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ABSTRACT: BACKGROUND AND OBJECTIVES: Magnesium has been used as an adjuvant by various 

routes, including intravenous, intrathecal and epidural in different dosage regimens. This is a 

prospective, randomized, controlled study designed to assess the efficacy of single bolus 

administration of Magnesium epidurally as an adjuvant to epidural fentanyl for postoperative 

analgesia in patients undergoing orthopedic hip surgeries under combined spinal epidural 

anesthesia. MATERIALS and METHODS: 50 Patients of ASA grade I and II aged 35 to 50 years of 

either gender undergoing orthopedic hip surgeries enrolled in study received combined spinal 

epidural anesthesia with 3 ml of 0.5% hyperbaric bupivacaine intrathecally. After surgery patients 

were randomized into Group F (epidural fentanyl 50µg in 10ml saline) and Group FM (epidural 

magnesium 75 mg along with fentanyl 50µg in 10 ml saline). Rescue analgesic is provided by 

intravenous tramadol if VAS score >4. Patient’s first analgesic requirement time and duration of 

analgesia were recorded. RESULT: The duration of analgesia was significantly longer for Group FM 

compared to Group F. The frequency of rescue analgesics required in 24 hr postoperative period in 

Group FM was significantly less than that in Group F. CONCLUSION: The administration of 

magnesium as an adjuvant to epidural fentanyl for postoperative analgesia results in significantly 

lower VAS with prolonged duration of analgesia as compared to epidural fentanyl alone. 

KEYWORDS: Epidural, magnesium, N-methyl-d-aspartate receptor, post-operative pain, rescue 

analgesia. 

 

INTRODUCTION: Postoperative epidural analgesia after combined spinal epidural anesthesia is one 

of the accepted techniques of postoperative pain relief.(1) The CSE technique is used routinely for 

major orthopedic surgeries and in obstetrics.(2) 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.(3-6)  

Various adjuvants in addition to opioids have been used epidurally to prolong analgesia and 

reduce the incidence of adverse events observed when opioids are used alone.(7) Because of its 

greater liphophilic nature, fentanyl offers some advantages for epidural analgesia. The rapidity of 

analgesic effects of epidural fentanyl administration and relatively short duration of action makes it 

the drug of choice for postoperative acute pain.(8) 

Magnesium, the non-competitive NMDA antagonist, administered intrathecally or epidurally, 

is proved to prolong the duration of spinal opioid analgesia.(9) Co-administration of epidural 

magnesium for postoperative epidural analgesia has provided a pronounced reduction in patient 

controlled epidural fentanyl consumption without any side-effects.(10)  
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N-methyl-d-aspartate (NMDA) receptors present in the dorsal horn of spinal cord have a role 

in the modulation of central sensitization of noxious stimulus.(11) Calcium channel blockers and 

NMDA receptor antagonists have shown to be beneficial in preventing initiation of pain. Magnesium, 

a divalent cation through non-competitive mechanism blocks the NMDA receptor in a voltage – 

dependant manner and results in natural calcium antagonism.(12) 

 Magnesium possessing anti-nociceptive action has been used as an adjuvant by various 

routes, including intravenous, intrathecal and epidural in different dosage regimens.(13,14) On the basis 

of these evidences, a study was undertaken to compare the effects of epidural fentanyl and fentanyl 

plus magnesium on duration of analgesia, hemodynamic stability and side effects in patients 

undergoing orthopedic hip surgeries. 

 

AIMS AND OBJECTIVES: Aim of our study is to evaluate the analgesic efficacy of single bolus dose of 

magnesium sulphate as an adjuvant to epidural fentanyl for postoperative analgesia. 

 

MATERIALS and METHODS: The present study was a Prospective, randomized double blind 

comparative study conducted during 2013 June to 2014 March. After obtaining institutional Ethics 

committee approval, written and informed consent, 50 patients of ASA grade I and II aged 35-50 

years of either gender, undergoing orthopedic hip surgeries were enrolled for the study. Thorough 

pre-anesthetic evaluation and investigations were carried out to find out any associated systemic 

illness. 

 

Exclusion Criteria: Patients for whom central neuraxial block was contraindicated and those with 

history of reaction to study drugs, on analgesic therapy and calcium channel blockers, major hepatic, 

renal or cardiovascular dysfunction were excluded from the study. 

Patients were briefed before operation on visual analogue pain scale (vas 0: no pain, 10: 

Worst pain ever). They were advised overnight fasting and pre-medicated with 0.5mg oral 

alprazolam at night. On arrival at the operating room, electro cardiogram, non- invasive blood 

pressure and pulse oximeter monitoring were started. Baseline pulse rate, blood pressure (systolic, 

diastolic and mean), and oxygen saturation were noted. An intravenous access was established and 

all the patients were preloaded with lactated Ringer’s solution (10ml/kg body weight). 

 Under all aseptic precautions, patient received CSE anesthesia. The epidural space was 

identified at L3-L4 or L4-L5 space using a loss of resistance technique. Dural puncture was performed 

by a needle-through-needle technique with a whitacre 26G needle and 3ml of 0.5% hyperbaric 

bupivacaine was injected into intrathecal space. Epidural catheter was threaded 4cms in addition to 

the distance of epidural space and fixed with adhesive plaster on patients back. Sensory block was 

assessed bilaterally by using pinprick method with short beveled needle. Motor block was evaluated 

using modified Bromage scale (Table I).  

An epidural test dose of 45 mg lignocaine and 1:200000 adrenaline in a volume of 3ml was 

administered. During the course of operation, epidural bupivacaine 0.5% was given, if required to 

achieve a block above T8 level. When surgery was complete patients were randomized by computer 

generated random number assignment into 2 groups of 25 each. After surgery patients were shifted 

to post anesthesia care unit and Group F (n-25) Patients received epidural fentanyl 50µg in 10ml 
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normal saline. Group FM (n-25) Received epidural magnesium 75mg along with fentanyl 50µg diluted 

in isotonic saline to a total of 10ml. 

The drug was prepared by an independent investigator who was not involved in the 

perioperative management of the patient. Fentanyl was prepared from an ampoule containing 

50µg/ml, whereas magnesium dose was prepared from an ampoule containing 50% magnesium (500 

mg / ml) which was diluted to 5% in 10ml normal saline and 1.5ml was administered. 

 Patients were monitored 24 hrs postoperatively for vitals, VAS score for pain and any other 

side effects such as excessive sedation, pruritis, postoperative nausea vomiting (PONV), urinary 

retention and respiratory depression. Sedation was assessed on a 4 point scale (Table II).  

All the patients were observed for any neurological complications until 24 hrs after surgery. 

Postoperative monitoring was recorded at 5 minutes intervals for 30 minutes, hourly for the first 

6hrs, and 2nd hourly for 12 hrs period and then 24 hrs. If the patients need analgesia, rescue analgesic 

(intravenous tramadol 50 mg) is given. 

 

Statistical Analysis: The data was compiled and analyzed statistically by using the students‘t’ test 

and a ‘p’ value of <0.05 was considered as significant and p <0.001 was considered as highly 

significant. All the scores in our study were analyzed by using the students ‘t’ test and standard error 

of difference between the two means and chi-square test. Statistical analysis was done by using 

Graphpad software. 

 

RESULTS: The groups were comparable with respect to age, gender, ASA status (Table III), (Bar 

diagram I). The duration of surgery was comparable in both the groups (159±22.5 min in Group F vs 

163±20.6 min in Group FM (p=0.473). 

The sensory and motor block level were comparable prior to administration of epidural drugs 

in the 2 groups (p=0.7 and 0.52 respectively). 

The duration of analgesia after the epidural drug administration was significantly longer for 

Group FM 340±28.8 minutes, compared with Group F (164±17.1min (p=0.001) (Table IV) (Bar dia- 

II). 

The frequency of rescue analgesic (intravenous tramadol 50mg) required in 24hrs 

postoperative period in Group FM (2.3±0.5) was significantly less than in Group F (4.3±0.5) 

(p=0.001) (Tab V). Postoperative pulse rate, systolic, diastolic and mean blood pressure were 

comparable in both groups and statistically insignificant. (p>0.05).  

There was no incidence of hypotension or bradycardia in either of the group postoperatively. 

There was no incidence of respiratory depression in either of the groups. No patients experienced 

excessive sedation (median sedation score 0 in both the groups), PONV or pruritis. Two patients each 

in both the group had urinary retention (p=1). 

 

DISCUSSION: The results of present study show that a single bolus dose of epidural magnesium 

(75mg) as an adjuvant to epidural fentanyl (50µg) results in prolonged duration of analgesia as 

compared with epidural fentanyl (50µg) alone. Also VAS was lower in the study group as compared 

with control group. Concomitant administration of magnesium also reduces the requirements of 

rescue analgesic with no increased incidence of side effects. 
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Noxious stimulation leads to the release of neurotransmitters, which bind to various 

subclasses of excitatory amino acid receptors, including NMDA receptors. NMDA receptor signaling 

may be important in determining the duration of acute pain.(15) Therefore NMDA receptor 

antagonists play a role in the prevention and treatment of post-injury pain. Magnesium blocks 

calcium influx and non-competitively antagonizes NMDA receptor channels. Magnesium can have an 

effect on pain when used alone, but it has also been shown that it potentiates the analgesic properties 

of opioids.(16)  

In this way the co-administration of magnesium with fentanyl prolongs fentanyl analgesia. In 

our study 75 mg dose of epidural magnesium in Group FM resulted in lower VAS scores at 2, 3 and 4 

hrs postoperatively and our observation coincided with study of Biliar et al.(10) The frequency of 

rescue analgesia requirement was lower in Group FM in 24 hr study period and our observation 

coincided with study of Arcioni et al(17) who studied the effect of combined intrathecal and epidural 

infusion of magnesium sulphate supplementation. 

 They concluded that supplementation of spinal anesthesia with combined intrathecal and 

epidural magnesium significantly reduces patient’s postoperative analgesic requirements. The 

concern of neuromuscular blockade after epidural magnesium administration is emphasized in 

literature but no impact was noted on motor function in our study when magnesium was 

administered epidurally (as suggested by modified Bromage score).(18) 

 Also neurologic outcome after inadvertent administration of larger doses of intrathecal and 

epidural magnesium has been studied and no neurologic deficit has been reported.(19,20) There were 

no increased incidence of side effects in magnesium group, although 2 patients in both the groups 

complained of urinary retention which might have resulted from epidural administration of 

fentanyl.(21) Thus in present clinical study epidurally administered magnesium is shown to prolong 

the duration of fentanyl analgesia without significant side effects. 

 

CONCLUSION: We conclude that the administration of epidural magnesium (75 mg) as an adjuvant to 

epidural fentanyl (50µg) for postoperative analgesia resulted in prolonged duration of analgesia 

when compared with epidural fentanyl (50µg) alone. Concomitant administration of magnesium also 

reduces the requirement for rescue analgesic with no increased incidence of side effects. 

 

REFERENCES: 

1. Wheatley RG, Schug SA, Watson D. safety and efficacy of postoperative epidural analgesia. Br. J 

Anaeth 2001; 87; 47-61. [PUBMED]. 

2. Rawal N. Holmstrom B. Crowhurst JA, van Zundert A. The combined spinal epidural technique. 

Anesthesiol Clin North Am 2000; 18:267-93. 

3. Oscar A, Leon-Casasola, Mark J. Postoperative Epidural Opioid Analgesia: what Are the Choices? 

Anesth Analg 1996; 83: 867-75. 

4. LIU S. Carpenter R, Neal JM. Epidural anesthesia and analgesia. Their role in postoperative 

outcome. Anesthesiology 1995; 82: 1474-1506. 

5. Negre I, Gueneron JP, Jamal SJ, et al. Preoperative analgesia with epidural morphine. Anesth 

Analg 1994 19: 298-302. 



DOI: 10.14260/jemds/2014/2940 

ORIGINAL ARTICLE 

J of Evolution of Med and Dent Sci/ eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 3/ Issue 27/July 07, 2014          Page 7585 
 

6. Benzon HT, Wong HY, Belavic AM et al. A randomized double blind comparison of epidural 

fentanyl infusion versus patient controlled analgesia with morphine for postthoracotomy pain. 

Anesth. Analg. 1992; 76: 316-22. 

7. Carr DB, Gardas LC, Describes acute pain and measures to control it by various techniques, 

drugs and adjuvants, Acute pain Lancet 1999; 353 : 2051. 

8. Raj PP. Text book of Regional Anesthesia. Churchill Livingstone, 2002 p 505-24, P. 35-46. 

9. Asokumar Buvanendran, Robert JM, S. Krioin, Warren Leong, Patricia perry and keneth JT. 

Intrathecal Magnesium prolongs fentanyl analgesia: A prospective, Randomized, Controlled 

Trail Br J. Anaesth 2007, 98 (4): 519-23. 

10. Bilir A, Gulec S. Erkan A and ozcelik. A, Epidural magnesium reduces postoperative analgesic 

requirement Br. J. Anaesth 2007: 98 (4): 519-23. 

11. Ozalevli M, Cetin To, Unligenc H, Guler T, ISik G. the effect of adding intrathecal magnesium 

sulphate to bupivcaine – fentanyl spinal anaesthesia. Acta Anaesthesiol Scand 2005; 49 1514-9. 

12. Begon S, Pickering G, Eschalier A, Dubray C. Magnesium increases morphine analgesic effect in 

different experimental models of pain, Anesthesiology 2002; 96: 627-32 [PUBMED]. 

13. Buvanendran A, MC carthy RJ, Krorin JS, Leong W, Perry P, Tuman KJ, Intrathecal Magnesium 

prolongs fentanyl analgesia: A prospective, randomized, controlled trial. Anesth Analg 2000; 

95:661-6. 

14. Farouk S. Pre incisional epidural magnesium provides pre-emptive and preventive analgesia in 

patients undergoing abdominl hysterectomy. Br. J. Anaesth 2008; 101: 694-9. [PUBMED]. 

15. Wolf CJ and Thompson SW. The induction and maintenance of central sensitization is 

dependent on N-methyl-D- aspartic acid receptor activation: implications for the treatment of 

post-injury pain and hypersensitivity states. Pain 1991; 44: 293-9. 

16. Begon S. Pickering G, Eschaler A, Dubray C, Magnesium increases morphine analgesic effect in 

different experimental models in pain. Anesthesiology 2002, 96: 627 -32. 

17. R. Arcioni, S. Palmisani, S.T. Igano, C Santorsola, V. Sauli, S. Romano et al. Combined intrathecal 

and Epidural Magnesium sulfate supplementation of spinal anesthesia to reduce postoperative 

analgesic Requirements: A prospective, Randomized, double blind, Controlled Trial in patients 

undergoing major orthopedic surgery Acta Anaesthesiol Scand 2007; 51: 482 -9. 

18. Levaux C, Bonhomme V, Dewandre PY, Brichant JF, Hans P. Effect of intraoperative magnesium 

sulphate on pain relief and patients comfort after major lumbar orthopaedic surgery. 

Anaesthesia 2003. 58; 131-5. 

19. Lejuste M J. Inadvertent intrathecal administration of magnesium sulfate. S. Afr Med J 1985; 68: 

367-8. 

20. Goodman EJ, Haas AJ, Kantor GS. Inadvertent administration of magnesium sulphate through 

epidural catheter: Report and analysis of a drug error. Int. J obstet Anesth 2006; 15: 63-7 

[PUBMED]. 

21. Yousef AA, Amr YM, The effect of adding magnesium sulphate to epidural bupivacaine and 

fentanyl in elective caesarian section using combined spinal epidural anaesthesia. A prospective 

double blind randomized study. Int. J. obstet Anesth 2010. 19: 401-4 [PUBMED]. 

 

 

 



DOI: 10.14260/jemds/2014/2940 

ORIGINAL ARTICLE 

J of Evolution of Med and Dent Sci/ eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 3/ Issue 27/July 07, 2014          Page 7586 
 

 

 

0 No motor block 

1 Inability to raise extended legs 

2 Inability to flex knees 

3 Inability to flex ankle joints 

Table I: Showing Modified Bromage Scale 

 

 

0 Awake and alert 

1 Mildly sedated, easily awakened. 

2 Moderately sedated, awakened by shaking. 

3 Deeply sedated, difficult to be awakened by physical stimulation. 

Table II: Showing Sedation – 4 point scale 

 

 

Variable 
Group F 

(n=25) 

Group FM 

(n=25) 

Age in years 39.92 ±4.23 40.6 ± 4.46 

M/F 18/7 18/7 

ASA I/II 15/10 16/9 

Table III: Showing age and gender distribution 

 

 

Variable Group F Group FM p Value 

Duration of Analgesia (mint) 164±17.1 340 ± 28.8 0.001 

Table IV: Showing comparison of duration of analgesia 

 

 

Time Group F Group FM p value 

30 min 0±0 0±0 1 

1h 1.4±0.6 1.3±0.7 0.411 

2h 2.6±0.1 1.8±0.5 0.001 

3h 6.2 ± 1.2 2.3 ± 0.6 0.001 

4h 4.1 ± 0.9 2.7 ± 0.5 0.001 

5h 2.9 ± 0.1 3.9±1.1 0.02 

6h 2.5±0.9 6.2 ±1.4 0.001 

8h 2.2 ± 0.7 3.1 ±0.9 0.001 

10h 1.9 ± 0.7 2.5 ±0.6 0.001 

12h 1.8 ± 0.7 2.2 ± 0.4 0.004 

24h 1±0.6 1±0.6 1 

Table V: Showing VAS scoring 
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Bar Dia I: Showing age distribution in the two groups 
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