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INTRODUCTION

The introduction of  neuromuscular blocking drugs 
made a conceptual change in the practice of  general 
anesthesia. Laryngoscopy and endotracheal intubation 
is commonly facil itated with Succinylcholine, a 
depolarizing muscle relaxant that offers excellent 

intubation conditions within 30–60 s and its effect lasts 
for 3–5 min.1

Succinylcholine being cost-effective with quicker onset of  
action, shorter duration of  action, and complete predictable 
paralysis remains the best drug in providing ideal conditions 
for endotracheal intubation in the majority of  the cases.2 
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Background: Succinylcholine with quick onset, ultra short duration of action, and complete 
predictable paralysis has been the best drug for endotracheal intubation but the occurrence 
of side effects such as muscle fasciculations, postoperative myalgia, rise in serum potassium 
levels and myoglobinuria limits its use in the full stomach, burns, massive trauma, metabolic 
acidosis, and few myopathies. For attenuation of these effects, many drugs have been 
studied but pre-treatment with non-depolarizing muscle relaxant found to be successful. 
Aims and Objectives: This study was designed to assess the effect of Rocuronium and 
Vecuronium pre-treatment on post-succinylcholine fasciculations, rise in serum potassium 
levels, and postoperative myalgia. Materials and Methods: 100 patients between the 
age of 20–50 years of either sex (American Society of Anaesthesiologists grade I and II) 
undergoing general anesthesia for various surgical procedures were randomly allocated 
into two groups according to pre-treatment with Rocuronium (Group R) and Vecuronium 
(Group V) before Succinylcholine administration. After Succinylcholine administration severity 
of fasciculations, rise in serum potassium after 5 min and myalgia on postoperative days 1, 
2, and 3 were recorded. Results: About 74% patients had no fasciculation in Group R as 
compared to 36% in group V. Statistically insignificant (P>0.05) rise in serum potassium 
level was observed in both groups. Higher number of patients had mild-to-moderate degree 
of myalgia with Vecuronium on postoperative days 2 and 3. Conclusion: Pre-treatment 
with Rocuronium before Succinylcholine provided better attenuation of post-succinylcholine 
muscle fasciculations, postoperative myalgia with statistically insignificant rise in serum 
potassium levels.

Key words: Fasciculations; Myalgia; Potassium; Pre-treatment; Rocuronium; Vecuronium

Access	this	article	online

Website: 
http://nepjol.info/index.php/AJMS

DOI: 10.3126/ajms.v13i6.42417
E-ISSN: 2091-0576 
P-ISSN: 2467-9100

Copyright	(c)	2022	Asian	Journal	of	
Medical	Sciences

This work is licensed under a Creative 
Commons Attribution-NonCommercial 
4.0 International License.

O R I G I N A L  A R T I C L E ASIAN JOURNAL OF MEDICAL SCIENCES



Kothari, et al.: Effect of NMDR on post succinylcholine fasciculations, serum potassium and postoperative myalgia

52 Asian Journal of Medical Sciences | Jun 2022 | Vol 13 | Issue 6

However, the utility of  succinylcholine is restricted by 
frequent well-described incidences of  side effects such 
as rise in intracranial pressure, intraocular pressure, 
intragastric pressure, muscle fasciculations, postoperative 
myalgia rise in serum potassium levels, and myoglobinuria.

In 1.5–89% of  cases the Succinylcholine induced 
fasciculations cause postoperative myalgia in the muscles 
of  the neck, shoulder, back and upper abdomen, commonly 
after 24–48 h, which usually last for 2–3 days to maximum 
of  7 days.3,4 Post-fasciculation rise in serum potassium 
level could be deleterious in certain cases like severe burns, 
massive trauma, metabolic acidosis, myo-neuropathies.

Different drugs have been studied to attenuate these 
undesirable effects associated with succinylcholine such 
as pre-treatment with Gallamine,5 d-Tubocurarine,5 
Dantrolene,6 Phenytoin,7 Pancuronium,8 Atracurium,9 
Lidocaine,9 Ascorbic acid,10 Chlorpromazine,11 Aspirin,11 
Magnesium sulfate,12 Calcium gluconate,13 Diazepam,14 
Midazolam.15 Out of  all, Non-depolarizing neuromuscular 
relaxant (NDMR) drugs have been found most effective 
in attenuation of  these side effects.16-23

Aims and objectives
The present clinical study was conducted to assess and 
compare the effect of  pre-treatment with Rocuronium and 
Vecuronium on post succinylcholine fasciculations, rise in 
serum potassium, and post-operative myalgia.

MATERIALS AND METHODS

This prospective comparative single center clinical study 
was pre-approved by the Institutional Ethics Committee 
(IEC) for the final permission (vide letter no. 125-140/
Bio/Ethical/MC/03/13). After obtaining the permission 
of  IEC the study was conducted in a medical college 
hospital of  central India. Well-informed written consent 
was obtained from the selected patients over the period 
of  1 year.

Inclusion criteria
Patients between the ages of  20–50 years of  both sexes with 
American Society of  Anaesthesiologists-I/II, scheduled 
for elective lumbar spine surgery under general anesthesia 
necessitating laryngoscopy and endotracheal intubation 
were enrolled for this study to maintain uniformity and to 
avoid effect of  surgery-related factors on postoperative 
myalgia.

As calculated from a previous study16-20 to get a clinically 
relatable variation in the serum potassium levels, 50 patients 
were required in each of  the groups with a power of  study 
80% at 95% confidence interval (alpha=0.05). A total 

number of  patients=100; they were randomly assigned into 
two groups (n=50, each) using an online randomization 
tool.

Exclusion criteria
Patient refusal, pregnant and lactating mothers, significant 
neurological, endocrinal, hepatic or renal dysfunction, 
patients susceptible to Succinylcholine induced hyperkalemia 
as mentioned in introduction.

Computer-generated randomization technique was 
followed to divide the enrolled 100 patients into two 
groups as below:
•	 Group R - Received Inj. Rocuronium (0.06 mg/kg 

I/V), 60 s before Succinylcholine
•	 Group V - Received Inj. Vecuronium (0.01 mg/kg 

I/V), 60 s before Succinylcholine.

All the patients underwent detailed pre-anaesthetic 
assessment and investigations as per hospital protocol. All 
the patients were kept nil orally for 6 h before procedure. 
Upon arrival of  patient in the operation room, basal 
pulse rate (bpm), blood pressure (mmHg), SpO2 (%) 
were measured and recorded. A venous blood sample was 
collected before induction of  anesthesia for estimation 
of  serum potassium level. Then Normal Saline infusion 
was started @ 10–15 drops/min. After premedication 
with Injection. Glycopyrrolate 0.2 mg I.V. and Injection. 
Pentazocin 0.5 mg/kg BW and pre-oxygenation with 100% 
Oxygen for 3 min by facemask, pre-treatment was done 
with either of  the study drug (the anesthetist on floor 
and researcher were unaware of  the injection of  study 
drug). After 60 s of  pre-treatment general anesthesia was 
induced with injection. Thiopentone Sodium 5 mg/kg 
BW. Tracheal intubation was facilitated with intravenous 
injection. Succinylcholine 2.0 mg/kg BW. Observer noted 
the presence and severity of  muscle fasciculations.24

•	 Grade 0 - No fasciculations
•	 Grade 1 - Fine fasciculations of  the eyes, neck, face, 

or fingers without limb movements
•	 Grade 2 - Moderate fasciculations occurring at more 

than two sites or obvious limb movements
•	 Grade 3 - Vigorous or severe, sustained, and 

widespread fasciculations.

After endotracheal intubation general anesthesia was 
maintained on N2O and O2 (66%:33%) with Halothane (0.5 
MAC) and Injection. Vecuronium loading (0.1 mg/kg BW) 
and intermittent (0.02 mg/kg BW) doses.

After 5 min of  Succinylcholine administration, a second 
venous blood sample was taken for the estimation of  
serum potassium level. At the end of  surgical procedure, 
residual effect of  the muscle relaxant was reversed with 
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a combination of  injection. Glycopyrrolate 0.01 mg/kg 
BW and injection. Neostigmine 0.05 mg/kg BW. After 
extubation and complete recovery, the patients were shifted 
to recovery room.

All the patients were interviewed by same observer on 1st, 
2nd and 3rd postoperative days for occurrence and severity 
post-operative myalgia.24

•	 Mild - Muscle pain or stiffness at one site but not 
causing disability or limiting activities

•	 Moderate - Muscle pain or stiffness noticed 
spontaneously by the patient, possibly requiring 
analgesic therapy

•	 Severe - generalized severe or incapacitating discomfort.

Patients experiencing moderate to severe myalgia were 
injected Inj. Paracetamol 1 g, as rescue analgesia.

Statistical analysis
The observations were recorded and subjected to statistical 
analysis using student’s “t” test and for qualitative variables 
chi-square test was used. The observations recorded in both 
the groups were tabulated and statistical analysis was carried 
out using appropriate statistical software. For intergroup 
comparison, P>0.05 and P<0.05 were considered as 
insignificant and significant, respectively.

RESULTS

Demographic data regarding the Age (years), Weight 
(kilograms), and Sex ratio (%) were comparable in both 
the study group (P>0.05) (Table 1). In group R, 74% 
patients had no fasciculation (Grade 0) as compare to 36% 
in group V (P=0.0001). Higher number of  patients had 
Grade 1 and Grade 2 fasciculations in group V as compared 
to group R (50% vs. 24%) and (14% vs. 2%) respectively 
(P>0.05) (Table 2).

On 1st postoperative day, there was no difference between 
both the groups in terms of  myalgia (P=184). On the 
2nd and 3rd postoperative day, higher number of  patients 
had either no myalgia or mild grade myalgia in Group V 
as compared to group R (P<0.05). Only few patients were 
experienced moderate grade myalgia among both the 

groups, which was found to be statistically not significant 
(Tables 3 and 4).

No significant rise in serum potassium was observed in 
both study groups (P=0.928) (Table 5).

DISCUSSION

Succinylcholine has been the most suitable neuromuscular 
blocking drug to provide ideal conditions for endotracheal 
intubation in majority of  the general anesthesia cases.2 But in 
recent years anesthetists are avoiding its use because of  side 
effects such as fasciculations, postoperative myalgia, and 
rise in potassium level. Since being a cost-effective drug it is 
still used in many developing countries hence many studies 
are still done to minimize its side effects. A meta-analysis 
of  clinical trials for prevention of  postoperative myalgia 
due to succinylcholine discovered that administration of  
pre-treatment dose of  various nondepolarizing blockers 
reduced the incidence and severity of  fasciculations and 
myalgia by approximately 30%.25

In our study, the Rocuronium pre-treatment dose of  
0.06 mg/kg was chosen which was approximately 
equipotent to 0.01 mg/kg of  Vecuronium and <20% of  
ED95 hence safe and effective.26 This was supported by the 
study conducted by Joshi et al.26

Waiting period between pre-treatment with 
nondepolarizing muscle relaxant and administration 
of succinylcholine
The effectiveness of  nondepolarizing muscle relaxants in 
preventing succinylcholine-induced muscle fasciculations is 
highly dependent on the waiting time interval and choice of  
nondepolarizing drug.8 There has been much discussion about 
the interval between the administration of  the pre-treatment 
agent and succinylcholine. Interval of  2, 3, and 4 min or longer 
have been recommended.27-29 The speed of  onset of  action of  
nondepolarizing relaxant at the postjunctional acetylcholine 
receptor has been shown to be inversely proportional to drug 

Table 1: Demographic data
Parameters Group	R	

Mean	(±SD)
Group	V	

Mean	(±SD)
P-value

Age (years) 34.98±8.26 
Mean (±SD)

35.26±9.59 
Mean (±SD)

0.876 (NS)

Weight (kg) 55.74±9.15 
Mean (±SD)

56.80±7.32 
Mean (±SD)

0.523 (NS)

Sex (M: F) (%) 52:48 56:44 0.689 (NS)
*NS: Non significant (P>0.05)

Table 2: Severity and inter-group statistical 
comparison of fasciculations in two study 
groups
Severity	of	
fasciculations

Group-R Group-V Total P-value
(n) (%) (n) (%) (n) (%)

Grade-0 37 74 18 36 55 55 0.0001 
(S)

Grade-1 12 24 25 50 37 37 0.007 
(S)

Grade-2 1 2 7 14 8 8 0.028 
(S)

Grade-3 - - - - - - -
*S: Significant (P<0.05)
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potency.28 The lack of  potency of  rocuronium compared with 
vecuronium is thought to be an important factor in determining 
the rapid onset of  neuromuscular blockade produced by this 
drug. The large number of  molecules administered when using 
a less potent nondepolarizing neuromuscular blocking drug 
results in a greater number of  molecules being available to 
diffuse into the neuromuscular junction. Thus, a rapid onset 
of  action is more likely to be achieved with rocuronium29 
and it could be effective against succinylcholine-induced 
fasciculations at intervals shorter than 3–5 min.21

In our study, we kept the waiting period of  60 s between 
pre-treatment with nondepolarizing muscle relaxant and 
succinylcholine administration. This is supported by Tsui et al.,30 
where they evaluated a rapid and time-saving regularization 
technique by using rocuronium 60 s before induction.

Findley and Spittal16 also suggested that rocuronium, 
because of  its rapid onset of  action was effective in 
reducing myalgia when a short interval of  one minute was 
allowed before induction. Abbas et al.,31 and Abraham 

et al.,18 also conducted their study with waiting period of  60 
and 90 s respectively with rocuronium and control groups 
and rocuronium and vecuronium groups, respectively.

Motamed et al.,21 conducted a study to assess the effects 
of  rocuronium pre-treatment at 3 and 1.5 min before 
succinylcholine. They did not found any difference as 
regards to incidence of  fasciculations and characteristics of  
succinylcholine blockade when time interval was reduced 
from 3 to 1.5 min. In our study, fasciculations were absent in 
74% of  the patients in the Rocuronium group as compared 
to 36% in the Vecuronium group (P=0.0001), whereas fine 
fasciculations (Grade 1) were observed in 24% of  patients in 
the Rocuronium group as compared to 50% in Vecuronium 
(P=0.007). Only 2% of  the patients had moderate 
fasciculations (Grade 2) in group R as compared to 14% 
in group V (P=0.028). None of  the patients had vigorous 
fasciculations (Grade 3) in any group. Abraham et al.,18 Kacha 
et al.,19 Joshi et al.,20 and Singh et al.,23 all observed lower 
incidence of  fasciculation with Rocuronium treated group.

In our study on 1st postoperative day, 94% and 86% 
of  patients did not had any myalgia in group R and V 
respectively (P=0.184). Only 6% of  patients in group R had 
mild myalgia as compared to 14% in group V, although it did 
not show statistical significance (P=0.184) this difference can 
be considered as clinically significant. None of  the patients 
had moderate or severe myalgia in both groups.

On the 2nd postoperative day, a statistically significant 
difference (P=0.009) was observed in groups R and V 
where 64% and 38% of  patients did not experience any 
myalgia. Further mild myalgia was observed in 34% and 
54% of  patients in group R and V, respectively (P=0.045). 
No statistically significant difference (P=0.171) between 
two study groups was observed as regard to moderate 
myalgia (2% and 8% in group R and group V, respectively).

On the 3rd postoperative day, 46% of  patients in group R 
did not complain of  myalgia as compared to 16% in 
group V (P=0.001), whereas mild myalgia was observed in 
48% and 70% of  the patients in group R and V respectively 
(P=0.026). Moderate myalgia was seen in 6% of  patients 
in group R as compared to 14% in group V (P=0.184).

Table 4: Inter-group statistical analysis of 
severity of postoperative myalgia in two study 
groups
Severity	
of	myalgia

1st	P.O.	Day 2nd	P.O.	Day 3rd	P.O.	Day
P-value P-value P-value

Nil 0.184 (NS) 0.009 (S) 0.001 (S)
Mild 0.184 (NS) 0.045 (S) 0.026 (S)
Moderate - 0.171 (NS) 0.184 (NS)
Severe - - -

*P.O.Day: Post‑operative day, NS: Non significant (P>0.05), S: Significant (P<0.05)

Table 5: Inter-group statistical comparison of 
serum potassium level (meq/l) in two study 
groups
Serum	Potassium 
(	mEq/L)

Group	R
Mean	
(±SD)

Group	V
Mean	
(±SD)

P-value

Sample I, Before 
Induction

4.23±0.58 4.25±0.54 0.858 
(NS)

Sample II, after 5 min of 
Succinylcholine

4.44±0.58 4.45±0.53 0.928 
(NS)

*NS: Non Significant (P>0.05)

Table 3: Severity of postoperative myalgia in two study groups
Severity	of	myalgia 1st	P.O.	Day* 2nd	P.O.	Day* 3rd	P.O.	Day*

Group	R Group	V Group	R Group	V Group	R Group	V
(n) (%) (n) (%) (n) (%) (n) (%) (n) (%) (n) (%)

Nil 47 94 43 86 32 64 19 38 23 46 8 16
Mild 3 6 7 14 17 34 27 54 24 48 35 70
Moderate - - - - 1 2 4 8 3 6 7 14
Severe - - - - - - - - - - - -

*P.O.Day: Post‑operative day
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In this study, none of  the patients experienced severe 
myalgia in both the groups on any postoperative day.

Depolarizing muscle relaxants such as succinylcholine bind 
both at pre-synaptic and post-synaptic sites to nicotinic 
acetylcholine receptors, but the pre-synaptic binding 
is thought to be associated with fasciculations.32 If  an 
NDMR is given before the succinylcholine, it will bind to 
pre-synaptic nicotinic neuronal acetylcholine receptors, 
thus blocking the binding of  succinylcholine, resulting into 
reduced incidence of  fasciculations.33

Similarly, Joshi et al.,20 Singh et al.,23 Farhat et al.,34 Abbas 
et al.,31 reported lesser incidence of  myalgia with Rocuronium 
pretreated group patients as compared to Vecuronium. In 
contrast to our findings, Abraham et al.,20 found statistically 
insignificant difference regarding postoperative myalgia on 
1st and 3rd postoperative day (P>0.10).

The single dose administration of  succinylcholine results in a 
rise of  potassium concentration between 0.3 and 0.54mEq/L 
within 3–5 min and lasting up to 10–15 min. This rise is 
probably caused by potassium release from cells as a result 
of  depolarization at the neuromuscular junction. Although 
this much rise has no serious effect in healthy individual but 
could lead to deleterious effects, especially in burn injury, 
massive trauma, severe intraabdominal infections, metabolic 
acidosis, spinal cord injury, polyneuropathy, myopathies, etc.

In our study, before induction of  anesthesia (baseline) 
mean (±SD) serum potassium levels (mEq/L) were 
(4.23±0.58) and (4.25±0.54) in group R and V respectively 
(P=0.858). After 5 min of  succinylcholine administration, 
a mild insignificant rise in serum potassium concentration 
(0.21±0.068) and (0.20±0.072) were observed in group R 
and V, respectively (P=0.928).

Abraham et al.,20 Joshi et al.,22 Farhat et al.,24 also observed an 
insignificant rise in serum potassium after pre-treatment with 
Rocuronium and Vecuronium. In contrast to our finding, 
Singh et al.,25 found that mean K+ level was significantly more 
in the control group compared to the Rocuronium group, 
after 24 h of  the postoperative period. (P=0.045).

With the exception of  nausea in few patients (6% and 4% 
in group R and V, respectively), no other side-effects or 
complications were observed in both the study groups.

Limitations of the study
The present study has limitation of  small sample size. 
Further studies are required to compare different doses 
and time intervals of  administration of  nondepolarizing 
muscle relaxants to assess effect of  pretreatment on 
postsuccinylcholine fasciculations, serum pottasium levels 
and postoperative myalgia on a larger population.

CONCLUSION

We conclude that Rocuronium and Vecuronium, both 
are effective in attenuation of  post succinylcholine 
fasciculations, rise in serum potassium and postoperative 
myalgia, but Rocuronium is more effective as compared 
to Vecuronium.

ACKNOWLEDGMENT

The authors would like to acknowledge the assistance from 
the Department of  Anaesthesia and the management of  
Gajra Raja Medical College and Hospital, Gwalior, MP for 
providing the assistance required for the conduct of  the 
study. The authors would also like to thank all the patients 
who made this study possible.

REFERENCES

1. Donati F and Bevan DR. Neuromuscular blocking agents. In: 
Barash PG, Cullen BF, Stoelting RK, Cahalan MK and Stock 
MC. Clinical Anaesthesiology. 6th ed. United States: Lippincot 
Williams and Wilkins; 2009. p. 520-21.

2. Kato N, Asakura Y and Mizutani M. Anesthetic management of 
electroconvulsive therapy in a patient with a known history of 
neuroleptic malignant syndrome. J Anesth. 2007;21(4):527-528.

 https://doi.org/10.1007/s00540-007-0546-6
3. Crawford JS. Suxamethonium muscle pains and pregnancy. Br 

J Anaesth. 1971;43(7):677-680.
 https://doi.org/10.1093/bja/43.7.677
4. Ali AH. Neuromuscular block and its antagonism: Clinical 

aspects. In: Nunn JF, Utting JE and Brown BR, editors. General 
Anaesthesia. 5th ed. London: Butterworths; 1989. p. 164-184.

5. Virtue RW. Comparison of gallamine with d-tubocurarine 
effects on fasciculations after succinylcholine. Anesth Analg. 
1975;54:81-82.

 https://doi.org/10.1213/00000539-197501000-00016
6. Collier CB. Dantrolene and suxamethonium- the effect of 

preoperative dantrolene on the action of suxamethonium. 
Anaesthesia. 1979;34:152-158.

 https://doi.org/10.1111/j.1365-2044.1979.tb06270.x
7. Hatta V, Saxena A and Kaul HL. Phenytoin reduces suxamethonium-

induced myalgias. Anaesthesia. 1992;47(8):664-667.
 https://doi.org/10.1111/j.1365-2044.1992.tb02386.x
8. Pinchak AC, Smith CE, Shepard LS and Patterson L. Waiting 

time after non-depolarizing relaxants alter muscle fasciculations 
response to succinylcholine. Can J Anaesth. 1994;41(3):206-212.

 https://doi.org/10.1007/BF03009832
9. Raman SK and San WM. Fasciculations, myalgia and biochemical 

changes following succinylcholine with atracurium and lidocaine 
pre-treatment. Can J Anaesth. 1997;44(5 Pt 1):498-502.

 https://doi.org/10.1007/BF03011938
10. Gupte SR and Savant NS. Post suxamethonium pains and 

Vitamin C. Anaesthesia. 1971;26:436-440.
 https://doi.org/10.1111/j.1365-2044.1971.tb04818.x
11. McLoughlin C, Elliott P, McCarthy G and Mirakhur RK. Muscle 

pains and biochemical changes following suxamethonium 
administration after six pre-treatment regimens. Anaesthesia. 



Kothari, et al.: Effect of NMDR on post succinylcholine fasciculations, serum potassium and postoperative myalgia

56 Asian Journal of Medical Sciences | Jun 2022 | Vol 13 | Issue 6

1992;47(3):202-206.
 https://doi.org/10.1111/j.1365-2044.1992.tb02118.x
12. Kumar M, Talwar N, Goyal R, Shukla U and Sethi AK. Effect 

of magnesium sulfate with propofol induction of anesthesia 
on succinylcholine myalgia. J Anaesth Clin Pharmacol. 
2012;28(1):81-85.

 https://doi.org/10.4103/0970-9185.92451
13. Shrivastava OP, Chatterji S, Kachhawa S and Daga SR. Calcium 

gluconate pre-treatment for prevention of succinylcholine-
induced myalgia. Anesth Analg. 1983;62(1):59-62.

14. Verma RS, Chatterji S and Mathur N. Diazepam and 
succinylcholine-induced muscle pains. Anesth Analg. 
1978;57(3):295-297.

 https://doi.org/10.1213/00000539-197805000-00002
15. Mingus ML, Herlich A and Eisenkraft JB. Attenuation of 

suxamethonium myalgias: effect of midazolam and vecuronium. 
Anaesthesia. 1990;45(10):834-837.

 https://doi.org/10.1111/j.1365-2044.1990.tb14565.x
16. Findlay GP and Spittal MJ. Rocuronium pre-treatment reduces 

suxamethonium-induced myalgia: Comparison with vecuronium. 
Br J Anaesth. 1996;76(4):526-529.

 https://doi.org/10.1093/bja/76.4.526
17. Martin R, Carrier J, Pirlet M, Claprood Y and Tetrault JP. 

Rocuronium is the best non-depolarizing relaxant to prevent 
succinylcholine fasciculations and myalgia. Can J Anaesth. 
1998;45(6):521-525.

 https://doi.org/10.1007/BF03012701
18. Abraham V, Kumar AR and Afzal L. Evaluation of post 

succinylcholine myalgia and intubation conditions with 
rocuronium pretreatment: A comparison with vecuronium. Indian 
J Anaesth. 2008;52(5):551-555.

19. Kacha AR, Patel HZ and Engineer SR. Comparison of 
precurarization with rocuronium bromide and vecuronium 
bromide for succinylcholine induced postoperative myalgia. Int 
J Res Med. 2012;1:21-29. Available from:  https://ijorim.com/
abstract.php?art_id=163&year=2012&issue=VOLUME%20
1,%20ISSUE%201 [Last accessed on 2022 May 02].

20. Joshi VS, Todkari KV and Deshpande SG. Comparative 
study of pre-treatment with rocuronium and vecuronium in 
postsuccinylcholine fasciculations, intubation condition and 
myalgia. J Evol Med Dent Sci. 2016;38(5):2319-2324. Available 
from:  https://www.jemds.com/latest-articles.php?at_id=10871 
[Last accessed on 2022 May 02]

21. Motamed C, Choquette R and Donati F. Rocuronium prevents 
succinylcholine-induced fasciculations. Can J Anaesth. 
1997;44(12):1262-128.

 https://doi.org/10.1007/BF03012773
22. Farhat K, Waheed A, Pasha AK and Kazi WA. Prevention of 

succinylcholine induced muscular effects by pre-treatment 
with rocuronium. Pak J Pharmacol. 2012;29:25-31. Available 
from:  http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.
1071.334&rep=rep1&type=pdf [Last accessed on 2022 May 02]

23. Singh S, Sinha AK, Palaria V and Chauhan AK. Comparison of 
biochemical changes and myalgia following administration of 
succinylcholine with or without pre-treatment with rocuronium in 
patients undergoing tympanoplasty. Int J Sci Res. 2020;5(9):46-48.

 https://doi.org/10.36106/ijsr
24. Yun MJ, Kim YH, Go YK, Shin JE, Ryu CG, Kim W, et al. 

Remifentanil attenuates muscle fasciculations by succinylcholine. 
Yonsei Med J. 2010;51(4):585-589.

 https://doi.org/10.3349/ymj.2010.51.4.585
25. Pace NL. Prevention of succinylcholine myalgias: a meta-

analysis. Anesth Analg. 1990;70(5):477-483.
 https://doi.org/10.1213/00000539-199005000-00002
26. Joshi GP, Hailey A, Cross S, Thompson-Bell G and Whitten CC. Effects 

of pre-treatment with cisatracurium, rocuronium, and d-tubocurarine 
on succinylcholine-induced fasciculations and myalgia: A comparison 
with placebo. J Clin Anesth. 1999;11(8):641-645.

 https://doi.org/10.1016/s0952-8180(99)00109-9
27. Brodsky JB, Brock-Utne JG and Samuels SI. Pancuronium pre-

treatment and post-succinylcholine myalgia. Anesthesiology. 
1979;51(3):259-261.

 https://doi.org/10.1097/00000542-197909000-00017
28. Law Min JC, Bekavac I, Glavinovic MI, Donati F and Bevan DR. 

Iontophoretic study of speed of action of various muscle 
relaxants. Anesthesiology. 1992;77:351-356.

 https://doi.org/10.1097/00000542-199208000-00019
29. Stoelting RK. Neuromuscular blocking drugs. In: Stoelting RK, 

editor. Pharmacology and Physiology in Anesthetic Practice. 
4th ed. India: JP Lippincott; 2005. p. 208-250.

30. Tsui BC, Reads S, Gupta S, Kearney R, Mayson T and 
Finucane B. A rapid precurarization technique using rocuronium. 
Can J Anaesth. 1998;45(5 Pt 1):397-401.

 https://doi.org/10.1007/BF03012573
31. Abbas N, Tariq S, Khan AW, Murtaza G, Naqvi N and 

Khanzada A. To assess the effects of rocuronium pre-treatment 
on succinylcholine induced fasciculations and postoperative 
myalgias. J Pak Med Assoc. 2009;59(12):847-850.

32. Bevan DR and Donati F. Muscle relaxants. In: Barash P, Cullen 
B and Stoelting R, editors. Handbook of Clinical Anesthesia. 
Philadelphia, PA: Lippincott-Raven; 1997. p. 387-397.

33. True CA and Carter PJ. A comparison of tubocurarine, 
rocuronium, and cisatracurium in the prevention and 
reduction of succinylcholine-induced muscle fasciculations. 
AANA J. 2003;71(1):23-28. Available from:  https://
www.aana.com/docs/default-source/aana-journal-web-
documents-1/p23-28.pdf?sfvrsn=89ca55b1_6 [Last 
accessed on 2022 May 02]

34. Farhat K, Waheed AK, Bakhtiar S and Pasha AK. Comparative 
study of succinylcholine and precurarization with rocuronium on 
muscular effects in patients undergoing surgery under general 
anaesthesia. Pak J Pharmacol. 2011;28(1):33-41. Available 
from:  https://pesquisa.bvsalud.org/portal/resource/pt/emr-
178289 [ Last accessed on 2022 May 02]

Authors	Contribution:
DK- Concept and design of the study, preparation of manuscript and revision of the manuscript; ST-	Prepared first draft of manuscript, interpreted the results, 
reviewed the literature and revision of the manuscript; RU- Statistical analysis and interpretation

Work	attributed	to: 
Gajra Raja Medical College, Gwalior - 474 001, Madhya Pradesh, India

Orcid	ID:
Dr. Sonali Tripathi -  https://orcid.org/0000-0003-1575-3956
Dilip Kothari -  https://orcid.org/0000-0001-8207-1838
Ritesh Upadhyay -  https://orcid.org/0000-0002-1079-3505

Source	of	Support: Nil, Conflicts	of	Interest: None declared.


