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Abstract

:

Laparoscopic appendectomy (LA) is one of the most commonly performed surgical procedures in children and is associated with extreme postoperative discomfort due to peritoneal inflammation and infection. The main objective of this study was to investigate the effects of postoperative pain (POP) in children after laparoscopic appendectomy. Articles describing or evaluating the control of POP in children with LA were considered eligible. All available literature such as randomized controls, prospective controls, retrospective as well as clinical studies were considered. A comprehensive search was performed in PubMed, Medline, Embase, Cochrane Library, Clinical trials.gov, and Google scholar. The initial search took place on 23 April 2021, and was updated on 24 August 2021. There were no language or date restrictions. Each of the included articles was evaluated separately by two independent reviewers. Additional papers were found by searching the reference lists of eligible studies. Eighteen papers were considered. All papers, and many of them used different methods to treat POP in children undergoing LA, such as lidocaine infusion, different analgesic approaches, ultrasound-guided transverse abdominis blockade (UGTAP), ultrasound-guided quadratus lumborum blockade (UGQLB), and comparison of open appendectomy (OA) with local anesthetics in relation to POP management in children. Laparoscopic appendectomy is the surgical procedure preferred by clinicians compared with open appendectomy in children. A multimodal analgesic approach is optimal and efficient surgical techniques such as UGBRSB, UGQLB, and UGTAP block might significantly impact POP in children except that there are contraindications. Dexmedetomidine proved to be an effective adjuvant that can enhance the effect of local anesthetics. The lack of a sufficient number of studies may be a factor affecting our confidence in the results of this study. Therefore, further evidence-based randomized control trials with a large sample size are needed to provide clarity.
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1. Introduction


Appendicitis is common, with a lifetime risk of 6.7% to 8.6% in the United States [1], and affects people of all ages, but especially children [2]. In 2011, approximately 327,000 appendectomies were performed in U.S. hospitals, making it the 15th most expensive treatment in terms of total health care costs at USD 2441 million [3]. Appendectomy is the most commonly performed abdominal trauma surgery in children. The method LA was first defined in the 1980s [4]. Laparoscopic appendectomy has largely replaced open appendectomy in several health care facilities due to reduced hospital stays and wound infections [5]. Other “lightly invasive” procedures include needle-based surgery (port infiltration), single-incision laparoscopic surgery (SIL), and natural orifice transluminal endoscopic surgery (NOTES). Although the laparoscopic technique causes less discomfort than most other surgical methods [5], children still experience significant postoperative pain (POP) [6]. In the pediatric hospital, routine treatment for laparoscopic appendectomy includes general anesthesia, tracheal intubation, intravenous opioids, local anesthesia of the laparoscopic ports, patient-controlled analgesia (PCA), and transverse abdominal block (TAP) throughout the POP phase [7].The intensity of postoperative pain decreases between the first and third day after surgery, e.g., VAS score from 4.80 to 4.29 [8,9,10,11,12]. It has been suggested that POP may eventually leads to behavioral disturbances [13], sleep disturbances [13,14], parental frustration, and disruption of family life [15,16]. Inadequacies place a burden on the health care system and can lead to unscheduled visits to the primary care physician or clinic [17]. Inadequate POP treatment after medical intervention has been shown to be associated with chronic postoperative pain in children [18]. Chronic pain exists in 5% of children after inguinal hernia surgery and in 13.3% after other general, or orthopedic, and urologic surgeries [19,20]. Pain during laparoscopic cholecystectomy results from clinically different components [21]. These include visceral and somatic pain, usually occurring in the first 24 h [21]. In the literature, blockade of the intercostal nerves (T7-T12) along with iliohypogastric and ilioinguinal (L1) blockade has been reported to be a factor in reducing abdominal pain [21]. Given the widespread problem, there is relatively little research on the POP perceptions of children undergoing LA. Even though there is a standard of pain management, it is unclear whether or not this has resulted in a better hospital experience for children [22,23]. A plausible explanation is that the procedure is considered comparatively minor, with no tissue damage and rapid recovery. Therefore, the aim of this review was to provide an overview of the breadth of studies on POP management in children after LA.




2. Review Question


How is POP managed in children undergoing LA?




3. Inclusion Criteria


Participants: children undergoing LA.



Concept: POP control was the central theme of this study. This included a review of research that presented techniques and strategies for overcoming POP in children undergoing LA.



Intervention: Different treatment protocols or strategies for treating POP after LA in children.



Type of studies: There were no restrictions on the selection of studies, i.e., randomized control trials (RCT), clinical trials, prospective or retrospective studies were included in this review.




4. Method and Search Strategies


This review followed the JBI methodology for scoping reviews. A broad search was conducted on 23 April 2021, and updated on 24 August 2021, using multiple databases for material collection. PubMed, Medline, Embase, and the Cochrane Library were used to compile the report. A supplemental search was performed in Google Scholar and study registries (e.g., http://clinicaltrials.gov/ (accessed on 24 April 2021). In addition, the search strategy included all registries, and conclusions were found using the keywords “postoperative pain management in children undergoing laparoscopic appendectomy”, “children and postoperative pain management in appendectomy”, and “laparoscopic appendectomy in children” (See Supplementary File S1–S3).



4.1. Study Selection


During the search, all references were collected and entered into Mendeley 1.19.8, with duplicates removed, and then publications were evaluated according to the eligibility criteria. Studies that met the inclusion criteria were fully recorded and their data entered into the JBI System for the Unified Management System, Assessment, and Review of Information (JBI SUMARI; JBI, Adelaide, SA, Australia) [24]. With regard to the inclusion criterion, the full texts of the selected studies were carefully reviewed by two reviewers. In case of discrepancies, a third reviewer was consulted. After screening and study identification, the reference lists of all included studies were searched for gray literature.




4.2. Data Extraction


The authors designed a data extraction sheet to retrieve data from the articles used for the scoping analysis. The extraction sheet contained the following information for retrieving the articles: author, year, country of origin, purpose/aim, participants, study methodology, and postoperative pain. Two authors performed ongoing cross-checks to ensure the accuracy of the results extracted from the randomly selected records.




4.3. Data Analysis and Presentation


Results were documented and summarized in both narrative and tabular form, including an informative summary. In addition, the results were categorised in relation to the theme of the study (access to postoperative pain management in children after laparoscopic appendectomy). Our approach to synthesis was based on established literature from other investigators, which contributed to a realistic interpretation of the analysis results.





5. Results


5.1. Study Inclusion


As shown in Figure 1, a total of 6954 results were generated from the five electronic databases. After deduplication with Mendeley and manual search, 5974 records were found. After screening titles and abstracts against the inclusion criteria, 1519 records were found as follows: 1302 were removed for not meeting the criteria for full-text screening; 217 of these documents were subjected to detailed full-text review by two different authors, while a third reviewer was asked to resolve any discrepancies between them. This resulted in the exclusion of 200 documents that did not meet the inclusion criteria (Supplementary Material). Seventeen articles (n = 17) that met the inclusion criteria were included in this review.




5.2. Characteristic of Included Studies


The 17 included papers were published between 1996 and 2020, and virtually all mentioned different approaches to the treatment of POP in children with LA, i.e., lidocaine infusion, different analgesic approaches, ultrasound-guided transverse abdominis block (UGTAP), ultrasound-guided quadratus lumborum block (UGQLB), and comparison of open appendectomy (OA) with LA in relation to the treatment of POP in children [7,10,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38]. As shown in Table 1, a total of 1754 samples were included in the study, of which 61.86% were male. The age of the participants ranges from 2 to 19 years. The visual analog scale appears to be the most commonly used scale for pain assessment (VAS). The randomized controlled trial (n = 847.1%) appears to be the most commonly used design, whereas bupivacaine (0.25% and 0.5%) was the most commonly used solution for infiltration of surgical sites. Midazolam at a dose of 0.05 mg/kg was the most commonly used premedication. A wide range of analgesics was used for induction, including fentanyl (0.5 mcg/kg to 13 mcg/kg), acetaminophen 15 mg/kg, metamizole 10 mg/kg, and paracoxib 1 mg/kg. Intraoperatively, fentanyl (0.5–3 mcg/kg), morphine (0.1 mg/kg), ketorolac (0.3–0.5 mg/kg), paracetamol (15 mg/kg), paracoxib (1 mg/kg), and decocine (0.10 mg/kg) were used as analgesics. Postoperatively, children received paracetamol (15 mg/kg), nalbuphine (0.1 mg/kg), ketorolac (0.5 mg/kg), morphine (15–20 mcg/kg, and, or 0.02–0.05 mg/kg), piritramide (0.05 mg/kg), hydromorphone (4 mcg/kg), pethidine (1 mg/kg), and tramadol if needed.




5.3. Review Findings


POP Management in Children after LA


Effect of Commonly Used Analgesics in Children


Postoperative pain might be a major problem in children undergoing LA. In our study, multimodal analgesic treatment (MMAT) seems to be the strategy most commonly used by physicians to overcome POP after LA in children. In a three-arm study, dezocine, fentanyl, and normal saline were each administered 30 min before the end of surgery [25]. It was found that MAP (multiple activity pain) and FLACC (face, leg, activity, cry, consolability) of the dezocine groupwere significantly different compared with fentanyl and normal saline arms(p > 0.05). In addition, they concluded that intravenous administration of dezocine (IV) before the end of surgery can significantly reduce POP and agitation in children undergoing surgery LA.



The post-operative analgesic efficacy of ketorolac (0.5 mg/kg), diclofenac (2 mg/kg), and paracetamol (15 mg/kg), were also evaluated using a three arms study [26]. FPS-R (face pain scale-revised) was used to assess the extent of pain 30 and 60 min after surgery. A large difference (p > 0.05) existed between classes, with patients in the ketorolac group (77.5%) and the diclofenac sodium group (42.5%) achieving pain score 2 and acetaminophen frequency (37.5%) achieving pain score 4. Pain scores at 60 min also differed significantly between groups (p > 0.05), with the ketorolac group (72.5%) scoring 0, the diclofenac sodium group (62.5%) scoring 2, and paracetamol (37.5%) scoring 6 most frequently. As shown in Table 1, the experimental group apparently experienced less pain (2.19 ± 0.32) than the control group (3.56 ± 0.37) [27]. The 60-min pain scores seem to be lower in those using ketorolac, as 75% of them reported a pain score of 0, in contrast to 62.5% for paracetamol and 37.5% for diclofenac sodium with a score of 2 and 6, respectively [26]. In the recovery rooms, it was also reported that postoperative pain in the intervention group had a median pain score of 0 compared with 2 (95% CI 0–3, p = 0.03) [7]. In addition, RSB was found to reduce opioid consumption by 0.068 mg/kg compared to LAI by 0.23 mg/kg [28]. Further, this group also reportedly had prolonged rescue analgesia at 17.8 min [28].




Combined Effect of Local Anesthetics in Combination with Adjuvants in Children


The combined effect of analgesic and local anesthetic in the treatment of POP in children undergoing LA was further investigated. The local anesthetic bupivacaine was administered alone and in combination with dexmedetomidine in children undergoing LA [29]. The two groups received intraperitoneal bupivacaine 0.25% (2 mg/kg) and bupivacaine 0.25% (2 mg/kg) and an adjuvant dexmedetomidine (1 mg/kg). The postoperative visual analog score (VAS) was lower in the group receiving bupivacaine in addition to dexmedetomidine at 2, 4, and 6 h (mean = 3, 3, 3) than in the bupivacaine alone group (mean 4, 5, 4) (p > 0.05) [29]. Therefore, the addition of dexmedetomidine to intraperitoneal bupivacaine could provide better pain relief in children undergoing LA.




Patient-Controlled Analgesia (PCA) versus Local Anesthesia for Pain in Children


The use of patient-controlled analgesia (PCA) might be more effective for POP in open appendectomy (OA) compared with LA in children [30]. In addition, children treated with PCA during LA might have lower POP. This agrees with the results of Liu et al. [31], who examined various pain management strategies, including local anesthesia at incision sites, IV-opioids via PCA, and prescribed dosing of IV-ketorolac and oral paracetamol/hydrocodone. It appears that when multimodal therapy was used, the level of severe pain was likely reduced (p > 0.001). In addition, it has been suggested that the use of morphine via PCA, local anesthetics, and NSAIDs (nonsteroidal anti-inflammatory drugs) may be effective in relieving pain during LA. In contrast, intravenous analgesia does not appear to be significantly different from the control group POP after LA [32].




Effect of Administering Local Anesthesia/Analgesia (Pre- and Intraoperative) in Children


Compared to analgesics, there are also different local anesthetic strategies for the treatment of POP after LA in children. Lidocaine, a potent regional anesthetic with anti-inflammatory and analgesic properties, was used to relieve pain in children after LA [23]. In this study, 1.5 mg/kg lidocaine was administered 5 min before induction of general anesthesia, followed by intraoperative administration of 1.5 mg/kg/hour. It was reported that lidocaine could produce a sustained analgesic effect as the time to request first analgesia was reported as {median of 55 (interquartile range (IQR): 40–110) minutes compared with the control group {median of 40.5 (IQR: 28–65)} minutes (p = 0.05) [23]. However, the effect of lidocaine on POP was temporary and therefore had no effect on opioid use in the first 24 h after discontinuation of lidocaine. Lidocaine consumption was reported to be lower in the intervention group (32.5 mL) than in the control group 35.0) [33].




Effect of Intraperitoneal Administration of Local Anesthetic versus Normal Saline in Children


Twenty mL of bupivacaine spray (0.25% or 1.25%) was injected into the right iliac fossa and the visceral and parietal peritoneum of the pelvis, followed by 20 mg/kg paracetamol (orally) every 24 h or 15 mg/kg paracetamol (IV) to improve treatment POP [34]. With regard to POP, intraperitoneal local anesthesia might offer no clinical benefit in children. There appears to be no significant difference between the treatment (p = 0.80) and the control (p = 0.89) groups, respectively. They also argued that for successful regional anesthesia, local anesthetics must be placed near the target nerves without risk of disturbing the intended nerves or adjacent areas. Therefore, TAP blockade could be a successful technique in which a local anesthetic is injected into the transverse abdominal plane to block the flow of nerve fibers to the anterior abdominal wall. In addition, UGTAP blockade has been used in children undergoing LA for POP. Port sites were infiltrated with ropivacaine and IV-PCA morphine and paracetamol was recommended [7]. A significant reduction in median pain score was observed for the TAP group at the ward level of 0 compared to 2 (p = 0.03) in the control group. Therefore, TAP block could increase the duration of anesthesia by an average of 14 min, which is unlikely to provide a clinically significant advantage over general anesthesia in children undergoing LA.




Ultrasound-Guided Quadratus Lumborum Block versus Transversus Abdominis Plane Block in Children


The analgesic efficacy of the TAP blockade procedure was compared with UGQLB. VAS was measured after 2, 4, 6, 8, 12, and 24 h [35]. At the same concentration of levobupivacaine (0.25%), mean VAS-values in the first four hours after surgery were highly statistically significant (p < 0.001) and lower in the UGQLB group than in the TAP-block group. However, in the remaining time intervals, there was no statistically significant difference in pain scores between the two groups. UGQLB could therefore provide longer and more effective pain control than TAP -block in children undergoing LA. Again, Maloney et al., [36] also compared UGBRSB (ultrasound-guided bilateral rectal sheath blockade) with local analgesics only and found that UGBRSB had a longer analgesic effect compared with patients receiving local analgesics only. Evidently, patients with UGRSB had lower preliminary (0.38 vs. 2.38; p < 0.0001) and mean scores (1.3 vs. 1.8; p < 0.015). Therefore, UGBRSB might be a practical preference for POP management in children for solo incision laparoscopic surgery.




Effect of Local Anesthetics on Primary and Secondary Outcomes in Children Undergoing Laparoscopic Appendectomy


The use of a 30 °C lens improved coaxial visualization. To achieve technological parity with the LAP-A, a stapler mechanism was used that required expansion of the 5-mm port to a 12-mm port. POP and other indicators were not statistically different from each other at the time of hospitalization or during the follow-up period, according to the results [37]. Similarly, LA is also compared with open appendectomy in terms of primary and secondary outcomes such as nausea, vomiting, hospitalization, and postoperative pain. Two studies with contrasting results were found discussing LA and open appendectomy [38,40]. Wilson et al. [38] advocated long-term analgesia via LA, while Schmelzer et al., [40] indicated that patients need concurrent analgesic prescriptions to ensure that children receive adequate postoperative analgesia both in the hospital and at home. Liu et al. [27] studied the effect of LA and open appendectomy in 115 children. The study concluded that LA was effective in reducing POP and other postoperative outcomes, while LA also resulted in children being discharged the same day [42]. Results showed that of the 207 participants, only 11.1% of children were readmitted due to pain, nausea, or vomiting. However, Applegate et al. [43] concluded that POP and other postoperative outcomes depend on the intensity of the disease, i.e., inflammation, systemic diseases, and their treatment have multiple effects on pain and recovery. Accordingly, Tomecka et al. [31] also concluded that POP is common in children undergoing LA and is usually treated with local anesthesia and emergency analgesia.






5.4. Discussion


To our knowledge, the evidence for general pain management in children is unclear because there is no evidence on which medications to use; in fact, postoperative pain management in pediatric surgery is often ineffective. Laparoscopic appendectomy is not the preferred method in children compared with open appendectomy, but it was the most commonly used in some countries. Moreover, it is a technique that transforms a low-risk operation into an intermediate-risk operation from a hemodynamic point of view.



Therefore, this study provides evidence for pain management in this population. Multimodal analgesia appears to be the most commonly used strategy for pain relief in children after laparoscopic appendectomy. This strategy could help reduce the extent of severe pain. However, the multimodal technique of postoperative pain relief in children should include agents with different mechanisms of action: an opioid with an adjuvant and a drug with peripheral analgesic and anti-inflammatory effects (NSAIDs). However, the use of drugs such as morphine and fentanyl carries the risk of serious adverse effects related to respiratory problems, micturition disorders, diuresis, constipation, and the development of dependence. Therefore, in pediatric patients, multimodal therapy should include care, emotional support, and a sense of security. The sedative and anxiolytic effects would be synergistic, could reduce pruritus and psychomotor agitation, and facilitate falling asleep and resting. It is necessary to ensure adequate pain control in pediatric patients even after they leave the medical facility. There is the need for caregivers to be familiarized with the children’s pharmacotherapy regimen. However, whether it is advisable to administer another dose of the drug should not be judged by a caregiver who does not experience pain himself and has not undergone the procedure and therefore does not know the actual pain intensity. Further, the psychological and behavioral aspect is important. The way a child is cared for, the feeling of safety, the presence of a parent, and the speed of return home might have a significant impact on the patient’s well-being and the course of convalescence.



Toward the end of the surgical procedure, administration of dezocin may relieve pain and restlessness. Ketorolac appears to have a more potent analgesic effect compared with acetaminophen and diclofenac sodium. The addition of an adjuvant (e.g., dexmedetomidine) to the local anesthetic may enhance its effect. The use of PCA was found to be more effective than the exclusive use of LA in the treatment of pain in children. Intraperitoneal use of local anesthetics may not be of clinical benefit for postoperative pain in children. Ultrasound-guided quadratus lumborum blockade appeared to be more effective than tranversus blockade 4 h postoperatively in children. Ultrasound-guided rectal sheath blockade also had a longer analgesic effect than local anesthetic administration alone. Therefore, children who experience pain after laparoscopic appendectomy should be treated with long-term analgesia.



In agreement with similar studies, a review has shown that the TAP block procedure reduces the need for opioids 6–8 h postoperatively [36]. Bergmans et al. [44] performed an evaluation of pain relief after TAP block procedure and concluded that it is part of a multimodal approach to pain management in children undergoing abdominal surgery, which is consistent with our findings. To support this fact, the ASA recommended that multimodal approaches should include round-the-clock treatment with acetaminophen, nonselective or selective COX-2 inhibitory NSAID, and regional blockade with local anesthetics [45]. However, it is necessary to control the inflammatory factors in the periphery because the surgical intervention itself causes an increase in inflammation, which is the cause of the intervention. This could be the plausible explanation why ketorolac and diclofenac sodium have a better effect than paracetamol. The latter (paracetamol) acts mainly on the central system by blocking central peroxidases; it is not a sufficient anti-inflammatory agent.



Dezocin has been shown to relieve pain in this study. In addition, from the literature, its analgesic efficacy was comparable to that of morphine and it enhanced the respiratory depression of morphine and also produced a dramatic increase in analgesia, suggesting an additive effect [44]. Dexmedetomidine was an adjuvant that enhanced the effect of local anesthesia in this study. Sarvesh et al. [46] also found that the addition of dexmedetomidine to US-TAP blockade procedures was associated with lower opioid consumption within 24 h. Ketorolac was found to be a more effective analgesic compared with acetaminophen and diclofenac sodium, both NSAIDs. However, in another study, the consumption of ketorolac was found to be different at US-TAP and US-OSTAP [21]. Therefore, further quantification is needed.



The use of PCA was found to be more effective in treating pain in children than the exclusive use of LA. This is consistent with the findings of Alsharari et al. [47], who claimed that PCA was an effective strategy for pain relief in adults. Lidocaine appeared to have a transient analgesic effect. This may be due to the fact that the drug is designed to cause temporary loss of sensory, motor, and autonomic functions when injected or applied near nervous tissue [48]. Although intraperitoneal use of local anesthetics for postoperative pain in children may have no clinical benefit, on the contrary, it has been found to reduce total opioid consumption and pain score throughout the hospital stay in adults [47]. Ultrasound-guided quadratus lumborum blockade was found to be more effective against pain than tranversus abdominal blockade 4 h postoperatively in children. In addition, ultrasound-guided rectal sheath blockade was found to have a longer analgesic effect than the use of local anesthetics alone. However, in adults, analgesic requirements and cumulative daily opioid consumption were higher with US-TAP blockade than with quadratus lumborum blockade [21]. Similarly, less pain was felt with ultrasound-guided blockade of the erector spinae than with ultrasound-guided oblique subcostal transversus abdominis plane [21]. In this study, it was recommended that laparoscopic appendectomy be treated with long-term analgesia. In addition, laparoscopic appendectomy was known to be a low-risk operation [48]; however, the desire for a multimodality approach to treatment has been shown to be essential [49]. However, it is necessary to control inflammatory factors in the periphery, the surgical procedure itself produces an increase in inflammation, which is the cause of the procedure. This is confirmed by the conclusions on the superiority of ketorolac and diclofenac sodium over acetaminophen (paracetamol). The latter (acetaminophen) acts mainly on the central system by blocking central peroxidases; it is not a sufficient anti-inflammatory agent. This clearly indicates the need for long-term analgesia. Therefore, concomitant prescription of analgesics is necessary to ensure that they receive adequate analgesia both in the hospital and at home. However, postoperative outcomes could depend on the intensity of the disease and the particular treatments that could affect the results.



Multimodal analgesia refers to the process of applying analgesics to multiple sites in the pain pathways with the goal of targeting different receptors within the pain pathways, thereby reducing potential side effects [50,51]. Notably, non-pharmacological complementary/alternative medicine therapies are also used in a multimodal approach [52,53]. The molecular targets and tactics employed in multimodal pain management are designed using the neurophysiology of pain as a guide [52]. As part of a multimodal or a preventive analgesic approach, opioids and non-opioid analgesics in lower doses are used to treat acute and chronic pain in children [52]. Although, postoperative pain can be preemptively prevented or alleviated by the use of opioids, preoperative local anesthetics, or both is one of the most cherished beliefs of anesthesiologists today; it is not so clear whether this is actually the case in adults [52]. Likewise, there is no evidence to support or refute this opinion in children. In a multimodal approach, activation of peripheral nociceptors can be attenuated by administration of anti-inflammatory drugs, local anesthetics, and other agents [52]. In the dorsal horn, nociceptive processing and transmission might be affected by administration of local anesthetics, neuraxial opioids, and α-2-adrenergic agonists (e.g., dexmedetomidine) [52].



Although the mechanism of action is unclear, Alsharari et al. [47] claimed that the addition of dexmedetomidine to local anesthetics during central neuraxial blocks and peripheral nerve blocks may improve the effect of local anesthetics and reduce the need for administration of other analgesics. Dexmedetomidine is known to prolong the effects of local anesthesia by inducing local vasoconstriction. In combination with a local anesthetic, it also has sedative, analgesic, antihypertensive, sympatholytic, and bradycardic effects [53]. PCA is a form of pain management that allows individuals to decide when to receive a dose of analgesic. PCA may be a better method of pain relief than having someone (usually a nurse) give you pain medication. We have found this method to be more effective than using LA alone in treating pain in children. However, it should be used with caution because children may not have the skills and competencies to administer accurate dosing.



The use of local anesthetics injected intraperitoneally into the abdominal cavity has been shown to reduce the need for additional postoperative analgesics and sometimes even the side effects of opiates after surgery. However, the mechanism by which it acts remains unclear. There are several explanations, ranging from sensory blockade of peritoneal pain receptors to anti-inflammatory and analgesic effects of local anesthetics to blockade of the vagal afferent nerve, which transmits sensory visceral information to the central nervous system [54,55,56]. Since the local anesthetic is absorbed into the systemic circulation during an intraperitoneal injection, a central effect similar to that of an intravenous infusion is also assumed [57,58]. However, it remains unclear whether the mechanism of action of intraperitoneally injected local anesthetics is through anti-inflammatory mechanisms intraperitoneally, locally somatosensory, or through their systemic absorption and central action [59]. A local anesthetic injected anterior to the quadratus lumborum muscle and posterior to the transverse fascia probably spreads into the thoracic paravertebral space, posterior to the lateral arch and medial and ligaments of the diaphragm, along the internal thoracic fascia and blocks the inferior thoracic sympathetic trunk and somatic nerves [60]. In addition to the current anatomic and clinical literature, two recent studies support this mechanism of action in blocking the anterior quadratus lumborum [22,61,62,63]. Although the mechanism of action of rectus sheath blockade remains unclear, there is evidence that postoperative release of the proinflammatory cytokine IL-6 is increased in patients after general and spinal anesthesia [39]. This increase in IL-6 levels may be correlated with sleep-related changes in pathologic or other conditions.



Limitations


Similar to other reviews, there are some limitations in accessing the literature on the management of POP in children undergoing LA. There were very few randomized controlled trials, while most of the studies found were either retrospective or prospective in design and even limited to a single institution. Almost all studies reported only POP in children, or none reported preoperative pain, which is very important for determining the efficacy of the intervention used in this study. Dealing with children in particular is very difficult, especially when it comes to expressing and assessing chronic pain and feelings through self-assessment of pain scores. However, trained personnel familiar with objective instruments (the FLACC scale measures objective parameters) can measure them well, although it is necessary to ensure adequate pain control in pediatric patients even after they leave the medical facility. Nurses and other caregivers should be informed about the pharmacotherapy of a young patient. However, the appropriateness of administering another dose of the drug should not be judged by a caregiver who does not experience pain himself and has not undergone the procedure and therefore does not know the actual intensity of pain. In addition, communication with the children and parents themselves is an important task that may affect the overall outcome of any study. Other limitations that might affect the overall outcome of the study are that we cannot be sure that the estimated effects are due to the treatment and not to other factors.






6. Conclusions


Laparoscopic appendectomy is preferred by clinicians compared with open appendectomy; however, it is also necessary to treat POP in children. Although multimodal technique is optimal for analgesia unless contraindications are present, it proves to be effective alongside efficient surgical technique such as UGBRSB, UGQLB, and UGTAP block and can greatly affect POP in children. Dexmedetomidine has been shown to be an effective adjuvant that can enhance the effect of LA. However, there is limited evidence that POP supports treatment with these interventions. Larger RCTs are needed to gather better evidence for POP in children undergoing LA.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/healthcare11060870/s1, Supplementary File S1: Search strategy, Supplementary File S2: Studies ineligible following full text review, Supplementary File S3: Characteristics of the included studies.





Author Contributions


Conceptualization, A.F.A., F.F.A., D.S. and M.M.A.; methodology, A.F.A. and D.S.; software, A.F.A. and D.S.; validation, A.F.A., F.F.A., D.S. and M.M.A.; formal analysis, A.F.A. and D.S.; investigation, A.F.A., F.F.A. and D.S.; resources, M.M.A.; data curation, A.F.A.; writing—original draft preparation, A.F.A. and D.S.; writing—review and editing, A.F.A., and D.S.; visualization, F.F.A. and M.M.A.; supervision, A.F.A.; project administration, F.F.A. and M.M.A.; funding acqui-sition, A.F.A. All authors have read and agreed to the published version of the manuscript.




Funding


This work was funded by the Deanship of Scientific Research at Jouf University under grant No (DSR-2021-01-03186).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The data that support the findings of this study are available from the corresponding author upon reasonable request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Addiss, D.G.; Shaffer, N.; Fowler, B.S.; Tauxe, R.V. The Epidemiology of Appendicitis and Appendectomy in the United States. Am. J. Epidemiol. 1990, 132, 910–925. Available online: https://academic.oup.com/aje/article-abstract/132/5/910/88731 (accessed on 22 May 2021). [CrossRef]

	



Hamill, J.K.; Rahiri, J.L.; Gunaratna, G.; Hill, A.G. Interventions to Optimize Recovery after Laparoscopic Appendectomy: A Scoping Review. Surg. Endosc. 2017, 31, 2357–2365. Available online: https://link.springer.com/article/10.1007/s00464-016-5274-2 (accessed on 22 May 2021). [CrossRef]

	



Weiss, A.J.; Elixhauser, A.; Andrews, R.M. Characteristics of Operating Room Procedures in US Hospitals,2011: Statistical Brief#170. Available online: https://pubmed.ncbi.nlm.nih.gov/24716251/ (accessed on 26 May 2021).

	



Ergin, A.; İşcan, Y.; Çiyiltepe, H.; Fersahoğlu, M.M.; Bulut, N.E.; Taşdelen, İ. Comparison of Single-Dermatome Laparoscopic Appendectomy With Standard Laparoscopic Appendectomy in Terms of Postoperative Pain and Patient Satisfaction: A Randomized Controlled Trial. Surg. Laparosc. Endosc. Percutan. Tech. 2022, 32, 415–419. [Google Scholar] [CrossRef]

	



Lee, S.H.; Lee, J.Y.; Choi, Y.Y.; Lee, J.G. Laparoscopic appendectomy versus open appendectomy for suspected appendicitis during pregnancy: A systematic review and updated meta-analysis. BMC Surg. 2019, 19, 1–12. [Google Scholar]

	



Semm,, K. Endoscopic appendectomy. Endoscopy 1983, 15, 59–64. Available online: https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2007-1021466 (accessed on 5 June 2021). [CrossRef]

	



Sauerland, S.; Jaschinski, T.; Neugebauer, E.A. Laparoscopic versus open surgery for suspected appendicitis. Available online: https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD001546.pub3/abstract (accessed on 5 June 2021).

	



Alí, A.; Olivieri, J.G.; Duran-Sindreu, F.; Abella, F.; Roig, M.; García-Font, M. Influence of preoperative pain intensity on postoperative pain after root canal treatment: A prospective clinical study. J. Dent. 2016, 45, 39–42. [Google Scholar] [CrossRef]

	



Sandeman, D.J.; Bennett, M.; Dilley, A.V.; Perczuk, A.; Lim, S.; Kelly, K.J. Ultrasound-guided transversus abdominis plane blocks for laparoscopic appendicectomy in children: A prospective randomized trial. Br. J. Anaesth. 2011, 106, 882–886. [Google Scholar] [CrossRef] [PubMed]

	



Mather, L.; Mackie, J. The incidence of postoperative pain in children. Pain 1983, 15, 271–282. Available online: https://academic.oup.com/bja/article/106/6/882/276803 (accessed on 4 July 2021). [CrossRef] [PubMed]

	



Dowden, S.; McCarthy, M.; Chalkiadis, G. Achieving Organizational Change in Pediatric Pain Management. Pain Res. Manag. 2008, 13, 321–326. Available online: https://www.hindawi.com/Journals/prm/2008/146749/ (accessed on 4 June 2021). [CrossRef] [PubMed]

	



Schechter, N.L.; Allen, D.A.; Hanson, K. Status of Pediatric Pain Control: A Comparison of Hospital Analgesic Usage in Children and Adults. Pediatrics 1986, 77, 11–15. [Google Scholar] [CrossRef]

	



Vincent, C.; Chiappetta, M.; Beach, A.; Kiolbasa, C.; Latta, K.; Maloney, R.; Van Roeyen, L.S. Parents’ management of children’s pain at home after surgery. J. Spec. Pediatr. Nurs. 2012, 17, 108–120. [Google Scholar] [CrossRef]

	



Wolf, A.R. Tears at bedtime: A pitfall of extending paediatric day-case surgery without extending analgesia. Br. J. Anaesth. 1999, 82, 319–320. [Google Scholar] [CrossRef]

	



Kotiniemi, L.H.; Ryhänen, P.T.; Moilanen, I.K. Behavioural Changes in Children Following Day-Case Surgery: A 4-week follow-up of 551 children. Anaesthesia 1997, 52, 970–976. [Google Scholar] [CrossRef] [PubMed]

	



Knight, J.C. Post-Operative Pain in Children after Day Case Surgery. Pediatr. Anesth. 1994, 4, 45–51. [Google Scholar] [CrossRef]

	



Cramton, R.E.; Gruchala, N.E. Managing procedural pain in pediatric patients. Curr. Opin. Pediatr. 2012, 24, 530–538. [Google Scholar] [CrossRef] [PubMed]

	



Stanko, D.; Bergesio, R.; Davies, K.; Hegarty, M.; von Ungern-Sternberg, B.S. Postoperative pain, nausea and vomiting following adeno-tonsillectomy–along-term follow-up. Pediatr. Anesth. 2013, 23, 690–696. [Google Scholar] [CrossRef]

	



Stewart, D.W.; Ragg, P.G.; Sheppard, S.; Chalkiadis, G.A. The severity and duration of postoperative pain and analgesia requirements in children after tonsillectomy, orchidopexy, oringuinal hernia repair. Pediatr. Anesth. 2012, 22, 136–143. [Google Scholar] [CrossRef]

	



Pagé, M.G.; Stinson, J.; Campbell, F.; Isaac, L.; Katz, J. Identification of pain-related psychological risk factors for the development and maintenance of pediatric chronic postsurgical pain. J. Pain Res. 2013, 6, 167. [Google Scholar] [CrossRef]

	



Gal, T.J.; DiFazio, C.A. Ventilatory and analgesic effects of dezocine in humans. Anesthesiology 1984, 61, 716–722. [Google Scholar] [CrossRef]

	



Saito, T.; Tanuma, K.; Den, S.; Tanuma, Y.; Miyakawa, K.; Carney, E.; Carlsson, C. Pathways of anesthetic from the thoracic paravertebral region to the celiac ganglion. Clin. Anat. Off. J. Am. Assoc. Clin. Anat. Br. Assoc. Clin. Anat. 2002, 15, 340–344. [Google Scholar] [CrossRef]

	



Dam, M.; Moriggl, B.; Hansen, C.K.; Hoermann, R.; Bendtsen, T.F.; Børglum, J. The pathway of injectate spread with the transmuscular quadratus lumborum block: A cadaver study. Anesth. Analg. 2017, 125, 303–312. [Google Scholar] [CrossRef] [PubMed]

	



Kehlet, H.; Aasvang, E.K. Chronic pain after inguinal hernia repair. In Hernia Repair Sequelae; Springer: Berlin/Heidelberg, Germany, 2010; pp. 163–167. [Google Scholar]

	



Hamill, J.K.; Liley, A.; Hill, A.G. Intraperitoneal Local Anesthetic for Laparoscopic Appendectomy in Children. Ann. Surg. 2017, 266, 189–194. [Google Scholar] [CrossRef]

	



Alkhoury, F.; Malvezzi, L.; Knight, C.G.; Diana, J.; Pasaron, R.; Mora, J.; Aserlind, A.; Stylianos, S.; Burnweit, C. Routine same-day discharge after acute or interval appendectomy in children: A prospective study. Arch. Surg. 2012, 147, 443–446. [Google Scholar] [CrossRef]

	



Fortier, M.A.; Chou, J.; Maurer, E.L.; Kain, Z.N. Acute to chronic postoperative pain in children: Preliminary findings. J. Pediatr. Surg. 2011, 46, 1700–1705. [Google Scholar] [CrossRef] [PubMed]

	



Till, H.; Lochbühler, H.; Bohm, R.; Joppich, I. Patient Controlled Analgesia(PCA) in Paediatric Surgery: A Prospective Study Following Laparoscopic and Open Appendectomy. Surv. Anesthesiol. 1997, 41, 101. [Google Scholar] [CrossRef]

	



Sola, R., Jr.; Desai, A.A.; Gonzalez, K.W.; Doyle, N.M.; Weaver, K.L.; Poola, A.S.; Fraser, J.D.; St Peter, S.D.; Millspaugh, D.L. Does intravenous acetaminophen improve postoperative pain control after laparoscopic appendectomy for perforated appendicitis? A prospective randomized trial. Eur. J. Pediatr. Surg. 2019, 29, 159–165. [Google Scholar] [CrossRef]

	



Abd Ellatif, S.E.; Ahmed, F.M. Ultrasound-guided quadratus lumborum block versus transversus abdominis plane block in children undergoing laparoscopic appendectomy: A randomized controlled study. Res. Opin. Anesth. Intensive Care 2020, 7, 167. [Google Scholar] [CrossRef]

	



Tomecka, M.J.; Bortsov, A.V.; Miller, N.R.; Solano, N.; Narron, J.; McNaull, P.P.; Ricketts, K.J.; Lupa, C.M.; McLean, S.A. Substantial postoperative pain is common among children undergoing laparoscopic appendectomy. Pediatr. Anesth. 2012, 22, 130–135. [Google Scholar] [CrossRef]

	



Liu, Y.; Seipel, C.; Lopez, M.E.; Nuchtern, J.G.; Brandt, M.L.; Fallon, S.C.; Manyang, P.A.; Tjia, I.M.; Baijal, R.G.; Watcha, M.F. retrospective study of multimodal analgesic treatment after laparoscopic appendectomy in children. Pediatr. Anesth. 2013, 23, 1187–1192. [Google Scholar] [CrossRef] [PubMed]

	



Munn, Z.; Aromataris, E.; Tufanaru, C.; Stern, C.; Porritt, K.; Farrow, J.; Lockwood, C.; Stephenson, M.; Moola, S.; Lizarondo, L.; et al. The development of software to support multiple systematic review types: The Joanna Briggs Institute System for the Unified Management, Assessment and Review of Information(JBISUMARI). JBI Evid. Implement. 2019, 17, 36–43. [Google Scholar] [CrossRef] [PubMed]

	



Hu, Z.; Wang, J.; Zhao, L.; Qu, M. Impact of Dezocine on anesthesia recovery and postoperative pain in children receiving laparoscopic appendectomy. China J. Endosc. 2016, 12, 22–25. [Google Scholar]

	



Elnabtity, A.M.; Ibrahim, M. Intraperitoneal dexmedetomidine as an adjuvant to bupivacaine for postoperative pain management in children undergoing laparoscopic appendectomy: A prospective randomized trial. Saudi J. Anaesth. 2018, 12, 399. [Google Scholar] [CrossRef]

	



Maloney, C.; Kallis, M.; Abd El-Shafy, I.; Lipskar, A.M.; Hagen, J.; Kars, M. Ultrasound-guided bilateral rectus sheath block vs. conventional local analgesia in single port laparoscopic appendectomy for children with nonperforated appendicitis. J. Pediatr. Surg. 2018, 53, 431–436. [Google Scholar] [CrossRef] [PubMed]

	



Wilson, C.A.; Sommerfield, D.; Drake-Brockman, T.F.; Lagrange, C.; Ramgolam, A.; von Ungern-Sternberg, B.S. A prospective audit of pain profiles following general and urological surgery in children. Pediatr. Anesth. 2017, 27, 1155–1164. [Google Scholar] [CrossRef] [PubMed]

	



Al-Sadek, W.M.; Rizk, S.N.; Selim, M.A. Ultrasound guided transversus abdominis plane block in pediatric patients undergoing laparoscopic surgery. Egypt. J. Anaesth. 2014, 30, 273–278. [Google Scholar] [CrossRef]

	



Majeed, M.N.; Anwer, Z.M. Comparing the Efficacy of Paracetamol, Diclofenac, and Ketorolacon Post-Appendectomy Outcomes in Children and Adolescents. Iraqi J. Pharm. Sci. 2020, 29, 123–133. [Google Scholar]

	



Schmelzer, T.M.; Rana, A.R.; Walters, K.C.; Norton, H.J.; Bambini, D.A.; Heniford, B.T. Improved outcomes for laparoscopic appendectomy compared with open appendectomy in the pediatric population. J. Laparoendosc. Adv. Surg. Tech. 2007, 17, 693–697. [Google Scholar] [CrossRef]

	



Perez, E.A.; Piper, H.; Burkhalter, L.S.; Fischer, A.C. Single-incision laparoscopic surgery in children: A randomized control trial of acute appendicitis. Surg. Endosc. 2013, 27, 1367–1371. [Google Scholar] [CrossRef]

	



Kaszyński, M.; Lewandowska, D.; Sawicki, P.; Wojcieszak, P.; Pągowska-Klimek, I. Efficacy of intravenous lidocaine infusions for pain relief in children undergoing laparoscopic appendectomy: A randomized controlled trial. BMC Anesthesiol. 2021, 21, 1–2. [Google Scholar] [CrossRef]

	



Bergmans, E.; Jacobs, A.; Desai, R.; Masters, O.W.; Thies, K.C. Pain relief after transversus abdominis plane block for abdominal surgery in children: A service evaluation. Local Reg. Anesth. 2015, 8, 1. [Google Scholar]

	



Hamill, J.K.; Rahiri, J.L.; Liley, A.; Hill, A.G. Rectus sheath and transversus abdominis plane blocks in children: A systematic re view and meta-analysis of randomized trials. Pediatr. Anesth. 2016, 26, 363–371. [Google Scholar] [CrossRef] [PubMed]

	



Sarvesh, B.; Shivaramu, B.T.; Sharma, K.; Agarwal, A. Addition of dexmedetomidine to ropivacaine in subcostal transversus abdominis plane block potentiates postoperative analgesia among laparoscopic cholecystectomy patients: A prospective randomized controlled trial. Anesth. Essays Res. 2018, 12, 809. [Google Scholar]

	



Alsharari, A.F.; Abuadas, F.H.; Alnassrallah, Y.S.; Salihu, D. Transversus Abdominis Plane Block as A Strategy for Effective Pain Management in Patients with Pain during Laparoscopic Cholecystectomy: A Systematic Review. J. Clin. Med. 2022, 11, 6896. [Google Scholar] [CrossRef] [PubMed]

	



Torp, K.D.; Metheny, E.; Simon, L.V. Lidocaine Toxicity; InStatPearls[Internet]; StatPearls Publishing: St. Petersburg, FL, USA, 2022. [Google Scholar]

	



MacFater, W.S.; Xia, W.; Barazanchi, A.W.; Lightfoot, N.J.; Weston, M.; Svirskis, D.; Hill, A.G. Intravenous Local Anesthetic Compared With Intraperitoneal Local Anestheticin Laparoscopic Colectomy: A Double-blind Randomized Controlled Trial. Ann. Surg. 2022, 275, e30–e36. [Google Scholar] [CrossRef]

	



Musbahi, A.; Abdulhannan, P.; Bhatti, J.; Dhar, R.; Rao, M.; Gopinath, B. Outcomes and risk factors of cholecystectomy in high risk patients: A case series. Ann. Med. Surg. 2020, 50, 35–40. [Google Scholar] [CrossRef]

	



Stamer, U.M.; Bernhart, K.; Lehmann, T.; Setzer, M.; Stüber, F.; Komann, M.; Meissner, W. ‘Desire for more analgesic treatment’: Pain and patient-reported outcome after paediatric tonsillectomy and appendectomy. Br. J. Anaesth. 2021, 126, 1182–1191. [Google Scholar] [CrossRef] [PubMed]

	



Schechter, N.L.; Berde, C.B.; Yaster, M. (Eds.) Pain in Infants, Children, and Adolescents; Lippincott Williams&Wilkins: Philadelphia, PA, USA, 2003. [Google Scholar]

	



Goncharuk, O.S. Perioperative analgesia and assessment of pain in children(literature review). Rep. Vinnytsia Natl. Med. Univ. 2021, 25, 329–335. [Google Scholar] [CrossRef]

	



Rusy, L.M.; Weisman, S.J. Complementary therapies for acute pediatric pain management. Pediatr. Clin. N. Am. 2000, 47, 589–599. [Google Scholar] [CrossRef]

	



Ouchi, K.; Koga, Y.; Nakao, S.; Sugiyama, K. Dexmedetomidine dose-dependently enhances local anesthetic action of lidocaine. J. Oral Maxillofac. Surg. 2014, 72, 474–480. [Google Scholar] [CrossRef]

	



Liu, S.S.; Richman, J.M.; Thirlby, R.C.; Wu, C.L. Efficacy of continuous wound catheters delivering local anesthetic for postoperative analgesia: A quantitative and qualitative systematic review of randomized controlled trials. In Database of Abstracts of Reviews of Effects (DARE): Quality-Assessed Reviews [Internet]; NCBI: Bethesda, MD, USA, 2006. [Google Scholar]

	



Kahokehr, A.; Sammour, T.; Shoshtari, K.Z.; Taylor, M.; Hill, A.G. Intraperitoneal local anesthetic improves recovery after colon resection: A double-blinded randomized controlled trial. Ann. Surg. 2011, 254, 28–38. [Google Scholar] [CrossRef]

	



Bertoglio, S.; Fabiani, F.; De Negri, P.; Corcione, A.; Merlo, D.F.; Cafiero, F.; Esposito, C.; Belluco, C.; Pertile, D.; Amodio, R.; et al. The postoperative analgesic efficacy of preperitoneal continuous wound infusion compared to epidural continuous infusion with local anesthetics after colorectal cancer surgery: A randomized controlled multicenter study. Anesth. Analg. 2012, 115, 1442–1450. [Google Scholar] [CrossRef]

	



McCarthy, G.C.; Megalla, S.A.; Habib, A.S. Impact of intravenous lidocaine infusion on postoperative analgesia and recovery from surgery. Drugs 2010, 70, 1149–1163. [Google Scholar] [CrossRef]

	



Marret, E.; Rolin, M.; Beaussier, M.; Bonnet, F. Meta-analysis of intravenous lidocaine and postoperative recovery after abdominal surgery. J. Br. Surg. 2008, 95, 1331–1338. [Google Scholar] [CrossRef]

	



Perniola, A.; Magnuson, A.; Axelsson, K.; Gupta, A. Intraperitoneal local anesthetics have predominant local analgesic effect: A randomized, double-blind study. Anesthesiology 2014, 121, 352–361. [Google Scholar] [CrossRef] [PubMed]

	



Elsharkawy, H.; El-Boghdadly, K.; Barrington, M. Quadratus lumborum block: Anatomical concepts, mechanisms, and techniques. Anesthesiology 2019, 130, 322–335. [Google Scholar] [CrossRef]

	



Saito, T.; Den, S.; Tanuma, K.; Tanuma, Y.; Carney, E.; Carlsson, C. Anatomical bases for paravertebral anesthetic block: Fluid communication between the thoracic and lumbar paravertebral regions. Surg. Radiol. Anat. 1999, 21, 359–363. [Google Scholar] [CrossRef]

	



Karmakar, M.K.; Gin, T.; Ho, A.H. Ipsilateral thoraco-lumbar anaesthesia and paravertebral spread after low thoracic paravertebral injection. Br. J. Anaesth. 2001, 87, 312–316. [Google Scholar] [CrossRef] [PubMed]








[image: Healthcare 11 00870 g001 550] 





Figure 1. PRISMA flow diagram. 
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Table 1. Characteristics of the included studies.
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	No
	Authors
	Age (Mean Age and/or Range, Ratio)
	Gender
	Pain Assessment Scale
	Sample Size
	Design
	Surgical Infiltration

Solutions
	Drug Used/Doses
	Change Scores





	1
	Liu et al. [27].
	≥6 years (experimental 31(46.3); >6 years 36(53.7); control ≥ 6 years 20(41.7); >6 years 28(58.3).
	Male (experimental n = 36{53.7; control n = 27 {56.25); female (experimental n = 31{46.27; control n = 21 {43.75).
	VAS
	115
	Clinical trial
	Not reported
	Not reported
	Postoperative pain appeared to be significantly lower in the experimental group (2.19 ± 0.34) compared with the control group (3.56 ± 0.37).



	2
	Kaszynski et al. [38].
	5–17 years
	Male (n = 49, 3.99%); Female (n = 49, 69.01%).
	FLACC & NRS
	71
	RCT
	IV-lidocaine 1.5 mg/kg bolus 5-min before induction and 1.5 mg/kg/hour intraoperative
	Pre-medication

	
IV-midazolam 0.05 mg/kg.





Induction analgesia

	2.

	
Fentanyl 3 mcg/kg; followed by 2 mcg/kg before incision. Acetaminophen 15 mg/kg and metamizole 10 mg/kg (under anesthesia).1 mcg/kg as maintenance dose.






Postoperative

	
Acetaminophen 15 mg/kg 6-hourly and metamizole 10 mg/kg 8-hourly.



	
Nalbuphine (0.1 mg/kg initial dose).





	
	
No changes in the first 24 h with cumulative morphine dosing.



	
Lidocaine consumption was lower in the intervention group (32.5 mL) than in the control group (35.0 mL).



	
Time to request first analgesia was prolonged in the intervention group {median 55 (IQR: 40–110) minutes. Compared to the control group {median 40.5 (IQR: 28–65).








	3
	Alkhoury et al. [24].
	2–19 years
	not reported
	not reported
	207
	Prospective cohort study
	Not reported
	Not reported
	Equivalent operative duration, i.e., average 23 min.



	4
	Applegate et al. [26].
	NA
	NA
	FLACC, verbal score (0–10), or FACES
	180
	Retrospective
	NA
	Not specified
	Those with acute cases received more analgesia after the operation (132.6; 105.8 to 176.1 mcg/kg compared to 93.8; 68.9 to 130.8 mcg/kg; p < 0.001).



	5
	Majeed et al. [39].
	7.41 ± 2.73
	Male (n = 85, 70.83%); Female (n = 35, 29.17).
	FPS-R
	120
	Clinical trial
	NA
	Postoperative

	
Group A: IV-paracetamol 15 mg/kg 6-hourly



	
Group B: diclofenac 2 mg/kg rectally twice daily.



	
Group C: IV-ketorolac 0.5 mg/kg daily.





	60-min post-operative

	
72.5% of Ketorolac group scores 0.



	
62.5% of Diclofenac group scores 2; and



	
37.5% of paracetamol group scores 6.








	6
	Sandeman et al. [7].
	7–16 years
	NA
	VAS
	93
	RCT
	0.5 mL/kg of 0.2% ropivacaine
	Intraoperative

	
IV-fentanyl 1 mcg/kg





Postoperative

	
IV-morphine bolus 15 mcg/kg with 5-min lockout time



	
Paracetamol 15 mg/kg





	Median pain scores for the intervention group in the recovery unit was 0 compared to the 2, (95% CI 0–3, p = 0.03)



	7
	Maloney et al. [34].
	LAI group 11.27(3.4); RSB 11.65(3.3)
	Male (n = 167, 60.73%); Female (n = 108, 39.27%)
	FACES age or VAS
	275
	Retrospective
	0.25% 1 mL/kg or 0.5% bupivacaine 0.5 mL/kg
	Not reported
	There was a significant reduction in the consumption of morphine in children who underwent RSB 0.068 mg/kg (±0.007) as compared to the LAI group 0.226 mg/kg (±0.009).

No requirement for narcotic during the surgery intra-operatively for RSB group while those receiving local infiltration receivedsome narcotics (p < 0.0001; 95% CI 1.41, 1.82).

RSB group have a prolonged time to rescue analgesia 17.8 min compared to local infiltration group 58.93 min ± 8.15 versus 41.56 min ± 4.29; p = 0.047)

Post-operative opioid consumption significantly reduced in RSB group as compared to the local infiltration group (0.04 mg/kg morphine ± 0.005 versus 0.06 mg/kg ± 0.006; p = 0.024).



	8
	Till et al. [26].
	Mean age 9.53 years
	Both genders were similar as reported.
	Not reported
	90
	Prospective
	Not reported
	Postoperative

	
Piritramide 0.05 mg/kg with a maximum of 4-boluses within 4-h.





	Laparoscopic appendectomy has been reported to decrease pain. It is associated with a decreased needfor analgesics.



	9
	Tomecka et al. [31].
	12.8 (3.8)
	Male (n = 101, 54.3%; Female (n 85, 45.7%).
	FLACC, or Wong Baker pain scale, and NRS.
	186
	Retrospective
	Not reported
	Intraoperative

	
Fentanyl 1.5–3.0 mcg/kg.



	
Morphine (dose not reported).





Postoperative

	
Acetaminophen (dose not reported).





	Median postoperative pain was reported in 5% of children; 25% had a median pain score of 4.



No association between the use of PCA and postoperative pain.



	10
	Schmelzer et al. [40].
	9.5 ± 3.9
	Male (n = 138, 61.88%); Female (n = 85, 38.12%).
	Not reported
	223
	Retrospective
	Not reported
	Postoperative

	
Unspecified analgesia





	Mean operating room time seem to be longer for the laparoscopic group (62 versus 42-min; p < 0.0001). The pain medication was equally less for this group (0.8 versus 1.9 days; p = 0.004). There areno differences in postoperative complications for the two groups.



	11
	Liu et al. [30].
	11.0 ± 2.8
	Male (n = 133, 64.6%); Female (n = 73, 35.4%)
	NA
	206
	Retrospective
	Bupivacaine 0.25%
	Intraoperative

	
IV-fentanyl 2 mcg/kg, morphine 0.1 mg/kg, ketorolac 0.5 mg/kg





Postoperative

	
IV-Morphine 0.05 mg/kg up to three; doses



	
After admission to in-patient unit, morphine 0.02 mg/kg administered bolus via PCA after every 10-min to a maximum of 0.35 mg/kg 4-hourly.



	
IV-Ketorolac 0.5 mg/kg 6-hourly × 4 doses





	
	
24-h postoperative: 24-patients (11.7% [95% CI 7.8–17.0]) reported substantial pain.



	
The number of subjects reporting at least one episode of severe pain > 6 in the first, second, and third 24-h periods was 31 (15%), 14 (6.8%), and 9 (4.4), respectively.



	
The number of participants reporting at least one episode of moderate pain (4–6) was 77(37%), 19(9%), and 21(10%), respectively.



	
Patients needing more than 0.25 mg/kg of morphine in the first 24-h was higher in the group with generalized peritonitis (43 of 80 [54%] compared to those with peritonitis and simple appendectomy (43 of 126 [34%], p = 0.006).



	
Postoperative pain decreases at day 3 and 4.








	12
	Sola et al. [29].
	IVA and PCA 10.9 ± 4.0

PCA only 9.6 ± 4.0
	Male (n = 55, 67.1); Female (n = 27, 32.9%)
	VAS
	82
	RCT
	Not clearly stated
	Postoperative

	
Morphine 20 mcg/kg/hour continuous IV for 24-h.



	
Hydromorphone 4 mcg/kg continuous infusion for 24-h



	
IV-ketorolac 0.5 mg/kg 6-hourly for 5 days





	No statistically significant difference between for the amount of analgesics (oral) for the two groups (2.8 ± 2.4 versus 2.9 ± 2.5; p = 0.88).

Transition time from PCA to ral analgesics (76.4 ± 32.5 versus 86.7 ± 49.3 h; p = 0.73) for those receiving IVA and non-IVA groups.



	13
	Perez et al. [41].
	2.9–15.7
	Male (n = 25, 50%)

Female (n = 25, 50%).
	NA
	50
	RCT
	Not reported
	Not reported
	No differences in hospital length of stay for the two groups to that of analgesics.



	14
	Elnabtity et al. [33]
	Bupivacaine group: 10.75(1.84);

Bupivacaine + dexmedetomidine group: 11.53(1.75).
	Male (n = 30, 57.69%); Female (n = 22, 42.31).
	VAS
	52
	RCT
	Bupivacaine 0.25%, at a dose of 2 mg/kg, and 5 mLof normal saline; dexmedetomidine 1 mcg/kg (diluted in normal saline)

Port sites infiltration (4 mLlignocaines 1% at maximum dose of 3 mg/kg).
	Pre-medication

	
Midazolam 0.05 mg/kg intravenously.





Induction analgesia

	
Fentanyl 2 mcg/kg; IV-paracetamol 15 mg/kg





Postoperative

	
IV-paracetamol 15 mg/kg 8-hourly.



	
IV-pethidine 1 mg/kg to a maximum of 4-doses.





	
	
VAS score at 2, 4, and 6 h for bupivacaine plus dexmedetomidine: median (range) 3(1–5), 3(1–7), and 3(1–8); bupivacaine only group: 4(1–7), 5(1–7), and 4(2–7); p = 0.04, 0.02, and 0.03).








	15
	Hamill et al. [25].
	8–14 years
	Male (n = 102, 58.3%))

Female (n = 73, 41.7%)
	FPS-R
	175
	RCT
	20 mL of 0.25% of 0.125% bupivacaine according to age or 20 mLof NaCl.
	Intraoperative

	
Morphine 0.3 mg/kg, fentanyl 2 mcg/kg, paracetamol 15 mg/kg and parecoxib 1 mg/kg up to a maximum of 40 mg.





Postoperative

	
Paracetamol 20 mg/kg 6-hourly for 24-h. Tramadol when necessary.





	Overall pain scores at rest for the intervention group −0.28 (SE 0.501, p = 0.80); and 0.004 (SE 0.028, p = 0.89) for the interaction with IPLA.



No significant differences for the opioid requirement in IPLA for the time to first and time in PACU.
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	Ellatif et al. [28].
	7–12 years
	Male (n = 19, 55.9%)

Female (n = 15, 44.1%).
	VAS
	34
	RCT
	0.5 mL/kg of 0.25% levobupivacaine
	Intraoperative

	
Fentanyl 0.5 mcg/kg





Postoperative

	
1 mg/kg diclofenac sodium





Rescue analgesia

	
IV-Paracetamol 15 mg/kg





	QLB group reportedly have significantly lower postoperative VAS score 4-h, lower fentanyl dose, and longer time to rescue analgesia.
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	Hu et al. [32].
	4–10 years
	NA
	FLACC
	60
	RCT
	Remifentanil
	Intra-operative

	
Dezocine 0.10 mg/kg for group D.



	
Fentanyl 1.0 μg/kg for group F.



	
Control group receives the same volume of normal saline.





	MAP and HR seem to be higher for the fentanyl and normal saline groups compared to dezocin (p = 0.05).







VAS: Visual Analogue Scale; IV: Intravenous; RSB: Rectus Sheathe Block; LAI: Local Anesthetic Infiltration; FLACC: Face Legs Activity, Cry, Consolability Scale; RCT: Randomized Controlled Trial; FACES: Numerical age-appropriate visualanalogue scale, FPS-R: Revised Faces Pain Scale; NA: Not Available, NRS: Numeric Pain Rating Scale: CI: Confidence Interval: PCA: Patient Controlled Analgesia, IQR: Interquartile range; IVA: Intravenous acetaminophen; PACU: Post Anesthesia Care Unit; IPLA: Intraperitoneal Local Anesthetics; QLB: Quadratus Lumborum Block, MAP: Mean Arterial Pressure; HR: Heart Rate.
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