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            Abstract

            
               
Background: The present study was conducted to assess the efficacy of epidural fentanyl with a combination of epidural fentanyl and magnesium
                  in lower extremity surgery. Subjects and Methods: This study was conducted on 100 ASA I/II patients scheduled to undergo elective lower limb orthopedic surgeries. Group I patients
                  received epidural fentanyl 50 µg (1cc) diluted and made up to 6cc with normal saline. Group II patients received epidural
                  fentanyl 50 µg (1cc)+ Magnesium sulphate 50mg (4 units in insulin syringe of 50% solution) diluted and made up to 6cc with
                  normal saline. Patient data such as indication for surgery, the anesthetic details, intraoperative monitoring, post-operative
                  follow-up, etc was recorded. Results: Each group had 36 males and 14 females. Time is taken for the highest sensory level in group I was 13.92±4.50 minutes and
                  12.24±3.43 minutes in groups I and II respectively. The mean duration of surgery was 99.00±13.31 minutes in group I and 92.20±15.21
                  in group II. Time for Regression to L1 was 118.80±13.41 and 119.60±17.85 minutes in group I and II respectively. The duration
                  of analgesia (min) was 107.00±25.82 and 143.40±39.57 minutes in group I and II respectively. Common adverse events were nausea/
                  vomiting seen 2 in group I and 4 in group II and urinary retention seen 0 in group I and 2 in group II. The difference was
                  non- significant (P> 0.05). Conclusion: Authors found that the addition of magnesium sulfate to epidural fentanyl for elective lower limb orthopedic surgeries has
                  prolonged the duration of fentanyl analgesia without any significant side effects. 
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               Introduction

            Acute pain has been defined as the normal, predicted, physiological response to an adverse chemical, thermal, or mechanical
               stimulus. [1] Continuous spinal epidural (CSE) block combines the rapidity, density, and reliability of the subarachnoid block with the
               flexibility of continuous epidural block to extend the duration of analgesia. [2] The CSE technique is used routinely for major orthopedic surgery and obstetrics. The role of epidural anesthesia and analgesia
               in reducing the incidence and severity of perioperative physiologic derangements, in addition to relieving pain has been reported
               in several studies. [3] 
            

            Drugs used for epidural analgesia are local anesthetics, opioids, local anesthetic- opioid combinations and other adjuvants.
               A variety of adjuvants are used for epidural infusion to enhance analgesia while minimizing side effects, like Clonidine,
               epinephrine, magnesium etc. [4] These adjuvants have been added to opioids epidurally to prolong analgesia and reduce the adverse effects observed when opioids
               are used alone. Owing to its high lipid solubility, fentanyl offers some advantages for epidural analgesia. [5] Owing to the rapid onset and short duration of action of fentanyl, it is the drug of choice for postoperative acute pain.
               N-methyl-d-aspartate (NMDA) receptors located in the dorsal horn of the spinal cord have a role in the modulation of central
               sensitization of noxious stimulus. Magnesium, through a non-competitive mechanism, blocks the NMDA receptors and results in
               natural calcium antagonism and when administered epidurally is proved to prolong the duration of spinal opioid analgesia. [6] The present study was conducted to compare and study the efficacy of epidural fentanyl with a combination of epidural fentanyl
               and magnesium administered postoperatively for lower extremity surgery.
            

            

         

         
               Subjects and Methods

            This study was conducted in the Department of Anesthesia. It comprised of 100 ASA I/II patients scheduled to undergo elective
               lower limb orthopedic surgeries. Ethical clearance was obtained from the PESIMSR Institutional Ethics committee, PESIMSR,
               Kuppam. All patients were informed regarding the study and their consent was obtained. 
            

            Patients have divided into two groups. Group I patients received epidural fentanyl 50 µg (1cc) diluted and made up to 6cc
               with normal saline. Group II patients received epidural fentanyl 50 µg (1cc)+ Magnesium sulphate 50mg (4 units in insulin
               syringe of 50% solution) diluted and made up to 6cc with normal saline. 
            

            Patient data such as indication for surgery, the anesthetic details, intraoperative monitoring, post-operative follow-up,
               etc was recorded. Routine intra-operative monitoring of pulse rate, blood pressure, oxygen saturation and respiratory rate
               was done for all the patients and the following parameters were noted such as time taken for highest sensory level, time for
               regression to L1, duration of surgery and duration of analgesia. Results obtained were recorded and analyzed statistically.
            

         

         
               Results

            
                  
                  Table 1

                  
                     
                     Distribution of patients
                     
                  

               

               
                     
                        
                           	
                              
                           
                            Groups

                           
                        
                        	
                              
                           
                            Group I

                           
                        
                        	
                              
                           
                            Group II

                           
                        
                     

                     
                           	
                              
                           
                            Agent

                           
                        
                        	
                              
                           
                            Epidural fentanyl with normal saline

                           
                        
                        	
                              
                           
                            Epidural fentanyl and magnesium sulphate

                           
                        
                     

                     
                           	
                              
                           
                            Male

                           
                        
                        	
                              
                           
                            36

                           
                        
                        	
                              
                           
                            36

                           
                        
                     

                     
                           	
                              
                           
                            Female

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            14

                           
                        
                     

                  
               

            

            [Table 1] shows the distribution of patients. Each group had 36 males and 14 females. 

            
                  
                  Table 2

                  
                     
                     Comparison of parameters
                     
                  

               

               
                     
                        
                           	
                              
                           
                            Groups

                           
                        
                        	
                              
                           
                            Group I

                           
                        
                        	
                              
                           
                            Group II

                           
                        
                        	
                              
                           
                            P-value

                           
                        
                     

                     
                           	
                              
                           
                            Time taken for highest Sensory level (min)

                           
                        
                        	
                              
                           
                            13.92±4.50 

                           
                        
                        	
                              
                           
                            12.24±3.43

                           
                        
                        	
                              
                           
                            0.12

                           
                        
                     

                     
                           	
                              
                           
                            Duration of surgery(min)

                           
                        
                        	
                              
                           
                            99.00±13.31 

                           
                        
                        	
                              
                           
                            92.20±15.21

                           
                        
                        	
                              
                           
                            0.05

                           
                        
                     

                     
                           	
                              
                           
                            Time for Regression to L1

                           
                        
                        	
                              
                           
                            118.80±13.41

                           
                        
                        	
                              
                           
                            119.60±17.85

                           
                        
                        	
                              
                           
                            0.89

                           
                        
                     

                     
                           	
                              
                           
                            Duration of analgesia (min)

                           
                        
                        	
                              
                           
                            107.00±25.82 

                           
                        
                        	
                              
                           
                            143.40±39.57

                           
                        
                        	
                              
                           
                            0.01

                           
                        
                     

                  
               

            

            [Table 2, Figure 1] shows that the time is taken for the highest sensory level in group I was 13.92±4.50 minutes and 12.24±3.43
               minutes in group I and II respectively. The mean duration of surgery was 99.00±13.31 minutes in group I and 92.20±15.21 in
               group II. Time for regression to L1 was 118.80±13.41 and 119.60±17.85 minutes in group I and II respectively. The duration
               of analgesia (min) was 107.00±25.82 and 143.40±39.57 minutes in group I and II respectively.
            

            
                  
                  Figure 1

                  
                     
                     Comparison of parameters
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                  Figure 2

                  
                     Adverse events in both groups
                     
                  

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/3abcf7ad-af39-4e3b-a239-fbefd90f4634image2.png]

            [Figure 2] shows that common adverse events were nausea/ vomiting seen 2 in group I and 4 in group II and urinary retention
               seen 0 in group I and 2 in group II. The difference was non- significant (P> 0.05).
            

         

         
               Discussion

            The use of epidural analgesia for pain relief was improved by the use of epidural opioids after the discovery of opioid receptors
               in the dorsal horn of the spinal cord. [7] Fentanyl is a suitable opioid for infusion into the epidural space. [8] The advantages of fentanyl over other opioids are that it easily crosses the lumbar dura and quickly penetrates the lipid
               phase of the underlying tissue of the cord. Various adjuvants have been added to opioids epidurally to prolong analgesia and
               reduce the side effects observed when opioids are used alone.Magnesium, which is the fourth most plentiful cation in the body,
               is proved to have antinociceptive effects in animal and human models of pain.[9]  This effect is based on the regulation of calcium influx into the cell that is natural physiological calcium antagonism
               and antagonism of NMDA receptors. Coadministration of epidural magnesium for postoperative epidural analgesia has provided
               a pronounced reduction in patient-controlled fentanyl consumption without any side effects.[10] The present study was conducted to assess the efficacy of epidural fentanyl with a combination of epidural fentanyl and magnesium
               administered postoperatively for lower extremity surgery.
            

            In the present study, patients were divided into 2 groups. Group I patients received epidural fentanyl with normal saline
               and group II patients received epidural fentanyl and magnesium sulphate with normal saline. Ghoneem et al,[11]  evaluated the analgesic efficacy of single bolus administration of epidural fentanyl, magnesium sulfate, and a combination
               of both in patients undergoing hip surgeries under spinal anesthesia. Ninety patients age ranged 20–65 years, American Society
               of Anesthesiology I–III, undergoing elective hip surgery under spinal anesthesia were investigated. After wearing off of spinal
               anesthesia, the patients were allocated into three groups to receive a single bolus epidural injection of fentanyl 1 µg/kg
               in the fentanyl (F) group, magnesium sulfate 75 mg in the magnesium sulfate (M) group, and a combination of both in the fentanyl
               magnesium sulfate (FM) group. All were diluted to a total volume of 10 ml. Visual analog scale, duration of analgesia, and
               total consumption of rescue analgesia were recorded.A combination of epidural fentanyl (1 µg/kg) and magnesium sulfate (75 mg)
               produced a significant reduction of postoperative visual analog scale at 3 and 6 h with a longer duration of analgesia and
               a lower rescue analgesic consumption without increased side effects.
            

            In this study time taken for the highest sensory level in group I was 13.92±4.50 minutes and 12.24±3.43 minutes in group I
               and II respectively. The mean duration of surgery was 99.00±13.31 minutes in group I and 92.20±15.21 in group II. Time for
               Regression to L1 was 118.80±13.41 and 119.60±17.85 minutes in group I and II respectively. The duration of analgesia (min)
               was 107.00±25.82 and 143.40±39.57 minutes in group I and II respectively.
            

            Bilir et al,[12] used fentanyl PCEA in Group F and fentanyl PCEA with 50 mg bolus Mg and continuous Mg infusion epidurally in Group FM, time
               to first analgesic requirement (comparable to the duration of analgesia in our study) was slightly longer in Group FM (51.6
               min) compared to Group F (37.1 min). Compared with patients in Group F, patients in Group FM received smaller doses of epidurally
               infused fentanyl at all time points after 30 min. There was a 25% reduction in fentanyl consumption in Group FM at the end
               of 24 hr compared to Group F. Thus, the addition of Mg allowed lesser requirement of fentanyl in the postoperative period
               due to its NMDA receptor antagonist action and potentiation of opioid analgesic effects. This is comparable to the results
               of the present study wherein adding Mg (50 mg) to fentanyl (50 µg) epidurally as a single dose markedly increased the duration
               of fentanyl analgesia in group FM compared to group F.
            

            We found that common adverse events were nausea/ vomiting seen 2 in group I and 4 in group II and urinary retention seen 0
               in group I and 2 in group II. The limitation of the study is the small sample size.
            

         

         
               Conclusion

            The authors found that the addition of magnesium sulfate to epidural fentanyl for elective lower limb orthopedic surgeries
               has prolonged the duration of fentanyl analgesia without any significant side effects. 
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