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ABSTRACT

Background According to the prior 2017 review
(Rabbitts et al), approximately 20% of children and
adolescents develop chronic postsurgical pain (CPSP;

ie, pain persisting >3 months after surgery) after major
surgeries, which is associated with adverse functional
and psychological consequences. A major barrier was
that definitions of CPSP applied were highly variable.
Since that prior review was conducted (n=4 studies in
meta-analysis), numerous relevant studies have been
published warranting an update.

Objective The aims of this current review were to: (1)
provide an updated prevalence estimate for pediatric
CPSP and (2) examine definitions of pediatric CPSP
applied in current research.

Evidence review Prospective, observational studies
examining CPSP using a validated self-report pain
intensity measure in children were included. 4884 unique
publications were screened with 20 articles meeting
inclusion criteria. Risk of bias using Quality in Prognostic
Study tool ranged from low to high.

Findings The pooled prevalence of CPSP among mostly
major surgeries was 28.2% (95% Cl 21.4% to 36.1%).
Subgroup analysis of spinal fusion surgeries identified

a prevalence of 31% (95% ClI 21.4% to 43.5%). Using
Grading of Recommendations, Assessment, Development,
and Evaluation, the certainty in prevalence estimates
was moderate. Studies used a range of valid pain
intensity measures to classify CPSP (eg, Numeric Rating
Scale), often without pain interference or quality of life
measures.

Conclusions The overall prevalence of pediatric

CPSP is higher than estimated in the prior review, and
quality of studies generally improved though with some
heterogeneity. Standardizing the measurement of CPSP
will facilitate future efforts to combine and compare data
across studies.

PROSPERO registration number CRD42022306340.

INTRODUCTION

Pediatric surgeries are often accompanied by acute
pain, psychological distress, and functional impair-
ments. Previously it was reported that approxi-
mately 20% of children and adolescents undergoing
major surgery develop chronic postsurgical pain
(CPSP)." The ICD-11 recently defined CPSP as
pain that: develops or increases in intensity after
a surgical procedure; persists beyond the healing

process (ie, longer than 3 months); is localized to
the surgical field or projected to a referred area;
and other causes of pain are excluded,” and spec-
ified pain intensity, pain-related distress, and func-
tional interference as overarching elements of
pain severity. For children and adolescents experi-
encing CPSP, it is also associated with psycholog-
ical consequences (eg, low mood, anxiety, fear of
movement),”™ limited functioning (eg, limitations
on activities, lower school attendance),* and poorer
health outcomes.”

Since the publication of the 2017 systematic
review describing the prevalence of pediatric CPSB!
there has been an increase in focus on this area and
a growing number of studies published reporting on
CPSP across a range of pediatric surgeries.® In the
prior review only four studies identified reporting
pediatric CPSP prevalence, thus limited the ability
to conduct a meta-analysis. Further, since the time
of publication, the design of studies focused on
CPSP in children has likely improved, potentially
addressing the previous reviews concerns about
insufficient sample size of relevant studies, and
heterogeneity of available studies in design, results,
and definitions of CPSP. An accurate estimate of the
prevalence of CPSP is critical to guide the assess-
ment, prevention, and management of CPSP. In
addition, recommendations for operationalizing
CPSP definitions in research are critically needed.
Altogether, this indicates that an update of the 2017
review is warranted.

In adults, extensive literature has documented
rates of CPSP from 10% to 50% after varied surgical
procedures including, thoracotomy, mastectomy,
limb amputation, inguinal hernia repair, coronary
artery bypass surgery, and cesarean section. Similar
to adults, varied pediatric surgeries (eg, spinal
fusion, pectus repair, appendectomy) may also lead
to differing rates of CPSP, but to date, no meta-
analyses have been conducted examining influence
of type of surgery on rates of pediatric CPSP.

The primary aim of this updated systematic
review and meta-analysis was to examine, summa-
rize, and update the original 2017 review, synthe-
sizing previously included and newly published
studies reporting the prevalence of pediatric CPSP.
This will provide a more precise estimate of how
many children and adolescents are expected to
develop CPSP, what the prevalence is per type of
surgery, as well as when the estimates are recorded
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Figure 1  Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram. n_ refers to studies in the Rabbitts et al review.'

(ie, 3-5months after surgery or 6-12months after surgery).
Secondarily, we aimed to summarize the definitions of pediatric
CPSP being used in research in this area, to guide efforts toward
a standardized definition.

METHODS

The review protocol was registered with PROSPERO, the inter-
national prospective register of systematic reviews, on March 3,
2022 (CRD42022306340). There were no deviations from the
protocol.

Eligibility criteria

The formulated eligibility criteria follow the PICOS (Population,
Intervention/Exposure, Comparison, Outcomes, and Study)
framework.” The population included children <19 years and
>6 years, as 6 years old is the lowest age at which children can
reliably self-report pain.'® Children with neurological disabil-
ities or cancer were excluded due to potential confounding
effects (eg, different pain processes). Studies with participants
outside the eligible age range were considered for inclusion if
the majority of participants were within the eligible age range,
or if the data was stratified by age and separately reported the
eligible age range. The intervention was surgery with general or
regional anesthetic, excluding diagnostic, non-invasive, cancer,
or dental procedures. We evaluated those who developed CPSP
(comparison was those who developed CPSP vs those who did
not). The outcome of interest was: (1) postoperative outcomes
3-12months after surgery, and (2) presence and severity of pain
using a validated self-report pain measure as identified by Birnie

et al'* and commonly used postsurgery pain validated measures
(ie, Scoliosis Research Society-24 (SRS-24))."* The studies that
we included were: observational studies written in English.
Dissertations, abstracts only, guidelines/consensus, protocols,
reviews, single case reports, case series with less than 10 partic-
ipants, retrospective, randomized controlled trials, qualitative,
and non-human or cell studies were excluded. The criteria used
in this update were the same as Rabbitts et al,' however, we
required a validated pain measure in this update.

Information sources, search strategy, and selection process

The databases Cochrane Database of Systematic Reviews,
MEDLINE, EMBASE, and PsycINFO were searched by a librarian
starting from the search date used in the previous Rabbitts et
al review' (January 2016) to April 20, 2023. The 2023 search
was modified from the 2016 search to include new MeSH terms
related to CPSP (online supplemental file 1). All identified arti-
cles were assessed through the Joanna Briggs Institute’s System
for the Unified Management, Assessment, and Review of Infor-
mation software. Each article was screened against the eligi-
bility criteria using a 10-step exclusion hierarchical structure.
Two reviewers independently screened each title and abstract
to assess the eligibility of articles published since the original
systematic review from 2017' (VW, GG, SDF, BNR, and JR).
Two reviewers then independently screened each full-text for
eligibility (VW, SDF, BNR). Given the more rigorous criteria for
inclusion in this updated systematic review compared with the
previous systematic review from 2017," articles included in the
previous review were independently re-assessed for eligibility by
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Figure 2 Risk of bias ratings for included articles (n=20).

two reviewers (VW and BNR). Disagreements were resolved by
consensus with a third reviewer when necessary (JR). Full-texts
were then assessed for additional criteria (ie, multiple publi-
cations reporting on the same sample) and excluded by group
consensus, consulting the first/senior authors when necessary.

Data collection process and data items

Data were extracted from the included studies by one team
member (VW) and completed and reviewed by another (SDF),
both working independently.

Outcomes

The primary outcome in this review was pain prevalence 3-12
months after surgery where the presence of pain (eg, any pain,
moderate-severe pain) was defined by the individual study using
a validated self-report measure of pain (ie, data extracted include
a number with pain at follow-up, total number at follow-up, and
percentage with pain at follow-up). The assessments of pain
reports recalling the totality of the past 6 months were excluded
to account for potentially less accurate or biased pain recall
scores over time."” '* Studies that included a pain intensity on
a continuum (eg, Numeric Rating Scale (NRS), Visual Analog
Scale (VAS)) often used cut-offs to define pain presence (eg,

(2021) [ [ e ———
[ —

(2022) I —
(I

(2011) __
(2023) [ —

(2013) _

—
(2013) [ P —

8

Study Attrition Study Confounding

Measumm

NRS=4, NRS=3, VAS=30 mm) and we recorded the pain prev-
alence based on the individual study’s definition. We abstracted
information on elements of the full ICD-11 definition of pain
severity (ie, combination of pain intensity, pain-related distress,
and functional interference) as well as of CPSP (ie, other causes
of pain excluded) where available.”

Secondary outcomes in this review included psychosocial
factors and pain interference 3-12 months after surgery. These
outcomes were extracted if they were assessed using validated
measurements and if the measures were linked to the primary
outcome (eg, CPSP vs no CPSP, moderate-severe CPSP vs
no-mild CPSP). Examples of validated measures were Functional
Disability Inventory (FDI), Pediatric Quality of Life Inventory
(PedsQL), and Douleur Neuropathique 4 (DN4).

Data were also sought for the following variables to describe
the study characteristics and/or to conduct the sensitivity anal-
yses: age distribution, sex distribution, race/ethnicity, surgery
type, timepoint(s) for the outcome assessments, measure(s)
used to assess pain severity, type of pain assessment (eg, NRS),
and definition of prevalence of pain at follow-up (including
cut-offs).
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Figure 3  Forest plot of prevalence rates for included articles (n=20).

Study risk of bias assessment

To critically assess risk of bias (RoB) of individual studies,
each included article was reviewed and rated independently
by two team members (CSP, SDF) using the Quality in Prog-
nostic Study (QUIPS) tool.” Discrepancies were resolved
through discussion and consensus. Risks were assessed in
the following four QUIPS categories: (1) study participation,
(2) study attrition, (3) outcome measurement, and (4) study
confounding. The two remaining QUIPS categories (prog-
nostic factor measurement; statistical analysis; and reporting
of predictive models) were not assessed as they were not
relevant to this review. For each of the four included QUIPS
categories, a study was given a qualitative value of “low,”
“moderate,” or “high” RoB as per the QUIPS guidelines. A
participation rate of less than 20% was considered a low
rate (participation rate=n consented/n approachedx100%)
and attrition of greater than 30% was considered high attri-
tion (non-completer rate=nnot completing the study/n
enrolled x 100%)"®; thus, high risk.

Effect measures and synthesis methods

We limited the articles included in the meta-analysis to
those who reported prevalence of CPSP as per our primary
outcome definition. If studies reported a percentage only for
presence of CPSP, a prevalence rate was calculated based on
percentage and sample size at follow-up.

Results were pooled using a random-effects model to
account for heterogeneity where there was sufficient data
(>2 studies) with the Comprehensive Meta-Analysis (V.4)
software. Results were reported with 95% Cls."” Three prev-
alence rate estimates were calculated: (1) overall prevalence
3-12 months after surgery (note: if multiple prevalence rates
were reported in a study, the rate closest to the 3-month
mark was chosen due to the clinical need for intervention

0.00 0.25 0.50 0.75 1.00

at earlier time points), (2) 3-5 months after surgery, and
(3) 6-12months after surgery. These prevalence rates (ie,
3-5months and 6-12months) were added post hoc to
reflect the early and late prevalence points in the included
studies. Statistical heterogeneity was assessed using the I
statistic. I* was compared with thresholds specified in the
Cochrane Handbook (<40%low; 30%-60% moderate;
50%-909% substantial; 75%-100% considerable)."® Where
possible (ie, three or more studies in one group), meta-
analysis was conducted for groups of surgery types (eg, scoli-
osis) where heterogeneity was considerable. The potential
impact of publication bias was assessed using Egger’s test
and funnel plots. Statistical significance was inferred when p
values were below 0.05.

Certainty assessment

The GRADE approach (Grading of Recommendations,
Assessment, Development, and Evaluation)® ** was applied
to provide an overall certainty assessment for each meta-
analysis beyond the individual study level. GRADE is a
comprehensive and transparent process of evaluating the
certainty of evidence for effect estimates. This approach
is used in interventional systematic reviews and has more
recently been extended to non-intervention, prevalence
studies.?! We applied GRADE domains of RoB, inconsistency
(statistical heterogeneity), indirectness, publication bias, and
imprecision. Inconsistency in estimates was based on vari-
ance in point estimates, overlap in Cls, and statistical signif-
icance of heterogeneity statistics. We considered studies with
a small sample size (<100) to have an imprecise prevalence
estimate and wide CIs. Publication bias was determined from
Egger tests and the funnel plots. Ratings of the five domains
for each analysis were decided through consensus of two
coders.
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FINDINGS
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Table 3 Review of gaps and proposed solutions to variation in pediatric chronic postsurgical pain (CPSP) prevalence rates

Gap Proposed solution

Inconsistent measurement and definitions of pain intensity Establish a priori cut-off scores (eg, >3/10 on a Numeric Rating Scale indicates moderate
to severe pain intensity)

Use age-appropriate validated measures of pain intensity, prioritizing child self-report

Absence of measurement of functional disability or emotional distress, which are
necessary criteria for defining chronic postsurgical pain

Include measures of functional disability and emotional distress that are validated in the
age range being studied

Lack of pain location identified Report the location of pain relative to surgical site
Consideration of surgery type

Larger samples to allow for subgroup analyses by surgery type

Mixed surgical samples

Increasing inclusivity in all stages of research and reporting of sample diversity (eg, race,
ethnicity, sex, gender, disability)

Limited diversity in samples

Measurement of postsurgical psychosocial factors, distress, and pain
interference

A total of eight studies investigated postsurgical quality of life,
pain-related disability, and/or pain interference. The measures
used for the investigation included the PedsQL (n=35), FDI
(n=3), NRS-U (n=2), DN4 (n=1), painDETECT (n=1), and
Child Activity Limitations Interview (n=1). These outcome
assessments were conducted at one or more of the following

Postsurgical psychosocial factors, distress, and pain
interference

Four studies examined psychosocial factors at follow-up with the
CPSP assessment, four studies evaluated distress from CPSP, and
nine studies examined functional disability related at follow-up.
The NRS-U, FDI, and CALI scores at follow-up were higher for
cases (eg, “late recovery” trajectory, CPSP) than controls (eg,
“early recovery” trajectory, no CPSP) across the studies.

timepoints: 2-3 months, 3 months, 6months, 10-12months,

12 months. . .
Certainty of evidence

Using the GRADE approach, certainty for each of the three
primary estimates was rated at moderate due to the studies
having low consistency resulting from unexplained statistical
heterogeneity. Table 2 summarizes the results including quality
assessments according to GRADE criteria, pooled prevalence
estimates, and certainty in the estimates based on GRADE anal-
ysis. There were no substantial concerns with limitations (ie, all
studies were prospective with no sampling biases), indirectness
(ie, all studies used validated measures to assess CPSP), impreci-
sion (ie, all studies had small ClIs, 12 of the 20 articles included
samples with 100 or more participants), or publication bias (ie,
Egger’s were non-significant, funnel plots were within reason-
able ranges).

RISK OF BIAS IN STUDIES

The four individual RoB ratings for each included article, and
the distribution of RoB ratings for each QUIPS category are
shown in figure 2A,B.

The proportion of articles that received a low RoB rating
ranged from 26% to 63%, a moderate RoB rating from 21% to
47%, and a high RoB from 0% to 53% across the QUIPS catego-
ries (figure 2B). The QUIPS category in most articles exhibited
weaknesses in study attrition (74% of the articles) followed by
study participation (63% of the articles; figure 2B). Other exam-
ples of weaknesses for studies attributable to higher RoB were
(1) inadequate description of or suboptimal study participation,
(2) inadequate description of or suboptimal study attrition, (3)
missing information about the setting and delivery of surveys/
questionnaires, and/or (4) lack of consideration for confounding
factors in the study design or analyses.

DISCUSSION

This systematic review summarized results from 20 unique
samples and found that the pooled prevalence CPSP was 28%
(95% CI 21.4% to 36.1%) with moderate certainty, with a
reported range of 10%-63%. This rate is higher than our
previous systematic review, which reported a prevalence rate of
20% from four unique samples." Despite considerable clinical
heterogeneity, the current estimate of 28% received a moderate
degree of certainty as per GRADE, indicating that this is a repre-
sentative assessment of pediatric CPSP. Further, we subanalyzed
the data by surgery type and found that the prevalence rate for
spinal fusion surgery was 31% (95% CI 21.4% to 43.5%). This
is double the recently reported prevalence of CPSP in adult spine
surgeries (ie, 149).%® While the aim of the review was to include
all types of surgeries, the majority of studies that met inclusion
criteria consisted of major surgeries (eg, spinal fusion, ortho-

Prevalence of CPSP

The pooled prevalence of CPSP was 28.2% (95% CI 21.4% to
36.1%) with considerable heterogeneity (I°=92%; figure 3). All
20 studies (n=3742) reported CPSP prevalence, ranging from
10% to 63%. The median prevalence across studies was 26.0%
(25th percentile=18.0%, 75th percentile=41.8%).

In terms of the CPSP prevalence 3-5 months after surgery,
the pooled prevalence was 27% (95% CI 20.2% to 35.4%) with
substantial heterogeneity (I?=86%). 11 studies reported preva-
lence at that time point (n=1482) ranging from 10% to 56%.

The prevalence of CPSP 6-12months after surgery was
reported in 14 studies (n=3054) with a pooled prevalence rate of
29% (95% CI 21.1% to 38.99%) and a range of prevalence rates

(11% to 639%). There was considerable heterogeneity (I*=92%).

A subgroup analysis on prevalence of CPSP by surgery type
was performed. Sufficient data was only available to conduct a
subgroup analysis for spinal fusion surgeries (n=11). The pooled
prevalence of CPSP after spinal fusion surgery was 31% (95% CI
21.4% to 43.5%) and ranged from 11% to 56% figure 4. There
was considerable heterogeneity (I>=93%).

pedic surgeries), and thus our results reflect major surgeries.

The rates in CPSP differed by how pain intensity was measured
and categorized.’” For example, when looking at how each
study assessed pain, maximal pain at movement surrounding the
surgical area resulted in relatively high pain estimates. Further,
when evaluating non-zero pain intensity, the prevalence of CPSP
was high.
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This review aimed to include prevalence estimates that
reflected the ICD-11 overarching definition of chronic pain
as well as the ICD-11 definition of CPSR* published after the
Rabbitts et al review.! However, only three studies included
measures of functional disability (eg, with the FDI)* or quality
of life (eg, PedsQL)*® *® and two studies assessed pain-related
distress.” ** Studies rarely reported if they assessed pain at the
surgical site or if they were measuring pain anywhere in the body
after surgery. Further, no studies evaluated the diagnosis of CPSP
based on excluding other causes. Therefore, our overall estimate
is based on a combination of pain intensity alone using the NRS,
PPI, VAS, or SRS, and the presence of pain in combination with
the distress and functional interference from pain. No studies
included full criteria for CPSP (eg, exclusion of other causes of
pain as well as pain from a pre-existing pain problem). The rates
of pediatric CPSP may, therefore, be different with these addi-
tional parameters included in the definition and may strengthen
the GRADE assessment. Notably, Hofer et al (2022)*° defined
CPSP in adults with pain intensity alone, and CPSP with pain-
related impaired functioning, and found differences in prev-
alence rates with the different definitions (ie, when including
measures of functional impairment, the rates of CPSP were
lower).

Since Rabbitts et al' was published, a number of higher-quality
studies were published as indicated through the RoB assessment.
However, approximately half of the studies included in this
review scored a high RoB due to study attrition and secondarily
through low study participation. This indicates that while there
have been improvements in study methodology for this area of
research, there are still domains where rigor can be increased
(table 3).

Recommendations

This review highlights the variability in measuring pediatric
CPSP. There are differences in: the timing of assessment in the
chronic phase of the development of CPSP; the measures used
for assessing pain intensity; the assessment of pain intensity
measured with movement or at rest; the inclusion of a measure
of distress and functional limitations; and the location of the
pain relative to the site of surgery. All of the points of varia-
tion led to each study developing their own definition of CPSP.
However, the ICD-117 provides criteria for defining CPSP and
future studies could aim to align their prevalence rate of CPSP
to this new guidance. However, two criteria may not be possible
to evaluate without physical examination (ie, exclusion of other
causes of pain, pre-existing pain condition), therefore, it is likely
that prevalence rates will be slightly inflated.

Towards a standardized method of assessing for pedi-
atric CPSP, studies should include components of assess-
ment of pain severity as specified by the ICD-11. This
includes developmentally appropriate validated measures of
pain intensity (eg, NRS-11, VAS),!" functional impairment
(eg, FDI, PedsQL), and psychological distress (eg, NRS-
Unpleasantness). Specifically in reference to pain intensity,
when identifying prevalence of CPSP studies should deter-
mine a priori cut-off scores pain. As expected, studies in this
review that used cut-off scores for moderate-severe pain (ie,
pain intensity of 4 or more) to indicate CPSP reported lower
prevalence rates than those where any pain (ie, non-zero pain
intensity) was considered CPSP, however, many studies did
not determine these “levels” of pain prior to the outcome
being measured. Measures of pain should also reference pain
location, an ICD-11 criteria for CPSP (eg, whether it is at the

surgical site, referred from the surgical site, or another area
of the body).

The results of this systematic review and meta-analysis
have significant clinical implications. First, this updated
prevalence data on CPSP in pediatric patients can guide
clinical service design and policy decision-making. With the
rate of CPSP in pediatrics being one in four children under-
going surgery, there is a strong indication of the need for
service development and implementation of evidence-based
strategies.** Pediatric transitional pain services, such as the
one described by Isaac et al,*' should be prioritized in pedi-
atric surgical pain care. These services involve participation
from multiple disciplines, such as pain medicine, psychology,
and physiotherapy, which covers the biopsychosocial nature
of the development of CPSP. Second, the results from this
review highlight that the assessment of CPSP should occur
earlier than 6 months postsurgery (ie, at 3 months postsur-
gery), as most of the children with CPSP at 12 months had
CPSP at 3 months postsurgery. There should not be a delay in
services provided for CPSP given the serious negative conse-
quences on a child’s functioning and development.

Limitations

This review should be considered in the light of several
limitations. First, although the QUIPS is a well-established
RoB tool for prospective studies, it is not designed for prev-
alence rate studies. The tool is designed to fully evaluate the
validity and bias for studies in which data is collected by the
study team in the future (ie, assessing methodologic factors
that interfere with the selection and data collection/analysis
process). As such, the review team made a number of modi-
fications and rules about each category so that consistency
across studies included in this review could be had. Second,
several studies used mixed samples of surgeries,**' ¥*** thus
it is not clear if there is a difference in prevalence rates for
different surgeries. In the adult literature, there is substantive
variation in the estimates of different surgeries, suggesting
this may matter.* Future studies could use larger samples
or focus on one particular type of surgery to reduce clinical
heterogeneity. Due to low number of studies doing specific
surgeries, we were only able to assess CPSP by surgery type
for spine surgery, which had a prevalence rate of 31%. Third,
the majority of the samples included in this review lacked
diversity or did not report the diversity within their samples,
thus impacting generalizability. Future studies should follow
established guidelines for collecting, reporting, and analyzing
data on race.**

Conclusions

This review updates earlier work on the prevalence of pedi-
atric CPSP, with the previous review including four unique
estimates, whereas the current review included 20 unique
estimates. Through meta-analysis, the prevalence of pedi-
atric CPSP was estimated with moderate certainty at 28%,
which is concerningly higher than previously reported. Based
on updated ICD criteria, future studies should include not
only pain intensity in their pain prevalence rates, but also
measures of functional limitations and psychological distress
in a standardized way, with the aim of improving precision
in future studies.
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