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Abstract

Background Efficient pain control is essential in recon-
structive surgeries, particularly in procedures involving the
harvest of costal cartilage. This study examines and com-
pares different pain relief treatments using a network meta-
analysis (NMA) to determine the most effective techniques
for managing pain.

Methods We performed a systematic review and network
meta-analysis (NMA) by scanning several databases such
as PubMed, Embase, Cochrane Central Register of Con-
trolled Trials (CENTRAL), China National Knowledge
Infrastructure (CNKI), Wanfang, and Weipu till March 18,
2024. The review analyzed randomized controlled trials
and observational studies that evaluated the effectiveness
of local anesthetics and multimodal analgesia techniques in
treating postoperative pain following costal cartilage har-
vest. Primary outcomes were pain scores at 6-, 12-, 24-,
and 48-h post-surgery, while secondary outcomes included
the need for rescue analgesia and opioid-related adverse
effects.

Results Fourteen studies involving 935 participants were
included. The analysis revealed that multimodal strategies,
particularly ‘Methylene Blue and Ropivacaine Intercostal
Nerve Block (MB & Ropivacaine ICNB) combined with
Patient-Controlled Analgesia (PCA),” were the most
effective techniques to reduce pain scores across 6, 24, and
48-h time points. “Pre-operation SAPB & PSB + PCA”
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was most effective in reducing pain score at 12h and sig-
nificantly decreased the need for rescue analgesia and
opioid-related adverse effects. In contrast, traditional ICNB
with single drug consistently showed the least efficacy.
Conclusion The results of our study strongly support the
use of multimodal analgesic techniques instead of typical
single medication ICNB for managing postoperative pain
after costal cartilage harvest. These strategies not only
provide superior pain control but also contribute to
reducing the dependency on opioids, aligning with current
clinical priorities to enhance recovery and minimize opi-
oid-related risks.

No Level Assigned This journal requires that authors
assign a level of evidence to each submission to which
Evidence-Based Medicine rankings are applicable. This
excludes Review Articles, Book Reviews, and manuscripts
that concern Basic Science, Animal Studies, Cadaver
Studies, and Experimental Studies. For a full description of
these Evidence-Based Medicine ratings, please refer to the
Table of Contents or the online Instructions to Authors
www.springer.com/00266.

Keywords Costal cartilage harvest - Pain management -
Multimodal analgesia - Network meta-analysis -
Postoperative pain - Adverse effects

Introduction

Costal cartilage is a pivotal autologous material and is
commonly employed in reconstructive surgeries. It is par-
ticularly utilized in procedures like nose reconstruction,
microtia repair, and maxillofacial reconstruction [1, 2].
Although the harvest of costal cartilage has advantages, it
often causes substantial pain at the donor site [3], which
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can hinder postoperative recovery by limiting coughing
and early movement. This pain may lead to complications
such as atelectasis, ventilation/perfusion mismatch,
hypoxemia, and potential infections [4]. Effective man-
agement of postoperative pain is therefore critical, as it
enhances respiratory function, prevents chronic pain,
facilitates early mobility, and improves overall patient
compliance and satisfaction [5].

Conventional approaches that include administering
pain-relieving drugs through injections or orally frequently
have limited effectiveness and can cause significant sys-
temic side effects, such as respiratory suppression. This is
particularly concerning when treating children [6, 7].
Consequently, there has been a shift toward exploring
advanced pain management techniques. These include but
are not limited to intercostal nerve blocks (ICNB), which
involve the injection of local anesthetics and other medi-
cations into the intercostal spaces to block pain signal
transmission. Commonly used analgesics for ICNB include
Ropivacaine, Methylene Blue (MB) [8-10], Betametha-
sone, and Triamcinolone Acetonide, or combinations of
these drugs [11-13]; catheter-based continuous wound
infiltration (CWI) [14]; and ultrasound-guided blocks such
as the serratus anterior plane block (SAPB) and paraver-
tebral nerve block (PVB) [15-17]. Additionally, innova-
tions like the improved parasternal block (PSB) [18] and
strategic variations in the timing and combination of
analgesic methods have also been introduced [19].

Although there are many other ways available, much of
the present research primarily focuses on comparing these
innovative approaches to classic procedures like single
drug ICNB with patient-controlled analgesia (PCA)
[20, 21]. A comparative analysis of these newer techniques
against one another, however, remains notably absent from
current literature. To address this gap, we have undertaken
a systematic review and network meta-analysis. This
study’s objective is to compare the efficacy of different
advanced pain management techniques in reducing post-
operative pain and to evaluate opioid-related adverse
effects. The goal is to provide plastic surgeons and their
patients with evidence-based suggestions for improving
postoperative results in procedures involving the harvest of
costal cartilage.

Methods

This systematic review and network meta-analysis were
registered in the PROSPERO database (Registration No.
CRD42024534222) prior to conducting the review. The
study was conducted in strict adherence to the PRISMA
(Preferred Reporting Items for Systematic Reviews and
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Meta-Analyses) guidelines [22] to ensure methodological
rigor and transparency.

Search Strategy

A comprehensive literature search was conducted across
several databases, including PubMed, Embase, Cochrane
Central Register of Controlled Trials (CENTRAL), China
National Knowledge Infrastructure (CNKI), Wanfang, and
Weipu. The search included the entire database history up
until March 18, 2024, and did not impose any language
limitations. The search aimed to identify studies assessing
the efficacy of postoperative pain management in costal
cartilage harvest. The specific keywords used in the search
included “rhinoplasty”, “congenital microtia”, “ maxillo-
facial reconstruction”, “costal cartilage”, ‘“anesthesia”,
“analgesia”, “postoperative pain control”, “ donor site
analgesia”.

The precise search strategy for each database is provided
as a supplementary file, detailing the combination of key-
words and Boolean operators used. To ensure compre-
hensiveness, reference lists of relevant articles and reviews
were also examined for additional studies. Two researchers
(GJH and LX) independently screened titles and abstracts
to identify potentially relevant studies. Following this, the
same two researchers independently performed full-text
screening to determine the final inclusion of studies. Any
disagreements between the two researchers were resolved
through discussion. If consensus could not be reached, a
third author (WTL) was consulted to make the final
decision.

Study Selection

After conducting a thorough search across various data-
bases, the detected records were carefully selected to
ensure they were relevant and aligned with the aims of the
study. Initially, duplicates were removed, streamlining the
pool of potential studies for inclusion. Subsequently, two
independent reviewers (LJ and YL) conducted a prelimi-
nary screening based on titles and abstracts, filtering out
studies that clearly did not meet the inclusion criteria. The
remaining studies underwent a thorough examination of the
full text by the two reviewers independently. Any conflicts
among reviewers were handled through discourse or, if
required, by seeking input from a third adjudicating author
(WTL).

The inclusion and exclusion criteria were defined using
the PICOS format:

1. Population (P):
Inclusion: Patients undergoing costal cartilage harvest
for reconstructive surgery, including rhinoplasty,
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microtia repair, and maxillofacial reconstruction.
Exclusion: Studies focusing on patients with other
types of surgeries or those involving non-autologous
rib grafts.

2. Intervention (I):
Inclusion: Various advanced pain management tech-
niques, including intercostal nerve blocks (ICNB) with
local anesthetics, multimodal analgesia, catheter-based
continuous wound infiltration (CWI), and ultrasound-
guided nerve blocks (e.g., serratus anterior plane
block, paravertebral nerve block).
Exclusion: Studies that did not focus on pain manage-
ment strategies or used systemic analgesics without
local interventions.

3. Comparator (C):
Inclusion: Comparisons between different pain man-
agement techniques, including single-agent ICNB,
multimodal approaches, and other advanced analgesic
strategies.
Exclusion: Studies without a comparator group or
those comparing non-relevant interventions.

4.  Outcomes (O):
Inclusion: Primary outcomes included pain scores at 6,
12, 24, and 48 h post-surgery. Secondary outcomes
included the need for rescue analgesia and the
incidence of opioid-related adverse effects.
Exclusion: Studies that did not report on these
outcomes or lacked extractable data.

5. Study Design (S):
Inclusion: Randomized controlled trials (RCTs) and
observational studies.
Exclusion: Case reports, reviews, animal studies, and
non-clinical research.

Data Extraction

After being retrieved, all pertinent articles found in the
specified databases were organized in EndNote X9 for
systematic administration. Two writers (GJH and YXN)
independently performed data extraction from the studies
that matched the inclusion requirements. Any differences
were handled through consensus among all contributing
authors. The extracted data encompassed key publication
details (author names, title, publication year, and journal),
patient demographics (age and sex), details of the inter-
ventions (type of intervention, timing, and effectiveness of
both the intervention and placebo), and clinical outcomes.

When extracting data, if a study included standard errors
for both the experimental and control groups, we calculated
the standard deviations using the formula: SD = SEx\/ n. If
standard deviations or standard errors were not provided,
the estimation of standard deviations was done using

confidence intervals, t-values, quartiles, ranges, or p-values
as outlined in section 7.7.3 of the Cochrane Handbook for
Systematic Reviews [23]. If critical data could not be
obtained through these methods, efforts were made to
contact the authors of the study up to four times over a six-
week period to request the necessary information.

Outcomes

The main objective of this study is to measure the level of
pain experienced by patients after surgery at specific time
intervals (6, 12, 24, and 48 h) while at rest and during
coughing. The pain will be evaluated using well-estab-
lished and validated scales: Visual Analog Scale (VAS)
[24], FLACC Scale [25], Numeric Rating Scale (NRS)
[26], and Facial Expression Scale [27]. These scales assign
scores ranging from 0 to 10, with lower scores indicating
lower levels of pain. Secondary outcomes encompass the
rate at which rescue analgesics are used and the occurrence
of adverse effects related to opioids, such as nausea,
vomiting, respiratory depression, constipation, and
pruritus.

Risk of Bias

Two authors (LX and LJ) independently evaluated all
included RCT studies using the Cochrane Risk of Bias
Tool (RoB-1) [28], following the systematic review’s
principle of inclusion by not removing studies based on
their bias appraisal outcomes. The assessment produced a
summary of bias risk and a graph using RevMan version
5.4, which provided a clear and comprehensive visual
representation of the bias risk in different research. The
quality of each RCT study was meticulously assessed fol-
lowing the methodology outlined in the Cochrane Hand-
book version 5.1.0, which encompasses seven key areas:
randomization method, allocation concealment, blinding of
participants and personnel, blinding of outcome assess-
ment, completeness of outcome data, selective outcome
reporting, and other potential sources of bias. Each
domain’s risk of bias was categorized as low, high, or
unclear, facilitating a nuanced grading of study quality.
The Newcastle-Ottawa Scale (NOS) [29] was used to
assess the quality of non-randomized intervention studies,
namely cohort studies. This approach underscores the rig-
orous evaluation of methodological quality and bias across
study designs. The analysis of outcomes adopted an
intention-to-treat principle with a particular focus on the
treatment of missing data. A worst-case scenario analysis
was applied to dichotomous outcomes, assuming non-re-
sponse in participants with missing information. Studies
that exhibited outcomes that were reversed under this sit-
uation were deemed to possess a significant risk of attrition
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bias. Moreover, if the potential impact of missing outcomes
on the observed effect size is substantial, the study was
considered to have a considerable risk of attrition bias.

Data Synthesis

Statistical analysis and data synthesis were conducted
using STATA software version 15.0 utilizing specialized
packages including mvmeta, network, st0411, and sencode
to facilitate comprehensive meta-analyses. Sensitivity
analysis was performed to assess the robustness of the
findings employing the same software suite. The level of
heterogeneity among the studies was assessed using
STATA to calculate the I? statistic and chi-square tests,
considering P < .1 and I* > 50% as significant hetero-
geneity thresholds. Additionally, the publication bias for
primary outcomes and adverse events was evaluated by
inspecting the funnel plot.

Given the different pain assessment tools used in the
included studies, we used the Standardized Mean Differ-
ence (SMD) to synthesize continuous variables, ensuring
comparability across different scales. Relative risks (RRs)
and 95% confidence intervals (CIs) were calculated for
categorical variables. The investigation also included an
evaluation of clinical and statistical coherence. Clinical
coherence was examined qualitatively by identifying
commonalities in interventions, while statistical coherence
was tested using loop and design inconsistency tests. Loop
consistency utilized node splitting for direct versus indirect
treatment effect comparison with significant inconsistency
flagged by P < .05. Design consistency in network meta-
analysis was evaluated, including a global test for incon-
sistency where P < .05 indicated significant deviation from
the assumption.

Further qualitative evaluations encompassed the aspects
of directness, heterogeneity, and transitivity, ensuring they
were in line with the study’s assumptions. The odds ratios
(ORs) and 95% confidence intervals (ClIs) were obtained
using pairwise and network meta-analyses. A random
effects model was used, and statistical significance was
determined by a two-sided p-value of < 0.05. Treatment
strategy efficacy was ranked using the surface under the
cumulative ranking curve (SUCRA), indicating the likeli-
hood of each intervention being the most effective.

To evaluate the impact of including studies on rib har-
vest for rhinoplasty, which typically involves smaller har-
vest size and lesser extent of dissection, we conducted
sensitivity analyses using a stepwise exclusion method.
Sensitivity analysis was performed by excluding studies
related to rhinoplasty to assess the robustness of the overall
findings. This approach allowed us to determine whether
the inclusion of rhinoplasty studies significantly influenced
the efficacy rankings of the pain management strategies.

@ Springer

Results
Characteristics of Included Studies

Overall, 2030 records were identified through the initial
electronic searches. After removing duplicates, 1779 records
were screened for titles and abstracts and 49 full-text articles
were screened for eligibility. In total, 14 studies involving
935 participants were included in the review (Fig. 1).
Detailed characteristics of the included studies, including
study design, participant demographics, interventions, and
outcomes, are systematically presented in Table 1.

Assessment of the Transitivity, Heterogeneity,
and Inconsistency

We evaluated the transitivity assumption and variability
among the papers included. Transitivity was verified by
consistently employing pain evaluation tools (VAS,
FLACC, NRS, Facial Expression Scale) in all therapies,
enabling valid indirect comparisons without any observed
violations. Despite the various analgesic techniques that
were studied, there was an important level of consistency
and minimal variation in outcome measures. This can be
ascribed to the use of standardized pain rating.

Risk of Bias

The risk of bias for the 12 RCTs was assessed using the
RoB-1. Among these studies, 75% adequately addressed
randomization, and 91.7% provided complete outcome
data, enhancing the credibility of the results. However,
only 33.3% demonstrated adequate allocation concealment,
and merely 41.7% effectively implemented blinding for
participants and outcome assessment, indicating areas for
improvement in study design and execution. Notably, all
12 studies exhibited commendable reporting practices with
no evidence of selective reporting bias (Fig. 2).

The risk of bias for the two cohort studies was evaluated
using the NOS. Both studies scored 4 out of 4 in the selection
domain. In the comparability domain, one study scored 1
while the other scored 0. For the exposure/outcome domain,
one study scored 2 and the other scored 3. Overall, one study
achieved a total score of 6 (indicating moderate risk), while
the other scored 8 (indicating low risk) (Table 2).

The Results of Network Meta-analysis
Primary Outcome

The 6 h, 12 h, 24 h and 48 h postoperative pain scores
during rest and coughing is the primary outcome of this
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Citations identified through Pubmed,
Cochrane and EMBASE ( n=1934)

Citations identified through CNKI ,
Wanfang and Weipu database( n=95)

Additional records identified through
references list of the relevant articles ( n=1)

Duplicate removed ( n=251) }

Articles screened by title and abstract review ( n=1779)

_| Clearly not relevant articles after

title and abstract review ( n=1730)

Full-text articles further evaluated( n=49)

Full-text excluded with reasons ( n=35)
- duplicate (n=4)
- no Full-text available (n=3)

- reviews, comments, replys, letters or meetings (n=7)
- non-autologus cartilage harvest (n=7)

- not relevant outcomes (n=12)

- non-row analyzable data (n=2)

Articles included in our systematic review( n=14)

Fig. 1 Search flow diagram process for identifying studies eligible for the network meta-analysis

study. Figure 3 illustrates the direct comparisons and the
distribution of sample sizes among various local anesthetic
interventions.

Resting Pain Scores Eight studies with 596 participants
were examined to assess the pain levels during the resting
period six hours after surgery. The network meta-analysis
revealed that the most effective local anesthetic interven-
tions for reducing postoperative 6-hour resting pain scores
were MB & Ropivacaine ICNB + PCA, Pre-operation
SAPB + PCA, and Post-operation SAPB + PCA. These
interventions had SUCRA rankings of 99.4%, 87.6%, and
67.9%, respectively. In contrast, the MB ICNB+PCA
method was shown to be the least effective, with a ranking
of only 0.7% (Fig. 4a, Table 3a).

For postoperative 12-hour resting pain scores, eight
studies with 551 participants were analyzed. The analysis
showed that Pre-operation SAPB & PSB + PCA, Pre-op-
eration SAPB + PCA, and Pre-operation PSB + PCA were
the most efficacious interventions, with SUCRA rankings
of 96.0%, 80.1%, and 64.7%, respectively. Traditional
single drug ICNB was ranked as the least effective, with a
SUCRA score of 0.5% (Fig. 4b, Table 3b).

The analysis focused on the 24-h postoperative resting
pain scores of 656 participants from nine studies. The three
most effective therapies identified were MB & Ropivacaine
ICNB + PCA, Triamcinolone Acetonide Cocktail ICNB,

and PCA, with SUCRA scores of 100%, 88.6%, and
72.0%, respectively. The intervention that had the lowest
effectiveness was the typical single medication ICNB, as
shown by an SUCRA score of 5.7% (Fig. 4c, Table 3c).

Regarding the 48-h postoperative resting pain scores,
our analysis of nine studies with 656 participants found that
the most effective interventions were MB & Ropivacaine
ICNB + PCA, Pre-operation SAPB & PSB + PCA, and
Triamcinolone Acetonide Cocktail ICNB, with SUCRA
scores of 99.9%, 74.1%, and 71.7%, respectively. Tradi-
tional single drug ICNB was the least effective, with a
SUCRA score of 0.1% (Fig. 4d, Table 3d).

Cough Pain Scores The analysis focused on the cough
pain levels of 506 individuals from seven studies, specifi-
cally looking at the values recorded six hours after the
surgery. The results emphasized the effectiveness range
among the assessed local anesthetic categories. The pri-
mary therapies were MB & Ropivacaine ICNB + PCA,
Pre-operation SAPB + PCA, and Betamethasone Cocktail
ICNB, with SUCRA scores of 98.5%, 86.5%, and 64.1%,
respectively. The intervention traditional ICNB with single
drug was found to be the least effective, with a SUCRA
score of 0.7% (Fig. 4e, Table 3e).

For postoperative 12-hour cough pain scores, seven
studies with 491 participants were analyzed. According to
the network meta-analysis, the interventions leading in
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Fig. 2 Risk of bias summary. Plus signs indicate minimal risk of bias.
Question marks indicate unclear risk. Negative signs indicate
considerable risk

effectiveness were Pre-operation SAPB & PSB + PCA,
Pre-operation SAPB + PCA, and Betamethasone Cocktail
ICNB, with SUCRA scores of 100%, 83.4%, and 68.3%,
respectively. Traditional single drug ICNB was the least
effective, with a SUCRA score of 0.4% (Fig. 4f, Table 3f).

Eight studies, comprising 536 participants, were exam-
ined to determine the 24-hour postoperative cough pain
levels. The network meta-analysis revealed that the most
effective therapies were MB & Ropivacaine ICNB + PCA,
Betamethasone Cocktail ICNB, and Triamcinolone Ace-
tonide Cocktail ICNB, with corresponding SUCRA ratings
of 100%, 82.3%, and 70.8%. The least efficient approach
was the use of standard ICNB with a single medication,
which had an SUCRA ranking of only 0.7%. (Fig. 4g,
Table 3g).

For the 48-hour postoperative cough pain scores, the
analysis of eight studies with 536 participants identified
MB & Ropivacaine ICNB + PCA, Pre-operation SAPB &
PSB + PCA, and Betamethasone Cocktail ICNB as the top

interventions, with SUCRA scores of 100%, 84.7%, and
68.1%, respectively. Traditional ICNB with single drug
remained the least effective, with a SUCRA score of 0.1%
(Fig. 4h, Table 3h).

Secondary Outcomes

Thirteen studies including 914 people were used to inves-
tigate the occurrence of problems connected to opioids.
Figure 5a presents an analysis that visually shows how
diverse types of local anesthetics work in reducing the
negative effects caused by opioids. The three most effec-
tive therapies were Pre-operation SAPB & PSB + PCA,
Triamcinolone Acetonide Cocktail ICNB, and Betametha-
sone Cocktail ICNB, with SUCRA ratings of 95.7%,
85.4%, and 79.8%, respectively. The intervention that had
the lowest success in minimizing the occurrence of prob-
lems associated with opioids was the typical single medi-
cation ICNB + PCA, as shown by an SUCRA score of
13.0% (Fig. 6a, Table 4a).

For the utilization of rescue analgesia, five studies
comprising 444 participants were analyzed. The analysis,
displayed in Fig. 5b, provided a direct comparison and
distribution of sample sizes across different local anesthetic
interventions. The network meta-analysis revealed that the
most effective interventions in reducing the incidence of
rescue analgesia use were Pre-operation SAPB & PSB +
PCA, Pre-operation SAPB + PCA, and Post-operation
SAPB + PCA, with their SUCRA scores, respectively, at
98.8%, 80.6%, and 56.4%. The least effective intervention
was identified as traditional ICNB with single drug, with a
SUCRA ranking of 4.4% (Fig. 6b, Table 4b).

Sensitivity Analysis

To evaluate the impact of including studies on rib harvest
for rhinoplasty, which typically involves a smaller harvest
size and lesser extent of dissection, we conducted a sen-
sitivity analysis using a stepwise exclusion method. The
primary and secondary outcomes were re-evaluated to
assess the robustness of the overall findings. The exclusion
of rhinoplasty studies did not significantly alter the rank-
ings or conclusions of the pain management strategies.
Multimodal analgesic strategies, particularly “Methylene
Blue and Ropivacaine Intercostal Nerve Block (MB &
Ropivacaine ICNB) combined with Patient-Controlled
Analgesia (PCA)”, and “Pre-operation SAPB & PSB +
PCA”, remained the most effective approaches for reduc-
ing postoperative pain and minimizing the need for rescue
analgesia and opioid-related adverse effects.

These results confirm that the inclusion of studies on rib
harvest for rhinoplasty does not significantly influence the
overall conclusions of our systematic review and network
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Table 2 Methodological quality score of the included studies based on the Newcastle-Ottawa Scale (NOS) tool

Risk of
bias

Total

Exposure/outcome

Comparability

Year Selection

Author

Score
Total

Adequacy of

Length of

Assessment of
outcome (*)

Selection of Ascertainment Outcome not- Comparability

Representativeness
of cohort (*)

score
9*

follow-up (*) follow-up (*)

present at start (¥) of cohorts (¥*)

of exposure (¥)

control cohort

*)

Moderate

®

2016

Shaffer

et al.

Low

*

2021

Dong

et al.

meta-analysis. Multimodal analgesic strategies provide
superior pain control after costal cartilage harvest, irre-
spective of the specific reconstructive procedure involved.

Discussion

This network meta-analysis has conducted a thorough
evaluation of pain management methods in procedures
involving the harvest of costal cartilage. It has yielded
noteworthy results about the effectiveness of different
pain-relieving treatments. After analyzing multiple studies
that compared different interventions, we found that the
“MB & Ropivacaine ICNB + PCA” strategy was the most
beneficial in lowering postoperative resting and cough pain
after 6, 24, and 48 h. Additionally, the ‘“Pre-operation
SAPB & PSB + PCA” intervention was identified as
effective; however, it should be noted that the absence of
data at the 12-h postoperative mark for the “MB & Ropi-
vacaine ICNB + PCA” group limits the conclusiveness of
this finding. The comparison between “SAPB & PSB +
PCA’ and ‘MB & Ropivacaine ICNB + PCA” at 12 h
remains incomplete, suggesting that further studies are
needed to definitively determine the most effective inter-
vention at this time point (Fig. 7a, b). These interventions
notably outperformed others in SUCRA rankings, demon-
strating superior pain control especially noted in early
postoperative periods. Furthermore, “Pre-operation SAPB
& PSB + PCA” also significantly decreased the need for
rescue analgesia and effectively managed opioid-related
adverse effects, enhancing patient safety and recovery.
However, it is important to note that most interventions
with additional measures to PCA showed reduced effec-
tiveness between 12 and 48 h compared to the PCA-only
group. This reduction in effectiveness can be attributed to
several factors. Firstly, the pharmacokinetic properties of
local anesthetics such as ropivacaine, whose duration of
action diminishes over time, play a significant role. Sec-
ondly, repeated exposure to these agents can lead to
tachyphylaxis, reducing their efficacy. Thirdly, the local
inflammatory response to surgical trauma evolves over
time, potentially diminishing the localized effects of nerve
blocks while systemic analgesia from PCA continues to
exert a more consistent effect [30]. The discrepancy
between the efficacy of ‘MB & Ropivacaine ICNB + PCA’
for primary outcomes and ‘Pre-operation SAPB & PSB +
PCA’ for secondary outcomes can also be attributed to
these factors. While ‘MB & Ropivacaine ICNB + PCA’
provides superior pain control immediately postopera-
tively, its effectiveness may not directly translate to sec-
ondary outcomes if the studies included in the analysis did
not uniformly measure or report these outcomes for this
specific intervention. These factors highlight the need for
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Fig. 3 Pain scores network
plots. The size of the treatment
nodes reflects the proportionate
numbers of patients assigned to
the treatment group, whereas
the edge thickness is
proportional to the number of
studies supporting each
comparison

further research to explore strategies for sustaining the
effectiveness of multimodal analgesic approaches beyond
the immediate postoperative period.
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The main results of our study are consistent with pre-
vious research that emphasizes the advantages of combin-
ing local anesthetics with anti-inflammatory drugs to
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Fig. 4 SUCRA efficacy rate ranking curve for pain scores. Analgesic
techniques are being compared based on the pain scores at different
timepoints during rest or coughing, using the cumulative ranking area

(SUCRA). The higher the probability, the lower the pain score, and
the more potent the analgesic benefits
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Table 3 Comparisons of analgesic methods using network meta-analysis
a. League tables of resting pain score at 6h postoperative
MB &
Ropivacaine
ICNB + PCA
- 091 (= 1.99, Pre-operation
0.16) SAPB +
PCA
— 1.74 (— 2.67, - 0.83 Post-operation
— 0.81) (— 1.36, SAPB +
- 0.30) PCA
- 1.01 (— 1.90, 4.18 (2.92, 2.97 (2.07, Betamethasone
- 0.11) 5.43) 3.87) Cocktail
ICNB
— 2.09 (— 3.16, — 1.18 — 0.35 — 1.19 (— 2.07, Triamcinolone
- 1.02) (— 2.27, (= 1.30, - 0.31) Acetonide Cocktail
- 0.09) 0.60) ICNB
— 297 (- 3.72, - 2.06 - 1.23 - 577(—- 699, - 0.88 (— 1.65, ICNB +
- 2.23) (— 2.84, (— 1.80, — 4.54) - 0.12) PCA
- 1.29) - 0.67)
— 3.11 (— 4.25, - 220 - 137 — 1.05(— 1.64, — 1.02 (— 2.03, - 0.14 PCA
- 1.97) (— 3.36, (— 241, — 0.46) - 0.02) (= 1.00,
- 1.04) - 0.34) 0.73)
— 3.53 (— 4.55, — 2.62 - 1.79 — 1.61(— 2.33, — 1.44 (— 231, - 0.56 - 042 ICNB
— 2.51) (- 3.67, (= 2.69, - 0.90) — 0.58) (= 1.26, (= 0.93,
— 1.58) - 0.90) 0.14) 0.09)
— 4.31 (— 5.23, -3.39 - 2.57 1.92 (0.97,2.87) — 2.22 (— 3.16, - 133 - 1.19 - 0.77 MB
- 3.39) (— 4.34, (= 3.35, — 1.28) (— 1.88, (=222, (= 1.66, ICNB+PCA
— 245) - 1.78) - 0.79) - 0.17) 0.11)
b. League tables of resting pain score at 12h postoperative
Pre-operation SAPB
& PSB + PCA
— 042 (= 0.93, Pre-operation
0.09) SAPB +
PCA
- 0.86 (— 2.27, — 0.44 Pre-operation
0.54) (= 1.75, PSB + PCA
0.87)
— 0.58 (— 1.58, 0.32 (— 0.53, 0.01 (= 0.97, Betamethasone
0.42) 1.17) 0.99) Cocktail ICNB
— 1.01 (= 2.32, - 0.59 - 0.15 3.08 (2.06, 4.11) PCA
0.30) (= 1.80, (= 0.65,
0.62) 0.36)
— 1.23 (= 245, - 0.81 - 0.36 0.14 (= 0.96, —-0.22 Triamcinolone
— 0.00) (= 1.92, (= 1.57, 1.24) (= 1.31, Acetonide Cocktail
0.31) 0.84) 0.87) ICNB
— 1.32 (— 2.06, - 0.90 - 0.46 - 1.59 (— 222, -031 — 0.09 (— 1.07,0.89) Post-operation
— 0.58) (— 143, (= 1.65, — 0.96) (= 1.40, SAPB + PCA
- 0.37) 0.74) 0.78)
— 2.59 (— 3.52, - 217 - 173 — 4.80 (— 6.00, — 1.58 — 1.36 (— 2.16, — 127 (— 1.84, ICNB +
— 1.66) (— 2.95, (— 2.78, - 3.61) (— 251, - 0.57) - 0.70) PCA
- 1.39) - 0.67) — 0.65)
— 3.20 (— 4.37, - 278 — 234 —220(—297, -219 — 1.97 (— 2.88, — 1.88(— 2.78, — 0.61 ICNB
- 2.04) (— 3.83, (— 3.13, - 1.44) (— 2.80, - 1.07) — 0.98) (= 131,
- 1.73) - 1.55) - 1.59) 0.09)
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Table 3 continued

c. League tables of resting pain score at 24h postoperative

MB &

Ropivacaine

ICNB + PCA

- 1.57 TriamcinoloneAcetonide
(= 2.79, Cocktail ICNB
- 0.35)

— 2.68 — 1.11 (= 2.22, 0.00) PCA
(— 3.98,

- 1.38)

— 3.56 - 0.20 (— 1.18, 0.77) 1.42 (0.80, Betamethasone
(— 4.64, 2.04) Cocktail
- 2.49) ICNB

- 3.25 — 1.68 (— 2.89, — 047) — 0.57 - 1.25 Pre-operation
(— 4.52, (— 1.86, (— 2.05, SAPB & PSB
- 1.98) 0.72) — 0.44) + PCA

- 392 —235(— 344, — 1.26) -—1.24 - 224 - 0.67 Pre-

(— 5.08, (— 242, (— 3.33, (- 1.19, operation
— 2.76) — 0.06) - 1.15) - 0.15) SAPB +
PCA

—-4.13 — 256 (— 3.52, — 1.539) — 145 -3.79 - 0.88 - 0.21 Post-

(- 5.17, (— 2.52, (— 4.83, (— 1.60, (= 0.72, operation
- 3.09) - 0.38) — 2.75) - 0.15) 0.30) SAPB +
PCA

- 4.30 — 273 (— 355 —-192) - 1.62 — 541 - 1.05 - 0.39 - 0.17 ICNB +
(— 5.21, (— 2.56, (— 6.64, (— 1.94, (= 1.11, (= 0.69, PCA
— 3.40) - 0.69) - 4.17) — 0.16) 0.34) 0.34)

- 491 — 3.34 (— 430, — 2.37) -—2.23 2.88 (1.79, — 1.66 - 0.99 - 0.78 — 0.60 MB ICNB
(— 5.95, (- 3.29, 3.98) (— 2.68, (— 1.88, (— 1.51, (- 1.12, +PCA
— 3.86) - 1.16) — 0.63) - 0.10) - 0.05) - 0.09)

— 4.98 — 341 (— 434, — 248) —2.30 - 210 - 173 — 1.06 -0.85 (- - 0.68 - 0.08 ICNB
(— 6.13, (= 292, (— 2.86, (— 2.87, (= 2.07, 1.72,0.02) (— 1.38, (= 0.95,
- 3.84) - 1.69) - 1.34) — 0.60) — 0.06) 0.02) 0.80)

d. League tables of resting pain score at 48h postoperative

MB &

Ropivacaine

ICNB + PCA

— 1.41 (— 2.52, Pre-operation
- 0.30) SAPB & PSB +

PCA

— 1.48 (— 2.49, — 0.07 (— 1.23, Triamcinolone

— 0.48) 1.10) Acetonide
Cocktail ICNB

—2.63 (— 371, 056 (- 021, 0.23 (= 0.71, 1.18)  Betamethasone

— 1.56) 1.33) Cocktail
ICNB

- 1.75 (— 290, -0.34 (-1.63,0.95) — 0.27 (— 1.33, - 0.67 PCA

- 0.61) 0.79) (— 1.25,
- 0.10)

—2.08 (— 292, - 0.67(— 1.39, - 0.60 (— 1.51, - 1.07 - 0.33 Post-operation

- 1.29) 0.06) 0.31) (- 192, (= 1.39, SAPB +
- 0.22) 0.74) PCA

— 2.08 (— 3.06, — 0.67 (— 1.19, — 0.60 (— 1.64, - 0.71 - 0.33 0.00 (— 0.51,  Pre-operation

- 1.10) - 0.15) 0.44) (— 1.80, (= 1.51, 0.51) SAPB +
0.37) 0.85) PCA

— 220 (— 2.86, — 0.78 (— 1.67, - 0.71 (= 1.46, -4.40 (— 542, - 0.44 - 0.12 - 0.12 ICNB +

- 1.53) 0.11) 0.04) — 3.38) (= 1.38, (— 0.63, (= 0.84, PCA
0.49) 0.40) 0.61)

— 240 (— 324, —0.99 (- 202, - 0.92 (— 1.83, 1.52 (0.64, - 0.65 - 0.32 - 0.32 - 0.21 MB

- 1.57) 0.03) - 0.02) 2.40) (= 1.71, (— 1.05, (= 1.21, (= 0.72, ICNB
0.41) 0.40) 0.56) 0.30) +PCA

@ Springer



Aesth Plast Surg (2025) 49:929-949

941

Table 3 continued

d. League tables of resting pain score at 48h postoperative (cont.)

MB &
Ropivacaine
ICNB + PCA
— 3.56 - 215 - 2.08 - 2.04 - 1.81 — 1.48 — 1.48 - 137 - 1.16 ICNB
(— 4.55, (= 3.30, (=297, (= 2.79, (— 2.38, (— 2.38, (- 251, (= 2.10, (— 2.05,
— 2.57) - 0.99) - 1.19) - 1.29) - 1.23) — 0.58) — 0.45) - 0.63) - 0.26)
e. League tables of coughing pain score at 6h postoperative
MB & Ropivacaine
ICNB + PCA
— 0.72 (— 1.84,0.40) Pre-operation
SAPB + PCA
— 1.53 (— 248, 2.76 (1.60, 3.93) Betamethasone
— 0.58) Cocktail ICNB
— 1.91 (— 3.02, - 1.18 (— 2.31, - 1.97 (— 2.92, Triamcinolone Acetonide
- 0.79) — 0.06) - 1.03) Cocktail ICNB
— 2.04 (— 3.01, - 1.32 (— 1.88, 1.76 (0.76, 2.76) - 0.13 (= 1.11, 0.84) Post-operation
- 1.07) - 0.75) SAPB + PCA
— 3.31 (— 4.10, — 2.59 (— 3.39, — 7.06 (— 8.52, — 1.40 (- 2.20, — 0.61) — 1.27 (— 1.84, ICNB + PCA
— 2.53) - 1.79) — 5.60) - 0.70)
- 3.73 (— 491, — 3.01 (— 4.20, — 1.55 (— 2.18, — 1.83 (— 2.88, — 0.77) — 1.70 (— 2.74, - 042 PCA
— 2.56) - 1.83) - 0.92) - 0.65) (— 1.30,0.45)
— 4.20 (— 5.26, — 3.48 (— 4.55, — 2.44 (— 3.23, - 229 (—322,-137) —216 (- 3.07, - 0.89 - 047 ICNB
- 3.14) —2.41) — 1.65) - 1.25) (— 1.60, (— 0.98,
- 0.18) 0.05)
f. League tables of coughing pain score at 12h postoperative
Pre-operation SAPB &
PSB + PCA
- 1.33 (— 1.90, Pre-operation
- 0.77) SAPB + PCA
— 0.68 (— 1.69, 0.33)  0.67 (— 0.30, Betamethasone
1.63) Cocktail ICNB
— 2.30 (— 3.56, - 0.97 (= 2.09, - 0.55 (= 1.39, Triamcinolone Acetonide
— 1.05) 0.15) 0.30) Cocktail ICNB
— 2.56 (— 3.35, - 1.23 (- 1.78, — 1.65 (— 2.29, — 0.25 (= 1.23,0.72) Post-operation
- 1.77) - 0.67) - 1.02) SAPB + PCA
— 2.68 (— 4.00, — 135(— 254, 2.69 (1.68, 3.69) — 037 (— 1.45,0.71) —0.12 (— 1.18, PCA
- 1.36) - 0.15) 0.94)
— 3.67 (— 4.63, - 233 (- 3.12, - 6.87 (— 8.33, - 1.36 (— 2.16, — 0.56) — 1.11 (— 1.67, - 0.99 ICNB + PCA
— 2.70) — 1.55) - 5.42) — 0.55) (— 1.89,
- 0.09)
— 4.34 (— 5.54, — 3.01 (— 4.06, - 233 (- 311, — 2.04 (— 2,96, — 1.12) — 1.78 (— 2.68, — 1.66 - 0.68 ICNB
- 3.15) — 1.96) — 1.55) - 0.89) (= 2.23, (— 1.38,
- 1.10) 0.03)
g. League tables of coughing pain score at 24h postoperative
MB & Ropivacaine
ICNB + PCA
— 2.34 (— 3.32, Betamethasone Cocktail
- 1.35) ICNB
— 3.06 (— 4.26, — 0.52 (— 147, 043) Triamcinolone Acetonide Cocktail
— 1.86) ICNB
— 3.38 (— 4.65, — 1.43 (— 2.05, — 0.81) -0.32 (-1.38,0.75) PCA
- 2.10)
— 3.79 (— 4.95, - 1.27 (- 2.34, — 0.21) — 0.73 (— 1.80, 0.34) — 041 (- 1.57, Pre-operation SAPB +
- 2.63) 0.75) PCA
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Table 3 continued

g. League tables of coughing pain score at 24h postoperative (cont.)

MB & Ropivacaine

ICNB + PCA
- 3.79 (— 5.05, - 1.14 - 0.73 - 041 0.00 (— 0.51,  Pre-operation SAPB
— 2.52) (— 1.95, (= 191, (— 1.67, 0.51) & PSB + PCA
- 0.34) 0.45) 0.85)
— 4.00 (— 5.04, 2.85 (1.76, - 0.94 - 0.62 - 0.21 - 0.21 (= 0.93, Post-operation
— 2.96) 3.95) (— 1.88, (— 1.66, (= 0.72, 0.51) SAPB + PCA
0.00) 0.42) 0.30)
—4.28 (— 5.19, - 8.15 - 1.23 - 091 - 0.50 — 0.50 (— 1.38, —0.29 (— 0.81, ICNB + PCA
— 3.38) (= 9.73, (- 2.01, (— 1.81, (= 1.22, 0.39) 0.23)
- 6.57) - 0.44) - 0.01) 0.23)
— 5.03 (— 6.18, - 218 - 1.97 - 1.65 - 124 - 1.24 (— 2.37, -1.03(—191, -0.75 ICNB
— 3.88) (— 294, (— 2.88, (— 222, (— 2.25, - 0.11) — 0.16) (— 1.45,
- 141) - 1.07) - 1.09) - 0.23) - 0.04)
h. League tables of coughing pain score at 48h postoperative
MB &
Ropivacaine
ICNB + PCA
— 222 (— 3.49, Pre-operation
- 0.95) SAPB & PSB +
PCA
— 2.58 (— 3.61, 0.92 (0.13, 1.71) Betamethasone
- 1.56) Cocktail ICNB
— 3.10 (— 4.28, — 0.89 (— 2.08, — 031 (— 1.26, Triamcinolone
- 1.93) 0.31) 0.65) Acetonide Cocktail
ICNB
— 3.26 (— 4.53, — 1.04 (— 2.34, - 1.16 (— 1.76, — 0.16 (— 1.22, PCA
- 1.99) 0.26) — 0.56) 0.91)
— 3.55 (— 4.69, - 1.33 (- 1.90, — 1.01 (— 2.08, — 045 (= 1.51, - 0.29 Pre-operation
— 2.41) - 0.77) 0.06) 0.61) (— 146, SAPB +
0.88) PCA
— 3.88 (— 4.90, — 1.66 (— 2.42, 2.96 (1.89,4.02) - 0.77 (= 1.70, - 0.62 - 0.33 Post-operation
— 2.86) - 0.90) 0.15) (— 1.67, (= 0.84, SAPB +
0.44) 0.18) PCA
- 4.12 (— 5.00, - 1.90 (— 2.82, - 6.00 (— 7.27, - 1.01 (— 1.78, - 0.86 - 0.57 - 0.24 ICNB +
- 3.29) — 0.98) - 4.73) - 0.24) (= 1.77, (= 1.29, (= 0.76, PCA
0.06) 0.16) 0.28)
-5.08 (— 6.22, — 2.87 (— 4.03, — 213 (— 2.89, — 1.98 (— 2.88, - 1.82 - 1.53 - 121 - 0.97 ICNB
— 3.95) - 1.70) - 1.37) - 1.08) (— 2.40, (— 2.55, (— 2.09, (— 1.68,
- 1.25) - 0.52) - 0.33) - 0.25)

*The data represents the relative risks (with a 95% confidence interval) of the column-defining therapy compared to the row-defining treatment. Column-defining
technique is used when the RRs are greater than 0. RRs below 0 indicate a preference for the row-defining procedure. Note worthy findings are displayed in bold

type.

extend the pain-relieving effects and reduce the adverse
effects on the body as a whole [31]. A closer look at these
multimodal strategies shows that their main benefits
probably come from the way that local anesthetics and
adjuvants improve the pharmacological profiles of each
other [32]. Likely stem from synergistic mechanisms where
local anesthetics and adjuvants enhance each other’s
pharmacological profiles [32]. Ropivacaine, a local anes-
thetic, effectively blocks nerves, reducing immediate pain
perception. Methylene blue and corticosteroids have anti-
inflammatory properties that help alleviate local tissue
reactions and prolong the duration of pain alleviation [33].
In addition, the utilization of methylene blue has been

@ Springer

linked to a decrease in the overall toxicity of local anes-
thetics, hence improving the safety of these combinations
[34]. The discrepancy observed between primary and sec-
ondary outcomes can also be explained by the pharma-
cokinetic profiles and mechanisms of action of these drugs.
‘MB & Ropivacaine ICNB + PCA’ is particularly effective
in immediate pain control, whereas ‘Pre-operation SAPB &
PSB + PCA’ reduces systemic inflammatory responses and
the need for rescue analgesia.

A serratus anterior plane block before surgery and
patient-controlled analgesia, with or without an enhanced
parasternal block, worked very well together in the first
24 h after surgery, especially at 6 and 12 h. This
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Fig. 5 Secondary outcomes network plots. a. The incidence of opioid-related adverse effects network plots. b. The utilization of rescue analgesia

network plots
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Fig. 6 SUCRA efficacy rate ranking curve for secondary outcomes.
a. The incidence of opioid-related adverse effects SUCRA ranking,
larger the probability, lower the incidence of adverse effects. b. The

effectiveness was observed in both resting and coughing
conditions, resulting in high SUCRA rankings. However,
the efficacy of this strategy diminished significantly in the
later postoperative periods (at 24 and 48 h), where MB &
Ropivacaine ICNB + PCA consistently ranked as the most
effective approach, maintaining its superiority over all
other pain management strategies according to league
tables (Fig. 7a, 7b). This observed disparity in the perfor-
mance of Pre-op SAPB + PCA(£PSB) and MB & Ropi-
vacaine ICNB + PCA across different time points aligns
with previous research findings that suggest varying dura-
tion effects of analgesic interventions [35, 36]. Literature
indicates that SAPB, while effective initially, may not
provide sustained analgesia beyond the early postoperative
period, potentially due to the pharmacokinetics of the local
anesthetics used [37], which tend to wear off without

MB & Ropivacaine ICNB + PCA Betamethasone Cocktail ICNB

Pre-operation SAPB & PSB + PCA

—_— © ]
o]

98.8% ~ 37.0%
oA

T T T T T T T T T T T L L L R R
1 2 3 4 5 6 7 1.2 3 4 5 6 7 1.2 3 45 6 7

Post-operation SAPB + PCA

@]
©
56.4% ~
o~ 19.5%
o4

T

— T T T T T — T T T T T
1.2 3 4 5 6 7 1.2 3 4 5 6 7

024681
8
g
024681
N

utilization of rescue analgesia SUCRA ranking, larger the probability,
less the utilization of rescue analgesia, stronger the analgesic effects

extended-release formulations or additional interventions
[38]. Conversely, the sustained efficacy of MB & Ropi-
vacaine ICNB + PCA could be attributed to the prolonged
action of ropivacaine when used in combination with
methylene blue, which may enhance the local anesthetic’s
absorption and effect duration through its vasoconstrictive
properties [39].

The data clearly indicates the drawbacks of using a
single drug in typical intravenous continuous nerve block
(ICNB) for managing postoperative pain. The study con-
sistently shows low SUCRA ratings at all time periods,
regardless of whether the patients were at rest or coughing.
These findings are consistent with previous research that
also indicates that using a single drug ICNB is not effective
enough in relieving substantial postoperative pain in dif-
ferent surgical situations [40, 41]. The underperformance
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of traditional ICNB can be attributed to several pharma-
cological and physiological factors. Primarily, the duration
of analgesia provided by traditional local anesthetics used
in ICNB is often too short to cover the prolonged pain
phases after surgeries involving costal cartilage harvest
[4, 11]. Additionally, ICNB targets only the somatic
nerves and does not address visceral pain, which can be
significant in thoracic procedures [42, 43]. The localized
effect of ICNB also limits its effectiveness in controlling
diffuse or bilateral pain, common in extensive surgical
recoveries. Moreover, traditional ICNB techniques often
fail to achieve adequate analgesic coverage due to the
variability in nerve location and the challenge of ensuring
complete nerve blockade [44]. This often results in
incomplete pain relief, necessitating supplemental sys-
temic analgesics, which can introduce additional side
effects. These shortcomings underscore the need for inte-
grating multimodal pain management strategies that
combine local anesthetics with other pharmaceutical
agents or interventional techniques to enhance efficacy and
patient outcomes.

However, it is essential to discuss the limitations of
using non-autologous rib grafts as compared to autologous
rib grafts, which are considered the gold standard. Autol-
ogous rib grafts, harvested from the patient’s own body,
offer superior biocompatibility and lower risk of rejection
or infection compared to non-autologous grafts [45]. Non-
autologous rib grafts, whether from cadaveric sources
(irradiated or fresh frozen) or synthetic materials, may
introduce immunogenic responses leading to graft rejec-
tion or delayed healing [46]. Additionally, the structural
integrity and mechanical properties of non-autologous
grafts may not match those of autologous rib grafts,
potentially resulting in compromised surgical outcomes
[47]. Furthermore, alternative autologous sources such as
ear or septal cartilage, while viable, may provide insuffi-
cient material for extensive reconstructive procedures and
may also pose challenges in terms of graft viability and
long-term stability. The use of irradiated or fresh frozen
allografts, although advantageous in avoiding donor site
morbidity, carries risks associated with disease transmis-
sion, immunogenic reactions, and potential for reduced
biomechanical strength [48]. These factors highlight the
importance of careful consideration when selecting graft
materials and underscore the ongoing need for advance-
ments in graft technology and immunomodulatory strate-
gies to enhance the outcomes of reconstructive surgeries.

The combination of local anesthetics with other
medicines or interventional procedures not only success-
fully relieves pain after surgery, but also greatly minimizes
the need for additional pain relief medication and the
occurrence of problems connected to opioid use. The dual
advantage of this is essential for enhancing overall patient

ICNB

ICNB + PCA
0.47 (0.11,
1.98)

ICNB
0.52 (0.13, 2.01)

Betamethasone Cocktail
0.24 (0.06, 1.04)

MB & Ropivacaine ICNB +
PCA

0.37 (0.01, 10.48)

0.19 (0.01, 4.10)

0.09 (0.00, 2.65)

Post-operation SAPB +
PCA

0.89 (0.03, 24.68)

0.33 (0.05, 2.12)

0.17 (0.05, 0.62)

0.08 (0.01, 0.55)

Pre-operation SAPB +
PCA

0.20 (0.07, 0.62)

0.18 (0.01, 6.02)

0.07 (0.01, 0.59)

0.03 (0.01, 0.19)

0.02 (0.00, 0.15)

*Data are RRs (95% CI) in the column-defining treatment compared with the row-defining treatment. RRs higher than 1 favor the column-defining treatment. RRs lower than 1 favor the row-

b. League tables of the utilization of rescue analgesia
defining treatment. Significant results are in bold.

Pre-operation SAPB & PSB +

Table 4 continued
PCA

0.22 (0.05, 0.91)
0.05 (0.01, 0.27)
0.04 (0.00, 1.76)
0.01 (0.00, 0.20)
0.01 (0.00, 0.07)
0.00 (0.00, 0.05)
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Fig. 7 Pain scores SUCRA a
percentage. a. Resting pain
scores SUCRA percentage at

6h,12h,24hand 48 h oo ¢
postoperative. b. Coughing pain
scores SUCRA percentage at 90%

6h, 12 h,24 h and 48 h
postoperative. Note Most
interventions with additional
measures to PCA showed
reduced effectiveness between
12 and 48 h compared to the
PCA-only group. This reduction
in effectiveness is discussed in
the manuscript and is attributed
to the pharmacokinetic
properties of local anesthetics,
tachyphylaxis, and the evolving
local inflammatory response.
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results, as decreasing dependence on rescue analgesia and
opioids directly leads to a decrease in negative effects, a
lower chance of opioid addiction, and potentially a faster
recovery [49-51]. The reduction in rescue analgesia and
opioid adverse effects is particularly important in the cur-
rent healthcare environment, where there is a strong

@ Springer

24H 48H

emphasis on minimizing opioid use due to the risks of
addiction and the adverse side effects associated with these
drugs [52]. By providing more effective pain control from
the outset, these combined strategies decrease the likeli-
hood that patients will experience pain severe enough to
require additional opioid interventions. This approach not
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only improves patient comfort but also aligns with broader
public health goals aimed at combating the opioid crisis.

This systematic review and network meta-analysis pos-
sess numerous strengths. Our study was comprehensive,
including a wide range of analgesic therapies from multiple
databases, which guarantees a strong synthesis of all the
available evidence. Our wide range of knowledge enables
us to thoroughly analyze and compare different pain
management strategies, providing a distinct perspective on
their effectiveness and results. Secondly, the use of
advanced statistical tools like network meta-analysis
enables us to draw indirect comparisons and provide a
hierarchy of effective interventions, which is invaluable for
clinical decision-making. However, our study is not with-
out limitations. Despite our comprehensive search strategy,
there is always the possibility of publication bias, as studies
with positive outcomes are more likely to be published than
those with negative or inconclusive results. Additionally,
the heterogeneity in study designs, populations, and pain
measurement scales across included studies may affect the
generalizability of our findings. While we employed ran-
dom effects models to account for this variability, the
differences in surgical techniques, pain assessment tools,
and patient demographics can still influence the outcomes.
The majority of the include literature participants are Asian
patients, more research on patients of different ethnicities
is needed to obtain more comprehensive conclusions.
Furthermore, most of the included studies were short-term,
focusing on immediate postoperative outcomes; thus, long-
term effects of these analgesic strategies remain less
understood. Moreover, the specific details of analgesic
administration, such as dosage and timing, were often
poorly reported, limiting our ability to fully interpret the
impact of these factors on pain management efficacy.
Additionally, we conducted a sensitivity analysis to address
the potential impact of including studies on rib harvest for
rhinoplasty, which typically involves a smaller harvest size
and lesser extent of dissection. The results indicated that
the exclusion of rhinoplasty studies did not significantly
alter the overall conclusions regarding the efficacy of pain
management strategies. However, this approach under-
scores the inherent variability in surgical procedures and
the need for more standardized reporting in future research.
Despite these limitations, our findings consistently support
the use of multimodal analgesic strategies for effective pain
management following costal cartilage harvest. These
strategies provide superior pain control and reduce the need
for rescue analgesia and opioid-related adverse effects,
aligning with current clinical priorities to enhance recovery
and minimize opioid-related risks.

Conclusion

This systematic review and network meta-analysis evalu-
ated various advanced analgesic strategies for managing
postoperative pain after costal cartilage harvest. Our anal-
ysis included 14 studies with 935 participants. We found
that “MB & Ropivacaine ICNB + PCA” was most
effective for primary pain outcomes, while “Pre-operation
SAPB & PSB + PCA” showed superior results for sec-
ondary outcomes, likely due to differences in pharma-
cokinetic profiles and mechanisms of action. Both
strategies significantly reduced pain scores and decreased
the necessity for rescue analgesia and opioid-related
adverse effects. These findings advocate for multimodal
approaches integrating local anesthetics with other phar-
macological or interventional techniques to enhance pain
management efficacy and improve patient outcomes in
reconstructive surgeries.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s00266-
024-04430-2.

Acknowledgement None.
Declarations

Conflict of interest The authors declare that they have no conflict of
interest.

Human and Animal Rights This article does not contain any studies
with human participants or animals performed by any of the authors.

Informed Consent This is network meta-analysis, for this type of
study formal consent is not required.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

Reference

1. Rohrich RJ, Abraham J, Alleyne B, Bellamy J, Mohan R (2022)
Fresh frozen rib cartilage grafts in revision rhinoplasty: a 9-year
experience. Plast Reconstr Surg 150:58-62

2. Daniel RK (2008) Diced cartilage grafts in rhinoplasty surgery:
current techniques and applications. Plast Reconstr Surg
122:1883-1891

@ Springer


https://doi.org/10.1007/s00266-024-04430-2
https://doi.org/10.1007/s00266-024-04430-2
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

948

Aesth Plast Surg (2025) 49:929-949

3.

10.

11.

12.

13.

14.

16.

17.

18.

Yang HC, Cho HH, Jo SY, Jang CH, Cho YB (2015) Donor-site
morbidity following minimally invasive costal cartilage harvest
technique. Clin Exp Otorhinolaryngol 8:13-19

. Woo KIJ, Kang BY, Min JJ, Park JW, Kim A, Oh KS (2016)

Postoperative pain control by preventive intercostal nerve block
under direct vision followed by catheter-based infusion of local
analgesics in rib cartilage harvest for auricular reconstruction in
children with microtia: a randomized controlled trial. J Plast
Reconstr Aesthet Surg 69:1203-1210

. Bapat R, Duran M, Piazza A, Pallotto EK, Joe P, Chuo J, Min-

grone T, Hawes J, Powell M, Falciglia GH, Grover TR, Rintoul
N, MacPherson MJ, Rose A, Brozanski B (2023) A multicenter
collaborative to improve postoperative pain management in the
NICU. Pediatrics. https://doi.org/10.1542/peds.2022-059860

. Egbuta C, Mason KP (2021) Current state of analgesia and

sedation in the pediatric intensive care unit. J Clin Med 10:1847

. Shah P, Siu A (2019) Considerations for neonatal and pediatric

pain management. Am J Health Syst Pharm 76:1511-1520

. Zhang H, Zhang Q, Liu T, Zhou X, Hu J (2018) Methylene blue

composite solution intercostal nerve block for analgesia after
autologous costochondral external ear reconstruction. Chin J
Aesth Plast Surg 29(750-751):760

. Jiang G, Wang T, You X (2022) Application of methylene blue

combined with ropivacaine intercostal nerve block in postoper-
ative analgesia of autologous costal cartilage augmentation
rhinoplasty. Anaesthesiologie 71:233-239

Liu Y, Ren J, Sun P, Lu X, Chen Z (2022) Methylene blue
combined with ropivacaine for intercostal nerve block after
autologous costal cartilage removal in juvenile patients. Aesthetic
Plast Surg 46:3094-3100

Dong W, Wang X, Wang H, You J, Zheng R, Xu Y, Zhang X,
Guo J, Fan F (2022) A prospective study of multimodal cocktail
intercostal injection for chest pain relief after costal cartilage
harvest for rhinoplasty. Br J Oral Maxillofac Surg 60:841-846
Dong W, Wang X, Wang H, You J, Zheng R, Xu Y, Zhang X,
Guo J, Ruan J, Fan F (2022) Comparison of multimodal cocktail
to ropivacaine intercostal nerve block for chest pain after costal
cartilage harvest: a randomized controlled trial. Facial Plast Surg
Aesthet Med 24:102-108

Wang X, Dong W, Song Z, Wang H, You J, Zheng R, Xu Y,
Zhang X, Guo J, Tian L, Fan F (2023) Comparing the effec-
tiveness of betamethasone and triamcinolone acetonide in mul-
timodal cocktail intercostal injection for chest pain after
harvesting costal cartilage: a prospective, double-blind, random-
ized controlled study. Aesthetic Plast Surg 48:1111-1117
Niiyama Y, Yotsuyanagi T, Yamakage M (2016) Continuous
wound infiltration with 0.2% ropivacaine versus a single inter-
costal nerve block with 0.75% ropivacaine for postoperative pain
management after reconstructive surgery for microtia. J Plast
Reconstr Aesthet Surg 69:1445-1449

. Shaffer AD, Jabbour N, Visoiu M, Yang CI, Yellon RF (2016)

Paravertebral nerve block for donor site pain in stage i microtia
reconstruction: a pilot study. Otolaryngol Head Neck Surg
154:898-901

Sun Y, Yang J, Li J (2020) Application of ultrasound-guided
paravertebral nerve block in reconstruction of external ears with
autogenous costal cartilage transplantation. Med J Chin PAP
31:699-702

Chen C, Xiang G, Chen K, Liu Q, Deng X, Zhang H, Yang D,
Yan F (2022) Ultrasound-guided bilateral serratus anterior plane
block for postoperative analgesia in ear reconstruction after costal
cartilage harvest: a randomized controlled trial. Aesthet Plast
Surg 46:2006-2014

Chen C, Xiang G, Liu Q, Chen K, Wang H, Jin J, Huang Y, Deng
X, Yang D, Yan F (2023) Ultrasound-guided serratus anterior
plane block, along with improved parasternal block, is superior to

@ Springer

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

serratus anterior plane block alone in relieving pain for rhino-
plasty with autologous costal cartilage. Aesthet Plast Surg
47:1975-1984

Xiang G, Chen C, Chen K, Liu Q, Sun X, Huang Y, Huang L, Jin
J, Shang J, Yang D (2024) Comparing the analgesic effects
between the pre- and post-costal cartilage harvest cohorts using
ultrasound-guided deep serratus anterior plane block in children
with microtia undergoing auricular reconstruction: a randomized
clinical trial. Aesthet Plast Surg 48:1846-1854

Chen C, Deng X, Yang D, Xu W, Zhi J, Ma Q (2017) Clinical
study of intercostal nerve block for analgesia after autologous
costal cartilage grafting and external ear reconstruction surgery.
Chin J for Clinicians 45:75-77

Zheng K, Li B, Sun J (2023) Effects of single-injection inter-
costal nerve block as a component of multimodal analgesia for
pediatrics undergoing autologous auricular reconstruction: a
double-blinded, prospective, and randomized study. Heliyon.
https://doi.org/10.1016/j.heliyon.2023.e13631

Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, Shamseer L, Tetzlaff JM, Akl EA, Brennan SE,
Chou R, Glanville J, Grimshaw JM, Hrobjartsson A, Lalu MM, Li
T, Loder EW, Mayo-Wilson E, McDonald S, McGuinness LA,
Stewart LA, Thomas J, Tricco AC, Welch VA, Whiting P,
McKenzie JE (2021) PRISMA 2020 explanation and elaboration:
updated guidance and exemplars for reporting systematic
reviews. BMJ. https://doi.org/10.1136/bmj.n160

Higgins JPT, Green S (2011) Cochrane Handbook for Systematic
Reviews of Interventions Version 5.1.0

Myles PS, Myles DB, Galagher W, Boyd D, Chew C, MacDonald
N, Dennis A (2017) Measuring acute postoperative pain using the
visual analog scale: the minimal clinically important difference
and patient acceptable symptom state. Br J Anaesth 118:424-429
Crellin DJ, Harrison D, Santamaria N, Babl FE (2015) Systematic
review of the face, legs, activity, cry and consolability scale for
assessing pain in infants and children: is it reliable, valid, and
feasible for use? Pain 156:2132-2151

He S, Renne A, Argandykov D, Convissar D, Lee J (2022)
Comparison of an emoji-based visual analog scale with a numeric
rating scale for pain assessment. JAMA 328:208-209

Tsze DS, von Baeyer CL, Bulloch B, Dayan PS (2013) Validation
of self-report pain scales in children. Pediatrics 132:¢971-e979
Sterne JAC, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS,
Boutron I, Cates CJ, Cheng HY, Corbett MS, Eldridge SM,
Emberson JR, Hernan MA, Hopewell S, Hrébjartsson A, Jun-
queira DR, Jiini P, Kirkham JJ, Lasserson T, Li T, McAleenan A,
Reeves BC, Shepperd S, Shrier I, Stewart LA, Tilling K, White
IR, Whiting PF, Higgins JPT (2019) RoB2: a revised tool for
assessing risk of bias in randomized trials. BMIJ. https://doi.org/
10.1136/bmj.14898

Stang A (2010) Critical evaluation of the Newcastle-Ottawa scale
for the assessment of the quality of nonrandomized studies in
meta-analyses. Eur J Epidemiol 25:603-605

Lu WD, Zhao DL, Wang MX, Jiao YQ, Chi P, Zhang M, Ma B,
Dong JP, Zhang HB, Yang Y, Tian Y, Hui MQ, Yang B, Cao YX
(2023) A randomized trial: the safety, pharmacokinetics and
preliminary pharmacodynamics of ropivacaine oil delivery depot
in healthy subjects. PLoS One. https://doi.org/10.1371/journal.
pone.0291793

Hamilton C, Alfille P, Mountjoy J, Bao X (2022) Regional
anesthesia and acute perioperative pain management in thoracic
surgery: a narrative review. J Thorac Dis 14:2276-2296

Matute Crespo M, Montero MA (2017) Pharmacological advan-
ces in the multimodal management of perioperative analgesia.
Rev Esp Anestesiol Reanim 64:467-471

Simurina T, Mraovié¢ B, Zupéié M, Graf Zupéié S, Vulin M
(2019) Local anesthetics and steroids: contraindications and


https://doi.org/10.1542/peds.2022-059860
https://doi.org/10.1016/j.heliyon.2023.e13631
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1371/journal.pone.0291793
https://doi.org/10.1371/journal.pone.0291793

Aesth Plast Surg (2025) 49:929-949

949

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

complicaitons—clinical update.
1):53-61

Macfarlane AJR, Gitman M, Bornstein KJ, El-Boghdadly K,
Weinberg G (2021) Updates in our understanding of local
anaesthetic systemic toxicity: a narrative review. Anaesthesia
76(Suppl 1):27-39

Urits I, Ostling PS, Novitch MB, Burns JC, Charipova K, Gress
KL, Kaye RJ, Eng MR, Cornett EM, Kaye AD (2019) Truncal
regional nerve blocks in clinical anesthesia practice. Best Pract
Res Clin Anaesthesiol 33:559-571

He Y, LiZ, Xu M, Du B, Zuo Y (2023) Single-injection serratus
anterior plane block for cardiothoracic surgery via thoracotomy
in children: a systematic review and meta-analysis of randomized
controlled trials. BMJ Paediatr Open. https://doi.org/10.1136/
bmjpo-2023-001912

Mercieri M, D’ Andrilli A, Arcioni R (2018) Improving postop-
erative pain management after video-assisted thoracic surgery
lung resection contributes to enhanced recovery, but guidelines
are still lacking. J Thorac Dis 10(Suppl 9):S983-S987
Heydinger G, Tobias J, Veneziano G (2021) Fundamentals and
innovations in regional anaesthesia for infants and children.
Anaesthesia 76(Suppl 1):74-88

Wang Q, Tan G, Mohammed A, Zhang Y, Li D, Chen L, Kang P
(2020) Adding corticosteroids to periarticular infiltration anal-
gesia improves the short-term analgesic effects after total knee
arthroplasty: a prospective, double-blind, randomized controlled
trial. Knee Surg Sports Traumatol Arthrosc 29:867-875

Lee J, Lee DH, Kim S (2020) Serratus anterior plane block versus
intercostal nerve block for postoperative analgesic effect after
video-assisted thoracoscopic lobectomy: a randomized prospec-
tive study. Medicine. https://doi.org/10.1097/MD.
0000000000022102

Goto T (2018) What is the best pain control after thoracic sur-
gery? J Thorac Dis 10:1335-1338

Marshall K, McLaughlin K (2015) Pain management in thoracic
surgery. Thorac Surg Clin 30:339-346

Elmore B, Nguyen V, Blank R, Yount K, Lau C (2015) Pain
management following thoracic surgery. Thorac Surg Clin
25:393-409

Acta Clin Croat 58(Suppl

44.

45.

46.

47.

48.

49.

50.

51.

52.

Wang L, Ge L, Ren Y (2023) Advantages and feasibility of
intercostal nerve block in uniportal video-assisted thoracoscopic
surgery (VATS). Postgrad Med 135:472-479

Takamoto M, Takechi M, Ohta K, Ninomiya Y, Ono S, Shigeishi
H, Tada M, Kamata N (2013) Risk of bacterial contamination of
bone harvesting devices used for autogenous bone graft in
implant surgery. Head Face Med. https://doi.org/10.1186/1746-
160X-9-3

Kasravi M, Ahmadi A, Babajani A, Mazloomnejad R, Hatam-
nejad MR, Shariatzadeh S, Bahrami S, Niknejad H (2023)
Immunogenicity of decellularized extracellular matrix scaffolds:
a bottleneck in tissue engineering and regenerative medicine.
Biomater Res. https://doi.org/10.1186/s40824-023-00348-z
Salamanna F, Tschon M, Borsari V, Pagani S, Martini L, Fini M
(2020) Spinal fusion procedures in the adult and young popula-
tion: a systematic review on allogenic bone and synthetic grafts
when compared to autologous bone. J Mater Sci Mater Med.
https://doi.org/10.1007/s10856-020-06389-3

Starr NC, Zachary Porterfield J, Harryman C, Gupta N (2022)
The use of autologous and cadaveric grafts in rhinoplasty: a
survey study. Aesthet Plast Surg 46:2398-2403
Echeverria-Villalobos M, Stoicea N, Todeschini AB, Fiorda-Diaz
J, Uribe AA, Weaver T, Bergese SD (2020) Enhanced recovery
after surgery (ERAS): a perspective review of postoperative pain
management under ERAS pathways and its role on opioid crisis
in the United States. Clin J Pain 36:219-226

Dowell D, Compton WM, Giroir BP (2019) Patient-centered
reduction or discontinuation of long-term opioid analgesics: the
HHS guide for clinicians. JAMA 322:1855-1856

Mitra S, Sinatra RS (2004) Perioperative management of acute
pain in the opioid-dependent patient. Anesthesiology
101:212-227

Koepke EJ, Manning EL, Miller TE, Ganesh A, Williams DGA,
Manning MW (2018) The rising tide of opioid use and abuse: the
role of the anesthesiologist. Perioper Med. https://doi.org/10.
1186/s13741-018-0097-4

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1136/bmjpo-2023-001912
https://doi.org/10.1136/bmjpo-2023-001912
https://doi.org/10.1097/MD.0000000000022102
https://doi.org/10.1097/MD.0000000000022102
https://doi.org/10.1186/1746-160X-9-3
https://doi.org/10.1186/1746-160X-9-3
https://doi.org/10.1186/s40824-023-00348-z
https://doi.org/10.1007/s10856-020-06389-3
https://doi.org/10.1186/s13741-018-0097-4
https://doi.org/10.1186/s13741-018-0097-4

	Comparative Efficacy of Postoperative Pain Management Techniques Following Costal Cartilage Harvest: A Systematic Review and Network Meta-analysis
	Abstract
	Background
	Methods
	Results
	Conclusion
	No Level Assigned

	Introduction
	Methods
	Search Strategy
	Study Selection
	Data Extraction
	Outcomes
	Risk of Bias
	Data Synthesis

	Results
	Characteristics of Included Studies
	Assessment of the Transitivity, Heterogeneity, and Inconsistency
	Risk of Bias
	The Results of Network Meta-analysis
	Primary Outcome
	Resting Pain Scores
	Cough Pain Scores

	Secondary Outcomes

	Sensitivity Analysis

	Discussion
	Conclusion
	Acknowledgement
	Reference




