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Editorial
I was fortunate to be able to attend the recent IASP Congress held in Boston,
USA. One of my “target” topics was cannabinoids and I attended as many of
the presentations on this subject as was possible. You may indeed ask why this
is so? The answer is two-fold. The first reason is the recent change in the South
African legal regulation regarding cannabis and, perhaps more importantly the
second reason, the current opinion that cannabis and cannabis oils cure every
type of pain.
Not one clinic passes where I am not presented with a patient who is using
“medical” cannabis in the plant or oil form, or a patient will enquire about using
these products. A brief scan of social media and the internet will reveal why
this is so. Cannabis is certainly the current flavour of the month! Delve a little
deeper into the posts and one easily sees that the majority of the advice and
information is either anecdotal, commercial, or financially incentivised.
I am often astounded at how the term “medical” cannabis is thrown around. Is this a special plant? Is it grown
under controlled medical conditions? Is the cannabis in any way different from the “street” variety. Patients talk
of the THC’s and the who knows what components as if this is common everyday knowledge! Furthermore,
what is in the product that was purchased and where did it come from? Is it the Durban, Mitchells Plain,
Greenmarket Square or Hillbrow variety? I jest of course but we have absolutely no idea of what components
are in any particular batch as there is no control or uniformity!
It is time that the myths and legends are revealed and that proper scientific trials are undertaken. Does this
mean that there is no place for cannabinoids? Absolutely not! We are all aware of its use in certain neurological
pain conditions such as Multiple Sclerosis. We are also aware of its use in infiltrating tumors such as Pancoasts.
These uses have been properly researched and the clinical data resulted in successful therapy for the pain.
This debate has resulted on my featuring of an excellent review by Emily Stockings and her co-authors.
This review was conducted for Chronic non-cancer pain (CNCP). The results of the metanalysis reveal some
interesting facts.
1.
2.
3.
4.

The NNT is 24 (one in 24 patients will have 50% pain improvement)
Pooled change in pain intensity was 3mm on a 100mm scale VS placebo
The NNH is 6 (one in 6 patients will experience side effects)
There was no impact on emotional and physical functioning

Please do not misunderstand me as there is a use for cannabinoids but this use must not be over-estimated
and the product is not as safe as is suggested by proponents of its use.
As this is the last issue for this year may I wish you all a healthy, happy, and successful 2019. I do hope you
spend some quality time with your loved ones over the Festive Season.
Dr. Milton Raff
BSc MB ChB FFA(SA)

All correspondence to the editor should be addressed to: raffs@iafrica.com
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Cannabis and cannabinoids for the treatment of
people with chronic noncancer pain conditions:
a systematic review and meta-analysis of controlled
and observational studies
Emily Stockingsa,*, Gabrielle Campbella, Wayne D. Hallb,c, Suzanne Nielsena, Dino Zagica, Rakin Rahmana,
Bridin Murniond,e, Michael Farrella, Megan Weiera, Louisa Degenhardta

Abstract
This review examines evidence for the effectiveness of cannabinoids in chronic noncancer pain (CNCP) and addresses gaps in the
literature by: considering differences in outcomes based on cannabinoid type and specific CNCP condition; including all study
designs; and following IMMPACT guidelines. MEDLINE, Embase, PsycINFO, CENTRAL, and clinicaltrials.gov were searched in July
2017. Analyses were conducted using Revman 5.3 and Stata 15.0. A total of 91 publications containing 104 studies were eligible
(n 5 9958 participants), including 47 randomised controlled trials (RCTs) and 57 observational studies. Forty-eight studies examined
neuropathic pain, 7 studies examined fibromyalgia, 1 rheumatoid arthritis, and 48 other CNCP (13 multiple sclerosis–related pain, 6
visceral pain, and 29 samples with mixed or undefined CNCP). Across RCTs, pooled event rates (PERs) for 30% reduction in pain
were 29.0% (cannabinoids) vs 25.9% (placebo); significant effect for cannabinoids was found; number needed to treat to benefit was
24 (95% confidence interval [CI] 15-61); for 50% reduction in pain, PERs were 18.2% vs 14.4%; no significant difference was
observed. Pooled change in pain intensity (standardised mean difference: 20.14, 95% CI 20.20 to 20.08) was equivalent to a 3 mm
reduction on a 100 mm visual analogue scale greater than placebo groups. In RCTs, PERs for all-cause adverse events were 81.2%
vs 66.2%; number needed to treat to harm: 6 (95% CI 5-8). There were no significant impacts on physical or emotional functioning,
and low-quality evidence of improved sleep and patient global impression of change. Evidence for effectiveness of cannabinoids in
CNCP is limited. Effects suggest that number needed to treat to benefit is high, and number needed to treat to harm is low, with
limited impact on other domains. It seems unlikely that cannabinoids are highly effective medicines for CNCP.
Keywords: Cannabis, Chronic noncancer pain, Neuropathy, Systematic review, Meta-analysis, Number needed to treat

1. Introduction
There has been increasing attention to the use of cannabis and
cannabinoids in the treatment of chronic noncancer pain (CNCP).
Changes in legislation and use globally mean that it is likely that
there will be an increase in the coming years in the availability and
use of cannabis and cannabinoid products for CNCP. In the
United States, these products are most commonly cited for use in
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CNCP.48 Chronic noncancer pain conditions are prevalent and
rank among the most significant causes of disability globally.30
Recent reviews of cannabis and cannabinoids for medicinal
purposes have increased our knowledge in the understanding of
their effectiveness on pain,55,88,93 although they are limited in the
case of CNCP management and conclusions have been
conflicting, with some reviews reporting moderate to large
effects,48,93 whereas others have reported minimal60 or no
benefit.3 Existing reviews have been limited in their searching for
CNCP studies (eg, with a focus on specific types of cannabinoids2 or study designs60), and no single review has considered
the following: all types of evidence; different CNCP conditions
individually; potential differential effects of different cannabinoids;
and the safety of cannabis for patients with CNCP. Each of these
limitations reduces our understanding of the evidence for the use
of cannabinoids for CNCP.
Chronic noncancer pain conditions are varied, and many people
with CNCP live with complex physical and mental health comorbidities.9,70 Pain is considered by leading clinicians and researchers to
be only one of a range of core outcomes that must be considered
evaluating interventions for CNCP.82 The current review addresses
the limitations of previous reviews and is the first to examine the
evidence for the effectiveness of cannabinoids for CNCP for all study
designs, all CNCP types, all types of cannabis and cannabinoids,
and using the outcomes specified in the Initiative on Methods,
Measurement, and Pain Assessment in Clinical Trials (IMMPACT).82
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2. Methods
2.1. Search strategy and study eligibility
To ensure full coverage of the literature, we conducted
a multiphase search, comprising an initial review of reviews for
cannabis and cannabinoids to treat CNCP, followed by 4
condition-specific systematic reviews.
A systematic review of reviews in October 2016 in the
electronic databases MEDLINE, Embase, PsycINFO, and the
Cochrane Database of Systematic Reviews to identify all reviews
(and empirical studies contained within) that evaluated the
evidence base for the administration of cannabis and cannabinoids
to
treat
CNCP
(PROSPERO
registration
CRD42016049475).
This search was supplemented by 4 systematic searches of
empirical studies in July 2017 in the electronic databases MEDLINE,
Embase, PsycINFO, the Cochrane Database of Systematic Reviews
and clinicaltrials.gov to identify any trial that evaluated cannabis or
cannabinoids in treating the specific pain conditions: neuropathic
pain (PROSPERO registration: CRD42017065248), fibromyalgia
(PROSPERO registration: CRD42017067057), arthritis (PROSPERO
registration: CRD42017067059), and other or mixed groups of
CNCP (Supplementary Material, page 6). Date of publication was
restricted to between 1980 and July 2017. No restrictions were
placed on language or publication type. Medline search strategies
are shown in Appendix A of the supplementary appendix (available
online at http://links.lww.com/PAIN/A592). Corresponding subject
headings were used in each database where specialised thesauri
existed.
Individual studies that were identified (N 5 107) in the
systematic review of reviews of cannabinoids for the treatment
of pain were screened for eligibility in full by 2 independent
reviewers. For reviews of empirical studies for neuropathic pain,
fibromyalgia, arthritis, and CNCP, 2 reviewers independently
examined titles and abstracts using the web-based systematic
review program Covidence.84 All articles identified as potentially
relevant (including review articles) were obtained in full and
screened by 2 independent reviewers. Study screening was
conducted in duplicate by 2 independent reviewers (any of G.C.,
E.S., M.W., D.Z., S.N., and R.R.). Interrater disagreement was
resolved via consultation with an independent third reviewer (any
of L.D., G.C., E.S., M.W., D.Z., and R.R.).
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based cannabis (eg, Cannabis sativa); and other cannabinoids,
eg, tetrahydrocannabinolic acid (THCA), cannabidiolic acid,
cannabidivarin, and the synthetic delta-9-tetrahydrocannabinol
formulations nabilone and dronabinol.
2.4. Types of studies
We included randomised controlled trials (RCTs), nonrandomised
controlled trials, quasi-experimental, before and after studies,
prospective and retrospective cohort studies, case–control
studies, analytical cross-sectional studies, observational studies,
self-report, and N-of-1 studies. For studies with a comparison
group, we considered any type of comparator, including placebo
groups, waitlist controls, and other interventions.
2.5. Outcomes
Guided by the IMMPACT core outcome domains for clinical trials
in CNCP,82 we grouped the outcomes of interest into 6
categories: pain intensity, physical functioning, emotional functioning, global impression of change, adverse events (AEs), and
withdrawals. We assessed the clinical significance of the changes
by extracting data for a 30% reduction in pain (a “moderate”
effect) and a 50% reduction in pain (a “substantial” effect).24
2.6. Assessment of risk of study bias
We used the Cochrane Collaboration risk of bias tool for RCTs.36
Randomised controlled trials were judged to have an overall “low
risk” of bias if they had 6 to 8 risk domains rated as having a low
risk of bias, “unclear risk” if 4 or more domains were judged as
being unclear, and “high risk” if 3 or more domains were judged
as being high risk. We additionally examined risk of bias because
of sample size, where studies comprising at least 100 participants
per treatment arm were classified as “low risk,” studies
comprising 30 to 100 per arm were classified as “unclear risk,”
and studies comprising ,30 participants per arm were classified
as “high risk.” Observational studies or case study reports were
evaluated using an adapted version of the Cochrane Collaboration risk of bias in nonrandomised studies of interventions
(ROBINS-I) assessment tool.76 Overall, risk of bias was determined by the most serious risk of bias allocated to that study
across the tool.

2.2. Types of pain conditions
We included studies that examined impacts of cannabis and
cannabinoids on any CNCP condition. We followed Cochrane
protocols determining studies for inclusion and extracting
data; at least 80% of the patient population was required to be
experiencing one of the included pain conditions (neuropathic
pain, CNCP, arthritis, or fibromyalgia). If less than 80% of the
sample had one of the target pain conditions but results were
presented separately for the subsample experiencing one of
these pain conditions, we included the study and extracted
data for the target subgroup. Studies were required to examine
cannabis and cannabinoids as a primary or secondary
indication for pain and to measure at least 1 of our 3 primary
pain outcomes: pain intensity and 30% or 50% reduction in
pain.

2.7. Grading of evidence
As the review included RCTs and observational trials, we used an
adapted version of the standard Grades of Recommendation,
Assessment, Development and Evaluation (GRADE) tool to grade
the overall study methodology.63 Randomised controlled trials
began with a high rating that was downgraded if important
limitations were identified in the study methodology. Observational trials began with a low rating and were upgraded if
important strengths were identified. We additionally conducted
a GRADE assessment using GRADEPro (https://gradepro.org/)
for each reported pooled estimate that evaluated the risk of bias,
inconsistency, indirectness, imprecision, and publication bias
(through visual inspection of funnel plots).
2.8. Data extraction

2.3. Types of interventions
We considered studies examining tetrahydrocannabinol; cannabidiol; combination of tetrahydrocannabinol 1 cannabidiol; plant6

We extracted details on the participants, interventions, comparisons, outcomes, and study design (PICOS) of each study,
including: sample N, age, sex, medical and pain condition(s),
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length and type of treatment (including route of administration,
place in therapeutic hierarchy, dose, and cointerventions),
comparator type, study country, year, and design. Outcomes
were extracted following IMMPACT recommendations. When
data were not reported in full, we contacted authors for additional
information. When studies reported multiple measures of a single
domain (eg, pain intensity), we applied a hierarchy of evidence.
When authors reported multiple analyses (eg, intention to treat
[ITT], available case, or per protocol), we extracted the more
conservative with a preference for ITT analyses. We reported AEs
according to high-level Medical Dictionary for Regulatory
Activities (MedDRA; https://www.meddra.org/) categories and
report the 18 most common single AEs.
Data extraction, risk of bias, and GRADE assessments were
conducted in duplicate by 2 independent reviewers (any of G.C.,
E.S., M.W., D.Z., S.N., and R.R.). Interrater disagreement was
resolved via consultation with an independent third reviewer (any
of L.D., G.C., E.S., M.W., D.Z., and R.R.).
2.9. Data analysis
We extracted data from all reported time points in each trial. Our
primary analysis included data from the primary endpoint (or
longest follow-up) in each trial. If multiple assessments were
made on participants on the same day, we analysed the data
taken from the longest follow-up.
Data were analysed separately for RCTs and observational
study designs. All analyses were conducted using Review
Manager (RevMan) version 5.379 and Stata 15.0.75 Continuous
outcomes were pooled using fixed-effect generic inverse
variance meta-analysis and expressed as standardised mean
differences (SMDs) with 95% confidence intervals (CIs). To aid
clinical interpretation of the continuous outcome of change in pain
intensity, we additionally reexpressed the SMD for overall change
in pain intensity as a mean difference on a 100 mm visual
analogue scale (VAS) by multiplying the pooled SMD by a typical
baseline among-person SD on a 100 mm VAS, obtained from the
included studies.36,38 Dichotomous outcomes were summarised
as odds ratios (ORs) using the Mantel–Haenszel fixed-effect
model.22 For observational studies, we pooled event rates using
the Stata metaprop command.57 Heterogeneity was assessed
using the I2 statistic and described as low (#25%), moderate
(.25% and #50%), or high ($75%).35 When data permitted, we
assessed publication bias in the pooled estimates using the
Stata15.0 metabias command to detect small study effects.33 If
the test of small study effects was significant, we used the
Stata15.0 metatrim command to conduct Duval and Tweedie’s23
nonparametric trim and fill procedure and provide an adjusted
treatment effect. We conducted sensitivity analyses using the
inverse variance random effects model where I2 values exceeded
50%. For the primary pain intensity outcomes (30% reduction in
pain, 50% reduction in pain, and change in pain intensity), we
conducted subgroup analyses to assess for differences in RCTpooled estimates based on overall study risk of bias (low, unclear,
or high), study risk of bias due to sample size (low [1001
participants per treatment arm], unclear [30-100 per arm], and
high [,30 per arm]), intervention length (1-day studies, very short
term [,4 weeks], short term [4-12 weeks], intermediate term [1326 weeks], or long term [.26 weeks]), and imputation method
(none/ITT, completer-only, or last observation carried forward).
We followed Cochrane Collaboration methods to overcome unitof-analysis errors for multiarm studies.35 When raw data were not
reported, we used the Generic Inverse Variance fixed-effect
model to pool effect estimates and their standard errors.35

For dichotomous outcomes with at least a moderate GRADE
rating, we calculated numbers needed to treat to benefit (NNTBs)
and numbers needed to treat to harm (NNTHs) and their 95% CIs.
We used pooled estimates of relative effect measures (ORs) to take
into account the event rate in control groups.11 Number needed to
treat to benefit was calculated for the outcomes 30% reduction in
pain, 50% reduction in pain, and change in patient global impression
of change (PGIC). Number needed to treat to harm was calculated
for all-cause AEs and study withdrawals due to AEs. Panel G1 in
Appendix G summarises the core statistics and metrics used in this
article (available online at http://links.lww.com/PAIN/A592).

3. Results
The combined searches resulted in 2525 results. In total, 91
publications were eligible and included in the review, which
reported on 104 distinct studies (Fig. 1, Figure B1 Appendix B,
available online at http://links.lww.com/PAIN/A592). Table 1
(RCTs) and Table B1 in Appendix B (available online at http://
links.lww.com/PAIN/A592) (observational studies) contain the list
of included studies. The search additionally identified 17 ongoing
studies for which results are yet to be reported (Appendix Table
B2, available online at http://links.lww.com/PAIN/A592). Excluded studies are listed in Appendix Table B3 (appendices
available online at http://links.lww.com/PAIN/A592).
3.1. Study characteristics
Characteristics of included studies, including sample characteristics, pain classification, cannabinoid classification, treatment
length, dose, study outcomes, risk of bias rating, and imputation
method are provided in Table 1 (RCTs) and Appendix Table B1
(observational studies, available online at http://links.lww.com/
PAIN/A592). The 104 studies comprised 47 RCTs (24 parallel
RCTs and 23 cross-over RCTs), and 57 observational studies,
comprising a total of 9958 participants (n 5 4271 RCTs; 5687
observational studies). We contacted 9 authors for additional
information; 6 responded and 2 provided data that were used in
analyses. Most studies were conducted in Western Europe (n 5
47) or the United States (n 5 34, Table 2).
When possible, we have examined CNCP categories separately.
Overall, we found 48 studies of neuropathic pain (of which 16 were
multiple sclerosis [MS]-related and 32 were non–MS-related), 7
studies for fibromyalgia, 1 for arthritis (specifically rheumatoid
arthritis), and 48 studies for other CNCP (of which 13 were MSrelated pain, 6 were visceral pain, and 29 were studies of samples
with mixed or undefined non–MS-related CNCP, and Table 3).
3.2. Characteristics of participants
Detailed characteristics of participants in the studies are provided in
Table 1 (RCTs) and Appendix Table B1 (available online at http://
links.lww.com/PAIN/A592) (observational studies). Details of ongoing studies with no data available at time of current review are
detailed in Appendix Table B2 (available online at http://links.lww.
com/PAIN/A592). Details of studies excluded at the full-text review
stage are presented in Appendix Table B3 (available online at http://
links.lww.com/PAIN/A592). The number of participants ranged
from 1 to 649, with a median of 42 (mean 136.8). All studies were
conducted in adult samples, except for 2 case series of 2
adolescents (aged 14 and 15 years)67 and an open-label trial in
young girls with adverse drug effects after vaccination.59 Where
reported, mean age of adult participants ranged from 2843 to 6710
years (median 49.2, mean 50.5), and percentage of males ranged
7
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from 0% to 100% (median 46.7%; mean 45.1%). Mean baseline
pain intensity scores were 59.6 (SD 5 14.6; range: 30.1-87.5) on
a 100 mm VAS, suggesting that patients had moderate to severe
pain intensity at study intake.34
Pain was the primary indication in 76 studies and a secondary
indication in 28 studies. Of the 104 included studies, 412,64,69,77 (n 5
47 participants) examined cannabinoids as a first-line therapy, and
87 examined cannabinoids as a second-line therapy in addition to
existing medication regimens. In 13 studies, the place of cannabinoids in the therapeutic hierarchy was not reported or unclear. The
most common other adjunct medications were opioids, nonsteroidal
anti-inflammatory drugs, and antispasticity medications. In nearly all
RCT studies, patients were required to be on a stable dose of current
medication before commencement of the trial.
The most commonly studied cannabinoid was nabiximols,
followed by C. sativa. See Table B4 (available online at http://
links.lww.com/PAIN/A592) for more information on the cannabinoids used in the included trials, including route of administration,
duration, and dose.

3.3. Risk of bias ratings
Most parallel and cross-over RCTs were rated as unclear risk of
bias across all domains because information was not fully

1935

reported or could not be obtained from the authors (see Appendix
C for ratings of risk of bias, available online at http://links.lww.
com/PAIN/A592). Several were rated as at high risk of bias
because of selective reporting or other biases, such as omission
of data and CIs, changes in selection of the primary endpoint, or
a failure to take account of within-subject effects in cross-over
studies (Appendix C, Figures C1, C2, available online at http://
links.lww.com/PAIN/A592). Observational studies were judged
to be at serious or critical risk of bias for key domains because of
confounding, intervention measurement, high dropout, and
selection of the reported result (Figure C3, available online at
http://links.lww.com/PAIN/A592).

3.4. Outcomes
Tables D1 and D2 in Appendix D (available online at http://links.
lww.com/PAIN/A592) describe IMMPACT outcomes collected
in RCTs and observational studies, respectively. The most
commonly studied outcomes were pain intensity (n 5 100), AEs
(n 5 81), and withdrawals (n 5 71). Fewer studies reported on
physical functioning (n 5 52), emotional functioning (n 5 43),
and patient’s global impression of change (n 5 24). Only 2
studies in which pain was the primary indication reported on all 6
outcomes.40,80

Figure 1. PRISMA flowchart showing the process of selection of studies into the review. See Figure B1 in Supplementary Appendix B (available online at http://
links.lww.com/PAIN/A592) for the PRISMA flowchart of the systematic review of reviews. RCT, randomised controlled trial.
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Table 1

9

Chung et al.
(Canada)12

Carroll et al.
(United Kingdom)10

Blake et al.
(United Kingdom)8

Berman et al.
(United Kingdom)6

Ball et al.
(United Kingdom—
multicentre)4

Abrams et al.
(United States)1

Study ID (country)

Pain classification

NR
Cointerventions: NR

Age: NR

Male %: 0

Analgesic and sleep

Fibromyalgia

Total N: 6

(Parkinson disease–related) Adjuvant

Age: 67 (NR)
Cointerventions:
antiparkinsonian medication

Dyskinesia

CNCP

Total N: 19

Male %: 63.2

Cointerventions: NSAIDs;
prednisolone; and DMARDS

Male %: 21

Age: 62.8 (9.8)

Analgesic; stiffness; and
sleep
Adjuvant

Total N: 58

Rheumatoid arthritis

Cointerventions: NR

Male %: 95.8

(Brachial plexus avulsion)

Adjuvant

Analgesic

Total N: 48

Age: 39 (NR)

Paracetamol; NSAIDs;
opioids; and antiepileptics

Male %: 40.8

Neuropathic pain

Adjuvant

Nabilone (oral)†

THC:CBD (oral)†

Nabiximols
(oromucosal spray)†

(2) Nabiximols
(oromucosal spray)†

(1) THC extract
(oromucosal spray)†

Antispasticity and analgesic Dronabinol (oral)†

Total N: 493

Age: 52.19 (7.8) (MS-related)

Analgesics

Cannabis sativa
(smoked)

Cannabinoid
classification

Male %: 85.7

CNCP

(HIV-related)

Age: 48.5 (6.5)

Adjuvant

Cointerventions
Analgesic

Neuropathic pain

Male %

Place in therapeutic
hierarchy

Indication(s)

Total N: 55

Age: mean (SD) (Specific condition)

Sample N

Characteristics of included randomised controlled trials, n 5 47.

3.56% THC

Daily dose (lower and
upper limits)

4 wk (short-term
study)

4 wk (short-term
study)

5 wk (short-term
study)

14 d (very shortterm study)

14 d (very shortterm study)

Pain intensity: significant,
positive effect*

30%: not assessed

50%: not assessed

Pain intensity: significant,
positive effect*

30%: not assessed

50%: not assessed

Pain intensity: significant,
positive effect (data not
reported in usable manner)

30%: significant, positive
effect*

50%: not assessed

Pain outcomes

NR

·
(continued on next page)

NR

Low/unclear risk

NR

Moderate/unclear risk

ITT analysis

Moderate/unclear risk

ITT analysis

Moderate/high risk

ITT analysis

High/low risk

All patients who remained in
the study at each time point
were included in the analysis

High/low risk

Analysis method

GRADE methodology
rating/RoB

E. Stockings et al. 159 (2018) 1932–1954

Pain intensity: significant,
positive effect (data not
reported, only P value given)

30%: not assessed

50%: not assessed

Pain intensity: no benefit*

Minimum dose of 5 mg THC 50%: not assessed
and 2.5 mg CBD
30%: not assessed

Pain intensity: significant,
positive effect*

14.58 mg THC (2.7-16.2 mg) 50%: not assessed
and 13.5 mg CBD (2.5-15 mg)
30%: not assessed

NR (max dose of 129.6 mg
THC and 120 mg CBD)

NR (max dose of 129.6 mg
THC)

156 wk (long-term 15.085 mg (14-28 mg)
study)

5 d (very shortterm study)

Treatment
duration

1936
PAIN®

10

Neuropathic pain

(HIV-related)

Total N: 34

Age: 49.1 (6.9)
Male %: 97

Male %: 50

Age: 52.9 (9.65) (Visceral—due to chronic
pancreatitis)

Adjuvant
Cointerventions: opioids;
NSAIDs; antidepressants;
and anticonvulsants

Analgesic

Cointerventions:
paracetamol; NSAIDs;
opioids; and antiepileptics
C. sativa (smoked)

5 d (very shortterm study)

NR (1-8% THC)

30%: significant, positive
effect (cross-over data not
presented in usable format)
Pain intensity: significant,
positive effect (cross-over data
not presented in usable format)

50%: not assessed

50%: not assessed

Pain intensity: no benefit*

NR (9-24 mg)

Adjuvant

50-52 d (shortterm study)

30%: not assessed

Dronabinol (oral)†

Pain intensity: no benefit*

30%: not assessed

50%: not assessed

Analgesic; health-related
quality of life; sleep; and
change in functioning

CNCP—visceral

8 mg

Total N: 65

Adjuvant

1 d (very shortterm study)

Pain intensity: significant,
positive effect*

30%: not assessed

50%: not assessed

Cointerventions: 23/24
(95.8%) of participants used
concomitant medications,
including opioids, NSAIDs,
paracetamol,
anticonvulsants,
antidepressants, and
pancreatic enzymes

(Visceral—due to chronic
pancreatitis)

Dronabinol (oral)†

4% THC (800 mg plant
material)

High/unclear risk

Analysis method

GRADE methodology
rating/RoB

www.painjournalonline.com

(continued on next page)

Other: missing values were
imputed from the most
unfavourable (ie, highest)
50% of the observed
(completers) values

Moderate/unclear risk

Patients who withdrew were
replaced

Moderate/unclear risk

Patients who withdrew were
replaced

Moderate/unclear risk

Other: worst-case scenario
sensitivity analysis

Moderate/unclear risk

30%: no benefit (data for
ITT analysis
control group not presented)
Pain intensity: no benefit*

50%: not assessed

Pain outcomes

Male %: 62.5

Age: 51.8 (9.3)

Analgesic

CNCP—visceral

Total N: 25

3 d (very shortterm study)

22.95 mg THC (2.7-59.4
mg) and 21.25 mg CBD
(2.5-55 mg)

Daily dose (lower and
upper limits)

Number 10

Ellis et al.
(United States)26

de Vries et al.
(Netherlands)19

de Vries et al.
(Netherlands)18

Adjuvant
Cointerventions:
antispasticity agents

(MS-related)

Age: 51 (8)

Antispasticity and analgesic C. sativa (smoked)

Male %: 37

CNCP

Total N: 37

Cointerventions:
antispasticity agents

14 wk
(intermediateterm study)

Treatment
duration

·

Adjuvant

Spasticity (primary); tremor; Nabiximols
analgesic; fatigue; sleep
(oromucosal spray)†
quality; bladder function;
and quality of life

Cannabinoid
classification

Table 1 (continued)
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Corey-Bloom et al.
(United States)15

(MS-related)

CNCP

Cointerventions

Male %

Indication(s)
Place in therapeutic
hierarchy

Pain classification

Age: mean (SD) (Specific condition)

Sample N

·

Total N: 337
Collin et al.
(multicentre—15
Age: 48 (9.61)
centres in United
Kingdom and 8 in Czech Male %: 39
Republic)14

Study ID (country)

October 2018
1937

11

Lynch et al.
(Canada)42

Langford et al.
(multicentre—12 centres
in United Kingdom, 7 in
Czech Republic, 5 in
Canada, 5 in Spain, and 4
in France)40

Karst et al.
(Germany)39

Hagenbach et al. (c)
(Switzerland)31

Frank et al.
(United Kingdom)29

Study ID (country)

Analgesic

Neuropathic pain

(Mixed aetiologies: pain after Adjuvant
injury or surgery;
Cointerventions: analgesics
demyelination; complex
regional pain syndrome;
diabetic neuropathy;
postherpetic neuralgia, and
others)

CNCP

(Spinal cord injury)

Total N: 96

Age: 50.15
(13.69)
Male %: 52

Total N: 13

Age: 42.6 (NR)

Analgesic

Neuropathic pain

(Mixed aetiologies, including
lesions to cervicobrachial
plexus, left maxillary nerve,
left trigeminal nerve, etc.)

Neuropathic pain
(MS-related)

Total N: 21

Age: 50.86
(11.69)
Male %: 61.9

Total N: 339
Age: 48.97
(10.47)

(Chemotherapy-induced)

Age: 56 (10.8)

Male %: 16.7

Neuropathic pain

Total N: 18

Cointerventions: analgesics

Adjuvant

Analgesic

Cointerventions:
anticonvulsant; NSAID;
analgesics; tricyclic
antidepressants; opioids;
and antiarrhythmic

Analgesic
Adjuvant

Adjuvant
Cointerventions: analgesics;
NSAIDs; opioids;
anticonvulsant; and tricyclic
antidepressants

Cointerventions: NR

Adjuvant

Male %: 92

Male %: 32

Nabilone (oral)†

Cannabinoid
classification

Nabiximols
(oromucosal spray)†

Nabiximols
(oromucosal spray)†

CT-3 (oral)†

4 wk (short-term
study)

14 wk
(intermediateterm study)

1 wk (very shortterm study)

NR

6 wk (short-term
study)

Treatment
duration

Table 1 (continued)

Antispasticity and analgesic Dronabinol (oral)†

Cointerventions

Male %

Indication(s)
Place in therapeutic
hierarchy

Pain classification

Age: mean (SD) (Specific condition)

Sample N

Pain intensity: no benefit*

30%: no benefit*

50%: no benefit*

30%: no benefit*
Pain intensity: significant,
positive effect*

50%: no benefit*

Pain intensity: assessed but
outcomes not reported

30%: not assessed

50%: not assessed

30%: not assessed
Pain intensity: no benefit
(dihydrocodeine superior to
nabilone)*

50%: not assessed

Pain outcomes

Pain intensity: no benefit
(cross-over data not
reported in usable format)

21.6 mg THC (8.1-32.4 mg) 50%: not assessed
and 20 mg CBD (7.5-30 mg)
30%: not assessed

23.76 mg THC and 22 mg
CBD (max dose of 32.4 mg
THC and 30 mg CBD)

NR (40-80 mg)

NR (20-60 mg)

NR (0.25-2 mg)

Daily dose (lower and
upper limits)

(continued on next page)

LOCF

Moderate/low risk

High/low risk
ITT analysis

Other: 2 patients whom
dropped out early in the
study had their data
excluded

Moderate/low risk

NR

High/unclear risk

Other: missing data from the
past 2 weeks were
substituted with data from
the preceding week (if no
data, then the treatment
period was excluded)

High/unclear risk

Analysis method

GRADE methodology
rating/RoB

1938
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Age: 54.58
(11.57)
Male %: 41.4

Total N: 70

Total N: 125
Age: 53.34
(15.5)
Male %: 40.8

Neuropathic pain
(Mixed aetiologies, eg, focal
nerve lesion; peripheral
neuropathy; postherpetic
neuralgia; complex regional
pain syndrome, etc).
Analgesic
Adjuvant
Cointerventions:
antiepileptic; tricyclic;
opioids; analgesics; and
anti-inflammatory

Nabiximols
(oromucosal spray) †

5 wk (short-term
study)

29.403 mg THC (3.5184.78 mg) and 27.225 mg
CBD (3.25-78.5 mg)

30%: no benefit*
Pain intensity: significant,
positive effect*

50%: no benefit*

Pain intensity: no benefit*

30%: not assessed

50%: not assessed

(continued on next page)

High/low risk
ITT analysis

Moderate/high risk
ITT analysis

NR

Moderate/unclear risk

NR

High/unclear risk

High/unclear risk
NR

LOCF

Moderate/low risk

Analysis method

GRADE methodology
rating/RoB

Number 10

Nurmikko et al.
(multicentre—5 centres
in United Kingdom and 1
in Belgium)56

Cointerventions:
antispasticity agents and
disease-modifying
medications

12 wk (short-term 22.41 mg THC and 20.75
study)
mg CBD (max dose of 32.4
mg THC and 30 mg CBD)

Pain intensity: no benefit*
Nabiximols
(oromucosal spray)†

Cointerventions: NR
Antispasticity
Adjuvant

50%: not assessed

Pain intensity: no benefit*

30%: not assessed

50%: not assessed

30%: not assessed

NR (max dose of 130 mg
THC and 120 mg CBD)

Max dose of 120 mg THC
and 120 mg CBD

Pain intensity: no benefit*

Adjuvant

3 wk (very shortterm study)

3 wk (very shortterm study)

30%: not assessed
Pain intensity: significant,
positive effect (incomplete
data reported)

Max dose of 65 mg THC and 50%: not assessed
60 mg CBD
30%: no benefit*

20 mg

50%: not assessed

(Spinal cord injury)

Nabiximols
(oromucosal spray)†

Nabiximols
(oromucosal spray)†

14 wk
(intermediateterm study)

1 d (very shortterm study)

10 mg

Pain outcomes

Analgesic

Cointerventions: analgesics

Adjuvant

Analgesic

Nabiximols
(oromucosal spray)†

(2) Dronabinol (oral)†
20 mg

1 d (very shortterm study)

Daily dose (lower and
upper limits)

Neuropathic pain

Neuropathic pain
(MS-related)

Total N: 241
CNCP
Novotna et al.
Age: 48.6 (9.33) (MS-related)
(multicentre—18
centres in United
kingdom, 11 in Spain, 10 Male %: 40
in Poland, 8 in Czech
Republic, and 5 in Italy)54

Total N: 116
NCT01606202 (GW
Pharmaceuticals 2012b)
Age: 48.1
(United Kingdom and
(12.69)
Romania)50
Male %: 78.4

NCT01606176 (GW
Pharmaceuticals 2012)
(United Kingdom)51

Cointerventions: analgesics

Analgesic
Adjuvant

(Neuropathic pain [n 5 7]; Adjuvant
nociceptive pain [n 5 7];
Cointerventions: opioids
mixed neuropathic and
nociceptive [n 5 11]; and
uncategorised pain [n 5 6])

Age: 43.76
(11.8)
Male %: 46.7

(1) Dronabinol (oral)†
10 mg

Treatment
duration

·

Neuropathic pain
(Diabetes-related)

Analgesic

CNCP

Total N: 30

Cannabinoid
classification

Table 1 (continued)
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Total N: 297
NCT00710424 (GW
Age: 59.5
Pharmaceuticals 2008)
(10.54)
(United Kingdom, Czech
Republic, and Romania)49
Male %: 61.6

Cointerventions

Male %

Indication(s)
Place in therapeutic
hierarchy

Pain classification

Age: mean (SD) (Specific condition)

Sample N

·

Narang et al.
(United States)47

Study ID (country)

October 2018
www.painjournalonline.com
1939

13

Schimrigk et al. (a)
(Germany)68

Rog et al.
(United Kingdom)66

Riva et al.
(4 centres in Italy)65

Rintala et al.
(United States)64

Pinsger et al.
(Austria)62

Pini et al.
(Italy)61

Study ID (country)

Analgesic

CNCP

(Medication overuse
headache pain)

Total N: 30

Age: 52.7 (9.6)

(Mixed conditions, eg,
Adjuvant
cervical syndrome; lumbago Cointerventions: NR
and thoracic syndrome;
intervertebral disk prolapse;
etc.)

Neuropathic pain

(Spinal cord injury)

Age: NR
Male %: 71

Total N: 7

Age: 50.1 (8.3)

Male %: 27.1

Cointerventions: analgesics
(most common was
gabapentin [20.8% of patients])

Analgesic and quality of life Dronabinol (NR)†
Adjuvant

Neuropathic pain
(MS-related)

Total N: 240
Age: 47.7 (9.7)

Adjuvant

Nabiximols
(oromucosal spray) †

Cointerventions: analgesics
(eg, acetaminophen;
opioids; NSAIDs; etc.)

(MS-related)

Age: 49.2 (8.3)

Analgesic

Nabiximols
(oromucosal spray)†

Dronabinol (oral)†

Nabilone (oral)†

Nabilone (oral)†

Cannabinoid
classification

16 wk
(intermediateterm study)

4 wk (short-term
study)

6 wk (short-term
study)

8 wk (short-term
study)

4 wk (short-term
study)

8 wk (short-term
study)

Treatment
duration

Table 1 (continued)

Male %: 21.2

Neuropathic pain

Total N: 66

Cointerventions:
antispasticity therapy

Antispasticity; sleep;
analgesic; change in
functioning; and appetite
adjuvant

Total N: 60
Age: NR

Male %: NR

Cointerventions: not
applicable

Primary

Male %: 71.4

CNCP
(Amyotrophic lateral
sclerosis–related)

Analgesic

CNCP

Total N: 30

Analgesic

Cointerventions: analgesics

Male %: 33.3

Adjuvant

Cointerventions

Male %

Indication(s)
Place in therapeutic
hierarchy

Pain classification

Age: mean (SD) (Specific condition)

Sample N

12.7 mg (0-15.9 mg)

Moderate/unclear risk

NR

Moderate/low risk

Analysis method

GRADE methodology
rating/RoB

Pain intensity: significant,
positive effect (data not
reported)

30%: not assessed

50%: not assessed

Pain intensity: no benefit*

30%: not assessed

50%: not assessed

30%: not assessed
Pain intensity: no benefit*

50%: not assessed

Pain intensity: significant,
positive effect*

(continued on next page)

Moderate/low risk
ITT analysis

ITT analysis

High/low risk

Moderate/unclear risk
NR

NR

Moderate/unclear risk

30%: not assessed
ITT analysis
Pain intensity: no benefit
(cross-over data not
presented in usable format)

50%: not assessed

Pain intensity: significant,
positive effect (cross-over data
not presented in usable format)

30%: not assessed

50%: not assessed

Pain outcomes

25.92 mg THC (5.4-67.5
50%: not assessed
mg) and 24 mg CBD (5-62.5
mg)
30%: not assessed

NR

NR (5-20 mg)

NR (0.25-1 mg)

0.5 mg

Daily dose (lower and
upper limits)

1940
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Analgesic

Neuropathic pain

(MS-related)

Total N: 24

Age: NR

Analgesic

Neuropathic pain

(MS-related)

Total N: 15

Age: 45.5
(10.84)
Male %: 13.3

Cointerventions: spasmolytic
therapy

Analgesic
Adjuvant

Neuropathic pain

(MS-related)

Adjuvant
Cointerventions: gabapentin

Cointerventions: not
applicable

Male %: 41.7

Primary

Cointerventions: NR

Male %: 7

Male %: 33.3

Nabiximols
(oromucosal spray)†

THC extract (oral)†

Nabilone (oral) †

Dronabinol (oral)†

Analgesic and quality of life Nabilone (oral)†
Adjuvant

Fibromyalgia

Adjuvant
Cointerventions: analgesics
(eg, tricyclic
antidepressants;
antiepileptics; natural opium
alkaloids; opioids; etc.)

Analgesic; health-related
quality of life; and sleep

Age: 47.6 (9.13)

Total N: 40

Neuropathic pain
(Focal nerve lesion [n 5
96]; postherpetic neuralgia
[n 5 64]; peripheral
neuropathy [n 5 60]; and
complex regional pain
syndrome type II [n 5 31])

NR

9 wk (short-term
study)

20 d (very shortterm study)

4 wk (short-term
study)

14 wk
(intermediateterm study)

16 mg

NR (0.5-2 mg)

NR (2.5-10 mg)

NR (0.5-2 mg)

24.03 mg THC and 22.25
mg CBD (max dose of 64.8
mg THC and 60 mg CBD)

Pain intensity: no benefit*

30%: not assessed

50%: not assessed

30%: not assessed
Pain intensity: significant,
positive effect (data not
presented)

50%: not assessed

Pain intensity: significant,
positive effect*

30%: not assessed

50%: no benefit*

Pain intensity: significant,
positive effect (data not
presented)

30%: not assessed

50%: not assessed

30%: significant, positive
effect*
Pain intensity: no benefit*

50%: no benefit*

Pain intensity: no benefit*

30%: no benefit*

50%: not assessed

Pain outcomes

(continued on next page)

NR

Moderate/unclear risk

Other: missing data were
imputed separately for each
study group by calculating
the midpoint of the average
group scores

Moderate/low risk

ITT analysis

Moderate/low risk

NR

Moderate/unclear risk

High/low risk
ITT analysis—however, 6
patients were not included in
the analysis, as they had no
on-treatment efficacy data

Moderate/unclear risk
ITT analysis

Analysis method

GRADE methodology
rating/RoB

Number 10

van Amerongen et al. (a) Total N: 24
(Netherlands)83
Age: 54.3 (8.9)

Turcotte et al.
(Canada)81

Svendsen et al.
(Denmark)77

Skrabek et al.
(Canada)74

Total N: 246
Serpell et al.
Age: 57.3 (14.2)
(multicentre—21
centres in United
Male %: 39
Kingdom, 7 in Czech
Republic, 6 in Romania, 4
in Belgium, and 1 in
Canada)72

Daily dose (lower and
upper limits)

12 wk (short-term NR
study)

Treatment
duration

·

Cointerventions: preexisting
neuropathic pain treatment

Nabiximols
(oromucosal spray)†

Cannabinoid
classification

Table 1 (continued)
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Male %: 63.3

Analgesic; health-related
quality of life; and mental
health
Adjuvant

Total N: 30
Age: 56.3
(10.29)

Neuropathic pain
(Diabetes-related)

Cointerventions

Male %

Indication(s)
Place in therapeutic
hierarchy

Pain classification

Age: mean (SD) (Specific condition)

Sample N

·

Selvarajah et al.
(United Kingdom)71

Study ID (country)

October 2018
www.painjournalonline.com
1941

15

Ware et al.
(Canada)92

Ware et al.
(Canada)90

Analgesic

(Diabetes-related)

Age: 56.9 (8.2)

Analgesic

Total N: 23
Adjuvant
Cointerventions: opioids;
antidepressants;
anticonvulsants; and NSAIDs

Age: 45.4 (12.3) (Due to trauma or surgery)

Male %: 47.8

Neuropathic pain

Adjuvant
Cointerventions: NR

Sleep; analgesic; mood;
quality of life; and global
satisfaction

Total N: 31
Fibromyalgia
Age: 49.5 (11.2)

Male %: 16

Cointerventions: other
diabetes medication;
opioids; and NSAIDs

Male %: 56

Adjuvant

Cointerventions: NR

Neuropathic pain

Adjuvant

Total N: 16

(MS-related)

Age: 50.7 (NR)

Antispasticity; analgesic

Adjuvant
Cointerventions: NR

Neurogenic symptoms:
analgesic; antispasticity;
impaired bladder control;
and tremor

Male %: 38

CNCP

Total N: 160

Wade et al.
(United Kingdom)86

Wallace et al.
(United States)89

Neuropathic pain
(Mixed aetiologies: MSrelated [n 5 14]; spinal cord
injury [n 5 4]; brachial
plexus lesion and
neuropathy [n 5 1]; and
phantom limb pain [n 5 1])

Total N: 20
Age: 48 (NR)
Male %: 50

Adjuvant
Cointerventions: spasmolytic
therapy

(MS-related)

Wade et al.
(United Kingdom)87

Analgesic

C. sativa (smoked)†

Nabilone (oral)†

C. sativa (vaporised)†

Nabiximols
(oromucosal spray)†

(1) THC extract
(sublingual spray)†
(2) CBD extract
(sublingual spray)†
(3) THC:CBD extract
(sublingual spray)†

THC extract (oral)†

Cannabinoid
classification

5 d (very shortterm study)

2 wk (very shortterm study)

1 d (very shortterm study)

6 wk (short-term
study)

8 wk (short-term
study)
8 wk (short-term
study)
8 wk (short-term
study)

4 wk (short-term
study)

Treatment
duration

Table 1 (continued)

Neuropathic pain

Cointerventions

Male %

Indication(s)
Place in therapeutic
hierarchy

Pain classification

Age: mean (SD) (Specific condition)

Sample N

van Amerongen et al. (b) Total N: 24
(Netherlands)83
Age: 54.3 (8.9)
Male %: 33.3

Study ID (country)

(3) 9.4%

(2) 6.0%

(1) 2.5%

NR (0.5-1 mg)

(2) 4%
(3) 7%

(1) 1%

Max dose of 120 mg THC
and 120 mg CBD

NR (2.5-120 mg)
NR (2.5-120 mg)
NR (2.5-120 mg THC and
2.5-120 mg CBD)

21.75 mg (9-29 mg)

Daily dose (lower and
upper limits)

Moderate/unclear risk

NR

High/high risk

Moderate/unclear risk
NR

NR

Moderate/unclear risk

Analysis method

GRADE methodology
rating/RoB

Pain intensity: significant,
positive effect*

30%: not assessed

50%: not assessed

Pain intensity: no benefit*

30%: not assessed

50%: not assessed

Pain intensity: significant,
positive effect (cross-over
data not presented in usable
format)

(continued on next page)

ITT analysis

Moderate/unclear risk

Moderate/low risk
NR

30%: no benefit (cross-over NR
data not presented in usable
format)

50%: not assessed

Pain intensity: no benefit*

30%: not assessed

50%: not assessed

30%: not assessed
Pain intensity: significant,
positive effect (cross-over
data not presented in usable
format)

50%: not assessed

30%: not assessed
Pain intensity: no benefit*

50%: not assessed

Pain outcomes

1942
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Zajicek et al.
(United Kingdom)99

Analgesic

CNCP

(Upper motor neuron
syndrome)

Total N: 13

Age: 44.8
(14.38)

Anticolonic

CNCP—visceral

(IBS-related)

Total N: 75

Age: 41 (NR)

antispasticity agents

Antispasticity and analgesic (1) Dronabinol (oral)†
Adjuvant
(2) THC:CBD extract
(oral)†
Cointerventions:

Total N: 630
CNCP
Age: 50.55 (7.9) (MS-related)

Male %: 33.65

Cointerventions: NR

Dronabinol (NR)†

Nabilone (oral)†

C. sativa (vaporised)

Male %: NR

NR

Cointerventions:
premedication and physical
therapy

Male %: 30.7

Adjuvant

Cointerventions: analgesics

Male %: 69

Analgesic
Adjuvant

Neuropathic pain

Age: 46.4 (13.6) (Spinal cord injury)

Total N: 42

C. sativa (vaporised)

14 wk
(intermediateterm study)
14 wk
(intermediateterm study)

1 d (very shortterm study)

4 wk (short-term
study)

1 d (very shortterm study)

1 d (very shortterm study)

1 d (very shortterm study)

NR (10-25 mg)
NR (10-25 mg THC and
5-12.5 mg CBD)

(2) 5 mg

(1) 2.5 mg

NR (0.5-1 mg)

(2) 6.7%

(1) 2.9%

(2) 3.53%

(1) 1.29%

(2) 7%

(1) 3.5%

Daily dose (lower and
upper limits)

Pain intensity: not assessed

30%: significant, positive
effect*

50%: not assessed

Pain intensity: no benefit
(incomplete data reported)

30%: not assessed

50%: not assessed

Pain intensity: significant,
positive effect*

30%: not assessed

50%: not assessed

Pain intensity: significant,
positive effect

30%: significant, positive
effect (data not presented)

50%: not assessed

30%: significant, positive
effect (data not presented)
Pain intensity: significant,
positive effect (data not
presented)

50%: not assessed

30%: not assessed
Pain intensity: significant,
positive effect*

50%: not assessed

Pain outcomes

(continued on next page)

High/low risk
ITT analysis

Other: missing data were
imputed using the overall
subjects’ mean (or median)

High/unclear risk

NR

Moderate/unclear risk

NR

Moderate/high risk

ITT analysis

Moderate/unclear risk

ITT analysis

Moderate/unclear risk

Analysis method

GRADE methodology
rating/RoB

Number 10

Wong et al.
(United States)98

Wissel et al.
(Switzerland)97

Wilsey et al.
(United States)96

(Mixed aetiologies: spinal
Adjuvant
cord injury; complex regional Cointerventions: NR
pain syndrome; diabetic
neuropathy; multiple
sclerosis; etc.)

Age: 50 (11)

Male %: 71.7

Neuropathic pain

Total N: 39

Analgesic

(Mixed aetiologies: spinal
Adjuvant
cord injury; complex regional Cointerventions: NR
pain syndrome; diabetic
neuropathy; multiple
sclerosis; etc)

Age: NR

C. sativa (vaporised)

Treatment
duration

·

Wilsey et al.
(United States)94

Analgesic

Neuropathic pain

Total N: 38

Cannabinoid
classification

Table 1 (continued)
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Male %: 52.6

Cointerventions

Male %

Indication(s)
Place in therapeutic
hierarchy

Pain classification

Age: mean (SD) (Specific condition)

Sample N

·

Wilsey et al.
(United States)95

Study ID (country)

October 2018
www.painjournalonline.com
1943

·

LOCF
30%: not assessed

Pain intensity: significant,
positive effect*

Adjuvant

Cointerventions:
physiotherapy; antispasticity
agents; and analgesics
Male %: 36.8

Age: 51.94 (7.8) (MS-related)

* Study had sufficient data and was used in meta-analysis. Reasons are provided in parentheses for why studies reporting an outcome were not used in meta-analysis.
† Cannabinoid was pharmaceutical grade.
CBD, cannabidiol; CNCP, chronic noncancer pain; DMARDs, disease-modifying antirheumatic drugs; IBS, inflammatory bowel syndrome, ITT, intention to treat; LOCF, last observation carried forward; MS, multiple sclerosis; NR, not reported; NSAID, nonsteroidal anti-inflammatory drug; RoB, risk of bias; THC,
D-9-tetrahydrocannabinol.

High/low risk

Zajicek et al.
(22 centres in
United Kingdom)100

Total N: 277

CNCP

Cointerventions
Male %

Place in therapeutic
hierarchy
Age: mean (SD) (Specific condition)

Antispasticity and analgesic THC extract (oral)†

12 wk (short-term 17.1 mg (5-25 mg)
study)

50%: not assessed

Analysis method

Pain outcomes
Daily dose (lower and
upper limits)
Treatment
duration

Table 1 (continued)

Cannabinoid
classification
Indication(s)
Pain classification
Sample N
Study ID (country)
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GRADE methodology
rating/RoB
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3.5. Pain
3.5.1. Thirty percent reduction in pain
3.5.1.1. Randomised controlled trial evidence
Of the 47 included RCTs, 13 assessed 30% reduction in pain
(Table D1 in Appendix D, available online at http://links.lww.com/
PAIN/A592), of which 8 RCTs (based on 9 data points) reported
sufficient data and were used in the meta-analysis. Across all
cannabinoids and CNCP conditions, cannabinoids were more
likely than placebo groups to produce a 30% reduction in
pain1,37,39,40,56,71,72,99 (n 5 1734, OR 1.46, 95% CI 1.16-1.84,
Table 4 and Table E1 and Figure E1 in Appendix E, available
online at http://links.lww.com/PAIN/A592). A summary of key
outcomes, including NNTB is shown in Table 6. No evidence of
small study effects was detected (P 5 0.08). We found significant
effects for plant-based cannabis, THC:CBD extract, and ajulemic
acid, but these were each based on a single study and our
GRADE ratings for these estimates was moderate to very low.
Among the specific pain conditions, we found effects for
neuropathic pain and MS-related CNCP (Table 4 and Figure
E1, available online at http://links.lww.com/PAIN/A592). Of the
remaining 5 studies that assessed 30% reduction in pain but for
which data were not reported or obtained from study authors, 3
reported a significant positive effect and 2 reported no benefit.
When examined by overall study risk of bias rating and risk of bias
due to sample size, the effect estimate remained significant for
studies classified as having low risk and for studies with more than
100 participants per treatment arm, but was not significant for
studies at unclear risk of bias, or for studies with less than 100
participants per arm, with notably larger but nonsignificant effects
for the smallest studies (,30 participants per arm; Figures E1.1
and E1.1a, available online at http://links.lww.com/PAIN/A592).
No significant differences in effect sizes were identified between
studies with interventions of very short term (,4 weeks), short
term (4-12 weeks), and intermediate term (13-26 weeks, Figure
E1.2, available online at http://links.lww.com/PAIN/A592). All
studies assessed outcomes using ITT analyses without
imputation.
3.5.1.2. Observational evidence
In observational studies with a comparison group, one small
open-label study with a randomised withdrawal phase (n 5 2680)
found that nabilone was significantly more likely to produce a 30%
reduction in pain relative to placebo (Table 4). In observational
studies with no comparison group, the pooled prevalence of
receiving cannabinoids reported achieving a 30% reduction in
pain was 72% (95% CI 66%-78%) (Figure E5 and Appendix F,
available online at http://links.lww.com/PAIN/A592).
3.5.2. Fifty percent reduction in pain
3.5.2.1. Randomised controlled trial evidence
Five of the 47 included RCTs assessed 50% reduction in pain, all of
which provided sufficient data for meta-analysis. We found no
significant evidence that cannabinoids reduced pain by 50%
compared with placebo groups (OR 1.43, 95% CI 0.97-2.11,
Table 4 and Table E1 and Figure E2 in Appendix E, available online
at http://links.lww.com/PAIN/A592). We found no effect for any of
the specific cannabinoids; however, among pain conditions,
a significant effect was found for non–MS-related neuropathic
pain (Table 4). No evidence of small study effects was detected
17
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(P 5 0.12). No subgroup analysis was able to be conducted for
overall study risk of bias, as all studies were classified as low risk.
When examined by risk of bias due to sample size, effects were larger
and had substantial uncertainty for studies of ,100 participants per
treatment arm compared with studies with 1001 participants, but all
estimates fell within overlapping bounds of uncertainty and were
nonsignificant (Figure E2.1.a, available online at http://links.lww.com/
PAIN/A592). No differences were detected between studies with
interventions of very short term (,4 weeks), short term (4-12 weeks),
and intermediate term (13-26 weeks, Figures E2.1 and E2.2,
available online at http://links.lww.com/PAIN/A592). All studies
assessed outcomes using ITT analyses without imputation.

1945

3.5.3.2. Observational evidence
In the observational studies with a comparison group, we found no
significant evidence of effect for cannabinoids in reducing pain
intensity (Table 4). A significant reduction in pain intensity was
identified in within-person pre–post assessments of pain in
observational studies with no comparison group (Appendix F,
available online at http://links.lww.com/PAIN/A592). Five RCTs
examined reductions in analgesic use. People taking nabiximols
had a greater reduction in the frequency and quantity of use of rescue
analgesics compared with placebo groups (SMD 20.13, 95% CI 2
0.26 to 20.01, I2 5 48%); this had a moderate GRADE rating.

3.5.2.2. Observational evidence

3.6. Physical functioning

Two observational studies with a comparison group found evidence
of a significant effect for 50% reduction in pain; however, the
GRADE rating for this outcome was very low (Table 4 and Table E1
in Appendix E, available online at http://links.lww.com/PAIN/A592).
Outcomes for observational studies with no comparison group
were equivocal and are summarised narratively in Appendix F
(available online at http://links.lww.com/PAIN/A592).

No significant effect of cannabinoids on overall physical
functioning in 18 RCTs, Table E2 and Figure E6 (available online
at http://links.lww.com/PAIN/A592) or quality of life (n 5 11
RCTs) compared with placebo groups was found (Table E2 and
Figure E8, available online at http://links.lww.com/PAIN/A592).
There was a significant effect of cannabinoids in reducing sleep
problems when compared with placebo groups (SMD 20.29,
95% CI 20.40 to 20.19), but the GRADE assessment for this was
low (Table E2 and Figure E7, available online at http://links.lww.
com/PAIN/A592). We found a reduction in sleep problems when
compared with placebo groups for nabiximols with a moderate
GRADE rating (SMD 20.32, 95% CI 20.44 to 20.20, Table E3 in
Appendix E, available online at http://links.lww.com/PAIN/A592).
No small study effects were detected for any of these outcomes
(P’s range from 0.14 to 0.84).

3.5.3. Change in pain intensity
3.5.3.1. Randomised controlled trial evidence
Of the 47 RCTs included in the review, 45 reported data on pain
intensity, of which 30 (comprising 34 data points) reported
sufficient data and were used in the meta-analysis for change in
pain intensity. We found that cannabinoids overall produced
a larger reduction in pain intensity than placebo groups (SMD 2
0.14, 95% CI 20.20 to 20.08, Table 4 and Table E1 and Figure
E3 in Appendix E, available online at http://links.lww.com/PAIN/
A592). We calculated this to be roughly equivalent to a reduction
of 2.9 mm on a 100 mm VAS (95% CI 24.61 to 21.46) greater
than placebo groups. Among the cannabinoids, there were
significant effects for nabiximols and THC extract, both with
a moderate GRADE rating (Table E1, available online at http://
links.lww.com/PAIN/A592). We found an effect for neuropathic
pain (MS and non–MS-related) and rheumatoid arthritis, but the
latter was based on 1 small study and had a very low-grade
rating (Table 4). No evidence of small study effects was
detected (P 5 0.49). Of the remaining 15 studies that assessed
pain intensity but for which data were not reported or obtained
from study authors, 12 reported a significant positive effect and
3 reported no benefit. When examined by overall risk of bias
rating, the effect estimate remained significant for studies
classified as low risk but was not significant for studies at unclear
or high risk of bias (Figure E3.1, available online at http://links.
lww.com/PAIN/A592), and effect sizes were larger for studies
with smaller sample sizes (Figure E3.1a, available online at
http://links.lww.com/PAIN/A592). When examined by study,
intervention length effects seemed to dissipate with increasing
study length: 1-day and very short term (,4 weeks) studies
remained significant; however, studies conducted in the short
(4-12 weeks), intermediate (13-26 weeks), or long term (.26
weeks) did not, with decreasing effect sizes as study length
increased (Figure E3.2, available online at http://links.lww.com/
PAIN/A592). The effect remained significant for studies using
ITT analyses, however, was smaller and not significant for
studies using last observation carried forward imputation
methods, or where the handling of missing data was not
reported (Figure E3.3, available online at http://links.lww.com/
PAIN/A592).
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3.7. Emotional functioning
Patients receiving any cannabinoids did not report any difference
compared with comparator groups in overall emotional functioning, or in depressive or anxiety symptoms specifically (Table E2
and Figures E9–E11, available online at http://links.lww.com/
PAIN/A592). No evidence of small study effects was identified for
overall emotional functioning (P 5 0.10) or anxiety symptoms (P 5
0.06); however, a significant effect was detected for depression
(P 5 0.01). The trim and fill procedure to account for small study
effects revealed that the adjusted estimate did not differ
significantly from the original estimate (SMD 0.04, 95% CI 2
0.14 to 0.22, Table E2, available online at http://links.lww.com/
PAIN/A592). A significant improvement in emotional functioning
was identified for dronabinol compared with placebo based on
a single study; we had low confidence in this effect (Table E3 in
Appendix E, available online at http://links.lww.com/PAIN/A592).
3.8. Patient global impression of change
In the 4 RCTs which reported PGIC as a continuous outcome on
the 7-item PGIC scale, there were significant increases among
patients receiving any cannabinoid compared with placebo
(Table E2 and Figure E12, available online at http://links.lww.
com/PAIN/A592), with no evidence of small study effects (P 5
0.28). Nine RCTs reported PGIC scores as a dichotomous
outcome (much or very much improved vs slightly improved, no
change, or worse), with significant improvement among patients
receiving any cannabinoid compared with placebo (Table 4 and
Figure E13, available online at http://links.lww.com/PAIN/A592),
and no evidence of small study effects (P 5 0.3). Confidence in
these outcomes was low to very low. Most of the evidence was for
nabiximols, with some evidence for nabilone, C. sativa, and THC
extract.

1946

·

PAIN®
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Table 2

Table 3

Characteristics of included studies.

Characteristics of participants and interventions.
N studies

Study design
Randomised controlled trials (RCTs)
Parallel RCT
Cross-over RCT
Observational studies
Open-label trial
Prospective study
Survey—cross-sectional or retrospective
Chart review
Case series

47
24
23
57
29
9
9
4
6

GRADE ranking of study quality
Very low
Low
Moderate
High

22
24
43
15

Region
North America
Western Europe
Other and multiple regions

34
47
23

Year of study
1980-1990
1991-2000
2001-2010
2011-2017
Not recorded

1
1
45
16
41

Conflict of interest declared by authors
Yes—none
Yes—potential conflict
Not declared

36
35
33

Outcomes collected according to IMMPACT
recommendations
Pain intensity
30% reduction in pain
50% reduction in pain
Reduction in use of rescue analgesics
Physical functioning
Emotional functioning
Global impression of change
Adverse events
Study withdrawals

Characteristics of participants, where
reported in studies

100
18
10
8
52
43
24
81
71

GRADE, Grades of Recommendation, Assessment, Development and Evaluation tool; IMMPACT, the Initiative
on Methods, Measurement, and Pain Assessment in Clinical Trials.

3.9. Study withdrawals
Patients with CNCP who received a cannabinoid had 2 times the
odds of withdrawing from a trial for any reason than patients who
received placebo (Table E4 in Appendix E, available online at http://
links.lww.com/PAIN/A592). They had 3.47 times the odds of
withdrawing because of AEs (Table 5); no evidence of small study
effects was found (P 5 0.44). Patients with CNCP who received
placebo were slightly more likely to withdraw from trials because of
a lack of efficacy than those receiving cannabinoids. There was some
variation between cannabinoids in reasons for withdrawal (Table E4
in Appendix E, available online at http://links.lww.com/PAIN/A592).

3.10. Adverse events
Patients with CNCP receiving cannabinoids had 2.33 times the
odds of experiencing an AE compared with placebo groups
(Table 5 and Table E4 in Appendix E, available online at http://
links.lww.com/PAIN/A592). Significant evidence of small study

Median no. of participants

40

Median % women

53.3

Median age of participants

49.5

Pain condition
Neuropathic pain
MS-related
Non–MS-related
Fibromyalgia
Arthritis (rheumatoid)
Chronic noncancer pain
MS-related
Non–MS-related
Visceral pain
Reported % previously cannabinoid-naive

N studies
48
16
32
7
1
48
13
29
6
3

Cannabinoid used
Cannabis sativa
THC extract
Nabiximols
THC:CBD extracts
CBD extract
Dronabinol
Nabilone
THC-HS
Unknown

26
11
24
3
2
18
17
1
1

Pharmaceutical grade product
Yes
No
Unsure/unknown

74
19
11

Route of administration
Vapourised
Smoked
Oral
Oral mucosal spray
Mixed routes
Not recorded
Rectal

6
7
42
30
9
9
1

Median duration of treatment (wk)

8

Primary indication for cannabinoid
Analgesia
Spasticity
Other including mixed or physical, social
functioning, and quality of life

76
19
9

Place in therapeutic hierarchy
Primary
Adjuvant
Not reported and could not be determined

4
87
13

CBD, cannabidiol; MS, multiple sclerosis; THC, D-9-tetrahydrocannabinol; THC-HS, THC-hemisuccinate.

effects was detected (P 5 0.01); however, the adjusted estimate
did not differ significantly from the original (OR 5 2.22, 95% CI
1.60-3.01). Serious AEs were reported in a smaller number of
studies (Table 5), and patients receiving cannabinoids had higher
rates of serious AEs, but this did not reach statistical significance.
No small study effects were detected (P 5 0.52). Compared with
placebo groups, patients receiving cannabinoids were more
likely to report individual AEs such as dizziness (OR 5.52,
95% CI 4.47-6.83), cognitive attention or disturbance (OR 5.67,
95% CI 2.72-11.79), and confusion and disorientation (OR 5.35,
95% CI 2.31-12.39, Table 5).
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Cross-over RCT
Parallel RCT
Parallel RCT; and
cross-over RCT†
Parallel RCT; and
cross-over RCT†

15 (1418)

1 (64)
1 (58)
8 (1423)

6,29,39,52,56,64,71,72,78,92,95

91

4,14,15,54,86,100

4,10,14,15,18,19,54,86,97,100

6 (1363)

7 (808)

40,52,66,68,77,83

8

22 (2226)

5 (753)
2 (363)
3 (390)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
5 (753)
2 (74)

5,6,29,39,40,52,56,64,66,68,71,72,77,78,83,92,95

53,80

39,40,56,72,77

39,56,72

40,77

39,40,56,72,77

MS-related

Fibromyalgia
Rheumatoid arthritis
CNCP

Non–MS-related

MS-related

Neuropathic pain

Neuropathic pain
MS-related
Non–MS-related
Fibromyalgia
Arthritis
CNCP
MS-related
Non–MS-related
Visceral pain
All pain types
Non–MS-related neuropathic pain

MS-related
Fibromyalgia
Arthritis
CNCP—mixed
MS-related CNCP
Non–MS-related
Visceral pain
All pain types
Non–MS-related neuropathic pain

Non–MS-related

Neuropathic pain

Placebo

Placebo;
dihydrocodeine; and
diphenhydramine
Amitriptyline
Placebo
Placebo

Placebo;
dihydrocodeine; and
diphenhydramine
Placebo

Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo

Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo
Placebo

Placebo

Placebo

Comparator

SMD 20.01 (20.12 to 0.10)††

SMD 20.24 (20.73 to 0.25)
SMD 20.62 (21.14 to 20.09)
SMD 20.01 (20.11 to 0.10)**

SMD 20.19 (20.29 to 20.08)#

SMD 20.23 (20.36 to 20.09)

SMD 20.20 (20.28 to 20.12){

OR 1.43 (0.97 to 2.11)
OR 1.19 (0.75 to 1.89)║
OR 2.22 (1.09 to 4.49)
No studies
No studies
No studies
No studies
No studies
No studies
OR 1.43 (0.97 to 2.11)
OR 5.54 (1.75 to 17.49)

OR 1.22 (0.80 to 1.87)
No studies
No studies
OR 2.38 (1.35 to 4.22)
OR 2.38 (1.35 to 4.22)
No studies
No studies
OR 1.46 (1.16 to 1.84)‡
OR 8.80 (1.35 to 57.43)

OR 1.36 (0.99 to 1.86)‡

OR 1.31 (1.02 to 1.69)

Summary estimate (95% CI)

Neither††

Neither
Cannabinoid
Neither**

Cannabinoid#

Cannabinoid

Cannabinoid{

Neither
Neither║
Cannabinoid
—
—
—
—
—
—
Neither
Cannabinoid

Neither
—
—
Cannabinoid
Cannabinoid
—
—
Cannabinoid‡
Cannabinoid

Neither‡

Cannabinoid

Favours

—
—
—
—
—
—

—
—

—
—

Very low

Low
Very low
Low

Very low

High

Moderate

Moderate
Very low

Moderate
Low
Low

Moderate
Very low

Moderate
Moderate

Moderate

Very low

Low

GRADE rating*
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(continued on next page)

78%††

n/a
n/a
73%**

64%#

37%

57%{

25%
61%║
0%
—
—
—
—
—
—
25%
0%

n/a
—
—
0%
0%
—
—
52%‡
n/a

57%‡

48%

I2

Number 10

Parallel RCT; and
cross-over
RCT†
Parallel RCT; and
cross-over RCT†
Parallel RCT; and
cross-over RCT†

Change in pain scores

Parallel RCT
Parallel RCT
Parallel RCT
—
—
—
—
—
—
All RCTs
Observational§

80

1,39,40,56,71,72,78,99

99

99

1 (339)
0 (0)
0 (0)
2 (502)
2 (502)
0 (0)
0 (0)
9 (1734)
1 (26)

6 (766)

7 (1105)

Medical condition

·

40

1,39,40,49,56,71,72,80

N studies
(N part.)

Volume 159

50% reduction in pain

Parallel RCT; and
cross-over
RCT†
Parallel RCT; and
cross-over RCT†
Parallel RCT
—
—
Parallel RCT
Parallel RCT
—
—
All RCTs
Observational§

Refs

·

30% reduction in pain

Outcome study type

Effect sizes for pain-related outcomes from meta-analyses of RCTs and observational studies of any cannabinoid in CNCP, by outcome type, CNCP condition, and comparator,
with associated GRADE rating.

October 2018
1947

7,21,62,73,80,91

7 (1262)

34 (3869)

4–6,8,10,14,15,18,19,29,39,40,52,54,56,64,

66,68,71,72,77,78,83,85,86,90,92,95,97,100

2(98)

N studies
(N part.)
2 (60)

18,19

10,18,19,97

Refs

All pain types

All pain types

Visceral pain

Non–MS-related

Medical condition

Gabapentin; placebo;
and noncannabis
users

Placebo

Diazepam

Placebo

Comparator

Table 4 (continued)

SMD 20.02 (20.10 to 0.06)║║

SMD 20.14 (20.20 to 20.08)§§

SMD 20.29 (20.69 to 0.11)

SMD 0.08 (20.43 to 0.60)‡‡

Summary estimate (95% CI)

Neither

Cannabinoid‡‡

Neither

Neither

Favours

76%║║

62%§§

0%

69%‡‡

I2

Very low

Moderate

Very low

Low

GRADE rating*

CI, confidence interval; MS, multiple sclerosis; N, number; OR, odds ratio; part., participants; RCT, randomised controlled trial.
Bold font indicates a statistically significant result.
* High: We are very confident that the true effect lies close to that of the estimate of the effect; Moderate: We are moderately confident in the effect estimate that the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different; Low quality: Our confidence in the
effect estimate is limited that the true effect may be substantially different from the estimate of the effect; Very low quality: We have very little confidence in the effect estimate that the true effect is likely to be substantially different from the estimate of effect.
† Only those cross-over trials where data were amenable to meta-analysis were included (ie, where appropriate paired analyses were conducted and could be extracted or obtained from study authors; or where results were presented separately for each period of the trial and participants were not double
counted).16,25 Where results from paired analyses were amenable to meta-analyses, we have analysed these data; otherwise, to avoid carry-over effects, we analysed data from the first period only.17
‡ Sensitivity analysis indicated that this effect did not differ when using the random effects model (OR 1.63, 95% CI 0.92-2.89).
§ Only observational studies with a comparator group are included here. For observational groups with no comparator, the proportion reporting improvement is presented in Appendix F (available online at http://links.lww.com/PAIN/A592).
║ Sensitivity analysis indicated that this effect did not differ when using the random effects model (OR 2.07, 95% CI 0.34-12.50).
{ Sensitivity analysis indicated that this effect did not differ when using the random effects model (SMD 20.24, 95% CI 0.38 to 20.10).
# Sensitivity analysis indicated that this effect did not differ when using the random effects model (SMD 20.20, 95% CI 20.38 to 20.10).
** Sensitivity analysis indicated that this effect did not differ when using the random effects model (SMD 0.08, 95% CI 20.15 to 0.32).
†† Sensitivity analysis indicated that this effect did not differ when using the random effects model (SMD 0.08, 95% CI 20.17 to 0.33).
‡‡ Sensitivity analysis indicated that this effect did not differ when using the random effects model (SMD 0.18, 95% CI 20.77 to 1.14).
§§ Sensitivity analysis indicated that this effect did not differ when using the random effects model (SMD 20.17, 95% CI 20.28 to 20.05).
║║ Sensitivity analysis indicated that this effect did not differ when using the random effects model (SMD 20.10, 95% CI 20.32 to 0.12).
CNCP, chronic noncancer pain; SMD, standardised mean difference.

Observational§

Parallel RCT; and
cross-over RCT†
Parallel RCT; and
cross-over RCT†
All RCTs

Outcome study type
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3.11. Summary statistics
Table 6 summarises the pooled ORs, pooled event rates for
cannabinoids vs placebo groups, and NNTB or NNTH for
dichotomous outcomes with a moderate or higher GRADE
rating in RCTs. Note: because we only had continuous
measures of sleep outcomes, cannabinoids’ impacts on

1949

improving sleep cannot be included in these summary
statistics.
For cannabinoids’ impact on pain outcomes, pooled event
rates for 30% reduction in pain intensity were 29.0% vs 25.9%,
respectively. The NNTB was 24 (95% CI 15-61, Table 6). For
a 50% reduction in pain, the pooled event rate for cannabinoids

Table 5

Pooled estimates of odds of individual adverse events from parallel and cross-over† randomised controlled trials cannabinoids
in chronic noncancer pain (AEs; cannabinoid vs comparator).
Adverse event categories

No. of studies (no. of patients) [Refs]
14,39,40,49–51,54,68,83,100

Summary OR (95% CI)

I2

GRADE rating*

Any

10 (1959)

OR 2.33 (1.88-2.89)‡

62%‡

Moderate

Serious

11 (1974)8,40,49–51,65,68,81,99,100

OR 1.82 (0.93-3.59)

48%

Low

Withdrawal due to AE

19 (3265)

OR 3.47 (2.64-4.56)

21%

Moderate

4 (1163)14,40,54,72
5 (1279)14,40,50,54,72
5 (1288)14,40,54,56,72
4 (1163)14,40,54,72
4 (1410)4,14,40,54

OR 1.70 (1.30-2.22)
OR 1.12 (0.85-1.47)
OR 2.40 (1.67-3.46)
OR 2.75 (2.13-3.54)‡
OR 0.82 (0.61-1.11)§

0%
23%
0%
78%‡
64%§

Moderate
Low
Low
Low
Very low

1 (246)72
1 (246)72
1 (246)72
1 (236)72
3 (826)40,54,72
4 (1163)14,40,54,72

OR 2.48 (0.93-6.62)
OR 0.92 (0.13-6.64)
OR 0.92 (0.35-2.39)
OR 1.18 (0.38-3.61)
OR 3.24 (1.60-6.57)
OR 1.79 (1.36-2.35)

n/a
n/a
n/a
n/a
0%
0%

Moderate
Low
Moderate
Moderate
Very low
Low

1 (493)4
2 (585)40,72

OR 3.03 (0.36-25.36)
OR 0.80 (0.45-1.44)

n/a
0%

Very low
Moderate

1 (246)72
1 (246)72

OR 0.60 (0.17-2.19)
OR 1.41 (0.49-4.09)

n/a
n/a

Moderate
Moderate

1 (246)72

OR 1.39 (0.23-8.48)

n/a

Moderate

23 (3879)

OR 5.52 (4.47-6.83)

0%

Low

OR 1.60 (1.04-2.48)
OR 2.45 (0.46-12.96)
OR 5.67 (2.72-11.79)
OR 2.28 (1.73-3.00)
OR 1.57 (0.98-2.52)
OR 1.26 (0.90-1.76)
OR 1.32 (0.84-2.07)
OR 2.18 (1.59-2.98)
OR 7.35 (1.95-27.72)
OR 0.23 (0.07-0.76)
OR 5.35 (2.31-12.39)
OR 3.44 (1.74-6.83)
OR 3.00 (1.37-6.57)
OR 0.80 (0.28-2.30)
OR 1.06 (0.63-1.78)
OR 3.63 (2.61-5.05)

0%
0%
0%
0%
0%
17%
0%
42%
0%
0%
0%
0%
0%
0%
0%
0%

Low
Very low
Low
Low
Moderate
Low
Low
Low
Very low
Low
Low
Low
Low
Low
Low
Low

OR 0.86 (0.64-1.15)

0%

Low

1,4,8,14,19,40,49–51,54,56,66,68,72,74,81,83,86,100

MedDRA high-level grouping
Gastrointestinal disorders
Infections and infestations
Psychiatric disorders
Nervous system disorders
Musculoskeletal and connective tissue
disorder
Metabolism and nutrition disorders
Cardiac Disorders
Skin and subcutaneous tissue disorders
Eye disorders
Ear and labyrinth disorders
General disorders and administration
site conditions
Death
Respiratory, thoracic, and mediastinal
disorders
Vascular disorders
Injury poisoning and procedural
complications
Renal and urinary disorders
Individual AEs
Dizziness

1,4,8,14,19,40,49–51,54,56,66,68,72,74,80,83,86,90,98–100

Depressed mood
Anxiety
Cognitive or attention disturbance
Nausea
Vomiting
Diarrhoea
Constipation
Drowsiness
Thought disturbance
Insomnia
Confusion and disorientation
Intoxication
Appetite change
Cardiovascular symptoms
Respiratory tract infections
Dry mouth

6 (1470)4,19,40,49,72,74
2 (301)1,72
11 (1946)19,40,49,51,56,66,72,74,86,99
14 (2381)8,14,18,40,49–51,54,56,66,68,72,80,83,86
8 (1317)8,40,49–51,56,66,72
10 (2099)4,19,40,49,51,54,56,66,72,86
7 (1604)4,8,19,50,72,99
18 (2724)8,14,19,40,49–51,54,56,66,72,74,83,86,98,99
6 (539)49,51,72,74,98
6 (582)40,49–51,74,83
7 (984)19,49–51,72,74,86
10 (1476)40,46–51,66,72,74,83,86
7 (626)19,50,56,66,72,74,83
4 (667)8,49,66,72
7 (1384)40,49,50,54,56,66,72
19 (3117)

Headaches and migraines

17 (2428)8,19,40,49–51,54,56,66,68,72,74,83,86,98,100

8,10,14,18,19,40,49–51,54,56,66,68,72,74,80,83,99,100

Bold font indicates a statistically significant result.
* High: We are very confident that the true effect lies close to that of the estimate of the effect; Moderate: We are moderately confident in the effect estimate that the true effect is likely to be close to space the estimate of the
effect, but there is a possibility that it is substantially different; Low quality: Our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect; Very low quality: We have
very little confidence in the effect estimate that the true effect is likely to be substantially different from the estimate of effect.
† Only those cross-over trials where data were amenable to meta-analysis were included (ie, where appropriate paired analyses were conducted and could be extracted or obtained from study authors; or where results were
presented separately for each period of the trial and participants were not double counted).16,25 Where results from paired analyses were amenable to meta-analyses, we have analysed these data; otherwise, to avoid carryover effects, we analysed data from the first period only.17
‡Sensitivity analysis indicated that this effect did not differ when using the random effects model (OR 2.73, 95% CI 1.82-4.09).
‡ Sensitivity analysis indicated that this effect did not differ when using the random effects model (OR 2.59, 95% CI 1.48-4.54).
§ Sensitivity analysis indicated that this effect did not differ when using the random effects model (OR 0.89, 95% CI 0.53-1.50).
AE, adverse event; CI, confidence interval; OR, odds ratio.
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Table 6

Summary of key statistics on the effectiveness of cannabinoids for chronic noncancer pain in randomised controlled trials.
Outcome

Pain outcomes
30% reduction in pain
50% reduction in pain
Patient global impression of change
Perceived “much” to “very much” improved

Adverse events
All-cause adverse events
Study withdrawals—adverse events

Pooled odds ratio (95% CI)

Pooled event rate (%),
cannabinoid vs placebo

Number needed to
treat to benefit (NNTB)
(95% CI)

1.46 (1.16-1.84)
1.43 (0.97-2.11)

29.0% vs 25.9%
18.2% vs 14.4%

24 (15-61)
*

1.62 (1.34-1.96)

18.9% vs 11.8%

38 (27-62)

Pooled odds ratio (95% CI)

Pooled event rate (%),
cannabinoid vs placebo

Number needed to
treat to harm (NNTH)
(95% CI)

2.33 (1.88-2.89)
3.47 (2.64-4.56)

81.2% vs 66.2%
15.8% vs 4.6%

6 (5-8)
40 (35-49)

Bold font indicates a statistically significant result. Only categorical outcomes with a moderate or higher GRADE rating are reported here.
* Number needed to treat to benefit unable to be calculated as the pooled odds ratio crossed the line of no effect.
CI, confidence interval.

was 18.2%, compared with 14.4% for placebo groups (Table 6).
The NNTB for 50% reduction in pain was unable to be calculated,
as the estimate crossed the line of no effect.
For studies where outcomes were presented dichotomously,
participants receiving cannabinoids had slightly increased odds
of reporting global improvements (PGIC) than patients who
received placebo (Table 6). In participants receiving cannabinoids, the pooled percentage reporting “much” or “very much”
global improvement was 18.9% compared with 11.8%; the NNT
was 38 (95% CI 27-62).
Pooled statistics for AEs and study withdrawals are also
presented in Table 6. The estimated pooled rate of all-cause AEs
was 81.2% among people receiving cannabinoids, compared
with 66.2% of those receiving placebo; the NNTH was 6 (95% CI
5-8). The pooled event rate for study withdrawals due to AEs was
15.8% in those receiving cannabinoids compared with 4.6% of
those receiving placebo, and the NNTH was 40 (35-49).

4. Discussion
To the best of our knowledge, this is the first systematic review of
the evidence for the effectiveness and safety of cannabinoids for
CNCP that included all cannabinoids, all study designs, and
considered all outcomes recommended by the IMMPACT group.
We also assessed the clinical relevance of these findings using
event rates, NNTB, and NNTH.
We found moderate evidence for a reduction in pain for
cannabinoids when compared with placebo groups. Pooled
analyses suggested that 30% reduction in pain was reported by
29.0% in cannabinoids, compared with 25.9% in placebo
groups. A 50% reduction in pain was reported by 18.2% in
cannabinoid groups and 14.4% in placebo groups; however, this
did not reach statistical significance. The NNTB to achieve a 30%
reduction in pain for 1 person using cannabis or cannabinoids
(compared with placebo groups) was estimated at 24 (95% CI 1561), and the NNTH for 1 person to experience any AE was 6 (95%
CI 5-8). Although caution needs to be used in comparing NNTs
across studies involving different groups and timeframes,44 these
NNTBs are much higher than those for other analgesics: previous
studies in neuropathic pain suggested NNTs for strong opioids of
4.3 (95% CI 3.4-5.8), pregabalin (7.7, 95% CI 6.5-9.4), and
tricyclic antidepressants (3.6, 95% CI 3.0-4.4).28 The NNTH in our
review was similar to that for opioids for CNCP, with a recent

Cochrane review indicating that the NNTH for 1 person using
opioids to experience any AE (compared with placebo) was 5
(95% CI 4-9).27 When reexpressed as a mean change on the
commonly used 100 mm VAS, the pooled SMD for the
continuous outcome of change in pain intensity was equivalent
to a 3 mm greater reduction on this scale compared with placebo,
which is well below the 30 mm reduction regarded to represent
a clinically important difference in pain intensity.41,58 In contrast to
more optimistic conclusions from earlier reviews,2,48 our findings
are largely consistent with a recent Cochrane review examining
cannabinoids for neuropathic pain, indicating that these medicines are unlikely to be effective in the treatment of pain.46 In their
review, Mücke et al.46 report an NNTB of 20 for 50% or greater
reduction in pain, and NNTHs of 3 and 6 for AEs relating to
nervous system and psychiatric disorders, respectively, suggesting a similar efficacy and safety profile of cannabinoids for pain as
reported in our review.
The evidence on the effectiveness of cannabinoids for CNCP is
limited for several reasons. First, sample size is an issue, with only
21 of the 104 included studies having at least 100 participants per
treatment arm. Although we made multiple attempts to minimise
risk of bias in the effect estimates due to small sample sizes, this
risk cannot be fully mitigated. For some estimates, effect sizes
were notably larger in studies with ,30 participants per treatment
arm compared with studies of 1001 per arm; however, these
estimates fell within overlapping bounds of uncertainty. There is
a growing body of evidence indicating that effect estimates tend
to be larger in studies with small sample sizes,20 and as such,
caution should be taken when interpreting outcomes based on
studies with small sample sizes in this review. Well conducted,
large RCTs comprising at least 100 participants per treatment
arm should be considered a priority in this space. Second, most
studies were of limited duration (median of 8 weeks): given that
CNCP is a chronic condition, this sheds little light on the
appropriateness of long-term use of cannabinoids in CNCP, in
terms of both treatment efficacy and safety. Of the little evidence
available, we found that reductions in pain intensity were largest
for 1-day studies, and smaller and nonsignificant in studies of 13week duration or longer, providing some initial suggestion that the
effectiveness of cannabinoids for CNCP may diminish over time.
Third, the issues of cannabinoid tolerance, risks of iatrogenic
dependence, and of withdrawal symptoms if long-term cannabinoids are ceased, remain poorly understood. Short-term clinical
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trials such as those included in this review are often of insufficient
power and duration to detect potential harms and AEs associated
with long-term cannabis use, such as elevated risk of psychosis
and substance dependence.32,45 It is crucial that these long-term
outcomes identified in the epidemiological literature are considered alongside evidence of efficacy from clinical trials when
determining overall suitability of cannabinoids as medicines for
CNCP. Fourth, cannabinoid dose was often poorly recorded.
Often, only a maximum recommended dose was reported and
data on participants’ actual cannabinoid consumption were
seldom recorded, so it is difficult to make strong recommendations on doses that are maximally effective and safe. Fifth, by far,
the greatest amount of high-quality evidence was for nabiximols,
resulting in small numbers of studies (and in some cases, single
study) in some analyses for other types and formulations of
cannabinoids (eg, ajulemic acid), meaning that we are be less
confident about their efficacy. Sixth, although almost all studies
reported data on change in pain intensity, very few reported
outcomes for 30% and 50% reduction in pain. Given that pain was
a secondary outcome in many studies, it is possible that authors
did not report these outcomes because they are drawn from the
pain-specific IMMPACT guidelines; however, there is also the
possibility that study authors chose not to report outcomes for 30%
and 50% reduction in pain when the continuous pain intensity
outcome indicated no benefit. Although we have made multiple
attempts to account for publication bias throughout this review,
there remains the possibility that the studies for which 30% and
50% reduction in pain were not reported did not find evidence of
effect. If this is the case, NNTBs for these outcomes may be higher
than those reported here; however, our overall conclusion that
cannabinoids are unlikely to be effective medicines for CNCP will
remain unchanged. Finally, to ensure that all the available evidence
of cannabinoids as a treatment for CNCP was considered in this
review, we included evidence from RCTs and less rigorous
observational study designs. This approach allows researchers,
clinicians, and policymakers to map current research activity and to
identify knowledge gaps. Although observational studies provide
some insight into the efficacy of cannabinoids for CNCP, ultimately
only data from high-quality RCTs will be used to inform national
treatment guidelines. We noted that most of the higher-quality RCT
evidence was for neuropathic pain and MS-related pain. There is
scant, low-quality evidence on cannabinoids used for fibromyalgia
or visceral pain, and very few studies of cannabinoids’ use in the
most common and burdensome CNCP conditions, namely back/
neck problems, migraines, and arthritides. Thus, the conclusions of
this review primarily relate to neuropathic or MS-related pain.
Several ongoing studies targeting these more common CNCP
conditions were identified and will be analysed when results
become available.
Most studies used a placebo comparator and added
cannabinoids to stable doses of analgesics, nonsteroidal antiinflammatory drugs, and antispasticity drugs, so the evidence for
cannabinoid use in CNCP is largely around cannabinoids as
adjuvant medicines. Often, multiple analgesics were used, which
varied between groups, and the ways they were used were not
consistently reported. Most studies held doses of other analgesic
medications constant, although some studies documented
changes in breakthrough medication or adjunctive analgesia.
4.1. Limitations of this review
The findings of this review need to be considered in light of several
potential limitations. Some of these limitations have already been
noted and include the high risk of bias in many studies because of
24
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small N and missing information on study design and rigour of
controls; most studies also evaluated cannabinoids as adjunct to
other analgesic medications. We attempted to assertively
minimise these limitations. Many documents were reviewed by
a small research team, which might have led to errors in
assessing eligible studies. However, internal checks were
conducted by members within this team and a process of double
and triple checking existed; we also checked all identified reviews
to ensure that no studies had been missed that had been
reported in any other reviews of evidence. Third, errors may have
been made in data interpretation. To reduce such errors, all
sources and data extracted were double checked by at least 2
reviewers and conflicts were resolved by third reviewer when
necessary.

5. Conclusions
It seems unlikely that cannabinoids are highly effective
medicines for CNCP. There is moderate- to high-grade
evidence supporting use of nabiximols to achieve modest
reductions in pain as adjunctive therapy in MS-related pain.
However, NNTBs were high and NNTHs low, with high rates of
dropout for AEs, and long-term efficacy and safety is unknown.
We also found minimal evidence that cannabinoids are effective
in improving other important domains in people with CNCP such
as emotional and physical functioning. Cannabinoids are
unlikely to be a monotherapy for CNCP. People living with
CNCP often have complex comorbidities,9,70 and multidisciplinary treatment that includes physical and psychological
therapy rather than reliance on medicines alone is likely to be
most effective.
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Abstract
We know very little about the change in pain in the first 2 months after surgery. To address this gap, we studied 530 women
scheduled for elective cesarean delivery who completed daily pain diaries for 2 months after surgery through text messaging. Over
82% of subjects missed fewer than 10 diary entries and were included in the analysis. Completers were more likely to be Caucasian,
nonsmokers, and with fewer previous pregnancies than noncompleters. Daily worst pain intensity ratings for the previous 24 hours
were fit to a log(time) function and allowed to change to a different function up to 3 times according to a Bayesian criterion. All women
had at least one change point, occurring 22 6 9 days postoperatively, and 81% of women had only one change, most commonly to
a linear function at 0 pain. Approximately 9% of women were predicted to have pain 2 months after surgery, similar to previous
observations. Cluster analysis revealed 6 trajectories of recovery from pain. Predictors of cluster membership included severity of
acute pain, perceived stress, surgical factors, and smoking status. These data demonstrate feasibility but considerable challenges
to this approach to data acquisition. The form of the initial process of recovery from pain is common to all women, with divergence of
patterns at 2 to 4 weeks after cesarean delivery. The change-point model accurately predicts recovery from pain; its parameters can
be used to assess predictors of speed of recovery; and it may be useful for future observational, forecasting, and interventional trials.
Keywords: Postoperative pain, Growth curve modeling, Latent class, Recovery from pain after injury, Clinical observational study

1. Introduction
Postoperative pain varies widely after the same surgical procedure. Although postoperative pain scores are well characterized during hospitalization for surgery, pain experience after
hospital discharge is largely unknown with the exception of the 1
or 2 times that patients return for routine care. This lack of
knowledge about the patterns of recovery from pain and its
predictors after surgery limits our clinical ability to rationally
prescribe an appropriate quantity of opioids, properly identify
normal vs abnormal recovery patterns, and determine which
patients need more frequent follow-up visits or interventions.
To better address this gap in our knowledge, we recently
described an approach using text messaging to assess daily pain
scores for 2 months after lower extremity joint arthroplasty or
cesarean delivery.9 Compared to similar studies that used
a smartphone mobile application10 or daily telephone calls13 to
answer pain assessment questionnaires, this texting-based
method had fewer missing data and patients lost to follow-up.9
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One goal of the current study was to determine the feasibility of
this text-messaging approach to over 500 women after cesarean
delivery, the most common major surgery in the United States
and affecting nearly 20 million women globally in 2008.7
Traditionally, the primary outcome measure for postoperative
pain studies has dichotomized groups to those with pain or not
with pain at arbitrary time points such as 3, 6, or 12 months
postoperatively. This data-poor approach does not address pain
burden over time or the pattern of recovery in the first few months,
the time where most recovery from pain occurs.14 In our initial
small study of daily pain assessments for 2 months after surgery,
we determined that pain-intensity scores initially followed a log
(time) function followed by a transition to a different function that
could be identified using Bayesian analysis.9 A second goal of the
current study was to determine the generalizability of this
approach to a much larger sample size.
A nonbiased approach to define clusters of patterns of change
in pain after surgery has been applied to postoperative patients,
but only on pain scores during the few days they are in hospital
and receiving intensive and variable analgesic interventions2 or
a scant number of times thereafter.14 A third goal of the study was
to determine clusters of recovery patterns in the first 2 months
after cesarean delivery.
Predictors of persistent pain after surgery have traditionally also
relied on dichotomous outcomes at a single time remote from
surgery. Most studies have identified a small group of psychobiological and surgical factors to predict these dichotomous
outcomes. However, the proportion of variance described by
these characteristics is modest.17 A final goal of the study was to
begin to explore whether predictors of modeled pattern of
recovery in each individual could be identified from simple
preoperative and perioperative data, leading the way to future
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Figure 1. Subject disposition: Number of subjects is in parentheses. The 2 data sets discussed in this study are the complete data set used for the primary analysis
and the missing embedded data set used for the sensitivity analysis.

studies that might provide a richer and stronger explanation for
membership in subgroup patterns of recovery than a traditional
dichotomous approach.

2. Methods
After institutional review board approval, adult patients (American
Society of Anesthesiologists physical status 1, 2, or 3) were
recruited from a single center (Maya Angelou Women’s Center,
Novant Medical Center, Winston-Salem, NC). Patients were
enrolled and written informed consent obtained preoperatively
during their preoperative anesthesia visit or in the preoperative

holding area. We excluded patients who did not understand
English or with history of chronic pain or chronic analgesic use.
The trial was registered before enrollment of the first subject (NCT
01996592).
A portion of the current study group (first 157 subjects) was
previously included in a study to explore growth curve modeling
approaches to describe change in pain-intensity scores after
different surgical procedures.9 An additional subgroup of 101
subjects wore accelerometers for 60 days after surgery for
a planned secondary analysis to describe the pattern of recovery
from inactivity after surgery and the autocorrelation between
activity and pain.
2.1. In-hospital study measures

Figure 2. Missing data: Proportion of subjects in the complete data set (blue)
and missing embedded data set (red) with each of the possible number of daily
diary data points missing.

30

Demographic information, obstetrical history including number of
previous cesarean deliveries and indication, and medical and
surgical history were collected. Patients also completed 3
preoperative surveys: Patient-Reported Outcomes Measurement
Information System (PROMIS) Emotional Distress-Depression
instrument,18 the 14-item Perceived Stress Scale (PSS),3 and a 3item preoperative questionnaire to predict severity of acute
postoperative pain in this population, which was previously
validated at our institution.16 The latter included patient assessment of anxiety, anticipated pain, and anticipated analgesic need.
Anesthetic care for cesarean delivery was not controlled in this
study and followed routine practice at our institution. Subarachnoid anesthesia typically consisted of an intrathecal injection of hyperbaric bupivacaine 10 to 12 mg, fentanyl 15 to 20
mg, and preservative-free morphine 150 to 200 mg. Patients who
received epidural anesthesia typically received 2% lidocaine or
3% chloroprocaine with 3 to 4 mg preservative-free morphine.
Patients who required general anesthesia and did not receive
neuraxial morphine were excluded from the study. Additional
opioid medications were given intraoperatively as necessary for
analgesia. Patients were monitored per standard protocol in the
post anesthesia care unit until resolution of their neuraxial
blockade. Patients were treated for pain, nausea/vomiting, and/
or itching with routine orders.
On the first postoperative day, patients responded to 3 questions
regarding their pain using a 10-cm line visual analogue pain scale
anchored at no pain on the left worst pain imaginable on the right and
we measured the distance in millimeter from the left anchor. The 3
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Table 1

Demographic and obstetric characteristics.
Complete data set
(n 5 435)

Missing embedded data set
(n 5 95)

Age (y)

30.7 (5.5)

28.8 (6.4)

Height (cm)

164 (7.0)

165 (6.4)

Weight (kg)

95 (23)

92 (20)

Race*
African American
Asian/Pacific Islander
Caucasian
Hispanic
Other

99 (23)
3 (1)
304 (70)
24 (5)
5 (1)

39 (41)
0
52 (55)
4 (4)
0

Smoker*
Yes
No

42 (10)
393 (90)

28 (29)
67 (71)

ASA physical status
1
2
3

19 (4)
371 (85)
45 (11)

4 (4)
79 (83)
12 (13)

Gravida*
1
2
3
4
.4

35 (8)
158 (36)
112 (25)
66 (15)
64 (15)

8 (8)
23 (24)
18 (19)
16 (17)
30 (32)

Para*
1
2
3
4
.4

221 (51)
110 (25)
38 (9)
13 (3)
5 (1)

35 (37)
27 (28)
18 (19)
7 (7)
0

No. of previous CD
0
1
2
3
4

83 (19)
224 (52)
97 (22)
26 (6)
4 (1)

16 (17)
44 (46)
20 (21)
14 (15)
1 (1)

Estimated gestational
age (wk)

39 (1.0)

39 (1.4)

Neonatal weight (kg)

3.5 (0.5)

3.2 (0.6)

Apgar score at 1 min

8 [8,8]

8 [8,8]

Apgar score at 5 min

9 [9,9]

9 [9,9]

All values are n (%) except age, height, weight, and estimated gestational age, which are mean (SD) and
Apgar scores that are median (first and third quartiles).
* Group differences (x2; P , 0.001).
ASA, American Society of Anesthesiologists; CD, cesarean delivery.

questions were as follows: What is your pain intensity right now?
What was the worst pain in the past 24 hours? What was your
average pain in the past 24 hours? The patients were then instructed
that they would be answering 6 daily questions for the next 60 days
by electronic diary through daily email link, paper and pencil diary, or
short message service (SMS) texting to their cell phone. The patient’s
preferred method of daily contact as well as contact information
were confirmed at this time.
2.2. Study measures after hospital discharge
Patients responded to the following 6 questions daily for 60 days
after surgery: What is your pain intensity right now? What is your

pain unpleasantness right now? What was your worst pain in the
past 24 hours? What was your worst pain unpleasantness in the
past 24 hours? What was your average pain in the past 24 hours?
What was your average pain unpleasantness in the past 24
hours? Patients were instructed to answer each question on
a numerical scale between 0 (no pain or unpleasantness) and 10
(worst pain or unpleasantness imaginable). Please note that the
in-hospital pain scores were performed with a visual analogue
scale and are measured from 0 to 100, whereas the post-hospital
discharge scores were obtained on a 0 to 10 numeric scale and
were measured in single-digit increments. Patients were
instructed to rate pain in, surrounding, or deep to their incision,
including pelvic pain, and to not rate other types of pain such as
headache or backache. Study personnel provided daily
reminders through SMS text messaging to submit assessments
and contacted patients by additional text messages or telephone
calls if they failed to provide their assessments for several days.
Patients who completed at least 85% of the daily pain assessments over 60 days received a $25 gift card as compensation for
their participation. Patients were able to withdraw from the study
at any time.
All data were entered by study personnel into a secured
Research Electronic Data Capture (REDCap) database8 and
were verified and corrected as necessary, before analysis.
2.3. Statistical methods
Statistical analyses were conducted using R version 3.4.1 (R
Foundation for Statistical Computing, Vienna, Austria), RStudio
version 1.0.153 (RStudio, Inc), and the Statistical Package for the
Social Sciences (SPSS for Windows, version 24, Chicago, IL).
Descriptive statistics were calculated for all variables such that
mean (SD) was used for normally distributed variables; median
(range) for nonparametric data; and frequency (percentage) for
count data. For all analyses, 2-tailed hypothesis testing was used
with P , 0.05 interpreted for statistical significance.
Because of the sensitivity of the modeling to missing data, of
the 530 participants who contributed at least one daily diary entry
during the observation period, those who missed more than 10
daily diary entries (n 5 92) or more than 3 consecutive daily diary
entries before day 30 (n 5 3) were excluded. The 435 remaining
participants were considered to have followed protocol and are
included in the primary analysis.
Daily worst pain intensity score was collected as the primary
outcome from day of discharge through day 60. The primary
analytic plan was composed of 4 phases. First, to examine the
resolution of pain and based on previous work in exploring the
multiphased pattern of recovery in this population,9 a Bayesian
change-point analysis was performed in R with MCMCpack
(Martin AD, Quinn KM, Park JH. MCMCpack, version 1.4-0,
2017). Second, cluster analysis was also performed in R through
finite mixture regression modeling (Gruen B, Leisch F, Sarkar D,
Mortier F, Picard N. flexmix package, version 2.3-14, 2017) to
identify similar participant patterns of recovery. Finite mixture
models cluster individual participants based on the parameters of
their individual trajectories (ie, participants with similar intercepts
and slopes are grouped together in a cluster). Third, to explore
predictors of cluster membership, multinomial logistic regression
was conducted in SPSS. Finally, to quantify the diagnostic ability
of the multinomial model to predict cluster membership, receiver
operator characteristic curves were generated in SPSS.
To study the uncertainty in the primary analysis due to missing
data, an imputation strategy was used to predict the values of the
missing data in the context of the temporal trends and recent
31
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Figure 4. Cluster analysis of group patterns of recovery in the complete data
set: Modeled worst daily pain over the 2-month period assigned to 6 clusters,
depicted in a rainbow pattern from the most rapid recovery in purple to the
most slowest recovery in red. Number of members in each class is in
parentheses.

criteria will select a correct number of latent classes based on
previous simulation studies.15

3. Results
Figure 3. Pattern of recovery from pain in the study population: (A) Heat map of
worst daily pain over the 2-month study period for the 435 subjects in the
complete data set. For depiction of typical recovery, the black line is smoothed
from the mean value for all subjects on that day. (B) Proportion of subjects
changing from one function of recovery to another as a function of
postoperative day. All subjects in the complete data set (n 5 435) had at
least one change point, shown in red. Fewer had at least 2 change points,
shown in green, and only 20 subjects had a third change point, shown in blue.

Enrollment occurred between April 2013 and November 2015.
During this 30-month period, a total of 27,955 daily diaries entries
were recorded with as many as 45 active participants at one-time
providing data. The large majority of subjects (87%) provided
diary data by text message, with 12% logging in to REDCap for
direct entry and 0.4% (2 subjects) completing paper diaries.
3.1. Missing data and excluded patients

fluctuations in pain that predated the missing value. A single
imputation strategy was used that imputed embedded missing
data of all 530 participants except 3 who were missing more than
3 consecutive daily diary entries before day 30. The imputation
was performed in R using an autofit ARIMA model with a Kalman
filter (ie, forecasting embedded missing data). As a sensitivity
analysis, the change-point models were then reestimated on the
imputed series that contained no missing values and compared
with the primary model set that contained missing data to
examine the impact of the missing data on the estimation of the
change points and class membership.
2.4. Sample size determination
To calculate the statistical power for this study, we created
a mathematical simulation modifying the work of Zhang and
Wang22 and relied on previous simulations conducted by
Nylund.15 Briefly, we simulated scenarios for which we instilled
known relationships between the random effects of polynomial
change models (ie, correlations between intercepts and slopes)
as well as a range of predictors of those parameters that were
themselves correlated (the assumptions were all generated from
pilot data). Results indicated that enrolling N 5 530 (with 10%
attrition) would provide .80% chance that the model selection
32

A total of 575 subjects consented the study and 530 provided
data (Fig. 1). Accuracy of growth modeling degrades with
increasing missing data, so we excluded subjects with more
than 10 missing data points in the 60-day postoperative period. In
addition, because a previous analysis of a portion of these
subjects indicated that a Bayesian change-point analysis was
likely to be the most appropriate, and because that study
suggested that the initial change in form occurred most
commonly within 30 days of surgery,9 we further excluded 3
subjects with 3 consecutive days of missed data in the first 30
days after surgery. These exclusions are referred to as the
embedded missing data set (n 5 95). The remaining subjects are
referred to as being in the complete data set (n 5 435). The 95
subjects removed from the primary analysis were then included in
the secondary sensitivity analysis.
Subjects in the complete data set missed 1.8 6 2.1 daily
entries in the 2-month period. The majority of subjects missed
0 or 1 days, with over 90% missing 4 or fewer days (Fig. 2).
Subjects in the embedded missing data set missed 36 6 18 daily
entries (Fig. 2). Compared to the complete data set, participants
in the embedded missing data set were more likely to be African
American, smokers, and with higher gravida and parity (Table 1).
Subjects in the embedded missing data set also had a higher
predicted acute pain score than those in the complete data set
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Figure 5. Individual data within clusters: Modeled data from all individuals within each of the 6 clusters, depicted in a rainbow pattern from the most rapid recovery
in purple to the most slowest recovery in red. Thin lines are individual subjects and thick line is the modeled pattern for that cluster.

(62 6 18 vs 56 6 18; P 5 0.0035, respectively), but did not differ
in the PSS (13 6 6.4 vs 12 6 5.8) or the PROMIS emotional
distress-depression instrument (12 6 4.7 vs 11 6 3.9).
3.2. Modeling pain-intensity scores in the complete data set
As anticipated, there was a wide variability in this measure each
day, with individual values covering the entire 0 to 10 scale on
each day of the entire study period (Fig. 3A). For depiction
purposes, the mean score for each day of the 435 participants
was smoothed and is shown as a thick black line (Fig. 3A).
For each individual, worst pain intensity score for the past 24
hours over the study period was modeled using a Bayesian
change-point analysis. The change-point model assumes that
the nature of change of pain (eg, either the level or slope of
change) itself changes during the observation recovery period.
Based on previous exploration of data from a subset of these
patients and those recovering from orthopedic surgery,9 we
chose a unique log(time) model that optimized the number and
location of change points by participant. Each participant was
allowed up to 3 change points. All subjects in the primary analysis
had at least one change point, with a small proportion having
a second and third change point (19% and 5%, respectively).
Figure 3B shows the timing of these 3 change points as
a cumulative proportion of subjects at each day after surgery. The
first change point occurred 22 6 9 days (range 3-50 days) after
surgery. Modeling predicted that only 9% of subjects would have
pain 60 days after surgery.
The sensitivity analysis considering missing data resulted in
similar estimates as the primary models. A total of 1536 (5.5%)
values were imputed and then reanalyzed using the same

modeling strategy as the primary analysis. In this sensitivity
analysis, the average intercept (ie, pain at time 0) increased by
0.2% and the slope (decrease in pain over time increased by
0.1%). The average time to first change point remained unchanged. At 60 days after surgery, the number of patients
estimated to have nonzero pain increased from 9% to 12%.
3.3. Cluster analysis
We termed the period of time before and after change points as
states. The state, along with log(time), and the interaction of log
(time)*state were entered into the finite mixture regression model
to estimate the number of unique clusters of recovery within the
study population. The intercept for each state was allowed to vary
by participant. The optimal number of clusters was determined
based on an increasing iterative process of 1 to 9 components
with 5 repetitions of each. The best-fitting model identified 6
clusters as determined by Bayesian Information Criterion and
from inspection of the rootogram of posterior probabilities, which
showed that the components were well separated.
Figure 4 shows the mean of the individually modeled pain
scores by time point for each cluster. The clusters have been
color coded across figures and numbered from least to greatest
pain burden, defined as the area under the pain over time curve,
at the beginning of the observation period with cluster 1 having
the lowest pain burden and cluster 6 having the highest. Cluster 2
had the largest membership (26%), whereas cluster 6 had the
smallest membership (6%). Note that there is a rough relationship
between intercept (predicted pain score on hospital discharge)
and pain burden, but with considerable exceptions by clusters.
For example, clusters 4 and 6 started with nearly equivalent and
33
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(Χ2 5 121.946, df 5 20, P , 0.001, data not shown). The
independent variables that were statistically significant were PSS
Total Score (Χ2 5 16.078, df 5 5, P 5 0.007) and pain score on
the first postoperative day (Χ2 5 80.337, df 5 5, P , 0.001). For
these models, several predictors were similarly weighted across
cluster groups (ie, worst pain 24 hours after surgery), whereas
several others were weighted quite differently across clusters (eg,
PSS score and previous C-sections). These predictors could be
used to make predictions for which participants might belong to
each cluster. However, the model had only fair positive predictive
value, correctly predicting membership in the low pain burden
groups, clusters 1 and 2 (61% and 69% correct assignment,
respectively), but was poor at predicting membership in the
highest pain group, cluster 6 (4% correct assignment).

Table 2

Univariate predictors of cluster membership (n 5 435).
Predictor factor variables
PROMIS Depression Instrument Total Score

P
0.001*

Perceived Stress Scale Total Score

,0.001*

Maternal weight

0.442

Age

0.372

Height

0.482

Gravida

0.239

Para

0.470

Estimated gestational age

0.478

ASA status

0.412

2093

No. of previous cesarean deliveries

0.121

4. Discussion

Smoking status

0.039

Indication for cesarean delivery

0.414

Race/ethnicity

0.356

Predicted pain score on the first postoperative
day

0.010*

Observed worst pain score on the first
postoperative day

,0.001*

Neonatal weight

0.873

Neonatal Apgar score at 1 min

0.417

We used the data collected during this study to evaluate 3 main
objectives: feasibility of an SMS text–based approach to daily
diary assessments after cesarean delivery, generalizability of the
Bayesian change-point approach to modeling recovery from pain
after surgery to a large population, and initial exploration of
predictors for pain recovery using modeled parameters as
primary outcome measures. The results provide a unique description of the dynamic change in pain once patients leave the
hospital after this surgery. They also provide guidance and identify
challenges to application of these methods to large observational
and interventional studies.

Neonatal Apgar score at 5 min

0.305

* P , 0.05 statistically significant.
ASA, American Society of Anesthesiologists.

4.1. Feasibility of short message service text–based
approach to daily diaries

high initial pain scores, yet the pain burden of cluster 6 was over 3
times greater than cluster 4.
Figure 5 shows individual trajectories as predicted by the
change-point model by cluster overlaid with the mean trajectory
for each cluster. The time to first change point was poorly related
to pattern of recovery, being 16 6 9 days for cluster 1, 18 6 7
days for cluster 2, 26 6 8 days for cluster 3, 23 6 7 days for
cluster 4, 26 6 6 days for cluster 5, and 26 6 9 days for cluster 6.
3.4. Predictors of cluster membership
Several univariate logistic regression models exploring predictors
of cluster membership were performed to determine entry into the
multinomial logistic regression model. These results are detailed
in Table 2. The criteria for entry into the multinomial model were
a P value ,0.20 univariately along with bivariate correlations with
another predictor below r 5 0.60. The predictors that met the Pvalue threshold were PROMIS Depression Total Score, PSS Total
Score, number of previous cesarean deliveries, predicted pain
score on the first postoperative day, smoking status, and
observed pain score on the first postoperative day. Two pairs of
factors (PROMIS Depression Total Score and PSS Total Score;
predicted and observed pain score on the first postoperative day)
were correlated at r . 0.60 (and possessed variation inflation
factors .10), so the predictor with the lowest P value univariately
between the 2 was added to the multinomial model. The 4
predictors finally obtained for the multinomial model were PSS
Total Score, number of previous cesarean deliveries, observed
pain score on the first postoperative day, and smoking status.
The final model (Table 3) statistically significantly
predicts cluster membership better than an intercept-only model
34

This analysis of 435 subjects confirms the exploratory analysis of
the first 157 subjects in this study,9 that women after cesarean
section overwhelmingly prefer text messaging using their
smartphones rather than direct entry into REDCap or paper data
entry. We also confirmed a high compliance rate, with over 82%
of subjects who provided data completing daily diaries for 2
months with enough data to be included in the analysis. This is
a higher completion rate than the 63% success rate for daily
telephone calls in a small study of 56 women after cesarean
delivery13 or the 72% success rate for a mobile app in a study of
494-day surgery patients, which only included 2 assessments in
the first 2 weeks after surgery.10 Advantages of web- or mobile
phone–based methods for daily diaries include time stamping of
data entries and ability for study personnel to assess compliance
in real time and provide reminders as needed.
There are also challenges to the use of text messaging for diary
entry. During peak enrollment, study personnel were spending 3
to 4 hours per daily (including weekends and holidays), sending
reminders, entering data from text message to the REDCap
database, and making follow-up phone calls. In an ongoing study
examining patterns of recovery after lower extremity total joint
arthroplasty (NCT 02685735), we have reduced time demand on
study personnel by using a daily email with a link for computer-,
tablet-, or phone-based direct entry into a secure REDCap site
(data not shown). An initial study in this older patient population
showed that they greatly preferred paper methods,9 but this
digital method has been well accepted.
Despite the high success rate, 7% of consented patients
provided no data at all and a sizeable proportion of subjects who
did provide data missed too many diary entries to be included in
the analysis. These individuals differed in several important ways
from those who were included. We excluded women with chronic
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Table 3

Summary of multinomial logistic regression.
Cluster

Predictor

B

SE

Wald

P

OR

95% CI (OR)
Lower

Upper

1 (reference)
2

3

4

5

6

Intercept

22.824

0.596

22.438

,0.001

PSS Total Score (0-31)

0.067

0.031

4.798

0.028

1.07

1.007

1.136

Number of previous cesarean sections (0-4)

0.113

0.209

0.29

0.591

1.119

0.743

1.687

Worst pain in the first 24 h after surgery (0-100)

0.044

0.007

34.827

,0.001

1.045

1.03

1.06

Smoker (nonsmoker as reference)

0.154

0.617

0.062

0.803

1.167

0.348

3.911

Intercept

22.443

0.619

15.592

,0.001

PSS Total Score (0-31)

0.036

0.033

1.185

0.276

1.036

0.972

1.106

Number of previous cesarean sections (0-4)

0.242

0.22

1.219

0.269

1.274

0.829

1.959

Worst pain in the first 24 h after surgery (0-100)

0.037

0.008

22.311

,0.001

1.037

1.022

1.053

Smoker (nonsmoker as reference)

21.176

0.883

1.776

0.183

0.308

0.055

1.74

Intercept

24.652

0.729

40.678

,0.001

PSS Total Score (0-31)

0.072

0.035

4.357

0.037

1.075

1.004

1.151

Number of previous cesarean sections (0-4)

0.292

0.233

1.567

0.211

1.339

0.848

2.116

Worst pain in the first 24 h after surgery (0-100)

0.058

0.009

42.718

,0.001

1.06

1.042

1.078

Smoker (nonsmoker as reference)

0.565

0.65

0.757

0.384

1.76

0.493

6.289

Intercept

24.701

0.698

45.29

,0.001

PSS Total Score (0-31)

0.097

0.033

8.616

0.003

1.102

1.033

1.177

Number of previous cesarean sections (0-4)

0.343

0.223

2.359

0.125

1.409

0.91

2.184

Worst pain in the first 24 h after surgery (0-100)

0.057

0.008

45.938

,0.001

1.059

1.042

1.077

Smoker (nonsmoker as reference)

20.006

0.668

0

0.992

0.994

0.268

3.683

Intercept

27.935

1.108

51.31

,0.001

PSS Total Score (0-31)

0.152

0.045

11.547

0.001

1.165

1.067

1.271

Number of previous cesarean sections (0-4)

0.61

0.288

4.49

0.034

1.841

1.047

3.236

Worst pain at 24 h after delivery (0-100)

0.069

0.012

30.147

,0.001

1.071

1.045

1.098

Smoker (nonsmoker as reference)

0.528

0.775

0.463

0.496

1.695

0.371

7.742

CI, confidence interval; OR, odds ratio; PSS, Perceived Stress Scale; PROMIS Depression, PROMIS Depression short-form instrument.

pain or taking chronic analgesics from this initial study, and it is
conceivable that the methods used to acquire data in the current
study would have a high failure rate in this population, which is
vulnerable to prolonged recovery.21
4.2. Pattern of recovery in the population as a whole
As in the exploratory analysis of the first 157 women in this
sample,9 analysis of the 3-fold greater final data set confirmed
that change in pain intensity over time in women after cesarean
delivery is best modeled by an initial log(time) decline followed by
a change point, determined by a sequential Bayesian method, to
another pattern. The large majority (81%) of women in this study
showed one change point, typically from a log(time) decline to
a linear pain-intensity score of 0. The proportion of women
predicted by this model to have pain 2 months after surgery (9%)
was equivalent to that measured by telephone interview in our
previous multicenter study in 287 women after cesarean
delivery.6
In addition to better modeling the actual data, use of the
change-point analysis may provide clues regarding the timing of
the “transition” of acute to persistent pain and guide future study

design. The first change point occurred on average 22 days after
surgery in the entire population and was poorly related to patterns
of recovery, ranging over a narrow time period from an average of
18 days in the fastest recovering cluster to 26 days after surgery in
the slowest recovering one. These data are consistent with
a recovery process experienced by all patients in the 2- to 4-week
period after cesarean delivery leading to complete recovery or
a more persistent pain process.
4.3. Clusters of recovery patterns within the population
Nonbiased methods to identify groups with common trajectories
have been applied to change in pain-intensity ratings over time in
patients with chronic pain4 and in those after surgery.2,14
Chapman et al.2 identified 3 patterns of recovery from pain
during a 6-day hospitalization after surgery but did not assess
patients beyond this period. Miaskowski et al.14 identified 4
patterns of recovery from pain over a 1-year period after breast
surgery for cancer. The first postsurgery data point in that study,
however, was 2 months after surgery and, notably, within
clusters, there was minimal (,10%) change in pain-intensity
rating between 2 months and 1 year after surgery.14 Similarly,
35
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a study of nearly 500 patients after total knee arthroplasty
identified 3 clusters of recovery patterns and noted that there was
minimal change in pain from the first observation 1 year after
surgery to the last observation, 5 years after surgery. These
studies agree with the observation that the presence and intensity
of persistent pain 2 months after surgery is a strong risk factor
(odds ratio 18.4) for pain lasting years19 and suggest that clusters
of recovery in the initial 2-month period strongly predict the
presence and intensity of pain 1 and 5 years later.
4.4. Predictors of cluster membership
This study was designed to determine feasibility, challenges, and
generalizability of the data acquisition and modeling methods
previously described9 to a large, homogeneous surgical population and as such included only a few, simple list of biopsychosocial factors that might predict speed of recovery in the first 2
months after this surgery. Nonetheless, it is encouraging, given
the associations mentioned in the previous paragraph between
the presence of pain 2 months after surgery and persistent pain
much later that the predictive factors for class membership for
pattern of recovery in the current study after cesarean delivery
(severity of acute pain, stress, smoking, and surgical intervention)
are also observed in studies of risk factors for persistent pain 1 to
2 years after surgery.1,12,20,21 These data provide a strong
rationale for future, more extensive studies of predictors of early
recovery after surgery and for the use of growth curve modeled
parameters rather than the presence of pain as primary outcome
measures in future interventional clinical trials.
4.5. Limitations
We studied relatively healthy women for elective surgery from
a single center where approximately half of the cesarean
deliveries are performed by the university teaching service,
limiting generalizability. In addition, the complete data set lacked
much of the diversity of the population recruited into the study.
One can argue, based on these observations and others by our
group,5,6 that chronic pain after cesarean delivery is rare and of
minor public health concern. On the other hand, cesarean
delivery is one of the most common major surgical procedures
performed globally,7 and other investigators using appropriate
methods have observed a quite high (22%) incidence of pain 1
year after cesarean delivery.11 We did not contact women in this
study beyond the 2-month study period, so cannot determine
from these data the relationship between individual or cluster
pattern of recovery and long-term persistence of pain. And we did
not include preoperative assessment of many factors that might
predict persistent pain after surgery. Finally, we recognize that
pain is but one aspect of suffering and dysfunction after surgery,
and knowing the time course of recovery from pain alone is
incomplete. Future studies should include assessments of other
domains, including sleep and physical dysfunction.
4.6. Conclusions
Although over 82% of women after cesarean delivery provided
enough daily diary entries over 2 months for analysis, this
presented considerable demands on study personnel 7 days
a week. Pain declines initially in a log(time) fashion after this
surgery for 2 to 4 weeks, followed by change in pattern, most
commonly to complete resolution of pain. Cluster analysis reveals
6 patterns of recovery and an anticipated prevalence of pain 2
months after surgery (9%) similar to that previously observed.
36
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Factors that predict cluster membership were the same as those
associated with chronic persistent pain after surgery, although
the predictive model was poor. These approaches inform women
and caregivers of expected patterns of recovery from pain after
cesarean delivery and provide data necessary for future study for
observational, forecasting, and interventional clinical trials.
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Perioperative lidocaine infusions for the prevention
of chronic postsurgical pain: a systematic review
and meta-analysis of efficacy and safety
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Abstract
Chronic postsurgical pain (CPSP) occurs in 12% of surgical populations and is a high priority for perioperative research. Systemic
lidocaine may modulate several of the pathophysiological processes linked to CPSP. This systematic review aims to identify and
synthesize the evidence linking lidocaine infusions and CPSP. The authors conducted a systematic literature search of the major
medical databases from inception until October 2017. Trials that randomized adults without baseline pain to perioperative lidocaine
infusion or placebo were included if they reported on CPSP. The primary outcome was the presence of procedure-related pain at 3
months or longer after surgery. The secondary outcomes of pain intensity, adverse safety events, and local anesthetic toxicity were
also assessed. Six trials from 4 countries (n 5 420) were identified. Chronic postsurgical pain incidence was consistent with existing
epidemiological data. Perioperative lidocaine infusions significantly reduced the primary outcome (odds ratio, 0.29; 95% confidence
interval, 0.18-0.48), although the difference in intensity of CPSP assessed by the short-form McGill Pain Questionnaire (4 trials) was
not statistically significant (weighted mean difference, 21.55; 95% confidence interval, 23.16 to 0.06). Publication and other bias
were highly apparent, as were limitations in trial design. Each study included a statement reporting no adverse events attributable to
lidocaine, but systematic safety surveillance strategies were absent. Current limited clinical trial data and biological plausibility
support lidocaine infusions use to reduce the development of CPSP without full assurances as to its safety. This hypothesis should
be addressed in future definitive clinical trials with comprehensive safety assessment and reporting.
Keywords: Chronic pain, Lidocaine, Postoperative pain

1. Introduction
Chronic postsurgical pain (CPSP) occurs in 12% of mixed surgical
populations7 and affects up to half of patients undergoing high-risk
procedures.12,23 Strategies designed to reduce the human, public
health, and financial burden of CPSP are therefore a high priority for
perioperative research.5,10 A range of pharmacological interventions
have been investigated in small trials for efficacy in attenuating CPSP,
including N-methyl-D-aspartate (NMDA) receptor antagonists, gabapentinoids, corticosteroids, and nonsteroidal anti-inflammatory
drugs. However, a Cochrane systematic review and meta-analysis
in 2013 reported that, beside techniques of regional anesthesia,1 the
only systemic drug with encouraging albeit limited evidence to
support a reduced incidence of CPSP at 6 months was intravenous
ketamine.8 To address the potential of this drug, a large, international,
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multicenter trial of perioperative ketamine infusions with CPSP as the
primary outcome is scheduled to commence in 2018.35
In the Cochrane review in 2013, only a single trial reported on
systemic lidocaine administration in relation to CPSP. Since then,
investigators have increasingly explored this amide local anesthetic agent in surgical patients, as it stands to modulate many of
the pathophysiological processes involved in the development of
chronic pain. In a similar fashion to ketamine, lidocaine reversibly
antagonizes human NMDA receptors expressed in ex vivo
models.14 This effect is significant and apparent at lidocaine
concentrations well within the range of plasma concentrations
achieved clinically. The NMDA receptor in the spinal dorsal horn
plays a critical role in neuroinflammation20 and hyperalgesia,34
phenomena that develop in response to repetitive peripheral
nociceptive inputs and underpin chronic pain states. Lidocaine
has the added benefit of reducing peripheral nociceptive input,
principally through blockade of voltage-gated sodium channels,
but also through antagonism of other receptor systems that
modulate peripheral signal transduction.43 Furthermore, lidocaine exhibits potent anti-inflammatory effects across in vitro and
in vivo models.16,30 Inflammation is a key driver of increased
nociceptive inputs that occur with peripheral sensitization and
also acts to maintain central sensitization through spinal
neuroinflammation.20
In clinical settings, systemic lidocaine has been successfully
used for the treatment of acute and established chronic pain. A
recent meta-analysis concluded a modest but statistically
significant reduction of surgical pain severity in the first 4 postoperative hours measured by the visual analogue scale (0-10 cm);
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mean difference 20.84 cm, 95% confidence interval (CI) 21.10
to 20.59.29 Subgroup analyses indicated that this early analgesic
effect was only apparent with higher dose ($2 mg/kg/hours)
infusion regimens. An earlier systematic review also identified that
13 of 16 perioperative studies3 reported a preventive analgesic
effect for intravenous lidocaine (defined as analgesia outlasting 5
and a half times the lidocaine plasma half-life22), although pain
outcomes beyond the inpatient admission were not assessed.
Similarly, in patients with chronic pain, therapeutic lidocaine
infusions confer effective analgesia at plasma concentrations
around 2 to 3 mg/mL, which often outlasts the systemic presence
of lidocaine by days and weeks.4,6,11 Finally, lidocaine infusions at
relevant doses (2 mg/kg/hours) reduce experimentally induced
hyperalgesia in healthy volunteers.27,28 In view of this promising
multifaceted biological plausibility, we set out to identify and
synthesize the evidence linking perioperative lidocaine infusions
and CPSP.

1697

persistent pain of any severity at the point of direct questioning
by investigators at 3 months or longer after surgery, and believed
to be attributable to that surgery (in line with the current proposed
definition of CPSP in ICD-1142). Nonrandomized controlled trials
and studies of those with preexisting pain syndromes at the
surgical site were excluded. Secondary outcomes sought from
the identified trials included intensity of the chronic pain measured
and any safety outcomes reported by the authors.
Two researchers (M.A.B. and A.J.T.) independently examined
trial characteristics and outcomes. A predesigned data abstraction form was used to record surgical procedure, sample size,
primary and secondary outcomes, lidocaine infusion dosing and
duration, the use of additional local anesthesia techniques, and
risk adjustment for variables linked to CPSP. Risk of bias was
graded according to the Cochrane approach, and a quality
assessment was performed using the Jadad scale.18
2.3. Statistical analysis

2. Materials and methods
This meta-analysis was registered with the International Prospective Register of Systematic Reviews (PROSPERO 2017:
CRD42017078602, http://crd.york.ac.uk/PROSPERO).
2.1. Systemic literature search
We conducted a systematic literature search of MEDLINE and
EMBASE through Ovid, PubMed, CINAHL, and the Cochranecontrolled trial register from the date of the database inception to
October 11, 2017. Gray literature was also searched using the
Open Gray, the Gray Literature Report, and the National Institute
Center on Health Service Research and Health Care technology
online search functions. To allow for differences in the search
functionality and subject headings, we opted to search each
database separately. These strategies were in keeping with the
validated methods of the Cochrane collaboration and the
Preferred Reporting Items for Systematic reviews and Metaanalysis (PRISMA) statement. Search terms included combinations of the Medical Subject Headings and free text: Lidocaine (or
Xylocaine or Lignocaine), Pain and chronic or persistent or month
in combination, and a reference to surgery (Operative, intraoperative, perioperative, postop*, or surg*). Subject headings
were exploded to include all relevant subheadings. Search limits
included trials in adults (age greater than 18), and there were no
language restrictions (the specific search strategies are included
in the supplementary materials; available online at http://links.
lww.com/PAIN/A582). Two researchers (M.A.B. and A.J.T.)
independently screened the articles by their titles and abstracts
to identify studies reporting a CPSP outcome. The full text of
these articles was then screened according to fixed eligibility
criteria.
2.2. Study selection, data extraction, and quality assessment
Published and unpublished studies that met all the criteria were
eligible for inclusion. The eligibility criteria comprised: (1)
investigation of a lidocaine infusion that commenced preoperatively or intraoperatively with or without a bolus and continued
until the end of the case or into the postoperative inpatient
admission; (2) the population underwent noncardiac surgery; (3)
the study reported a binary pain outcome at 3 months or longer
after surgery; and (4) an English language translation of foreign
language studies was available through our institutional library.
The predetermined primary outcome was the presence of
40

Statistical Analyses were performed using Review Manager
Version 5.3 software (The Cochrane Collaboration, 2014). The
presence and extent of heterogeneity between studies was
assessed with x2 and I2 statistics. Studies were grouped
according to type of surgery and high- ($ 2 mg/kg/hours) or
low-dose (,2 mg/kg/hours) lidocaine infusions.
The primary outcome of pain at 3 months or longer was
analyzed with a Mantel–Haenszel test, and a P value ,0.05 was
taken as statistically significant. A random effects model
was chosen. Secondary outcomes assessing the intensity of
CPSP were also analyzed where possible with the random effects
model and reported as weighted mean differences. If a median
and interquartile range were presented, the mean and SD were
estimated according to established methods.44

3. Results
Figure 1 shows the study selection process. Both screening
investigators identified 6 eligible randomized trials.9,13,19,24,25,40
The 19 studies that did not meet eligibility criteria are summarized
in the supplementary materials (supplementary Table 1, available
online at http://links.lww.com/PAIN/A582). There were no
disagreements between the reviewers in relation to the extracted
data.
3.1. Study characteristics
Table 1 summarizes the characteristics of the included
studies. All 6 studies included a dichotomous assessment of
the presence of chronic pain related to surgery at 3 months (4
trials) or 6 months (2 trials), as either a primary or secondary
outcome. These dichotomous pain outcomes were defined as
any pain attributable to surgery in 5 studies, and as surgical
pain scoring above 3 on the Douleur Neuropathique 4
questionnaire in 1 study.19 These dichotomous data formed
the basis of the primary meta-analysis (Table 1). In only 3
studies, a chronic surgical pain criterion was the primary
outcome.13,24,40 Two other studies assessed early quality of
recovery as the primary outcome,9,25 and 1 study assessed
early morphine consumption as the primary outcome. 19 Four
of the 6 studies featured patients undergoing breast surgery,
focusing primarily on mastectomy procedures with only 1 trial
including wide local excisions.13 The other 2 studies examined
patients undergoing robotic thyroidectomies 9 and those undergoing open nephrectomies.19
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Figure 1. Flow chart of study selection.

In total, the lidocaine trials reporting on a CPSP outcome
enrolled 420 patients from 4 different countries, including 296
patients having breast surgery. The range of sample sizes was 36
to 121. Two of the studies were 3-arm trials that in addition to
lidocaine and placebo also investigated ketamine and magnesium infusions, respectively.19,25 The lidocaine regimens all
delivered an intravenous bolus around induction of anesthesia
(before surgical incision) and an ongoing intravenous infusion that
ceased at wound closure (4 studies), 2 hours after arrival in the
recovery area (1 study), or 24 hours after surgery (1 study). There
were no studies identified where the lidocaine infusion started
preoperatively before induction of anesthesia. Bolus doses
ranged from 1.5 to 2 mg/kg and infusions ranged from 1 to 3
mg/kg/hours. Only 2 studies were categorized as low dose based
on infusion rates ,2 mg/kg/hours.
3.2. Outcomes
The incidence of CPSP in patients allocated to a placebo arm
ranged from 29% to 47%, with a mean across the 6 trials of 37%.
The incidence in patients allocated to the lidocaine arm ranged
from 5% to 18%, with a mean of 13%. Perioperative lidocaine
infusion resulted in a reduction in the incidence of CPSP (odds
ratio [OR], 0.29; 95% CI, 0.18-0.48; P , 0.00001), with low
heterogeneity according to the I2 statistic (Fig. 2). A similar and
statistically significant effect size was apparent for patients
undergoing breast surgery (OR, 0.32; 95% CI, 0.18-0.58; P 5
0.0002) (supplementary materials, Fig. 1, available online at
http://links.lww.com/PAIN/A582) and nonbreast surgery (OR,

0.19; 95% CI, 0.05-0.72; P 5 0.01), although the latter
encompassed only 2 trials. The effect size was also significant
and consistent across trials categorized as high-dose (4 trials:
OR, 0.32; 95% CI, 0.18-0.55; P , 0.0001) and low-dose (2 trials:
OR, 0.18; 95% CI, 0.04-0.82; P 5 0.03) lidocaine infusions.
The only secondary pain outcome suitable for meta-analysis
was the short-form McGill Pain Questionnaire score, reported in 4
of the 6 trials (Fig. 3). This was used as an indicator of the intensity
of CPSP when it was present and did not show a statistically
significant difference between lidocaine and placebo exposure:
weighted mean difference, 21.55 (95% CI, 23.16 to 0.06, P 5
0.06). In 3 of these 4 studies, the mean McGill Pain Questionnaire
score was less than 2 of a possible 45 (15 pain modalities scored
between zero and 3).
In each of the 6 studies included, authors explicitly stated that
there were no complications nor adverse events attributable to
the lidocaine infusions (Table 2). No other quantitative nor
qualitative data on safety outcomes were reported, and
consequently, no meta-analyses were performed. No studies
referred to early symptoms nor signs of toxicity, and physiological
differences between the groups were not described.
3.3. Bias and quality
The funnel plot indicates that the less precise studies reported
a greater reduction of CPSP with lidocaine infusions (Fig. 4). Five
of 6 trials exhibited a high risk of bias in at least 1 category using
the Cochrane approach (Fig. 5). Overall, trials were of high quality
according to the Jadad scale (Table 1).
41
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Table 1

Characteristics of the included studies.
Author, country,
journal, year

Surgery type (n)

Grigoras et al.,
Mastectomy and WLE
Ireland, The Clinical
(n 5 36)
Journal of Pain, 2012

Lidocaine regime

Other local Risk factors
anesthetic reported/
adjusted

1.5 mg/kg bolus (10 min) No
then 1.5 mg/kg/hours
stopped 60 min after skin
closure (mean plasma level
1.11 mg/mL, n 5 17)

Age

Primary outcome of
included study

Secondary chronic
pain outcomes of
included study

Jadad
scale

Any chronic surgical pain McGill Pain
at 3 months
Questionnaire, PCS,
HADS, and periincisional hyperalgesia
area

5

Any chronic surgical pain Use of analgesia and
at 6 months
numerical pain score.

5

Baseline HADS/
PCS
Operative factors
Adjuvant therapy
No statistical
adjustment
Terkawi et al., USA,
Mastectomy only
Pain Physician, 2015 (n 5 61)

1.5 mg/kg bolus then 2
mg/kg/hours until 2
hours into PACU (no
plasma levels)

No

Age

Operative factors
Adjuvant therapy
Logistic
regression
model
Kim et al., Korea,
PLoS One, 2017

Mastectomy only (n 5 78 2 mg/kg bolus (15
No
and 38 more receiving
minutes) then 2 mg/kg/
magnesium)
hours until leaving
theatre (no plasma levels)

Age

QoR-40 on day 1

Presence of any surgical 5
pain at 3 months, McGill
Pain Questionnaire.

Operative factors
No statistical
adjustment
Kendall et al., USA,
Pain Practice, 2017

Mastectomy only (n 5
121)

1.5 mg/kg bolus then 2 No
mg/kg/hours of lidocaine
up to 1200 mg or
stopped when closure
was complete. (no
plasma levels)

Age

Chronic pain in keeping Any pain attributable to 5
with IMMPACT criteria at surgery at 6 months. BPI,
3 and 6 months
McGill Pain
Questionnaire, LANSS at
3 and 6 months.

Operative factors
Adjuvant therapy
No statistical
adjustment
Choi et al., Korea,
World Journal of
Surgery, 2016

Robotic thyroidectomy (n 2 mg/kg bolus (15 min) No
5 84)
then 3 mg/kg/hours until
extubation (no plasma
levels)

Age/sex

QoR-40 at 24 hours
postsurgery

Presence of any surgical 5
pain at 3 months, McGill
Pain Questionnaire.

In-hospital opioid use

Presence of surgical pain 4
scoring .3 on Douleur
Neuropathique 4 (DN4) at
3 months

Operative factors
No statistical
adjustment
Jendoubi et al., Saudi Open nephrectomy
Arabia, Saudi Journal (n 5 40 plus 20
of Anesthesia, 2017 receiving ketamine)

1.5 mg/kg bolus then 1 No
mg/kg/hours for 24
hours (no plasma levels)

Age/sex

Operative factors
No statistical
adjustment
Outcomes used for primary meta-analysis are italicised.
BPI, Brief Pain Inventory; HADS, Harvard Anxiety Depression Score; IMMPACT, Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials; LANSS, Leeds Assessment of Neuropathic Signs and Symptoms;
PACU, post anesthesia care unit; PCS, Patient Catastrophizing score; QoR, Quality of Recovery; WLE, wide local excision.

4. Discussion
The main finding of this meta-analysis is that perioperative
lidocaine infusions seem to reduce the incidence of CPSP when
assessed between 3 and 6 months after surgery. The effect size is
considerable for both breast and nonbreast surgical procedures,
42

indicating that for every 5 patients exposed to lidocaine, at least 1
will be spared the development of CPSP, an absolute risk
reduction approximating 22% (OR 0.29, 95% CI 0.18-0.48). This
compares favorably with the meta-analysis by Chaparro et al.,8
which reported limited support for intravenous ketamine to
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Figure 2. Effect of perioperative lidocaine infusions on CPSP in all surgery types. CPSP, chronic postsurgical pain.

reduce CPSP at 3 months (5 studies, OR 0.74, 95% CI 0.45-1.23)
and 6 months (8 studies, OR 0.50, 95% CI 0.33-0.76). The high
observed incidence of CPSP in patients allocated to a placebo
arm within a lidocaine trial is consistent with the current
epidemiological literature.12,23 The scale of this CPSP problem
is often underappreciated outside of clinical trials in the absence
of targeted questioning17 and reinforces the importance of
identifying preventive strategies.
The concept that lidocaine can reduce the development of
CPSP has multifactorial biological plausibility. Although the
pathophysiology of chronic pain is complex and rapidly evolving,
current understanding implicates the establishment and maintenance of central sensitization in dorsal horn nociceptive neurons
as the key pathological process.31 Central sensitization is
triggered by intense repetitive activation of peripheral pain
neurons, is maintained by glial cell–mediated neuroinflammation,
and culminates in the experience of increased pain because of
painful stimuli (hyperalgesia) and pain even with nonpainful stimuli
(allodynia).20 Persistent low-grade peripheral inputs that can arise
after nerve injury from spontaneous neural activity are also
sufficient to maintain central sensitization but not to establish it.26
Systemic lidocaine stands to modify central sensitization by
reducing the initial barrage of nociceptive inputs because of
sodium channel blockade and, in a similar fashion to the theory
regarding ketamine, by antagonizing the NMDA receptor, a critical
mediator and effector of central sensitization.34 Ex vivo models
that express recombinant human spinal NMDA receptors in
Xenopus oocytes have demonstrated a dose-responsive reduction of glutamate-/glycine-induced peak currents with exposure to a range of amide local anesthetics.14 This phenomenon
was most marked for lidocaine where at concentrations as low as
1 3 1027 Molar (0.023 mg/mL), peak currents were 62% of
baseline. Indeed, in healthy volunteers, lidocaine infusions reduce
experimentally induced hyperalgesia27,28 at doses (2 mg/kg/
hours) that generate total and unbound plasma levels around 221
and 0.6 mg/mL, respectively. However, other agents with

antagonistic properties at the NMDA receptor have failed to
translate biological plausibility into a clinical reduction in CPSP,
most notably nitrous oxide.7 Non-NMDA lidocaine actions may
also therefore be important, including antagonism of other
receptor types that contribute to peripheral and central sensitization, such as G-protein-coupled receptors.43 Furthermore,
lidocaine exhibits potent anti-inflammatory effects in vitro and in
vivo.16 Consequently, it may act to reduce both peripheral and
central sensitization by suppressing inflammation at the site of
injury and in the dorsal horn.
Although the potential for lidocaine to modify the pathophysiology underlying the development of CPSP is interesting, the
findings of this meta-analysis must be interpreted in the light of the
significant limitations of the 6 clinical trials that have been
performed to date. They are all relatively small, single-center
studies, with 5 of these showing a high risk of bias in at least 1
area according to the Cochrane approach to bias assessment.
This observation is corroborated by the marked asymmetry of the
funnel plot. Furthermore, only 3 trials examined CPSP as a primary
outcome. Although assessment using the Jadad scale suggests
that these trials are of high quality, these scores do not reflect
a range of methodological weaknesses that are discussed in
more detail below.
The most striking limitation pertains to the small study sample
sizes, which in turn limits the risk adjustment that can be
performed for genetic, demographic, psychosocial, pain, clinical,
and surgical factors that are implicated in the development of
CPSP.36 For breast cancer surgery, comprising 4 of the 6 trials in
this meta-analysis, factors including age, axillary dissection, and
adjuvant radiotherapy are strongly linked to CPSP.12 Similarly, in
the mixed surgical population of the ENIGMA-II study, a secondary analysis examining CPSP at 12 months identified age, sex,
ethnicity, duration of surgery, and wound infection as multivariate
predictors.7 Other baseline factors such as anxiety and the
propensity to catastrophize painful sensations have also emerged
as potential predictors of CPSP.41 Only 2 trials in this meta-

Figure 3. Effect of perioperative lidocaine infusions on pain intensity using the total score derived from the short-form McGill Pain Questionnaire.
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Table 2

Acute pain and safety outcomes of the included studies.
Author, country, journal, year, Lidocaine regime
surgery type (n)

Adverse events reported

Monitoring

Acute pain outcomes

Grigoras et al., Ireland, The
1.5 mg/kg bolus (10 min) then 1.5 No side effects related to
Clinical Journal of Pain, 2012, mg/kg/hours stopped 60 minutes lidocaine were observed
mastectomy and WLE (n 5 36) after skin closure (mean plasma
level 1.11 mg/mL, n 5 17)

Standard monitoring

VAS pain scores (100 mm) at rest
4 hours postoperatively were less
in the lidocaine group compared
with the control group (11.8 6
14.1 vs 29.5 6 24.7;
P 5 0.012).
There were no statistically
significant differences in opioid
consumption within the first 7
days of surgery.

Terkawi et al., USA, Pain
1.5 mg/kg bolus then 2 mg/kg/ No toxicity cases were reported
Physician, 2015, mastectomy hours until 2 hours into PACU (no in our cohort
only (n 5 61)
plasma levels)

Standard monitoring until leaving Overall, pain scores in both
PACU at which point infusion had groups were similar with no
been ceased.
statistical difference at both rest
and on movement.
There were no statistically
significant differences in
postoperative opioid
consumption.

Kim et al., Korea, PLoS One,
2017, mastectomy only (n 5
78 and 38 more receiving
magnesium)

2 mg/kg bolus (15 min) then 2
No adverse or unintended effects Standard monitoring
mg/kg/hours until leaving theatre were seen in the 3 groups
(no plasma levels)

In PACU: Mean (SD) pain NRS (010) was 2.8 (0.4) in control vs 2.2
(0.7) in lidocaine (P , 0.001).
Postoperative day 1: At 6 hours,
mean (SD) pain NRS (0-10) was
3.3 (0.9) in control vs 2.8 (0.8) in
lidocaine (P 5 0.017).
At 24 hours, mean (SD) pain NRS
(0-10) was 2.9 (0.7) in control vs
2.4 (0.7) in lidocaine (P 5 0.001).
There were no statistically
significant reductions in opioid
consumption.

Kendall et al., USA, Pain
Practice, 2017, mastectomy
only (n 5 121)

1.5 mg/kg bolus then 2 mg/kg/ No subject experienced an
hours of lidocaine up to 1200 mg unanticipated adverse event
or stopped when closure was
during the study period.
complete (no plasma levels)

Standard monitoring

There were no statistically
significant differences in pain
burden, opioid consumption, and
quality of recovery between the 2
groups.

Standard monitoring

Difference in VAS (0-10) at 10
minutes into PACU admission
(median was 5 in both groups—P
5 0.044), but at 20 minutes in
and at PACU discharge, there
were no significant differences.
There was no significant
difference in opioid consumption.

Choi et al., Korea, World
2 mg/kg bolus (15 min) then 3
Journal of Surgery, 2016,
mg/kg/hours until extubation (no
robotic thyroidectomy (n 5 84) plasma levels)

No cases of systemic toxicity
occurred during this study

Jendoubi et al., Saudi Arabia, 1.5 mg/kg bolus then 1 mg/kg/
Saudi Journal of Anesthesia, hours for 24 hours (no plasma
2017, open nephrectomy (n 5 levels)
40 plus 20 receiving ketamine)

There were no notable lidocaine- Patients were managed in the
related adverse effects. No
surgical ward without ongoing
patients complained of
cardiac monitoring.
hallucinations or dysphoria

The VAS (0-10) scores at rest,
during movement, and during
coughing were statistically
different until 48 hours post-op.
The difference was greatest in
PACU (7 vs 3—estimated from
figures) and declined thereafter.
There was a statistically
significant difference in morphine
PCA usage with the lidocaine
group requiring a mean (SD) of
27.8 mg (5.51) during the
admission compared with 47.6
mg (4.98) in the control group.

NRS, numerical rating scale; PACU, post anesthesia care unit; PCA, patient-controlled analgesia; VAS, visual analogue scale; WLE, wide local excision.
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Figure 4. Funnel plot of studies investigating CPSP (yes/no) as a primary or secondary outcome. CPSP, chronic postsurgical pain; OR, odds ratio.

analysis report patient and procedure-specific risk factors
comprehensively, and neither of these go on to perform a riskadjusted statistical analysis (Table 1). Furthermore, hereditary
predispositions towards chronic pain states47 may influence the
impact of lidocaine on the development of CPSP, and this is yet to
be explored.
The component trials in this meta-analysis also demonstrate
that simplistic assessments of CPSP do not illuminate the true
public health burden of the condition. Four of 6 trials used pain
outcomes at 3 months, with only 2 trials assessing pain outcomes
at 6 months. Although such early CPSP remains important to the
patient, pain assessment at 6 months and beyond is more
relevant to an assessment of chronic disablement and allows for
better adjustment for adjuvant cancer therapies. Moreover, the
intensity of the CPSP detected in this meta-analysis is low (Fig. 3).
This may reflect that these early CPSP trials have focused on
operative procedures that are associated with a high incidence
rather than a high severity of CPSP, to have sufficient power
within a limited sample size. Kendall et al. focused on important
CPSP after breast surgery by applying the Initiative on Methods,
Measurement, and Pain Assessment in Clinical Trials (IMMPACT)
criteria to detect pain that limits physical and emotional
functioning. Although they reported a significant reduction in
“yes or no” CPSP at 6 months with perioperative lidocaine, the
incidence of CPSP meeting IMMPACT criteria was low, and no
difference in the lidocaine and placebo arms (3% vs 3%, P 5 1.0).
For breast surgery linked to low severity chronic pain, it is clear
that even a modest therapeutic effect with lidocaine may translate
into more patients being completely free of CPSP. The efficacy of
perioperative lidocaine for surgical procedures linked to severe
CPSP (spinal surgery, orthopedics, and major plastics reconstruction7) remains unknown.
Another important limitation of the lidocaine literature reporting
on CPSP is an absence of trials explicitly stating the use of parallel
local anesthetic techniques that would normally comprise routine
practice, namely wound infiltration or regional analgesia with
longer-acting amide local anesthetic agents. This theme is also

strongly apparent in the far greater number of trials (n 5 45)
examining perioperative lidocaine for the reduction of acute
pain,29 and likely reflects uncertainty about the risk of additive
local anesthetic toxicity.33 However, it is possible that routine
local anesthetic techniques may themselves modify the CPSP
development, by attenuating early peripheral nociceptive signal
generation at the site of injury.1 Furthermore, a class effect for
amide local anesthetics absorbed into the systemic circulation
cannot be ruled out.39
The optimal dosage and duration of systemic lidocaine
administration for the reduction of CPSP is also unclear, and this
is reflected by the considerable variation within the 6 trials
examined. In a meta-analysis of perioperative lidocaine for the
reduction of acute pain, infusions at 2 mg/kg/hours or above
seemed effective, whereas lower doses did not.29 We examined
this threshold in our subgroup analyses, but the data proved
difficult to interpret given the low number of trials. As there is
a clear associative link between acute and chronic pain,37 and
patients with established chronic pain derive analgesia during
lidocaine infusions when plasma concentrations reach 2 to 3 mg/
mL,11 higher dosing regimens in CPSP trials warrant investigation. The proposed mechanisms by which lidocaine modifies the
pathophysiology that underpins CPSP also point towards greater
efficacy with prolonged lidocaine exposure. In this respect,
perioperative lidocaine infusions extending up to 24 hours after
surgery for the reduction of acute pain are well described in
a recent systematic review.45 Yet, only one trial in this CPSP
meta-analysis extended lidocaine exposure beyond the recovery
room.19 This may reflect that many operative procedures
associated with a high incidence of CPSP occur in day surgery
(eg, inguinal hernia repair) or short-stay (breast wide local
excision) units, and this imposes practical limitations on infusion
durations.
Finally, clinicians considering interventions for the reduction of
CPSP must weigh up the balance between risks and benefits. In
particular, systemic lidocaine has the potential to cause local
anesthetic toxicity. As plasma concentrations increase, toxicity
45
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questionnaire and clear documentation of differences in physiological observations. Furthermore, off-target effects of lidocaine
through, eg, immune alterations have not been fully evaluated
using global measures of patient outcomes. Until this knowledge
gap with respect to safety is bridged by future trials, the risk of
perioperative lidocaine infusions at a population level remains
uncertain. This needs to be addressed before this strategy is likely
to receive strong recommendations from guideline developers.
In conclusion, the findings of this meta-analysis are consistent
with the concept that systemic lidocaine administration reduces the
development of CPSP. However, several important limitations are
apparent in the trials performed to date and higher quality evidence
is required before a widespread change in practice is justified.
Indeed, meta-analyses reporting a positive effect for an intervention
are rarely corroborated in subsequent definitive large-scale
trials,32,38 and it has been argued that the primary purpose of
a meta-analysis is in hypothesis generation rather than hypothesis
testing.15 Although there are a number of registered trials currently
investigating perioperative lidocaine with CPSP as the primary
outcome (NCT01619852 and NCT02862769), it is our view that
none are sufficiently powered to detect the most plausible outcome
of a small to moderate benefit or harm. The hypothesis that
perioperative lidocaine reduces CPSP should therefore be tested in
a large, definitive, multicenter clinical trial that overcomes the
limitations identified to date by measuring safety outcomes in detail.
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Figure 5. Cochrane collaboration risk of bias.

manifests first as sensory disturbances (more likely above 5 mg/
mL), then seizures (more likely above 10 mg/mL), and at extremely
high levels, cardiovascular collapse.2 Some institutions mandate
high dependency care or continuous cardiac monitoring when
infusions outlast the recovery area and others do not. Although no
safety outcomes could be meta-analyzed in this work, the 6
studies reviewed all used standard care monitoring strategies and
explicitly reported an absence of adverse events related to
lidocaine exposure (Table 2). Similarly, in the Cochrane Review of
45 lidocaine trials (n 5 2802) reporting primarily on acute
postoperative pain and recovery, adverse events were collated
as a secondary outcome.29 Again, these were not amenable to
meta-analysis but were described qualitatively. The authors
report that only 17 trials systematically analyzed the occurrence of
safety outcomes, and there was no evidence that intravenous
lidocaine was associated with an increased risk of adverse events
such as death, arrhythmias, other heart rate disorders, or
lidocaine toxicity. Indeed, even in massive inadvertent overdose
(a 10-fold dosing error leading to 1 g administration on induction)
in a recent trial, only transient hypotension was described.46
Despite these reassuring findings, the limitations of lidocaine trials
to date with respect to safety surveillance and reporting should be
addressed in future work with a structured, quantifiable toxicity
46

References
[1] Andreae MH, Andreae DA. Regional anaesthesia to prevent chronic pain
after surgery: a cochrane systematic review and meta-analysis. Br J
Anaesth 2013;111:711–20.
[2] Bailey MA; Toner AJ; Corcoran T. Lidocaine infusions: the golden ticket in
postoperative recovery? In: Riley R, editor. Australasian anaesthesia.
Melbourne, Australia: Australian and New Zealand College of
Anaesthetists, 2017.
[3] Barreveld A, Witte J, Chahal H, Durieux ME, Strichartz G. Preventive
analgesia by local anesthetics: the reduction of postoperative pain by
peripheral nerve blocks and intravenous drugs. Anesth analgesia 2013;
116:1141–61.
[4] Boas RA, Covino BG, Shahnarian A. Analgesic responses to i.v.
lignocaine. Br J Anaesth 1982;54:501–5.
[5] Boney O, Bell M, Bell N, Conquest A, Cumbers M, Drake S, Galsworthy
M, Gath J, Grocott MP, Harris E, Howell S, Ingold A, Nathanson MH,
Pinkney T, Metcalf L. Identifying research priorities in anaesthesia and
perioperative care: final report of the joint National Institute of Academic
Anaesthesia/James Lind Alliance Research Priority Setting Partnership.
BMJ Open 2015;5:e010006.
[6] Challapalli V, Tremont-Lukats IW, McNicol ED, Lau J, Carr DB. Systemic
administration of local anesthetic agents to relieve neuropathic pain.
Cochrane Database Syst Rev 2005;4:CD003345.
[7] Chan MT, Peyton PJ, Myles PS, Leslie K, Buckley N, Kasza J, Paech MJ,
Beattie WS, Sessler DI, Forbes A, Wallace S, Chen Y, Tian Y, Wu WK; the
Australian and New Zealand College of Anaesthetists Clinical Trials

Copyright  2018 by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.

1704

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]
[23]
[24]

[25]

[26]

·

PAIN®

M. Bailey et al. 159 (2018) 1696–1704

Network for the E-II Investigators. Chronic postsurgical pain in the
evaluation of nitrous oxide in the gas mixture for anaesthesia (ENIGMA)-II
trial. Br J Anaesth 2016;117:801–11.
Chaparro LE, Smith SA, Moore RA, Wiffen PJ, Gilron I. Pharmacotherapy
for the prevention of chronic pain after surgery in adults. Cochrane
Database Syst Rev 2013;7:CD008307.
Choi KW, Nam KH, Lee JR, Chung WY, Kang SW, Joe YE, Lee JH. The
effects of intravenous lidocaine infusions on the quality of recovery and
chronic pain after robotic thyroidectomy: a randomized, double-blinded,
controlled study. World J Surg 2017;41:1305–12.
Cohen SP, Raja SN. Prevention of chronic postsurgical pain: the ongoing
search for the holy grail of anesthesiology. Anesthesiology 2013;118:
241–3.
Ferrante FM, Paggioli J, Cherukuri S, Arthur GR. The analgesic response
to intravenous lidocaine in the treatment of neuropathic pain. Anesth
analgesia 1996;82:91–7.
Gartner R, Jensen MB, Nielsen J, Ewertz M, Kroman N, Kehlet H.
Prevalence of and factors associated with persistent pain following breast
cancer surgery. JAMA 2009;302:1985–92.
Grigoras A, Lee P, Sattar F, Shorten G. Perioperative intravenous
lidocaine decreases the incidence of persistent pain after breast surgery.
Clin J Pain 2012;28:567–72.
Hahnenkamp K, Durieux ME, Hahnenkamp A, Schauerte SK,
Hoenemann CW, Vegh V, Theilmeier G, Hollmann MW. Local
anaesthetics inhibit signalling of human NMDA receptors recombinantly
expressed in xenopus laevis oocytes: role of protein kinase C. Br J
Anaesth 2006;96:77–87.
Hennekens CH, Demets D. The need for large-scale randomized
evidence without undue emphasis on small trials, meta-analyses, or
subgroup analyses. JAMA 2009;302:2361–2.
Hollmann MW, Durieux ME. Local anesthetics and the inflammatory
response: a new therapeutic indication? Anesthesiology 2000;93:
858–75.
Humble SR, Dalton AJ, Li L. A systematic review of therapeutic
interventions to reduce acute and chronic post-surgical pain after
amputation, thoracotomy or mastectomy. Eur J Pain 2015;19:451–65.
Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan
DJ, McQuay HJ. Assessing the quality of reports of randomized clinical
trials: is blinding necessary? Control Clin Trials 1996;17:1–12.
Jendoubi A, Naceur IB, Bouzouita A, Trifa M, Ghedira S, Chebil M,
Houissa M. A comparison between intravenous lidocaine and ketamine
on acute and chronic pain after open nephrectomy: a prospective,
double-blind, randomized, placebo-controlled study. Saudi J Anaesth
2017;11:177–84.
Ji RR, Xu ZZ, Gao YJ. Emerging targets in neuroinflammation-driven
chronic pain. Nat Rev Drug Discov 2014;13:533–48.
Kaba A, Laurent SR, Detroz BJ, Sessler DI, Durieux ME, Lamy ML, Joris
JL. Intravenous lidocaine infusion facilitates acute rehabilitation after
laparoscopic colectomy. Anesthesiology 2007;106:11–18; discussion
15–16.
Katz J, Clarke H, Seltzer Z. Review article: preventive analgesia: quo
vadimus? Anesth analgesia 2011;113:1242–53.
Kehlet H, Jensen TS, Woolf CJ. Persistent postsurgical pain: risk factors
and prevention. Lancet 2006;367:1618–25.
Kendall MC, McCarthy RJ, Panaro S, Goodwin E, Bialek JM, Nader A, De
Oliveira G Jr. The effect of intraoperative systemic lidocaine on
postoperative persistent pain using IMMPACT criteria assessment
following breast cancer surgery: a randomized, double-blind placebo
controlled trial. Pain Pract 2018;18:350–59.
Kim MH, Lee KY, Park S, Kim SI, Park HS, Yoo YC. Effects of systemic
lidocaine versus magnesium administration on postoperative functional
recovery and chronic pain in patients undergoing breast cancer surgery:
a prospective, randomized, double-blind, comparative clinical trial. PLoS
One 2017;12:e0173026.
Koltzenburg M, Torebjork HE, Wahren LK. Nociceptor modulated central
sensitization causes mechanical hyperalgesia in acute chemogenic and
chronic neuropathic pain. Brain 1994;117:579–91.

[27] Koppert W, Ostermeier N, Sittl R, Weidner C, Schmelz M. Low-dose
lidocaine reduces secondary hyperalgesia by a central mode of action.
PAIN 2000;85:217–24.
[28] Koppert W, Zeck S, Sittl R, Likar R, Knoll R, Schmelz M. Low-dose
lidocaine suppresses experimentally induced hyperalgesia in humans.
Anesthesiology 1998;89:1345–53.
[29] Kranke P, Jokinen J, Pace NL, Schnabel A, Hollmann MW, Hahnenkamp
K, Eberhart LH, Poepping DM, Weibel S. Continuous intravenous
perioperative lidocaine infusion for postoperative pain and recovery.
Cochrane Database Syst Rev 2015;7:CD009642.
[30] Kuo CP, Jao SW, Chen KM, Wong CS, Yeh CC, Sheen MJ, Wu CT.
Comparison of the effects of thoracic epidural analgesia and i.v. infusion with
lidocaine on cytokine response, postoperative pain and bowel function in
patients undergoing colonic surgery. Br J Anaesth 2006;97:640–6.
[31] Latremoliere A, Woolf CJ. Central sensitization: a generator of pain
hypersensitivity by central neural plasticity. J Pain 2009;10:895–926.
[32] LeLorier J, Gregoire G, Benhaddad A, Lapierre J, Derderian F.
Discrepancies between meta-analyses and subsequent large
randomized, controlled trials. New Engl J Med 1997;337:536–42.
[33] Mets B, Janicki PK, James MF, Erskine R, Sasman B. Lidocaine and
bupivacaine cardiorespiratory toxicity is additive: a study in rats. Anesth
analgesia 1992;75:611–14.
[34] Petrenko AB, Yamakura T, Baba H, Shimoji K. The role of N-methyl-Daspartate (NMDA) receptors in pain: a review. Anesth analgesia 2003;97:
1108–16.
[35] Schug SA. Pain after surgery-acute becomes chronic: might there be
a silver ROCKet? Anaesth Intensive Care 2017;45:439–40.
[36] Schug SA, Bruce J. Risk stratification for the development of chronic
postsurgical pain. Pain Rep 2017;2:e627.
[37] Shipton EA. The transition from acute to chronic post surgical pain.
Anaesth Intensive Care 2011;39:824–36.
[38] Sivakumar H, Peyton PJ. Poor agreement in significant findings between
meta-analyses and subsequent large randomized trials in perioperative
medicine. Br J Anaesth 2016;117:431–41.
[39] Strichartz GR. Novel ideas of local anaesthetic actions on various ion
channels to ameliorate postoperative pain. Br J Anaesth 2008;101:45–7.
[40] Terkawi AS, Sharma S, Durieux ME, Thammishetti S, Brenin D, Tiouririne
M. Perioperative lidocaine infusion reduces the incidence of postmastectomy chronic pain: a double-blind, placebo-controlled
randomized trial. Pain Physician 2015;18:E139–E146.
[41] Theunissen M, Peters ML, Bruce J, Gramke HF, Marcus MA.
Preoperative anxiety and catastrophizing: a systematic review and
meta-analysis of the association with chronic postsurgical pain. Clin J
Pain 2012;28:819–41.
[42] Treede RD, Rief W, Barke A, Aziz Q, Bennett MI, Benoliel R, Cohen M,
Evers S, Finnerup NB, First MB, Giamberardino MA, Kaasa S, Kosek E,
Lavand’homme P, Nicholas M, Perrot S, Scholz J, Schug S, Smith BH,
Svensson P, Vlaeyen JW, Wang SJ. A classification of chronic pain for
ICD-11. PAIN 2015;156:1003–7.
[43] van der Wal SE, van den Heuvel SA, Radema SA, van Berkum BF, Vaneker M,
Steegers MA, Scheffer GJ, Vissers KC. The in vitro mechanisms and in vivo
efficacy of intravenous lidocaine on the neuroinflammatory response in acute
and chronic pain. Eur J Pain 2016;20:655–74.
[44] Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard
deviation from the sample size, median, range and/or interquartile range.
BMC Med Res Methodol 2014;14:135.
[45] Weibel S, Jokinen J, Pace NL, Schnabel A, Hollmann MW, Hahnenkamp
K, Eberhart LH, Poepping DM, Afshari A, Kranke P. Efficacy and safety of
intravenous lidocaine for postoperative analgesia and recovery after
surgery: a systematic review with trial sequential analysis. Br J Anaesth
2016;116:770–83.
[46] Weinberg L, Rachbuch C, Ting S, Howard W, Yeomans M, Gordon I,
McNicol L, James K, Story D, Christophi C. A randomised controlled trial
of peri-operative lidocaine infusions for open radical prostatectomy.
Anaesthesia 2016;71:405–10.
[47] Woolf CJ. Central sensitization: implications for the diagnosis and
treatment of pain. PAIN 2011;152(3 suppl):S2–15.

47

Copyright  2018 by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.

Systematic Reviews and Meta-Analyses

'RZQORDGHG IURP KWWSVMRXUQDOVOZZFRPSDLQ E\ N]T$RM53=LF-N=-QXO0SX/G$T]D.+RJ[D+;-7T8*0)5UUK;7OZ=N.=%)LS9*3+,7MHO3F'VX2OO87,;HT/.+6.%9&W;4G5-</N);G.XL89,HF RQ 

Should thoracic paravertebral blocks be used to
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Abstract
The role of thoracic paravertebral block (PVB) in preventing chronic postsurgical pain (CPSP) after breast cancer surgery (BCS) has
gained interest, but existing evidence is conflicting, and its methodological quality is unclear. This meta-analysis evaluates efficacy of
PVB, compared with Control group, in preventing CPSP after BCS, in light of the Initiative on Methods, Measurement, and Pain
Assessment in Clinical Trials (IMMPACT) recommendations. Electronic databases were searched for randomized trials comparing
PVB with Control group for CPSP prevention after BCS. Eligible trials were assessed for adherence to IMMPACT recommendations.
The primary outcomes were CPSP at 3 and 6 months, whereas secondary outcomes were PVB-related complications. Data were
pooled and analyzed using random-effects modelling. Trial sequential analysis was used to evaluate evidence conclusiveness. Data
from 9 studies (604 patients) were analyzed. The median (range) of IMMPACT recommendations met in these trials was 9 (5, 15) of
21. Paravertebral block was not different from Control group in preventing CPSP at 3 months, but was protective at 6 months, with
relative risk reduction (95% confidence interval) of 54% (0.24-0.88) (P 5 0.02). Meta-regression suggested that the relative risk of
CPSP was lower when single-injection (R2 5 1.00, P , 0.001) and multilevel (R2 5 0.71, P 5 0.01) PVB were used. Trial sequential
analysis revealed that 6-month analysis was underpowered by at least 312 patients. Evidence quality was moderate according to the
GRADE system. Evidence suggests that multilevel single-injection PVB may be protective against CPSP at 6 months after BCS, but
methodological limitations are present. Larger trials observing IMMPACT recommendations are needed to confirm this treatment
effect and its magnitude.
Keywords: IMMPACT, Breast cancer surgery, Thoracic paravertebral block, Multimodal analgesia, Chronic postsurgical pain,

Systematic review, Meta-analysis

1. Introduction
Breast cancer is the second most common malignancy among
females in the United States, affecting 1 of 9 women during their
lifetime, with over 246,000 women newly diagnosed in 2016.105
Advances in screening and treatment by surgery and adjuvant
therapy have improved the 5-year survival rate of women affected
by localized and regionally invasive breast tumors to 88%.20 After
having survived breast cancer, the next most important goal is to

allow women to experience improved quality of life after
surgery.44,47
The main cause of poor quality of life among women with
breast cancer who have had surgery and survived cancer is
chronic postsurgical pain (CPSP),3,9,19,93,100 which can last for
months after tumor resection. Chronic postsurgical pain is
common after breast cancer surgery (BCS), typically affecting
the breast, chest wall, shoulder, axilla, and arm.92 Several
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nationwide studies,49,83,93 and numerous landmark studies,19,49,107,109,111 estimate the overall incidence of CPSP in
one or more of these anatomical areas to range between 41%
and 55% at 6 months after BCS. Once it has developed, CPSP is
predominantly neuropathic in nature49,51,75,85 and difficult to
treat,29,39 underscoring the importance of interventions that can
prevent the CPSP development.
Several randomized controlled trials (RCTs)2,34,56,59,62,63,72
have investigated a potential role of thoracic paravertebral block
(PVB) in preventing the development of CPSP after breast tumor
resection. By providing effective treatment of acute pain, it has
been postulated that PVB may reduce the risk of peripheral and
central sensitization, and thereby mitigating the development of
CPSP.65,71,82,88,124 However, current evidence has 3 major
limitations that preclude any recommendations regarding the use
of this intervention for the prevention of CPSP. First, RCTs are
small and have yielded conflicting results; a few have reported
that PVB protects against CPSP,2,56,59,62 whereas others have
failed to identify this benefit.34,63,72 Furthermore, these trials
examined varying doses and durations of the intervention of
interest and used different definitions of CPSP.45 Second,
published meta-analyses6,53,113 on the topic are decidedly
mixed, have important methodological limitations,1 and are now
outdated,6,113 after the publication of several recent trials.34,41,56,125 Third, the extent to which authors have adhered
to the Initiative on Methods, Measurement, and Pain Assessment
in Clinical Trials (IMMPACT) recommendations on trial design,43
outcome selection,30 and results interpretation31 of chronic pain
prevention trials is not clear.
This systematic review and meta-analysis seeks to answer the
question: “Should women having BCS receive PVB in addition to
the care standard to prevent the development of CPSP at 3 and 6
months after surgery?” To address this question, we designated
the risk of CPSP at 3 and 6 months as our co-primary outcomes
and systematically reviewed the evidence to (1) examine its
adherence to IMMPACT recommendations in terms of trial
design,43 outcome selection,30 and results interpretation31; (2)
assess its quality within54 and across12,46 relevant RCTs; (3)
estimate the pooled treatment effect of PVB; and (4) evaluate
whether the quality of evidence warrants a change in practice48
for this population.

2. Methods
This article adhered to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement
guidelines86 and to the International Association for the Study of
Pain (IASP) Special Interest Group recommendations on best
practice for reporting of systematic reviews.7 We sought clinical
trials that examined the effect of adding PVB to the care standard
on the risk of CPSP after BCS. This review was not registered with
the International Prospective Register of Systematic Reviews.
2.1. Eligibility criteria
We sought RCTs in which patients were randomly allocated to
receive either thoracic PVBs along with the care standard (PVB
group) or the care standard alone (Control group), and in which
CPSP was evaluated as an outcome. Decision on eligibility involved
a compromise between the well-established role of placebo in pain
research118 and the risks of using a placebo that is not inert or
innocuous. Research on nerve blocks ethically justifies avoiding
invasive placebos that are associated with high risk,26,36,69,106
particularly sham PVB.60 We therefore considered trials that used

a noninvasive placebo (eg, subcutaneous injection) or no block
eligible, as long as they were not open-label trials. This compromise
also acknowledges the inevitable risk of patient unblinding
associated with the sensory block onset in the surgical hemithorax, as well as with the sensory block onset and its assessment.
Effectively, we accepted trials that were at least assessor blinded,
assigning a high risk of bias to trials where patient blinding was not
convincingly sought or achieved. Notwithstanding, we planned to
consider questionable patient blinding as a main limitation when
evaluating the methodological quality of trials and the overall
strength of evidence.
Studies were considered for inclusion if the PVB was
performed to provide surgical anesthesia and/or postoperative
analgesia after BCS. No exclusion criteria were placed on the type
of BCS or the PVB technique. No exclusion criteria were placed
on the PVB technique; all single-injection, continuous (catheterbased), single-level, and multilevel PVB techniques were considered eligible. Interventions considered eligible as a Control group
included routine care standard in the absence of PVB, ie,
combined oral or intravenous analgesic through patientcontrolled analgesia, or intermittent nurse administration or oral
analgesics. Studies that used local infiltration analgesia as
a Control group were excluded because this intervention has
been reported to be effective at preventing CPSP after BCS.38,110
No language restrictions were placed on inclusion, and nonEnglish articles were translated using an online translator.
2.2. Search methods
We searched the US National Library of Medicine database,
MEDLINE; the Medline In-Process and Other Non-Indexed
Citations databases; the ExcerptaMedica database, Embase;
Cochrane Database of Systematic Reviews; and the Cochrane
Central Register of Controlled Trials database. The databases
were searched from their inception date to June 6, 2017, using
medical subject headings (MeSH), text words, and controlled
vocabulary terms relating to the main components of the research
question; these included (1) PVB, (2) BCS, and (3) chronic pain,
used individually, and in various combinations. The search
strategy was based on the MEDLINE search strategy (Appendix
A, available online at http://links.lww.com/PAIN/A594) and was
modified as necessary for the other databases. In addition, the
bibliographies and citations of all included studies were hand
searched to identify any study that satisfied the inclusion criteria.
We also searched the published abstracts of the following
international meetings: American Society of Anesthesiologists
(ASA) 2011 to 2016, American Society of Regional Anesthesia
and Pain Medicine (ASRA) 2013 to 2016, and the European
Society of Regional Anesthesia (ESRA) 2013 to 2016.
2.3. Selection of included studies
Two reviewers (N.H. and U.S.) first separately screened the
results of the search based on titles and abstracts only. A
secondary review of the full-text versions of potentially eligible
articles was then performed. In the case of disagreement on
eligibility, the 2 reviewers discussed until a consensus was
reached; however, if a decision still could not be reached, a third
reviewer (F.W.A.) assessed the study in question for inclusion.
2.4. Data extraction
A data extraction form was generated by an independent
reviewer (N.H.). All relevant study data were extracted in duplicate
50
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by 2 reviewers (N.H. and U.S.). In the case of disagreement,
a discussion was initiated until a consensus was reached. If
a consensus could not be reached, a third reviewer (F.W.A.)
independently assessed the data and made a final decision. The
form captured information regarding the year of publication;
number of participants; intervention and comparator groups;
assessment of presurgical pain or mood; type of BCS; chronic
pain risk factors evaluated; technique used for PVB; analgesics
used alongside PVB; assessment of acute postoperative pain;
pain scores at all reported follow-up times; method used for
diagnosis of CPSP; classification of CPSP; localization of CPSP
symptoms (ie, breast, chest, shoulder, arm, or axilla); interval
analgesic consumption at all reported follow-up times; side
effects of PVB (ie, pneumothorax, bleeding spread, epidural,
Horner syndrome, dislodged catheter, block failure, or local
anesthetic systemic toxicity); physical function scores at all
reported follow-up times; and emotional function scores at all
reported follow-up times. The primary source of results was
numerical data reported in the tables of included studies. A graph
digitizing software (GraphClick, Arizona Software) was used for
studies that provided data purely in graphical form. Interrater
consensus between the 2 reviewers for data extraction was
assessed by calculating an unweighted kappa (k) as a measure of
agreement.
2.5. Adherence to IMMPACT recommendations
The adherence of included trials to the IMMPACT recommendations for chronic pain trials was also assessed based on study
design,43 outcome selection,30 and results interpretation.31 The
objectives of the IMMPACT recommendations are to help
standardize outcome measurement and reporting of chronic
pain trials, thereby promoting more accurate evaluations of the
effectiveness of different treatment modalities.31 We evaluated
each included study for their adherence to the IMMPACT
statement using a set of 21 criteria (7 for trial design, 12 for
outcome selection, and 2 for results interpretation).30,31,43
The criteria for clinical trial design43 included: selecting
a population with high CPSP risk; distinguishing preexisting from
new chronic pain; prespecified adjustment for baseline predictors
of chronic pain risk; preventative intervention of interest administered before exposure to pain; provision of extended treatment
(prevention) throughout the acute pain phase; avoiding postrandomization initiation of nonstudy pain medications; and
extended monitoring of acute pain presence and severity until
healing (at least 48 hours).
The criteria for clinical trial outcomes selection30 included:
assessment of genetic factors; the cost and side effects of
preventative treatment; reporting rescue pain medications during
the follow-up period; reporting chronic pain intensity as numeric
rating scale (NRS) score; reporting dynamic (during movement)
component of CPSP; reporting chronic pain qualities (characterization) and pain affect; measurement of temporal aspect of pain;
inclusion of 3-, 6-, and 12-month assessments for CPSP;
inclusion of neuropathic pain measures; measurement of
disease-specific pain-related functional consequences; reporting
patient satisfaction with treatment and rating global improvement; and reporting patient dropouts.
The criteria set for clinical trials’ results interpretation31
included: identifying clinically important differences in CPSP
and other outcomes; and examining the impact of chronic pain on
physical and emotional functioning, quality of life, and sleep.
Two independent reviewers (N.H. and U.S.) assessed each
criterion as being present or absent in all included studies. In the
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case of disagreement, the 2 reviewers discussed until a consensus was reached; however, if a decision still could not be
reached, a third reviewer (F.W.A.) made the final assessment.
Interrater consensus between the 2 reviewers for adherence to
the IMMPACT recommendations was assessed by calculating an
unweighted k as a measure of agreement.
2.6. Methodological quality of individual trials
The methodological quality of each of the trials was assessed
using the Cochrane Collaboration tool for risk of bias assessment.54 This tool uses various domains that examine randomized
sequence generation, methods used for allocation concealment,
level of blinding of study personnel and outcome assessors, loss
to follow-up, and outcome data reporting.54 For each domain,
biases in the included studies are classified as low risk, high risk,
or unclear risk. Two independent reviewers (N.H. and U.S.) rated
each included study as having a low, unclear, or high risk of bias
for the predefined methodological questions in this tool. In the
case of disagreement, the 2 reviewers discussed until a consensus was reached; however, if a decision still could not be
reached, a third reviewer (F.W.A.) made the final assessment. We
decided a priori to assign a high risk of performance bias to
studies that did not have a true sham PVB (invasive placebo) in the
Control group for concern over blinding of study participants and
personnel. Interrater consensus between the 2 reviewers for the
methodological quality of the individual-included studies was
assessed by calculating an unweighted k as a measure of
agreement.
2.7. Methodological quality across trials
The quality of evidence for each individual outcome across the
included trials reviewed was assessed using Grades of Recommendation, Assessment, Development, and Evaluation (GRADE)
guidelines.8 The GRADE tool classifies the quality of pooled
results for a certain outcome based on key elements including
study quality, consistency, directness, precision, and publication
bias. The outcomes are classified into 4 categories: (1) high
quality: further research is very unlikely to change the confidence
in the estimate of effect; (2) moderate quality: further research is
likely to have an important impact on the confidence in the
estimate of effect and may change the estimate; (3) low quality:
further research is very likely to have an important impact on
the confidence in the estimate of effect and is likely to change the
estimate; and (4) very low quality: we are very uncertain about the
estimate.
2.8. Primary outcomes
We designated the relative risk (RR) of developing CPSP at both
3- and 6-month follow-up as our 2 primary outcomes of interest.
We chose 2 co-primary outcomes because 3 months is the
earliest that pain could be classified as chronic, as per the IASP
guidelines84,117; whereas 6 months is more likely to allow enough
time for recovery from acute postsurgical inflammatory processes
and swelling.68,119
2.9. Secondary outcomes
We evaluated block safety, based on PVB-related adverse
events, as a secondary outcome. This included both minor
(Horner syndrome, bruising, epidural spread, block failure, and
catheter dislodgement) and major (pneumothorax, nerve injury,
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local anesthetic systemic toxicity, seizures, cardiac arrest,
bleeding, hematoma formation, and injection site infections)
complications associated with PVB.77

I error when examining the 2 primary outcomes of this review,
P values ,0.025 were considered to be statistically significant for
all the 2-tailed tests performed.

2.10. Measurement of outcome data

2.14. Indirect comparisons

Screening for CPSP is not standardized in existing chronic pain
literature. Although the International Association for the Study of
Pain (IASP) grading system117 is considered the gold standard,
trials that pre- and post-date this grading system have used
a variety of other screening tools inclusive of sensory testing in
screening for the neuropathic component of CPSP. These
include: the Douleur Neuropathique en 4 (DN4) Questionnaire,13,15 the Leeds Assessment of Neuropathic Symptoms
and Signs Pain Scale (LANSS),67,112 the 6-item questionnaire (ID
Pain),80,90,94 the painDETECT,40 the Standardized Evaluation of
Pain (StEP)102 Questionnaire, and the Neuropathic Pain Questionnaire (NPQ).10 We also expected some trials to use
predefined cutoff values in pain severity scores, such as the
Visual Analogue Scale (VAS) score or NRS score, to screen for
CPSP.62 Finally, some researchers simply inquire about the
presence or absence of prolonged postoperative pain symptoms
as the sole criteria for CPSP screening.59,72 For the purposes of
this review, CPSP was defined as any continuous or intermittent
pain that develops or increases after surgical procedure, is
localized to the breast, chest side, shoulder, or arm, and that lasts
at least 3 months after surgery, as per the IASP guidelines and
meets the IASP grading system criteria.84,117 However, we
critically appraised all reported CPSP data at the 3- or 6-month
follow-up, regardless of the method used to screen for CPSP.
The screening methods were also evaluated against the IASP
definition and grading system criteria.

Based on a preliminary literature search, we were aware of the
limited number of studies63 comparing single-injection to
continuous (catheter-based) PVB for the prevention of CPSP.
Therefore, we planned to perform a direct head-to-head
comparison between the 2 techniques if data were available
from at least 3 trials. If that was not possible, we planned to
conduct an indirect comparison analysis to evaluate the differences between the 2 subgroups using the methods described by
Song et al.108 and Bucher et al.17 Indirect adjusted meta-analysis,
the simplest form of a network meta-analysis, depends on the
presence of a common comparator group between the
comparisons examined that fulfills the criteria of similarity,
consistency, and homogeneity.17 The calculated treatment
effects between the intervention groups are then compared
indirectly through the common comparator.17 In this case, we
planned to calculate the pooled RR of CPSP for single-injection
PVB vs Control and for continuous PVB vs Control through
subgroup analysis. For this analysis, we used inverse variance
weighting and a random-effects model.17,108

2.11. Subgroups
Because it has been proposed that the duration of analgesia is
a major determinant (predictor) of the ability of regional anesthesia
interventions (and acute pain management strategies) to reduce
the risk of transition from acute pain to CPSP,65,66 we decided,
a priori, to perform a subgroup analysis based on the type of PVB
technique used (single injection vs continuous).
2.12. Statistical analysis
We determined the risk of CPSP at 3 and 6 months in each study
arm by converting dichotomous outcome data related to the risk
of CPSP to overall incidence numbers. Furthermore, it has been
proposed that minor differences in the follow-up time or attrition
during the follow-up period do not alter the overall treatment
effect size or direction in studies evaluating the impact of regional
anesthesia on long-term outcomes.74 As such, the incidence of
CPSP in studies that evaluated this outcome at slightly different
follow-up times (ie, other than 3 or 6 months) was included if they
differed by 1 month or less.5 For example, the RR of CPSP at 5
months was included in the 6-month pooled estimate.
2.13. Meta-analysis
When dichotomous outcome data describing the risk of CPSP at
3- and 6-month follow-up could be pooled, a meta-analysis was
performed using the Mantel–Haenszel Random-Effects model
due to expected clinical heterogeneity between the included
studies. For dichotomous outcome data, an RR with a 95%
confidence interval (CI) was calculated. To reduce the risk of type-

2.15. Trial sequential analysis
To evaluate whether the data from the combined trials were
sufficient to definitively answer the research question of interest, we
planned further post hoc analysis on the primary outcome (ie, the
incidence of CPSP at 3- and 6-month follow-up) using the trial
sequential method.114 Meta-analyses with a smaller number of
patients and/or RCTs are at a greater risk of type-I error because of
limited data and multiple testing bias.16,123 Using trial sequential
analysis (TSA), the optimum information size, or the number of
patients required in a meta-analysis to make a reliable statistical
inference, can be calculated.114 This is achieved by creating
boundaries that help determine whether the evidence in a metaanalysis is reliable and sufficient for the detection of an effect.114 For
this analysis, a type-I error of 5%, a power of 80%, and 2-sided
testing were used. The required information size is calculated for
the primary outcome based on Control event rates (ie, the
incidence of CPSP in patients receiving Control) from the pooled
meta-analysis, alongside RR reduction values reported in some of
the relevant published trials. We planned to estimate the magnitude
of the RR reduction using the median across all studies included in
each respective follow-up time, while incorporating corrections for
heterogeneity. The O’Brien–Fleming a-spending function89 was
then used to create boundaries for concluding superiority,
inferiority, or futility. Trial sequential analysis was further used to
guide sample size requirements for future trials attempting to
detect the treatment effect of PVB on CPSP.
2.16. Exploring heterogeneity
The I2 statistic was used to evaluate heterogeneity. As suggested
by the Cochrane Handbook for Systematic reviews, an I2 greater
than 50% is indicative of significant heterogeneity.54 If heterogeneity was above this threshold, meta-regression was performed
using mixed random-effects modelling to explore whether any of
several predefined clinical study-level predictors explained the
variation in the primary outcome results. Meta-regression was
only performed if each group within a specific covariate included
52
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$2 trials. This analysis examined the following covariates: (1)
invasiveness of the surgical procedure (partial mastectomy or
lumpectomy vs mastectomy); (2) involvement of axillary procedures, such as axillary lymph node dissection (ALND) or sentinel
lymph node biopsy (SLNB), a CPSP risk factor37; (3) type of PVB
technique (single injection vs continuous)58; (4) number of PVB
levels (single-level vs multilevel PVB)25,95,122; (5) PVB localization
technique (ultrasound vs landmark vs nerve stimulator)70,76,99; (6)
use of the PVB (surgical anesthesia vs postoperative analgesia);
(7) postoperative analgesic modality (multimodal 5 combines
opioid and other adjuvants vs unimodal 5 uses opioids only)23,33;
(8) whether or not patients received chemotherapy and/or
radiotherapy during the follow-up period (a CPSP risk factor)4;
(9) whether or not the follow-up period allowed a subsequent
breast surgery for further tumor excision or reconstruction (a
CPSP risk factor); and (10) approach for CPSP diagnosis (use of
a validated screening tool inclusive of sensory testing vs other
criteria).15,97 A coefficient of determination (R2), ranging from 0 to
1 (0 5 0% of model explained by variable and 1 5 100% of model
explained by variable), was calculated for each covariate.
Sensitivity analysis was conducted when meta-regression could
not be performed on a specific covariate (,2 trials).
2.17. Evaluation of publication bias
We evaluated the risk of publication bias in our primary outcome
using the Egger regression test32 and also visually inspected
a funnel plot. In the absence of bias, the plot should take the
general shape of an inverted, symmetrical funnel.54

3.1. Study characteristics
The characteristics of the included trials and the clinically relevant
outcomes assessed are presented in Table 1. The unweighted k
for consensus between the 2 reviewers for data extraction was
0.71. The 9 studies included 604 participants who were
randomized to either PVB (n 5 330) or Control (n 5 274) group.
The patient sample examined a variety of breast cancer surgeries
including (1) mastectomy alone in 2 trials,56,125 with ALND in 8
trials,2,34,41,56,59,62,63,72 and with SLNB in 1 trial2; or (2)
lumpectomy with ALND in 6 trials,2,34,41,59,62,72 or with SLNB in
1 trial.2 Population-specific CPSP risk factors66 were evaluated in
some of the trials; 7 studies examined postoperative chemotherapy or radiotherapy2,34,41,59,62,63,72; 4 reported the presence of
preoperative pain in the breast area2,41,59,72; 6 screened patients
preoperatively for psychological factors known to influence pain
perception (ie, depression, anxiety, fear of pain, or catastrophizing) using validated questionnaires2,41,59,62,63,72; 3 reported
patients who had additional breast reconstructive surgical
procedures during the follow-up period2,62,72; 1 identified
patients who developed postoperative lymphedema2; and 2
screened patients for self-reported or clinically detected postoperative sensory disturbances.34,72
The technical aspect of PVB used varied considerably.
Paravertebral block was used to provide surgical anesthesia in
2 trials2,63 and postoperative analgesia in 7 trials.34,41,56,59,62,72,125 The PVB localization technique was anatomical at T359,62,63,72 or T441 in 5 trials41,59,62,63,72; ultrasound
guided at T3,34 T3 and T4,125 or at an unspecified level (T1-T5)2 in
1 trial; and nerve stimulator guided at an unspecified level (T1-T5)

2.18. Data management
Random-effects meta-analysis and forest plots were conducted
using Review Manager Software (RevMan version 5.2; Nordic
Cochrane Centre, Cochrane Collaboration). An unweighted k,
assessing interrater consensus between the 2 independent
reviewers was calculated using SPSS Software Version 21.0
(SPSS, Inc, Chicago, IL). Meta-regression was performed using
Comprehensive Meta-Analysis 3.0 (Engelwood). Trial sequential
analysis was performed using the TSA software package
(Copenhagen Trial Unit).114 Indirect meta-analysis was performed using the software developed by Tobı́as et al.116

3. Results
The literature search identified 34 potentially eligible records.
Based on title and abstract screening alone, 22 records were
excluded because of: being nonrandomized trials (n 5 1), having
incorrect comparator groups (n 5 5), lacking a standard of care
(Control) group (n 5 4), having an incorrect patient population (n
5 3), not having CPSP evaluated as an outcome (n 5 6), and
being a review article (n 5 3). Figure 1 summarizes the literature
search process. After the primary screen, 12 citations had their
full-text versions retrieved for further screening. Two of the 12
were excluded because of lack of an adequate Control group22,58
and 1 was excluded because of its retrospective nature.104 Hand
searching of the references of the identified trials, conference
proceedings, and www.clinicaltrials.gov did not reveal any
additional citations that satisfied our eligibility criteria. Thus, a total
of 92,34,41,56,59,62,63,72,125 full-text studies were included in this
systematic review and meta-analysis. Seven2,34,59,62,63,72,125
were true RCTs, and 241,56 were classified as RCTs of an
“unknown” level of bias. Two of the included trials required
translation from Portuguese41 and Spanish.56
53
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Figure 1. Study flow diagram.
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Karmakar
(2014)63
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2. GA 1
continuous
PVB (25)

1. GA (26)

2. GA 1
single-shot 1
continuous
PVB (25)

1. GA (25)

2. GA 1
continuous
PVB (15)

1. GA (14)

2. GA 1
single-shot
PVB (30)

1. GA (30)
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groups (n)

N/Y

Y/Y

N/N

Y/Y

N/Y
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4 and 6

1, 2, and 4

1 and 4

1, 2, and 4

1 and 4
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1 and 2
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SF-36 MCS; no
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No difference at
12 months
between
groups
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SF-36 PCS; no
difference
between
groups at 3and 6-month
follow-up
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Indirectly
through
movement

NS

Physical
PVB
function
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1, 4, and NS
6

Site of
chronic
pain{
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2. TIVA 1
single-shot
PVB (60)
3. TIVA 1
continuous
PVB (60)

108 1. TIVA (60)
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6

4 and 8
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2 and 4
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6
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3 and 5

6

Frequency
of follow-up
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6

3 and 6

3 and 5

6
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pain
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4

2

4

4
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pain
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Yes

No

Yes

Yes

Chronic pain
classification
neuropathic
vs nonneuropathic
pain (Y/N)

Yes

Yes

NS

Yes

Analgesic
consumption
during
follow-up

1 and 4

NS

NS

1, 2, 4,
and 6

Site of
chronic
pain{

9

NS

5

9

EORTC QLQ; no
difference
between
groups at 6month followup

NS

NS

QoR; no
significant
difference
between
groups at POD
4 and 7

Physical
PVB
function
side
effects#

EORTC QLQ; no
difference
between
groups at 6month followup

NS

NS

QoR; no
significant
difference
between
groups at POD
4 and 7

Emotional
function

Number 10

55

* (1) Lumpectomy, (2) mastectomy, (3) axillary biopsy, (4) axillary dissection, (5) partial mastectomy, (6) modified radical mastectomy (MRM), (7) MRM with implant insertion, and (8) extended radical mastectomy.
† (1) Repeat resection, (2) chemotherapy, (3) radiotherapy, and (4) reconstruction.
‡ (1) Single level, (2) multilevel, (3) continuous, (4) ultrasound, (5) anatomical, and (6) nerve stimulation.
§ (1) Acetaminophen, (2) NSAIDs, (3) opioids, and (4) neuromodulators.
‖ (1) Verbal, (2) intensity, (3) physical examination, and (4) screening tool.
{ (1) Breast, (2) chest, (3) shoulder, (4) arm, (5) NS, and (6) axilla.
# (1) Pneumothorax, (2) LAST, (3) bleeding, (4) epidural, (5) Horner, (6) dislodged catheter, (7) block failure, (8) other, and (9) none.
EORTC QLQ, European Organization for Research and Treatment of Cancer Quality of Life Questionnaire; GA, general anaesthesia; HADS, Hospital Anxiety and Depression Scale; LAST, local anesthetic systemic toxicity; MCS, mental health summary; mood, anxiety and depression; NSAID, nonsteroidal antiinflammatory drug; NS, not specified; PCS, physical health summary; POD, postoperative day; PVB, paravertebral block; QoR, Quality of Recovery; SF-36, 36-Item Short Form Health Survey; TIVA, total intravenous anaesthesia.
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in 1 trial.56 The PVB technique involved injection at a single level in
7 trials34,41,59,62,63,72,125 and at multiple levels in 2 trials.2,56
Finally, a single-injection technique was used in 5
trials,2,41,56,62,125 catheter-based infusion was used in 3 trials,34,59,72 and 1 trial involved both techniques.63
In the Control group, 7 studies used inhalation-based general
anaesthesia34,41,56,59,62,72,125 and 2 used total intravenous
anesthesia.2,63
Acute pain after breast surgery was evaluated up to 24 hours in
7 trials,2,34,41,56,59,63,125 48 hours in 5 trials,2,59,62,63,125 and 72
hours in 3 trials.59,62,63 The analgesic regimens used to treat
acute pain, in addition to PVB, included multimodal analgesia in 7
studies2,34,56,59,62,63,72 and unimodal analgesia (opioids only) in 2
studies.41,125 Analgesic consumption in the first 24 hours
postoperatively was reported in 4 trials.2,41,72,125
Postsurgical follow-up screening for CPSP occurred at 1,62
34,56,59,63,72,125
3,
5,56 6,2,34,41,56,62,63,125 9,34 and 12 months
after breast tumor resection.62 The criteria used in CPSP
screening differed; 4 trials2,34,41,63 used a screening tool inclusive
of sensory testing; 356,59,72 relied on verbal report of absence/
presence of pain symptoms only; and 262,125 used a predefined
threshold of pain severity score (NRS or VAS) only. Six studies
further localized CPSP to one or more anatomical areas (ie,
breast, chest, shoulder, axilla, and arm),2,34,41,59,62,63 and 2
studies differentiated between neuropathic and non-neuropathic
pain.2,62 Finally, the impact of CPSP on physical and emotional
function (measured with validated or nonvalidated measures) was
reported in 42,41,59,63 and 6 trials, respectively.2,41,59,62,63,72
3.2. Risk of bias assessment for individual trials
This risk of bias assessment for each of the included trials is
presented in Figure 2. The unweighted k for consensus between
the 2 reviewers for risk of bias assessment was 0.74.
Seven2,34,59,62,63,72,125 of the 9 studies clearly reported the
randomization details, whereas these details were unclear in 2
trials.41,56 Four trials described the methods used for random
sequence generation,2,59,63,72 and 2 described the methods
used for allocation concealment.2,63 Although 3 studies stated
that study participants and personnel were blinded to group
allocation,2,62,63 no study described used a true sham PVB,
including 2 that used noninvasive placebos (subcutaneous
injection2,62), and thus were all conservatively assigned a high
risk of performance bias. Five explicitly stated that study
personnel involved in outcome data collection was blinded to
group allocation.2,59,62,63,72 Seven studies were classified as
having a “low” risk of bias for incomplete outcome data because
of a #20% loss to follow-up rate and having balanced missing
data between the randomized groups.2,34,41,59,62,63,72 Only 2
studies were preregistered with clinical trial registries and had fulltext protocols available for review.2,63 Finally, 2 studies41,56 were
classified as having an “unclear” risk of bias for random sequence
generation because of insufficient reporting to determine the
methods used for randomization; and 1 study56 was classified as
having a high risk of bias for incomplete outcome reporting
because of .20% loss to follow-up rate.
3.3. Adherence to IMMPACT recommendations
The extent to which the trials adhered to IMMPACT recommendations is shown in Table 2. The unweighted k for consensus
between the 2 reviewers for adherence to the IMMPACT
recommendations was 0.83. In general, the median (range) of
the number of a priori defined IMMPACT recommendations that

Figure 2. Risk of bias summary for included studies.

were met in the reviewed trials was 95,15 of
21.2,34,41,56,59,62,63,72,125
Studies adhered to 53,7 of the 8 a priori defined IMMPACT trial
All
9
studdesign
criteria.2,34,41,56,59,62,63,72,125
2,34,41,56,59,62,63,72,125
ies
selected a patient population with a high
risk of developing CPSP (ie, patients undergoing breast tumor
resection)14,51 and administered the thoracic PVB before the
exposure of pain.2,34,41,56,59,62,63,72,125 None of the studies
preidentified and adjusted for baseline predictors4 of CPSP. On
the other hand, 6 studies performed post hoc analysis on at least
1 predictor of CPSP through subgroup analysis,2,34,41,59,63,72
whereas the other 3 did not.56,62,125 Seven studies used
multimodal analgesia for extended treatment of acute
56
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Table 2

Adherence to IMMPACT recommendations.
IMMPACT recommendation

Kairaluoma
(2006)

Iohom
(2006)

Ibarra
(2011)

Elkaradawy
(2012)

Lee
(2013)

Karmakar
(2014)

Abdallah
(2015)

Gracio
(2016)

Xu
(2016)

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X

Design
Selecting a population with high
CPSP risk
Distinguishing preexisting from
new chronic pain
Prespecified adjustment for
baseline predictors of chronic
pain risk
Preventive intervention of interest
administered before exposure to
pain
Provision of extended treatment
(prevention) throughout the acute
pain phase
Avoiding postrandomization
initiation of nonstudy pain
medications (eg, gabapentin)
Extended monitoring of the acute
pain presence and severity until
healing (at least 48 hours)
Reporting patient disposition
(dropout)
Outcome selection
Assessment of genetic factors
Measuring the cost of the
preventive treatment (side
effects)
Reporting rescue pain medications
during the follow-up period
Chronic pain (.3 months) intensity
Reported as NRS score
Reporting dynamic component of
CPSP
Reporting chronic pain qualities
(characterization) and pain affect
Measurement of temporal aspect of
pain
Inclusion of 3-, 6-, and 12-month
assessments for CPSP
Inclusion of neuropathic pain
measures
Measurement of disease-specific
functional outcomes (eg,
shoulder function)
Reporting patient satisfaction with
treatment and rating global
improvement

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X
X

X

X

X

X
X

X

X

X
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Results interpretation
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as sleep
Identifying clinically important
differences in CPSP and other
outcomes
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X

CPSP, chronic postsurgical pain; NRS, numeric rating scale.

postoperative pain (up to 3 days)2,34,59,62,63,72,125 and avoided
the postrandomization initiation of nonstudy pain medications
(eg, gabapentin).2,41,56,59,62,63,125 The presence and severity of
acute pain were monitored for at least 2 days after
surgery.2,59,62,63,72,125
57

Studies adhered to 31,6 of the 11 predefined IMMPACT
outcome selection criteria.2,34,41,56,59,62,63,72,125 Six studies each
evaluated the side effects and/or adverse events associated with
PVB,2,41,56,59,63,72 and reported rescue pain medication use
during the follow-up period.2,41,59,62,63,125 Only 2 studies
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Figure 3. Forest plot of RR of developing chronic postsurgical pain (CPSP) at 3 months. The pooled estimates of the weighted RR are shown with 95% confidence
intervals (CIs). The pooled estimates are represented as diamonds and the lines represent the 95% CIs. PVB, paravertebral block; RR, relative risk.

individually assessed CPSP intensity through the NRS score,2,62
reported the dynamic component of CPSP,62,63 and measured
disease-specific functional outcomes.41,63 Only one study
assessed genetic factors for the CPSP development72 and
patient satisfaction with PVB.63 None of the reviewed trial studies
reported CPSP at all 3-, 6-, and 12 months after surgery.
Studies adhered to a median of 1 (0, 2) of the 2 predefined
IMMPACT results interpretation criteria.2,34,41,56,59,62,63,72,125
Only 3 studies2,41,63 assessed the impact of CPSP on both
physical and emotional function using validated questionnaires.
For physical function, tools used included the European
Organization for Research and Treatment of Cancer Quality of
Life Questionnaire (EORTC QLQ),41 36-Item Short Form Health
Survey (SF-36) physical health summary,63 and Quality of
Recovery Score.2 For emotional function, tools used included
domains of the EORTC QLQ,41 SF-36 mental health summary,63
and QoR scale.2 Finally, only one trial defined and sought clinically
important differences in CPSP and other outcomes assessed.2

3.4. Primary outcomes
3.4.1. Risk of chronic postsurgical pain at 3 months
The incidence of CPSP at 3 months was evaluated by 6
studies34,56,59,63,72,125 that enrolled 329 patients (PVB: 162 and
Control: 167). Sixty-six of 162 patients (40%) in the PVB group
and 102 of 167 (61%) in the Control group experienced CPSP at 3
months. Although the PVB group seemed to have a 32%
reduction in risk of developing CPSP at 3-month as compared to
Control group, the difference was not statistically significant (RR:
0.68, 95% CI 0.43-1.08, P 5 0.11, I2 5 68%) (Fig. 3). The quality

of evidence was low because of questionable blinding, heterogeneity, and publication bias.
3.4.2. Risk of chronic postsurgical pain at 6 months
The incidence of CPSP at 6 months was evaluated by 7
studies2,34,41,56,62,63,125 that enrolled 439 patients (PVB: 218
and Control: 221). Fifty-one of 218 patients (25%) in the PVB
group and 99 of 221 (45%) in the Control group experienced
CPSP at 6 months. Compared with the Control group, the PVB
group showed significantly reduced risk of developing CPSP at 6
months (RR: 0.46, 95% CI 0.24-0.88, P 5 0.02, I2 5 79%) (Fig.
4). The quality of evidence was moderate because of questionable blinding and heterogeneity in the pooled estimate.
The results of the primary outcome for both 3- and 6-month
follow-up time points displayed a high level of heterogeneity that
was above the predefined cutoff (.50%). Meta-regression
analysis was conducted to explore the sources of heterogeneity
based on the a priori defined clinical predictors. The RR of
developing CPSP at 3-month follow-up was independent of the
(1) type of PVB technique (single injection vs continuous)
(coefficient of determination [R2] 5 0.49, P 5 0.07, I2 5 38%);
(2) PVB localization technique (ultrasound vs landmark vs nerve
stimulator) (R2 5 0, P 5 0.30, I2 5 56%); (3) whether or not
patients received chemotherapy and/or radiotherapy during the
follow-up period (R2 5 0.49, P 5 0.07, I2 5 38%); or (4) CPSP
screening approach (use of a validated screening tool inclusive of
sensory testing vs other criteria) (R2 5 0, P 5 0.78, I2 5 59%).
Sensitivity analysis was performed for 6 additional covariates
where less than 2 studies were available in at least one of the
subgroups examined. Our results were robust to sensitivity

Figure 4. Forest plot of RR of developing chronic postsurgical pain (CPSP) at 6 months. The pooled estimates of the weighted RR are shown with 95% confidence
intervals (CIs). The pooled estimates are represented as diamonds and the lines represent the 95% CIs. PVB, paravertebral block; RR, relative risk.
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1965

Figure 5. Trial sequential analysis for CPSP at 3 months after breast cancer surgery. Analysis is based on a relative risk (RR) reduction of 51% and a Control event
rate of 61%. The blue line represents the cumulative Z-score. The solid red, inward sloping red lines represent the trial sequential monitoring boundaries. The solid
red, outward sloping red lines represent the futility region. The horizontal red lines represent the threshold for significance. CPSP, chronic postsurgical pain; PVB,
paravertebral block.

analysis performed by excluding studies that used multilevel
PVB,56 did not involve axillary procedures,125 used opioid-based
multimodal analgesia,125 involved lumpectomy rather than
mastectomy,34 administered surgical PVBs,63 and permitted
a second breast surgery72 during the follow-up period.
For the 6-month follow-up period, meta-regression analysis
suggested that the RR of developing CPSP was dependent on
the (1) type of PVB technique (R2 5 1.00, P , 0.001, I2 5 0%),
with single-injection PVB being more effective in preventing CPSP

compared with continuous PVB; and (2) number of PVB levels
(R2 5 0.71, P 5 0.01, I2 5 44%), with multilevel PVB being more
effective in preventing CPSP compared with single level. By
contrast, the RR of developing CPSP was independent of the (1)
invasiveness of surgical procedure (partial mastectomy vs
mastectomy) (R2 5 0.2, P 5 0.26, I2 5 68%); (2) PVB localization
technique (ultrasound vs landmark vs nerve stimulator) (R2 5 0,
P 5 0.57, I2 5 81%); (3) use of PVB (surgical anesthesia vs
postoperative analgesia) (R2 5 0, P 5 0.98, I2 5 76%); (4)

Figure 6. Trial sequential analysis for CPSP at 6 months after breast cancer surgery. Analysis is based on a relative risk (RR) reduction of 58% and a Control event
rate of 45%. The blue line represents the cumulative Z-score. The solid red, inward sloping red lines represent the trial sequential monitoring boundaries. The solid
red, outward sloping red lines represent the futility region. The horizontal red lines represent the threshold for significance. CPSP, chronic postsurgical pain; PVB,
paravertebral block.
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postoperative analgesic modality (R2 5 0, P 5 0.54, I2 5 77%); (5)
whether or not patients received chemotherapy and/or radiotherapy during the follow-up period (R2 5 0.19, P 5 0.15, I2 5
73%); (6) whether the follow-up period permitted additional
breast surgery (R2 5 0.58, P 5 0.11, I2 5 53%); and (7) CPSP
screening approach (use of a validated screening tool inclusive of
sensory testing vs other criteria) (R2 5 0, P 5 0.49, I2 5 75%).
Sensitivity analysis was performed for 1 covariate where less than
2 studies were available in at least one of the subgroups
examined. Our results were robust to sensitivity analysis when the
study that did not involve axillary procedures125 was excluded
from analysis.
Based on a funnel plot and the Egger regression test,
publication bias was probable at 3-month follow-up (P 5 0.01),
but not at 6-month follow-up (P , 0.05).
3.5. Secondary outcomes
The minor complications reported with PVB included block
failure,72 dislodged PVB catheter,72 and Horner syndrome.56,59
These were reported to occur in 10 of 176 patients (5.7%) in the
PVB group.2,41,56,59,63,72 No minor complications were reported
in the Control group (n 5 180).2,41,56,59,63,72 The risk of minor
complications was 5.92 times higher in the PVB group compared
with Control group (RR 5.92, 95% CI 1.04-33.50, P 5 0.04,
I2 5 0%).
Major complications were not reported in either
group.2,41,56,59,63,72
3.5.1. Indirect comparison analysis
The results from subgroup analysis revealed that the RR of CPSP
at 3-month follow-up for single-injection PVB56,59,63,125 vs
Control and for continuous PVB34,63,72 vs Control was 0.34
(95% CI 0.10-1.18, P 5 0.07, I2 5 78%) and 0.63 (95% CI 0.351.12, P 5 0.11, I2 5 0%), respectively. Adjusted indirect
comparison seemed to suggest that single-injection PVB reduced the risk of developing CPSP at 3 months by 56%
compared with continuous PVB, but the difference was not
statistically significant (95% CI 0.17-1.70, P 5 0.29).
Subgroup analysis at 6-month follow-up revealed that the RR
of CPSP for single-level PVB2,41,56,62,63,125 vs Control and for
continuous PVB34,63 vs Control comparison was 0.42 (95% CI
0.25-0.72, P 5 0.002, I2 5 51%) and 1.02 (95% CI 0.75-1.38, P
5 0.89, I2 5 0%), respectively. Adjusted indirect comparison
suggested that single-injection PVB did reduce the risk of
developing CPSP at 6 months by 59% compared with continuous
PVB; this difference was statistically significant (95% CI 0.230.72, P 5 0.002).
3.5.2. Trial sequential analysis
Trial sequential analysis for the incidence of CPSP in patients
receiving PVB vs Control was conducted based on event rates
reported in the Control groups of this meta-analysis, ie, 61% and
45% at 3- and 6-month follow-ups, respectively. Based on
a median event rate, the RR reduction used for optimal sample
size was estimated at 51% at 3 months34,56,59,63,72,125 and 58%
at 6 months.2,34,41,56,62,63,125 For the 3-month follow-up, the
z-score did not break through the boundaries for superiority,
inferiority, or futility, but it did surpass the boundary for optimal
information size, suggesting adequacy of cumulative sample size
(Fig. 5). By contrast, at the 6-month follow-up, although the
z-score crossed the boundary for superiority of PVB for the

prevention of CPSP, it did not cross the boundary for optimal
sample size (Fig. 6). The optimal sample size required for a future
trial attempting to detect an RR reduction equivalent to 58% at 6
months was found to be 751 patients. Therefore, this metaanalysis seems to be adequately powered to detect a difference
between the 2 groups at 3 months, but lacks the necessary
power to detect a difference at 6 months, by at least 312 patients.

4. Discussion
Our systematic review and meta-analysis provides moderate
quality evidence suggesting that PVB may possess a protective
effect against CPSP at 6 months after BCS. These results are
promising, but the evidence available is fraught with important
methodological limitations because of understandable/
explainable logistical reasons; thus, further research is needed
to confirm this effect. The results of meta-regression analysis and
indirect meta-analysis consistently found that this protective
effect is associated with the single-injection PVB technique,
rather than continuous PVB infusion. Furthermore, metaregression analysis also found the protective effect to be
associated with multilevel PVB, rather than single-level PVB.
Subgroup analysis suggested that this protective effect is
applicable to breast surgeries inclusive of ALND and is not
necessarily generalizable to SLNB. The TSA suggested that the
pooled results continue to be underpowered to definitively
demonstrate the treatment effect at 6 months, thus encouraging
future trials examining this research question. In contrast to the
benefits of PVB, it was also associated with a risk of developing
some minor complications such as block failure,72 PVB catheter
dislodgement,72 and Horner syndrome,56,59 but no major
complications were reported.
The inability to demonstrate a statistically significant protective
effect of PVB at 3 months, despite the beneficial trend
detected,56,59 may be attributed to the continued acute postsurgical changes that patients may experience at 3 months. Arm
swelling55 and “early” lymphedema68,119 may last between 3 and
6 months after mastectomy, overlapping with CPSP precipitated
by nerve and muscle damage, and questioning the 3-month
cutoff time point to identify CPSP in this specific patient
population.
4.1. Novelty
This meta-analysis is the first to provide moderate level evidence
supporting the PVB protecting effect against CPSP at 6 months.
Two earlier reviews by Andreae and Andreae6 and Terkawi
et al.113 suggested such a protective effect, but they were limited
to 2 and 4 trials, respectively. Our results are different from the
recent meta-analysis of Heesen et al.,53 which found no
protective effect of PVB against CPSP at 6 months. This
contrasting conclusion may be attributed to the additional trials
included in our review and their inclusion of patients who received
single-injection PVB as well as local infiltration analgesia in the
Control group.1 That said, the magnitude of the protective effect
we observed is relatively high for a multifactorial phenomenon
such as CPSP after BCS; it is possible that this estimate is
overestimated, underscoring the need for future studies. Nonetheless, these findings continue to be important as new evidence
dismissing the protective effect of pharmacological interventions,
such as pregabalin or gabapentin,96 against CPSP leaves the
clinical stakeholders (ie, researchers, clinicians, and patients) with
one promising option, namely regional anesthesia interventions,
such as the thoracic PVB.
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4.2. The optimal paravertebral block technique
Our meta-analysis has implications on the optimal PVB technique
for CPSP prevention. Our results suggest that multilevel and
single-injection PVB were associated with superior protective
effect against CPSP at 6 months compared with single-level and
continuous PVB, respectively. Although these findings should be
interpreted cautiously because they are not based on direct
(head-to-head) comparisons, they can be contextualized by the
anatomy of the innervation of the breast and the extent of sensory
blockade produced by PVB. Breast innervation includes the
anterior and lateral branches of the T1 to T7 intercostal
nerves28,61; the lateral cutaneous branch of T2 (intercostobrachial nerve) innervating the interior aspect of the upper arm is
particularly involved in axillary dissection/clearance procedures,
with surgical damage to this nerve being strongly associated with
CPSP.28 Additional nerves that may be involved include the
superficial cervical plexus, the lateral and medial pectoral
nerves,73 and the long thoracic and thoracodorsal nerves.28
Practically, the deposition of local anesthetics into the paravertebral space during a single-level PVB may spread cephalad
and caudad to several adjacent levels,28,115 blocking one or more
dermatomes.115 However, the extent of this spread is very
unpredictable,21,78 and thus may fail to provide complete
analgesia to the entire breast. This plausibly explains the
superiority of the multilevel PVB, as it guarantees a more
extensive dermatomal spread.37,64 Most of the studies of
multilevel PVB blocked the T3 and/or T4 intercostal nerves
innervating the nipple, which may partially explain the protective
effect observed, as densely innervated areas are at higher risk of
neuropathic pain.81 Similarly, although continuous PVB
may provide more prolonged analgesia compared with
single-injection PVB, the dermatomal spread associated with
a continuous infusion may be limited; radiologic studies have
demonstrated a lack of consistent “longitudinal spread” within the
paravertebral space when PVB catheters are used.98 In fact,
several studies have even failed to detect any major short-term
analgesic benefits when single-injection PVB is supplemented by
a PVB infusion.18,58,63 Notwithstanding, none of the trials of
continuous PVB in this review used preprogrammed boluses.
With this new evidence of superiority of the multilevel singleinjection PVB technique, it is noteworthy that 8 of the reviewed
trials2,34,41,56,59,62,63,72 included patients having mastectomy and
ALND, but only 2 used2,56 multilevel PVB. This signals that current
care standards have underused the full potential of this analgesic
intervention, particularly at preventing CPSP.

4.3. Design, outcome selection, and interpretation
implications for future trials
Apart from informing the selection of PVB technique, time for CPSP
assessment, and sample size estimation for future studies, our
review indicates that the extent to which authors have adhered to
the IMMPACT recommendations on trial design,43 outcome
selection,30 and results interpretation31 was consistently limited.
Notably, appraising the reviewed trials against other sets of
recommendations, such as the proposed frameworks for CPSP
risk factors and outcome measures, yields a similar judgement.120
Although all included trials post-dated the IMMPACT recommendations on outcome selection,30 poor overall adherence to these
guidelines underscores the pressing need to enhance the validity of
research examining interventions to prevent chronic pain. Future
studies examining the same research question should adopt the
domains set forth by the IMMPACT criteria.
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Specifically, for trial design,43 the included trials adhered to
some of the criteria; however, researchers planning future studies
may want to limit their focus to one group of surgeries associated
with high risk of CPSP, rather than a variety of breast procedures,
as in most studies included in this review.2,34,41,56,59,62,63,72
Furthermore, failure to identify established baseline CPSP
predictors was a common observation in all studies2,34,41,56,59,62,63,72,125; both modifiable (eg, inclusion of ALND,
having greater acute postoperative pain, and presence of
preoperative pain) and nonmodifiable (eg, younger age and
radiotherapy) risk factors121 should be clearly identified and
adjusted for through stratified randomization or prespecified
statistical adjustments. Importantly, our growing understanding
of psychosocial factors such as anxiety, stress, depression,35,79
and pain catastrophizing11 has associated these factors with the
risk of developing CPSP and its symptom severity. Consequently,
future studies may need to use validated tools,31 such as the
PROMIS and SPADE depression and anxiety scales27,101 as well
as the Pain Catastrophizing scale91 to preidentify and focus on
higher risk populations. Future design should also be more
consistent in the extended use of multimodal analgesic techniques and the reporting of acute postoperative pain.
For outcome selection, areas for improvement include
consistent reporting of rescue pain medication requirements, as
well as CPSP screening, measurement of intensity, characterization, and length of follow-up. Most notably, CPSP after BCS
has been found to be predominantly neuropathic.51 The
approach to CPSP screening adopted in the majority of trials
reviewed herein56,59,62,72,125 relied on documenting the presence
of pain or achieving a certain pain severity score and ignored
sensory changes; this largely underestimates CPSP. The fact that
validated CPSP screening tools, such as the IASP grading
system,84,117 DN4 Questionnaire,13,15 or LANSS, were seldom
used67,112 constitutes a major limitation. Future trials may
consider incorporating quantitative sensory testing procedures
to provide more definitive information regarding neuropathic
pain.50 In addition, future studies need to include at least 3-, 6-,
and 12-month assessments for CPSP, report its qualities and
dynamic component, and evaluate its impact on functional
outcomes, such as shoulder disability,103 and patient satisfaction. Examining genetic predictors of CPSP, such as the
catecholamine-O-receptor methyltransferase (COPT) and Guanosine triphosphate cyclohydrolase (GCH1),72 is another outcome that future researchers may want to consider.
Finally, for results interpretation,31 the current studies clearly
fell short on defining the clinically important differences in CPSP
and other outcomes examined, and in evaluating the impact of
CPSP on daily functioning and health-related quality of life.24
4.4. Sample size implications for future trials
The recent TSA conducted by Heesen et al.53 used a Control
event rate of CPSP equivalent to 33% at 6 months; by projecting
an RR reduction of 20%, it estimated that 4100 additional patients
were required to demonstrate the PVB protective effect against
CPSP. By contrast, the additional data from several new trials
included in this meta-analysis provide updated 6-month Control
event rates and RR reduction values equivalent to 45% and 58%,
respectively. Consequently, the sample size requirement for
a future trial is more manageable, closer to 312 patients. As these
estimates seem to be optimistic, and given the observed
heterogeneity, we also calculated the sample size needed to
detect 20%, 30%, 40%, and 50% RR reductions, which would
require a total of 6521, 2590, 1228, and 595 additional patients,
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respectively. With the relative uncertainty of the magnitude of the
PVB treatment effect, these values are meaningful for researchers
designing future trials investigating the PVB protective effect
against CPSP at 6 months.
4.5. Strengths and limitations
Our meta-analysis has several strengths. First, we limited our
review to RCTs, and our exhaustive search included all electronic
databases and had no language restrictions. Our review
contained more RCTs than the previous.6,113 In addition, through
meta-regression and indirect comparison analyses, we were able
to provide insight into the optimal PVB technique to reduce the
risk of developing CPSP, as well as sample size requirements for
future studies aiming to evaluate the protective effect of PVB
against CPSP after BCS. Finally, our qualitative assessment of
adherence to the IMMPACT statement provides a methodological
roadmap for future research.
Our study has also limitations. First, the limited adherence to
the IMMPACT guidelines reduces the certainty of findings in the
source trials. Second, the small sample size and the “unclear”
risks of bias of some of the included trials decrease the external
and internal validity of our results42,52; and small trials may also
introduce a bias towards positive treatment effect in the metaanalyses. Third, our assessment of performance bias and overall
risk of bias was admittedly conservative. Although the risks of
invasive placebo associated with sham PVB are understandable,
these concerns should be balanced against the risk of unblinding
of participants, which may increase bias and inflate treatment
effect size. One consideration for future trials is using questionnaires to assess the success of blinding of participants. Fourth,
the high level of heterogeneity observed in our pooled primary
outcomes calls for careful interpretation, although success in
explaining this heterogeneity supports the validity of our findings.
Fifth, lack of individual patient data precluded examining the
correlation between acute postoperative pain and CPSP. Sixth,
we were unable to assess the temporal (long-term) aspects of
CPSP, as only one study included follow-up at 12 months.62
Although this trial signaled benefit, as did another study that did
not meet the inclusion criteria,57 the paucity of data did not allow
for drawing any conclusions regarding this time point. Seventh, 3
established predictors of CPSP, namely preexisting pain, preoperative opioid consumption, and depression (associated with
poor prognosis),4 could not be examined, as these were part of
the exclusion criteria of the studies reviewed. Similarly, all PVBs
were administered just before surgery; thus, the effect of
intervention timing (eg, just after surgery or 24 hours before
surgery) could not be assessed. Finally, the TSA was based on
a 58% median RR reduction yielded by the trials reviewed; future
studies may want to select one of the more conservative
magnitudes of the treatment effect that we provided. That said,
adequately powered prospective observational studies should
not be dismissed as a research design capable of informing this
research question and identifying the relevant modifiable
predictors.87

IMMPACT recommendations are needed to provide the necessary statistical power to definitively answer this question and to
confirm the true treatment effect.
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[33] Elia N, Lysakowski C, Tramèr MR. Does multimodal analgesia with
acetaminophen, nonsteroidal anti-inflammatory drugs, or selective
cyclooxygenase-2 inhibitors and patient-controlled analgesia
morphine offer advantages over morphine alone? Meta-analyses of
randomized trials. Anesthesiology 2005;103:1296–304.
[34] Elkaradawy S, Nasr M, Elkerm Y, Deeb ME, Yassine O. The effect of
multimodal balanced anaesthesia and long term gabapentin on
neuropathic pain, nitric oxide and interleukin-1b following breast
surgery. Egypt J Anaesth 2012;28:67–78.
[35] Fagundes C, LeRoy A, Karuga M. Behavioral symptoms after breast
cancer treatment: a biobehavioral approach. J Pers Med 2015;5:280–95.
[36] Fahy C, Costi D, Cyna A. Invasive “placebo” controls: have we lost sight
of whom we are blinding? Paediatr Anaesth 2011;21:1089–91.
[37] Fallatah S, Mousa WF. Multiple levels paravertebral block versus
morphine patient-controlled analgesia for postoperative analgesia
following breast cancer surgery with unilateral lumpectomy, and
axillary lymph nodes dissection. Saudi J Anaesth 2016;10:13–17.
[38] Fassoulaki A, Triga A, Melemeni A, Sarantopoulos C. Multimodal
analgesia with gabapentin and local anesthetics prevents acute and
chronic pain after breast surgery for cancer. Anesth Analg 2005;101:
1427–32.
[39] Finnerup NB, Otto M, McQuay HJ, Jensen TS, Sindrup SH. Algorithm for
neuropathic pain treatment: an evidence based proposal. PAIN 2005;
118:289–305.
[40] Freynhagen R, Baron R, Gockel U, Tölle TR. painDETECT: a new
screening questionnaire to identify neuropathic components in patients
with back pain. Curr Med Res Opin 2006;22:1911–20.
[41] Gacio MF, Lousame AMA, Pereira S, Castro C, Santos J. Paravertebral
block for management of acute postoperative pain and
intercostobrachial neuralgia in major breast surgery. Rev Bras
Anestesiol 2016;66:475–84.
[42] Geldsetzer P, Fawzi W. Quasi-experimental study designs series-paper
2: complementary approaches to advancing global health knowledge.
J Clin Epidemiol 2017;89:12–16.
[43] Gewandter JS, Dworkin RH, Turk DC, Farrar JT, Fillingim RB, Gilron I,
Markman JD, Oaklander AL, Polydefkis MJ, Raja SN, Robinson JP,
Woolf CJ, Ziegler D, Ashburn MA, Burke LB, Cowan P, George SZ, Goli
V, Graff OX, Iyengar S, Jay GW, Katz J, Kehlet H, Kitt RA, Kopecky EA,
Malamut R, McDermott MP, Palmer P, Rappaport BA, Rauschkolb C,
Steigerwald I, Tobias J, Walco GA. Research design considerations for
chronic pain prevention clinical trials: IMMPACT recommendations.
PAIN 2015;156:1184–97.
[44] Gill TM, Feinstein AR. A critical appraisal of the quality of quality-of-life
measurements. JAMA 1994;272:619–26.
[45] Gilron I, Kehlet H. Prevention of chronic pain after surgery: new insights
for future research and patient care. Can J Anaesth 2014;61:101–11.
[46] Guyatt G, Oxman AD, Akl EA, Kunz R, Vist G, Brozek J, Norris S, FalckYtter Y, Glasziou P, DeBeer H, Jaeschke R, Rind D, Meerpohl J,
Dahm P, Schünemann HJ. GRADE guidelines: 1. Introduction-GRADE
evidence profiles and summary of findings tables. J Clin Epidemiol 2011;
64:383–94.
[47] Guyatt GH, Cook DJ. Health status, quality of life, and the individual.
JAMA 1994;272:630–1.
[48] Guyatt GH, Oxman AD, Kunz R, Falck-Ytter Y, Vist GE, Liberati A,
Schünemann HJ. Going from evidence to recommendations. BMJ
2008;336:1049.
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Abstract
Sensory disturbances often spread beyond the site of injury in complex regional pain syndrome (CRPS) but whether this applies
equally to CRPS I and II, or changes across the course of the disease, is unknown. Establishing this is important, because different
symptom profiles in CRPS I and II, or in acute vs chronic CRPS, might infer different pathophysiology and treatment approaches. To
explore these questions, sensory disturbances were assessed in the limbs and forehead of 71 patients with CRPS I and 33 patients
with CRPS II. Pain had persisted up to 12 months in 32 patients, for 13 to 36 months in 29 patients, and for longer than this in 43
patients. Patients with CRPS I were more likely to be female, and pain was more likely to be present in an additional limb, than
patients with CRPS II. Conversely, pain was more likely to be associated with sensory deficits and allodynia in patients with CRPS II
than CRPS I. Nevertheless, heightened sensitivity, allodynia, and/or hyperalgesia to mechanical and thermal stimuli were detected in
a hemisensory distribution ipsilateral to the affected limb in both forms of CRPS. Some of these hemisensory disturbances
strengthened with chronicity of pain. These findings suggest that heightened excitability of nociceptive pathways in CRPS spreads
to hemisensory convergence points in the brainstem or higher brain centres, possibly in association with compromised pain
controls. The similarity of symptom profiles in chronic CRPS I and II implies shared mechanisms despite different triggers.
Keywords: Complex regional pain syndrome, Hemisensory disturbances, Hyperalgesia, Allodynia, Descending inhibitory pain

controls

1. Introduction
Complex regional pain syndrome (CRPS) typically begins after
a limb injury such as a fracture or sprain. Instead of resolving
normally, pain persists and often progresses to involve other parts
of the injured limb and elsewhere in the body. The pathophysiology of CRPS is uncertain but may include exaggerated
inflammation, neuroimmune disturbances, peripheral nerve injury, small-fibre neuropathy, aberrant crosstalk between sensory
and sympathetic nerves, and changes in nociceptive processing
within the central nervous system (eg, central sensitization, loss of
pain controls, or disinhibition of pronociceptive influences).6,32
Involvement of these mechanisms seems to vary over the course
of CRPS. For example, shortly after injury, the affected limb often
is swollen and warm, in association with heightened levels of
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proinflammatory mediators.7,20 The inflammatory response
generally subsides as CRPS progresses, but pain may persist,4,7,39 possibly due to secondary changes in nociceptive
processing within the central nervous system.
In many respects, symptoms that develop after partial injury to
a major peripheral nerve (CRPS II) resemble those that develop
after a fracture or soft-tissue injury (CRPS I). This has led to the
hypothesis that long-term inflammation, combined either with
subclinical minor nerve lesion (eg, in the deep tissue after fracture
or surgery) or clinically obvious major peripheral nerve injury,
triggers secondary changes in nociceptive processing, which
maintain CRPS.25 Complex regional pain syndrome often is
associated with ipsilateral sensory disturbances, including
sensory impairment or allodynia to light touch and hyperalgesia
to blunt pressure and thermal stimuli.11,14,19,30 The ipsilateral
distribution of hyperalgesia implies failure of lateralized pain
control processes, but whether this applies equally to CRPS I and
CRPS II, or changes across the course of CRPS, is unknown.
Establishing this is important because different symptom profiles
in CRPS I and II or at different points in CRPS might infer different
pathophysiology that requires different treatment approaches.
To explore these questions, sensory disturbances were
assessed using a standard psychophysical test battery in patients
with CRPS I or CRPS II. The focus of testing was on the
distribution of mechanical and thermal hyperalgesia not only in
the affected limb but also in the other limbs and forehead. It was
hypothesized that hemisensory disturbances would be more
prominent in chronic than acute CRPS, consistent with deterioration of pain modulation processes, and that differences
between CRPS I and II would be greater at the outset than later
on. If so, this would support the view that similar mechanisms
maintain symptoms and pain in chronic CRPS I and II.
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2. Methods
2.1. Participants
The sample consisted of 73 women and 31 men who met research
diagnostic criteria for CRPS.17 They were aged between 19 and 73
years (mean age 6 SD 46.8 6 11.2 years) and had suffered from
CRPS for 59 6 74 months. Sixty-three patients were from Australia,
18 from Germany, 14 from Denmark, and 9 from the United States.
In our previous studies, ipsilateral sensory disturbances were
detected in samples of 20 to 38 participants, mostly patients with
CRPS I that had persisted for several years.11,14,19 Hence, to
investigate the study hypotheses, we aimed to recruit at least 20
participants in each category (CRPS I vs CRPS II, and acute vs
intermediate and chronic CRPS). Each participant provided written
informed consent for the procedures, which were approved by an
institutional review board at each study location.
2.2. Procedures
Patients were asked to take scheduled medication as usual but
not to take additional analgesic medication on the morning of the
tests. Sensory tests were performed on the dorsum of the hands
and feet and on each side of the forehead. Tests began with an
assessment of the pressure pain threshold, followed by sensitivity
to sharp stimuli, brushing the skin, repetitive light touch, and cold
and heat. Initially, sensitivity to pressure and pinprick was
assessed proximal to the second and fifth digits on the
symptomatic limb and at mirror image sites contralaterally.
Thereafter, the test site was defined as the most sensitive site
on the affected limb and at corresponding sites on the other 3
limbs. For each sensory modality, the limbs were tested first,
starting at an asymptomatic site.
To measure the pressure–pain threshold, an algometer (FDX;
Wagner Instruments, Greenwich, CT, USA) with a modified 8-mm
diameter hemispheric rubber tip was applied once at each site at
100 g/second until the participant reported pain. To investigate
sensitivity to pinprick, Australian, Danish, and American patients
rated sensations evoked by the 2-second application of a springloaded metal pin at a force of 40 g (Neuro-pen; Owen Mumford,
Woodstock, Oxfordshire, United Kingdom), whereas German
patients rated sensations induced by a weighted pin (256 mN;
MRC Systems GmbH, Heidelberg, Germany)29 (data analysed
separately). In preliminary studies, patients often described the
application of a pin or stiff von Frey hair to be mildly or moderately
sharp at asymptomatic sites and extremely or painfully sharp at
symptomatic sites. Thus, we felt that “sharpness” ratings best
reflected the patient’s experience to these stimuli when
comparing sensations at symptomatic and asymptomatic sites.
A verbal rating scale ranging from 0 (not sharp) to 10 (extremely
sharp) was used to grade sharpness. Next, Australian, Danish,
and American patients rated sharpness evoked by the single 1second application of a “von Frey hair” (a nylon monofilament with
a bending force of 10 g, Neuro-pen; Owen Mumford), followed by
5 further applications of the stimulus with rests of 1 second
between each application. Patients rated sharpness evoked by
the final stimulus. German patients rated sharpness to the single
and repeated application of a 64-mN weighted pin (MRC
Systems GmbH), administered using the same timing as the
von Frey hair (data analysed separately). Each site was then
brushed lightly with several backward and forward strokes from
a soft brush, and patients were asked to describe the evoked
sensations in their own words. These descriptions were then
coded as a “normal” brushing sensation (ie, similar to sensations
induced at uninvolved body sites either in the present or past) or, if
67

1825

abnormal, were coded as painful (allodynia), stronger than
expected but not painful (hyperaesthesia), or weaker than
expected (hypoaesthesia) (as defined in the IASP Taxonomy,
https://www.iasp-pain.org/Education/Content.aspx?
ItemNumber51698&navItemNumber5576).
Next, skin temperature was measured from the dorsal surface
of the first phalanx of each digit on each limb and on each side of
the forehead with an infrared thermometer. At this stage, patients
had acclimatised for at least 45 minutes to the test room and had
moved each limb to a similar extent during sensory tests.
Tactile sensitivity was next assessed in Australian and Danish
patients using graded nylon monofilaments (Senselab von Frey
Aesthesiometer; Somedic Sales AB, Stockholm, Sweden). These
were applied in descending order to the medial and lateral
aspects of the affected and contralateral limb until the participant
failed to detect the stimulus on at least 2 of 3 trials. The
participant’s eyes were closed throughout this test. Thresholds
were averaged across the medial and lateral sites.
Finally, sensitivity to thermal stimuli was investigated. To
assess sensitivity to cold, a cylindrical metal bar (1.5 cm
diameter), cooled to 4˚C, or a TSA-II thermode (9 cm2 of contact
area; Medoc Ltd, Israel, German patients) was applied at each
body site for 7 seconds. Participants rated coldness between
0 (not cold) and 10 (extremely cold) and pain between 0 (not
painful) and 10 (extremely painful). To assess sensitivity to heat,
a purpose-built servo-controlled thermode (3.1 cm2 of contact
area, Australian and American patients), a TSA-II thermode (9
cm2 of contact area; Medoc Ltd, German patients) or a Somedic
Rolltemp roller (notional contact area 2-4 cm2 when rolled slightly,
Danish patients), heated to 40˚C, was applied at each site for 7
seconds. Participants rated heat between 0 (not hot) and 10
(extremely hot) and pain between 0 (not painful) and 10 (extremely
painful). Cool and warm detection thresholds, and cold-pain and
heat-pain thresholds, were then assessed at each body site by
cooling or warming a purpose-built servo-controlled thermode
(3.1 cm2 of contact area; Murdoch University, Perth, Western
Australia) or a TSA-II thermode (9 cm2 of contact area, Danish and
German patients) at 0.5 to 1˚C/second from a starting temperature of 32˚C until the required sensation was reported or to a limit
of 5 or 50˚C. Cool and warm detection thresholds were measured
twice, and the results were averaged.
The grading system for neuropathic pain put forward by
Finnerup et al.15 was used to differentiate between CRPS I and
CRPS II. Patients were considered to have CRPS II if a peripheral
nerve injury had been verified surgically or by a confirmatory test
(“definite” nerve lesion), or if a sensory examination and
quantitative sensory tests indicated sensory disturbances in an
anatomically plausible nerve distribution, given the site and nature
of the triggering event (“probable” nerve lesion).
2.3. Statistical analysis
To investigate changes across the time course of CRPS, patients
were assigned to an “acute” category (up to 12-month duration to
encompass effects associated with prolonged inflammation),18
an “intermediate” category (13-36 months when inflammation
was expected to subside, but nociceptive control processes to
deteriorate), or a “chronic” category (more than 36 months). For
each site and sensory modality, differences among groups were
investigated in analyses of variance with between-group factors
of diagnosis (CRPS I vs CRPS II) and chronicity (acute,
intermediate, and chronic), and a within-subject factor of side
(affected vs contralateral). Effects of repeated stimulation with
a nylon monofilament or pin had an additional factor of Trials (1 vs
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5). Whether brushing the skin evoked an abnormal sensation
(hypoaesthesia, hyperaesthesia, or allodynia) more often on the
affected than contralateral side was investigated with McNemar’s
test, and whether the relative frequency of abnormal sensations on
the affected side differed between patients with CRPS I vs CRPS II,
or between patients with acute vs intermediate or chronic CRPS,
was investigated with log-linear analysis. The distribution of pain in
the affected limb (local injury site or distal limb, or also including
more proximal parts of the limb to the shoulder or hip) was
compared between patients with CRPS I vs CRPS II, and between
patients with acute, intermediate, and chronic CRPS, using loglinear analysis. As pain sometimes was present in additional limbs,
this was also compared among groups with log-linear analysis. The
criterion of statistical significance was P , 0.05.

3. Results
Complex regional pain syndrome usually began after a soft-tissue
injury or bone fracture, with or without surgery (Table 1). Pain had
persisted for up to 12 months in 32 patients (acute CRPS, mean
duration 6 SD 6.1 6 3.4 months), for 13 to 36 months in 29
patients (intermediate CRPS, mean duration 23.4 6 7.3 months),
and for longer than 36 months in 43 patients (chronic CRPS,
mean duration 122.6 6 78.9 months). Pain was more likely to be
present in an additional limb of patients with chronic than
intermediate or acute CRPS (Table 1). In addition, the fingers or
toes of the affected limb were cooler than those of the
contralateral limb in patients with chronic CRPS but were similar
on both sides in patients with acute and intermediate CRPS
[chronicity 3 side interaction, F(2,97) 5 3.56, P 5 0.032; for
patients with chronic CRPS 28.4 6 0.7˚C (standard error) on the
affected side vs 29.1 6 0.7˚C contralaterally, t(41) 5 3.02, P 5
0.004]. This was similar in patients with CRPS I and II. Skin
temperature did not differ between the ipsilateral and contralateral uninjured limbs or forehead (data not shown).
Fifteen patients with CRPS II met clinical and research criteria15
for “definite” peripheral nerve lesion, and another 18 patients met

criteria for “probable” peripheral nerve lesion (usually triggered by
surgery after a soft-tissue injury or fracture) (Table 1). Sensory
disturbances in patients with a “probable” nerve lesion were
similar to those of patients with a “definite” nerve lesion (data not
shown). Fifty-eight percent of patients with CRPS II were female
compared with 76% of patients with CRPS I (x2(1) 5 4.16, P 5
0.041). In addition, pain was more likely to be present in an
additional limb of patients with CRPS I than II (Table 1).
3.1. Mechanical hyperalgesia and allodynia
3.1.1. Hemisensory disturbances
In the group as a whole, sensitivity to blunt pressure and to a sharp
pin was greater not only in the affected than contralateral limb but
was also greater in the ipsilateral uninjured limb and forehead than
at mirror-image sites [affected vs contralateral limb: pressure–pain
threshold F(1,86) 5 150.4, P , 0.001, sharpness F(1,80) 5 56.3, P
, 0.001; uninjured ipsilateral vs contralateral limb: pressure–pain
threshold F(1,86) 5 12.8, P 5 0.001, sharpness F(1,80) 5 9.17, P
5 0.003; and ipsilateral vs contralateral forehead: pressure–pain
threshold F(1,86) 5 29.4, P , 0.001, sharpness F(1,80) 5 4.63, P
5 0.034] (Fig. 1). Likewise, brushing the skin evoked abnormal
sensations (hypoaesthesia, hyperaesthesia, or allodynia) more
frequently on the symptomatic than contralateral side not only in
the affected limb but also in the ipsilateral uninjured limb and
forehead (Table 2).
3.1.2. Hemilateral windup
At each body site, the intensity of sharp sensations evoked by a von
Frey hair (a nylon monofilament with a bending force of 10 g) was
greater after 5 applications than after 1 application [for the affected
and contralateral limb, F(1,80) 5 29.1, P , 0.001; for the other
uninjured limbs, F(1,77) 5 22.0, P , 0.001; and for the forehead, F
(1,79) 5 31.1, P , 0.001] (Fig. 2). These increases were greater not
only in the affected than contralateral limb [side 3 trial interaction, F
(1,80) 5 15.7, P , 0.001] (Fig. 2A) but also the uninjured ipsilateral

Table 1

Demographic characteristics.

Age 6 SD (y)

Acute CRPS I
(N 5 24)

Intermediate CRPS I
(N 5 19)

Chronic CRPS I
(N 5 28)

Acute CRPS II
(N 5 8)*

Intermediate CRPS II
(N 5 10)*

Chronic CRPS II
(N 5 15)*

49.6 6 11.3

45.9 6 10.5

46.3 6 11.7

51.1 6 12.1

44.5 6 12.6

43.7 6 9.7

Duration 6 SD (mo)

5.8 6 3.2

22.8 6 7.3

135.8 6 88.1

6.9 6 3.8

24.6 6 7.4

97.9 6 52.2

Females

67%

74%

86%

50%

60%

60%

Affected limb
Arm/leg
Left/right

75%/25%
37%/63%

53%/47%
42%/58%

36%/64%
43%/57%

62%/38%
50%/50%

80%/20%
60%/40%

67%/33%
60%/40%

Type of injury
Soft-tissue injury (1surgery)
Fracture (1surgery)
Peripheral nerve cut, crushed,
or stretched
Peripheral nerve surgery

37% (117%)
38% (18%)
0%

58% (121%)
21%
0%

46% (121%)
25% (17%)
0%

0% (138%)
12% (125%)
25%

0% (120%)
0% (130%)
30%

0% (113%)
0% (127%)
33%

0%

0%

0%

0%

20%

27%

Distribution of pain in the affected limb
Proximal spread

37%

63%

71%

50%

30%

47%

Pain in an additional limb†
Yes

12%

15%

43%

0%

0%

20%

* Peripheral nerve injury had been verified surgically or by a confirmatory test in 15 patients with CRPS II (“definite” nerve lesion), whereas, in 18 others, a sensory examination and quantitative sensory tests indicated sensory
disturbances in an anatomically plausible nerve distribution given the site and nature of the triggering event (“probable” nerve lesion).
† Pain was present in an additional limb more frequently in patients with chronic than acute or intermediate CRPS [partial x2(2) 5 11.1, P 5 0.004], and in patients with CRPS I than CRPS II [partial x2(1) 5 5.39, P 5 0.02].
CRPS, complex regional pain syndrome.
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Figure 1. Pressure–pain thresholds and ratings of sharpness to a 40-g pin in the limbs and forehead of patients with CRPS. (A) Pressure–pain thresholds were
lower, and (B) sharpness ratings were higher on the ipsilateral than contralateral side not only for the affected limb but also for the ipsilateral uninjured limb and
forehead (*P , 0.05; **P , 0.01; ***P , 0.001). Error bars represent standard errors. CRPS, complex regional pain syndrome.

than mirror-image contralateral limb [side 3 trial interaction, F(1,77)
5 4.15, P 5 0.045] (Fig. 2B), consistent with greater windup on the
symptomatic than nonsymptomatic side. Data from 18 German
patients were excluded from these analyses because the stimulus
(a 64-mN weighted pin) evoked less force than the nylon
monofilament used in Australia, Denmark, and the United States
(bending force ;98 mN). Despite the small number of German
patients, increases in sharpness to the repeated application of the
weighted pin were greater in the uninjured limb ipsilateral to the

affected limb than in the mirror-image contralateral limb [side 3 trial
interaction, F(1,17) 5 5.79, P 5 0.028] (Table 2 in the e-appendix,
available online at http://links.lww.com/PAIN/A586).
3.1.3. Acute vs intermediate and chronic complex regional
pain syndrome
By-and-large, the distribution and intensity of mechanical hyperalgesia was similar in patients with acute, intermediate, and

Table 2

Sensory disturbances to brushing the skin.
None (%)

Hypoaesthesia (%)

Hyperaesthesia (%)

Allodynia (%)

Affected and contralateral limb (N 5 104)*
Affected limb
Contralateral limb

15.4
97.1

8.7
0

19.2
1.0

56.7
1.9

Other uninjured limbs (N 5 104)*
Ipsilateral side
Contralateral side

74.0
96.2

4.8
0

13.5
2.9

7.7
1.0

Forehead (N 5 103)*
Ipsilateral side
Contralateral side

76.7
95.1

3.9
0

13.6
1.9

5.8
2.9

Affected limb†
Acute CRPS I (N 5 24)
Intermediate CRPS I (N 5 19)
Chronic CRPS I (N 5 28)
Acute CRPS II (N 5 8)
Intermediate CRPS II (N 5 10)
Chronic CRPS II (N 5 15)

16.7
21.1
17.9
25.0
0
6.7

4.2
10.5
10.7
12.5
20.0
0

16.7
42.1
14.3
25.0
0
13.3

62.5
26.3
57.1
37.5
80.0
80.0

Uninjured limb ipsilateral to the affected limb‡
Acute CRPS I (N 5 24)
Intermediate CRPS I (N 5 19)
Chronic CRPS I (N 5 28)
Acute CRPS II (N 5 8)
Intermediate CRPS II (N 5 10)
Chronic CRPS II (N 5 15)

75.0
78.9
53.6
100
60.0
100

4.2
0
10.7
0
10.0
0

8.3
21.1
21.4
0
20.0
0

12.5
0
14.3
0
10.0
0

Forehead ipsilateral to the affected limb
Acute CRPS I (N 5 24)
Intermediate CRPS I (N 5 19)
Chronic CRPS I (N 5 27)
Acute CRPS II (N 5 8)
Intermediate CRPS II (N 5 10)
Chronic CRPS II (N 5 15)

79.2
52.6
85.2
77.0
80.0
86.7

0
10.5
0
0
10.0
6.7

16.7
26.3
11.1
25.0
0
0

4.2
10.5
3.7
0
10.0
6.7

* Sensory disturbances were more frequent on the ipsilateral than contralateral side (P , 0.001, McNemar’s test).
† Allodynia was more frequent in the affected limb of patients with CRPS II than CRPS I, particularly in patients with intermediate and chronic CRPS II [diagnosis 3 chronicity interaction, x2(2) 5 8.62, P 5 0.013].
‡ Sensory disturbances were more frequent in the uninjured ipsilateral limb of patients with CRPS I than CRPS II [partial x2(1) 5 5.92, P 5 0.015], primarily in patients with chronic CRPS I [diagnosis 3 chronicity interaction,
x2(2) 5 12.3, P 5 0.002].
CRPS, complex regional pain syndrome.
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Figure 2. Ratings of sharpness 6 SE to the single and repeated application of a 10-g von Frey hair to the limbs and forehead of patients with CRPS. Sharpness
ratings were higher on the ipsilateral than contralateral side not only for (A) the affected limb but (B) also for the ipsilateral uninjured limb and (C-E) forehead (***P ,
0.001). Ratings increased more with repeated applications of the von Frey hair (A) on the affected than contralateral limb (trials 3 side interaction, ###P , 0.001),
(B) on the uninjured ipsilateral than contralateral limb (trials 3 side interaction, #P , 0.05), and (C-E) on the ipsilateral side of the forehead in patients with chronic
but not acute or intermediate CRPS (diagnosis 3 trials 3 side interaction, #P , 0.05). CRPS, complex regional pain syndrome.

chronic CRPS. However, increases in sharpness to the repeated
application of the von Frey hair were greater on the ipsilateral than
contralateral side of the forehead in patients with chronic CRPS
but not in patients with acute or intermediate CRPS [side 3 trial 3
chronicity interaction, F(2,79) 5 3.18, P 5 0.047] (Figs. 2C–E).
3.1.4. CRPS I vs CRPS II
The tactile detection threshold to graded von Frey hairs was
elevated in the affected limb of patients with CRPS II but was
similar in the affected and contralateral limb of patients with CRPS
I [diagnosis 3 side interaction, F(1,65) 5 9.25, P 5 0.003] (Fig.
3A). Similarly, sensitivity to the application of a von Frey hair with
a bending force of 10 g was lower in the affected limb of patients
with CRPS II than CRPS I [diagnosis 3 side interaction, F(1,80) 5
4.60, P 5 0.035] (Fig. 3B). Nevertheless, brushing the affected
limb evoked allodynia more frequently in patients with CRPS II
than CRPS I, particularly in the later stages of CRPS (Table 2).
Sensitivity to blunt pressure intensified in the uninjured limb on the
symptomatic side of patients with chronic CRPS I, but this
hyperalgesia had resolved in patients with chronic CRPS II
[diagnosis 3 chronicity 3 side interaction, F(2,86) 5 3.95, P 5
0.023] (Figs. 3C–E). Likewise, brushing the skin evoked
abnormal sensations (hypoaesthesia, hyperaesthesia, or allodynia) more frequently in the uninjured limb on the symptomatic side
of patients with chronic CRPS I than CRPS II (Table 2).
3.2. Thermal hyperalgesia

0.023] (Figs. 4A and B), whereas sensitivity to heat pain and cold
pain was higher in the affected than contralateral limb [for heat pain,
F(1,78) 5 7.41, P 5 0.008; for cold pain, F(1,78) 5 22.6, P , 0.001]
(Figs. 4C and D). This was similar in patients with CRPS I and
CRPS II. In the other limbs, sensitivity to detecting cool and cold
pain sensations was higher in the uninjured ipsilateral than
contralateral limb [for cold, F(1,76) 5 6.18, P 5 0.015; for cold
pain, F(1,77) 5 6.70, P 5 0.012] (Figs. 4B and D). For standard
suprathreshold stimuli, sensitivity to warmth (40˚C) and cold (4˚C)
was greater not only in the affected than contralateral limb [for heat
ratings, F(1,91) 5 8.91, P 5 0.004; for cold ratings, F(1,97) 5 20.9,
P , 0.001; for heat-pain ratings, F(1,92) 5 38.9, P , 0.001; and for
cold-pain ratings, F(1,96) 5 34.4, P , 0.001] but also in the
uninjured ipsilateral than contralateral limb [for heat ratings, F(1,92)
5 6.63, P 5 0.012; for cold ratings, F(1,94) 5 4.24, P 5 0.042; and
for cold-pain ratings, F(1,93) 5 6.63, P 5 0.012] and ipsilateral than
contralateral forehead [for heat ratings, F(1,92) 5 5.12, P 5 0.026
and for cold-pain ratings, F(1,96) 5 4.24, P 5 0.042] (Figs. 4E–H).
3.2.2. Acute vs intermediate and chronic complex regional
pain syndrome
Patients with chronic CRPS generally were more sensitive to
thermal stimulation on both sides of their body than patients with
acute or intermediate CRPS (Table 3). In terms of hemisensory
disturbances, cold-pain ratings were greater on the ipsilateral
than contralateral side of the forehead in patients with chronic
CRPS but not in patients with acute or intermediate CRPS
[chronicity 3 side interaction, F(2,96) 5 5.86, P 5 0.004] (Fig. 5).

3.2.1. Hemisensory disturbances
In terms of detection thresholds, sensitivity to warm and cool
sensations was lower in the affected than contralateral limb [for
warmth, F(1,78) 5 6.59, P 5 0.012; for cold, F(1,76) 5 5.38, P 5

3.2.3. CRPS I vs CRPS II
Thermal thresholds and ratings were similar in patients with CRPS
I and CRPS II.
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Figure 3. Differences in mechanical sensitivity between patients with CRPS I and CRPS II. (A) The touch threshold was higher in the affected than contralateral limb
of patients with CRPS II (**P , 0.01). (B) fSharpness ratings were higher in the affected than contralateral limb for patients with CRPS I (***P , 0.001) and CRPS II
(*P , 0.05), but the difference was greater for patients with CRPS I than CRPS II (diagnosis 3 side interaction, #P , 0.05). (C–E) The pressure–pain threshold was
lower on the ipsilateral than contralateral side in patients with intermediate CRPS II or chronic CRPS I (*P , 0.05; ***P , 0.001), and there was a similar trend in
patients with acute CRPS II (#P , 0.1). Error bars represent SE. CRPS, complex regional pain syndrome.

4. Discussion
Patients with CRPS I were more likely to be female and to have
multisite pain than patients with CRPS II, whereas pain was more
likely to be associated with sensory deficits and allodynia in the
affected limb of patients with CRPS II. Despite these differences,
heightened sensitivity and/or hyperalgesia to mechanical and
thermal stimuli was detected in a hemisensory distribution in both
CRPS clinical subtypes, suggesting that the mechanisms

underlying these disturbances were shared. Some of these
hemisensory disturbances strengthened with chronicity.
4.1. Hemisensory disturbances in complex regional
pain syndrome
In our previous work, hyperalgesia to blunt pressure, punctate
stimulation, cold, and heat were detected in the forehead
ipsilateral to the affected limb.11,14,19 In this study, we confirmed

Figure 4. Thermal thresholds and ratings 6 SE in the limbs and forehead of patients with CRPS. (A–D) Sensitivity to warmth and cold was lower, and sensitivity to
heat-pain and cold-pain was higher in the affected than contralateral limb. In addition, sensitivity to cold and cold-pain was higher in the uninjured ipsilateral than
contralateral limb. (E–H) Heat, cold, heat-pain, and cold-pain ratings were higher for the affected than contralateral limb, and for the uninjured ipsilateral than
contralateral limb. In addition, heat ratings and cold-pain ratings were higher in the ipsilateral than contralateral forehead (*P , 0.05; **P , 0.01; ***P , 0.001).
CRPS, complex regional pain syndrome.
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Table 3

Differences in thermal sensitivity in relation to chronicity of CRPS.
Thermal sensitivity measure*

Bonferroni test (P < 0.05)

Mean 6 SD
Acute

Intermediate

Chronic

Cold-pain threshold (affected and contralateral
limb)

14.4 6 7.8

12.9 6 10.4

19.4 6 9.6

Chronic . acute and intermediate

Cold-pain threshold (uninjured limbs)

10.1 6 8.7

11.2 6 10.7

20.0 6 8.3

Chronic . acute and intermediate

Cold-pain threshold (forehead)

16.9 6 7.6

18.0 6 9.0

24.4 6 4.9

Chronic . acute and intermediate

Cold rating (uninjured limbs)

3.2 6 2.1

3.7 6 2.3

4.5 6 2.2

Chronic . acute

Warmth threshold (forehead)

34.3 6 1.6

36.0 6 2.9

34.2 6 2.3

Acute and chronic , intermediate

Heat-pain threshold (forehead)

40.3 6 2.5

41.5 6 3.0

38.5 6 3.3

Chronic , intermediate

Heat rating (uninjured limbs)

3.6 6 2.6

3.2 6 2.0

4.5 6 2.2

Chronic . intermediate

Heat rating (forehead)

3.8 6 1.9

3.2 6 2.1

4.6 6 2.1

Chronic . intermediate

Thresholds were measured in ˚C from a starting point of 32˚C. Thermal sensations were rated between 0 (none) and 10 (extreme).
* Thermal sensitivity measures were averaged across the ipsilateral and contralateral sides.
CRPS, complex regional pain syndrome.

and extended these findings by identifying mechanical and
thermal hyperalgesia, and enhanced temporal summation of
sharp sensations to repetitive punctate stimulation, both in the
ipsilateral forehead and the uninjured limb ipsilateral to the limb
affected by CRPS. Pressure–pain and heat hyperalgesia may, in
part, reflect sensitization of primary nociceptive afferents,
whereas cold hyperalgesia, punctate hyperalgesia, dynamic
allodynia, and enhanced temporal summation are correlates of
central sensitization, an increase in the excitability and synaptic
efficacy of nociceptive projection neurons in the spinal dorsal
horn.23,40 Our findings suggest that sensitization spreads from
the dorsal horn to higher pain-processing centres in CRPS,
possibly to sites of cross-modal hemisensory convergence in the
thalamus.5,13
Most nociceptive input ascends contralaterally in the spinal
cord, but some input also projects to ipsilateral supraspinal
sites.23 Thus, sensitization of these supraspinal sites might also
mediate hemisensory disturbances in CRPS. Both descending
facilitation of nociceptive inputs and loss of descending inhibitory
controls contribute to sensitization of nociceptive and wide
dynamic range neurons in the dorsal horn.23 Descending
inhibitory pain controls generally suppress nociceptive inputs on
both sides of the body.24 However, noradrenergic coeruleospinal projections may be an exception because analgesic effects
mediated by this pathway are stronger on the ipsilateral than
contralateral side and extend hemilaterally.37,38 Hence, failure of

Figure 5. Cold-pain ratings 6 SE to forehead cooling in patients with acute,
intermediate, or chronic CRPS. Cold-pain ratings to the 4˚C stimulus were
greater on the ipsilateral than contralateral side for patients with chronic CRPS
(***P , 0.001). CRPS, complex regional pain syndrome.

this inhibitory influence might also mediate hemisensory disturbances in pain perception in CRPS.10
In terms of detection thresholds, sensitivity to cold and warmth
was lower in the affected than contralateral limb, whereas
sensitivity to cold pain and heat pain was higher in the affected
than contralateral limb in both forms of CRPS. Similarly, sensitivity
to suprathreshold cold and warm stimuli was greater in the
affected than contralateral limb of most patients. This pattern of
response is consistent with injury to peripheral nerve trunks in
CRPS II and to segregated nerve fibres in CRPS I25 with
subsequent central sensitization but could also be mediated by
pain-induced hypoaesthesia.16,27 In contrast to the CRPSaffected limb, sensitivity to detecting both cool and cold-pain
sensations was higher in the uninjured ipsilateral than contralateral limb, suggesting that heightened sensitivity to cold in the
uninjured ipsilateral limb was due to central sensitization.
4.2. Differences between acute and chronic complex
regional pain syndrome
Hemisensory disturbances were well-established even in patients
with acute CRPS (ie, studied within 12 months of CRPS onset,
typically within 6 months). Nevertheless, escalation of hyperalgesia to repeated stimulation (“windup”) was greater on the
symptomatic than nonsymptomatic side of the forehead in
patients with chronic but not acute CRPS, as were ratings of
cold pain to a standard 4˚C stimulus. In addition, sensory
disturbances in uninjured limbs were detected most frequently on
the symptomatic side in patients with chronic CRPS I, and
sensitivity to thermal stimuli was greater bilaterally in patients with
chronic than intermediate or acute CRPS. Thus, sensitization
may spread to eventually encompass the entire body in chronic
CRPS. Pain was present more often in an additional limb of
patients with chronic CRPS than in patients with intermediate or
acute CRPS, perhaps due to prolonged compensatory overload
or weight bearing, or because of spread of sensitization. Pain also
was present in an additional limb more often in patients with
CRPS I than CRPS II, but otherwise, the pattern of hemisensory
disturbances was similar in both forms of CRPS.
The affected limb typically is warm, red, and swollen in acute
CRPS but generally is cold and blue in chronic CRPS.7 The
inflammatory changes associated with the warm CRPS subtype
diminish during the first year after injury.7 Residual vascular
disturbances associated with the cold CRPS subtype may be
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driven by autonomic dysfunction or local vascular changes (eg,
adrenergic supersensitivity or endothelial dysfunction)1,12,31 and
could be aggravated by disuse.35 In our sample, the cold CRPS
subtype predominated presumably because most patients were
studied after inflammatory responses had subsided. Whether
skin temperature influenced thermal or mechanical sensitivity is
uncertain; however, variations in skin temperature are unlikely to
account for hemisensory disturbances beyond the injured limb
because skin temperature was similar in the uninjured ipsilateral
and contralateral limbs and on both sides of the forehead.
4.3. Differences between CRPS I and CRPS II
Women seem to be more susceptible to developing CRPS after
a limb injury than men.9,26,28 The mechanisms that contribute to
this vulnerability are unclear, but animal models of CRPS suggest
that an enhanced proinflammatory response in women and sex
differences in modulation of central sensitization could be
important.33,34 In addition, the incidence of fractures, a common
trigger of CRPS,9 is greater in older age categories in women than
men.3 Women predominated in our sample of CRPS I patients,
whereas the sex balance was approximately equal in CRPS II.
Why being female was a stronger risk factor for CRPS I than
CRPS II is unknown, but it is tempting to speculate that peripheral
nerve injury is a more potent trigger of CRPS than other forms of
limb trauma and thus affected both sexes equally. Alternatively,
occupational hazards that increase the risk of peripheral nerve
injury could be greater in men than women.
As might be expected, sensory deficits to punctate stimulation
were greater in patients with CRPS II than CRPS I [see also Ref. 16].
Nevertheless, dynamic allodynia (ie, pain, tingling, or other forms of
dysaesthesia to lightly brushing the skin) was more common in
CRPS II than CRPS I, particularly in the later stages of CRPS.
Allodynia may be due to strengthening of normally ineffective
synapses between low-threshold mechanoreceptors and wide
dynamic range neurons in the dorsal horn.40 This process is initiated
by a barrage of nociceptive impulses that sensitizes the wide
dynamic range neurons and is maintained by descending facilitatory
influences and/or loss of descending inhibitory pain controls.24 Our
findings suggest that spinal sensitization is more prominent in the
later stages of CRPS II than CRPS I, possibly due to nociceptive
impulses emanating chronically from injured or phenotypically
altered peripheral nerves.
4.4. Limitations and conclusions
We attempted to standardise our selection of patients by
adopting research diagnostic criteria of CRPS17 and sampling
from 4 international locations. Supplementary analyses (presented in the e-appendix, available online at http://links.lww.
com/PAIN/A586) indicated that sensitivity to mechanical and
thermal stimuli differed across the study locations at some body
sites, possibly due to sample characteristics (eg, a greater
proportion of Danish and American patients had chronic CRPS
than at the other 2 study locations), variation in the assessment of
some clinical measures, or other technical issues. For example, it
was not possible to pool data for sharpness ratings because test
equipment differed across sites. However, the pattern of hemisensory disturbances in CRPS was consistent across study
locations for most sensory modalities. Furthermore, identification
of “windup” in the uninjured ipsilateral limb of patients tested
either with a nylon monofilament (all sites except Germany) or
a weighted pin (Germany) indicated that hemisensory disturbances were robust.
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Most patients had CRPS I rather than CRPS II. Hence, we may
have overlooked differences between these groups because of
sample-size limitations. However, others have also noted similar
psychophysical profiles in CRPS I and CRPS II in large samples,16
suggesting that the 2 forms of CRPS are closely related.
Our cross-sectional design did not allow us to establish
definitively whether hemisensory disturbances intensified over the
course of CRPS, or whether changes were limited to the affected
side of the body; indeed, contralateral changes have been noted
previously.18,19,21,22,27,36 Thus, our findings need to be confirmed
in a prospective study with the inclusion of appropriate control
groups (eg, pain-free controls and patients with unilateral limb
pain without features of CRPS). In addition, we cannot rule out
effects of medication on hemisensory disturbances. However,
analgesic medication would be expected to suppress rather than
evoke these disturbances.
In conclusion, our findings suggest that hemisensory disturbances develop during the first year of CRPS, and strengthen
with chronicity in both forms of CRPS. These findings imply
shared mechanisms in CRPS I and II, particularly in the later
stages. Heightened excitability in nociceptive pathways may
spread to sites of convergence between nociceptive and nonnociceptive inputs in the brainstem, midbrain, or higher brain
centres, possibly in association with compromised descending
inhibitory pain controls. Treatments that target these mechanisms (eg, administration of interventions or drugs that block
central sensitization or that help to restore descending noradrenergic inhibitory pain controls)2,8 could inhibit progression
toward chronicity of CRPS.
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