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            Abstract

            
               
Background: MMA (multimodal analgesia) alleviates pain through blockade of multiple nociceptive and inflammatory pain receptors along
                  the pain pathway. Thus it maximizes pain control and minimizes drug induced adverse effects especially of opioids. We studied
                  safety and efficacy of MMA comprising anti-inflammatory, local anaesthetics and alpha 2 agonist (in caudal block) against
                  conventional opioid analgesia in children undergoing infra-umbilical urogenital surgery. Subjects and Methods: A randomized, prospective, single blind study was conducted in 40 patients aged between 1-8 years. After pre-medication,
                  patients were given general anaesthesia with controlled ventilation via LMA. In Multimodal analgesia group, pre-surgical caudal
                  block was given with Inj.Bupivacaine 0.25 %( 1ml/kg) +Inj.Clonidine (1mcg/kg).Paracetamol 30mg/kg inserted per rectally. In
                  Opioid group, pre-surgical intravenous Fentanyl (2 mcg/kg) was given. Intra-operative fentanyl requirement, hemodynamic parameters
                  ,sevoflurane dial concentration, side effects like nausea , vomiting, respiratory depression, emergence agitation, excessive
                  sedation and post-operative fentanyl requirement(0.5mcg/kg, on demand/FLACC score>4 at 1,4,6 hrs) were noted. Patients were
                  observed for 6 hrs in postoperative period. Result: We found significant increase in postoperative analgesic requirement in opioid group (18/20; p<0.001), while intra-operative
                  opioid requirement was stastically insignificant between both the groups (p=0.17).Though linear decreasing trend in intraoperative
                  inhalational agent requirement was observed in MMA group. Both the groups were comparable in terms of adverse effects. Conclusion: Presurgical MMA with caudal block and rectal paracetamol is safe and efficacious in children undergoing infraumbilical surgery.
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               Introduction

            Acute paediatric pain management is increasingly characterized by multimodal analgesia (MMA)/balanced approach in which smaller
               doses of opioid and non- opioid analgesics (esp. Regional blocks) are combined to maximize pain control and minimize drug
               induced adverse effects mainly of opioids. 
            

            Pediatric infra-umbilical urogenital procedures are included in ERAS(Enhanced recovery after surgery) programme nowadays and
               advocate the use of MMA.[1,2] MMA allows early recovery, decreased  incidences of pulling out of drain and urinary catheter and subsequent utilization
               of resources in postoperative period.[3,4] Selection of multimodal therapies is a challenge because for each surgery many potential combinations are possible, but relatively
               few have been evaluated in rigorous trials; especially in children. We studied MMA combination of local anaesthetic and clonidine
               in caudal block along with rectal paracetamol. 
            

         

         
               Subjects and Methods

            A prospective randomized single blind study included 40 patients aged between 1-8 years of either sex with ASA risk I/II,
               weighing 8-20 kg posted for infra-umbilical urogenital surgery. Institutional ethical board approval was obtained (Institute
               Ethics Committee, Version 01_Dated 16/10/2018, Date of approval: 31/10/2018). Written informed consent was obtained from parents
               before enrolment. Patients with altered renal function test, coagulopathy, recent active respiratory tract infection, spine
               or back deformity/infection, patients with h/o allergy to local anaesthetics were excluded. The study was carried out between
               November 2018- July 2019.Detailed history, physical examination and routine blood investigations were undertaken for all patients.
               All the procedures were carried out in conformity with provision of declaration of Helsinki 2013. All recruited patients were
               randomized into two groups according to computer generated random number table. Group MMA (Multimodal analgesia); Group OPIOID.
            

            Children were fasted for 8 hrs for fatty food, 6hrs for solid and formula food, 4hrs for breast milk and 2 hrs for clear liquids.
               All the patients were premedicated with oral midazolam (0.5mg/kg) half an hour before proposed time of surgery. IV access
               was secured with 22G/24G IVcannula in recovery room and IV fluid started at 2-4ml/kg/hr. After achievement of satisfactory
               parenteral separation, patients were brought inside operation theatre. In the Operation theatre, routine monitors such as
               ECG, NIBP, and SpO2 were placed. Baseline hemodynamic parameters (systolic blood pressure, diastolic blood pressure, mean
               arterial pressure, heart rate, and oxygen saturation) were recorded. General anaesthesia was induced in all patients with
               Inj.fentanyl (0.5mcg/kg), Inj. Glycopyrrolate (4mcg/kg), Inj. Propofol (3-4mg/kg) IV. After achieving adequate jaw relaxation,
               SGD (supraglottic device) of appropriate size was inserted to secure airway. After confirming proper placement, SGD was fixed.
               As per group selected patients were given MMA or opioid. In Multimodal analgesia group presurgical caudal block was given
               with 22G,1.5 inch hypodermic needle in lateral decubitus position under all aseptic and antiseptic precautions.Sacroccygeal
               ligament was pierced and caudal space was confirmed with WHOOSH TEST.[5] Inj. Bupivacaine 0.25%(1ml/kg)+ Inj. Clonidine (1mcg/kg) was injected after negative aspiration of blood/CSF. Paracetamol
               30mg/kg inserted per rectally. Patients who developed subcutaneous swelling or resistance to injection were considered failed
               block and excluded from the study.In Opioid group presurgical Inj.Fentanyl (2 mcg/kg) IV was given. The study was conducted
               in teaching hospital. All the procedures were done by senior residents and supervised by consultant anaesthesiologist. Data
               were collected by junior residents. 
            

            Patients were maintained for initial 15 minutes after insertion of SGD, with 2-3%sevoflurane (3 L 50% O2 + 50 % N2O) and intermittent
               Inj.Atracurium(bolus dose of 0.5mg/kg followed by the maintenance dose of 0.1mg/kg) to achieve steady state of anaesthesia
               before surgical stimulation.[6] Afterwards, sevoflurane was titrated (0.8-3%) to keep vitals within 20% of baseline. If even after 20 minutes of analgesia,
               on surgical stimulation it requires >50% inhalational agent (from baseline dial setting) to maintain hemodynamics within 20%
               of baseline, Inj. fentanyl (0.5 mcg/kg IV bolus) was given as required. Here the baseline parameters considered were after
               achieving steady state of anaesthesia. If patients moves on 60s of surgical stimulation, it will be considered as failure
               of caudal block and patients will be excluded from the study. We did BIS guided pilot cases in 15 patients and derived allowable
               lowest sevoflurane dial concentration - 0.8% in MMA group and 1% in IV opioid group. Following parameters were recorded at
               baseline, after induction, 5 minutes after MMA/opioid, before surgical procedure and 5 ,10,20,30 min after beginning of surgery
               followed by every 30 min till surgery lasts and immediate post extubation: Intra-operative fentanyl requirement, Heart rate,
               NIBP, SpO2, ETCO2,Sevoflurane dial concentration, Side effects like post-operative pain(by FLACC score/self reporting at 1,4,6
               hrs), nausea, vomiting(treated with Inj.Ondensatron 0.15mg/kg), respiratory depression (SpO2 ≤ 93 % or Respiratory rate≤ 10
               / min or requiring oxygen), emergence agitation, excessive sedation, Post-operative fentanyl requirement (0.5mcg/kg,on demand/FLACC
               score>4) 
            

            At the end of the surgery, SGD was removed under deeper plane of anaesthesia after reversal of neuromuscular blockade (Inj.
               Neostigmine 50 mcg / kg + Inj. Glycopyrolate 4 mcg / kg) and anal sphincter tone was assessed. If it is not relaxed; it was
               considered as failed caudal block,[7] and patients were excluded from the study. Patients were monitored for 6 hrs in recovery room for side effects and postoperative
               fentanyl requirement. Patients were shifted out of recovery room when modified alderate score >9.
            

             Sample size was calculated using variable “Requirement of pain medication in 24 hrs” of study by Khalil et al,[8] with alpha error of 0.05 and beta error of 0.02 using SPSS version 20.Continuous variable data are presented as Mean+/- SD.
               Categorical variable data are presented as percentage. Analysis of variance (ANOVA) of the data for the various parameters
               was done using student’s paired t- test for intra-group comparison, unpaired t-test for intergroup comparison for quantitative
               data and chi-square test for qualitative data. The test for significance was done using Medcalc statistical software. The
               significance of ANOVA was judged as follows-p> 0.05 not significant, <0.05 significant, and < 0.001 highly significant. 
            

         

         
               Results

            A total of 39 patients were analysed out of 40 patients enrolled to study. Both the groups; Group MMA and Group OPIOID were
               comparable in terms of demographic data [Table 1]. 
            

            
                  
                  Figure 1

                  
                     Consort chart
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                  Table 1

                  
                     Demographic Data
                     
                  

               

               
                     
                        
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            Group MMA

                           
                        
                        	
                              
                           
                            Group OPIOID

                           
                        
                        	
                              
                           
                            P-Value

                           
                        
                     

                     
                           	
                              
                           
                            Age (Years)

                           
                        
                        	
                              
                           
                            4.05 +/-1.86

                           
                        
                        	
                              
                           
                            3.15 +/- 1.80

                           
                        
                        	
                              
                           
                            0.13

                           
                        
                     

                     
                           	
                              
                           
                            Weight (Kg)

                           
                        
                        	
                              
                           
                            12.55+/-2.25

                           
                        
                        	
                              
                           
                            12.4+/-3.05

                           
                        
                        	
                              
                           
                            0.86

                           
                        
                     

                     
                           	
                              
                           
                            Duration Of Surgery (Minutes)

                           
                        
                        	
                              
                           
                            53.15+/-34.0

                           
                        
                        	
                              
                           
                            48.5+/-24.97

                           
                        
                        	
                              
                           
                            0.62

                           
                        
                     

                     
                           	
                              
                           
                            ASA Grading (I:II)

                           
                        
                        	
                              
                           
                            17:2

                           
                        
                        	
                              
                           
                            18:2

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                  
               

            

            Though intraoperative fentanyl requirement was comparable between both the groups, postoperative fentanyl requirement was
               significantly higher in opioid group [Table 2].
            

            
                  
                  Table 2

                  
                     
                     Intraoperative
                     and Postoperative Opioid Requirement
                     
                  

               

               
                     
                        
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            Group MMA

                           
                        
                        	
                              
                           
                            Group OPIOID

                           
                        
                        	
                              
                           
                            P-Value

                           
                        
                     

                     
                           	
                              
                           
                            Intra-operative fentanyl requirement

                           
                        
                        	
                              
                           
                            1/19 (5%)

                           
                        
                        	
                              
                           
                            4/20 (20%)

                           
                        
                        	
                              
                           
                            0.17

                           
                        
                     

                     
                           	
                              
                           
                            Post-operative fentanyl requirement

                           
                        
                        	
                              
                           
                            0/19 (0%)

                           
                        
                        	
                              
                           
                            18/20 (90%)

                           
                        
                        	
                              
                           
                            <0.0001

                           
                        
                     

                  
               

            

            Hemodynamic parameters remained stable throughout the study in both the groups. In MMA group, sevoflurane dial concentration
               showed linear decreasing trend, while in opioid group it showed peak and through pattern [Figure 2].
            

            We observed 2 cases of respiratory depression in OPIOID group; whereas none in MMA group. Incidence of emergence agitation
               were 4 in OPIOID group and 2 in MMA group (p=0.41).No incidences of hypotension, bradycardia, nausea, vomiting, excessive
               sedation were noted.
            

            
                  
                  Figure 2

                  
                     Trends of sevoflurane dial concentration
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               Discussion

             

            The concept of multimodal analgesia (MMA) is based on the apparent synergy between agents interfering with pain pathways at
               multiple anatomic and pharmacologic sites, while limiting the side effects mainly of opioids. Active components of MMA includes
               NSAIDS, local anaesthetics, antihistaminics (inhibit peripheral nociceptors), local anaesthetics, neuraxial opioid, alpha
               2 adrenergic agonist, NMDA antagonist (inhibit dorsal horn nociceptors), systemic opioids, anticonvulsants like gabapentin,
               pregabalin, magnesium sulphate (central desensitization) and non-pharmacological methods. Caudal block is an important element
               of MMA and being widely used in children. We have studied the effect of pre-emptive IV opioid (fentanyl i.v.) versus pre-emptive
               multimodal analgesia (low dose i.v. fentanyl+caudal clonidine and bupivacaine+rectal paracetamol) and found significant increase
               in postoperative analgesic requirement in IV opioid group, while intraoperative opioid requirement was statstically insignificant
               between both the groups. Though linear decreasing trend in intraoperative inhalational agent requirement was observed in MMA
               group.Similar to our study, decreased requirement of opioids with pre-emptive MMA have been demonstrated in children undergoing
               orchiopexy,[8] and laparoscopic appendicectomy as well as in adults undergoing lumbar spine surgery.[9,10] To add objective evidence in favour of multimodal analgesia M.Somri et al,[11] Studied fifty children undergoing inguinal herniotomy in two groups for catecholamine response: general anaesthesia with caudal
               block and general anaesthesia with caudal block and low dose intravenous fentanyl. He suggested that multimodal analgesic
               approach of adding low dose intravenous fentanyl with caudal block decrease the plasama epinephrine release in children undergoing
               inguinal herniotomy.In our study, intraoperative fentanyl requirement depends to some extent on variable onset of caudal block.So,
               postoperative requirement is more significant clinically which clearly state the working caudal block as assessed by anal
               sphincter tone at end of surgery.
            

            Regional anaesthesia(caudal block in children) has been used in many MMA regime.[12,13,14] Many studies have demonstrated efficacy of caudal block in infraumbilical urogenital surgery without any untoward complication.[15,16,17,18,19,20,21] Similar to our findings, S.Khalil et al,[8] and Samanthray et al,[22] found better postoperative pain relief in caudal group as compared to iv opioid group in children undergoing orchiopexy and
               cardiac surgery respectively.Additives are often added to caudal block to get extended period of analgesia without significant
               side effects.Clonidine is alpha -2 adrenergic receptor agonist. The anti-nociceptive action of clonidine is due to suppression
               of neurotransmission in dorsal horn of spinal cord as well as peripheral sensory a-delta and c nerve fibers.Similar to our
               study clonidine (1mcg/kg) have been used successfully by many authors.[23,24]

            Rectal Paracetamol exerts its analgesic effects by blocking central prostaglandin synthesis, reducing substance P induced
               hyperalgesia and modulating the production of hyperalgesic nitric oxide in the spinal cord. Though greatest analgesic efficacy
               had been observed during first two hours.[25]

            We have observed linear decreasing trend in sevoflurane dial concentration in MMA group whereas in IV opioid group sevoflurane
               dial concentration showed trend with peak and through pattern. F.Reinoso Barbero et al,[26] studied 26 children aged 2-15 years, posted for lower limb orthopaedic surgery in two groups for sevoflurane requirement
               to maintain adequate level of hypnosis guided by BIS. He suggested that potential analgesic effect of combined anaesthesia
               allows lower dose of hypnotic agents to provoke EEG synchronization (BIS-45-55) as nociceptive perception has been effectively
               blocked. “Hypnogenic like” effect of caudal epidural block diminishes the need for hypnotic drugs. Simillarly, N.M. Solanki
               et al,[27] demonstrated that at 45 minutes after performing caudal block, number of patients being stable with 0.6%sevoflurane were
               maximum in both the groups and at 90 minutes most of the patients were hemodynamically stable with 0.6% sevoflurane. While,
               reduction of inhalational agent requirement by pre surgical caudal analgesia was also demonstrated by Kim et al,[28] in children with cerebral palsy undergoing lower limb surgery and Khalil S et al,[8] in children undergoing orchiopexy.
            

            In our study, antiemetic effect of propofol, use of short acting opioid(Fentanyl) and adequate analgesia might have counterbalanced
               the usual PONV side effect of opioid.In contrast to our sudy, Khalil et al observed increased respiratory adverse events,oxyen
               requirement and PONV in opioid group. Combination of Isoflurane and opioids might be the possible explanation. No eye contact
               and no awareness of surroundings were the criteria used to assess emergence delirium.[29] In contrast to our study, some authors have found decrease incidence of emergence delirium with caudal clonidine 2mcg/kg.[30] 
            

            Study has several limitation.We have not used anaesthesia agent gas monitoing to titrate inhalational agents, as we want to
               mimic the scenario in low resource set up.We monitord the patients for 6 hrs in the postoperative period as we want to mimic
               the scenario of high turn over of the patients.The working caudal block could not be guaranteed before surgery (controlled
               ventilation) which might have influenced intra-operative fentanyl requirement.
            

         

         
               Conclusion

            Pre surgical Multimodal analgesia offers an edge over conventional opioids in children during peri-operative period. Although
               many combinations are possible, but combination using low dose intravenous opioid, caudal clonidine and local anaesthetic
               along with rectal paracetamol is safe and efficacious in infra-umbilical urogenital surgery.
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