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?The First School of Clinical Medicine, Lanzhou University, Lanzhou, China

Background and objective: Despite its acknowledged benefits, the selection of an
optimal regional block for analgesia pediatric hernia surgery remains a subject of
debate. This study endeavored to conduct a network meta-analysis and systematic
review of randomized clinical trials, aiming to amalgamate insights from both
direct and indirect comparisons concerning the analgesic effectiveness and safety
of various regional blocks post-inguinal hernia repair in children.

Method: A comprehensive literature search was performed across PubMed,
EMBASE, Web of Science, and the Cochrane Library up to 12 November 2022
by two independent reviewers, employing a standardized protocol. The
inclusion criteria encompassed randomized trials focusing on children
undergoing inguinal hernia repair utilizing either local infiltration analgesia or
regional analgesia. The primary outcomes assessed were pain scores at 2, 6,
and 24 h post-operation.

Results: The initial search yielded 281 records relating to 1,137 patients. The
analysis of ranking probability indicated that Paravertebral Block (PVB) holds
the highest likelihood (88% and 48%) of being the most effective in alleviating
pain at 2h and 6 h post-surgery. Trans vs. Abdominis Plane Block (TAPB)
emerged as the superior choice for mitigating pain (83%) and decreasing
morphine consumption (93%) at 24 h following the operation. Local
Anesthetic Infiltration (LAl) was identified as the most effective in shortening
the hospital stay, with a 90% probability.

Conclusions: Regional anesthesia significantly enhances postoperative pain
management in pediatric inguinal hernia repair surgery. For short-term
postoperative pain relief, PVB emerges as the most effective technique.
Meanwhile, TAPB provides more prolonged analgesia. Although TAPB does not
exhibit a pronounced advantage in short-term analgesia, its simplicity and the
absence of a need for a special position render it a viable option. However,
the interpretation of these results should be approached with caution due to
the presence of limited data and heterogeneity.

Systematic Review Registration: PROSPERO (CRD42022376435; www.crd.york.
ac.uk/prospero).
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1 Introduction

Children frequently endure considerable postoperative pain
and discomfort following inguinal hernia repair surgery (1).
Despite advances in minimally invasive techniques for this
procedure in recent years, postoperative pain continues to
significantly contribute to discomfort and hinder the swift return
to normal activities for pediatric patients (2). Regional blocks are
heralded as both safe and effective for enhancing pediatric
surgical outcomes and reducing the incidence of opioid-related
complications (3-5). In addition to caudal analgesia (CA) (5)
and local anesthetic infiltration (LAI) (6), the use of peripheral
nerve blocks, such as the Ilioinguinal-Iliohypogastric block
(II/THB) (7), Transvs. Abdominis Plane Block (TAPB) (8)
Retrolaminar Block (RLB) (9), Paravertebral Block (PVB) (10) and
Quadratus Lumborum Block (QLB) (11) has expanded due to
their lower risk of side effects. However, the best approach for
managing postoperative pain in pediatric inguinal hernia repair
remains contested. So, the aim of this network meta-analysis
(NMA) and systematic review was to collate and assess the data
from direct and indirect comparisons regarding the efficacy and
safety of various regional blocks for postoperative pain management.

2 Methods
2.1 Study design

This study’s protocol was prospectively registered with
PROSPERO (CRD42022376435;
and our reporting adheres strictly to the PRISMA-NMA checklist
for systematic reviews and NMAs (12).

www.crd.york.ac.uk/prospero),

2.2 Search strategy and selection criteria

We systematically searched PubMed, EMBASE, Web of Science,
and the Cochrane Library from their inception until 12 November
2022, conducted by two independent researchers. Our search
strategy employed a broad range of free-text keywords and subject
headings pertinent to analgesia following pediatric inguinal hernia
repair. Specific search terms used for PubMed are detailed in
Supplementary File. The selection of eligible trials was finalized
through consensus, with any disputes resolved by a third party.
Inclusion criteria included (1) pediatric patients undergoing
inguinal hernia repair; (2) interventions involving local infiltration
analgesia or regional analgesia; and (3) the study’s design as a
randomized controlled trial (RCT). Exclusion criteria encompassed
(1) non-English literature and (2) studies without accessible data.

2.3 Outcome measures

The primary outcome assessed in this study was pain scores at
2, 6, and 24 h post-surgery. Secondary outcomes included the
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consumption of rescue analgesia drugs at 2, 6, and 24 h after
surgery, the length of hospital stay, and the incidence of
postoperative complications such as nausea, vomiting, and
urinary retention.

Data collection and analysis were methodically executed by two
researchers who independently screened the articles by title,
abstract, and full text. Data compilation was carried out using
Microsoft Excel, with any discrepancies or disagreements
resolved by a third researcher.

2.4 Risk of bias and quality assessment

The potential risk of bias in the included studies was evaluated
using the Cochrane risk of bias tool (13). This assessment was
independently conducted by two reviewers, focusing on aspects
such as random sequence generation, allocation concealment,
blinding, completeness of outcome data, selective reporting, and
other potential sources of bias. Each criterion was classified as
“Yes,” “No,” or “Unclear,” indicating a high, low, or unclear risk
of bias, respectively. Any disagreements between reviewers were
resolved through consultation with a third researcher.

2.5 Statistical methods

The data was analyzed using a random-effects Bayesian
framework for Network Meta-Analysis, executed through ADDIS
software (Groningen, the Netherlands, www.drugis.org). Network
plots generated using STATA 15.0 (Stata
Corporation, College Station, TX, USA), and the quality of
included studies was assessed with RevMan 5.3 (Cochrane
Community, London, England). The mean difference (MD) with
95%
outcome.

were software

confidence intervals (CIs) served as the measure of

Data were analyzed using random-effects and
consistency models within the network meta-analysis. The
Markov chain Monte Carlo (MCMC) method was employed for
estimation, with four chains run using non-informative priors.
Convergence was assessed by the potential scale reduction factor
(PSRF),

convergence. Node splitting analysis was used to evaluate the

where a value close to 1 indicated satisfactory
consistency between direct and indirect comparisons. P> 0.05
indicated that no significant inconsistency was found, and
consistency models were used to estimate the results. In contrast,
the inconsistency model was selected (14). Comparisons were
also ranked based on their outcomes.

3 Results
3.1 Study selection and characteristics

From the initial online database searches, we retrieved 281
records related to 1,137 patients. Following a detailed review
process, 15 randomized controlled trials were identified as

meeting our inclusion criteria (3, 6-10, 15-23). Figure 1 depicts
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FIGURE 1

Flow diagram of the study selection process

the flowchart outlining the steps of the literature search and study
selection. Among these 15 studies, fourteen featured comparisons
between two different interventions (or intervention vs. control),
and one study evaluated a single intervention arm. The
comparisons across these studies were varied, including one
study comparing LAI to a control group (6); and another
comparing TAPB to control (17). Four studies assessed CA
against LAI (15, 18, 21, 22), while two studies examined CA vs.
II/THB (7, 15). Additional comparisons included CA vs. TAPB
(8), CA vs. QLB (23), II/THB vs. RLB (9), I/IHB vs. LAI (16),
I/IHB vs. PVB (10), II/IH vs. QLB (19), LAI vs. TAPB (3), and
II/THB vs. TAPB (20). The detailed characteristics of these
studies are summarized in Table 1, providing a comprehensive
overview of the interventions evaluated, the patient populations
studied, and the outcomes measured. Figure 2 showcases the
network plot.
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3.2 Quality assessment

The assessment of study quality and risk of bias for the
included randomized controlled trials (RCTs) was conducted
using the Cochrane risk of bias tool. This thorough evaluation
revealed that the overall quality of the RCTs incorporated into
our network meta-analysis ranged from high to moderate.
Specifically, in terms of randomized sequence generation, a
crucial element for ensuring the validity of trial outcomes, eleven
of the studies adequately described their method for generating
randomized sequences. However, three studies did not provide
details their
allocation concealment, another key factor that prevents selection

regarding randomization process. Regarding
bias, nine studies adequately reported their methods to ensure
the concealment of allocation sequences from both researchers

and participants. Blinding of outcome assessment, essential for
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TABLE 1 The characteristics of the selected included studies.

10.3389/fped.2024.1417265

Author/ Country Age Group Main mode of Local anesthetic for block Outcomes
year (year) (@) anesthesia
Toker (15) Turkiye 4.08 £1.61 | CA(25) GA 0.5 ml/kg 0.25% bupivacaine [1] [2]
Turkiye 4.08+1.61 | II/THB(25) @ GA 0.3 ml/kg 0.25% bupivacaine [1] [2]
Turkiye 4.08 +1.61 LAI(25) | GA 0.2 ml/kg 0.5% bupivacaine [1] [2]
Sahin (3) Turkiye 4.50+1.50 | TAPB(29) | GA 0.5 ml/kg 0.25% levobupivacaine [2] [4]
Turkiye 45+15 LAI (28) | GA 0.2 ml/kg 0.25% levobupivacaine [2] [4]
SSujica (6) Serbia 34+19 | LAI(50) GA 0.5 mg/kg 0.5% levobupivacaine [2]
Serbia 35+1.9 | Control(50) | GA saline [2]
Casey (16) USA 5.67 +2.58 | LAI(30) GA 0.25 ml/kg 0.25% bupivacaine [3]
USA 575+291 | II/IHB(30) | GA 0.25 ml/kg 0.25% bupivacaine [3]
Abdelbaser Egypt 2+26 TAPB(20) GA 0.4 ml/kg 0.25% bupivacaine [2]
17) Egypt 1.54+2.96 | Control(20) | GA saline [2]
Kumar (8) India 4.09+2.12 | TAPB(56) GA 0.5 ml/kg 0.2% ropivacaine [2] [4]
India 3.73+1.78 CA(56) GA 1 ml/kg 0.2% ropivacaine [2] [4]
Naja (10) Lebanon 73+19 | I/IHB(40) | GA 0.3 ml/kg of the mixture® [1] [4]
Lebanon 74+18 PVB(40) | GA 0.3 ml/kg of the mixture® [1] [4]
Desai (7) India 3.28 £2.06 | CA(55) GA 0.75 ml/kg 0.25% bupivacaine [1] [2] [3]
India 3.88+1.77 | I/IHB(45) | GA 0.3 ml/kg 0.25% bupivacaine [1] [2] [3]
Splinter (18) Canada 46+25 | CA(96) GA 1 ml/kg 0.2% bupivacaine [1] [3] [4]
Canada 49+27 LAI (104) | GA 0.3 ml/kg bupivacaine 0.25% [1] [3] [4]
Samerchua Thailand 24+1.6 | QLB(19) GA 0.5 ml/kg 0.25% bupivacaine [2] [4]
(19) Thailand 32426 | I/IHB(19) K GA 0.2 ml/kg 0.25% bupivacaine [2] (4]
Alseoudy (9) Egypt 3.15+1.48 | RLB(30) GA 0.5 ml/kg 0.25% bupivacaine [1]
Egypt 34107 II/THB(30) | GA 0.5 ml/kg 0.25% bupivacaine [1]
Fredrickson New 39+27 | TAPB(21) | GA 0.3 ml/kg of a 50: 50 mixture of lidocaine 1% and ropivacaine 1% | [1]
(20) Zealand with epinephrine
New 44+37 II/IHB(20) | GA 0.3 ml/kg of a 50: 50 mixture of lidocaine 1% and ropivacaine 1% | [1]
Zealand with epinephrine
Machotta (22) | Germany 1.07 +1.23 | LAI(28) GA 0.2 ml/kg 0.5% bupivacaine [1]
Germany 0.46 + 1.67 CA(30) GA 1 ml/kg 0.25% bupivacaine [1]
Oksiiz (23) Turkey 3.92+0.36 | QLB(27) GA 0.7 ml/kg 0.25% bupivacaine [1] [4]
Turkey 3.7+0.35 CA(25) GA 0.7 ml/kg 0.25% bupivacaine [1] [4]
Schindler (21) | Australian 40+1.9 CA(27) GA 0.7 ml/kg of 0.25% bupivacaine [1] [4]
3.0+3.1 LAI(27) GA 0.7 ml/kg of 0.25% bupivacaine [1] (4]

Data are presented as mean + SD. GA, genera anaesthesial; CA, caudal analgesia; QLB, quadratus lumborum block; TAPB, transversus abdominis plane block; PVB,
paravertebral blockade; II/IHB, ilioinguinal/lliohy- pogastric nerve block; RLB, retrolaminar block; LIA, local infiltration analgesia; NA, not available.
Outcomes: [1] Pain score; [2] Rescue analgesia drug consumption; [3] Hospital stay; [4] Postoperative complications.

3lidocaine 2% 6.5 ml, bupivacaine 0.5% 6 ml, fentanyl 50 ug ml™* and clonidine 150 ug m.

mitigating detection bias, was explicitly mentioned in only two of
the included studies. Figure 3 provides a visual summary of the
risk of bias assessment.

3.3 Primary outcomes

Pain Scores at 2 Hours Post-Surgery: Eleven studies provided
data on pain scores at 2h after surgery. The interventions
evaluated included CA, II/IHB, LAI, PVB, RLB, TAPB, and a
control group. The network analysis indicated that CA, II/IH,
LAJ PVB, RLB, and TAPB were all superior to the control group
in managing pain. The ranking probability diagram identified
PVB as the most effective method (88%) for alleviating pain at
2 h post-surgery (Figure 4 and Supplementary Table S1).

Pain Scores at 6 Hours Post-Surgery: Seven studies reported on
pain scores at 6h, involving the same interventions as above.
Analysis showed that all listed interventions were more effective
than the control group. PVB was identified as the most favorable
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option (48%) for reducing pain at 6 h post-surgery (Figure 4 and
Supplementary Table S2).

Pain Scores at 24 Hours Post-Surgery: Two studies provided
data for pain scores at 24 h, involving CA, LAI, and TAPB.
TAPB was highlighted as the most effective (83%) in preventing
pain 24 h post-surgery (Figure 4 and Supplementary Table S3).

3.4 Secondary outcome

3.4.1 Rescue analgesia drug consumption

At 2h post-surgery, only one study reported on the
consumption of rescue analgesia, involving CA, II/IHB, and LAIL
CA was found to be the most effective (92%) in reducing the
need for additional analgesia at 2h post-surgery (Figure 5 and
Supplementary Table S4).

At 6h,
consumption with interventions including CA, II/THB, LAI,
and TAPB. TAPB emerged as the most effective (79%) in

two studies reported on rescue analgesia
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QLB

TAPB

RLB

FIGURE 2

Network plot for the all interventions. Circles represent the
intervention as a node in the network, lines represent direct
comparisons using randomized controlled trials and the thickness
of lines corresponds to the number of randomized controlled trials
included in each comparison.

reducing morphine consumption at 6 h post-surgery (Figure 5
and Supplementary Table S5).

At 24h, two studies provided data on rescue analgesia
consumption involving LAI, TAPB, and a control group. TAPB
was shown to be the most effective (93%) in decreasing
morphine consumption at 24h post-surgery (Figure 5 and
Supplementary Table S6).

3.4.2 Length of hospital stay

Three studies reported on the length of hospital stays,
comparing the effectiveness of CA, I/IHB, and LAI According to
the ranking probability diagram, LAI was identified as the most
effective option, with a 90% probability of reducing hospital stays
the most significantly (Figure 6 and Supplementary Table S7).

3.4.3 Postoperative complications

Seven studies provided data on the incidence of postoperative
complications. Of these, five studies reported occurrences of
nausea and vomiting (3, 8, 18, 21, 23), involving interventions
such as CA, LAL, QLB, and TAPB. The QLB was highlighted as
the most effective method, with a 96% probability, for reducing

the incidence of PONV (Figure 7 and Supplementary Table S8).

Random sequence generation (selection bias) —:.

Allocation concealment (selection bias) _:l

Blinding of participants and personnel (performance bias) - -
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Incomplete outcome data (attrition bias) _
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FIGURE 3

Cochrane collaboration risk of bias graph and summary. Green circle, low risk of bias; red circle, high risk of bias; yellow circle, unclear risk of bias.
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FIGURE 4
Rank probability of rest pain scores. (A) 2 h; (B) 6 h; (C) 24 h.

Additionally, one study documented cases of transient femoral nerve
blocks [10], and two studies reported urinary retention (18, 21).

4 Discussion

This NMA demonstrated that PVB emerged as the most
effective technique for providing perioperative analgesia at 2
and 6h post-inguinal hernia repair in children. TAPB was
identified as the optimal choice for analgesia 24h after
surgery. Regarding the consumption of rescue analgesia
drugs, CA was the most effective at reducing the need for
additional pain relief at 2h, whereas TAPB proved best at
both 6 and 24h. In terms of facilitating patient recovery,
LAI was found to be the most effective in shortening the length
of hospital stays. The most commonly reported side effects
included PONV, with urinary retention and transient femoral

nerve blocks also noted.

Frontiers in Pediatrics

Inguinal hernia repair is a common surgical procedure in
pediatric patients, which often accompanied by considerable
postoperative pain and discomfort. Effective pain management is
of significant importance for the rapid recovery of children
following hernia repair. Laparoscopic approaches, as a minimally
invasive surgery, may be an effective measure to reduce
postoperative discomfort and provide earlier return to normal
activities. However, study showed that postoperative pain was
still an important cause of discomfort in children despite
minimally invasive surgery was performed (2). Consequently, a
multitude of analgesic approaches have been explored, with
opioids emerging as the most frequently utilized class of
analgesics. However, the concerns surrounding opioid side effects
and addiction, coupled with the challenges in adequately
assessing and treating pain in pediatric populations, have
underscored the importance of non-opioid analgesics and multi-
modal analgesia strategies. In recent years, regional analgesia has
gained attention as a safe and effective technique that can
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FIGURE 5
Rank probability of rescue analgesia drug consumption. (A) 2 h; (B) 6 h; (C) 24 h.
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FIGURE 6
Rank probability of length of hospital stay.

enhance pediatric surgical outcomes and reduce opioid-related A range of regional anesthetic techniques is available to ensure
complications such as nausea, vomiting, itching, and respiratory  effective postoperative pain management following pediatric
depression, particularly in inguinal hernia repairs (11, 24, 25). inguinal hernia repair. Despite this variety, the determination of
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the most effective method remains a subject of debate among
researchers and clinicians (3, 7, 9, 23).

CA has been a popular choice for postoperative analgesia in
children undergoing lower abdominal surgery (26). However, it
has been associated with several adverse effects, including urine
retention, accidental dural puncture, retroperitoneal hematoma,
bowel perforation, and the risk of systemic toxicity (27, 28).

Machotta et al. (22) suggested that local anesthesia infused into
the surgical wound could provide comparable postoperative pain
relief to CA, with a lower incidence of side effects. The advent of
ultrasound-guided regional anesthesia has established peripheral
nerve blocks as effective alternatives to the caudal block for
postoperative pain control in children undergoing inguinal
herniotomy. Ultrasound-guided II/TH and TAPB are particularly
favored for their efficacy in alleviating postoperative pain
(29-31). Recent meta-analyses have shown that II-IHB, TAPB,
and CA offer comparable postoperative analgesia. Compared to
CA, both II-IHB and TAPB significantly reduced postoperative
motor blockade and hastened the time to urinate (32). Our NMA
found no significant difference in pain relief between these
techniques at 2, 6, and 24 h post-operation, which aligns with the
findings of earlier studies (32). Although II-IHB may offer superior
pain relief compared to TAPB, challenges in ultrasound image
quality and procedural difficulty were noted (20). TAPB, accessible
via various approaches, may influence its effectiveness (33, 34).

PVB involves the administration of local anesthetic adjacent to
the thoracic vertebrae, specifically targeting the area around the
spinal nerves as they emerge from the intervertebral foramina.
This technique is relevant for inguinal hernia repairs due to the
sensory innervation of the inguinal region by the ilioinguinal,
iliohypogastric, and genitofemoral nerves. Notably, there is
the sensory
individuals (35), and the hernia sac receives visceral innervation
from spinal nerve roots T12-L2 (36), which abdominal wall
blocks cannot address. PVB, however, can block the visceral
innervation (10). Studies have shown that PVB, compared to the

significant  variation in innervation among

ilioinguinal nerve block, not only enhances and prolongs
postoperative analgesia but also results in higher satisfaction
(10). PVB offers
improved postoperative analgesic effects and reduces the need for

among parents and surgeons Moreover,
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postoperative analgesics while maintaining better hemodynamic
stability during surgery compared to the II/THB (10).

RLB serves as an alternative to PVB. In RLB, anesthetic is injected
between the vertebral lamina and the deep paraspinal muscles, a
technique first described by Pfeiffer et al. (37). RLB has been
reported as an effective alternative to PVB [40] and can be
performed either through palpation of anatomical landmarks or
under ultrasound guidance (38). Given the absence of major vessels
or nerves along the needle pathway, RLB is considered anatomically
safe. Studies indicate that RLB offers superior postoperative
analgesia compared to the ilioinguinal nerve block in children
undergoing unilateral inguinal herniotomy (9). This NMA found
no significant differences in pain control between these methods at
6 and 24 h. However, at 2 h post-operation, PVB was superior to
LAI, suggesting PVB’s effectiveness in short-term pain management.
Regarding the consumption of rescue analgesia drugs, CA was the
most effective at 2 h, while TAPB excelled at 6 and 24 h. LAI was
identified as the most efficacious in reducing hospital stays.

QLB is a newer abdominal truncal block technique that provides
analgesia for both the upper and lower abdomen. It involves the
diffusion of local anesthetic between the posterior aspect of the
quadratus muscle and the inner layer of the thoracolumbar fascia,
which is located near the paravertebral space (39). QLB has proven
more effective than traditional caudal block in multimodal
analgesia settings (23) and has shown superior pain relief
compared to the TAPB without adverse reactions (39).

Nevertheless, this NMA has several limitations. Firstly, the
studies varied in their use of local anesthetics, with some
employing levobupivacaine, ropivacaine, bupivacaine, or mixtures
thereof. Secondly, the concentration and volume of the
anesthetics differed, potentially influencing analgesic outcomes.
Thirdly, adjuncts such as epinephrine, fentanyl, and clonidine
were used in some trials. Fourthly, assessing pain in children is
complex, influenced by factors like cognitive level, language
ability, and cultural background, with various evaluation methods
used across studies, such as FLACC (6, 7, 9, 17, 23), CHEOPS
(3, 8, 18, 19, 21, 22) and VAS (10). Consequently, predicting
efficacy and risk is challenging due to developmental
differences among children of different ages. Sixth, only three

studies (9, 17, 19) explicitly reported the use of open surgical and
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other 12 studies did not mention it. This maybe influence our
finding because minimally invasive surgery had a certain effect on
postoperative pain. Lastly, some outcomes were reported by a
limited number of trials, and some treatments were unique to
single studies, further complicating the analysis.

5 Conclusions

In conclusion, according to our NMA, regional anesthesia
significantly enhances postoperative pain management in pediatric
inguinal hernia repair surgery. For short-term postoperative pain
relief, PVB emerges as the most effective technique. Meanwhile,
TAPB provides more prolonged analgesia, making it the preferred
choice for managing pain at 24 h post-surgery. Additionally, TAPB
stands out for reducing the need for supplementary analgesia at
both 6 and 24 h post-operation. While TAPB may not offer the
best short-term analgesia, its simplicity and the fact that it does not
necessitate a special position-being performable in the supine
position-make it a practical option. Nonetheless, given the scarcity
of data, particularly regarding newer blocking techniques, our
conclusions should be interpreted with caution. There is a clear
need for further research, including direct comparisons of different
regional anesthesia techniques in the context of pediatric inguinal
hernia repair, to solidify these findings.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

Author contributions

XX: Conceptualization, Supervision, Writing - original draft,
Writing - review & editing. YZ: Data curation, Investigation,

References

1. Jenkins J, O’'Dwyer P. Inguinal hernias. Br Med J. (2008) 336:269-72. doi: 10.
1136/bmj.39450.428275.AD

2. Vatansev C, Belviranli M, Aksoy F, Tunce r S, Sahin M, Karahan OM. The effects
of different hernia repair methods on postoperative pain medication and CRP levels.
Surg Laparosc Endosc Percutan Tech. (2002) 12:243-6. doi: 10.1097/00129689-
200208000-00008

3. Sahin L, Sahin M, Gul R, Saricicek V, Isikay N. Ultrasound-guided transversus
abdominis plane block in children a randomised comparison with wound
infiltration. Eur ] Anaesthesiol. (2013) 30:409-14. doi: 10.1097/EJA.0b013e32835d2fcb

4. Dingeman RS, Barus LM, Chung HK, Clendenin DJ, Lee CS, Tracy S, et al.
Ultrasonography-guided bilateral rectus sheath block vs local anesthetic infiltration

after pediatric umbilical hernia repair a prospective randomized clinical trial. JAMA
Surg. (2013) 148:707-13. doi: 10.1001/jamasurg.2013.1442

5. Alkayssi HAK, Abood KA. Comparison between caudal and TAP blocks post-
inguinal surgery analgesia in children. Neuro Quantol. (2022) 20:278-83. doi: 10.
14704/nq.2022.20.4.NQ22119

Frontiers in Pediatrics

10.3389/fped.2024.1417265

Writing - original draft. NY: Data curation, Investigation,
draft. ZY: Data
Investigation, Software, Writing - review & editing.

Software, Writing - original curation,

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article.

This research was funded by the Natural Science Foundation of
Gansu Province of China (23JRRA1592).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fped.2024.
1417265/full#supplementary-material

6. Sujica M, Gazibara T, Mandra§ A, Kruni¢ I, Vuckovi¢ S. Comparison of the
postoperative analgesic effects of levobupivacaine wound instillation with a placebo
after unilateral inguinal hernia repair: a randomized-controlled trial. Cent Eur
] Paediatr. (2021) 17:93-102. doi: 10.5457/P2005-114.294

7. Desai U, Sontakke AY. Assessment of postoperative analgesic efficacy of
ilioinguinal-iliohypogastric block as compared to caudal block in children
undergoing inguinal herniotomy: a randomised clinical study. J Clin Diagn Res.
(2022) 16:UC06--10. doi: 10.7860/JCDR/2022/56837.16577

8. Kumar A, Dogra N, Gupta A, Aggarwal S. Ultrasound-guided transversus
abdominis plane block versus caudal block for postoperative analgesia in children
undergoing inguinal hernia surgery: a comparative study. ] Anaesthesiol Clin
Pharmacol. (2020) 36:172-6. doi: 10.4103/joacp.JOACP_100_19

9. Alseoudy MM, Abdelbaser I. Ultrasound-guided retrolaminar block versus
ilioinguinal nerve block for postoperative analgesia in children undergoing inguinal
herniotomy: a randomized controlled trial. J Clin Anesth. (2021) 74:110421. doi: 10.
1016/j.jclinane.2021.110421

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fped.2024.1417265/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fped.2024.1417265/full#supplementary-material
https://doi.org/10.1136/bmj.39450.428275.AD
https://doi.org/10.1136/bmj.39450.428275.AD
https://doi.org/10.1097/00129689-200208000-00008
https://doi.org/10.1097/00129689-200208000-00008
https://doi.org/10.1097/EJA.0b013e32835d2fcb
https://doi.org/10.1001/jamasurg.2013.1442
https://doi.org/10.14704/nq.2022.20.4.NQ22119
https://doi.org/10.14704/nq.2022.20.4.NQ22119
https://doi.org/10.5457/P2005-114.294
https://doi.org/10.7860/JCDR/2022/56837.16577
https://doi.org/10.4103/joacp.JOACP_100_19
https://doi.org/10.1016/j.jclinane.2021.110421
https://doi.org/10.1016/j.jclinane.2021.110421
https://doi.org/10.3389/fped.2024.1417265
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Xue et al.

10. Naja ZM, Raf M, El Rajab M, Daoud N, Ziade FM, Al Tannir MA, et al. A
comparison of nerve stimulator guided paravertebral block and ilio-inguinal nerve
block for analgesia after inguinal herniorrhaphy in children. Anaesthesia. (2006)
61:1064-8. doi: 10.1111/j.1365-2044.2006.04833.x

11. Priyadarshini K, Behera BK, Tripathy BB, Misra S. Ultrasound-guided transverse
abdominis plane block, ilioinguinal/ilichypogastric nerve block, and quadratus
lumborum block for elective open inguinal hernia repair in children: a randomized
controlled trial. Reg Anesth Pain Med. (2022) 47:217-21. doi: 10.1136/rapm-2021-
103201

12. Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH, Cameron C, et al.
The PRISMA extension statement for reporting of systematic reviews incorporating
network meta-analyses of health care interventions: checklist and explanations. Ann
Intern Med. (2015) 162:777-84. doi: 10.7326/M14-23

13. Fellow JP, Altman DG. Chapter 8: Assessing risk of bias in included studies. In:
Higgins JPT, Green S, editors. Cochrane Handbook for Systematic Reviews of
Interventions. Version 5.1.0 (updated March 20, 2011). The Cochrane Collaboration
(2011). Available online at: https://www.cochrane-handbook.org

14. Xue X, Lv X, Ma X, Zhou Y, Yu N. Postoperative pain relief after total knee
arthroplasty: a Bayesian network meta-analysis and systematic review of analgesic
strategies based on nerve blocks. J Clin Anesth. (2024) 96. doi: 10.1016/j.jclinane.2024.111490

15. Toker MK, Altan Y, Ciftci F, Gulleroglu A, Ozaydin S, Demiraran Y. A
comparison of pre-emptive regional analgesic modalities for unilateral inguinal
hernia repair in children. Int J Clin Exp Med. (2016) 9:11244-51

16. Casey WF, Rice L], Hannallah RS, Broadman L, Norden JM, Guzzetta P. A
comparison between bupivacaine instillation versus ilioinguinal/iliohypogastric
nerve block for postoperative analgesia following inguinal herniorrhaphy in
children. Anesthesiology. (1990) 72:637-9. doi: 10.1097/00000542-199004000-00011

17. Abdelbaser I, Mageed NA, El-Emam ESM, Alseoudy MM, Elmorsy MM.
Preemptive analgesic efficacy of ultrasound-guided transversalis fascia plane block
in children undergoing inguinal herniorrhaphy: a randomized, double-blind,
controlled study. Korean J Anesthesiol. (2021) 74:325-32. doi: 10.4097/kja.20601

18. Splinter WM, Bass J, Komocar L. Regional anesthesia for hernia repair in
children—local vs caudal anesthesia. Can ] Anaesth ] Can Anesth. (1995)
42:197-200. doi: 10.1007/bf03010675

19. Samerchua A, Leurcharusmee P, Panichpichate K, Bunchungmongkol N,
Wanvoharn M, Tepmalai K, et al. A prospective, randomized comparative study
between ultrasound-guided posterior quadratus lumborum block and ultrasound-
guided ilioinguinal/ilichypogastric nerve block for pediatric inguinal herniotomy.
Pediatr Anesth. (2020) 30:498-505. doi: 10.1111/pan.13837

20. Fredrickson MJ, Paine C, Hamill J. Improved analgesia with the ilioinguinal
block compared to the transversus abdominis plane block after pediatric inguinal
surgery: a prospective randomized trial. Pediatr Anesth. (2010) 20:1022-7. doi: 10.
1111/j.1460-9592.2010.03432.x

21. Schindler M, Swann M, Crawford M. A comparison of postoperative analgesia
provided by wound infiltration or caudal analgesia. Anaesth Intensive Care. (1991)
19:46-9. doi: 10.1177/0310057X9101900108

22. Machotta A, Risse A, Bercker S, Streich R, Pappert D. Comparison between
instillation of bupivacaine versus caudal analgesia for postoperative analgesia
following inguinal herniotomy in children. Paediatr Anaesth. (2003) 13:397-402.
doi: 10.1046/j.1460-9592.2003.01080.x

23. Oksuz G, Arslan M, Urfalioglu A, Guler AG, Teksen S, Bilal B, et al. Comparison
of quadratus lumborum block and caudal block for postoperative analgesia in
pediatric patients undergoing inguinal hernia repair and orchiopexy surgeries: a
randomized controlled trial. Reg Anesth Pain Med. (2020) 45:187-91. doi: 10.1136/
rapm-2019-101027

Frontiers in Pediatrics

10

10.3389/fped.2024.1417265

24. Sahin L, Soydinc MH, Sen E, Cavus O, Sahin M. Comparison of 3 different
regional block techniques in pediatric patients A prospective randomized single-
blinded study. Saudi Med J. (2017) 38:952-9. doi: 10.15537/smj.2017.9.20505

25. Kendall MC, Alves LJC, Suh EI, McCormick ZL, De Oliveira GS. Regional
anesthesia to ameliorate postoperative analgesia outcomes in pediatric surgical
patients: an updated systematic review of randomized controlled trials. Local Reg
Anesth. (2018) 11:91-109. doi: 10.2147/LRA.S185554

26. Schrock CR, Jones MB. The dose of caudal epidural analgesia and duration of
postoperative analgesia. Paediatr Anaesth. (2003) 13:403-8. doi: 10.1046/j.1460-
9592.2003.01078.x

27. Dalens B, Hasnaoui A. Caudal anesthesia in pediatric surgery: success rate and
adverse effects in 750 consecutive patients. Anesth Analg. (1989) 68:83-9. doi: 10.
1213/00000539-198902000-00002

28. Larousse E, Asehnoune K, Dartayet B, Albaladejo P, Dubousset A-M, Gauthier
F, et al. The hemodynamic effects of pediatric caudal anesthesia assessed by
esophageal Doppler. Anesth Analg. (2002) 94:1165-8. doi: 10.1097/00000539-
200205000-00020

29. Ahmed A, Rayan A, Kasem A. Ultrasound-guided transversus abdominal plane
(TAP) block versus caudal block for postoperative analgesia in children undergoing
unilateral groin surgery. Reg Anesth Pain Med. (2014) 39:¢321. doi: 10.1097/AAP.
0000000000000142

30. Arora S, Chhabra A, Subramaniam R, Arora MK, Misra MC, Bansal VK.
Transversus abdominis plane block for laparoscopic inguinal hernia repair: a
randomized trial. J Clin Anesth. (2016) 33:357-64. doi: 10.1016/j.jclinane.2016.04.047

31. Willschke H, Marhofer P, Bosenberg A, Johnston S, Wanzel O, Cox SG, et al.
Ultrasonography for ilioinguinal/ilichypogastric nerve blocks in children. Br
] Anaesth. (2005) 95:226-30. doi: 10.1093/bja/aeil57

32. Desai N, Chan E, El-Boghdadly K, Albrecht E. Caudal analgesia versus
abdominal wall blocks for pediatric genitourinary surgery: systematic review and
meta-analysis. Reg Anesth Pain Med. (2020) 45:924-33. doi: 10.1136/rapm-2020-
101726

33. Carney ], Mcdonnell JG, Ochana A, Bhinder R, Laffey JG. The transversus
abdominis plane block provides effective postoperative analgesia in patients
undergoing total abdominal hysterectomy. Anesth Analg. (2008) 107:2056-60.
doi: 10.1213/ane.0b013e3181871313

34. O’Donnell BD. The transversus abdominis plane (TAP) block in open
retropubic prostatectomy. Reg Anesth Pain Med. (2006) 31:91 doi: 10.1016/j.rapm.
2005.10.006

35. Sasaoka N, Kawaguchi M, Yoshitani K, Kato H, Suzuki A, Furuya H. Evaluation
of genitofemoral nerve block, in addition to ilioinguinal and iliohypogastric nerve
block, during inguinal hernia repair in children. Br J Anaesth. (2005) 94(2):243-6.
doi: 10.1093/bja/aei031

36. Starling JR, Harms BA. Diagnosis and treatment of genitofemoral and
ilioinguinal neuralgia. World J Surg. (1989) 13(5):586-91.doi: 10.1007/BF01658875

37. Pfeiffer G, Oppitz N, Schone S, Richter-Heine I, Koltermann C. Analgesia of the
axilla using a paravertebral catheter in the lamina technique. Anaesthesist. (2006)
55:423-7. doi: 10.1007/s00101-005-0969-0

38. Zeballos J, Voscopoulos C, Kapottos M, Janfaza D, Vlassakov K. Ultrasound-
guided retrolaminar paravertebral block. Anaesthesia. (2013) 68:649-51. doi: 10.
1111/anae.12296

39. Oksuz G, Bilal B, Gurkan Y, Urfalioglu A, Arslan M, Gisi G, et al. Quadratus
lumborum block versus transversus abdominis plane block in children undergoing
low abdominal surgery a randomized controlled trial. Reg Anesth Pain Med. (2017)
42:674-9. doi: 10.1097/aap.0000000000000645

frontiersin.org


https://doi.org/10.1111/j.1365-2044.2006.04833.x
https://doi.org/10.1136/rapm-2021-103201
https://doi.org/10.1136/rapm-2021-103201
https://doi.org/10.7326/M14-23
https://www.cochrane-handbook.org
https://doi.org/10.1016/j.jclinane.2024.111490
https://doi.org/10.1097/00000542-199004000-00011
https://doi.org/10.4097/kja.20601
https://doi.org/10.1007/bf03010675
https://doi.org/10.1111/pan.13837
https://doi.org/10.1111/j.1460-9592.2010.03432.x
https://doi.org/10.1111/j.1460-9592.2010.03432.x
https://doi.org/10.1177/0310057X9101900108
https://doi.org/10.1046/j.1460-9592.2003.01080.x
https://doi.org/10.1136/rapm-2019-101027
https://doi.org/10.1136/rapm-2019-101027
https://doi.org/10.15537/smj.2017.9.20505
https://doi.org/10.2147/LRA.S185554
https://doi.org/10.1046/j.1460-9592.2003.01078.x
https://doi.org/10.1046/j.1460-9592.2003.01078.x
https://doi.org/10.1213/00000539-198902000-00002
https://doi.org/10.1213/00000539-198902000-00002
https://doi.org/10.1097/00000539-200205000-00020
https://doi.org/10.1097/00000539-200205000-00020
https://doi.org/10.1097/AAP.0000000000000142
https://doi.org/10.1097/AAP.0000000000000142
https://doi.org/10.1016/j.jclinane.2016.04.047
https://doi.org/10.1093/bja/aei157
https://doi.org/10.1136/rapm-2020-101726
https://doi.org/10.1136/rapm-2020-101726
https://doi.org/10.1213/ane.0b013e3181871313
https://doi.org/10.1016/j.rapm.2005.10.006
https://doi.org/10.1016/j.rapm.2005.10.006
https://doi.org/10.1093/bja/aei031
https://doi.org/10.1007/BF01658875
https://doi.org/10.1007/s00101-005-0969-0
https://doi.org/10.1111/anae.12296
https://doi.org/10.1111/anae.12296
https://doi.org/10.1097/aap.0000000000000645
https://doi.org/10.3389/fped.2024.1417265
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Analgesia strategy for inguinal hernia repair in children: a systematic review and network meta-analysis of randomized clinical trials based on regional blocks
	Introduction
	Methods
	Study design
	Search strategy and selection criteria
	Outcome measures
	Risk of bias and quality assessment
	Statistical methods

	Results
	Study selection and characteristics
	Quality assessment
	Primary outcomes
	Secondary outcome
	Rescue analgesia drug consumption
	Length of hospital stay
	Postoperative complications


	Discussion
	Conclusions
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


