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ABSTRACT

Introduction: The administration of methyl-
prednisolone (MP) is a component of perioper-
ative multimodal analgesia that mitigates the
potentially deleterious effects of postoperative
pain and opioid consumption. However, a sys-
tematic evaluation of the efficacy and safety of
MP is lacking. The present systematic review
and meta-analysis was performed to quantify

the potential clinical benefits and risks of peri-
operative MP in lung surgery.
Methods: We searched seven electronic data-
bases for randomized controlled trials (RCTs)
comparing MP with placebo. Coprimary out-
comes were rest pain scores, dynamic pain
scores, and cumulative morphine equivalent
consumption within 24 h postoperatively.
Results: A total of 11 trials including 643 par-
ticipants were selected for our meta-analysis.
The results demonstrated that the MP group
had a significant difference in coprimary out-
comes (rest pain scores, dynamic pain scores,
and cumulative morphine equivalent con-
sumption) compared with the placebo group;
nevertheless, the improvement was not clini-
cally meaningful based on minimum clinically
important differences (MCID). Notably, MP
administration reduced serum levels of inter-
leukin (IL)-6 at 6 h (weighted mean difference
-20.49 pg/mL; 95% CI -29.94 to -11.04), and
decreased the incidence rate of acute lung
injury (rate ratio 0.18; 95% CI 0.03–0.98) and
cognitive dysfunction (rate ratio 0.43; 95% CI
0.21–0.88) compared with the placebo group.
Conclusions: Our findings suggest that the
administration of MP contributed to an
insignificant relief in acute postoperative pain
for lung surgery in a clinical setting. Future
studies should focus on exploring the role of MP
in reducing pulmonary and surgical-related
complications after lung surgery.
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Key Summary Points

Why carry out this study?

Although the additional benefits of
perioperative MP in lung surgeries are
supported by several randomized
controlled trials (RCTs), the utility of
perioperative MP remains controversial
for postoperative analgesia.

Therefore, summary of evidence is needed
regarding the clinical effects and safety of
perioperative methylprednisolone in lung
surgeries.

What was learned from the study?

A systematic review and meta-analysis of
the effects of perioperative MP on lung
surgery are presented in the article.

The results indicate that the MP has little
effect on relieving acute postoperative
pain after lung surgery clinically.

Further evidence is needed regarding the
role of MP in reducing complications after
lung surgery.

INTRODUCTION

Acute postoperative pain is a common compli-
cation after thoracic surgery, and is the result of
surgical trauma and inflammatory reactions
[1–3]. Poor management of acute pain in lung
surgeries can contribute to short- and long-term
negative consequences such as a decrease in
pulmonary function, chronic postsurgical pain,
and delayed rehabilitation [4–6]. However, the
postoperative use of analgesics (such as opioids

and nonsteroidal antiinflammatory drugs) may
increase the risk of adverse effects, including
gastrointestinal symptoms and respiratory
depression, which significantly limits their
clinical application [7]. Consequently, more
attention has been paid to the wide range of
multimodal perioperative pain management for
lung surgeries.

Glucocorticoids such as dexamethasone and
methylprednisolone (MP), characterized by
potent inflammatory suppressive properties, are
a component of perioperative multimodal
analgesia that mitigate the potentially deleteri-
ous effects of postoperative pain and opioid
consumption [3, 8]. Of particular interest is that
MP has more frequent and long-term records
and studies of safety and effectiveness in anal-
gesia after lung surgery compared with the
administration of dexamethasone [8, 9, 11, 12].
It has been reported previously that the
administration of MP during the perioperative
period decreased the cytokine response and
thus improved surgical outcomes [10]. Of note,
the additional benefits of perioperative MP in
lung surgeries are supported by several ran-
domized controlled trials (RCTs), which have
explored whether MP results in decreased levels
of inflammation, prolonged pain relief, and
fewer pulmonary complications [11–17]. Nev-
ertheless, the utility of perioperative MP
remains controversial for postoperative analge-
sia. Moreover, the possible side effects of MP,
including an increased risk of infection, delayed
wound healing, and transient hyperglycemia,
should be considered [10, 18–21]. Therefore,
further high-quality evidence is needed regard-
ing the clinical effects and safety of periopera-
tive methylprednisolone in lung surgeries.

To build a robust evidence base, a systematic
review and meta-analysis of the literature was
performed to quantify the potential clinical
efficacy of perioperative methylprednisolone in
acute pain after lung surgeries. Pain scores and
cumulative analgesic consumption 24 h post-
operatively were designated as the coprimary
outcomes in this meta-analysis. Moreover, the
safety of methylprednisolone was explored
through a comprehensive review of complica-
tions and adverse events.
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MATERIALS AND METHODS

Search Strategy

This study was conducted according to the Pre-
ferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA), Assessing the
Methodological Quality of Systematic Reviews
(AMSTAR), and theCochraneCollaboration [22].
This meta-analysis was registered in the Inter-
national Prospective Register of Systematic
Reviews (PROSPERO) (CRD42022314224). This
article is based on previously conducted studies
and does not contain any new studies with
humanparticipants or animals performedby any
of the authors. A comprehensive search was
conducted from seven electronic databases,
including PubMed, Web of Science, Embase, the
Cochrane Library, Google Scholar, China
National Knowledge Infrastructure, and the
Wan-Fang database. Completed and ongoing
trials were also searched from two trial registries
(ClinicalTrials.gov and the InternationalClinical
Trial Registry Platform). The date of the last
search was 20 February 2022.

The search process was conducted after
consultation with an information specialist
(Q.L.W.). Structured literature searches were
applied by using subject words and free words
such as ‘‘methylprednisolone,’’ ‘‘thoracic surgi-
cal procedures,’’ ‘‘lung surgery,’’ and ‘‘random-
ized controlled trial.’’ More details on the
retrieval strategy are shown in the supplemen-
tary materials (eMethods 1–5). No restrictions
on the language, publication year, journal, or
region were considered.

Eligibility Criteria and Study Selection

Inclusion criteria:
Participants Patients who underwent lung

surgery were included.
Interventions MP was administered perioper-

atively. Notably, we considered the number of
interventions (including single and multiple)
for the diversity of clinical practice.

Comparator The control interventions were
placebo or no treatment.

Outcomes Studies that reported at least one of
the following outcomes were eligible for inclu-
sion: pain-related outcomes, inflammatory
indicators, other clinical indicators (such as
duration of hospitalization and time to extu-
bation), and safety indicators.

Study design RCTs were included in our
review.

Exclusion criteria: (1) Methylprednisolone
was outside the surgical setting or not used for
lung surgery; (2) Non-peer-reviewed publica-
tions, certain study designs (such as retrospec-
tive observational studies, case reports, case
series, review articles, letters to the editor), and
nonhuman trials.

The title and abstract were independently
screened by two investigators (X.Y. and L.N.A.).
Then, two investigators evaluated each study by
reviewing the full text for the selection of eli-
gible studies based on the inclusion criteria.
Any disagreement was resolved by a third arbi-
trator (Y.F.R.).

Data Extraction

Data were extracted independently by two
investigators with a standardized data extraction
form (W.B.H. and J.D.). The following informa-
tionanddatawere extracted: thenameof thefirst
author, year of publication, surgical procedures,
anesthesia methods, sample size, intervention
details, comparison group, time of intervention,
number of interventions, and outcomes. When
the resultswere expressed as figures, we extracted
the required data using the software GetData
Graph Digitizer version 2.26 (http://getdata-
graph-digitizer.com/). Corresponding authors
were consulted to obtain missing information.
All data were presented in an electronic extrac-
tion form (Microsoft Excel 2019, Microsoft,
Redmond, USA).

Assessment of Methodological Quality
and Risk of Bias

The modified Cochrane Collaboration tool
(ROB 2) was used to assess the methodological
quality of the included studies [23]. Each study
was evaluated for the risk of bias from six
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aspects: randomization process, deviations from
the intended interventions, missing outcome
data, measurement of the outcome, selection of
the reported result, and overall bias. ROB 2
evaluated risk with three ranks: ‘‘low,’’ ‘‘some
concerns,’’ and ‘‘high.’’ The detailed score of
each study is available in the supplementary
material (eTable 1).

We also assessed the certainty of the sum-
mary finding with the Grades of Recommen-
dation, Assessment, Development and
Evaluation Profiler software (GRADEpro, ver-
sion 3.6.1, McMaster University, Hamilton, ON,
Canada). The strength of evidence was rated as
high (� � � �), moderate (� � ��), low (�
��) or very low ( ����) [24, 25].

All quality assessments of RCTs were assessed
by two investigators independently (Y.H. and
H.J.). Disagreements were resolved by an inde-
pendent reviewer (X.Y.).

Primary and Secondary Outcomes

The coprimary outcomes included (1) rest pain
scores (cm) at 24 h postoperatively; (2) dynamic
pain scores (cm) at 24 h postoperatively; and (3)
rescue analgesic consumption: intravenous
morphine equivalent consumption (mg) within
24 h postoperatively. This time point was
selected because it was reported frequently and
is representative of acute postoperative pain
[11, 21].

The secondary outcomes included (1) rest
pain scores (cm) at 48 h postoperatively; (2)
dynamic pain scores (cm) at 48 h postopera-
tively; (3) rescue analgesic consumption: intra-
venous morphine equivalent consumption
(mg) within 48 h postoperatively; (4) inflam-
matory indicators including interleukin-6 (IL-6)
(pg/mL), interleukin-10 (IL-10) (pg/mL), tumor
necrosis factor-a (TNF-a) (pg/mL), and C-reac-
tive protein (CRP) (mg/mL); (5) duration of
hospitalization (days); and (6) time to extuba-
tion (days).

The safety indicators included (1) pulmonary
complications (such as pulmonary infection,
atelectasis, acute lung injury, and respiratory
failure); (2) surgical-related complications (such
as wound infection, bleeding, and cognitive

dysfunction); (3) methylprednisolone-related
side effects such as elevated blood glucose (mg/
dl); and (4) opioid-related side effects (such as
nausea and vomiting).

Analysis of Outcome Data

All pain scores were standardized by transfor-
mation to a straight line of 0–10 cm (0, no pain;
10, worst pain). Furthermore, cumulative anal-
gesic consumption was converted to intra-
venous morphine equivalents (intravenous
butorphanol 7 mg = intravenous morphine
1 mg) [26]. For outcomes measured at different
time points, we used the pooled estimates of the
weighted mean difference (WMD) for our
interval of interest (Fig. 3).

Statistical Analysis

All continuous variables were presented as the
mean ± standard deviation (SD). If the inclu-
ded studies provided only the median, range,
and/or interquartile range, the sample mean
and SD were obtained using methods reported
by Luo et al. and Wan et al. [27, 28]. According
to the Cochrane Collaboration tool, the mean
and confidence interval (CI) were converted to
the mean and SD [29]. All categorical data were
summarized using proportions. Where neces-
sary, continuous data were translated into cat-
egorical variables. We converted the nausea and
vomiting scores from the trial by Shi et al. into
dichotomous variable of ‘‘yes’’ and ‘‘no’’
according to the score interval [21].

Meta-analysis

We analyzed all data using Review Manager
software (version 5.4, The Cochrane Collabora-
tion) and STATA statistical software (version 16,
STATA Corp). The analysis of continuous vari-
ables used inverse variance weighted estimators,
while the Mantel–Haenszel method was
employed for dichotomous variables [30]. For
our coprimary outcomes, the weighted mean
difference (WMD) with a 99% CI was calculated
to account for multiple comparisons [31, 32].
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The statistical significance level was set at two-
sided p\0.01 to reduce type I error.

The risk ratio (RR) or the WMD with 95% CI
(two-sided p\ 0.05) were used for dichotomous
and continuous secondary outcomes.

A meta-analysis was conducted if two or
more studies reported the same measurable
parameters. Otherwise, qualitative analysis was
performed for all prespecified primary, sec-
ondary, and safety outcomes.

Interpretation of Outcome Results

The minimal clinically important difference
(MCID) was set to determine the clinical sig-
nificance of the outcomes. For the pain scores,
an absolute change of 1.1 cm at a single time
point was considered the MCID [32]. For the
intravenous morphine equivalent consump-
tion, an MCID threshold of 10 mg was defined
as clinically significant [33, 34].

Heterogeneity, Subgroup, and Sensitivity
Analyses

Heterogeneity was evaluated by the Chi-squared
(Chi2) test with significance set at a p-value of
0.10, and the I-square (I2) statistic was used to
quantify heterogeneity. According to the
Cochrane Handbook for Systematic Reviews of
Interventions, the following values of I2 were
used for the interpretation of heterogeneity
levels: I2 of 0–40%: might not be important; I2

of 30–60%: may represent moderate hetero-
geneity; I2 of 50–90%: may represent substantial
heterogeneity; I2 of 75–100%: considerable
heterogeneity [35, 36]. Predefined covariates
were as follows: (1) intervention time (before
surgery versus after surgery); (2) the number of
interventions (single versus multiple); (3) sur-
gical approach (open thoracotomy versus video-
assisted thoracoscopic surgery); and (4) age
([18 years versus B 18 years). Of note, pre-
specified subgroup analyses were not performed
due to the limited number of studies. In addi-
tion, by excluding trials of non-preoperative
interventions, multiple administration, non-
thoracoscopic surgery, and patients aged 0–-
18 years, a posthoc sensitivity analysis was

conducted only for outcomes where enough
data were available to assess the robustness of
our findings.

Assessment of Publication Biases

Publication bias in all outcomes was explored
by an Egger’s regression test using Stata software
V. 16.0 (StataCorp, College Station, USA) [37].
And p\0.05 was considered suggestive of sta-
tistically significant publication bias.

RESULTS

Study selection

A total of 707 potentially relevant studies were
identified by the systematic literature search, of
which 89 were duplicate studies. We screened
618 records based on the title and abstract.
Among these, 604 records were excluded
because of unrelated studies (n = 411), irrele-
vant comparator (n = 23), and not an RCT
(n = 170). After reviewing the full text of eligible
articles, one clinical protocol was excluded, and
the full text of two studies were not available.
Finally, 11 RCTs including 643 participants
were selected for our meta-analysis
[10–17, 19–21]. The flow diagram for the liter-
ature search, screening, and eligibility evalua-
tion is shown in Fig. 1.

Characteristics of Included Studies

The general characteristics and results of inter-
est in the included studies are detailed in
Table 1. The sample size of the included studies
ranged from 21 to 200 patients. Thoracotomy
was performed in 4 of 11 included trials
[10, 13, 19, 20], while video-assisted thoraco-
scopic surgery (VATS) was carried out in six
studies [11, 12, 14–16, 21], and only one study
did not report the surgical approach [17]. The
procedure was performed under general anes-
thesia (GA) in five trials [12–14, 16, 17], GA plus
epidural anesthesia in three trials [10, 19, 20],
GA plus paravertebral block in one trial [11], GA
plus intercostal nerve block in one trial [21],
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and one study did not specify anesthesia
methods [15]. In addition, 10 RCTs enrolled
patients who were adults [10–13, 15–17, 19–21],
whereas one RCT enrolled children aged 3–-
18 years [14].

MP was administered intravenously in 10
trials [10–17, 19, 21], and epidural MP infusion
was performed in one trial [20]. Furthermore,
the time of MP administration was before

surgery in six trials [10–13, 19, 21], during sur-
gery in three trials [14, 16, 17], and both before
and after surgery in two trials [15, 20]. The total
volume of MP ranged from 40 to 120 mg in
three trials, and the dose of MP ranged from 1 to
30 mg/kg in eight trials. All included RCTs used
placebo saline as a control.

Fig. 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of present study
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Risk of Bias

Regarding the risk assessment for the 11 inclu-
ded RCTs, 4 studies were rated as having a low
risk of bias [11, 12, 14, 21], while 7 studies were
deemed unclear risk [10, 13, 15–17, 19, 20]. The
complete assessment for separate studies is
provided in the supplementary material
(eTable 1). The risk of bias summary and risk of
bias graph can also be found in the supple-
mentary materials (Fig. 2 and eFig. 1).

Coprimary Outcomes

Rest Pain Scores at 24 h Postoperatively
Two studies (n = 248) utilized an 11-point scale,
including a numeric rating scale (NRS) or VAS,
to assess rest pain scores at 24 h postoperatively
[12, 21]. The results indicated that the MP group
made a significant difference in this outcome
compared with the placebo group (WMD
–0.50 cm; 99% CI -0.82 to -0.18; p\ 0.0001;

I2 = 0%) (Table 2 and Fig. 3). However, the dif-
ference was minimal and did not reach the
MCID threshold (1.1 cm). The quality of evi-
dence was ‘‘high’’ (eTable 2). No publication
bias was detected (p = 1.00).

Dynamic Pain Scores at 24 h
Postoperatively

This outcome was also evaluated by two studies
(n = 248) with an 11-point NRS or VAS [12, 21].
The dynamic pain scores at 24 h postoperatively
were significantly reduced in the MP group
compared with the placebo group (WMD
–0.55 cm; 99% CI –0.97 to –0.13; p = 0.0007;
I2 = 0%) (Table 2 and Fig. 3). Nevertheless, the
improvement was not clinically meaningful
based on MCID. The quality of evidence for this
outcome was rated as ‘‘high’’ (eTable 2). Egger’s
test showed that no publication bias existed
(p = 0.71).

Fig. 2 Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all
included studies. Green for low risk of bias, yellow for some concerns, and red for high risk of bias
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Rescue Analgesic Consumption Within
24 h Postoperatively

Three studies (n = 195) reported rescue anal-
gesic consumption within 24 h postoperatively
[11, 12, 20]. There was a statistically significant
but clinically nonsignificant difference in this
outcome between the MP and the placebo
groups (WMD –2.65 mg; 99% CI -4.63 to
-0.66; p = 0.0006; I2 = 0%) (Table 2). Sensitivity
analysis revealed the favorable robustness of the
result by excluding trials of non-preoperative
interventions, multiple administration, and
non-thoracoscopic surgery (eTable 3) [20]. The
quality of the results was assessed as ‘‘moderate’’
owing to the small sample size (eTable 2). The
evaluation by Egger’s test indicated no publi-
cation bias for this outcome (p = 0.82).

Secondary Outcomes

Rest Pain Scores at 48 h Postoperatively
Rest pain scores at 48 h postoperatively were
evaluated on an 11-point scale (VAS or NRS) by
two studies (n = 262) [11, 21]. The pooled result
showed no difference in this outcome between
the MP and placebo groups (p = 0.07) (Table 2
and Fig. 3). According to the GRADE system, the
quality of evidence was ‘‘high’’ (eTable 2). We
did not find publication bias for this outcome
(p = 0.60).

Dynamic Pain Scores at 48 h
Postoperatively

Two studies (n = 262) examined dynamic pain
scores at 48 h postoperatively by an 11-point
scale (VAS or NRS) [11, 21]. Administration of
MP in lung surgery did not significantly relieve
dynamic pain at 48 h postoperatively compared
with the placebo group (p = 0.05) (Table 2 and
Fig. 3). The quality of evidence was ‘‘high’’
(eTable 2). The result did not exhibit publica-
tion bias (p = 0.41).

Rescue of Analgesic Consumption Within
48 h Postoperatively

Two studies (n = 120) reported this outcome
[11, 20]. The combined results showed that MP
did not significantly reduce rescue analgesic
consumption within 48 h postoperatively com-
pared with the placebo group (p = 0.59)
(Table 2). The quality of evidence was ‘‘moder-
ate’’ because of the small sample size (eTable 2).
Egger’s test for publication bias was nonsignifi-
cant (p = 0.54).

Inflammatory Indicators

IL-6 at 6 h
The serum IL-6 level at 6 h postoperatively was
reported in two studies (n = 86) [14, 17]. There
was a significant difference in the outcome

Fig. 3 A Band plot for weighted mean difference (WMD)
of the change in rest pain scores from 24 to 48 h
postoperatively between methylprednisolone versus con-
trol. B Band plot for weighted mean difference (WMD) of
the change in dynamic pain scores from 24 to 48 h

postoperatively between methylprednisolone versus con-
trol; Pooled estimates of the WMD for each time point are
represented by a dark line and 95% confidence intervals are
represented by the surrounding shaded region
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between the MP and placebo groups (WMD
–20.49 pg/mL; 95% CI -29.94 to -11.04;
p\0.0001; I2 = 0%) (Table 2). The evidence
exhibited a ‘‘low’’ quality owing to allocation
concealment, performance bias, detection bias,
and small sample size (eTable 2). There was no
publication bias (p = 0.46).

IL-6 at 24 h
Three studies (n = 254) detected IL-6 levels at
24 h postoperatively [10, 17, 21]. The results
showed that MP did not decrease this indicator
compared with the placebo group (p = 0.13)
(Table 2). Sensitivity analysis excluding trials of
non-preoperative interventions showed a sig-
nificant difference for this outcome in the MP
group (WMD -5.62 pg/mL; 95% CI -10.98 to
-0.26; p = 0.04; I2 = 0%) (eTable 3) [17]. The
quality of this evidence was ‘‘low’’ because of
sequence generation, allocation concealment,
performance bias, detection bias, and high
heterogeneity (eTable 2). No publication bias
was found for the result (p = 0.55).

IL-10 at 6 h
Two studies (n = 86) measured serum IL-10
levels at 6 h postoperatively [14, 17]. The MP
group was not different from the placebo group
for this indicator (p = 0.11) (Table 2). The
quality of evidence was rated as ‘‘very low’’
because of allocation concealment, perfor-
mance bias, detection bias, small sample size,
and high heterogeneity (eTable 2). The outcome
showed no publication bias (p = 0.23).

TNF-a at 6 h
This outcome was reported by two studies
(n = 86) [14, 17]. The serum TNF-a level at 6 h
postoperatively was not different between the
MP group and the placebo group after lung
surgery (p = 0.28) (Table 2). The quality of evi-
dence was evaluated as ‘‘very low’’ owing to
allocation concealment, performance bias,
detection bias, high heterogeneity, and publi-
cation bias (eTable 2). Egger’s test showed pub-
lication bias (p\0.001).

CRP at 24 h
Two studies (n = 373) detected CRP at 24 h
[15, 21]. There was no significant difference in
the level of CRP at 24 h postoperatively between
the MP and placebo groups (p = 0.06) (Table 2).
The quality of this evidence was ‘‘low’’ for
sequence generation, allocation concealment,
performance bias, detection bias, and high
heterogeneity (eTable 2). There was no publi-
cation bias (p = 0.19).

Duration of hospitalization

Duration of hospitalization was reported in five
studies (n = 565) [10–12, 15, 21]. Administra-
tion of MP did not significantly reduce the
length of hospital stay compared with the pla-
cebo group (p = 0.38) (Table 2). Posthoc sensi-
tivity analyses revealed that the result was
credible and stable after excluding trials of non-
preoperative interventions, multiple adminis-
tration, and non-thoracoscopic surgery
(eTable 3) [10, 15]. The quality of evidence was
assessed as ‘‘low’’ using the GRADE system
because of sequence generation, allocation
concealment, performance bias, detection bias,
and high heterogeneity (eTable 2). The publi-
cation bias was not significant (p = 0.30).

Time to Extubation
Two studies (n = 296) reported the time to
extubation results [11, 15]. The MP group could
not decrease the time to extubation when
compared with the placebo group (p = 0.16)
(Table 2). The quality of evidence was ‘‘moder-
ate’’ owing to sequence generation, allocation
concealment, performance bias, and detection
bias (eTable 2). Analysis showed no significant
publication bias (p = 0.78).

Safety outcomes

Pulmonary complications
Pulmonary infection Four studies (n = 348)
reported the incidence of pulmonary infection
[13, 15–17]. The rate of this outcome was similar
between the MP and placebo groups (p = 1.00)
(Table 2). No significant difference was observed
in posthoc sensitivity analysis excluding trials
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of multiple administration and non-thoraco-
scopic surgery (eTable 3) [13, 15, 17]. The evi-
dence quality of the pulmonary infection rate
was assessed as ‘‘moderate’’ for uncertainty
about the magnitude of the effect, sequence
generation, allocation concealment, and per-
formance bias (eTable 2). Publication bias was
not found by Egger’s test (p = 0.81).

Atelectasis Atelectasis was reported by four
RCTs (n = 346) [14–17]. Our combined result
demonstrated that there was no difference in
this indicator between the MP and placebo
groups (p = 0.40) (Table 2). Sensitivity analysis
did not significantly change the pooled effects
by excluding trials of multiple administration,
non-thoracoscopic surgery, and patients aged
0–18 years (eTable 3) [14, 15, 17]. The evidence
quality of this outcome was rated as ‘‘moderate’’
because of uncertainty about the magnitude of
the effect, sequence generation, allocation
concealment, and performance bias (eTable 2).
No publication bias was detected (p = 0.70).

Acute Lung Injury
The occurrence of acute lung injury was repor-
ted by two studies (n = 260) [15, 17]. The acute
lung injury rate in the placebo group was 0.06%
(8/130), whereas it was 0.008% (1/130) in the
MP group (Table 2). There was a slight decrease
in the risk of acute lung injury for the MP group
compared with the placebo group (RR 0.18; 95%
CI 0.03–0.98; p = 0.05; I2 = 7%) (Table 2). The
quality of evidence was ‘‘moderate’’ owing to
sequence generation, allocation concealment,
performance bias, and detection bias (eTable 2).
There was no publication bias (p = 0.32).

Respiratory Failure
Respiratory failure was reported by three studies
(n = 247) [10, 14, 15]. There was no difference
in the incidence of respiratory failure after lung
surgery between the two groups (p = 0.89)
(Table 2). The posthoc sensitivity analysis
implied the main result to be robust when trials
of multiple administration, non-thoracoscopic
surgery, and patients aged 0–18 years were
excluded (eTable 3) [10, 14, 15]. The quality of
the results was ‘‘moderate’’ because of sequence

generation, allocation concealment, perfor-
mance bias, and detection bias (eTable 2).
Egger’s test showed insignificant publication
bias (p = 0.56).

Surgical-Related Complications

Wound Infection
Three studies (n = 344) reported this outcome
[11, 12, 21]. The results of two trials indicated
no wound infection [12, 21]; thus, quantitative
analysis was not performed for this indicator.
Another trial reported two cases in 49 patients
for the MP group and two cases in 47 patients
for the placebo group.

Bleeding
Two studies (n = 96) reported on bleeding
[10, 12]. The incidence of bleeding was 4% in
both the MP and placebo groups. The difference
in bleeding was not significant between the two
groups (p = 0.98) (Table 2). The quality assess-
ment showed that the outcome was of ‘‘low’’
quality overall owing to uncertainty about
magnitude of effect, sequence generation, allo-
cation concealment, performance bias, and
small sample size (eTable 2). No publication bias
was assessed (p = 0.34).

Cognitive Dysfunction
This outcome was reported by two studies
(n = 156) [11, 16]. The cognitive dysfunction
rate (8.86%) in the MP group was significantly
less than the occurrence (22.07%) in the pla-
cebo group (RR 0.43; 95% CI 0.21–0.88;
p = 0.02; I2 = 0%) (Table 2). The level of evi-
dence was ‘‘moderate’’ for sequence generation,
allocation concealment, and performance bias
(eTable 2). No publication bias existed in the
results (p = 0.57).

Methylprednisolone-Related Side Effects

Elevated Blood Glucose at 24 h
Two studies (n = 233) reported elevated blood
glucose at 24 h [16, 21]. The MP likely results in
a certain increase in blood glucose at 24 h
compared with the placebo group after lung
surgery (WMD 0.38 mg/dl; 95% CI 0.13–0.64;
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p = 0.003; I2 = 0%) (Table 2). The quality of the
evidence was assessed as ‘‘moderate’’ because of
allocation concealment, performance bias, and
detection bias (eTable 2). Egger’s test did not
suggest publication bias (p = 0.86).

Opioid-Related Side Effects

Nausea and Vomiting
Nausea and vomiting was reported by three
studies (n = 272) [12, 20, 21]. The results
showed a certain decrease in the MP group
versus the placebo group for nausea and vom-
iting (RR 0.30; 95% CI 0.18–0.50; p\0.0001;
I2 = 13%) (Table 2). Sensitivity analysis
obtained robust results when trials of non-pre-
operative interventions, multiple administra-
tion, and non-thoracoscopic surgery were
included (eTable 3). The quality of the evidence
was ‘‘high’’ (eTable 2). The pooled analysis
showed no evidence of publication bias
(p = 0.17).

DISCUSSION

We conducted a comprehensive systematic
review and meta-analysis, which synthesized
new quantitative and qualitative evidence on
the clinical role of MP in lung surgery. The
primary analysis demonstrated that the
administration of MP relieved postoperative
pain severity and analgesic consumption in the
first 24 h after lung surgery. However, the
observed discrepancies in mean values were tiny
and not clinically important. Meanwhile, the
absence of a significant difference in secondary
pain-related outcomes measured at 48 h also
supported the marginal effect of the MP.
Moreover, the results showed no significant
difference in the length of hospital stay or time
to extubation between the two groups. Posthoc
sensitivity analyses revealed that most prede-
fined covariates (including the number of
interventions, surgical approach, and age)
showed no influence on the results. In general,
our findings undermine the rationality of MP
application in lung surgery analgesia.

Notably, although our research yielded sim-
ilar results as those described by previous

studies [11, 12, 21], we came to a completely
different conclusion, which was interpreted
based on the clinical context. For instance, a
difference of 0.55 cm in dynamic pain scores at
24 h between the MP and placebo groups was
insufficient to reach the minimum clinical
threshold of 1.1 cm. Beyond this point, more
robust statistical methods could be another
reason for the different interpretations. To
ensure sufficient statistical power to detect true
differences between both groups, adjusted p-
values (two-tailed p\0.01) were applied to the
primary outcomes after multiple comparisons.

It is surprising that the use of MP reduced
serum levels of IL-6 at 6 h without any signifi-
cant decrease in TNF-a or CRP, or an increase in
IL-10 at other time points. As a potent gluco-
corticoid, MP is widely known for its antiin-
flammatory effects. Although MP has been
proven to reduce proinflammatory mediators
(such as TNF-a, IL-6, and CRP) in surgeries such
as lung surgery [14, 15, 17, 21] and cardiac
surgery with cardiopulmonary bypass (CPB)
[39], a review conducted by Kathrine et al.
resulted in findings similar to ours that showed
little effect of MP administration on proin-
flammatory cytokines in lung surgery [8]. One
possible reason is that serum level alterations of
inflammation-related factors vary with the type
of operation performed and the infected con-
dition [10, 40]. In parallel, the few cases of
infection reported by the included RCTs after
lung surgery in our meta-analysis may be a
plausible source of discrepancy between our
findings and those of other studies. In addition,
sensitivity analysis showed that preoperative
administration of the MP was a source of
heterogeneity and significantly attenuated the
systemic IL-6 response to lung surgery at 24 h.
Apparently, the timing of MP administration is
crucial for perioperative management. The
onset of effect for the MP occurred within
approximately 1 h, and preoperative adminis-
tration could provide full benefit and antiin-
flammatory effects when the inflammatory
cascade is activated after the surgical incision
[41]. Moreover, the decreased incidence rate of
acute lung injury and cognitive dysfunction in
the MP group also offered supporting evidence
for the antiinflammatory effects [42, 43].
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Of note, although this meta-analysis
revealed a clinically insignificant effect of the
MP in acute postoperative pain after lung sur-
gery, the potential advantages of the adminis-
tration of MP in postoperative complications
attracted our attention. Despite the fact that MP
may slightly increase postoperative serum glu-
cose levels, its relief of acute lung injury, cog-
nitive impairment, and nausea and vomiting
makes it attractive for the prevention of com-
plications after pulmonary surgery. Addition-
ally, the strength of the recommendation for
glucocorticoids was ‘‘strong’’ in lung surgery
according to guidelines for enhanced recovery
after lung surgery [38]. Therefore, considering
the potential benefits and negligible risks, we
believe that future multicenter studies with
larger sample sizes should focus on exploring
the reduction in postoperative complications
when MP is administered in lung surgery.

There are several noticeable strengths in our
systematic review and meta-analysis. First, as far
as we are aware, this is the first integrated evi-
dence for the efficacy and safety of MP in lung
surgery, and this review presents several
important findings. Second, our study was
prospectively registered in PROSPERO and
adhered to PRISMA guidelines to guarantee
systematicness and integrity. Third, a compre-
hensive literature search without language
restrictions was performed to minimize poten-
tial selection bias. Fourth, rigorous evaluation
of literature quality and grade of evidence were
performed to ensure the authenticity of the data
and objectivity of the results based on the
modified Cochrane Collaboration RoB and
GRADE tool. Fifth, our findings have direct
clinical applicability because they were inter-
preted in a clinical context with MCID. More-
over, correcting p-values in primary outcomes
with conservative multiple comparisons results
in a decreased risk of false positives. Finally, low
levels of heterogeneity in primary outcomes
increase the external validity of our study.

Our study also has some limitations. First,
the doses of MP among the included studies
were not consistent, which restricted the
exploration of dose–response effects. Qualita-
tive analysis showed that only the study repor-
ted by Shi et al. demonstrated that high-dose

MP (120 mg) were superior to those of low-dose
methylprednisolone (40 mg) on postoperative
pain relief in lung surgery [21]. Second, we
failed to perform subgroup analysis owing to
the insufficient number of RCTs; nonetheless,
posthoc sensitivity analysis explained partial
heterogeneity. Third, there was a high hetero-
geneity among studies that downgraded the
quality of evidence. The small number of
included studies for secondary outcomes also
limited the exploration of heterogeneity.
Therefore, such unexplained heterogeneity may
lead to potential unreliability of the results.
Fourth, although Egger’s regression test was
conducted to explore bias, the validity of pub-
lication bias may be restrained by the number of
included studies. Finally, the lack of data
restricted the assessment of long-term effects
such as chronic postoperative pain and quality
of life.

CONCLUSION

Our findings demonstrated that the adminis-
tration of MP contributed to an insignificant
relief in acute postoperative pain for lung sur-
gery within the clinical setting. ‘‘Moderate-to-
high’’ quality evidence suggested the lack of
clinical difference between the MP and placebo
groups in pain improvement within 24 h after
lung surgery. However, MP had potential
advantages in postoperative complications such
as acute lung injury, cognitive impairment, and
nausea and vomiting. Thus, future multicenter
studies with larger sample sizes should focus on
exploring the reduction in postoperative com-
plications when MP is administered in lung
surgery.
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