Med. J. Cairo Univ., Vol. 90, No. 8, December: 2747-2753, 2022

www.medicaljour nal ofcair ouniver sity.net

Effect of Adding Different doses of Atracurium to Lidocaine on
the Quality and Safety of Local Intravenous Anaesthesia for Upper

Extremities Surgery

MOHAMED A. ABDELNASER, M.D.*; MAGDY H. ABDELDAYEM, M.R.C.S. (England)?;
MOHAMED A. ELSAWY, M.Sc. 2 and AHMED FETOUH, M.D.*

The Department of Anaesthesia & ICU, Faculty of Medicine, Assiut University 1,
Department of Orthopedics, Algassim National Hospital 2, Department of Anaesthesia & I1CU,
Algassim National Hospital, KSA 2 and Department of Anaesthesia & 1CU, Faculty of Medicine, Cairo University 4

Abstract

Background: Intravenous regional anesthesia (IVRA) was
first described by August Bier in 1908 for anesthesia of the
hand and forearm. The primary advantages of IVRA areits
simplicity, reliability, and cost-effectiveness with high success
rates. Various adjuncts added to LA have been investigated
in an attempt to improve the quality of IVRA, including
muscle relaxants. Non-depol arizing neuromuscular blocking
agents can be of benefit in hastening the onset of motor block
and creating a more profound muscle relaxation state. These
benefits have been found to facilitate fracture reduction and
also improve overall analgesiain young, muscular patients
without clinically evident side effects.

Aimof Sudy: The aim of this study was to evaluate the
effects and safety of different doses of atracurium when added
to lidocaine for IVRA, on quality and duration of anaesthesia
by determining the duration of onset and regression times of
sensory and motor blocks, intraoperative and postoperative
analgesia

Patients and Methods: The current randomized, clinical
trial was conducted on 60 patients considered candidates for
upper extremities surgery in Algassim National Hospital,
Saudia Arabia. The patients were randomly assigned into four
groups. Group 1 (control group) only received 3mg/kg lido-
caine, Group 2 received 3mg/kg lidocaine plus 3mg atracurium,
Group 3 received lidocaine 3mg/kg plus 5mg/kg atracurium,
and group 4 received lidocaine 3mg/kg plus 10mg/kg atracu-
rium. The sensory and motor blocks, tourniquet pain, the
amount of administered intraoperative analgesics, patient and
surgeon satisfaction, and side effects were analyzed in the
groups using statistical tests.

Results: The time for onset of sensory and motor blocks
in group 2, group 3, and group 4 was significantly shorter
than groupl (p<0.05). Thetotal intraoperative pethidine was
significant in the three studied groups when compared to the
control group (p<0.05) it was lessin group 2, group 3, and
group 4 than in group 1. In terms of the recovery time of the
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sensory block, there were no significant differences between

the control group and the other three studied groups. The
tourniquet pain in groups 2, 3, and 4 was significantly lower
than in group 1 (p<0.05). Motor recovery time was significantly
more rapid in the control group in comparison to the other

three groups (p<0.05). As regards the quality of anesthesia
evaluated by the anesthesiologist and the surgeons it was
significantly more satisfaction in group 3 and group 4 compared

with group 2 and the control group (p<0.05). No significant
difference was observed in the postoperative pain and the side

effects of the lidocaine or the atracurium among the groups
(p>0.05).

Conclusion: The addition of different doses of atracurium
to lidocaine for IVRA resulted in fast onset of sensory and
motor block, a decrease in the severity of tourniquet pain,
more satisfaction for the patients and surgeons without side
effects from increasing atracurium doses.

Key Words: Intravenous anaesthesia — Regional — Atracurium
— Lidocaine.

Introduction

INTRAVENOUS regional anesthesia (IVRA) was
first described by August Bier in 1908 for anesthesia
of the hand and forearm. IVRA is suitable for
operations of the distal extremities, in situations
whereit is safe and easy to apply an occlusive
tourniquet. It is mainly used for surgical procedures

of the upper extremity, but it can also be used for
procedures involving the lower extremity [1]. The
primary advantages of IVRA areits smplicity,

reliability, and cost-effectiveness with success rates
varying between 94% and 98% [2,3] . Lidocaineis
the most frequently used local anesthetics (LA)

for IVRA. Despite its benefits, it has arelatively

brief duration of action which may limit the post-

operative analgesia that can be provided [4].
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Various adjuncts added to LA have been inves-
tigated in an attempt to improve the quality of
IVRA, including opioids, muscle relaxants, nons-
teroidal anti-inflammatory drugs (NSAIDs), cloni-
dine, potassium, and alkalizing agents. Evidence
indicates that non-depol arizing neuromuscul ar
blocking agents can be of benefit in hastening the
onset of motor block and creating a more profound
muscle relaxation state. These benefits have been
found to facilitate fracture reduction and also
improve overall analgesiain young, muscular
patients [5].

In addition to making the surgery easier, block-
ade of the muscle spindles may theoretically alle-
viate muscle spasm and reduce pain during and
after surgery. Muscle relaxants act at the level of
the muscle spindle and reduce the central input
from these structures [6] .

Patients and M ethods

The study protocol was approved by the ethical
committee of Algassim National Hospital from
January 2021 to March 2022. Informed consent
was obtained from sixty adult (18 to 65 years),
ASA physical status | & |11 patients scheduled for
elective hand surgery (carpal tunnel, trigger finger,
tendon release and tendon repair). Patients with
Raynaud disease, sickle cell anemia, a history of
allergy to any drug used or crushed hand injury
were excluded. Also, Patients who had bleeding
tendency, on anticoagulant or antiplatel et therapy,
had history of muscle weakness were excluded.

Routine monitoring was established, including
electrocardiography, non-invasive blood pressure
and oxygen saturation. Then two cannulae were
placed: Onein avein on the dorsum of the operative
hand for local anesthetic and muscle relaxant
injection and the other in the opposite hand for
crystalloid infusion. A double tourniquet was po-
sitioned on the upper operative arm. The operative
arm was elevated for 2min and was then exsan-
guinated with an Esmarch bandage; a pneumatic
tourniquet was then placed around the upper arm,
and the proximal cuff wasinflated to 100mmHg
more than the systolic blood pressure to a maximum
of 250mmHg, and the bandage was removed.
Circulatory isolation of the arm was verified by
absence of aradial pulse, and aloss of the pulse
oximetry tracing in the ipsilateral index finger.

Patients were randomly allocated into Four
equal groups (15 patients each): Group 1: IVRA
was achieved using 3mg/kg body weight lidocaine
2 % diluted with saline to atotal volume of 40ml,

Group 2: IVRA was achieved using 3mg of atra-
curium besylate plus 3mg/kg body weight lidocaine
2% diluted with saline to atotal volume of 40ml,
Group 3: IVRA was achieved using 5mg of atra-
curium besylate plus 3mg/kg lidocaine 2% diluted
with saline to atotal volume of 40ml and Group
4: Received a mixture of 10mg/kg of atracurium
besylate, plus 3mg/kg lidocaine 2% diluted with
saline to atotal volume of 40ml.

Sensory block was assessed by pinprick with
a 22-gauge short-beveled needle, every 30 second.
Patient response was evaluated in the dermatomal
sensory distribution of the medial and lateral
antebrachial cutaneous, ulnar, median, and radial
nerves. Motor function was assessed by asking the
patient to flex and extend his/her wrist and fingers;
complete motor block was noted when no voluntary
movement was possible.

Onset of sensory block was defined as the time
elapsed from injection of the study drug to sensory
block achieved in all dermatomes, and onset of
motor block was defined as the time elapsed from
injection of the study drug to complete motor block.

After sensory and motor block onset, the tour-
niquet (distal cuff) was inflated to 250mm Hg,
the proximal tourniquet was released, and surgery
was started. Heart rate, systolic and diastolic blood
pressure and oxygen saturation were monitored
before tourniquet application and then throughout
the surgery. All the procedures were performed by
anesthesia specialist who was blind to the random
allocations.

The onset and regression times for sensory
and motor blocks and the severity of intraoperative
pain (tourniguet pain) were recorded.

The severity of intraoperative pain was assessed
using 10cm VAS (Visual Analogue Scale) every 5
minutes after tourniquet application where O = the
absence of pain and 10 = worst possible pain.
Patients with intraoperative VAS score more than
3 were given pethidine 50mg slowly intravenous.
The number of patients and total dose of pethidine
were recorded. The tourniquet was not deflated
before 45min. At the end of the surgery, the tour-
niquet was deflated gradually. Sensory recovery
time (the time elapsed from tourniquet deflation
to recovery of sensation in al dermatomes, deter-
mined by pinprick test) and motor block recovery
time (the time elapsed from tourniquet deflation
until movement of fingers) were recorded.

Postoperative pain was assessed by VAS at 5
minutes after tourniquet deflation and at 1, 2, 4,
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6, 8 hours postoperatively. Intravenous pethidine
50mg was administered if the VAS was more than
3inthefirst 8 hours postoperatively. The first
analgesic requirement time was also noted (the
time elapsed from tourniquet release until the first
regquest for analgesic). At the end of the procedure,

the IVRA cannulais removed and the cuff deflated
- close observation of the patient is crucial at this
point, as this may result in the systemic release of

local anaesthetic and muscle relaxant. Incidence
of side effects such as tinnitus, dizziness, convul-

sions, respiratory compromise, muscle weakness
were recorded in the four studied group.

After the operation the anesthesiologist blinded
with the type of adjuvant recorded the quality of
anesthesia as follow: Excellent = 4 where the
patients were compl etely satisfied with the anesthe-
siawithout complaint, very good = 3 where the
patients slightly complained but continued without
analgesics, good = 2 where the patients slightly
complained and continued with supplemental an-
algesics, bad = 1, patients couldn't continue and
received general anesthesia.

Qualification of the surgical condition such as
disturbing movement of the arm and too much
bleeding was assessed by the surgeon who did not
know group allocation according to the following
numeric scale: 0 = unsuccessful, 1 = poor, 2 =
acceptable and 3 = perfect [7].

Satistical analysis:

Datawere expressed as frequency and percent-
age for categorical variables, and mean * standard
deviation (SD) for the continuous variables. To
compare continuous variables, the analysis of
variance (ANOVA), and to compare categorical
variables, chi-square tests were used. To analyze
data about the level of pain at different intervals,
repeated measures ANOV A was used. Data analysis
was performed with SPSS version 22 at a p-value
<0.05 as the level of significance.

Results

Sixty patients were assessed for eligibility to
participate in the study, all of them were rand-
omized, allocated into 4 groups, and al of them
continued the study to be analyzed. There was no
significant difference between the four groups as
regards demographic data, ASA classification,
surgery duration, and tourniquet time (Table 1).
Asregards the characteristics of the block, it was
found that the onset of sensory block was signifi-
cantly rapid in group 4 (1.43% 1.33min) followed
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by group 3 (1.73+0.38min), group 2 (1.75+0.48
min), and finally the control group (3.51+0.24
min). This difference was significant to the control

group. The onset of motor block was significantly
faster in group 4 (2.69+ 0.29min), group 3 (2.80+
0.43min), and group 2 (4.11+0.77min) in compar-
ison to the control group (7.60 £0.77min). Sensory
recovery time after tourniquet deflation was earlier
in the control group (7.53+0.67min) when com-
pared to the other groups, as group 4 was (9.26 +
1.45min), group 3 (7.87%1.91min), and group 2
(7.93£1.67min) without significant difference be-
tween the adjunct groups. Motor recovery time
was significantly more rapid in the control group
(4.80£ 1.22min) in comparison to the other three
groups where it was (11.80+3.22min) in group 2,
(23.963+3.79min) in group 3, and (25.66+3.36
min) in group 4 with significant difference between
group 3 and group 4 in comparison to group 2
(Table 2). Asregards the tourniquet pain which

was assessed by the VAS it was significantly higher
in the control group than the adjuvant groups at

all study times (5min interval). There was no
significant difference between the three adjuvant

groups (Fig. 1). Intraoperative Pethidine doses
reguired to overcome tourniquet pain were signif-

icantly higher in the control group (55.66+4.41
mg) when compared to the adjuvant groups as it
was (34.66+8.41mg) in group 2, (28.23 +7.35mQ)
in group 3, and (27.33+5.61mg) in group 4. There
was no significant difference between the three
adjuvant groups (Table 3).

As regards postoperative pain which was as-
sessed by VAS it was significantly higher in the
control group more than the adjuvant groups at al
the study times (first 8 hours postoperative) (Fig.
2), and the timeto first analgesic request was more
prolonged in group 3 (11.08% 1.81min), followed
by group 4 (10.13+ 1.31 min), group 2 (9.13+
1.49min), and control group (8.53% 1.49min). There
was no significant difference between the three
adjuvant groups and the control group (Table 3).
Asregards the quality of anesthesia evaluated by
the anesthesiologist and the surgeons there were
significant differences in group 3 and group 4 when
compared to group 2 and the control group (Table

4).

Asregards the side effects, there was one patient
in group 4 and one patient in group 3 suffered from
transient post deflation diplopia after deflation of
the tourniquet and he was reassured, two patients
in group 1, two patients in group 2 and one patient
in group 3 complained from tinnitus.
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Table (1): Demographic data.

Effect of Adding Different doses of Atracurium to Lidocaine on the Quality

Group 1 Group 2 Group 3 Group 4 p-
(n=15) (n=15) (n=15) (n=15) value
Age (years) 38.53+14.80 36.53+£14.80 41.33+9.11 36.86+10.19 0.132
Gender:

Male/ Female 11/4 10/5 10/5 9/6 0.883
Weight 76.6x5.1 71.7£4.8 69.8+6.9 68.8+4.9 0.876
Duration of surgery 49+5.68 44+5.78 51.46+6.03 48.49+9.73 0.491
ASA 1/11 10/5 12/3 10/5 13/2 0.782

Duration of tourniquet (min) 55.7+19 48.9+2.6 57.7+3.1 56.8+1.9 0.892
*p<0.05.
Table (2): Motor and sensory block (onset and recovery).
Group 1 Group 2 Group 3 Group 4 p-
(n=15) (n=15) (n=15) (n=15) value
Onset of sensory blockade (min) 351+0.24 1.75+£0.48* 1.73+£0.38* 1.43+£0.33* 0.001
Onset of motor blockade (min) 7.60+0.77 4.11+£0.77* 2.80+0.03* 2.69+0.09* 0.001
Recovery from sensory blockade (min) 7.53+0.67 7.93+1.67 7.87+191 9.26+1.45 0.537
Recovery from motor blockade (min) 4.80+1.22 11.80+3.22* 23.963+3.79*# 25.66+3.36* # 0.001
*P<0.05. # Intergroup differences.
Table (3): Intraoperative and postoperative analgesic needs.
Group 1 Group 2 Group 3 Group 4 p-
(n=15) (n=15) (n=15) (n=15) value
Intraoperative pethidine (mg) 55.66+4.41 34.66+8.41* 28.23+7.35* 27.33+561* 0.001
Timeto first pethidine request (min) 8.53+1.49 9.13+1.49 11.08+1.81 10.13+1.31 0.631
*p<0.05.
Table (4): Quality of anesthesia evaluated by patients and surgeon.
Group 1 Group 2 Group 3 Group 4 p-
(n=15) (n=15) (n=15) (n=15) value
Quiality of anesthesia (patients) 3 (2-4) 3 (2-4) 1(1-3)* 1 (1-3)* 0.00
Quality of anesthesia (surgeon) 3 (2-4) 3 (2-4) 1 (1-3)* 1 (1-3)* 0.00
Values are presented as median (range). * p<0.05.
g Intraoperative VAS g Postoperative VAS
7 Group 1 Group 3 7 Group 1
Group 2 Group 4 Group 2
6 6 Group 3
5 5 Group 4
4 4
3 3
2 2
1 1
0 0
05 10 15 20 25 30 35 40 45 50 5 30 60 120 240 360 480

Fig. (1): Intraoperative pain score (VAS).

Fig. (2): Postoperative pain score (VAS).
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Discussion

Intravenous regional anesthesia (IVRA) isa
common, safe, and simple technique, is applicable
for short, simple surgeries on the upper and lower
limbs. IVRA is still being used in the emergency
room, outpatients and high-risk patients who re-
quired safe anesthesia. IVRA offers afavorable
risk benefit ratio, cost-effectiveness, sufficient
muscle relaxation and analgesia. New upcoming
methods for monitoring, specialized personnel and
improved emergency equipment made IVRA safer
than other anesthetic plans [§].

Anaesthesia during IVRA is produced by mul-
tiple mechanisms, a block of peripheral small
nerves and nerve endings, a block of nerve trunks
at aproximal site and ischemia which blocks nerve
conduction and motor end plate function [1].

A mgjor limiting factor for the use of IVRA is
the tourniquet pain and lack of adequate postoper-
ative analgesia. The etiology of tourniquet pain
remains unclear. It may arise from ischemia of
peripheral neurons or nociceptors distal to the
tourniquet, or nerve fiber activation directly under
it, again because of ischemia [5].

Several clinical studies have demonstrated that
the use of additivesto the local anesthetic agents
in I[VRA may overcome these two problems thus
producing better tourniquet tolerance and satisfac-
tory postoperative analgesia [6] .

Amongst these additives that were used, atra-
curium. The probable mechanism of atracurium
might be the blockage of the function of motor
end plate before the appearance of upper extremity
ischemiain IVRA; thus the sensory and motor
block onset time are shortened and the quality of
anaesthesia enhanced [2] . On the other hand, atra-
curium besylate primarily undergoes pH and tem-
perature-dependent chemical (or Hoffman) degra-
dation. Hoffman degradation is inhibited in the
ischemic limb because of metabolic acidosis [g].

We observed from this study that adding atra-
curium to lidocaine for IVRA fastened the onset
and delayed the offset of the motor block, reduced
the tourniquet induced pain but did not affect the
postoperative analgesic requirements. However,
increasing the doses of atracurium added to lido-
caine fastened the onset and delayed the offset
motor blocks improved patient and surgeon satis-
faction. In this study, we reported minor side effects
in all the studied groups in the form of mild tinnitus
and postdeflation diplopiawhich disappeared spon-
taneoudly.
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In line with the findings of the present study,
Elhakim M, Sadek RA, [10] studied the clinical
advantages of using muscle relaxant with lidocaine
for IVRA in Forty adult patients undergoing hand
surgery. Two groups received either 40ml 0.5%
lidocaine or 40ml 0.5% lidocaine with 2mg of
atracurium. The atracurium group of patients had
asignificantly greater degree of muscle relaxation,
easier reduction of fractures, and better operative
conditions (p<0.01). Less pain was also reported
during surgery (p<0.025), 5 and 15min after release
of the tourniquet (p<0.01). there was no difference
in the speed of onset of block between the two
groups.

Esmaoglu et al., [2] determined the onset and
regression time of motor and sensory block, and
the quality of anaesthesia and postoperative anal-
gesia by the addition of cisatracurium to local
anesthetic solution in small dosesin IVRA. The
onset time of sensory and motor block in the cisa-
tracurium group was significantly shorter than in
the control group. The quality of anaesthesiawas
better in the cisatracurium group than in the control
group, and the difference was statistically signifi-
cant which is was consistent with the present study.

On the other hand, Kurt et a. [11] investigated
33 patients. Plain lidocaine solution was adminis-
tered to group 1. Alfentanil (0.5mg) and atracurium
(3mg) were added to the lidocaine solution in
groups 2 and 3, respectively. The onset of the motor
block, intra- and postoperative pain scores, and
the duration of postoperative analgesia were similar
in al groups. They concluded that no clinical
benefits of adding alfentanil or atracurium to lido-
caine solution for intravenous regional anaesthesia
of the arm which is not agreed with the present

study.

Haider, H.S., & Mahdi, F.A. [12] concluded that
drug combination of ketamine and atracurium to
small doses of lidocaine lead to rapid onset of
sensory block, motor block, and low VAS score
for pain and decrease the adverse effect of bier's
block when compared to lidocaine group which is
agreed with our results.

In this study, all of patientsin the four groups
tolerated the IVRA without complications, and the
surgeons were well satisfied with the anesthetic
method. McGlone et al., [9] found that the addition
of 2mg of Atracurium to the Bier's Block improved
the ease of reduction (p less than 0.025) and the
quality of analgesia (p lessthan 0.05). The authors
concluded that the addition of Atracurium to a
Bier's Block isuseful in selected patients with a
wrist fracture.
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Flamer and Peng [13] stated in their review that
the combination of fentanyl and muscle relaxants
(pancuronium, atracurium, mivacurium, cisatacu-
rium) can yield the same value of IVRA with a
50% decrease in the loca anesthetic dose, but with
potentially slower onset of sensory block.

In conclusion, the addition of different doses
of atracurium to lidocaine for IVRA resulted in
fast onset of sensory and motor block, with a
prolonged offset of motor block, a decrease in the
severity of tourniquet pain, improving surgical
manipulation and patient satisfaction without caus-
ing significant systemic side effects.

One of the strengths of the current study was
arandom allocation of participants and alack of
difference regarding demographic characteristics
among the study groups; hence, the confounding
impacts of such features were eliminated due to
the homogeneity of the study groups. And the use
of different doses of agents administered in the
current study to compare their effectiveness and
side effects.
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