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ABSTRACT
Introduction  Congenital heart disease is a common birth 
defect, but advancements in diagnosis and treatment 
have improved survival rates. Enhanced recovery after 
surgery (ERAS) programmes have emerged in paediatric 
cardiac surgery. Multimodal pain management, as a vital 
part of ERAS programmes, has been found to be effective 
in reducing pain and improving outcomes in cardiac 
surgery patients. Traditional methods of pain control using 
high-dose opioids can lead to complications, so nonopioid 
analgesics and regional anaesthesia techniques are 
being used to reduce the consumption. However, there is 
a significant variability in pain management practices in 
paediatric cardiac surgery. A network meta-analysis (NMA) 
is needed to comprehensively compare the effects of 
different analgesic interventions in this population.
Methods and analysis  A comprehensive electronic 
literature database search will be performed using 
electronic databases, mainly including PubMed, 
EMBASE, Web of Science and Cochrane Central Register 
of Controlled Trials. All randomised controlled trials 
associated with perioperative pain management for 
paediatric cardiac surgery will be included. The primary 
outcome will be visual analogue score or numeric rating 
scale of pain and total opioid consumption (or equivalent) 
24 hours after postoperative tracheal extubation. The 
Revised Cochrane Risk of Bias Tool will be employed to 
assess the quality of included articles. A random-effects 
pairwise meta-analysis will be performed to report the 
head-to-head comparison. Following the assessment 
of individual articles, an NMA will be conducted using a 
Bayesian framework with random-effects’ models.
Ethics and dissemination  Ethics approval is not 
necessary because this study will be based on 
publications. The results of this study will be published in a 
peer-reviewed journal.
PROSPERO registration number  CRD42023477520.

INTRODUCTION
Congenital heart disease (CHD) is the most 
common congenital malformation diagnosed 
in newborns.1 Advances in early diagnosis, 
cardiac surgery and interventional cardiology 
have significantly increased CHD survival 
rates,2 with the global crude mortality rate 

declining from 7.1 per 100 000 in 1990 to 
2.8 per 100 000 in 2019.3 Currently, approx-
imately 97% of children born with CHD 
reached adulthood.4 Additionally, the wider 
adoption of minimally invasive surgical tech-
niques has also reduced the length of hospital 
stays (LOSs) over the past two decades.5

Enhanced recovery after surgery (ERAS) 
programmes have recently been intro-
duced in paediatric cardiac surgery to 
improve patients’ perioperative experience 
and outcomes.6 These multidisciplinary 
programmes aim to reduce surgical stress 
and enhance recovery through comprehen-
sive perioperative care,7 including optimising 
fluid balance and implementing multimodal 
pain management strategies to minimise 
opioid use and accelerate recovery.8

Multimodal pain management, including 
perioperative multimodal pain regimen plan 
and regional anaesthesia, plays a crucial 
role in ERAS programmes, particularly in 
cardiac surgery.9 Effective pain management 
is essential not only for patient comfort but 
also for improving outcomes by reducing 
adverse reactions, such as haemodynamic 
fluctuation, adverse cardiorespiratory effect 
and amplification of pain pathways.10–13 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This research will encompass a comprehensive 
evaluation of various analgesic interventions, in-
cluding regional anaesthesia and nonopioid medica-
tion in paediatric cardiac surgery.

	⇒ The method of network meta-analysis allows for the 
simultaneous comparison of multiple interventions 
and can estimate the rank of these therapies, pro-
viding further guidance for decision-making in pae-
diatric cardiac surgery.

	⇒ We will include only those randomised controlled 
trials published in English and there are some addi-
tional confounders not accounted for in the analysis.
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Traditionally, pain control with high-dose opioids was the 
primary method in paediatric cardiac surgery.14 However, 
these can lead to complications, such as cardiovascular 
instability and prolonged intubation.15 According to 
The American Association for Thoracic Surgery Congenital 
Cardiac Surgery Working Group 2021 consensus document on a 
comprehensive perioperative approach to enhanced recovery after 
paediatric cardiac surgery, nonopioid analgesics, including 
acetaminophen, ketorolac can be an effective opioid-
sparing regimen after paediatric cardiac surgery,6while 
peripheral regional anaesthesia and neuraxial anaes-
thesia have also been proven effective as opioid-sparing 
methods in paediatric cardiac surgery.16

Regional anaesthesia, including local infiltration, 
peripheral regional anaesthesia and neuraxial anaes-
thesia, is also a significant part of multimodal analgesia. 
Research has proven that peripheral regional anaesthesia 
and neuraxial anaesthesia can be implemented as an 
effective perioperative opioid-sparing modality in paedi-
atric cardiac surgery.17 Additionally, due to advances in 
ultrasound technology, techniques, such as epidural, 
caudal and peripheral nerve block, are also done safely 
in the paediatric population with low rates of complica-
tions.18 A meta-analysis conducted in 2019 found that 
the peripheral regional anaesthesia has been proven 
to be effective in reducing pain scores, postoperative 
nausea and vomiting and LOS.15 On the other hand, 
neuraxial anaesthesia has also been shown to be effective 
in reducing postoperative pain. However, there is a low 
but existing risk of developing epidural hematoma when 
patients require mandatory anticoagulation for cardiopul-
monary bypass.19 In recent years, a new approach called 
opioid-free postoperative pain management has emerged 
specifically for paediatric cardiac surgery patients. 
Instead of relying solely on opioid pain medications, this 
approach combines regional anaesthesia techniques and 
various nonopioid pain medications to manage pain after 
paediatric cardiac surgeries.20 Despite the availability of 
numerous analgesia interventions, the absence of a quan-
titative and comprehensive evaluation of evidence has led 
to significant variability in the interpretation and imple-
mentation of pain management practices in paediatric 
cardiac surgery.

Traditional systematic reviews and meta-analyses are 
useful for comparing the analgesic efficacy between two 
interventions, but they are limited to direct comparisons 
from previous trials. With multiple analgesic options 
available for paediatric cardiac surgery, the traditional 
method of meta-analysis is insufficient for informed 
decision-making. On the other hand, network meta-
analysis (NMA) offers a more holistic approach to 
understanding the effectiveness of different therapies. 
This method allows for the simultaneous comparison of 
multiple interventions and provides insights into their 
relative effectiveness. Additionally, an NMA can esti-
mate the rank of these therapies, providing further guid-
ance for decision-making. Given the complexity of pain 
management in paediatric cardiac surgery patients, it is 

crucial to conduct an NMA to comprehensively compare 
the effects of different analgesic interventions.

METHODS AND ANALYSIS
Design
The research will use Bayesian NMA, a statistical method 
that combines data from multiple studies to evaluate 
the effectiveness of different interventions. The study 
protocol has been developed in accordance with the 
Preferred Reporting Items for Systematic Review and 
Meta-Analysis Protocols (PRISMA-P).21 The PRISMA-P 
checklist of this study is included in online supplemental 
table 1. Additionally, the protocol has been registered 
in the International Prospective Register of Systematic 
Reviews (PROSPERO), a public database that promotes 
transparency and reduces the risk of bias in system-
atic reviews. Any modifications or updates to the study 
protocol will be promptly recorded and made avail-
able through the PROSPERO registration. The study is 
scheduled to commence on 1 December 2023, and the 
expected timeframe for completion is 30 June 2024.

Eligibility criteria patients
We will include patients (<12 years of age) undergoing 
cardiac surgery under general anaesthesia, irrespective 
of the types and complexity of surgeries. We will exclude 
studies involving adult patients.

Interventions/comparators
We include all nonopioid pharmacological and non-
pharmacological pain interventions currently used 
in cardiac surgery, nonopioid pharmacological inter-
ventions, including but not limited to paracetamol, 
ketorolac, ketamine, local anaesthetics, dexmedetomi-
dine and gabapentin, while non-pharmacological pain 
interventions, including regional anaesthesia and local 
infiltration. The dose and regimen of each pain interven-
tion are not restricted. Considering the possible inconsis-
tency of the innervations, we will analyse pharmacological 
and non-pharmacological pain interventions separately. 
We will discuss and resolve any unclear descriptions from 
the primary studies.

Outcomes
The main outcome(s) will include visual analogue score 
(VAS) or numeric rating scale (NRS) of pain at postoper-
ative 24-hour total opioid consumption (or equivalent) at 
postoperative 24 hours.

While additional outcome will include VAS or NRS 
of pain at postoperative 6–8, 12–16 and 48 hours, total 
opioid consumption (or equivalent) at postoperative 6–8, 
12–16 and 48 hours and opioid-related complications, 
such as nausea and/or vomiting, pruritus and respiratory 
depression. Resource utilisation, including the duration 
of tracheal intubation, LOS in the intensive care unit 
(ICU) and LOS, can be significantly impacted by various 
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factors, including the choice of analgesia interventions 
and their effectiveness in paediatric cardiac surgery.

Study designs
Randomised controlled trials (RCTs) will be included.

Other limitations
Only studies reported in English will be included. 
Single-arm studies not presenting a comparison will be 
excluded.

Search strategy
We will perform a systematic search in major electronic 
databases, such as MEDLINE (PubMed), EMBASE, Web 
of Science and Cochrane Central Register of Controlled 
Trials. We will also use other sources, such as hand 
searching, snowballing of reference lists, conference 
proceedings and grey literature database. We will search 
for other relevant trials in the following websites: www.​
controlled-trials.com/isrctn, www.ClinicalTrials.gov or 
www.controlled-trials.com.

Additionally, we will contact relevant experts in the 
field to identify unpublished, ongoing studies or any 
studies missing from our listed search strategy. The search 
period will span from the 1960s to November 2023. The 
keywords include “cardiac surgery’’, “pediatric”, “pain 
management”, “regional anesthesia’’, “local infiltration’’, 
“paracetamol’’, “ketorolac’’, “ketamine’’, “local anaes-
thetics’’, “dexmedetomidin’’, “gabapentin’’ and other 
related terms. We will restrict our search to randomised 
controlled studies. We will publish a complete list of 
search terms and strategies in the final manuscript. A 
search strategy (PubMed) is presented in online supple-
mental table 2.

Data extraction
Data extraction will be performed by two investigators 
(HY and MY) who will independently screen the titles and 
abstracts of the retrieved references. We will obtain the full 
text of potentially included articles and use predefined 
eligibility criteria to determine inclusion or exclusion. 
Disagreements will be resolved through consensus 
deliberation, involving a third investigator (YL) if neces-
sary. The two investigators (HY and MY) will review the 
included articles and extract relevant data using a stan-
dardised form, with a third investigator (YL) conducting 
a review and resolving any discrepancies. The authors of 
primary studies will be contacted to obtain any missing 
information. We will collect the following data: Study 
characteristics: first author, year of publication, country, 
type of cardiac surgery and demographics of the patient 
population. Details of pain modality: pain modality used, 
timing, route and dosing and any other adjuvant drugs 
used for study and control groups. Outcomes: pain 
score at 6–8, 12–16 and 24 hours postsurgery, the total 
amount of opioid (or equivalent) in the first 6–8, 12–16 
and 24 hours postsurgery, the incidence of nausea and 
vomiting, pruritus, respiratory depression, duration of 
tracheal intubation, ICU LOS and hospital LOS.

Quality assessment
The methodological quality of RCTs will be thoroughly 
evaluated by two independent reviewers using the 
Revised Cochrane Risk of Bias Tool 2.0.34.22 Various 
factors contributing to bias will be assessed, including 
bias derived from the randomisation process, bias due to 
deviations from planned interventions, bias due to lack 
of results data, bias in the measurement of the result 
and bias in the selection of the reported results. Each of 
these domains will be evaluated for potential risk of bias, 
which can be categorised into three categories: low risk 
of bias, some concerns and high risk of bias. These judge-
ments play a crucial role in assessing the methodological 
quality and validity of the studies conducted within these 
domains.

Synthesis of included studies
Pairwise meta-analysis
In this study, we will perform a random-effects pairwise 
meta-analysis to analyse the data. The pooled results will 
be reported in terms of the mean difference (MD) for 
continuous outcomes or risk ratio (RR) for dichotomous 
outcomes. To provide a measure of uncertainty, we will 
also include the corresponding 95% CIs for the results. To 
visually represent the results, we will present forest plots. 
These plots will show the effect size estimates for each 
individual study, along with their CIs. By examining these 
plots, we can get a sense of the overall effect size and the 
variability between studies. To assess the heterogeneity 
between the included studies, we will use Cochrane’s 
Q-test and the I2 statistic. Generally, p>0.1 and I2≤50% are 
considered to indicate the absence of statistical hetero-
geneity. In other words, it indicates that the studies are 
similar enough to be combined and that their results are 
reasonably consistent with each other. This information 
will help us determine whether it is appropriate to pool 
the results from different studies.

Network meta-analysis
Data synthesis
In order to synthesise the included studies, an NMA will 
be conducted using a Bayesian framework with random-
effects models.23 24 This approach takes into account 
the underlying variation across studies and allows for a 
comprehensive analysis. The results for pain score and 
opioid consumption will be reported in standardised 
MDs, while dichotomous outcomes will be reported in 
RRs along with their corresponding 95% CIs. Network 
plots will be created to visualise the network geometry 
and assess its feasibility. League plots will present esti-
mated relative effect sizes for all interventions, and inter-
ventions will be ranked according to their surface under 
the cumulative ranking curve (SUCRA) probabilities.25 A 
higher SUCRA value indicates a more significant effect in 
the relevant outcome.

Transitivity analysis
Transitivity analysis will be conducted to determine the 
validity of indirect comparisons within the network of 
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treatments. This analysis will involve comparing the 
characteristics of the population, intervention and study 
design across the included studies.26

Inconsistency analysis
Inconsistency analysis will also be performed to assess the 
extent of disagreement between the direct and indirect 
evidence using node splitting analysis.27 28

Analysis of subgroups or subsets
If there are high levels of heterogeneity or inconsis-
tency, a sensitivity analysis and/or meta-regression will 
be conducted to modify the treatment estimates. Addi-
tionally, a subgroup analysis will be performed based on 
the type (eg, open or thoracoscopic) and complexity of 
surgery (eg, lower complexity congenital heart defects or 
higher complexity congenital heart defects).

Reporting bias and small study effects
To address reporting bias and small study effects, 
comparison-adjusted funnel plots and the Egger regres-
sion test will be generated for comparisons that involve at 
least 10 studies. Publication bias will be considered signif-
icant if the p value is less than 0.05. All analyses and plots 
will be generated using Stata V.15.0 and R V.3.4.0, with 
the appropriate R packages. If quantitative analysis is not 
feasible, the results will be described narratively.28

Quality of evidence
The quality of evidence will be assessed using the grading 
of recommendations assessment, development and eval-
uation framework. This approach involves four steps: 
presenting direct and indirect treatment estimates; 
rating the quality of direct and indirect effect estimates; 
and presenting and rating the quality of NMA effect 
estimates.29

Patient and public involvement
Patient or public involvement is not a part of the study 
design or conduct.

Ethics and dissemination
This research does not require the approval of an ethics 
committee as it solely relies on reviewing existing litera-
ture and does not involve any human or animal subjects. 
The findings of this review will be published in a peer-
reviewed journal.

DISCUSSION
The emergence of ERAS programme in paediatric 
cardiac surgery has undeniably reduced perioperative 
stress and accelerated patient recovery.6 The multi-
modal algesia management, as a significant part of ERAS 
programme, has been proven to reduce the LOS, opioid 
use and postoperative nausea and vomiting (PONV) in 
patients undergoing cardiac surgery.30 Generally, the 
multimodal algesia management includes regional anaes-
thesia and nonopioid medications. However, despite 

numerous studies and systematic reviews on individual 
pain interventions in paediatric cardiac surgery, a univer-
sally accepted protocol has yet to be established. Further-
more, conducting extensive RCTs to compare all these 
interventions would be impractical and costly. Therefore, 
an NMA will be performed to objectively rank these anal-
gesic techniques.

Several NMAs have been conducted in adult cardiac 
surgery, including regional anaesthesia and adjuvant 
nonopioid medication.31–33 However, no such analysis has 
been conducted in paediatric cardiac surgery. In paedi-
atric cardiac surgery, previous pairwise meta-analysis 
has compared the effectiveness of regional analgesia 
combined with general anaesthesia with general anaes-
thesia plus systemic analgesia.15 To our knowledge, there 
is still a lack of research comparing specific analgesic 
methods in paediatric surgery.

There are several limitations in this study. First, the 
different surgical approaches, variations in the nature 
of cardiac surgery and diverse perioperative care proto-
cols used in the trials led to deviations in the combined 
results. To address this, we planned to use the surgery 
time as a proxy for measuring surgical complexity, aiming 
to mitigate the impact of these variations. Additionally, 
the diverse reasons for surgery could introduce bias and 
affect the uniformity of the cohort. The second limitation 
involves the inconsistency in the types, doses, concen-
trations and adjuncts used in the various analgesic tech-
niques examined in this NMA. This heterogeneity in the 
interventions limits the accuracy and reliability of the 
results. The third limitation is the small sample size in 
some of the included trials, which increases the risk of 
sampling errors and undermines the statistical power and 
generalisability of the findings. Finally, incomplete data in 
some of the studies included in the analysis could lead to 
inaccuracies in the results. These incomplete data could 
stem from missing data points, incomplete reporting or 
other issues, further affecting the validity of the findings.

Despite the limitations, to our knowledge, this is the 
first study to compare the analgesic techniques within a 
single NMA. By providing comparative effectiveness data 
on various analgesic strategies, the findings will support 
evidence-based decision-making for pain management in 
children undergoing cardiac surgery.
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