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            Abstract

            
               
Tethered cord syndrome is a neurological disorder caused by tissue attachments that limit the movement of the spinal cord
                  within the spinal canal. Intraoperative neurophysiological monitoring like somatosensory evoked potentials and transcranial
                  motor evoked potentials can preclude surgically induced lesions to the nervous system and has become standard of care for
                  many neurosurgical procedures. Despite the potential advantages of total intravenous anaesthesia, it is not a widely used
                  anaesthetic technique in children. Recently, a few case reports have been published regarding the presence of metabolic acidosis
                  even with a short term infusion of propofol. We present a case report in which total intravenous anaesthesia was used to facilitate
                  BCR in a 2-year-old child, to monitor the functional integrity of the sacral reflex, which enables bladder and bowel function.
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               Introduction

            Tethered cord syndrome (TCS) is a neurological disorder caused by tissue attachments that limit the movement of the spinal
               cord within the spinal canal. The common causes of tethered cord syndrome are closed spinal dysraphisms like spinal lipomas,
               arachnoid adhesions due to trauma/ surgery, dermal sinus tract, and dermoid/ epidermoid tumors.1  Untreated tethered cord can lead to paraplegia and loss of bowel and bladder function particularly in children due to lengthening
               of the spine. The inappropriate surgical technique can damage the neuronal structures and cause new neurological deficits
               or exacerbate pre-existing dysfunction. Surgery-related deterioration has been observed in approximately 8% of cases.2 Intraoperative neurophysiological Monitoring (IONM) like somatosensory evoked potentials (SSEPs) and transcranial motor evoked
               potentials (tcMEPs) can preclude surgically induced lesions to the nervous system and has become standard of care for many
               neurosurgical procedures.2 Bulb cavernous reflex (BCR) being the new entity, monitoring both the afferent and efferent pathway of the anal sphincters
               and bladder control.3 It’s known that inhalational anaesthetics decrease the amplitude and increase the latency of the evoked potentials. Total
               intravenous anaesthesia (TIVA) with propofol and opioids is preferred in adults while IONM is being monitored.4 Although the advantages might exceed in adult it's not being used in paediatric patients for the fear of propofol infusion
               syndrome.5 We present a case report in which total intravenous anaesthesia was used to facilitate BCR in a 2-year-old child, to monitor
               the functional integrity of the sacral reflex, which enables bladder and bowel function.
            

         

         
               Case History

            Our case is a 2-year-old female child, weighing 12 kgs and 88 cms of height. The child presented with complaints of bowel
               and bladder incontinence without any other neurological deficits. MRI showed spinal dysraphism with defects in posterior elements
               at the L4 level and herniation of the spinal cord at the same level. Lipomatous tissue was noted in the spinal defect attached
               to the neural placode. The diagnosis of lipomeningomyelocele with tethered cord syndrome was made. The child was subsequently
               posted to undergo spinal cord detethering under general anaesthesia with IONM.
            

            The pre-operative assessment revealed an otherwise healthy child with no known comorbidities. Pre-operative physical examination
               was normal. On arrival to the operating room, monitors, including ECG, pulse oximetry, and non-invasive blood pressure were
               attached. Baseline oxygen saturation was 99%, non-invasive blood pressure (NIBP) was 95/57 mmHg and heart rate was 112 beats/min.
               Inhalational induction was achieved by preserving spontaneous ventilation with an incremental concentration of sevoflurane
               (2-8%) in a mixture of O2: N2O (50:50). Once anesthetized, a 22 G cannula was inserted and fentanyl (2 μg/kg), propofol (2 mg/kg)
               were given. Atracurium (0.5 mg/kg) was used to facilitate intubation. The patient was intubated with 4 size cuffed, wire-reinforced
               endotracheal tube. Further doses of muscle relaxants were avoided for IONM. The patient was mechanically ventilated in the
               pressure control mode, and the end-tidal carbon dioxide levels were monitored and maintained at the range of 30–35 mmHg. For
               IONM the corkscrew electrodes were placed C1-C2 and C3-C4 for tcMEPs; Cz and Fpz for lower limb SSEPs. All myotomes were monitored
               from L1 to S4. Sacral nerves were monitored with anal sphincter muscles. The myotomes were monitored with both spontaneous
               MEP and triggered electromyogram (EMG). For BCR the stimulating electrodes were placed near the clitoris and labia major after
               taking consent from the parents. An oropharyngeal temperature probe was used to monitor the intraoperative temperature. The
               patient was positioned prone and pressure points were well padded. After positioning, anaesthesia was maintained with sevoflurane
               was continued maintaining a minimum alveolar concentration (MAC) of 0.9. Analgesia was maintained with fentanyl infusion at
               0.5 μg/kg/hr.
            

            The compound myogenic responses were elicited with 450V double train pulses delivered for a brief period (75 µs), with 2 ms
               interstimulus interval. SSEP was obtained with a 200-µsec square-wave electrical pulse stimulating the posterior tibial and
               median nerves at a rate of 4 Hz, with a stimulation intensity of 40 mA. For BCR, a single train consisting of four stimulation
               pulses with duration of 0.4 ms was delivered with an interstimulus interval of 2 ms (500 Hz). Both tcMEPs and SSEPs were obtained
               with sevoflurane but BCR was not obtained. So, Sevoflurane was discontinued and propofol infusion commenced at 12mg/kg over
               the first 10 mins and 9mg/kg over the next 10 mins and 6mg/kg thereafter. 20 mins after stopping sevoflurane BCR was attained
               bilaterally with the same stimulus as shown in Figure  1. Measures were taken to maintain euvolemia and normothermia. The surgery lasted for 160 mins and the intraoperative period
               was uneventful. Arterial blood gas analysis was done towards the end of surgery and didn’t reveal any acidosis or electrolyte
               abnormality. Propofol and fentanyl were switched off in time and the child was extubated in the supine position and after
               thorough suctioning. The patient was shifted to the recovery room for observation. Postoperative motor recovery was good and
               satisfactory.
            

            
                  
                  Figure 1

                  Bulbocavernous reflex attained during total intravenous anaesthesia
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               Discussion

            Lipomeningocele is a type of spinal dysraphism caused by incomplete fusion or lack of fusion of midline structures during
               the fourth week of embryogenesis. The incidence of these defects shows a significant geographical variation of 0.5 to 5 per
               1,000 births.6 Spinal lipomas present with cutaneous and musculoskeletal abnormalities in addition to sensorimotor deficits and urological
               dysfunction. Cutaneous lesions include subcutaneous lipomas, capillary hemangiomas, complex dimples, and hypertrichosis.7 Diagnosis is done by prenatal ultrasonography and magnetic resonance imaging.7 
            

            

            
                  
                  Table 1

                  Steur’s recommendation for propofol infusion dosing in patients less than 3 years.8 
                  

               

               
                     
                        
                           	
                              
                           
                           
                              Infusion rates (mg/kg/hr) 
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           
                              Time
                              
                           

                           
                        
                        	
                              
                           
                           
                              <3 months*
                              
                           

                           
                        
                        	
                              
                           
                           
                              3 – 6 months*
                              
                           

                           
                        
                        	
                              
                           
                           
                              6 – 12 months*
                              
                           

                           
                        
                        	
                              
                           
                           
                              1 – 3 years*
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           0 – 10 Mins

                           
                        
                        	
                              
                           
                           25

                           
                        
                        	
                              
                           
                           20

                           
                        
                        	
                              
                           
                           15

                           
                        
                        	
                              
                           
                           12

                           
                        
                     

                     
                           	
                              
                           
                           10 – 20 Mins

                           
                        
                        	
                              
                           
                           20

                           
                        
                        	
                              
                           
                           15

                           
                        
                        	
                              
                           
                           10

                           
                        
                        	
                              
                           
                           9

                           
                        
                     

                     
                           	
                              
                           
                           20 – 30 Mins

                           
                        
                        	
                              
                           
                           15

                           
                        
                        	
                              
                           
                           10

                           
                        
                        	
                              
                           
                           5

                           
                        
                        	
                              
                           
                           6

                           
                        
                     

                     
                           	
                              
                           
                           30 – 40 Mins

                           
                        
                        	
                              
                           
                           10

                           
                        
                        	
                              
                           
                           5

                           
                        
                        	
                              
                           
                           5
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                           40 – 100 Mins

                           
                        
                        	
                              
                           
                           5

                           
                        
                        	
                              
                           
                           5

                           
                        
                        	
                              
                           
                           5

                           
                        
                        	
                              
                           
                           6

                           
                        
                     

                     
                           	
                              
                           
                           Remaining time

                           
                        
                        	
                              
                           
                           2.5

                           
                        
                        	
                              
                           
                           2.5

                           
                        
                        	
                              
                           
                           2.5

                           
                        
                        	
                              
                           
                           6

                           
                        
                     

                  
               

            

            Despite the potential advantages of TIVA, it is not a widely used anaesthetic technique in children.5 Recently, a few case reports have been published regarding the presence of metabolic acidosis even with a short term infusion
               of propofol.9 This being the concern the popularity among the paediatric anaesthetists is low. TIVA can be administered either using manual
               dosing, where the anaesthetist determines the bolus dose and infusion rate or using a target-controlled infusion (TCI) pump
               where the anaesthetist enters the desired 'target' concentration to be achieved in the patient's plasma or brain. Numerous
               paediatric TCI models have been developed but two models widely used are Paedfusor and Kataria. Paedfusor uses age and weight
               as covariates; it can be used between 5 and 61 kg, and 1–16 yr of age. Kataria is used from 3 to 16 yr of age and works with
               a minimum weight of 15 kg.10 In a developing country like India, the availability of paediatric TCI pumps becomes a difficulty. So, we decided to conduct
               TIVA using manual propofol infusion in patients under 3 years of age, as recommended by Steur et al.8 (Table  1)
            

            Propofol dose required to produce loss of conciousness and to obtund movement and hemodynamic responses to noxious stimuli
               are reduced by co-administration of drugs like opioids, benzodiazepines, ketamine, α2‐adrenoceptor agonists, and magnesium.
               TIVA when used in children demands a thorough understanding of the pharmacokinetic and pharmacodynamics differences of propofol
               in children. Anaesthesiologists should ensure that intravenous cannula is functioning with tight connections and infusion
               sites are visible at all the time so that they may be monitored regularly for leakage, disconnection, or extravasation. Infusion
               line dead-space should be especially minimized in children.10 TIVA used in our patient facilitated in attaining BCR which was inhibited by an inhalational agent. Further, the propofol
               infusion being used for such long hours didn't cause and metabolic acidosis which was feared in paediatric patients.9

            To conclude, lipomyelomeningocele is a type of spinal dysraphism that may present with neurological deterioration secondary
               to an inherent tethered spinal cord. Tethered spinal cord surgery with intraoperative neurophysiology monitoring facilitates
               the identification of neural structures and continuous monitoring of their functional integrity. In this case report, we demonstrated
               that TIVA is a safe, feasible, and reliable alternative to inhalational anaesthesia in the paediatric population to facilitate
               the neuromonitoring.
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