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Purpose: Postoperative pain relief after laparoscopic appendicectomy is a key determinant of early rehabilitation in children. Recent 
guidelines recommend performing either a transversus abdominis plane (TAP) block or local anesthesia (LA) wound infiltration as part 
of multimodal postoperative analgesia after appendectomy. To date, the clinical effectiveness of TAP block versus LA wound 
infiltration has never been compared. The hypothesis of this study is that the TAP block may provide a greater opioid-sparing effect 
after laparoscopic appendicectomy in children than LA wound infiltration.
Study Design and Methods: We designed a multicenter double-blind randomized controlled phase III trial and aim to include 110 
children who undergo laparoscopic appendicectomy. Children are randomized to receive either TAP block (TAP group) or LA wound 
infiltration (infiltration group). Multimodal analgesia is standardized in the two groups using the same protocol, which includes the 
stepwise prescription of paracetamol, phloroglucinol, ketoprofene, and nalbuphine according to the hetero-evaluation of pain 
performed by the nurses who were blinded to the treatment allocated using the validated FLACC scale. The primary outcome is 
the total dose of nalbuphine administered within 24 hours after surgery.
Discussion: No study has specifically compared the clinical effectiveness of TAP block versus LA wound infiltration for postoperative 
pain relief after laparoscopic appendectomy in children. This paper describes the protocol for a randomized trial that addresses this 
issue. The results of this trial will be useful for editing guidelines with a higher level of evidence on this topic.
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Introduction
Laparoscopic appendectomy is the most common surgical procedure performed during emergency surgeries in children. 
Postoperative pain relief after laparoscopic appendectomy should allow early rehabilitation to shorten hospital stay. 
Current European guidelines recommend postoperative multimodal analgesia, including either transversus abdominis 
plane (TAP) block or local anesthesia (LA) wound infiltration of the trocar site insertion.1
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TAP block was reported to improve postoperative pain relief after laparoscopic appendectomy in children in several 
randomized controlled trials.2–5 TAP block significantly decreased postoperative opioid consumption and delayed the 
first analgesic intake after surgery.2,4 LA wound infiltration of the trocar site insertion was also described to provide 
efficient pain relief compared to laparoscopic appendectomy.6 The current European guidelines mentioned that TAP 
block could be more efficient than LA wound infiltration and should be considered as the first-line LA technique for 
postoperative pain relief after laparoscopic appendectomy in children.1 However, the level of evidence for this 
recommendation is weak because no study has directly compared the clinical effectiveness of TAP block versus LA 
wound infiltration of trocar site insertion. TAP block combined to LA wound infiltration of trocar site insertion compared 
to LA wound infiltration of trocar site insertion alone did not significantly decrease the proportion of children requiring 
more than 0.2 mg/kg of morphine after laparoscopic appendectomy.7 In an observational study conducted in adult 
patients, no significant difference was observed between TAP block and LA wound infiltration of trocar site insertion 
after either laparoscopic appendectomy or cholecystectomy.8

The purpose of the present study is to investigate, for the first time, whether TAP block could improve postoperative 
pain relief after laparoscopic appendectomy in children compared with LA wound infiltration at trocar site insertion.

Objectives
The primary objective is to compare the opioid-sparing effect provided by the TAP block performed by the anesthesiol
ogist versus local anesthesia (LA) wound infiltration performed by the surgeon within 24 h after laparoscopic appendi
cectomy in children.

The secondary objectives are as follows: 1) to assess the opioid-sparing effect of TAP block versus LA wound 
infiltration within 12 h and between the 13th and 24th hours after surgery; 2) to compare the postoperative pain relief 
provided by TAP block versus LA wound infiltration at 1, 2, 6, 12, and 24 h after surgery; 3) to investigate whether TAP 
block versus LA wound infiltration could improve postoperative comfort and rehabilitation; and 4) to describe the safety 
of TAP block and LA wound infiltration for postoperative analgesia after laparoscopic appendicectomy in children.

Methods and Analysis
Trial Design
This study is a phase III randomized controlled double-blind multicenter trial.

Eligibility
Children who undergo laparoscopic appendicectomy under general anesthesia at the University Hospital of Besancon, 
France (Centre Hospitalier Universitaire (CHU) de Besançon) or the University Hospital of Dijon, France (CHU de 
Dijon) are eligible for inclusion. Inclusion and exclusion criteria are listed below.

Inclusion Criteria
● Signed informed consent provided by the child and by the holders of parental authority
● Laparoscopic appendicectomy under general anesthesia
● Acute appendicitis
● American Society of Anesthesiologists’ (ASA) physical status I to III

Exclusion Criteria
● Age under 3 years or over 15 years
● Body weight >50 kg
● ASA physical status IV
● Child or holder of parental authority refusal to participate
● Peritonitis (grade IV appendicitis)
● Long-term opioid treatment
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● Epilepsy
● Liver failure
● Allergy to local anesthetic
● Allergy to nalbuphine
● Known or suspected coagulopathy
● Subjects without health insurance

Study Outline
Eligible patients are screened during the preoperative anesthetic assessment within the hours preceding the surgical 
procedure. After oral explanation of the study, written informed consent is obtained from the eligible child (written 
consent if aged over 6 years prior surgery; oral consent if aged under 6 years prior surgery) and from at least one holder 
of parental authority, according to the French law.9 When written informed consent was obtained, children included are 
randomized using sealed opaque envelopes according to a randomization list generated with R (R Core Team (2019). R: 
Language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL: 
https://www.R-project.org/) software. The randomization list is stratified according to the center.

Standard monitoring (General Electric Healthcare) was set up on arrival in the operating room. After induction of 
anesthesia, children are intubated, and tidal volume and respiratory rate are set-up to maintain the end tidal carbon 
dioxide between 35- and 40-mm Hg. The inspired oxygen fraction is adjusted to obtain pulse oximetry of >95%. General 
anesthesia is induced using propofol and maintained using sevoflurane in all children included in the study. The type of 
opioid administered (either sufentanil or alfentanil) and the use of neuromuscular blocking agents are left at the discretion 
of the physician in charge of the child considering the individual risks of aspiration and anaphylaxis. Ketamine 0.3 mg. 
kg−1 was administered prior to the incision.

According to the treatment allocated by randomization, children received either a bilateral TAP block (TAP group) 
prior surgical incision or LA wound infiltration after surgical wound closure (infiltration group) with a total dose of 
0.6 mL.kg−1 of levobupivacaine 2.5 mg.mL−1.

The following surgical and anesthetic details are recorded: type and total dose of anesthetic drugs administered, stage 
of appendicitis (catarrhal, phlegmonous, or gangrenous), duration of surgery, total dose of LA injected, number of 
surgical trocars used, and number of trocar insertion points infiltrated with LA.

At the end of surgery, children are admitted to the post-anesthesia care unit (PACU) for at least one hour. 
Postoperative analgesia is standardized in the two groups (Figure 1) and is based on the intravenous administration of 
paracetamol 15 mg.kg−1 4 times per day, ketoprofene 1 mg.kg−1 three times per day, and phloroglucinol 1 mg.kg−1 three 
times per day. Postoperative analgesia is anticipated intraoperatively in the operating room to provide an optimal 
analgesic effect at emergence from general anesthesia, considering the individual pharmacokinetic profile of each 
analgesic drug. Thus, the first administration of paracetamol, ketoprofene and phloroglucinol is performed 
intraoperatively.

Pain relief is assessed using the Face Legs Activity Cry Consolability (FLACC) scale at 1 h, 2 h, 6 h, 12 h and 24 
h after the admission in the PACU, and each time the child complains of insufficient pain relief. The FLACC scale is 
a validated tool for hetero-evaluation of postoperative pain in children aged 3–15 years.10 The FLACC scale includes five 
criteria: facial expression, leg position and movement, type of activity, presence and intensity of crying, and consol
ability. A score of 0, 1, or 2 is assigned to each criterion, providing a total score ranging from 0 to 10, with 0 representing 
no pain. All FLACC scale values are reported in a case report form.

Nalbuphine 0.2 mg.kg−1 up to 6 times per day can be administered in cases of insufficient pain relief, defined as 
a FLACC scale value higher than 3. The FLACC scale is systematically reassessed within 30 min of nalbuphine 
administration. In case of postoperative nausea and/or vomiting, ondansetron 3 mg.kg−1 up to three times per day, can 
be delivered.

The type and total dose of each analgesic drug delivered within 24 hours after surgery is collected.
The study period ends at the 24th hour after the admission in the PACU.
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Randomization, Allocation Concealment, and Blinding
Since laparoscopic appendicectomy is an emergent surgery, randomization is performed within the hours preceding 
admission to the operating room using sealed opaque envelopes. Sealed opaque envelopes were prepared by an 
independent investigator according to the randomization list with a constant block size of 4 (ratio 1:1), generated 
using R (R Core Team (2019). R: Language and environment for statistical computing. R Foundation for Statistical 
Computing, Vienna, Austria. URL: https://www.R-project.org/) software. The independent investigator is involved in 
neither patient inclusion nor patient management. The randomization list is stratified according to the center. The block 
size is unknown to the investigator. When written informed consent is obtained, the investigators opened the first 
envelope available at the top of the storage box to enable inclusion and randomization. Randomly allocated treatments 
are immediately communicated to the investigator in charge of the patient.

Holders of parental authority, children, and outcome assessors (nurses in charge of the patient) are blinded to 
treatment allocation.

Study Procedure and Interventions
In the TAP group, children received an ultrasound-guided bilateral TAP block with 0.6 mL.kg−1 of levobupivacaine 
2.5 mg.mL−1 immediately after the induction of general anesthesia and prior surgical incision, according to the lateral 
approach described by Tran et al.11 The same volume of LA is injected into both sides.

Figure 1 Standardized post-operative analgesia protocol used in the 2 groups. 
Abbreviations: iv, intravenous; PACU, post-anesthesia care unit; FLACC, Face Legs Activity Cry Consolability.
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In the infiltration group, LA wound infiltration is performed following surgical wound closure. A total of 0.6 mL.kg−1 

of levobupivacaine 2.5 mg.mL−1 is divided between the different trocar insertion points. The same dose is administered 
at each trocar-insertion point. If only one trocar is used for surgery, the total dose of 0.6 mL.kg−1 is injected in the unique 
insertion point.

The intraoperative analgesia protocol is left to the discretion of the physician in charge of the patient. After induction 
of general anesthesia, additional intraoperative administration of opioids (either sufentanil or alfentanil) can be adminis
tered if deemed necessary. No nociception monitoring device is used to guide perioperative analgesia. Postoperative 
analgesia is standardized in the two groups according to the protocol described in Figure 1.

Outcome Measures
The primary outcome is the total dose of nalbuphine delivered within 24 hours after surgery, expressed in mg.kg−1. 
Nalbuphine is administered based on the assessment of pain relief using the FLACC scale according to the protocol 
described in Figure 1.

Secondary outcomes are as follows: the total dose of nalbuphine delivered within 12 h and between the 13th and 24th 
hours after surgery; the FLACC scale values at 1 h, 2 h, 6 h, 12 h, and 24 h after surgery; the mean FLACC scale value 
within 24 h after surgery; the intra-individual variation of the FLACC scale value within 24 h after surgery; the time from 
the end of surgery to the first dose of nalbuphine; the time from the end of surgery to the first sitting up; the rate of 
postoperative nausea and/or vomiting; and the rate of adverse events, including hematoma at the site of LA injection.

Safety
All serious adverse events are collected and reviewed by the principal investigator of the study and reported to the trial 
sponsor (CHU Besancon, Besancon, France) and Pharmacovigilance Department of the University Hospital of 
Besancon (CHU Besancon, Besancon, France). The study insurance has been contracted to all participants by a trial 
sponsor (CHU Besancon, Besancon, France).

Since no off-label use of levobupivacaine is prescribed during the study and since both TAP block and LA wound 
infiltration are commonly used for postoperative pain relief after laparoscopic appendicectomy, a data and safety 
monitoring board was considered unnecessary by the trial sponsor and the principal investigator.

Sample Size Calculation
The sample size calculation was based on a retrospective analysis of data recording sheets from 81 children who 
underwent laparoscopic appendicectomy in the Pediatric Surgery Department of the University Hospital of Besançon, 
prior to the PABLO trial (data not published). The expected value of the primary outcome was, respectively, 0.26 mg. 
kg−1 and 0.34 mg.kg−1 in children who underwent TAP block and LA wound infiltration for postoperative pain relief with 
an estimated of 0.16 mg.kg−1.

Based on these results, we hypothesized that the TAP block performed by the anesthesiologist would be superior to 
LA wound infiltration performed by the surgeon to provide an opioid-sparing effect within 24 hours after laparoscopic 
appendicectomy in children. Considering a mean absolute difference of 0.08 mg.kg-1 in the TAP group, an α risk of 0.05, 
a β risk of 0.10, and a loss to follow-up rate of 10%, 55 children were required in each group (one-sided hypothesis).

Statistical Analysis
The normality of the distribution of continuous variables will be tested using the Shapiro–Wilk test. The TAP and the 
infiltration groups will be compared based on intention-to-treat analysis. Intergroup comparisons will be conducted using 
the Mann–Whitney U-test or Student t-test for quantitative variables, depending on the distribution of data, and using the 
Fisher’s exact test of the chi-square test for qualitative variables. The significance level is set at P < 0.05. No interim 
analysis is planned.
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Monitoring
The Department of Research and Clinical Investigation of our institution will monitor all written informed consent 
according to the French law.9

Planning and Dissemination
Inclusions started on July 30, 2021. The initial planned duration of the trial was two years. No amendments were made to 
the study protocols. The University Hospital of Besancon (CHU Besancon, Besancon, France) is a trial sponsor and 
holder of all the data and publication rights. The results of this study will be submitted for publication in a peer-reviewed 
international medical journal and presented in an abstract form at national and international conferences.

Ethics Approval and Registration
This study was approved by the French Ethics Committee (Comité de Protection des Personnes Ile de France IV, 
Dr. Shahnaz Klouche, N°2021/15, March 24, 2021). The PABLO study was registered with ClinicalTrials.gov (Identifier: 
NCT04969133; principal investigator: Dr. Amélie Jurine, M.D., date of registration: July 20, 2021). This study is 
conducted in accordance with GCP-ICH-6 in two university-affiliated hospitals (CHU de Besancon, Besancon, France 
and CHU de Dijon, Dijon, France) and in accordance with the Declaration of Helsinki. Eligible patients are screened in 
the pediatric emergency department or pediatric surgery department during the preoperative anesthetic assessment, within 
hours preceding the surgical procedure. Holders of parental authority and eligible children receive all information related 
to the study. Informed consent is obtained by investigators from both eligible children (oral informed consent if age <6 
years; written informed consent if age >6 years) and at least one holder of parental authority before inclusion in the study, 
according to French law.9
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