. Sample size calculation

A sample size of 17 subjects per group, or 34 in total, was cal-
culated to achieve 80% power to detect a difference between the
null hypothesis that both group means on change in pain inten-
sity score (final-baseline) are 1.0 and the alternative hypothesis
that the difference of the mean (final-baseline) of one of the groups
is 2.0 with estimated group standard deviations of 1.0 and with a
significance (alpha) level of 0.05 using a two-sided two-sample t-
test. The calculation was based on data from eight previous patients
who had received either amitriptyline (n = 2) or gabapentin (n = 6)
during standard treatment in the Chronic Pain Clinic. The original
study design included a plan to recruit 20 patients per group as
randomization was being completed in blocks of four.

2.7. Statistical analysis

For our primary outcome we explored separately completed
cases and all randomized cases. For all randomized cases miss-
ing values were imputed using either the last-data entry in the
participants journal or the participants baseline data. Normality of
primary outcome pain data was verified by exploring histograms

as well as by running Shapiro–Wilk test. All pain variables (pre-
trial, post-trial, decrease) for complete and all cases did not deviate
from normality. Since variables were normal, the comparison was
performed by running an independent sample t-tests.
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1 Patients consented and were allocated to treatment group, however were subsequently withdrawn due to 

new medical information identifying a contraindicated health condition of prolonged QT Syndrome (1 

patient prior to commencing treatment; 1 patient within the first 2 days of trial). 

2Adverse symptoms developed at day 27 in trial and patient withdrew trial. Adverse event (development of 

secondary pain site) was  not believed to be related to study medication.  

427 assessed for eligibility

393 excluded: 
378 did not meet 
inclusion criteria
11 declined to participate 
4 were unavailable for 
study duration 

Enrollment

34 patients randomly 
allocated to treatment 

17 allocated to Amitriptyline: 
15 received allocated 
intervention 
2 did not receive
allocated intervention1

17 allocated to Gabapentin: 
17 received allocated 
intervention 

Allocation 

0 lost to follow-up 

1 discontinued intervention: 
 1 adverse event2

0 lost to follow-up 

2 discontinued intervention: 
2 adverse events3,4 

Follow-
Up/Adverse

Events

Pain: 14 complete cases (11
female; 3 male) 
Sleep: 12 complete cases 
Adverse events: 14 complete 
cases 

Pain: 15 complete cases (13 
female; 2 male) 
Sleep: 14 complete cases 
Adverse events: 15 complete 
cases 

Analysis

3 Secondary pain site developed and patient withdrew from trial at day 6 in trial.  Adverse event was not 

believed to be related to study medication. 

4 Unexpected foreign body was found at pain site requiring surgery. Patient withdrew from trial. 
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Fig. 1. Stud

Secondary outcome data for sleep disturbance were analyzed in
similar manner. Normality was verified by running Shapiro–Wilk

est for three sleep score variables using complete cases. However,
ormality was violated when all cases data were used. Therefore,
o compare drug groups we used independent samples t-tests for
omplete cases and t-tests plus non-parametric Mann–Whitney
ests for all cases. For our adverse event data, we used the Fisher’s
xact test given our small sample size to compare the proportion
f events between groups.

.8. Missing data

The baseline usual pain score was missing for one patient. To
eplace this data, the median baseline score among all patients was
sed. End of trial 6-week usual pain scores were missing for five
atients, all of whom withdrew from the study. Sleep score data at

ix weeks was also missing for seven patients. Using patient jour-
als we carried the last observation forward for missing outcome
ata (using data ranging from week 1 to week 4). If journal data
as not available we carried forward the baseline observation.
diagram.

3. Results

3.1. Patient characteristics

A total of 427 patients were seen in the Chronic Pain Clinic and
screened for eligibility between April 2006 and July 2010 (Fig. 1).
Forty-nine patients were eligible, with 11 declining (e.g., anxious
about swallowing any type of medications, too busy) and four being
unavailable for study duration. A total of 34 patients were allocated
to treatment.

Patient characteristics, diagnosis, pain location, duration and
frequency and disruption ratings from baseline are shown in
Table 1. The two groups had similar compositions in demographic
(age, sex, ethnicity) and baseline clinical characteristics (pain
intensity and frequency, disruption, and physiotherapy recommen-
dations) with the exception of participants in the amitriptyline
group having both higher sleep disruption scores and recom-

mendations for psychological therapy. We found no statistically
significant difference in pre-trial pain intensity (p = 0.10 for com-
plete cases, p = 0.08 for all cases) indicating that randomization
resulted in two groups with similar pain levels (Table 2a). We found



160 S.C. Brown et al. / Scandinavian Journal of Pain 13 (2016) 156–163

Table 1
Baseline demographic and clinical characteristics by group.

Amitriptyline (n = 17) Gabapentin (n = 17) Comparison test

Age (years) 13.5 ± 2.35 12.6 ± 2.52 t(32) = 1.08, p = 0.29
Sex (female) 14 (82%) 14 (82%) �2(1) = 0.00, p = 1.00
Ethnic origin (self-reported) �2(4) = 4.67, p = 0.32

White 5 (29.4%) 9 (52.9%)
Black 0 (0.0%) 1 (5.9%)
South Asian 1 (5.9%) 0 (0.0%)
Other 1 (5.9%) 0 (0.0%)
Not assessed 10 (58.8%) 7 (41.2%)

Diagnosis and location (# of patients) �2(4) = 0.53, p = 0.97
CRPS-I 10 (58.8%) 10 (58.8%)

Upper limb 2 (20.0%) 2 (20.0%)
Lower limb 8 (80.0%) 8 (80.0%)

Neuropathic pain – other
Upper limb 1 (14.3%) 2 (28.6%)
Lower limb 3 (42.9%) 3 (42.9%)
Othera 3 (42.9%) 2 (28.6%)

Pain duration (months)
Mean ± SD 23.9 ± 44.29 10.0 ± 12.10 t(32) = 1.25, p = 0.22
Range, median 1–180, 5 1–48, 5
<6 months 9 (52.9%) 9 (52.9%) �2(2) = 0.00, p = 1.00
≥6 and <12 months 3 (17.6%) 3 (17.6%)
≥12 months 5 (29.4%) 5 (29.4%)

Pain frequency (# of patients) �2(1) = 1.41, p = 0.23
Constant 14 (82.4%) 12 (70.6%)
Episodic 2 (11.8%) 5 (29.4%)

Disruption (0–4)
Sleepb 2.77 ± 1.44 1.65 ± 1.50 t(32) = 1.75, p = 0.09

Psychological treatment status (# of patients)c

Enrolled at trial onset 0 of 17 2 of 17 �2(1) = 2.13, p = 0.14
Therapy recommended 15 of 17 5 of 17 �2(1) = 12.14, p < 0.001

Physiotherapy treatment status (# of patients)c

Enrolled at trial onset 8 of 17 8 of 14 �2(1) = 0.31, p = 0.58
Therapy recommended 10 of 13 12 of 12 �2(1) = 3.15, p = 0.08

Data are means ± SD or counts (%).
a Other included abdomen, shoulder and scrotum.
b Severity of pre-trial sleep disruption was assessed during intake by clinic team member using the following criteria on a 5-point Likert scale [where 0 = no disruption or
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isruption or difficulty falling/staying asleep 5–6/nights per week and 4 = severe di
c Accounts for missing pre-trial data or patient withdrawn at trial onset.

statistically significant difference in pre-trial sleep score between
he two drug groups, with patients allocated to amitriptyline having
igher sleep score than patients assigned to gabapentin (p = 0.04 for
omplete cases, p = 0.03 for all cases) (Table 3). This suggests that
andomization resulted in two groups with unequal sleep scores.

.2. Primary outcome

At the end of the 6-week trial, we found no statistically signif-
cant difference between two the drugs in pain intensity decrease
p = 0.77 for complete cases, p = 0.62 for all cases) suggesting that

oth drugs were similarly effective in reducing pain level among
atients. However, patients on both drugs had important reduc-
ions in pain (greater than the minimally important difference
MID] of 1) [12].

able 2a
nalysis of pain intensity (continuous values).

Primary outcome Drug 1 (amitrip

Complete cases n = 14
Pre-trial pain intensity (usual pain 0–10 CAS score) 6.50 ± 1.46
Post-trial pain intensity (usual pain 0–10 CAS score) 5.00 ± 3.15
Decrease in pain intensity (usual pain 0–10 CAS score) 1.50 ± 2.49

All cases (with assumptions – missing values imputed) n = 17
Pre-trial pain intensity (usual pain 0–10 CAS score) 6.46 ± 1.34
Post-trial pain intensity (usual pain 0–10 CAS score) 5.29 ± 2.86
Decrease in pain intensity (usual pain 0–10 CAS score) 1.16 ± 2.26

ote: Values reported as mean ± standard deviation.
hough current, lowest, highest and usual pain was recorded, usual pain is reported here
erate disruption or difficulty falling/staying asleep 3–4/nights per week; 3 = major
on or difficulty falling/staying asleep daily].

We also dichotomized decrease in pain intensity values by
using MID (a decrease in pain of 1 or more) (Table 2b) [22].
Although there is some indication of gabapentin being slightly
more effective than amitriptyline as the percentage decrease in
pain intensity above MID for gabapentin (60%) was higher than
amitriptyline (46.2%), we found no statistically significant differ-
ence between the two drugs (p = 0.71 for complete cases, p = 0.73
for all cases).

3.3. Secondary outcomes
We found no statistically significant difference between the two
drugs in sleep score (p = 0.26 for complete cases, p = 0.36 for all
cases), suggesting that both drugs impacted sleep scores similarly
(Table 3). We found no statistically significant difference in the

tyline) Drug 2 (gabapentin) Comparison tests

n = 15
5.00 ± 3.15 t(21.86) = 1.74, p = 0.10
3.30 ± 2.38 t(26) = 1.62, p = 0.12
1.77 ± 2.34 t(26) = −0.30, p = 0.77

n = 17
5.13 ± 2.67 t(23.52) = 1.84, p = 0.08
3.57 ± 2.47 t(32) = 1.88, p = 0.07
1.56 ± 2.27 t(32) = −0.51, p = 0.62

.
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Table 2b
Analysis of pain intensity (dichotomized values).

Primary outcome Drug 1 (amitriptyline) Drug 2 (gabapentin) Comparison tests

Complete cases n = 14 n = 15
Decrease in pain intensity, usual pain, ≥MID 6 (46.2%) 9 (60.0%) Fisher’s exact test, p = 0.71

All cases (missing values imputed) n = 17 n = 17
Decrease in pain intensity, usual pain, ≥MID 7 (41.2%) 9 (52.9%) Fisher’s exact test, p = 0.73

MID, minimally important difference.

Table 3
Analysis of sleep score.

Secondary outcome Drug 1 (amitriptyline) Drug 2 (gabapentin) Comparison tests

Complete cases n = 12 n = 14
Pre-trial sleep score 2.83 ± 1.40 1.64 ± 1.45 t(24) = 2.12, p = 0.04
Post-trial sleep score 1.58 ± 1.83 1.18 ± 1.30 t(24) = 0.66, p = 0.52
Decrease in sleep score 1.25 ± 1.86 0.46 ± 1.60 t(24) = 1.16, p = 0.26

All cases (missing values imputed) n = 17 n = 17
Pre-trial sleep score 2.77 ± 1.44 1.65 ± 1.50 t(32) = 2.22, p = 0.03

Mann–Whitney, p = 0.04
Post-trial sleep score 1.88 ± 1.80 1.27 ± 1.39 t(30.12) = 1.12, p = 0.27

Mann–Whitney, p = 0.34
Decrease in sleep score 0.88 ± 1.69 0.38 ± 1.45 t(32) = −0.93, p = 0.36

Mann–Whitney, p = 0.50

Note: Values reported as mean ± standard deviation.

Table 4
Analysis of adverse events.

Outcome Drug 1 (amitriptyline) Drug 2 (gabapentin) Comparison tests

Complete cases n = 14 n = 15
Adverse events 2 (14.2%) 1 (6.6%) Fisher’s exact test, p = 0.75

All cases (with missing values imputed) n = 17 n = 17
Adverse events 2 (11.7%) 1 (5.9%) Fisher’s exact test, p = 0.77
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R, risk ratio; CI, confidence interval.

roportion of adverse events between groups (all cases p = 0.77;
able 4).

.4. Adverse events/withdrawals

Among the 5 reportable adverse events as per Health Canada
riteria, 1 participant suffered an adverse event prior to commenc-
ng treatment, 1 participant withdrew from trial when surgery was
equired in the area of pain and 3 were considered adverse events
otentially related to the study medications (1 in amitriptyline; 2

n gabapentin).
The participant withdrawn prior to commencing the trial was

oted to have a prolonged QT interval (a contraindicated study con-
ition) on ECG prior to starting the study medication (which was
oted to be amitriptyline when unblinded). One participant on the
nd day of the trial was noted to have a prolonged QT syndrome on
CG and was withdrawn from the study (which was also noted to be
mitriptyline when unblinded). Both participants with prolonged
T were withdrawn and referred to cardiology. Two participants
iscontinued the intervention on days 6 and 27 respectively due
o development of additional pain sites that were deemed unre-
ated to the study medication. When unblinded, it was noted that
ne patient was from each drug group. The final patient discontin-
ed the intervention on day 33 when surgery was required in the
rea of pain on their foot. When unblinded, it was noted that they
ad been on the study medication gabapentin. Finally, two patients

xperienced adverse events that were also deemed to be unrelated
o study medication and continued in the study to completion.

There was no significant difference in adverse events between
roups (p = 0.77).
4. Discussion

This study is the first prospective randomized trial comparing
the efficacy of amitriptyline versus gabapentin for alleviating pain
and improving sleep in children with CRPS I or neuropathic pain.
We did not find a statistically significant difference in reduction in
pain scores between amitriptyline 10 mg and gabapentin 900 mg.
Furthermore, while both drugs decreased pain scores greater than
the MID for patients in each group, there was no statistically sig-
nificant difference between the two drugs in terms of percentage
decrease in pain intensity greater than the MID. While both drugs
also improved quality of sleep, there was no statistically significant
difference in sleep score improvements between the two drugs.

This trial was conducted in a large tertiary paediatric hos-
pital with a comprehensive chronic pain outpatient treatment
programme. Patients were frequently referred when not respon-
ding to conventional measures or their cases were too complex
for management by a general practitioner or paediatrician. This
may have impacted their propensity to respond to our treatment
drugs. Although gabapentin and amitriptyline are well recognized
as agents in the treatment algorithm for CRPS I and neuropathic
pain, our results may not be generalized to other agents in these
pharmacological categories, such as pregabalin and nortriptyline,
until further studies are completed.

Not surprisingly, most of the literature regarding the treatment
of paediatric CRPS I and neuropathic pain is extrapolated from adult

studies and recommendations. Recent recommendations for the
pharmacologic management of neuropathic pain in adults suggest
the use of a tricyclic antidepressant or a calcium channel alpha-
2-delta ligand such as gabapentin [12]. The use of nortriptyline
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nd gabapentin in combination has also met with success in adults
20]. When used in mice, gabapentin and nortriptyline also has

synergistic effect in antinociception [21]. A systematic review
nd meta-analysis of the Special Interest Group on Neuropathic
ain’s (NeuPSIG) recommendations for the pharmacotherapy of
europathic pain also found a strong recommendation for the
se of tricyclic antidepressants, gabapentin and pregabalin [11].
ecommendations are published for children [22,23], but these
ecommendations are based on the adult literature. Previous stud-
es in adults have shown a similar efficacy of gabapentin versus
mitriptyline suffering from diabetic peripheral neuropathy pain
24] and neuropathic pain in malignancy [25].

Gabapentin acts by inhibiting neurotransmitter release by bind-
ng voltage-gated calcium channels [12]. Its use in children with
eflex sympathetic dystrophy was first mentioned in two case
tudies of 9-year-old girls in the year 2000 [26]. Since then, it
as become a standard component of the multimodal treatment
f paediatric CRPS I and neuropathic pain, which also includes
mitriptyline, physical therapy, cognitive-behavioural therapy,
ENS, and nerve blocks [6]. Although frequently used, it requires
areful dose titration once initiated, cautious dosing in patients
ith impaired renal function, and can cause adverse reactions such

s dizziness and sedation.
In the adult population with various types of neuropathic pain,

ricyclic antidepressants are repeatedly demonstrated to be effi-
acious analgesics in placebo-controlled randomized trials [27,28].
heir treatment effect can be expected after 6–8 weeks. Despite
heir low cost and ease of administration, their frequent anti-
holinergic side effects may not be tolerated by some patients
12]. In addition, they should be used with caution in patients
ith ventricular conduction abnormalities such as a prolonged
T interval. Tricyclic antidepressants (of which amitriptyline is
lassed) are linked by case reports with QT prolongation, tor-
ade de pointes and sudden cardiac death [12]. In a recent
at model, chronic amitriptyline administration prevented the
ncreased expression of GFAP, IL-10 and CCL5, and enhanced the
xpression of TNFalpha, in the prefrontal cortex of OB-SNL rats. This
ata demonstrates that chronic amitriptyline differentially may
lter somatic nociceptive responding, following peripheral nerve
njury [29].

Our paper has a number of limitations. Firstly, there were
umerous etiologies for neuropathic pain in our study. As we
eviewed cases from this study and our clinic database, etiolo-
ies ranged from a simple paper cut injury to post surgical trauma.
hile we were concerned that this diverse source resulting in CRPS

and neuropathic pain may not all be equally responsive to our
harmacologic interventions, work done in our clinic has shown
therwise. Secondly, the initial intent of the study was to include
econdary outcome measures of disability in sleep, school, sports
nd social functioning during the study period. However, due to
mall sample size, and for simplification and as per PedIMMPACT
ecommendations, we ultimately limited our initial analysis of sec-
ndary outcomes to adverse events and sleep disability (see Table 1,
ootnote b for sleep disruption rating scale). Thirdly, we had diffi-
ulty with recruitment and terminated the study before reaching
ur target sample size of 40 in July 2010 due to decreases in eligi-
le patients over the course of the study period. Despite a similar
umber of new patients seen in clinic each year (average of 105
ew referrals per year), the percentage of eligible patients signifi-
antly declined during the latter year (2010) of recruitment to 2.5%
rom an average of 12.7% in previous years (2008 and 2009). Given
e had reached our minimum sample of N = 34 based on a pri-
ri sample size calculation, we closed recruitment before reaching
0 patients per group. Our study is also limited by a small sample
ize with missing data for 5 (15%) patients for pain intensity and 7
21%) patients for sleep disturbance. To test the robustness of the
al of Pain 13 (2016) 156–163

complete case analysis for pain and sleep, we substituted missing
data using an “all randomized cases” analysis. We found consistent
results for both complete and all case analyses, which is reassuring
and reduced the risk of a misinterpretation of treatment effect. A
placebo was not included in our trial. Our research team, after a
discussion with our research ethics board felt it was not ethical in
children experiencing chronic pain to receive a placebo in place of
active treatment since amitriptyline and gabapentin had become
first-line drugs in the treatment of chronic pain in adults. Thus due
to ethical concerns and lack of resources, a placebo arm with acute
rescue medication was not possible. We acknowledge that the lack
of placebo arm may have caused the positive effect to both study
drugs.

While patients were followed by the chronic pain clinic after
completion of the trial, subsequent data was not assessed after
the 6-week mark. Thus, it is possible that patients had a more (or
less) profound response to their medication at a later time-point or
undocumented adverse events. In addition, although medication
bottles were checked for the correct number of remaining pills and
parental confirmation of administration of medication was sought,
it is possible that with a paediatric study population, some children
did not in fact ingest the medication as prescribed.

5. Conclusion

Despite our trial’s stated limitations, this is the first prospec-
tive randomized trial comparing amitriptyline and gabapentin
in the paediatric population for use in CRPS I and neuropathic
pain. It reveals that while both drugs significantly decreased pain
scores beyond the MID and improved sleep, there were no signif-
icant differences between the two drugs in their effect. Although
pain reduction was small but important (surpassing the MID), the
amount of pain reduction was not moderate or large on aver-
age (i.e. 2 to 3× the MID). In light of these findings, both drugs
may be considered in the first-line treatment of paediatric CRPS
I and neuropathic pain, with specific potential contraindications
(e.g. prolonged QT syndrome) and adverse events (e.g. seda-
tion) taken into consideration. Given the prevalence and impact
of chronic pain in children, further research into the pharma-
cological treatment of neuropathic pain and CRPS I is urgently
required.
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