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ABSTRACT: 
BACKGROUND:  
Nondepolarizing neuromuscular blocking drugs (NMBDs) were developed as alternatives to Succinylcholine due 

to its serious side effects.  Rocuronium bromide has been suggested as the drug of choice when Succinylcholine is 

contraindicated. Shortening the onset time of NMBDs is important in some situations, which can be achieved by 

several techniques as the priming principle. 

OBJECTIVE:  
To evaluate the effect of fluid (normal saline) flush after Rocuronium bolus on the onset and 

duration of action.    

PATIENTS AND METHODS: 
Sixty patients were divided randomly into two groups; each group had 30 patients:  group (A) and group (B). All 

of them have undergone surgical operations under general anesthesia. Rocuronium without normal saline was 

received in induction by 30 patients (Group A), while Rocuronium followed by 20 ml normal saline flush and 

hand elevation were received in induction by the other 30 patients (Group B). A peripheral nerve stimulator was 

used to measure a train-of-four (TOF) stimulation. The time from the disappearance of T1 until the appearance of 

T3 is the duration of the action of Rocuronium.  

RESULTS:  
In this study, means of time of onset were significantly higher in Group A than that in Group B 

(61.12 versus 44.41 sec, P= 0.001), and duration of action was higher in Group B than that in Group 

A but statistically not significant (40.87 versus 34.61 mints, P= 0.063).   

CONCLUSION:  
A 20 ml saline flush and hand elevation immediately after administering a Rocuronium bolus of (0.6 mg/kg) 

decreased the onset time but did not significantly increase the recovery phase of Rocuronium. Therefore, we 

recommend to use 20 ml Normal Saline flush and hand elevation after Rocuronium injection as a safe method to 

get rapid onset for intubation especially when Suxamethonium is contraindicated. 

KEYWORDS:  General Anesthesia, Succinylcholine, Non-depolarizing neuromuscular blocking d 

INTRODUCTION: 

Over the past decade, the practice of rapid 

sequence induction in anesthesia has evolved 

with the availability of new drugs, equipment, 

and knowledge. This technique is employed 

daily during emergency surgery. A classical rapid 

sequence induction has employed thiopental as 

an induction agent and succinylcholine for 

neuromuscular block. Succinylcholine was once 

considered to be the most appropriate muscle 

relaxant to facilitate the endotracheal intubation 

during induction of anesthesia. 
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The continued popularity of succinylcholine is 

due to its rapid onset of action (30-60 sec.) and 

short duration of action (typically less than 10 

min.)1. However, it can also cause serious side 

effects2. Several induction agents and several 

alternatives to succinylcholine are used by many 

anaesthetist due to its serious side effects that 

may include hyperkalemia, severe bradycardia 

after a second dose, Increase intracranial 

pressure3,4,5,6 malignant hyperthermia, and 

prolonged paralysis (atypical 

pseudocholinesterase).1  Several studies have 

been conducted to develop new non-depolarizing 

neuromuscular blocking drugs (NMBDs)                     

with an onset of action similar to that of 

succinylcholine 7,8. 
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  They block the binding of neurotransmitters to 

a subunit of the nicotinic acetylcholine receptor 

(nAChR) at the neuromuscular junction of the 

motor neurons of skeletal muscle9 preventing 

acetylcholine from reaching one or both subunits 

of the receptor. 

 Rocuronium bromide has been suggested as the 

drug of choice when Suxamethonium is 

contraindicated. It produces better intubating 

conditions in a shorter time.10  

 Shortening the onset time of NMBDs is 

important in some situations. Several protocols 

have been proposed for this purpose, including 

the use of the priming principle or timing 

principle, and administration of large doses 
11,12,13.  

 The onset time of non-depolarizing 

neuromuscular blocking drugs (NMBDs) 

depends partly on factors such as circulation 

time and muscle blood flow.14The site of 

administration should be elevated above the 

heart or a catheter with a large inner diameter 

should be used to rapidly achieve high target 

concentration of non-depolarizing 

neuromuscular blocking drugs(NMBDs)15. 

A peripheral nerve stimulator (PNS) is the most 

widely used monitor for assessment of the level 

of neuromuscular block (NMB) in the clinical 

environment.16,17  

 We aim in our study to evaluate the effect of 

fluid (normal saline) flush after the Rocuronium 

bolus on the onset and duration of action. 

MATERIALS AND METHODS: 

 This study was performed in Baghdad Teaching 

Hospital and Imamein Kadhimin medical city. 

After taking written consent from them, 60 adult 

patients were scheduled for elective surgery 

requiring general anesthesia in this study. 

  The inclusion criteria included: both genders, 

ages 12 to 70 years, any operation needs GA and 

intubation, and an ASA physical status I–II. 

Exclusion Criteria included Patients allergic to 

study drugs, Patients receiving treatment that 

affected on neuromuscular function, and 

pregnant women. 

 The sixty patients were divided randomly into 

two groups; each group had 30 patients:  group 

(A) and group (B). 

 

 All patients had a 20-gauge peripheral venous 

catheter which was inserted into a large hand 

vein and connected to 2, 3-way stopcocks.                

The first 3-way stopcock was directly connected 

to the IV catheter and was used for 

administration Rocuronium, and the second                 

3-way was directly connected to the first 

stopcock and was used for administration flush 

normal saline. Routine monitoring was started 

once patients reached the surgical theater 

including electrocardiography, noninvasive 

arterial blood pressure, and pulse oximetry. 

Neuromuscular blocked was evaluated by                   

an electromyography at the adductor pollicis 

muscle with train-of-four (TOF) stimulation for 

the other hand. 

  All patients  had pre-oxygenation for 5 min. 

with 100%O2, premedication    by Midazolam 

(0.03mg/kg) , Propofol anesthetizing dose of      

1.5-2.5mg/kg, Sevoflurane with face mask 4%, 

Rocuroninum ( 0.6mg/kg) in 10 mL of Normal 

Saline (after loss of eyelash reflex) for                    

group (A). While for the second group (B),                 

the dose of Rocuroninum was followed by 20ml 

Saline flush   immediately with hand elevation 

for one minute , then for both groups a nerve 

stimulator ( train-of-four (TOF) stimulation) was 

used  at the adductor pollicis muscle every 20 

seconds from end of administration of 

Rocuroninum and Saline. The arm temperature 

was monitored using a surface probe, and kept   

at or above 32 °C using a heating blanket, until 

the disappearance of T4, T3 (time of onset of 

action), then intubation was done after                      

the disappearance of T1 and inhalation 

anesthesia was continued after 10 min. from         

the disappearance of T1, TOF stimulation (every 

10min.) until  appearance of T3. The time from 

the disappearance T1 until appearance of T3                   

is duration of action. Both groups had the same 

type of fluid according to patients’ weight and 

fasting hours, blood pressure was measured 

every 5 min.  
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When comparing between the study groups in 
relation to the general characteristics of study
patients, we noticed that there were no 
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RESULTS: 

 The total number of patients in this study was 

60. All of them have undergone surgical 

operations under general anesthesia. Rocuronium 

without normal saline was received in induction 

by 30 patients (Group A), while Rocuronium 

followed by 20 ml normal saline flush and hand 

elevation were received in induction by the other 

30 patients (Group B). The distribution of study 

patients by general characteristics is shown in 

figure (1.1 and 1.2). 
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Figure 1.1: Distribution of study patients by age 

 

Figure 1.2: Distribution of study patients by gender 

When comparing between the study groups in 
relation to the general characteristics of study 

here were no 

significant differences (P ≥ 0.05) in age, BMI, 
and gender between study groups as 
table (1.1) and (1.2). 

11.7%

35%

53.3%
Age (Years)

 >20years

20 -39years

 ≤40years

58.3%

41.7

Gender

Male

Female

The total number of patients in this study was 

60. All of them have undergone surgical 

operations under general anesthesia. Rocuronium 

without normal saline was received in induction 

by 30 patients (Group A), while Rocuronium 

ne flush and hand 

elevation were received in induction by the other 

The distribution of study 

patients by general characteristics is shown in 

 
 Study patient’s age was ranging from 12 to 68 

years with a mean of 41.88 years and standard 

deviation (SD) of ± 17.05 years. The highest 

proportion of study patients was aged 

(53.3%). Regarding gender, proportion of males 

was higher than females (58.3% versus 41.7%) 

with a male to female ratio of 1.39:1. The BMI 

was normal in all patients .  
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≥ 0.05) in age, BMI, 
and gender between study groups as shown in 

Study patient’s age was ranging from 12 to 68 

years with a mean of 41.88 years and standard 

deviation (SD) of ± 17.05 years. The highest 

proportion of study patients was aged ≥ 40 years 

(53.3%). Regarding gender, proportion of males 

(58.3% versus 41.7%) 

with a male to female ratio of 1.39:1. The BMI 
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Table 1.1: Comparison between study groups in age and BMI. 

 

 

 
 

 
 
 

Table 1.2: Comparison between study groups in gender 

Variable 

Study Group 
Total (%) 

n= 60 

 

P- Value 
GroupA 

n= 30 

GroupB 

n= 30 

Gender 

Male 20 (66.7) 15 (50.0) 35 (58.3) 
0.19 

Female 10 (33.3) 15 (50.0) 25 (41.7) 

 
Clinical parameters 
In Group A 
 The comparison between induction and post 
induction MAP and pulse rate in group A is 
shown in table (1.3).  

 
 In this study, the means of MAP and pulse rate 
had no statistical differences in post induction 
compared to those at induction (P ≥ 0.05). 

 
 

 

Table 1.3: Comparison in mean between induction and post induction 

for clinical parameters in group A 
 

Variable 
Group(A)                                        

Mean ± SD 
P - Value 

Mean Arterial Pressure (MAP) 

Induction 92.73 ± 9.56 
0.79 

Post Induction 93.2 ± 8.05 

Pulse Rate (beat/min) (PR) 

Induction 95.08 ± 12.22 
0.277 

Post Induction 98.0 ± 7.43 

 
 

In Group B 
The comparison between induction and post 

induction MAP and pulse rate in group B is 

shown in table (1.4).In this study, the means of 

MAP and pulse rate had no statistical difference 

in post induction compared to those at induction 

(P ≥ 0.05). 

 

Table 1.4: Comparison in mean between induction and post induction  

for clinical parameters in group B 
 

Variable 
Group(B)                                        

Mean ± Std. Dev 
P-Value 

Mean Arterial Pressure (MAP) 

Induction 92.4 ± 10.81 
0.335 

Post Induction 94.46 ± 10.49 

Pulse Rate (beat/min) (PR) 

Induction 87.62 ± 7.88 
0.769 

Post Induction 87.1 ± 9.66 

 
 

Variable 
Study Group 

P- Value Group A 

Mean ± SD 

Group B 

Mean ± SD 

Age (Years) 40.36 ± 16.65 43.4 ± 17.58 0.496 

BMI Level (kg/m2) 23.62 ± 6.2 22.83 ± 5.21 0.492 
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Onset time  
The comparison between study groups by the 

mean time of onset is shown in table (1.5). In this 

study, means of time of onset were significantly 

higher in Group A than that in Group B (61.12 

versus 44.41 sec, P= 0.001).  

 

Table 1.5: Comparison between study groups by mean of onset time of action 

 

 

 

 

 

 
 

 

Duration of action 
The comparison between study groups by mean 
of duration of action is shown in table (1.6).In 
this study, mean duration of action was higher             

in Group B than that in Group A but statistically 
not significant (40.87 versus 34.61 mints,                    
P= 0.063).  

 
 

Table 1.6: Comparison between study groups by mean of duration of action 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Time of onset (sec) 

Study Group 
 

P-Value Group A 

Mean ± SD 

Group B 

Mean ± SD 

61.12 ± 7.11 44.41 ± 12.96 0.001 

 

Variable 

Study Group 
 

P- Value Group A 

Mean ± SD 

Group B 

Mean ± SD 

Duration of 

action (mints) 
34.61 ± 12.54 40.87± 13.17 0.063 

DISCUSSION: 

 We found that a 20 ml saline flush and hand 

elevation immediately after a Rocuronium bolus 

shortened the measured onset time. Furthermore, 

saline flush administration prolonged the clinical 

duration, but it is not significant. The onset time 

was significantly decreased by a 20ml saline 

flush. Circulation components such as cardiac 

output, circulation time to muscle, and muscle 

perfusion are factors that determined the clinical 

effect of NMBD14. Because the normal saline 

flush significantly decreased the onset time, 

Rocuronium may be move quickly from                       

the peripheral vein into the central vein. One 

mechanism demonstrating the short onset time in 

group with saline flush the decreased transit time 

from the peripheral administration site to                      

the muscle. 

 Harrison and Junius18 had results agree with our 

study. Behrendt et al.19 found that giving flush of 

normal saline after contrast material increased 

the peak plasma concentration of the contrast 

material. 

Weiss et al.20 reported that giving flush normal 

saline increasing cardiac output lead to                             

 

a decrease in the transit time of indocyanine 

green. Yamaguchi et al.21 reported  the volume of 

saline flush that was enough to change                          

the pharmaco-dynamic indices of Rocuronium, 

including the onset time was 18ml for  

antecubital and subclavian veins and 30ml for              

a forearm vein.  

CONCLUSION: 

 In conclusion, a 20ml saline flush and hand 

elevation immediately after administering                    

a Rocuronium bolus of (0.6 mg/kg) decreased 

the onset time and without significantly 

increasing the recovery phase of Rocuronium. 

Therefore, onset time may not decrease                   

with a 20 ml saline flush when administering 

neuromuscular blockade during                            

a hemodynamically unstable state. We 

recommend the use of 20ml flush and hand 

elevation after Rocuronium injection as a safe 

method to get rapid onset for intubation 

especially when Suxamethonium is 

contraindicated. 
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