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Abstract

Background Various studies have demonstrated the analgesic benefit of systemic lidocaine in the perioperative set-
ting, especially during laparoscopic abdominal surgery. However, the best appropriate dose for an administered bolus
and continuous infusion of lignocaine is unclear. Our aim is to compare the effect of two different doses of intrave-
nous lidocaine for analgesia in patients undergoing elective laparoscopic cholecystectomy under general anesthesia.
Fifty-four patients of ASA PS | or Il, aged between 18 and 65 years undergoing elective laparoscopic cholecystectomy
under general anesthesia were randomly divided into two groups of 26 patients each. Patients in group A received

an intravenous bolus injection of lidocaine 1.5 mg/kg slowly over 10 min, prior to induction and then followed

by a continuous infusion at the rate of 1.5 mg/kg/h via infusion pump whereas group B patients received intravenous
lidocaine bolus of 1.5 mg/kg slowly over 10 min followed by infusion at the rate of 2 mg/kg/h. Postoperative analgesia
was assessed by VAS score, time to first analgesic dose, and total consumption of rescue analgesic in 24 h.

Results There was a statistically significant difference in mean VAS Scores between the two groups at different

time intervals postoperatively. Time to first rescue analgesia was earlier in group A (30.65 min) compared to group B
(49.42 min) and the difference was statistically significant. Total consumption of rescue analgesic was higher in group
A with a mean of 178.85 mg compared to 126.92 mg in group B.

Conclusion Both the infusion doses of Lidocaine provided clinically adequate analgesia postoperatively but the infu-
sion dose of 2 mg/kg/h had a mean VAS score significantly lower than 1.5 mg/kg/h.
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Background

Effective postoperative analgesia in surgical patients
is essential for encouraging an early recovery. Even
though there is a decreased incidence of pain with lapa-
roscopic surgery than with open surgery, it still needs
to be adequately managed. Following laparoscopic
cholecystectomy (LC), pain can arise from a number
of different sources, including incisional, local visceral,
peritoneal, and referred pain. Various multimodal
approaches have been used to achieve effective postop-
erative analgesia because of multiple sources of pain in
LC (Mitra et al. 2012).

Various studies have found that multimodal analge-
sia may decrease the need for opioids during surgery
by lowering the pain scores in the postoperative period.
Non-opioid analgesics such as lidocaine, ketamine,
gabapentin, magnesium sulfate, etc. have been used to
achieve this (Toleska et al. 2022). Lidocaine is unique
among these analgesic adjuvants, as along with a favora-
ble effect on pain scores it also improves enhanced recov-
ery after surgery (ERAS) outcomes (Eipe et al. 2016,
Ibrahim et al. 2018). The antinociceptive effects of intra-
venous (IV) lidocaine have been confirmed in various
acute and chronic pain states and there is convincing evi-
dence that IV lidocaine has antihyperalgesic effects (Her-
manns et al. 2019). Lidocaine also offers the advantages
of adaptability, affordability, accessibility, and familiarity
of use (Weibel et al. 2016).

Many studies have demonstrated the analgesic benefit
of systemic lidocaine in the perioperative setting, espe-
cially during laparoscopic abdominal surgery but the
exact relationship between the regimen of lidocaine used
and its postoperative analgesic effects remains to be fur-
ther studied (Song et al. 2017; Zhao et al. 2018; Li et al.
2018). A Cochrane-based meta-analysis revealed inad-
equate evidence for IV lidocaine compared to placebo
on early postoperative pain scores and overall opioid
demand and urged further research to find out adequate
dose to be used (Kranke et al. 2015, Weibel et al. 2018).
The optimal dose for an administered bolus and con-
tinuous infusion of lidocaine giving good analgesia and
fewer side effects is still undetermined. Since the pub-
lished literature is not clear about the effective and safe
dose of lidocaine to be used in laparoscopic surgeries, we
planned a study comparing two different doses of intra-
venous lidocaine infusion with regard to postoperative
analgesia, time to first rescue analgesia and total analge-
sics used in 24 h.

Methods

This was a prospective, randomized, single-center, dou-
ble-blind study conducted adhering to the principles of
the Declaration of Helsinki. Institute ethics committee
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approval was taken and the study was conducted from
September 2020 to September 2021. Written informed
consent was obtained from each patient to participate in
this study.

Study participants

Fifty-four patients of ASA (American Society of Anaes-
thesiologists) physical status I or II, aged between 18 and
65 years undergoing elective laparoscopic cholecystec-
tomy under general anesthesia were enrolled in the study.
One patient from group A was converted to laparot-
omy because of bleeding and one patient from group B
could not be followed postoperatively. So these two were
excluded from the study and a total of 52 patients, 26 in
each group were analyzed (Fig. 1).

Exclusion criteria

Patients with severe cardiac, respiratory, hepatic, renal,
or endocrine disease, patients with a neurological disor-
der, electrolyte disorders, with a history of alcohol or any
drug addiction, who were on analgesics pre-operatively,
pregnant/breastfeeding females, and those who had
known allergic to local anesthetic were excluded from the
study.

Sample size and sampling design

To estimate the group size needed to show statistical sig-
nificance, assuming a between-group difference in VAS
pain score of 1.3 (mean difference) and standard devia-
tion of 1.7 as reported by Gallagher et al. with a two-tailed
a=0.05 and power of 80%, it was calculated that a mini-
mum of 24 patients per group were required (Gallagher
et al. 2001). We increased the total number of patients to
27 per group to compensate for the dropouts.

Simple randomization was done using computer-
generated random numbers. The Anaesthesia techni-
cian was assigned the role of group assignment using a
computer-based randomization list, which was secured
in sequentially numbered sealed envelopes concealed till
enrollment of the patient. At the time of pre-anesthetic
evaluation, all patients were explained about the study
and briefed about the use of a visual analog scale (VAS)
for pain assessment. VAS is a pain assessment tool in
which pain is assessed by asking the patient to indicate
on a 10-cm line the point that corresponds to the level
of pain intensity they felt, where 0 is “no pain” and 10 is
“worst imaginable pain” Patients were advised to remain
fasting for 8 h before surgery.

Method of data collection

On arrival in the operation theatre, peripheral venous
access was secured with 20 G intravenous cannula.
Patients were shifted to operation theatre and a multipara
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Assessed for eligibility (n=54)

Primary Excluded (n=0)
e Not meeting inclusion criteria (n=0)

e Decline to participate (n=0)

Randomized (n=54)

—

Allocated to Group A (n=27)

l

Received intervention (n=27)

l

Loss to follow up (n=0)
Converted to laparotomy (n=1)

|

Analyzed (n=26)

Allocated to Group B (n=27)

|

Received intervention (n=27)

l

Loss to follow up (n=1)
Converted to laparotomy (n=0)

l

Analyzed (n=26)

Fig. 1 CONSORT diagram showing the progress of participants through the study

monitor was connected for monitoring ECG, pulse rate,
noninvasive blood pressure (NIBP), and pulse oximetry.
It was a double-blinded study and attempts were made to
maintain allocation concealment from patients and anes-
thetists. One anesthetist was responsible for the prepa-
ration of the medication, and the other anesthetist who
infused the medication was not aware of the strength of
the infused medication. Patients in group A received an
IV bolus of lidocaine 1.5 mg/kg slowly over 10 min, prior
to induction followed by a continuous infusion at the
rate of 1.5 mg/kg/h via infusion pump. Patients in group
B patients received an IV lidocaine bolus of 1.5 mg/kg
slowly over 10 min followed by infusion at the rate of
2 mg/kg/h.

Induction was done with Inj. propofol 2 mg/kg and Inj.
fentanyl 2 ug/kg, followed by Inj. atracurium 0.5 mg/kg
intravenously and the airway was secured by endotra-
cheal tube. Maintenance of anesthesia in both groups
was with 50% N2O in O2, isoflurane, and intermittent
atracurium as required. Fentanyl 0.5 pg/kg was repeated

every hour after the first hour. Fifteen minutes prior to
the end of surgery, all patients received intravenous
paracetamol 1 gm infusion and ondansetron 4 mg. The
lidocaine infusion was continued throughout the sur-
gery and was terminated just after the last suture. Neu-
romuscular blockade was reversed with IV neostigmine
and glycopyrrolate and the patients were extubated after
regaining consciousness and were transferred to the
post-anesthesia care unit (PACU). Local anesthetic was
not given in any other form. During the whole periopera-
tive period heart rate, systolic blood pressure, diastolic
blood pressure, mean arterial pressure, and ECG were
monitored and documented. Bradycardia was defined
as HR<60 bpm or less than 20% of the baseline and was
treated with atropine 0.6 mg (may repeat up to a total of
3 mg). Hypotension was defined as a fall in mean arte-
rial pressure (MAP) of more than 20% of the baseline and
was treated with an injection of mephenteramine 6 mg iv.

VAS score was evaluated in the PACU and the surgical
ward by the investigator who was unaware of the study
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medication given, immediately after surgery, then at
intervals of 30 min, 1 h, 2 h, 4 h, and thereafter every 4
hourly till 24 h. Postoperatively all the patients were given
injection paracetamol 1gm IV 8 hourly. Patients having
VAS scores of more than 3 were treated with diclofenac
sodium 75 mg IV in 100 ml of saline to be repeated not
less than 8-h intervals. If the patient’s VAS remained
more than three even after 30 min of inj. diclofenac
sodium then injection tramadol 2 mg/kbw was given as
an infusion. The time to the first dose and total consump-
tion of inj. diclofenac in 24 h was noted. Adverse effects
of lidocaine, i.e., lightheadedness, perioral numbness,
nausea and vomiting, sedation, arrhythmias, hypoten-
sion, and bradycardia were monitored and documented
if present.

Statistical analysis

The data was tabulated in MS Excel and statistical analy-
sis was done using SPSS software, version 19.0 (Statistical
Package for the Social Sciences Inc., Chicago, IL, USA.
Mean and standard deviation were used for descriptive
analysis. An unpaired ¢ test was used to compare the

Table 1 Demographic characteristics of patients in group A and
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mean difference of VAS scores at different time points,
mean time to demand for the first rescue analgesic (in
minutes), and mean total analgesic requirement between
the two groups. Demographic and other background
characteristics were compared between the two groups
using suitable statistical tests. For all statistical tests
p<0.05 was considered statistically significant.

Results

Background information like age, gender, BMI, duration
of surgery, and ASA scores were not significantly differ-
ent among groups A and B as shown in (Table 1). This
study was adhered to CONSORT guidelines (Fig. 1).

The difference in mean VAS scores between the two
groups was statistically significant at 0 min (p =0.0047),
30 min (p=0.002), 4 h (»=0.0001), 8 h (0.0001), 16 h
(0.0024), and 24 h (0.0005) (Fig. 2). In other time points it
was not found to be statistically significant.

The mean time to the first dose of analgesic given was
30.65 + 14.63 min in group A and it was 49.42 + 17.47 min
in group B. This was statistically significant (P<0.001)
(Table 2).

The first dose of diclofenac sodium was required in all
the patients of group A and group B. The second dose

group B
Variables GroupA(n=26) GroupB(n=26) Pvalue  Taple2 Time to the first dose of diclofenac in group A and
Age (years) 44.50+14.14 438841367 08739 ~ 9oupB
Gender (M/F) 8/18 10/16 0.7712 Mean (mg) consumption of total rescue analgesic in two groups
ASA score (/1) 12/14 15/13 0.5793 n Mean (mg) sD pvalue
BMI (kg/mz) 2568+3.40 2570+3.15 0.9832
Duration of surgery 6335+15.20 62.00+14.58 00572  GroupA 26 17885 +3721 <0.0001
(min) Group B 26 126.92 +35.30
VAS score between two groups
45
4

VAS score

2 hr 4 hr

Omin  30min 1hr

Time
Fig. 2 Mean VAS score in group A and group B at different time intervals

8 hr 12 hr

=== Group A

==@==Group B

16 hr 20hr 24 hr
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was required in all patients of group A and 18 (69.23%)
patients of group B. Ten patients in group A required
a third dose of Diclofenac sodium whereas none of the
patients in group B required the third dose (Fig. 3). Mean
total consumption of Diclofenac sodium was significantly
more in group A as compared to group B (p<0.0001)
(Table 3).

One of the patients had an episode of bradycardia
in group A that was managed by injection of atropine
0.6 mg. Two patients in group A and three patients in
group B had an episode of nausea and vomiting. No other
side effects were reported in both groups.

Discussion

Multimodal analgesia involves the use of analgesics of dif-
ferent pharmacological groups acting on different recep-
tors along the pain pathway. This results in improved
analgesia with fewer side effects. Multimodal analgesia
has been incorporated in almost all surgical procedures
to promote enhanced recovery after surgery and intrave-
nous lidocaine is emerging as an essential component of
this.

The role of perioperative intravenous lidocaine in the
management of post-operative pain following laparo-
scopic studies has been established in many studies
(Song et al. 2017; Zhao et al. 2018; Li et al. 2018). Most
of the previous studies have used an intravenous initial
lidocaine bolus of 1.5-2 mg/kg followed by an infusion
of 1.5-3 mg/kg/h (Li et al. 2018 Feb; Dunn and Durieux
2017). Cochrane review of continuous intravenous
perioperative infusion of lidocaine observed the benefi-
cial effect for abdominal laparoscopic surgeries, but the
optimal dose and time to terminate lidocaine infusion
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Table 3 Mean consumption of total rescue analgesic in group A
and group B

Mean time (min) to first rescue analgesia in two groups

n Mean (min) SD Range (min) p value
GroupA 26 3065 +14.63 10-65 <0.0001
Group B 26 4942 +17.47 12-76

remains unanswered (Kranke et al. 2015). The same
review has categorized a perioperative dose of less than
2 mg/kg as low and more than 2 mg/kg as a high dose
of lidocaine. For our study, we chose the doses of 1.5 mg/
kg/h and 2 mg/kg/h and avoided larger doses because
they might increase the likelihood of toxicity.

In our study, both the lidocaine bolus and infusion
were started before induction of anaesthesia. Kawamata
et al. in their study found that systemic lidocaine admin-
istered prior to a surgical incision lowers the excessive
inputs from the injured peripheral nerves, limiting the
development of flare formation and secondary hyperalge-
sia through peripheral and central processes, respectively
(Kawamata et al. 2002). We avoided continuing the infu-
sion postoperatively as that requires continuous moni-
toring of the vitals of the patient and it is uncomfortable
in ambulatory or day care surgeries such as laparoscopic
cholecystectomies where we aim at enhanced recovery
after surgery.

The difference between the mean VAS Score among
the two groups was statistically significant in group A
as compared to group B at 0 min (p=0.004), 30 min
(»p=0.0002), 4 h (»p=0.0001), 8 h (»p=0.0001), 16 h
(»p=0.0024), and 24 h (p=0.0005). Although this

Comparison based on Diclofenac doses requirement

120%

100% 100% 100%

100%

Percentage

1 Dose

80%
69%

60%

40%

20%

0%

2 Doses

H Group A
38% ® Group B

3 Doses

Diclofenac doses

Fig. 3 Number of doses of rescue analgesia required for patients enrolled in group A (n=26) and group B (n=26)
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difference in the two groups was statistically signifi-
cant clinically in both groups the mean VAS Scores
remained below 4 at any point in time and never went
beyond that. Intravenous lidocaine is postulated to
have a multifactorial mechanism of action. It prolongs
the pain threshold by increasing acetylcholine con-
centration at the spinal level through the activation
of both muscarinic and nicotinic receptors (Ghimire
et al. 2020). The anti-hyperalgesic effect of IV lidocaine
is due to the blockade of NMDA receptor-mediated
post-synaptic depolarization (Lee et al. 2022). Anal-
gesia produced by lidocaine is also because of its anti-
inflammatory property as it decreases the plasma levels
of proinflammatory cytokines and inhibits leucocyte
activation and adhesion to the site of injury. Song et al.
have used the perioperative dose of lidocaine simi-
lar to our study in laparoscopic cholecystectomy and
have demonstrated that it reduces postoperative pain,
improves recovery profile, and attenuates the initia-
tion of the excessive inflammatory response following
laparoscopic surgery (Song et al. 2017). In our study,
the mean VAS score remained below four in both the
groups at different time intervals but group B patients
had better analgesia than group A patients.

The mean time for the first rescue analgesic was sig-
nificantly higher in patients in group A as compared to
group B. The mean total rescue analgesia used was also
significantly higher in group A as compared to group B.
Yang et al. in their study concluded that the use of IV
lidocaine infusion significantly reduced postoperative
pain and opioid consumption in LC patients, compared
with control infusions (Yang et al. 2014). Meta-analysis
of randomized controlled trial on intravenous lidocaine
infusion for pain control after laparoscopic cholecystec-
tomy illustrated the efficacy and safety of intravenous
lidocaine for pain management in these patients as evi-
denced by reduced postoperative pain scores, opioid
consumption, and fewer adverse effects in the lidocaine
group (Zhao et al. 2018).

We started the lidocaine infusion prior to anesthesia
and it was continued throughout the surgery and ter-
minated just after the last suture. The persistence of the
analgesic action beyond the infusion time, and plasma
half-life, indicates that it may affect other targets in
addition to voltage-gated sodium channels. It has been
suggested that it may act via prevention of the hyper-
sensitivity of the central, or peripheral nervous system,
or both (Ibrahim et al. 2018). Another mechanism for
the persistence of analgesic action even after the infu-
sion is discontinued is that local anesthetics block poly-
morphonuclear cells priming at a very low concentration
by inhibition of specific intracellular G protein signaling
molecules (Dunn et al. 2107, Song et al. 2017).
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Additional benefits of perioperative use of lidocaine
are reduced anesthetic requirements by about one-third
blunting the intubation response and stabilizing the heart
rate and blood pressure intraoperatively (Ibrahim et al.
2018). Perioperative lidocaine use in laparoscopic surger-
ies has the added advantage of decreasing shoulder tip
pain that is annoying and can last for 3 days (Yang et al.
2014). Lidocaine is also a suitable non-opioid alternative
for multimodal pain relief, especially in case of patient
refusal or contraindication for regional blocks for analge-
sia (Weibel et al. 2018).

We did not encounter any major side effects in both
the groups. One patient in group B had an episode of
bradycardia intraoperatively which was managed by
inj atropine. Dose, speed, and duration of infusion are
important determinants of lidocaine toxicity (Dunn et al.
2017). CNS toxicity occurs when plasma concentra-
tion exceeds 5 mcg/ml and is definite at 10 mcg/ml and
CVS toxicity occurs when serum levels exceed 10 mcg/
ml. The doses used in our studies have been proven safe
by other researchers also (Awal et al. 2022, Sarakatsi-
anou et al. 2021). Meta-analysis by Sarakatsianou et al.
2021 reported that lidocaine infusions at low thresholds
(max 2 mg/kg/h) were not associated with any toxicity.
We continued the infusion intraoperatively and stopped
after the last suture and have not continued the infusion
in the post-operative period, that might be the reason we
have not encountered any major side effects periopera-
tively. Lee et al. have reported that the longer the dura-
tion of infusion, the higher the rate of toxicity as enzymes
become saturated and clearance rates are decreased (Lee
and Schraag 2022).

Limitations of our study

(1) We started the lidocaine infusion prior to anaesthe-
sia which was continued throughout the surgery and
terminated just after the last suture. We cannot ascer-
tain whether prolonging the lidocaine infusion could
have improved analgesia further. We did not measure
the serum level of lidocaine but we conducted our study
based on the evidence from previous studies which have
shown that the plasma level of lidocaine remains in the
range of 0.5-5 pg/ml when doses ranging from 1.5 to
3 mg/kg/h are used (Dunn et al. 2017). Recent consen-
sus statements on the efficacy and safety of the use of
intravenous lidocaine for postoperative pain and recov-
ery have recommended that a loading dose of not more
than 1.5 mg/kg and infusion of no more than 1.5 mg/
kg/h, for no longer than 24 h should be used (Foo et al.
2021). Further studies with a larger sample size may be
required for the same. Also, we did not include patients
with higher body mass index and with contraindications
to regional anesthesia in our study. The infusion can be
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useful in patients with high BMI as an alternative to opi-
oids which have a higher risk of respiratory depression.
Similarly, it can provide analgesia in patients in whom
regional blocks for analgesia cannot be given.

Conclusions

In this research, it was found that postoperatively most of
the time patients of both groups had a mean VAS score
of less than three. This indicates that both doses of lig-
nocaine were found to provide adequate analgesia. But
the dose of 2 mg/kg/h was found to be providing better
analgesia compared to 1.5 mg/kg/h as is evident by sig-
nificantly lower VAS scores (0 min, 30 min, 4 h, 8 h, 16 h,
and 24 h), increased mean time for first analgesic demand
and decreased total consumption of analgesics in 24 h
among those patients treated with the maintenance dose
of 2 mg/kg/h. Although we did not encounter any major
adverse effects in our study and found it to be safe in the
doses we used, further studies with a large sample size
are required for the same.
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