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ABSTRACT Introduction: Magnesium sulphate is a inhibitor of catecholamine from  adrenergic nerve endings and adrenal 
medulla, calcium antagonist and a potent L-type calcium channel inhibitor which plays important role to attenuate 

the symapthoadrenal responses during anaesthesia and surgery. 
Aim: To compare the effect of intravenous magnesium sulfate with potent short acting opoid fentanyl citrate on circulatory changes and 
other effects during perioperative period and surgery.
Material and method: 50 adult patients ranging from 18-60 years of age, ASA 1 and 2 undergoing modified radical mastectomy were 
selected and placed in two different groups (25 in each group). Group M received Inj. Magnesium sulfate 30 mg/kg i.v. 5 mins before 
induction, 20 mg/kg 5 mins before skin incision, 10 mg/kg every 30 mins till the end of surgery. Group F received  Inj. Fentanyl Citrate 
1.5 mcg/kg i.v. 5 min before induction ,1mcg/kg 5 min before skin incision ,0.5 mcg/kg every 30 min till the end of surgery. Changes in 
HR, S.B.P., , D.B.P. M.A.P. were recorded at different time interval.
Result: All parameters maximum rise is immediately after intubation followed by rise lesser than the previous rise at the time of skin 
incision which is statistically not significant in both the groups. Rises in MAP and mean HR from pre induction value, immediately after 
intubation was 5.46% and 5.55% in magnesium sulphate and fentanyl citrate group respectively. Total requirement of Inj. Vecuronium 
is reduced by 40% in group M compared to group F.
Conclusion: Magnesium sulphate and fentanyl citrate both are equally effective for attenuation of hemodynamic response to stress of 
surgery and anaesthesia.

Introduction 
Laryngoscopy, intubation and surgery are associated with 
significant increase in sympatho adrenal activity which 
may result in hypertension, tachycardia and arrhythmias 
[1,2]. Many methods have been identified to attenuate these 
responses including opioids, or vasodilators etc[3,4,5]. Magne-
sium blocks the release of catecholamines from both adren-
ergic nerve terminals and the adrenal gland[6,7,8] .

Moreover, magnesium produces vasodilatation [7] and high 
dose magnesium attenuates vasopressin-stimulated vaso-
constriction. It is an antagonist of NMDA receptors which 
shows its adjuvant effect in perioperative analgesia [6,9,10,11].  

Fentanyl citrate, an opioid produces effective analgesia and 
attenuation of hemodynamic responses to stress [11] but has 
the disadvantage of respiratory depression. So, purpose of 
our study is to compare the effects of magnesium sulfate 
with fentanyl on hemodynamic parameters during  anaes-
thesia and surgery.

Material and method
50 adult patients ranging from 18-60 years of age, ASA 1 
and 2 undergoing modified radical mastectomy were se-
lected for the study. Patients were assessed pre operatively 
through history and clinical examination. Investigations 
were carried out and analysed. Patients with hepatic, renal, 
cardiac or respiratory problems, Diabetic patients, patient 
with Haematological disorders and coagulopathies, Morbid 
Obese, Pregnancy, History of neuropathy, myopathy and 
neuromuscular diseases, Prior treatment with corticoster-
oids, calcium channel blockers, Opioids and anticoagulants, 
MAO inhibitors are excluded from study.

After obtaining institutional Review Committee approv-
al, written informed consent was obtained. Patients were 
placed in two different groups (25 in each group). Group M 
received Inj. Magnesium sulfate 30 mg/kg i.v. 5 mins before 
induction, 20 mg/kg 5 mins before skin incision, 10 mg/
kg every 30 mins till the end of surgery. Group F received  
Inj. Fentanyl Citrate 1.5 mcg/kg i.v. 5 min before induction, 
1mcg/kg 5 min before skin incision ,0.5 mcg/kg every 30 
min till the end of surgery. 

Patients were instructed to remain nil orally for at least 
eight hours before surgery  premedicated with Tab.Loraz-
epam hydrochloride 1 mg night before surgery and Tab. 
Diazepam hydrochloride 5 mg in morning at 6:00 am on 
the day of surgery. Anaesthetic technique was identical in 
all the patients. On arrival in the operation theatre patients 
were monitored with routine non-invasive blood pressure 
measurement, pulse oxymetry and E.C.G.   H.R., S.B.P., 
D.B.P., M.A.P. were recorded as baseline value designated 
as B.  5mins after giving study drug and before induction 
H.R., S.B.P., , D.B.P. M.A.P. were recorded and designated 
as pre induction value designated as P. The trachea was 
intubated after the induction of anaesthesia with inj.Gly-
copyrolate 0.2 mg i.v., Inj. Thiopental Sodium 5 mg/ kg 
i.v.,Inj. Vecuronium Bromide 0.1 mg /kg i.v. Anaesthesia 
was maintained with 1% sevoflurane and 1:1 O2/N2O at 
3litre /min and. Vecuronium requirement is measured by 
peripheral nerve stimulation and total dose of vecuronium 
noted in each surgery. No other analgesics except study 
drugs were used. All patients were mechanically ventilated 
on volume control mode of ventilator(tidal volume: 8 ml/
kg and respiratory rate : 12/min) . Throughout surgery 
HR, SBP, DBP & MAP were recorded. Timings of record-
ing were Baseline(B), before induction(P),Immediately 
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after intubation(E) ,1 min,3 min,5 min,10 min after 
intubation(E+1,E+3,E+5,E+10),  Every 5 minutes for next 20 
minutes followed by every 15 minutes till the end of sur-
gery(15,20,25,30,45,60,75….). 

After completion of surgery inj.Glycopyrolate 0.4 mg i.v. and 
inj.Neostigmine 0.05 mg/kg i.v. were given to reverse neuro-
muscular blockade followed by extubation in operation there 
only. Post operatively patients were observed for side effects 
like sedation, respiratory depression, nausea, vomiting.

We had defined following parameters for study: 1) Hy-
potension was defined as SBP<25% of baseline value or 
90 mm of hg, whichever was lower. 2) Hypertension was 
defined as SBP>25% of baseline value or 150 mm of hg, 
whichever was greater. 3)Tachycardia was defined as 
HR>25% of baseline value. 4) Bradycardia was defined as 
HR<60 beats per minute. 5) An arrhythmia was defined as 
any ventricular or supraventricular premature beat or any 
rhythm other than sinus.

Statistical analysis was done using Graph pad software and 
mean value was calculated for each parameter. Comparison 
between two groups was conducted using students t test, 
analysis of variance (ANOVA). Hemodynamic variables 
were represented by mean±SD and P value < 0.05 was con-
sidered significant. 

Results 
Table 1 show that both the groups were comparable in pa-
tient characteristics with respect to age, gender and ASA 
physical status. (p>0.05)Fig.1 shows the changes in heart 
rate during the surgery which increased immediately af-
ter intubation beyond the baseline and decreases there-
after and again increases at (E+10=skin incision time) but 
not beyond the baseline value in both groups. However in 
both the groups stress response was found to be attenu-
ated significantly throughout the surgery. Fig. 2 shows the 
changes in systolic blood pressure during study period. We 
can see that there is effective suppression of stress response 
throughout surgery and maximum rise in SBP is seen at 
immediately after intubation followed by at the time of 
skin incision in both groups. In fig.3 we can see that DBP 
also peaks at immediately after intubation and during skin 
incision in both groups. Otherwise both the drugs produces 
almost parallel & effective attenuation of stress response. 
Fig 4 shows the changes in mean arterial pressure during 
study period. We can see that the graph pattern of mean 
arterial pressures is identical to graph pattern of changes in 
HR and SBP. Maximum rise is immediately after intubation 
followed by rise lesser than the previous rise at the time of 
skin incision in both groups. All vitals were decreased con-
tinuously except immediately after intubation,at that time 
arise of 6.15% & 4.9% in SBP and 6.07% & 5.1% in DBP in 
magnesium group and fentanyl group respectively. Rises in 
MAP and mean HR from pre induction value, immediately 
after intubation was 5.46% and 5.55% in magnesium and 
fentanyl group respectively. Table 2 shows total require-
ment of vecuronium in both the groups during surgery. 
It shows vecuronium requirement is reduced by 40% in 
group M compared to group F.

Discussion
Laryngoscopy, intubation, surgery and anaesthesia results 
in increase in stress response which is associated with cat-
echolamine release. Magnesium reduces this release by the 
adrenal medulla and adrenergic nerve endings [6,7,8 ].

Fentanyl plays an important role in balanced general anaes-
thesia by virtue of meeting all aspects of balanced anaes-

thesia like narcosis, analgesia and attenuation of stress re-
sponses but apart from associated bradycardia, respiratory 
depression, chest rigidity and PONV, its procurement in 
India is difficult due to rigid narcotic regulation. [6] In cir-
cumstances in which these complications may be undesir-
able, magnesium could be a useful alternative.  

Dilip Kothari et al [6] found that both the drugs equiva-
lent in suppressing hemodynamic parameters throughout 
surgery and anaesthesia. They found both SBP & DBP de-
creased continuously in both the groups except for a rise of 
6.95% & 4.01% in SBP and 5.96% & 4.95% in DBP from pre 
induction value, immediately after intubation, in magnesi-
um group and fentanyl group respectively which correlate 
with our study. 

Gupta kumkum et al [12] compared the effects of clonidine 
hydrochloride& fentanyl citrate for hemodynamic stability 
during surgery and anesthesia and recovery outcome in 
patients undergoing laparoscopic cholecystectomy under 
general anaesthesia. Rise in mean HR and mean MAP were 
6.7% and 7.4% respectively from preinduction value  imme-
diately after intubation.

In our study, we found vitals were well maintained below 
baseline throughout surgery except  rises in mean HR and 
mean MAP were 5.8% and 5.3% from pre induction value, 
immediately after intubation.

Weisskopf R B and Daniel M et al [13] studied the effect of 
fentanyl, esmolol and clonidine for blunting the cardiovas-
cular responses to laryngoscopy and intubation induced 
by desflurane concentration. They found fentanyl the most 
clinically useful of these drugs because it blunts the in-
crease heart rate and blood pressure and has minimal car-
diovascular depressant effect and little postoperative seda-
tion.  

In our study we had given the fentanyl citrate and magne-
sium sulfate and compared the effects of both  in attenua-
tion of haemodynamic responses. We found out that  both 
of them decrease the haemodynamic parameters sufficient-
ly and prevent any rise in parameters if given in sufficient 
doses and at an optimum time interval.

In our study in Group M vitals were well maintained be-
low baseline throughout surgery except for a rise in hemo-
dynamic parameters immediately after intubation. And 
these rises in mean MAP and mean HR from pre induction 
value, immediately after intubation were 5.46% and 5.55% 
respectively.

Magnesium has cardiovascular effects with the actions of 
both a calcium antagonist with vasodilator and antiarrhyth-
mic effects and an adrenergic antagonist with principally a-
antagonistic actions [15]. As a result of these dual actions, 
magnesium has a number of potential indications in anes-
thesia. Magnesium has the potential to treat and prevent 
pain by acting as an antagonist of NMDA receptors also 
reduces catecholamine release through sympathetic stimu-
lation by which it might causes peripheral nociceptor sen-
sitization or stress response to surgery  and blunt hemody-
namic responses to inadequate analgesia. [2] The control of 
blood pressure in magnesium group is due to combination 
of vasodilatory effects of the ion and inhibition of catecho-
lamine release. 

S.Rajan et al [16] studied effects of magnesium sulphate for 
hemodynamic stability in TNTS surgery. They found mag-
nesium sulphate effective in attenuating the hemodynamic 
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responses to stress responses. Vitals were maintained be-
low baseline value throughout surgery except for a rise at 
immediately after intubation from pre induction value by 
5.2% in HR,5.8% in SBP,6.7% in DBP and 4.9% in MAP.

J.H.Rayu et al [17]studied the effects of magnesium sulphate 
on intraoperative anaesthetic requirements and post opera-
tive analgesia in gynecology patients receiving general an-
aesthesia.. Throughout surgery vitals were well maintained 
below the baseline value. Increase in vitals from pre induc-
tion value noted immediately after intubation. Rise in MAP 
by 6.66% and rise in HR by 4.76 % from preinduction value 
immediately after intubation. 

It is well known that magnesium inhibits acetylcholine re-
lease at motor nerve terminals, thus potentiating the effects 
of neuro muscular blocking agent. If this combination is to 
be used, then the dosage of relaxant should be reduced. [18] 

Sinatra RS et al [19] studied that Magnesium sulfate potenti-
ates neuromuscular blockade induced by non-depolarizing 
neuromuscular blocking agents.

Krendal et al [20] showed that magnesium produces dose re-
lated inhibition of neuromuscular transmission by compe-
tition with calcium for membrane channels on the presyn-
aptic terminals leading to decrease in acetylcholine release. 
Thus the potential exists for possible interaction between 
magnesium and muscle relaxants used during anesthesia. 
We also found the 40% less requirement of vecuronium in-
traoperatively in group M as compared to fentanyl group. 

Magnesium sulfate cheap, easily available, better alterna-
tive to costly, not easily available because of narcotic law, 
potent, opoid fentanyl for attenuation of circulatory chang-
es during surgery and anesthesia. 

No adverse outcome like sedation, nausea, vomiting, res-
piratory depression or any cardiac insult was found during 
our study. None of these patients had any residual effect of 
muscle relaxant because they did not require any addition-
al doses of reversal agents nor they require any ventilator 
support in post operative period. 

Conclusion
Hence we conclude that magnesium sulphate and fentanyl 
citrate both are equally effective for attenuation of hemody-
namic response to stress of surgery and anaesthesia. Even 
though effects of both the drugs are almost same on hemo-
dynamic parameters, magnesium sulfate is a cheap, easily 
available and good alternative to fentanyl and also reduces 
the requirement of muscle relaxant than fentanyl. 

Table 1: Demographic data

Group Age in years 
Mean+/-SD 

Weight in kg 
Mean+/-SD 

M group(n=20) 43.2 +/-8.6 52.15+/-6.9 

F group(n=20) 45.1+/-7.6 55.8+/-5.9 

 
Table 2: Total vecuronium requirement

Group M Group F

Total vecuronium 
requirement (mg) 4.92±0.68 mg 8.16±0.67 mg

Duration of sur-
gery (min.) 110±20min. 115±15min.
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