
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abstract: 
Objective: To compare the amount of drug used during infusion (0.75ug/kg/min) with that used during the intermittent 

bolus (0.1mg/kg) and to compare the characteristics of recovery from neuromuscular blockade after injecting vecuronium 

either by infusion or repeated bolus. Materials and Methods: Sixty female patients undergoing gynecological surgeries 

lasting 90 minutes or longer were included. The degree of neuromuscular blockade was measured with a train-of-four 

(TOF) test. TOF% was measured and recorded every minute for 15 minutes and thereafter at 15 minute intervals till 

surgery was complete. After the initial recording of TOF%, the intubating (loading) dose of vecuronium bromide 

(0.1mg/kg) was given. The time intervals from reversal to TOF ratio of 25%, 50% & 70% were recorded. Extubation was 

done when TOF ratio was 70% or more. The amount of vecuronium wasted was calculated. The data between the two 

groups were analyzed using student’s t test. Results:  The amount of vecuronium used in both groups was comparable. 

The wastage of vecuronium was also compared, which is not statistically significant. In patients receiving intermittent 

bolus injections, the recovery time from reversal to TOF ratio of 25%, 50% & 70% was faster when compared with 

patients receiving infusion. Conclusion: Vecuronium infusion offers a stable degree of relaxation for long surgical 

procedures. This avoids fluctuating degree of neuromuscular blockade and the need to administer frequent bolus doses. 

Recovery from neuromuscular blockade in the infusion group is longer when compared to the intermittent group but 

clinically not significant. 
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Introduction: 
 Traditionally muscle relaxants are 

administered using a multiple bolus technique during 

general anaesthesia. When clinical circumstances 

dictate, it may be beneficial to infuse the 

neuromuscular blocking agent, inorder to facilitate a 

more constant degree of muscle relaxation [1]. 

Amongst the currently available muscle relaxants 

vecuronium & atracurium are the most appropriate 

agents for administration by infusion and both drugs 
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have been used effectively in this manner. This will 

avoid fluctuating degree of neuromuscular blockade 

and the need to administer frequent bolus doses. The 

dose of drug required to produce a certain effect 

should be theoretically the same when given by 

boluses or by infusion but there have been studies in 

which infusion of a drug increased efficacy and 

decreased toxicity when compared with pulsed doses 

to the same total dose. 

Materials and Methods 

 The study was approved by Hospital Ethical 

Committee and informed consent from all the 

participants was obtained. Sixty female patients 

undergoing gynecological surgeries belonging to 

ASA I or II in age group of 20-60 years were 

included in this study. These cases were abdominal 

surgeries lasting 90 minutes or longer. Patients were 

randomly allotted into two groups: group I – Infusion 

group (30 patients) & group II – Intermittent group 

(30 patients). Patients with liver disorders, 

neuromuscular disorders, chronic renal failure and 

suspected or known to have difficult intubation were 

excluded from the study. All patients were pre-

medicated with oral diazepam (0.2mg/kg) the night 

before & the morning of surgery. They were also 

given fentanyl (1ug/kg) i.v. injection 5 minutes prior 

to induction. The i.v. line was equipped with a three-

way stopcock. 

 The nerve stimulator (NS-100 INMED 

EQUIPMENTS PVT. LTD) was used to evaluate 

neuromuscular blockade (NMB). The electrodes 

were placed in the opposite limb from which the i.v. 

line was started. Neuromuscular transmission was 

monitored by recording the evoked twitch tension of 

adductor pollicis muscle in response to 

supramaximal train-of-four (TOF) stimuli (2Hz for 2 

sec) every 15 seconds to the ulnar nerve at the wrist 

via a surface electrode. 

 Vecuronium infusion was prepared at 

strength of 0.5mg/kg. A 50cc syringe was used and 

the infusion was given via a syringe infusion pump 

(PERFUSOR COMPACT, B/BRAUN 

MELSUNGEN A.G.). The monitoring of NMB was 

performed from time to time of induction till 

neuromuscular recovery was complete. Anaesthesia 

was induced with intravenous thiopentone sodium 

(4-6mg/kg). The nerve stimulator (NS-100) was 

caliberated once the patient was under anaesthesia. 

 Once caliberation was over, the TOF% was 

measured and recorded every minute for 15 minutes 

and thereafter at 15 minute intervals till surgery was 

complete. After the initial recording of TOF%, the 

intubating (loading) dose of vecuronium bromide 

(0.1mg/kg) was given. 

 The patient was ventilated with 100% O2 

and halothane (1-1.5%) for four minutes & then 

intubated with an appropriate sized cuffed 

endotracheal tube. Intubating conditions were graded 

as follows: [2]
 

Excellent: Easy passage of endotracheal tube (ETT) 

without coughing. Vocal cords relaxed. 

Good: Passage of ETT with slight cough. Vocal 

cords relaxed. 

Poor: Passage of ETT with moderate coughing or 

bucking. Some vocal cord movement. 

Impossible: Vocal cords adducted or not visualized. 

Jaw not relaxed. 

 After intubation, verification of equal 

bilateral air entry and tube fixation, the patients were 

randomly allotted either to group I or II. In group I 

(infusion group) vecuronium infusion was started at a 

rate of 0.75ug/kg/min. patients belonging to group II 

were given 1/5
th
 of the loading dose of vecuronium 

(0.02mg/kg) at the appearance of T2 (second twitch) 

in TOF. 

 The rate of infusion was adjusted such that 

either one or no response to TOF stimulation was 

visible. When no response was seen, a post-tetanic 

count (PTC) was checked. If it was less than 10, the 

infusion was decreased to 0.5ug/kg/min. If the 

second response appeared, the infusion dose was 

stepped upto 1ug/kg/min. Intraoperative analgesia 

was maintained with i.v. fentanyl 1ug/kg as and 

when required. Anaesthesia was maintained with 

66% N2O in O2 & halothane (0.4% - 0.6%). The 

electrocardiogram (ECG), non-invasive blood 

pressure (NIBP), oxygen saturation was monitored 

using a multipara monitor (LUNAR, L&T 

MEDICAL). When the surgery was about to be 

completed, the infusion was stopped and the time 

noted. The residual neuromuscular block was 

reversed with a mixture of neostigmine (0.05mg/kg) 

& atropine (0.02mg/kg) when three responses to 

TOF stimulation were noted. The time from stoppage 

of infusion to appearance of T3 (third twitch) was 

noted.  

 The time intervals from reversal to TOF ratio 

of 25%, 50% & 70% were recorded. Extubation was 

done when TOF ratio was 70% or more. At the end 

of the surgery, the surgeons were asked regarding the 

relaxation during surgery. Relaxation was classified 

as good, satisfactory or poor. The amount of 

vecuronium wasted was calculated. Wastage was the 
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amount of vecuronium loaded but not used. It is 

calculated as follows: one ampoule contains 4mg of 

vecuronium bromide. If 8mg of vecuronium bromide 

was used, there was no wastage. If 10mg was used, 

three ampoules of vecuronium bromide (12mg) 

would have to be opened. Hence, there would be 

wastage of 2mg. 

 The data between the two groups regarding 

age, weight, dose requirement, recovery time and 

amount of drug wasted in each group were analyzed 

using student’s t test.    

Results 

 Patients (60) in both the groups were 

comparable in weight and duration of surgery. 

Patients in group I (infusion group) were younger 

when compared to those in group II (intermittent 

group).in both groups the loading dose of 

vecuronium (0.1 mg/kg) caused a complete 

neuromuscular blockade. All patients were intubated 

four minutes after administration of the loading dose 

of vecuronium. Intubating conditions were good in 

four patients in group I & four patients in group II. 

Intubating conditions were excellent in the rest of the 

patients (52 out of 60). 

 In group I, the infusion was started within 5-

10 minutes of administration of the loading dose. The 

average time interval between the administration of 

the loading dose to appearance of T1 (first twitch) 

was 67.4minutes (table 1). The infusion rate of 

0.75ug/kg/min remained constant for 16 out of 30 

patients. In ten patients, the infusion rate had to be 

increased to 1ug/kg/min. In two patients, it had to be 

decreased to 0.5ug/kg/min. in two patients, it was 

first decreased to 0.5ug/kg/min for 20mins and then 

had to be increased back to 0.75ug/kg/min. the 

average time from the stoppage of infusion to 

reversal was 24.4 minutes. 

 In group II, the average time interval 

between administration of loading dose of 

vecuronium to appearance of T1 was 29.49 minutes 

(table 2). A top-up was needed at an average of 25.59 

minutes. Frequent top-up doses were needed in 

prolonged surgeries. The average interval of top-ups 

was fairly constant, which indicate that there was no 

cumulative effect. The average time between 

administration of the last dose of relaxant till reversal 

was 31.74 minutes. 

 The amount of vecuronium used in both 

groups was comparable (table 3). In the infusion 

group (group I), the total vecuronium (mg/kg/hr) 

used was 0.0786mg and 0.0776mg in intermittent 

group (group II). The wastage of vecuronium was 

also compared, which was 1.95mg in group I & 

1.82mg in group II per patient respectively which is 

not statistically significant. 

 The degree of relaxation was comparable in 

both groups. The operating surgeons had described 

the muscle relaxation as good in both the groups. The 

recovery charecteristics for both groups were noted 

(table 4). In patients receiving intermittent bolus 

injections, the recovery time from reversal to TOF 

ratio of 20%, 50% & 70% was faster when compared 

with patients receiving infusion. The recovery time 

were statistically significant but clinically not 

significant. In both groups, recovery from 

neuromuscular blockade after administration of 

reversal was satisfactory. The patients were 

extubated when TOF ratio was 70% or more. 

Discussion 

 Neuromuscular blockade achieved by 

vecuronium infusion is an alternative to the frequent 

top-up doses in surgeries lasting for more than 90 

minutes. In this study, satisfactory conditions were 

obtained with continuous infusion of veruconium 

which provided adequate surgical relaxation for any 

desired period of time without evidence of 

cumulation. 

 Vecuronium at a dose of 0.1mg/kg has been 

reported to produce excellent intubation conditions in 

90 seconds [3]. Unresponsive or atraumatic 

intubation cannot be reliably achieved in less than 

one minute whatever is the dose. Bissinger U et al 

reported that priming method is superior to the bolus 

method and should be preferred in all elective cases 

[4]. It has also been suggested that rocuronium 

provides a more rapid onset of action than 

vecuronium and should be considered as an 

alternative to vecuronium for rapid tracheal 

intubation [5]. Larger doses of vecuronium (0.15-

0.2mg/kg) improve intubating conditions at one 

minute after their administration, such that atleast 

60% of patients can be regarded as excellent or 

satisfactory in this respect. Waiting a further 30 

seconds produces such conditions in 90-95% of 

subjects.  

 It is reported that smaller doses of 

vecuronium (0.05-0.072mg/kg) permits satisfactory 

tracheal intubation if sufficient time has elapsed 

between the administration of the drug and the 

attempt to intubate. Addition of volatile anaesthetic 

provides a synergistic effect. In this study, the 

patients were injected with a loading dose of 

0.1mg/kg of vecuronium. They were intubated four 
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minutes later and the intubation conditions were 

excellent to good. 

 Noeldge, Hinsken et al [6] compared the 

continuous infusion of vecuronium and the 

intermittent administration of pancuronium & 

vecuronium with a loading dose of 0.075mg/kg and 

started an infusion of 0.075mg/kg/hr 

(1.25ug/kg/min). The infusion was kept constant 

during operation irrespective of the resultant degree 

of blockade.   

 In a study by Gordon & Reilly, [7] an initial 

loading dose of 0.1mg/kg was given followed by an 

infusion of 0.08mg/kg/hr(1.3ug/kg/min) ten minutes 

after the bolus dose. 

 D’Hollander et al [8] studied the effect of an 

infusion of vecuronium started ten minutes after 

0.07mg/kg loading dose. The maintainence dose was 

0.07mg/kg/hr (1.17ug/kg/min).  In the present study, 

an infusion of 0.75ug/kg/min (0.045mg/kg/hr) was 

started within 5-10 minutes of the loading dose of 

vecuronium (0.1mg/kg). Out of the 30 patients, the 

infusion rate remained the same for 16 patients. In 

ten patients, the infusion rate had to be increased to 

1ug/kg/min, in two cases it had to be decreased to 

0.5ug/kg/min & in another two cases, it was first 

decreased to 0.5ug/kg/min and then increased to 

0.75ug/kg/min.  

 The neuromuscular blockade was maintained 

at either no response or one response to TOF stimuli. 

The maintainence infusion rate in our patients is 

lesser than that used by other authors. This may be 

because of higher intubating dose used in our study 

when compared to other studies, or it may also be 

due to variability in pharmacokinetics in our 

population which was not evaluated. 

 Noeldge et al [6] reported spontaneous 

recovery of neuromuscular transmission was slower 

in infusion group compared to the repeated bolus 

injection of the same drug. Intravenous neostigmine 

(0.015mg/kg) was effective in reversing the residual 

neuromuscular blockade [6] in all patients within ten 

minutes which also correlates with results of Gordon 

& Reilly [8].
 

 In the present study, we did not wait for 

spontaneous full recovery of neuromuscular blockade 

and reversed residual neuromuscular blockade with 

neostigmine (0.05mg/kg) & atropine (0.02mg/kg). 

Recovery in infusion group was slower compared to 

intermittent group. Patients in infusion group were 

younger to other group. Although this difference is 

statistically significant, clinically it may not be 

significant as Hollander et al [9] showed that age 

related decrease in steady state requirement & 

increased recovery time was seen only in patients 

above 60years of age. 

 The mean recovery time was significantly 

longer after continuous infusion of vecuronium than 

its intermittent administration, suggesting that the 

two techniques generate different pharmacokinetic 

conditions.  

 Vecuronium infusion provides a more 

constant degree of muscle relaxation. This avoids 

fluctuating degree of neuromuscular blockade and 

the need to administer frequent bolus doses. Studies 

have shown that infusion of a drug increased efficacy 

and decreased toxicity when compared with pulsed 

doses to the same total dose [10]. However, infusion 

method needs constant monitoring with a peripheral 

nerve stimulator and an infusion pump for accurate 

delivery of drug. 

Conclusion 

 Vecuronium infusion offers a stable degree 

of relaxation for long surgical procedures, which 

appears to be a suitable alternative to intermittent use 

of vecuronium in procedures lasting for more than 

one hour and surgical relaxation produced is 

satisfactory. Vecuronium infusion provides more 

constant degree of relaxation. This avoids fluctuating 

degree of neuromuscular blockade and the need to 

administer frequent bolus doses. Monitoring of 

neuromuscular blockade must be done when using 

the continuous infusion technique. There is no 

difference in the amount of vecuronium used or 

wasted, between continuous infusion & intermittent 

injections. Recovery from neuromuscular blockade 

in the infusion group is longer when compared to the 

intermittent group but clinically not significant. 
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Tables 

 

Parameters Mean SD 

Time of administration 

of NMB till appearance 

of T1(min) 

67.4 47.13 

Duration of infusion 

(hrs) 

2.25 0.54 

Stoppage of infusion till 

reversal (mins) 

24.4 11.06 

Table 1: Infusion group (Group 1) 

 

 

Parameters Mean SD 

Time of 

administration of 

NMB till 

appearance of 

T1(min) 

29.49 8.6 

Time of 

administration of 

NMB till first top 

up dose (min) 

36.18 8.85 

Last dose of 

relaxant – 

reversal(min) 

31.74 8.52 

Average duration of 

top-up (mins) 

25.59 5.93 

Table 2: Intermittent group (Group 11) 

 

Parameters Group I Group II ‘t’ 

valu

e 
Mean SD Mean SD 

Starting of 

administratio

n of NMB – 

reversal (hrs) 

2.63 0.64 2.42 0.55 1.03 

Total 

vecuronium 

used(mg/kg/h

r) 

0.078

6 

0.01

3 

0.077

6 

0.01

1 

0.24 

Wastage 1.95 1.31 1.72 1.35 0.34 

Table 3: Duration of neuromuscular blockade 

(NMB), Vecuronium used & wasted 

 

 

Parameters Group I 

(n=30) 

GroupII 

(n=30) 

From T1 to reversal 

(mins) 

20.1 17.1 

Reversal to TOF 25% 

(mins) 

2.6 1.8 

Reversal to TOF 50% 

(mins) 

5.3 3.4 

Reversal to TOF 70% 

(mins) 

7.9 5.2 

Table 4: Recovery characteristics 
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