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ABSTRACT 

Background: Intravenous regional anesthesia (IVRA) has been used as a common 

anesthetic technique for several types of operations. However, there are various 

concerns regarding the efficacy of this anesthetic method. The aim of this study was 

to evaluate the effects of lidocaine alone versus concomitant use of lidocaine and 

pethidine for the IVRA in upper limb surgery. 

Methods: In this randomized, double-blind, controlled clinical, 50 eligible 

individuals were randomly divided to receive either a combination of 1.5 mg/kg 

lidocaine 2% and 1.5 mg/kg pethidine or placebo (3 mg/kg lidocaine 2%) for IVRA. 

After the surgery, the onsets and durations of sensory and motor block, the pain 

intensity in recovery room, the subjects' first demand of morphine, and the total 

amount of morphine injected within 24 hours were measured. 

Results: The combination of lidocaine and pethidine was significantly effective in 

accelerating the onset of both sensory and motor blocks [(P=0.001), (P=0.001), 

respectively]. However, no differences were found between groups in sensory and 

motor block durations after surgery. Intervention with lidocaine plus pethidine caused 

a significant reduction of the pain intensity in recovery room (P=0.02). Also, 

concomitant use of lidocaine and pethidine led to a longer time of the first demand of 

morphine (P=0.04). Moreover, the total amount of morphine injected within 24 hours 

after surgery was considerably lower in individuals treated by lidocaine plus 

pethidine (P=0.003). 

Conclusion: The results of the current study suggest that adding pethidine to 

lidocaine can be considered as an appropriate approach for better management of 

IVRA. 

 

ntravenous regional anesthesia (IVRA; Bier block) is 

known as one of the most reliable and efficient 

anesthetic procedures which is desirable for short-

term surgical operations on the extremities [1-2]. 

Additionally, IVRA can be considered as a cost-effective 

method in comparison with general anesthesia and 

brachial plexus blocks for upper limb soft tissue surgeries 

with an ambulatory basis [3]. However, the efficacy of 

IVRA technique has been limited due to its several 

defects including concern of local anesthetic toxicity, 

delayed onset, impaired muscle relaxation, tourniquet 

pain, insufficient postoperative pain relief, and 

cardiorespiratory depression [4-6]. The toxicity might be 

triggered by leaking past the tourniquet following the 

injection procedure, which can be related to the failure of 

the tourniquet or a rise in venous pressure distal to the 

tourniquet [7].  

Hence, it would be preferable to combine additives with 

local anesthetics in order to alleviate the IVRA 

disadvantages [8]. Based on earlier studies, the adjuncts 

used were opioids (fentanyl, meperidine, morphine, 

sufentanil), tramadol, nonsteroidal anti-inflammatory 
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drugs (NSAIDs; ketorolac, tenoxicam, acetyl-salicylate), 

clonidine, muscle relaxants (atracurium, pancuronium, 

mivacurium), alkalinization with sodium bicarbonate, 

potassium and temperature [4]. 

Opioids are one of the well-known class of medications 

with a wide range of clinical effects which are structurally 

similar to the natural plant alkaloids derived from the 

Papaveraceae family [9]. Pethidine (also known as 

meperidine) is a synthetic opioid analgesic which has 

been highlighted regarding its unique medical benefits 

[10]. Based on the previous studies, it has been shown 

that using pethidine as the single anesthetic might be 

helpful through the quality of sensory and motor block in 

certain tissue surgeries [11]. Also, pain-relieving and 

long-lasting analgesic properties of systemically 

administered pethidine have been documented in the past 

experiments [12-13]. Moreover, the use of pethidine as 

part of IVRA method may result in a reduction in the dose 

of lidocaine required for an effectual intraoperative 

analgesia and also protect against the risk of systemic 

toxicity of local anesthetics in cuff leakage condition 

[14].  

Therefore, in the present study, it was hypothesized that 

adding pethidine as an adjunct to lidocaine in IVRA 

might be associated with appropriate management of 

upper limb soft tissue surgery. 

Methods 

Fifty eligible individuals (18-60 years old) who were 

candidate for the upper limb surgery with the American 

Society of Anesthesiology (ASA) score ≤ 2, were 

recruited from Shahid Chamran Hospital, Shiraz, Iran. 

The sample size was measured according to the previous 

study with regard to the type Ι error of 5% (α = 0.05), and 

type II error of 20% [15]. The exclusion criteria were as 

follows: having history of chronic diseases including 

heart disease, high or low blood pressure, bradycardia, 

hyperthyroidism, cardiac blocks, peripheral neuropathy, 

suffering from coagulation disorders, topical infections, 

and deformities with musculoskeletal of the upper limb, 

taking adrenoceptor agonists or antagonists, smoking or 

any drug addiction, pregnancy and lactation, having 

history of severe side effects or allergic symptoms with 

the current study medications, and lack of adherence to 

the study protocol.  

All participants were informed about the study 

objectives and signed the written consent form. The 

procedure of this study was conducted according to the 

Declaration of Helsinki. It was also approved by the 

Ethics Committee on Human Experimentation of Shiraz 

University of Medical Sciences 

(IR.SUMS.MED.REC.1398.574). Moreover, this trial 

was registered at the Iranian Registry of Clinical Trials 

(ID number: IRCT20141009019470N115, link: 

https://www.irct.ir/search/result?query=IRCT20141009

019470N115). 

Study Design 

This randomized, double-blind, controlled clinical trial 

was conducted in Shiraz, Iran. All participants were 

randomly assigned in two equal groups of intervention 

and control (25 persons in each group) as follows: 

Intervention group: received lidocaine 2% (Caspian 

Tamin, Pharmaceutical Co. Rasht, Iran) in a dose of 1.5 

mg/kg body weight + pethidine (Daroupakhsh, 

Pharmaceutical Co. Tehran, Iran) in a dose of 1.5 mg/kg 

body weight at the onset of the surgery to induce bier 

block 

Control group: received lidocaine 2% in a dose of 3 

mg/kg body weight at the onset of the surgery to induce 

bier block 

The randomization was conducted using computer-

generated randomization, and a trained clinician 

performed the randomized allocation sequence and 

assigned subjects to the intervention and control groups. 

In both study groups, the same 40 cc syringes and the 

same drug color were used. After implanting a cannula in 

the distal limb, the patient was asked to hold the injured 

hand up for 10 minutes. Then, we placed a dual-port 

tourniquet (containing proximal cuff and distal cuff) on 

the proximal of the limb. At first, we filled the proximal 

cuff for all subjects up to 300 mmHg so that the patient's 

radial pulse could not be felt. Afterwards, the patient's 

medicine, which was given to the doctor unspecified, was 

injected slowly for 90 seconds. When the patient 

complained of severe pain or tingling at the site of the 

tourniquet, we first inflated the distal cuff and then 

released the proximal cuff. Meanwhile, intravenous 

injection of 1 mg midazolam (Chemidarou, 

Pharmaceutical Co. Tehran, Iran) and 1 µg/kg fentanyl 

(Caspian Tamin, Pharmaceutical Co. Rasht, Iran) were 

used for the sedation of all study participants. 

Assessment of the study variables 

All data were collected by trained researchers and 

explicit instructions were given to all participants.  

Demographic measurements were performed at entry 

of the intervention. Body weight was measured using a 

digital scale (Seca, Hamburg, Germany) with an accuracy 

of 0.1 kg with light clothes and no shoes.  

The assessment of the onset of sensory nerve block was 

carried out using pin prick test in the areas of four main 

branches of hand nerves and with a 25‐gauge needle 

every 30 seconds. The onset of motor nerve block was 

also evaluated, considering the capabilities of flexion and 

extension of wrist and fingers every 30 seconds. 

Moreover, the time durations of both sensory block and 

motor block were calculated. The shortest safe time to 

open the tourniquet cuff was 25 minutes after injection, 

but patients were closely monitored for the risk of local 

anesthetic toxicity. Furthermore, the pain intensity was 

assessed in the recovery room every 15 minutes using 

numerical rating scale (NRS). A patient-controlled 

analgesia (PCA) pump with morphine (Daroupakhsh, 

Pharmaceutical Co. Tehran, Iran) was used in order to 

control patients' pain after the surgery. Meanwhile, we 
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measured the time of the first demand for the morphine 

injection and the total amount of morphine injected 

within 24 hours after surgery in all participants. 

Statistical analysis 

The Statistical Package for Social Sciences (version 

22.0; SPSS Inc, Chicago, IL, USA) was used for all 

statistical analyses. At first, the Kolmogorov–Smirnov 

test was used to assess the normal distribution of the data. 

Independent samples t-test was performed in order to 

evaluate differences between the intervention and control 

group. Qualitative variables were compared using the chi 

square test. Also, repeated measures ANOVA was used 

to compare the mean pain intensity between groups at 

different measurement times. All the differences were 

considered statistically significant at P≤0.05. 

Results 

The general characteristics of the two study groups 

have been reported in (Table 1).  

As the table depicts, there were no statistically 

significant differences among the study groups at the 

baseline period. In the course of intervention, two 

subjects were excluded from the study (Figure 1). No 

serious side effects were detected in the two study groups. 

Sensory and motor blocks 

The mean values of sensory block onset, motor block 

onset, duration of the sensory block, and duration of the 

motor block in each study group have been presented in 

(Table 2). The sensory block onset showed statistically 

significant decrease in the intervention group compared 

to the control group (P=0.001). Also, in comparison with 

the control group, there was a significant reduction of 

motor block onset in patients treated with pethidine 

(P=0.001). However, at the end of the study, no 

significant difference was found in terms of the sensory 

and motor block durations in both study groups 

[(P=0.52), (P=0.98), respectively]. 

The pain intensity 

Participants were monitored every 15 minutes for the 

pain intensity from the beginning to the end of the being 

in the recovery room. The time-group interaction 

showed that during the recovery room period, the pain 

intensity was notably lower in the intervention group 

when compared to the control group (P=0.02) (Table 3). 

Morphine injection 

Compared to the individuals in control group, the time 

of the first demand for the morphine injection was 

significantly longer in the intervention group (P=0.04) 

(Table 4). Additionally, the total amount of morphine 

injected within 24 hours after surgery was significantly 

lower in subjects treated by pethidine compared to the 

control group (P=0.003) (Table 5). 

Table 1- The subjects' general characteristics 

Parameters 
Total 

(n=50) 

Control group 

(n=25) 

Intervention group 

(n=25) 
P value 

Age (Year)a 38.51±13.90 36.34±13.24 41.26±14.54 0.25* 

Gender (male)b 32 (64%) 19 (76%) 13 (52%) 0.07** 

Weight (Kg)a 68.92±14.95 69.47±9.5 68.17±20.48 0.78* 

a: Data expressed as Mean±SD, b: Data expressed as n (%), * Obtained from the Independent-Sample T Test, 

** Obtained from the Chi-squared test, P-value≤0.05 was considered as significant 

Table 2- The comparison between sensory block onset, motor block onset, duration of the sensory block, and 

duration of the motor block in both study groups 

Parameters 

(min) 

Control group 

(n=25) 

Intervention group 

(n=25) 
P value* 

Sensory block onset  4.33±0.91 2.37±1.13 0.001 

Motor block onset  11.66±3.50 6.75±1.89 0.001 

Sensory block duration  64.16±31.02 59.29±21.33 0.52 

Motor block duration  61.45±35.10 61.25±31.05 0.98 

Data expressed as Mean±SD, * Obtained from the Independent-Sample T Test, P-value≤0.05 was considered as significant 

Table 3- The comparison between patients' pain intensity in the recovery room in both study groups every 15 min  

Groups min: 15 min: 30 min: 45 min: 60 
P value* 

Time Group Time∗ Group 

Control group 

(n=25) 
3.66 ± 2.25 3.54 ± 1.93 3.2 ± 1.53 2.58 ± 1.41 

 0.131  0.001 0.02 Intervention 

group 

(n=25) 

0.78 ± 1.31 1.0 ± 1.25 1.12 ± 1.3 1.0±1.12 

Data expressed as Mean±SD, * Obtained from the Repeated Measures analysis, P-value≤0.05 was considered as significant 
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Table 4- The comparison of the time for the subjects' first demand of morphine after opening the tourniquet 

between the two study groups 

Parameter 
Control group 

(n=25) 

Intervention group 

(n=25) 
P value* 

first demand for morphine injection (min) 32.05±7.62 73.36±10.78 0.04 

Data expressed as Mean±SD, * Obtained from the Independent-Sample T Test, P-value≤0.05 was considered as significant 

Table 5- The comparison of total amount of morphine injected within 24 hours after surgery between the two study 

groups 

Parameter 
Control group 

(n=25) 

Intervention group 

(n=25) 
P value* 

Total amount of morphine injection 

(mg/day) 
5.54±2.14 2.12±2.21 0.003 

Data expressed as Mean±SD, * Obtained from the Independent-Sample T Test, P-value≤0.05 was considered as significant 

Figure 1- Consort flow diagram of trial 

 

Discussion 

According to the results of the current study, adding 

pethidine as a synthetic opioid analgesic to lidocaine 

resulted in considerable improvements in terms of 

patients' pain intensity in the recovery room, time of the 

both sensory and motor block onsets, total amount of 

morphine injection, and the time of the subjects' first 

demand for morphine after opening the tourniquet. 

 
Assessed for eligibility (n= 80) 

Excluded (n= 28) 

 Not meeting inclusion 

criteria (n=12) 

  Declined to participate 

(n= 16) 

Allocated to the control group (n=26) 

received lidocaine 2% in a dose of 3 mg/kg 

body weight 

Discontinued intervention (n= 1) 

(Declined to participate) 

Analysed (n= 25) 

Allocated to the intervention group (n= 26) 

Received lidocaine 2% in a dose of 1.5 

mg/kg body weight + pethidine in a dose of 

1.5 mg/kg body weight 

Discontinued intervention (n=1) 

(Declined to participate) 

Analysed (n= 25) 

Allocation 

Enrollment 

Intervention 

Analysis 

 

Randomized (n= 52) 
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 Nowadays, the pace of surgical operations requires 

rapid and efficient local anesthesia methods. Although 

the IVRA is one such technique, but it has been limited 

by concerns regarding the delayed onset, tourniquet pain, 

inadequate postoperative pain relief [4, 16]. 

Previous studies have shown that combine opioids 

(fentanyl, pethidine) or a muscle relaxant (atracurium, 

pancuronium) with local anesthetics may play an 

important role for improving the quality of anesthesia and 

postoperative analgesia [4, 17]. In accordance with our 

study results, in 2015, Saryazdi et al. [18] investigated the 

comparative evaluation of adding different opioid 

(pethidine, morphine, buprenorphine, or fentanyl) to 

lidocaine in duration and quality of axillary brachial 

plexus block. They suggested that adding morphine or 

pethidine to lidocaine could be superior to other study 

opioids due to better quality and quantity of motor 

blockade and the faster block initiation. In addition, 

Hasannasab et al. [19] found that using pethidine as an 

adjunct to lidocaine for upper limb IVRA could result in 

delayed postoperative pain compared to lidocaine alone. 

The peripheral underlying mechanism of the analgesic 

effect of pethidine may be mediated by either the local 

anesthetic properties of pethidine or to the action of 

pethidine on peripheral opioid receptors [5]. Moreover, 

pethidine has been shown to reduce vascular resistance in 

the hands and forearms, which is believed to be a local 

action of this opioid. Thus, this vasodilation effect may 

cause solutions containing pethidine to spread faster to 

the hands and forearms and decrease the time of both 

sensory and motor block onsets [11, 20]. In one study, 

Armstrong et al. [11] examined the effects of adding 

pethidine to prilocaine 0.25% for IVRA in healthy 

volunteers. In agreement with our findings, the 

researchers reported that the time of sensory and motor 

block onset and also the tourniquet pain at ten minutes' 

inflation were significantly lower in patients treated with 

pethidine. Furthermore, Enayati et al. [21] showed longer 

duration of analgesia with pethidine usage, comparing to 

lidocaine alone in spinal anesthesia for cesarean section. 

In a study by Abdulla and Fadhil (5) they showed that 

adding fentanyl (50 µg) and pancuronium (0.5 mg) to 100 

mg lidocaine improved the quality of analgesia compared 

to lidocaine alone after the surgery. Similarly, 

Nishikawa's research found that adding fentanyl to 

anesthetics may extend the duration of analgesia for 

individuals after surgical operation [22]. There are also 

convincing reports regarding the postoperative pain 

relieving effects of opioids. Consistent with the current 

findings, it has been documented that pethidine may 

reduce the first demand for analgesic agents 

(acetaminophen/codeine) in the first 24 hr after surgery 

[14]. Likewise, in one study by Shad Aldine et al. The 

tramadol as an additive to IVRA effectively reduced both 

the postoperative pain intensity and the need for 

postoperative analgesia [23].  

Our findings should be interpreted while considering 

the main limitations. The mean values of time duration of 

upper limb soft tissue surgery had to be measured for 

better comparison of the two study groups. As a result of 

limited funding, important biochemical parameters 

related to the postoperative inflammatory response at the 

site of surgical trauma such as histamine, serotonin, 

bradykinins and metabolites of cyclooxygenase and 

lipoxygenase pathways were not measured. Hence, future 

well-designed studies are needed to evaluate other 

specific markers which may clarify the beneficial 

underlying mechanisms related to the effects of adding 

pethidine to lidocaine for IVRA in upper limb soft tissue 

surgery. 

Conclusion 

The results of the present study suggest that adding 

pethidine to lidocaine can be considered as an appropriate 

approach for the better management of IVRA in upper 

limb soft tissue surgery. 
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