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Summary

Chronic post-surgical pain is known to be a common complication of thoracic surgery and has been associated
with a lower quality of life, increased healthcare utilisation, substantial direct and indirect costs, and increased
long-term use of opioids. This systematic review with meta-analysis aimed to identify and summarise the
evidence of all prognostic factors for chronic post-surgical pain after lung and pleural surgery. Electronic
databases were searched for retrospective and prospective observational studies as well as randomised
controlled trials that included patients undergoing lung or pleural surgery and reported on prognostic factors
for chronic post-surgical pain. We included 56 studies resulting in 45 identified prognostic factors, of which 16
were pooled with a meta-analysis. Prognostic factors that increased chronic post-surgical pain risk were as
follows: higher postoperative pain intensity (day 1, 0-10 score), mean difference (95%Cl) 1.29 (0.62-1.95),
p < 0.001; pre-operative pain, odds ratio (95%Cl) 2.86 (1.94-4.21), p < 0.001; and longer surgery duration (in
minutes), mean difference (95%Cl) 12.07 (4.99-19.16), p < 0.001. Prognostic factors that decreased chronic
post-surgical pain risk were as follows: intercostal nerve block, odds ratio (95%Cl) 0.76 (0.61-0.95) p = 0.018
and video-assisted thoracic surgery, 0.54 (0.43-0.66) p < 0.001. Trial sequential analysis was used to adjust for
type 1 and type 2 errors of statistical analysis and confirmed adequate power for these prognostic factors. In
contrast to other studies, we found that age had no significant effect on chronic post-surgical pain and there was
not enough evidence to conclude on sex. Meta-regression did not reveal significant effects of any of the study
covariates on the prognostic factors with a significant effect on chronic post-surgical pain. Expressed as grading
of recommendations, assessment, development and evaluations criteria, the certainty of evidence was high for
pre-operative pain and video-assisted thoracic surgery, moderate for intercostal nerve block and surgery
duration and low for postoperative pain intensity. We thus identified actionable factors which can be addressed
to attempt to reduce the risk of chronic post-surgical pain after lung surgery.
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Introduction

Lung and pleural surgery are among the most common
types of thoracic surgery, and are associated with the
development of chronic post-surgical pain (defined as
surgery-related pain that persists for at least 3 months [1, 2]).
Chronic post-surgical pain after thoracic surgery generally
follows very intense acute postoperative pain and later
becomes chronic, often persisting for months or even years
[3]. The pain often has a neuropathic component and
can present itself as referred pain in other regions of the
body[4, 5].

The incidence of chronic post-surgical pain after
thoracic surgery has been reported to be 57% after
3 months and 47% after 6 months, which is the highest
incidence of among all types of surgery [3, 6, 7]. It is
associated with a lower overall quality of life [8-12];
increased utilisation of healthcare; increased absenteeism;
decreased work effectiveness; and substantial societal
costs [13-16]. Lung and pleural surgery are often
performed for various types of cancer, making chronic
post-surgical pain especially burdensome for cancer
survivors given the increased life expectancy with modern
cancer treatment [17]. Furthermore, both chronic post-
surgical pain and thoracic surgery often result in long-term
opioid use, which contributes to overuse, misuse and
addiction [18-21].

Prognostic factors can help with clinical decision-
making by improving individualised risk prediction.
Additionally, modifiable prognostic factors are also useful
as targets for the development of preventive measures and
new treatment strategies [22]. Many primary prognostic
factor studies are being published each year, often with
heterogenous methods and inconsistent findings, making
systematic reviews and meta-analyses useful to summarise
the evidence [23, 24].

Prognostic factors for chronic post-surgical pain have
been assessed for thoracic surgery in general [25], video-
assisted thoracic surgery in general [26] or cardiac surgery
only [27, 28]. However, since thoracic surgery encompasses
many heterogeneous types of surgery, mechanisms for
developing chronic post-surgical pain are likely to differ
among types of thoracic surgery. A systematic review and
meta-analysis focusing only on prognostic factors for
chronic post-surgical pain after lung or pleural surgery has
notyet been performed.

This systematic review and meta-analysis therefore
aimed to identify all studies that report on prognostic
factors for chronic post-surgical pain after lung and pleural

surgery and to summarise the evidence for each identified

prognostic factor. Additionally, we aimed to use trial
sequential analysis to address multiplicity due to repeated
significance testing, and to determine whether enough
evidence has been reached for the identified prognostic
factors.

Methods

The reporting of this systematic review and meta-analysis
follows the Preferred Reporting Items for Systematic reviews
and Meta-Analyses checklist [29]. We used the guide for
systematic reviews and meta-analyses for prognostic factor
studies from the prognosis research strategy group in the
design [24] and the study methods have also been
described in detail in our published protocol [30].

Studies were eligible when they reported on any
prognostic factor of interest for surgery-related pain; were
conducted in any healthcare setting; included any
population aged 18 y or older who underwent any type of
lung or pleural surgery; and had a follow-up period of at
least 3 months. We included retrospective and prospective
observational studies as well as randomised controlled
trials, considering that interventions can also be prognostic
factors. Conference papers, case reports, case series and
literature studies were excluded as they have few or no
primary data. We aimed to assess the following prognostic
factors: pre-operative pain; postoperative pain; pain
catastrophising score; age; sex; BMI; diabetes mellitus;
exercise tolerance; malignant disease; chemotherapy;
radiation therapy; surgery duration; anaesthesia technique
and surgical technique. Other prognostic factors were
considered when reported by at least three studies.

Medline, Scopus, Web of Science, Embase, Cochrane,
CINAHL and Google Scholar were searched from inception
until 27 June 2022. The search was supplemented with
reference searches of relevant (literature) studies. The
systematic search was built and adapted for each database
by an experienced information scientist [31] (see online
Supporting Information Appendix S1). No restrictions on
language, study status or time of publication were placed.
Two independent teams of reviewers (PC alone and PS and
CG together) screened the articles based on the eligibility
criteria in a title and abstract phase and a full-text phase.
Differences were resolved through a consensus meeting or
by consultation of a fourth reviewer (MH).

Data were stored in a study characteristics table and a
prognostic factors table. For the study characteristics table,
the following were extracted: first author; year; study type;
country; study period; inclusion and exclusion criteria;
number of patients completing study; chronic post-surgical
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pain definition; number of chronic post-surgical pain cases;
time between chronic post-surgical pain assessment and
surgery; age; number of females; number of video-assisted
thoracic operations; number of malignant diseases; number
of regional anaesthesia; type of regional anaesthesia; and
potential prognostic factors. The following were extracted
for the prognostic factors table: first author; vyear;
prognostic factor details; chronic post-surgical pain
definition; number of chronic post-surgical pain cases
(exposed and unexposed to the prognostic factor);
estimates for each group; unadjusted effect measure;
adjusted effect measure; and covariates that were adjusted
for.

The same two independent teams of reviewers
assessed the quality of each included study with the quality
in prognostic studies tool [32]. Differences were resolved
through a consensus meeting.

Odds ratios (OR), risk ratios (RR) and hazard ratios were
considered as effect measures for both continuous and
categorical prognostic factors, and the mean difference for
the continuous prognostic factors only. Adjusted and
unadjusted effect measures as well as every type of effect
measure were reported separately. When the mean (SD)
values were not directly reported, they were calculated from
the median (IQR) [33]. When no effect measures were
directly reported, the mean difference was calculated for
continuous prognostic factors and the OR for categorical
prognostic factors.

A meta-analysis was performed for prognostic factors
reported by at least five studies when similar effect
measures were reported or could be calculated [34]. In
addition to the overall pooled effect measure, separate
effect measures were calculated and presented for
randomised trials and observational studies. We used a
random effects model with the DerSimonian and Laird
estimator and included the 95% prediction interval (95%PI)
in addition to the 95%CI [35-37]. The Q and I? statistics were
calculated to quantify the presence of heterogeneity [38].
For other prognostic factors, only the direction of effect of
the studies was described.

Sensitivity analyses were performed by excluding
studies reporting neuropathic pain or a pain threshold as
chronic post-surgical pain definition. Subgroup analyses
and meta-regression were used to explore possible sources
of heterogeneity. Subgroup analyses were performed for
neuropathic pain; video-assisted thoracic surgery (> 50% of
patients); malignant disease (> 50% of patients) and
regional anaesthesia (> 50% of patients). Univariable meta-
regression was performed with follow-up time in months;

sex (proportion of females); video-assisted thoracic surgery

(proportion of patients); malignant disease (proportion of
patients) and regional anaesthesia (% patients) for
prognostic factors reported by at least 10 studies with
similar effect measures[39].

Given the high number of studies and prognostic
factors that were found to be significantly associated with
the outcome in our conventional meta-analyses, we
decided to account for the risk of spurious findings. We
extended the methodology as described in our study
protocol [30], and additionally added trial sequential
analysis to exclude the possibility that type 1 and type 2
errors could hamper the confidence into our results. Trial
sequential analysis was therefore performed for prognostic
factors summarised with a meta-analysis to account for type
1 and type 2 errors and to determine whether enough
evidence had been reached. The required information size,
defined as the sample size needed to detect or reject an a
priori assumed effect in meta-analyses, was calculated with
a type 1 error of 0.05, type 2 error of 0.20 and the effect
measures obtained from the conventional meta-analyses.
O'Brien-Fleming and futility boundaries were constructed
using the O'Brien-Fleming alpha-spending function and a
correction was applied for heterogeneity based on model
variance. When the O'Brien-Fleming boundaries are
crossed, evidence for the presence of an effect can be
assumed. In contrast, crossing the futility boundaries means
that lack of an effect can be assumed. We have described
methods for trial sequential analysis in detail elsewhere [40,
41]. The presence of publication bias was assessed for
prognostic factors reported by at least 10 studies with
similar effect measures by inspecting funnel plots and
statistically testing for asymmetry [42-46]. All calculations
and analyses were performed with the Metafor package for
R and the trial sequential analysis software of the
Copenhagen Trial Unit[47, 48].

The grades of recommendation assessment,
development and evaluation (GRADE) guideline [28] was
used for the certainty assessment of the pooled effect
measures of each prognostic factor, based on risk of bias,
imprecision, inconsistency, indirectness and publication
bias [49]. Since the required information size can be
considered a measure of imprecision, we have refrained
from certainty of evidence assessments for prognostic
factors where the required information size was not

reached.

Results

The systematic search identified a total of 5100 records.
After removal of 3025 duplicates, 2075 were screened on
title and abstract, after which 210 remained. An additional
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12 records were identified through reference searching,
resulting in a total of 222 for the full-text screening. After
removal of 166 records, 56 that met the eligibility criteria
were included (Fig. 1) [9, 11, 50-103]. Of the 56 included
studies, 28 (50%) were randomised controlled trials, 16
(29%) prospective observational studies and 12 (21%)
retrospective observational studies. The studies included a
total of 10,038 patients of whom 4394 (44%) were female
and with a total of 2943 (29%) chronic post-surgical pain
cases. The patients were aged on average 60.26 y. The full
study characteristics are included in online Supporting
Information Table S1; a summary of the main features is
included in Table 1.

The full quality assessment of the studies is included in
online Supporting Information Table S2 and a summary is
included in Fig. 2. We judged there to be a high risk of bias
in 14 studies (25%) for study participation, 12 studies (21%)
for study attrition, none for prognostic measurement, six
studies (11%) for outcome measurement, 18 studies (32%)
for study confounding and none for statistical analysis and
reporting.

We identified a total of 45 prognostic factors for chronic
post-surgical pain after lung and pleural surgery, which
could be categorised into 13 anaesthesia-related

prognostic factors, 20 patient-related prognostic factors

and 12 surgery-related prognostic factors. The extracted
data for each prognostic factor are included in online
Supporting Information Tables S3-S8. A meta-analysis was
performed for four anaesthesia-, eight patient- and four
surgery-related prognostic factors, of which the main
findings are summarised in Table 2 and in detail in online
Supporting Information Tables S9-S11. For the prognostic
factors not summarised with a meta-analysis, the directions
of effect for each prognostic factor are summarised in Fig. 3
and in detail in online Supporting Information Tables S12—
S14.

Of the anaesthesia-related prognostic factors, meta-
analysis and trial sequential analysis were performed for
epidural analgesia, intercostal nerve block, paravertebral
analgesia and peri-operative ketamine (online Supporting
Information  Figs. S1-S8). Intercostal nerve block
significantly lowered the risk of chronic post-surgical pain
with an OR (95%Cl) of 0.76 (0.61-0.95), p = 0.018 (Fig. 4),
while epidural analgesia, paravertebral analgesia and peri-
operative ketamine had no significant effect on chronic
post-surgical pain.

Trial sequential analysis showed futility for epidural
analgesia and paravertebral analgesia, since the z-curve
crossed the futility boundaries (online Supporting

Information Figs. S5 and S7). For peri-operative ketamine,
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[ Identification of studies via other methods ]
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Figure 1 Study selection flowchart.
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Table 1 Characteristics of the included studies. Values are
number (proportion).

Geographical region

Asia 20(36%)
Europe 16 (29%)
USA 6(11%)
Middle East 6(11%)
UK 5(9%)
Canada 3(5%)
Study type
Randomised controlled trial 28(50%)
Prospective observational 16(29%)
Retrospective observational 12(21%)
Primary pain measurement scale
Reporting of any pain 24(43%)
Numerical rating scale score 20(36%)
LANSS score 5(9%)
NPSl score 3(5%)
Visual analogue scale score 3(5%)
GSNP score 1(2%)
Time between surgery and CPSP assessment
3—-6 months 38(68%)
6-12 months 16(29%)
>12 months 2(4%)

LANSS, Leeds Assessment of Neuropathic Symptoms and
Signs; NPSI, Neuropathic Pain Symptom Inventory; GSNP,
Grading System for Neuropathic Pain; CPSP, chronic post-
surgical pain.

trial sequential analysis showed inadequate power of the
meta-analysis as the O'Brien-Fleming, futility and required
information size boundaries were not crossed (online
Supporting Information Fig. S8). For intercostal nerve block,
trial sequential analysis showed adequate power of the
meta-analysis as the z-curve crossed both conventional and
required information size boundaries (online Supporting
Information Fig. Sé).

Nine anaesthesia-related prognostic factors were
summarised with the directions of effect. The studies
reporting on peri-operative gabapentin were all in the

direction of decreasing chronic post-surgical pain risk, the

Bias due to participation
Bias due to attrition
Bias due to prognostic factor measurement

Bias due to outcome measurement

other anaesthesia-related prognostic factors were either
reported by very few studies or had inconsistent directions
of effect.

Of the patient-related prognostic factors, meta-analysis
and trial sequential analysis were performed for age; ASA
physical status (3/4 vs.1/2/IV vs. I/1l); BMI; malignant disease;
postoperative pain intensity (0-10 score on day 1); pre-
operative pain; sex (female vs. male) and smoking (online
Supporting Information Figs. S9-S24). Higher postoperative
pain intensity, mean difference (95%Cl) 1.29 (0.62-1.95),
p < 0.001; pre-operative pain, OR (95%Cl) 2.86 (1.94-4.21),
p < 0.001; and female sex, OR (95%Cl) 1.29 (1.04-1.60),
p = 0.019, significantly increased the risk of chronic post-
surgical pain (Figs. 5-7). The ASA physical status, BMI,
malignant disease and smoking had no significant effect on
chronic post-surgical pain.

Trial sequential analysis showed futility for ASA physical
status (online Supporting Information Figure S18), and
inadequate power of the meta-analyses for age, BMI,
malignant diseases, sex and smoking (online Supporting
S19, S20, S23, S24). For

postoperative pain intensity and pre-operative pain,

Information  Figs. S17,

trial sequential analysis showed adequate power of the
meta-analyses (online Supporting Information Figs. S21
and S22).

In all, 12 patient-related prognostic factors were
summarised with the directions of effect. The studies
reporting on pre-operative anxiety score, pre-operative
depression score and pre-operative pain catastrophising
score were all in the direction of increasing chronic
post-surgical pain risk with higher values. The other
patient-related prognostic factors were either reported
by very few studies or had inconsistent directions of
effect.

Finally, of the surgery-related prognostic factors, meta-
analysis and trial sequential analysis were performed for
chest tube duration (in days), lobectomy, surgery duration
(in minutes) and video-assisted thoracic surgery (vs. open
thoracotomy) (online Supporting Information Figs. S25-
$32). Higher surgery duration with mean difference (95%Cl)
12.07 (4.99-19.16), p < 0.001, significantly increased the

Bias due to confounding

Bias in statistical analysis and reporting

0%

25%

50% 75% 100%

Figure 2 Quality assessment results. Green: low risk of bias; yellow: moderate risk of bias; red: high risk of bias.
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Table 2 Main results of the meta-analyses.

Studies

Prognostic factor (meta-analysis) n/RIS
Epidural analgesia 12(11) 4609/2610
Intercostal nerve block 5(5) 3959/1723
Paravertebral analgesia  7(7) 3696/181
Peri-operative ketamine 6 (6) 382/11,448
Age 20(16) 5467/46,788
ASA physical status 5(5) 3772/1643
BMI 7(6) 3969/16,556
Malignant disease 6(6) 799/353,836
Postoperative pain 13(6) 524/288

intensity
Pre-operative pain 8(6) 622/90
Sex 18(17) 6003/10,954
Smoking 6(6) 4235/146,888
Chesttube duration 8(5) 658/2529
Lobectomy 7(7) 4586/43,775
Surgery duration 12(9) 4185/2950
VATS 13(13) 5904/1167

Pooled

effect measure Quality of
(95%Cl) 95%PI 12 pvalue evidence
1.11(OR) 0.72-1.70 18% 0.438 P00
(0.86-1.42)

0.76 (OR) 0.61-0.95 0% 0.018 SDDO
(0.61-0.95)

1.03(OR) 0.43-2.49 23% 0.916 DOPD
(0.60-1.78)

0.83(OR) 0.27-2.55 40% 0.550 RIS not reached
(0.45-1.54)

—0.91(MD) —7.09-5.26 82% 0.336 RIS notreached
(—2.78-0.95)

0.99 (OR) 0.75-1.32 0% 0.961 DODD
(0.75-1.32)

0.14(MD) —-0.11-0.38 0% 0.201 RIS notreached
(—0.11-0.38)

1.32(OR) 0.36-4.87 54% 0.398 RIS notreached
(0.69-2.51)

1.29(MD) -0.01-2.58 58% <0.001 [$PISC)
(0.62-1.95)

2.86 (OR) 1.94-4.21 0% <0.001 DODD
(1.94-4.21)

1.29(OR) 0.74-2.27 44% 0.019 RIS notreached
(1.04-1.60)

1.08 (OR) 0.54-2.18 58% 0.666 RIS not reached
(0.76-1.53)

0.74(MD) —-1.41-2.89 82% 0.151 RIS notreached
(—=0.27-1.76)

1.07 (OR) 0.49-2.34 64% 0.688 RIS notreached
(0.76-1.53)

12.07 (MD) —3.92-28.07 55% <0.001 DODO
(4.99-19.16)

0.54 (OR) 0.33-0.86 36% <0.001 [Slolasls)
(0.43-0.66)

RIS, required information size; Pl, prediction interval; OR, odds ratio; MD, mean difference; VATS, video-assisted thoracic surgery.

risk of chronic post-surgical pain, and video-assisted
thoracic surgery with an OR (95%Cl) 0.54 (0.43-0.66),
p < 0.001, significantly decreased the risk (Figs. 8 and 9).
Chesttube duration and lobectomy had no significant effect
on chronic post-surgical pain.

For chest tube duration and lobectomy, trial sequential
analysis showed inadequate power of the meta-analyses
(online Supporting Information Figs. S29 and S30), and
adequate power for the meta-analyses of surgery duration
and video-assisted thoracic surgery (online Supporting
Information Figs. S31 and S32).

Eight surgery-related prognostic factors were
summarised with the directions of effect. The studies
reporting on number of chest tubes (two vs. one) were all in

the direction of increasing chronic post-surgical pain risk. The

other surgery-related prognostic factors were either reported
by very few studies or had inconsistent directions of effect.

In the sensitivity analyses, intercostal nerve block and
sex lost significance, although the direction of effect
remained the same. For the other prognostic factors, the
sensitivity analyses were consistent with the main results.
The results of the sensitivity analyses are summarised in
online Supporting Information Tables S12-S14.

In the subgroup analyses, sex lost significance in the
> 50% video-assisted thoracic surgery and >50% regional
anaesthesia subgroups. The other subgroup analyses, where
applicable, were consistent with the main results. For
neuropathic pain, no subgroup analyses were performed
because none of the prognostic factors were reported by

enough studies with neuropathic pain as chronic post-surgical

6 ©2023 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.
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Early paravertebral analgesia
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Peri-operative cryoanalgesia
Peri-operative dexmedetomidine
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Hospital stay duration
Post-operative chemotherapy
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Post-operative radiotherapy
Pre-operative anxiety score
Pre-operative chemotherapy
Pre-operative depression score
Pre-operative non-opioid analgesic use
Pre-operative opioid analgesic use
Pre-operative pain catastrophizing score
Pre-operative pain intensity
Pre-operative radiotherapy
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Figure 3 Direction of effect of prognostic factors not summarised with a meta-analysis. Dark green: lower chronic post-surgical
pain risk (significant); light green: lower risk (non-significant); dark red: higher risk (significant); light red: higher risk (non-

significant); grey: zero effect. VATS: video-assisted thoracic surgery.

CPSP+ CPSP- 0Odds ratio Quality assessment
Study INB+ INB- INB+ INB- Weight RE, 95% CI Intercostal nerve block D1 D2 D3 D4 D5 D6
Observational studies
Ma [88] 5 16 54 130 4.6% 0.75[0.26-2.16] —_— ® - 2 B
Peng [92] 27 205 12 99 9.8% 1.09 [0.53-2.23] — ® ® » ¢ ®
Perttunen [73] 16 1 45 1 0.6% 0.36 [0.02-6.02] - ® ® - ®© ® -
Yoon [87] 81 477 493 2149 78.1% 0.74 [0.57-0.96] - - - ® - - -
Zhao [89] 1" 15 63 59 6.9% 0.69 [0.29-1.62] ——— ® - - - ® -
RE Model (95% Cl) 140 714 667 2438 100.0% 0.76 [0.61-0.95] ’
Heterogeneity: Tau? = 0.00; Chi® = 1.32, df = 4 (P = 0.8587); I> = 0.00% f ! ! !

0.01 0.1 1 10 100

Test for overall effect: Z = -2.37 (P = 0.0178)

95% PI: 0.76 [0.61-0.95]

Favours intercostal nerve block Favours no intercostal nerve block

Figure 4 Forest plotforintercostal nerve block. D1, bias due to participation; D2, bias due to attrition; D3, bias due to
prognostic factor measurement; D4, bias due to outcome measurement; D5, bias due to confounding; D6, bias in statistical
analysis and reporting. CPSP, chronic post-surgical pain; INB, intercostal nerve block; RE, random effects; PI, prediction interval.

pain definition. The subgroup analyses results are summarised
in online Supporting Information Tables $12-S14.
Meta-regression was performed for: follow-up time;
proportion of females; proportion of video-assisted thoracic
surgery; proportion with malignant disease; and proportion
receiving regional anaesthesia for four prognostic factors:
epidural analgesia; age; sex; and video-assisted thoracic
surgery. The meta-regression for age with the proportion of

females as covariate resulted in a change in mean difference
(95%Cl) of -0.2119 (-0.3712 to -0.0525), p = 0.009, for each
percentage point increase in females. The other meta-
regression analyses, where applicable, did not result in any
covariates with a significant effect on the effect measures of
the prognostic factors. The results of all meta-regression
analyses are summarised in online Supporting Information
Table S15.

©2023 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists. 7
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CPSP+ CPSP- Mean difference Quality assessment
Study Total Mean SD Total Mean SD Weight RE, 95% Cl  Post-operative pain intensity (score 0-10, day 1) D1 D2 D3 D4 D5 D6
Observational studies
Bayman [50] 27 6.7 23 72 5 2.96 18.0% 1.70 [ 0.60-2.80] —a S
Gandhi [57] 7 256 2.85 30 2.44 15 7.4% 0.12 [-2.06-2.30] _ ® ® - -
Wang [82] 33 17 22 78 0 0 24.6% 1.70 [ 0.95-2.45) - - - - - @ -
Wildgaard [84] 5 3.75 2.95 42 2.25 1.65 5.4% 1.50 [-1.13-4.13) ——— ® ® - ® -
Wong [85] 49 3.33 5 33 1.1 25 11.3% 2.23[0.59-3.87) — ® - =
Zhao [89] 26 1.33 0.75 122 0.67 0.74 33.2% 0.66 [ 0.34-0.98] - ® - - - @ -
RE Model (95% Cl) 147 377 100.0% 1.29 [0.62-1.95] .

I T T 1
Heterogeneity: Tau® = 0.32; Chi® = 11.80, df = 5 (P = 0.0376); I* = 57.63%
-10 -5 0 5 10
Test for overall effect: Z = 3.79 (P = 0.0002)
95% PI: 1.29 [-0.01-2.58] Favours higher post-operative pain Favours lower post-operative pain
Figure 5 Forest plotfor postoperative pain intensity (day 1). D1-Dé as per Fig. 4.
CPSP+ CPSP- Odds ratio Quality assessment
Study Pain+ Pain- Pain+ Pain- Weight RE, 95% CI Pre-operative pain D1 D2 D3 D4 D5 D6
Observational studies
Bayman [50] 11 16 14 58 16.1% 2.85[1.09-7.47] —— S
Blichfeldt-Eckhardt [51] 8 8 7 29 9.1% 4.14[1.15-14.92) - - - ® - e ®
Hetmann [60] 26 27 10 43 19.6% 4.14[1.73-9.92) — - @ - ® ® @
Kar [9] 26 59 21 102 34.4% 2.14[1.11-4.13] —a— ® - ® - = =
Laurent [90] 34 15 8 15 13.5% 4.25[1.49-12.16) —_— ° @ © @ ®
RE Model (95% CI) 105 125 60 247 92.6% 3.05 [2.04-4.55] ’
Heterogeneity: Tau® = 0.00; Chi? = 2.20, df = 4 (P = 0.6985); I” = 0.00%
Test for overall effect: Z = 5.44 (P = 0.0000)
95% PI: 3.05 [2.04-4.21]
Randomized Controlled Trials
Gottschalk [58] 3 15 9 58 7.4% 1.29[0.31-5.36) —_— ® ® - - ® -
RE Model (95% ClI) 108 140 69 305 100.0% 2.86 [1.94-4.21] ‘
Heterogeneity: Tau® = 0.00; Chi® = 3.50, df = 5 (P = 0.6230); I> = 0.00% f T T 1
0.01 0.1 1 10 100

Test for overall effect: Z = 5.33 (P = 0.0000)

95% PI: 2.86 [1.94-4.21]

Figure 6 Forestplotfor pre-operative pain. D1-Dé as per Fig. 4.

Assessment of potential publication bias was
performed for age, epidural analgesia, sex and video-
assisted thoracic surgery (online Supporting Information
Figs. S33-S36). Testing for asymmetry of the funnel plots
resulted in a p-value of 0.175 for age, 0.567 for epidural
analgesia, 0.373 for sex and 0.723 for video-assisted
thoracic surgery, indicating no present publication bias. The
results of the certainty of evidence assessments are
summarised in Table 2.

Discussion
This systematic review and meta-analysis was undertaken to
identify all studies reporting prognostic factors for chronic

post-surgical pain after lung or pleural surgery, and to

Favours pre-operative pain Favours no pre-operative pain

summarise the evidence for each prognostic factor. We
identified 45 prognostic factors in 56 studies, of which a
meta-analysis was performed for 16 prognostic factors.
Almost a third of the studies had a high risk of bias in the
‘confounding” domain. The other five domains of the quality
in prognostic studies tool had low rates of high risk [32].
Based on the conventional meta-analyses, pre-operative
pain, higher postoperative pain intensity, female sex and
longer surgery duration were associated with a higher
chronic post-surgical pain risk, and intercostal nerve block
and video-assisted thoracic surgery with a lower chronic
post-surgical pain risk. While trial sequential analysis
showed adequate power of the meta-analyses for

intercostal nerve block, postoperative pain intensity, pre-

8 ©2023 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.
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CPSP+ CPSP- 0Odds ratio Quality assessment

Study Female Male Female Male Weight RE, 95% CI Sex (female versus male) D1 D2 D3 D4 D5 D6

Observational studies

Bayman [50] 1 16 37 35 4.3% 0.65 [0.27-1.59] — 5 © 0 @

Blichfeldt-Eckhardt [51] 10 6 19 17 2.7% 1.49 [0.45-4.98] _—r - - ® - e @

Fiorelli [11] 43 27 57 73 7.4% 2.04[1.13-3.69] —a o ® - ® - ®

Gandhi [57] 5 2 12 18 1.3% 3.75[0.62-22.58] - . ® ® - -

Homma [61] 17 31 42 95 6.1% 1.24 [0.62-2.48] —f— EMENEENK)

Kar [9] 26 59 44 79 75% 0.79 [0.44-1.43] - ® © @ ¢

Laurent [90] 33 16 10 13 3.5% 2.68[0.97-7.42] I 5 @ © @ @®

Mongardon [71] 13 18 16 18 3.7% 0.81[0.30-2.17] — - s - @ e

Peng [92] 98 134 48 63 9.6% 0.96 [0.61-1.52] —— ® ® © & & @

Perttunen [73] 10 7 21 25 3.0% 1.70 [0.55-5.25] —_— ® ® - ® ©®

Sugiyama [78] M 50 155 265 9.6% 1.40 [0.89-2.22] - - - - @ e

Wang [82] 17 16 54 24 4.8% 0.47 [0.20-1.09] — P © © 0 O

Wildgaard [83] 107 66 166 207 11.4% 2.02[1.40-2.92] - D 1

Yoon [87] 263 295 1139 1503 15.2% 1.18[0.98-1.41] - 5 ® @ @

Zhao [89] 21 5 68 54 3.4% 3.34[1.18-9.42] — ® - - - @

RE Model (95% CI) 715 748 1888 2489 93.7% 1.29[1.01-1.65] ’

Heterogeneity: Tau® = 0.10; Chi® = 28.77, df = 14 (P = 0.0112); I> = 55.44%

Test for overall effect: Z = 2.08 (P = 0.0377)

95% PI: 1.29 [0.67-2.27]

Randomized Controlled Trials

Gottschalk [58] 10 8 33 34 3.4% 1.29 [0.45-3.66] — ® ® - - ©

Hu [62] 9 33 6 30 2.9% 1.36 [0.43-4.29] — ° @ ® © @

RE Model (95% CI) 19 Iy 39 64 6.3% 1.32[0.61-2.86] ’

Heterogeneity: Tau® = 0.00; Chi® = 0.01, df = 1 (P = 0.9424); I = 0.00%

Test for overall effect: Z = 0.71 (P = 0.4789)

95% PI: 1.32 [0.61-2.86]

RE Model (95% CI) 734 789 1927 2553 100.0% 1.29 [1.04-1.60] ’

Heterogeneity: Tau® = 0.07; Chi® = 28.79, df = 16 (P = 0.0254); I” = 44.42%

Test for overall effect: Z = 2.35 (P = 0.0186) 0.L1 DT1 l 1L ”;0

95% PI: 1.29 [0.74-2.27]

Figure 7 Forest plotforsex (female vs. male). D1-Dé as per Fig. 4.

operative pain, surgery duration and video-assisted
thoracic surgery, this was not the case for sex. The certainty
of evidence was high for pre-operative pain and video-
assisted thoracic surgery, moderate for intercostal nerve
block and surgery duration and low for postoperative pain
intensity and sex. Meta-regression showed a significant
effect of the proportion of females on the pooled effect
measure of age. With an increase in the proportion of
females, patients with chronic post-surgical pain were either
on average older or patients without chronic post-surgical
pain younger, which could explain part of the heterogeneity
in the meta-analysis for age.

Two other systematic reviews and meta-analyses have
been published that have some similarities with this study
[25, 26]. Lim et al. pooled all types of thoracic surgery

and found the following to be associated with chronic

Favours female sex Favours male sex

post-surgical pain after thoracic surgery: younger age;
female sex; hypertension; pre-operative pain; moderate
to severe acute postoperative pain; surgical approach
(open thoracotomy); major procedure (bilobectomy,
pneumonectomy, lobectomy plus wedge resection and
pleurectomy); and wound complications [25]. Chen et al.
pooled all types of video-assisted thoracic surgery and
found associations with chronic post-surgical pain after
such surgery with: female sex; younger age; higher
postoperative pain intensity; and longer surgery duration
[26]. While we did find the association with chronic post-
surgical pain for pre-operative pain, postoperative pain
intensity and surgical approach, age had no significant
effect. For sex, the conventional meta-analysis also
showed a significant effect in our study. However, trial

sequential analysis reported inadequate power which

©2023 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists. 9
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CPSP+ CPSP- Mean difference Quality assessment

Study Total Mean sD Total Mean sD Weight RE, 95% CI Surgery duration (in minutes) D1 D2 D3 D4 D5 D6
Observational studies

Bayman [50] 27 143.67 88.13 72 113.33 64.32 3.3% 30.34 [ -6.07-66.75] —,—— - - - - - -
Blichfeldt-Eckhardt [51] 16 109.6 26.9 36 109.4 321 10.3% 0.20 [-16.64-17.04] —_— - - @® - ® &
Fiorelli [11] 70 64.71 30.41 130 60.58 27.65 18.0% 4.13 [ -4.43-12.69] — ® ® - & - &
Kar [9] 85 258.9 63.4 123 253 66.3 9.6% 5.90 [-11.96-23.76] —_— ® - ® - = -
Wang [82] 33 117.6 28.8 78 105.6 39.6 13.2% 12.00 [ -1.18-25.18] R — - - - - ® -
Wong [85] 49 136.5 32.6 33 102.9 32.9 121% 33.60 [ 19.13-48.07] —_— - ® - 5 = -
Yoon [87] 558 168.33 62.96 2642 152.33 51.85 21.2% 16.00 [ 10.41-21.59] —.— - - ® - = -
Zhao [89] 26 100.9 43.58 122 97.83 40 9.4% 3.07 [-15.12-21.26] — @® - - - ® -
RE Model (95% CI) 864 3236 97.1% 12.02 [4.21-19.83] ‘

Heterogeneity: Tau® = 70.10; Chi® = 17.87, df = 7 (P = 0.0126); I = 64.45%
Test for overall effect: Z = 3.02 (P = 0.0025)

95% PI: 12.02 [-6.15-28.07]

Randomized Controlled Trials

Gottschalk [58] 18 162 77 67 148 66 2.9% 14.00 [-24.92-52.92] ® ® - - o -
RE Model (95% Cl) 882 3303 100.0% 12.07 [4.99-19.16] ‘
Heterogeneity: Tau® = 53.55; Chi® = 17.87, df = 8 (P = 0.0222); I? = 55.23% r T T 1
Test for overall effect: Z = 3.34 (P = 0.0008) -50 25 o 25 50
95% PI: 12.07 [-3.92-28.07] Favours longer surgery duration Favours shorter surgery duration
Figure 8 Forest plotforsurgery duration (in minutes). D1-Dé as per Fig. 4.

CPSP+ CPSP- 0Odds ratio Quality assessment
Study VATS oT VATS oT Weight RE, 95% CI VATS (versus open thoracotomy) D1 D2 D3 D4 D5 D6
Observational studies
Bayman [50] 17 10 52 20 4.4% 0.65[0.26-1.67] —_— 5 © © 0 0 6
Blichfeldt-Eckhardt [51] 4 12 16 20 2.4% 0.42[0.11-1.54] —_— S0 e -~ e e
Fiorelli [11] 6 64 39 91 45% 0.22[0.09-0.55] —_— ® ® - ® - @
Furrer [55] 5 5 9 10 1.8% 1.11[0.24-5.14] PR A ® ® ® ® ® -
Homma [61] 9 39 74 63 5.7% 0.20[0.09-0.44] — ° @ & o 0 e
Landreneau [66] 51 62 127 103 12.2% 0.67 [0.42-1.05] —u] ® - - - ® -
Peng [92] 182 50 97 14 7.9% 0.53 [0.28-1.00] — ® ® - - - ®
Shanthanna [77] 22 25 38 21 5.9% 0.49 [0.22-1.06] —t ® - - g = =
Sugiyama [78] 50 41 244 176 12.1% 0.88[0.56-1.39] —-— - - - ® ® -
Wang [81] 45 70 75 45 10.2% 0.39[0.23-0.65] - ® ©6 © © © @G
Wildgaard [83] 23 150 70 303 10.6% 0.66 [0.40-1.11] —a - - - - ® -
Yoon [87] 365 193 2031 611 21.6% 0.57 [0.47-0.69) - D © © © © €
RE Model (95% CI) 779 721 2872 1477 99.3% 0.53 [0.42-0.67] ‘
Heterogeneity: Tau® = 0.06; Chi” = 18.59, df = 11 (P = 0.0688); I’ = 44.33%
Test for overall effect: Z = -5.38 (P = 0.0000)
95% PI: 0.53 [0.31-0.86]
Randomized Controlled Trials
Kirby [63] 1 2 24 28 0.7% 0.58 [0.05-6.84] e ® - ® ® ® -
RE Model (95% Cl) 780 723 2896 1505 100.0% 0.54 [0.43-0.66] ‘
Heterogeneity: Tau® = 0.05; Chi® = 18.59, df = 12 (P = 0.0989); I’ = 35.46% r T T !

Test for overall effect: Z = -5.69 (P = 0.0000) 0.01 0.1 1 10 100

95% PI: 0.54 [0.33-0.86]
Favours VATS Favours open thoracotomy

Figure 9 Forest plotfor VATS (vs. open thoracotomy). D1-Dé as per Fig. 4. VATS: video-assisted thoracic surgery; OT: open
thoracotomy.

10 ©2023 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.
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reduced the certainty of evidence. Our study underlines
the role of trial sequential analysis in meta-analyses
because it helps to prevent fallacious conclusions. Unlike
Lim et al. and Chen et al. [25, 26], we cannot conclude
from the studies published so far that there is sufficient
evidence to establish sex as a prognostic factor of
chronic post-surgical pain after lung and pleural surgery.
Our finding may guide future research and we think that
further studies are needed to elucidate the role of sex in
the development of persistent postoperative pain after
lung or pleural surgery. Hypertension, major procedures
and wound complications were not reported by enough
included studies to assess them as prognostic factors.
Finally, intercostal nerve block and surgery duration had
a significant effect on chronic post-surgical pain in our
study, while Lim et al. did not assess these factors and
Chen et al. only did this for surgery duration. The
differences in findings could be explained by studies with
other thoracic surgery types that Lim et al. and Chen
et al. included. For example, almost a third of the
thoracic surgery studies Lim et al. included were cardiac
surgery and Chen et al. also included studies on funnel
chest surgery.

There are several strengths that distinguish our study
from the others on this topic. First, no other meta-analysis
has reported on prognostic factors specifically for chronic
post-surgical pain after lung or pleural surgery. Thoracic
surgery encompasses many types of heterogenous surgical
procedures, with major differences in surgical technique.
Differences in chronic post-surgical pain incidence have, for
example, been observed between thoracotomy and
sternotomy [104]. Different types of thoracic surgery are
therefore likely to have a variety of pathways that cause
chronic post-surgical pain and it makes sense to identify
prognostic factors for specific types of thoracic surgery as
has been done for cardiac surgery [27, 28]. Second, we used
a variety of advanced statistical methods including trial
sequential analysis, which is especially useful in the certainty
of evidence assessment, considering the high rates of
inflated type 1 and type 2 errors in meta-analyses [105, 106].
Third, the quality of the methodology in this study greatly
benefitted from the rigorous guidance provided by the
prognosis research strategy group [24]. Fourth, our
analysis is more recent compared with that by Lim et al.,
since they searched until November 2019, and more
complete as compared with Chen et al, since they
included only 17 video-assisted thoracic surgery studies.
Finally, we have prespecified our protocol both in a
PROSPERO registration and a separate published
protocol [30]. Smith and Carlisle emphasised the role of

publishing the study protocol for transparency and
minimising selective reporting bias in systematic reviews
and meta-analyses [39], a notion that has been supported
by others [107].

This study also has limitations worth considering,
most notably the heterogeneity between studies for each
prognostic factor. Although we conducted subgroup
analyses and meta-regressions to identify sources of
heterogeneity, much of the heterogeneity in the meta-
analyses remained unexplained. Additionally, the
required information size for some prognostic factors was
inflated due to the correction for heterogeneity.
Nevertheless, our results remain valid and relevant
because we used a random-effects model to correct for
between-study heterogeneity and age being the only
prognostic factor with a high (> 75%) heterogeneity [38].
Another limitation is that a meta-analysis was not possible
for many prognostic factors due to the limited number of
studies reporting the same effect measure. Finally, even
though five of the six quality assessment domains had
low rates of high risk of bias, the study confounding
domain was scored as high risk of bias in almost a third
of the studies. This was addressed by incorporating the
quality of the studies in our certainty of evidence
assessment.

In summary, we have identified the presence of pre-
operative pain, higher postoperative pain intensity and
longer surgery duration as prognostic factors for
developing chronic post-surgical pain after lung and pleural
surgery. These findings are of added value for pre-operative
clinical decision-making, peri-operative case consultations
and clinical protocols to identify patients at risk of
developing chronic post-surgical pain. In addition, these
prognostic factors might serve as new targets for
interventions to reduce the risk of developing chronic post-
surgical pain. This entails optimising pre-operative pain
before surgery; choosing video-assisted thoracic surgery
whenever possible; considering intercostal nerve block
when applicable; minimising surgery duration; and
implementing standardised, multimodal analgesia in the
immediate postoperative period — for which evidence-
based guidelines on pain management are needed. A
procedure-specific  postoperative pain management
guideline for video-assisted thoracic surgery was recently
published [108]. In light of our results, we recommend
similar guidelines be developed for other types of lung and
pleural surgery. Finally, in contrast to other studies [25, 26],
we do not think that the role of patient sex is clarified
enough, and future studies are needed to confirm the

impact of this possibly important factor.

©2023 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists. 11
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Table $10. Direction of effect for anaesthesia-related
prognostic factors summarised without meta-analysis.

Table S11. Direction of effect for surgery-related
prognostic factors summarised without meta-analysis.

Table S12. Meta-analysis results for anaesthesia-
related prognostic factors.

Table S13. Meta-analysis results for patient-related
prognostic factors.

Table S14. Meta-analysis results for surgery-related
prognostic factors.

Table $15. Meta-regression results.
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