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INTRODUCTION

Colorectal cancer (CRC) 
remains the third as overall 
cancer incidence and is the 
second as cancer mortality [1]. 
The management of a CRC 
patient, especially in case of 
metastatic disease, implies a 
multidisciplinary approach, 
and may result in a depreciated 
quality of life [2]. However, for 
most patients, surgery is still 
the mainstay of treatment [3]. 
During surgery, the immune 
system is influenced by surgical 
stress and by anesthetics drugs. 
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ABSTRACT

Background & Aims: In the last years increasing scientific evidence drew attention on the potential effects of 
anesthetic drugs on postoperative outcome in cancer patients. Local anesthetics, especially lidocaine, have been 
intensively studied in relation with postoperative outcome in colorectal cancer patients. Our study objectives 
were to investigate the effects of perioperative intravenous lidocaine infusion on neutrophil-to-lymphocyte 
ratio and short-term postoperative outcome. Additionally, we also looked at 1 year outcome after intended 
radical colorectal cancer surgery. 
Methods: 150 patients scheduled for colorectal cancer surgery were randomized to receive sevoflurane 
anaesthesia with or without 48 hours lidocaine infusion. 
Results: 73 patients were included in the group A (sevoflurane) and 77 in the group B (sevoflurane with 
lidocaine). Lidocaine infusion did not modify neutrophil-to-lymphocyte ratio at 24 hours after surgery 
(p=0.58). Patients receiving intravenous lidocaine had significantly lower morphine consumption (p=0.04), 
faster mobilization time (p=0.001) and fewer days spent in the hospital (p=0.04). Moreover, at 1 year follow-
up, patients in group B had a significant decreased rate of recurrences (p=0.03). There was no significant 
difference in 1 year survival (p=0.22).
Conclusions: In our study, intravenous lidocaine infusion hastened the postoperative recovery of patients 
in terms of mobilization, hospital discharge and opioid consumption and reduced 1 year recurrence rate. 
Further studies on larger groups of patients are needed.

Key words: colorectal cancer − anaesthesia − sevoflurane − lidocaine − neutrophil-to-lymphocyte ratio.

Abbreviations: CRC:  colorectal cancer; LA: local anesthetic; LOS: length of hospital stay; NLR: neutrophil-
to-lymphocyte ratio; TIVA: propofol-total intravenous anesthesia; VGSC:voltage-gated sodium channel.

In addition, during surgery, cancer cells or even minimal 
residual micro-metastases may spread and proliferate [3-5], 
facilitated by a modified immune reactivity [3].

It has been shown that anesthesia might influence, directly 
and indirectly, the immune system perioperatively, thus 
influencing prognosis of the CRC patients undergoing surgical 
treatment [6, 7].

Inhalation anesthesia with sevoflurane have been shown 
to increase the recurrence rate in CRC patients and may be 
associated with worse survival rate as compared with propofol 
anesthesia, by promoting proliferation, migration, and 
angiogenesis of different cancer cells [8 ,9]. Thus, Hasselager 
et al. [9] in a retrospective study involving CRC patients, 
reported a reduced risk of recurrence in patients receiving 
propofol-total intravenous anesthesia (TIVA), similar with 
other studies reporting a better survival rate in colon cancer 
surgery associated with TIVA [10]. On the other hand, there 



Perioperative i.v. lidocaine infusion in CRC patients� 157

J Gastrointestin Liver Dis, June 2023 Vol. 32 No 2: 156-161

are also studies reporting no difference in the recurrence 
rate or cancer-related mortality between the two anesthetic 
techniques [11-13].

More recently, local anesthetics (LAs), especially lidocaine, 
have been shown to inhibit tumor development and limits the 
risk of metastatic disease through a number of mechanisms [14, 
15]. Potential mechanisms include LAs ability to block voltage-
gated sodium channels (VGSCs), especially the expression 
of the NaV1.5 subunit. It has been shown that cancer cells 
express NaV1.5 on their surface; their number relates with 
invasiveness and proliferation. Local anesthetics also have 
other anti-tumoral effects [14, 16, 17].

In vitro studies on colorectal cancer cell lines have shown 
that lidocaine may induce apoptosis, inhibits proliferation 
and suppress the growth of cancer cells, placing lidocaine 
as a potential therapeutic agent in colorectal cancer [18, 
19]. However, in vivo studies  comparing local anesthetics 
administered as epidural analgesia in CRC patients have not 
been able to show clear results on long term outcome [20-22].

There are only two studies investigating the effect of 48 
hours intravenous lidocaine infusion on short and long-term 
prognosis of patients with colorectal cancer, respectively 
cardiac surgery [23, 24]. 

The primary endpoints of our preliminary prospective 
clinical study were to evaluate the clinical effects of 48 hours 
intravenous infusion of lidocaine on postoperative recovery 
and on inflammatory response evaluated by neutrophil-to-
lymphocyte ratio (NLR) in colorectal surgery. As secondary 
endpoints, we looked at the outcome at 1 year incidence of 
recurrences and mortality as an attempt to investigate if lidocaine 
influenced long-term outcome correlated with NLR changes.

METHODS

The study was approved by the Ethics Committee of 
Iuliu Haţieganu University of Medicine and Pharmacy Cluj-
Napoca, Romania (no. 436/ 26.11.2018) and registered in 
ClinicalTrials.gov (NCT02786329). Derived from this study, 
we decided to investigate in a sub-study the effects of lidocaine 
on short term outcome and NLR which was approved by 
the Ethics Committee of Prof. Dr. Octavian Fodor Regional 
Institute of Gastroenterology and Hepatology, Cluj-Napoca, 
Romania (4459/25.03.2020). A total number of 150 patients 
scheduled for curative resection of CRC were randomized 
to receive inhalational anaesthesia with sevoflurane with or 
without intravenous lidocaine infusion. This prospective 
randomized controlled trial took place at the Regional Institute 
of Gastroenterology and Hepatology in Cluj-Napoca from 
November 2019 to December 2021.

Inclusion criteria were patients aged 18-80 years, American 
Society of Anesthesiology (ASA) score I-III scheduled for 
elective curative resection of colorectal cancer have been 
enrolled after written informed consent.

Exclusion criteria included refusal to participate; age <18 
years or >80 years; pre-existing chronic pain; chronic medication 
that may interfere with pain medication (antiepileptics, anti-
inflammatory or corticosteroid medication); contraindication 
to any medication in the study; significant psychiatric disorders 
(patients with major depressive disorders, bipolar disorders, 

schizophrenia, etc.); hepatic disfunction (ASAT/ALAT >2 
times normal value); renal failure (serum creatinine >2 mg/
dL); convulsive conditions that required medication in the last 
2 years; planned regional analgesia and/or regional anaesthesia 
(epidural or spinal); corticoid-dependent diseases; autoimmune 
disorders; antiarrhythmic drugs (amiodarone, verapamil, 
propafenone) that may interfere with antiarrhythmic effect of 
lidocaine; synchronous neoplasms or history of cancer disease.

Drop out criteria included unexpected allergy to one 
of the medications used, non-curative resection at surgical 
exploration, intraoperative presence of liver metastasis, 
patients’ decision to withdraw anytime from the study, refusal 
to give data at postoperative follow-up.

Patients have been allocated using a computer-generated 
random number table into two study groups: group A (patients 
undergoing sevoflurane anaesthesia) and group B (patients 
undergoing sevoflurane anaesthesia and intravenous lidocaine 
infusion). A statistician ensured the simple randomisation 
computer-based sequence.

Patients enrolled in the study received a prophylactic dose 
of low molecular weight heparin 12 hours before surgery. 
Anesthetic induction was the same in the two groups: fentanyl 
2-3 μg/kg, propofol 1.5-2 mg/kg and atracurium or rocuronium 
for muscle relaxation at anaesthetists’ discretion (0.5-0.6 mg/
kg). Anesthesia was maintained with sevoflurane at 1 MAC 
(minimum alveolar concentration) increased/decreased in 
steps of 0.25-0.5 MAC according to BIS (bispectral index) 
values (40-59). The patients were ventilated with a lung 
protective regimen, with a minimal PEEP of 5-6 cm H2O, with 
a fresh gas flow of 2 litres/minute with a mixture of 45% oxygen 
and 55% air. Intraoperative analgesia included a multimodal 
regimen with fentanyl in increments of 1-1.5 μg/kg when 
necessary (blood pressure and/or heart rate increased with 
over 20% from baseline, sweating, tears, pupil size) and a dose 
of 1 g of acetaminophen. A bolus of morphine of 0.1-0.15 mg/
kg was administered at least 30 minutes prior to extubation. 
Postoperative analgesia included intravenous morphine 
boluses of 0.05 mg/kg when NRS was ≥ 4 (10 points scale, 0 is 
no pain, 10 is worst pain possible) and 1 g of acetaminophen 
every 6 hours.

Group B received a perioperative intravenous infusion with 
1% lidocaine. A lidocaine bolus of 1.5 mg/kg was administered 
at induction of anaesthesia (by using a peripheral intravenous 
catheter), followed by an intravenous infusion of 1.5-2 mg/kg/
hour up to a maximum dose of 200 mg/h during anaesthesia. 
Infusion rate was decreased in post anaesthesia care unit and 
on surgical ward at 1-1.5 mg/kg/hour (maximum 100 mg/h) 
for 48 hours. Patients were closely monitored after surgery by a 
study investigator who checked for local anesthetic toxicity and 
side-effects. Lidocaine infusion rate was decreased or stopped 
in case of bradycardia, severe hypotension, or other signs of 
local anaesthetics toxicity.

Data collection was handled in compliance with EU 
General Data Protection Regulation legislation.

Statistical analysis was done using the SPSS v26.0 (IBM 
Corp., Armonk, NY, United States). Sample size calculation 
was done using reported difference in lengths of hospital stay 
(LOS) of 1 day in lidocaine group in a previous published study 
with a power of 80% [25]. Based on time to first mobilization in 
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the first 5 patients calculated sample size was 96 patients with 
power 80%, α 0.05. However, we increased the sample size of 
our study to 75 patients per groups based on our preliminary 
results on the difference in resumption of bowel function. 
Categorical values and qualitative variables were analysed 
using Pearson’s chi-squared test. Non-normal distributed 
data were compared using Mann-Whitney U tests, while 
normal distributed data were compared using the t-test for 
independent variables. A p <0.05 was considered significant.

RESULTS

A final number of 150 patients were enrolled in the study 
(73 patients in group A, and 77 in group B) and completed the 
study. Demographic data of study groups are shown in Table I. 

As can be seen in Table II, there were significant differences 
in morphine consumption in the first 24 hours after 
surgery: patients from group B had a significantly decreased 
morphine consumption as compared with group A (p=0.04). 
Similarly, group B had a shorter LOS than group A (p=0.04). 
Lidocaine infusion also significantly reduced the time to first 
postoperative mobilization (p<0.001). There was no statistically 
significant difference between the two groups in NLR.

One year after surgery outcome parameters are shown in 
Table III. While there was no difference in 1 year survival and 
chronic pain incidence, surprisingly, there were significant 
differences in the disease progression (p=0.03).

We further wanted to assess if i.v. lidocaine infusion had a 
different effect depending on tumour classification. We divided 
patients in 3 groups according to their TNM classification as 

localized (stage 0 and 1), intermediate (stage 2) and advanced 
stage (stage 3 and above). As can be seen in Table IV, there were 
significant differences in morphine consumption in advanced 
tumours when lidocaine infusion was initiated (p=0.04).

Table I. Demographic and anesthetic data of the study groups

Parameters Group A 
(n=73)

Group B 
(n=77)

p

Age 63.22 (±8.34) 61.97 (±10.63) 0.42

ASA score, n (%)
I
II
III

3 (4.08)   
55 (74.8)   
15 (20.4)

4 (5.16)
67 (86.43)

6 (7.74)

0.07

Gender, female, n (%) 36 (48.96) 42 (54.18) 0.52

BMI (kg/m2) 27.77 (±5.07) 26.03 (±4.06) 0.03

Surgery time (minutes) 138.42 
(±49.67)

122.34 (±46.05) 0.04

Anaesthesia duration 
(minutes)

161.10 
(±52.63)

150.19 (±52.46) 0.2

Intraoperative Fentanyl 
(μg/kg)

0.50 (±0.22) 0.54 (±0.22) 0.3

Intraoperative fluids (ml) 1858.22 
(±800.19)

1613.12 
(±708.95)

0.16

BIS (values) 47.18 (±5.20) 47.68 (±6.21) 0.59

Laparotomy n (%) 58 (79,45) 61 (79,22) 0.97

Laparoscopy n (%) 15 (20,54) 16 (20,78)

Mean perioperative 
lidocaine dose (mg)

- 3567.79 
(±805,37)

Mean lidocaine dose post-
operative infusion (mg/48 h)

- 1714.77 
(±1659,22)

Mean lidocaine infusion rate 
post-operative (mg/kg/h)

- 0.46(±2.41)

ASA: American Society of Anesthesiology; BMI: body mass index

Table II. Data on short-term postoperative outcome

Parameters Group A 
(n=73)

Group B 
(n=77)

p 

Morphine over first 24 
hours (mg)

26.04 (±9.37) 22.92 (±9.74) 0.04

Mobilisation (time to 
first stand up)

24.62 (±13.60) 17.75 (±7.35) 0.001

Resumption of bowel 
function (hours)

48.64 (±25.01) 46.95 (±22.30) 0.66

LOS (days) 10.90 (±5.78) 9.40 (±2.86) 0.04

NLR before surgery 4.68 (±2.55) 4.59 (±3.95) 0.87

NLR 24h after surgery 9.37 (±5.34) 10.03 (±9.04) 0.58

Table III. One-year post-operative outcome in study groups.

Parameters  Group A (n=73) Group B (n=77) p 

Chronic pain (yes) 11 (15.06%) 9 (11.68%) 0.28

Disease progression 
at 1 year

10 (12.9%) 3 (3.89%) 0.03

One year survival 68 (93.11%) 75 (97.4%) 0.22

We did not have any case of lidocaine toxicity or side-
effects. Lidocaine infusion rate was decreased with different 
rate intervals (to a minimum of 1 mg/kg/h) during anaesthesia 
in all patients. Still, in the post-operative period the mean 
lidocaine infusion rate was 0.46 (±2,41) mg/kg/h (Table I).

DISCUSSION

Our study aimed to investigate the effect of intravenous 
perioperative lidocaine infusion in patients scheduled 
for elective colorectal cancer surgery under sevoflurane 
anaesthesia on short- and long-term outcome. We also aimed 
to study the effect of lidocaine on inflammatory response 
evaluated as NLR.

Similar to other studies, we found that the addition of 
perioperative lidocaine infusion reduced the morphine 
requirement in the first 24 hours post-operatively, as well as 
time to first mobilization, resumption of bowel function and 
LOS [26-28].

The anti-inflammatory effect of lidocaine is well known so 
far, even though the exact mechanism of action is not very well 
understood. Inhibition of leucocyte activation, adhesion and 
migration [29] and other mechanism leading to inhibition of 
prostaglandin synthesis have been involved [30].

A possible mechanism involved in intravenous lidocaine 
infusion and its post-operative opioid sparing effect may be 
a diminished production of both pro- and anti-inflammatory 
cytokines and a remissive withholding of a lymphocyte 
proliferative response [31]. Another possible explanation of 
decreased postoperative opioid consumption after lidocaine 
infusion could be its central antihyperalgesic effect mediated 
by mechanoinsensitive nociceptors [32]. Recent literature 
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linked intravenous lidocaine administration with more than 
just less opioid consumption, but even lower pain scores, less 
post-operative nausea and vomiting, reduced duration of ileus 
and a shorter hospital stay [28, 33, 34]. Our results confirmed 
the results of a number of studies focusing on early recovery 
after abdominal surgeries when patients received intravenous 
lidocaine [34-37]. To the best of our knowledge there are only 
a couple of studies that investigated continuous i.v. lidocaine 
infusion postoperatively for different intervals (4, 24 and 48 
hours) in colorectal cancer patients [23, 25, 38, 39].

Neutrophil-to-lymphocyte ratio is an easy accessible 
marker to evaluate inflammation in colorectal cancer surgery as 
well as in other types of surgery and a marker of prognosis [40]. 
It is well known by now that general anesthesia increases NLR 
as compared with spinal anesthesia [41, 42]. Recent studies 
have focused on comparing the effect of two types of general 
anaesthesia (propofol-based and sevoflurane-inhalation) on 
NLR and found that propofol-based anaesthesia may decrease 
the postoperative increase in NLR [43, 44]. Our study found 
no difference in changes of NLR (at 24 hours after surgery) 
between the study groups. Memary et al. [45] study which 
evaluated NLR at admission, 6, 24, 48 hours and later at 14 
days after breast cancer surgery in patients who received 
intravenous lidocaine during surgery found that changes in 
NLR were smaller in women who received lidocaine infusion 
[45]. Our study results could have been influenced by a lower 
lidocaine dose infusion (due to the fact that we had to lower 
lidocaine infusion dose during anesthesia as a precaution 
measure) and the fact that we did not measure lidocaine plasma 
concentration [25, 38].

We found a significantly reduced number of patients with 
disease progression at 1 year. In recent years, several animal and 
in vitro studies investigated the effect of lidocaine on apoptosis 
and proliferation of neoplastic cells [15, 46]. In humans it was 
also shown that anesthetic technique and LAs (lidocaine) may 
influence systemic inflammation after surgical resection by 
mediating circulating cytokines, which were associated with 
postoperative metastatic disease occurrences [47-49]. The anti-
cancer effect of i.v. lidocaine has not been widely investigated 
in clinical trials, even though in vitro trials showed promising 
results. Lidocaine is strongly recommended as perioperative 
infusion during colorectal surgery by the Association for 
the Promotion of Postoperative Recovery, even though it 
holds a risk of toxicity with a narrow therapeutic index and a 
therapeutic plasma level of 2.5 to 3.5 μg/mL [14, 50, 51].

This may be a very interesting potential effect of lidocaine 
derived from its anticancer effects that was not reported before. 

We can only speculate that intravenous lidocaine reduced the 
number of patients with regional and distal disease progression 
taking in consideration the small sample size of our study 
groups. Another limitation of our study is that we did not 
measure lidocaine‘s plasma concentration and it is possible that 
this concentration to be under clinically effective one due to 
reduced rate of infusion in case of bradycardia and hypotension 
as a precaution measure. This also may explain the results on 
NLR as compared to other study [45].

CONCLUSIONS

In our study, 48 hours intravenous lidocaine infusion 
reduced significantly postoperative morphine consumption, 
time to mobilisation and resumption of bowel function. 
Lidocaine did not reduce NLR at 24 hours postoperatively. 
Intravenous lidocaine significantly reduced the incidence of 
disease progression at 1 year without differences in mortality 
but our study groups are small and we can only speculate this. 
Further larger studies are required to have more consistent 
results.
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