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Abstract

Background: Considering the anti-inflammatory role of intravenous (IV)
lidocaine, its analgesic properties, and its ability to reduce the need for
opioids during and after surgery, in this study we decided to evaluate the
effect of IV lidocaine infusion on levels of inflammatory factors based on
neutrophil to lymphocyte ratio (NLR) in breast cancer surgery candidates.
Materials and Methods: The present study is a randomized clinical trial.
All the patients with ASA: I, Il breast cancer, who were candidates of
mastectomy elective surgery were included. The patients were allocated to 2
groups of 1V lidocaine and normal saline based on a random numbers table.
After inducing anesthesia similar for all the patients, using 0.02 mg/kg
midazolam, 2-4 pg/kg fentanyl, 1-2 mg/kg propofol and 0.5 mg/kg
atracurium, either 1.5 mg/kg/hr IV lidocaine or the same volume of normal
saline was infused intravenously. Glasgow prognostic score and NLR were
calculated before and 6, 24, and 48 hours and 14 days after surgery.

Results: A total of 63 women suffering from breast cancer, with the
mean age of 49.25+9.32 years, were included and allocated to
lidocaine and control groups using simple randomization. There
was no significant difference between the 2 groups regarding mean
age (p=0.591), incision size (p=1.000), and duration of surgery
(p=0.752). Using mixture model regression analysis and after
adjusting the effect of baseline variables, a significant difference
was detected between the groups regarding NLR during the follow-
up period (p=0.006)

Conclusion: Based on the findings of the present study, it seems that NLR
changes were smaller in breast cancer patients, who had received a lidocaine
infusion during surgery, compared to the control group.
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Introduction

Breast cancer is one of the major causes of
mortality due to cancer in women (1). It has been
shown that a complex array of factors including
hormones, genetic history, new genetic mutations,
and chemo-physical environmental factors play a role
in pathogenesis and development of breast cancer (2-
4).

During the past decades, breast cancer has been
widely studied from different aspects in most cancer
research centers around the world, and the research is
still ongoing (5). One aspect that has received much
attention is the prognosis of this disease. Neutrophil
to lymphocyte ratio (NLR) is one of the values used
for this purpose. This scale is currently a sensitive one
to evaluate systemic inflammatory response and an
independent scale for prognostic outcome of cancer. It
seems that systemic inflammatory response is the
major cause of bad prognosis in cancer.

Cancer is abnormal growth of tumor cells; it
seems that multiple inflammatory systems such as
cytokines,  chemokines,  prostaglandins, and
cyclooxygenases cause the growth in tumor cells by
suppressing the immune system, inducing resistance
to apoptosis and promoting angiogenesis, which is in
fact the role of chronic inflammation for some types
of cancer. Anesthesia procedure of cancer patients
during surgery can affect the level of these
inflammatory factors. Lidocaine is among the drugs
used for induction of general anesthesia and has been
proposed to have anti-inflammatory properties (6, 7).
On the other hand, there have been reports of
undesirable effects of opioid drug prescription during
surgery on inflammatory factors’ rate and cancer
relapse after surgery (8, 9). Therefore, considering the
anti-inflammatory role of intravenous (IV) lidocaine
and its analgesic property, which reduces the need for
opioids during and after surgery, in this study, we
decided to assess the effect of IV infusion of lidocaine
on NLR as a predictive inflammatory scale in
candidates of elective breast cancer surgery.

Methods

The present study is a randomized clinical trial.
All candidates for elective breast cancer surgery with
ASA: I, Il presents to Imam Hossein Hospital,
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Tehran, Iran, were included in the study. History of
convulsion, mental illness or psychotropic drug
consumption, hepatic diseases or hepatic enzyme
dysfunction, kidney disorder, cardiac arrhythmia,
hospitalization for more than 5 days, recent infection
or infection of the surgery site in the past 14 days,
allergy to lidocaine, fentanyl and propofol, history of
blood transfusion in the past week or need for blood
transfusion during or after surgery, operation duration
longer than 4 hours, and drug abuse were exclusion
criteria.
Intervention

In total, 70 cases were candidates for
participation, 7 of them did not give consent and 63
participated. Figure 1 shows the flowchart of study
participants. Patients were allocated to IV lidocaine
and control groups using random numbers table.
Blood sample of the patients was drawn for complete
blood count (CBC) and different types of white blood
cells (WBC) count. After induction of anesthesia for
all patients through the same protocol using 0.02
mg/kg midazolam, 2-4 pg/kg fentanyl, 1-2 mg/kg
propofol and 0.5 mg/kg atracurium, based on their
group either 1.5 mg/kg/hr lidocaine or an equal
volume of normal saline were intravenously infused.
Maintaining anesthesia during surgery was done using
propofol infusion based on keeping bispectral index:
40-60 and with a 100-200 pg/kg dose. All the patients
were under full cardiovascular, bispectral index (BIS),
and End tidal CO, monitoring. In case of tachycardia
despite proper depth of anesthesia and circulation
volume during operation, 1 pg/kg fentanyl was
injected until hemodynamic was controlled. To
control pain after surgery, for 48 hours, all the
patients received Apotel ampule, with a dose of 1 gr
in 6 hours, intravenously and 20ug/ml PCA fentanyl
pump with bolus doses of 5.0 ml each 15 minutes. In
lidocaine group, 2 mg/min lidocaine infusion and in
control group, 2 mL/min normal saline infusion was
done. When patients complained of severe pain with
the visual analog scale (VAS) >4, 30 mg IV
meperidine was injected and its dose was recorded for
48 hours. NLR was calculated before, and 6, 24, and
48 hours and 14 days after surgery.
Statistical analysis

Kolmogorov-Smirnov test and Q-Q plot were
used to examine the normal distribution of data. To
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describe the data we used mean, standard deviation
(SD), median, frequency, and percentage. To compare
the results between the two groups we used t-test,
Mann Whitney and Chi-Square tests. To compare the
results after adjusting for baseline values we used
Analysis of Covariance (ANCOVA). To compare the
trend of variable changes between the two groups we
used Linear Mixed model analysis. All statistical
analyses were performed by SPSS (IBM SPSS
Statistics for Windows, Version 22.0. Armonk, NY:
IBM Corp.). P-value less than 0.05 was considered

statistically significant.
Ethical considerations

This study was done after receiving a license
from the ethics committee of Shahid Beheshti
University of Medical Sciences by the number
IR.SBMU.MSP.REC.1394.98. All the patients
participated in the study after receiving a thorough
explanation regarding the method of the study and
giving written consent. Adherence to the declaration
of Helsinki principles and maintaining patient data
confidential were other measures taken to maintain
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Fig. 1. CONSORT flowchart of studied patients.
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ethics during the study. The protocol of this study is
registered in the lranian registry of clinical trials
(Www.IRCT.ir) under the code
IRCT201608029593N5.

Results

A total of 63 women with the mean age of
49.25+ 9.32 years suffering from breast cancer were
included in the study. 28 were allocated to lidocaine
group and 35 were in the control group. Mean age

was 48.61+9.26 (range: 30-68) years in lidocaine
group and 49.89+9.38 (range: 34-65) years in the
control group. Independent t-test results showed that
there is no statistically significant difference between
the 2 groups (p=0.591). Regarding the type of
surgery, all patients in both groups underwent
mastectomy and no significance was found between
the groups in terms of incision size (p=1.000) and
duration of surgery (p= 0.752). Demographic data and
baseline characteristics of the studied patients are
reported in table 1.
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Fig. 2. Neutrophil percent changes during the study (p-value =0.006).
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Fig. 3. Lymphocyte percent changes during the study (p-value =0.306).
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Changes in neutrophil count

Using ANCOVA and after adjusting the effect
of baseline neutrophil count, mean difference of NLR
between the 2 groups was not significant (p=0.112).
Mean difference of this ratio between the groups was
significant 6 hours after surgery, but not 24 and 48
hours, and 14 days after the operation (Table 2).
Using mixture model regression analysis and after
adjusting the effect of baseline values of variables a

Table 1: Baseline characteristics of studied patients.

between the 2 groups regarding NLR during the study
period (p=0.006) (Figure 2).
Changes in lymphocyte count

Using ANCOVA and after adjusting the effect
of baseline lymphocyte and neutrophil counts, mean
difference of NLR between the 2 groups was not
significant before surgery (p=0.505). Mean difference
of this ratio between the groups was not significant 6,
24, and 48 hours, and 14 days after surgery (Table 3).

Variable Control Group Lidocaine Group p
Mean *standard Deviation
Age (year) 49.89+9.38 48.61+9.26 0.591
Incision size (cm) 21.1+5.2 21.1+5.2 1.000
Duration of Surgery (minute) 2.5+0.2 2.4+0.6 0.101
Table 2: Neutrophil percent changes during the study.
Fentanyl Lidocaine 95% ClI
Time Difference P
Mean + SD Lower Upper
0 62.06+ 13.56 55.11 +9.25 6.94 -1.70 15.59 +112
6 hours 57.94+ 8.40 69.04 £12.12 -11.09 -18.97 -3.22 0.003
15t day 58.28 +10.23 63.11+5.90 -4.82 -11.10 1.44 0.118
2nd day 56.22 +11.38 62.31+7.89 -6.08 -13.59 1.42 0.058
14t d 55.75 + 12.65 58.75+7.72 -3 -11.50 5.50 0.360
Table 3: Lymphocyte percent changes during the study.
Fentanyl Lidocaine 95% ClI
Time Difference P
Mean + SD Lower Upper
0 33.09 +12.48 35.96 + 11.22 -2.87 -11.57 5.82 0.505
6 hours 29.31+£8.15 24.86 +10.78 4.44 -2.38 11.27 0.054%
15t day 24.44 £ 6.08 21.76 £ 6.46 2.68 -1.86 7.22 0.0671
2" day 2259 £8.27 21.36 +11.64 1.23 6.09 8.55 0.5671
14th d 21+£8.29 23.25+10.84 -2.25 -9.67 5.17 0.5887

T Based on t-test.

tAdjusted for the baseline value based on Analysis of Covariance (ANCOVA).

statistically significant difference was detected

Using mixture model regression analysis and after
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Table 4: Neutrophil-Lymphocyte-Ratio changes during the study.
Fentanyl Lidocaine 95% CI
Time Difference P
Mean + SD Lower Upper
0 1.83+£0.71 1.27£0.29 0.95 -0.88 2.78 0.299%
6 hours 240+1.01 2.38+1.79 -1.28 -2.49 -0.06 0.011#
1t day 2.82+1.42 2.91+0.89 -0.54 -1.19 0.11 0.027#
2nd day 2.85+0.89 3.19+1.35 -0.88 -1.81 0.05 0.032#
14t d 2.76 £ 0.66 2.37+£0.73 0.04 -0.82 0.91 0.705#

+ Based on t-test.

#Adjusted for the baseline value based on Analysis of Covariance (ANCOVA).

adjusting the effect of baseline values of variables no
statistically significant difference was detected
between the 2 groups regarding NLR during the study
period (p=0.306) (Figure 3).
Comparing changes in NLR

Using ANCOVA and after adjusting the effect
of baseline lymphocyte and neutrophil counts, a mean
difference of NLR between the 2 groups was found to
be significant before surgery (p=0.005). Mean
difference of this ratio between the groups was
significant 6, 24, and 48 hours after operation, but not
14 days after surgery (Table 4). Using mixture model
regression analysis and after adjusting the effect of
baseline values of variables a statistically significant
difference was detected between the 2 groups
regarding NLR during the study period (p=0.006)
(Figure 4).

Discussion

Based on the findings of the present study,
NLR in patients receiving lidocaine infusion was
significantly lower than the control group.
Inflammation scores are among the important factors
in cancer surgeries. Many findings show that
inflammation is the cause of many cancers and is
present in all malignant tumors. Recently, scores
based on inflammation from peripheral blood like
NLR have been proposed as prognosis markers in
solid tumors (10). Although evidence in support of
these  markers as undesirable factors in
gastrointestinal cancer is compelling, their effect in
breast cancer is not fully understood. Therefore, in the
present study we evaluated the effect of IV lidocaine
infusion on NLR changes in breast cancer patients
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undergoing surgery.

The relationship between cancer, neutrophil
and lymphocyte is not completely identified. It seems
that increase in neutrophils or decrease in
lymphocytes that lead to higher NLR result in
heightened carcinogenesis. Researchers believe that
activity of inflammatory mediators can promote
proliferation, angiogenesis, and metastasis and
overall, inflammatory environment is an ideal space
for proliferation of cancer cells (11).

Various mechanisms have been proposed to
justify the role of inflammation on cancer cell
activities. Some believe that interaction between
leukocytes and endothelial cells plays a key role in
development of organ dysfunction (12, 13). Adhesion
of activated leukocyte to endothelium is an important
step in neutrophil mediated endothelial injury process
that is marked by leukocyte migration, aggregation of
leukocytes in tissues and increased permeability of
vessels (14, 15). However, it has been observed that
increase in neutrophil count alone does not affect
prognosis and neither does decrease in lymphocyte
count alone, only NLR plays a major role in prognosis
and outcome of cancer patients (11, 16).

Research has shown that lidocaine decreases
production of prostaglandins, leukotrienes, and
thromboxanes of leukocytes (17). In addition, it leads
to production of free radicals by neutrophil and
prevents diffusion of anion superoxide (18, 19).
Schmidt et al. in their study to determine the
decreasing effect of lidocaine on microcirculatory
disorders via prevention of leukocyte activation found
that lidocaine reduces the changes resulting from
endotoxin in leukocyte-endothelial cell adhesion and
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macromolecular leakage. Therefore, lidocaine could
play a therapeutic role in inflammation reduction
following surgery on breast cancer (20). Findings of
the present study are in line with previous studies and
suggest that lidocaine has various inhibitory effects
on neutrophil function and reduces adhesion of
leukocytes to endothelium of small vessels and non-
biologic surfaces and prevents leukocyte migration to
inflamed areas (6).

Evidence shows that lidocaine has toxic effects
on various cells, especially cancer cells. Recently, a
study has shown that lidocaine regulates proliferation
of human breast cancer cells via demetilation. Li et al.
evaluated the effect of DNA demetilation in human
breast cancer cells (MCF-7 and MDA-MB-231) on
lidocaine effectiveness and the effect of demetilation
on toxicity of these cells due to cisplatin (an anti-
tumor agent commonly used for breast cancer). Their
findings showed that lidocaine demetilates the whole
genome, especially the promoter of tumor suppressor
genes RARPB2 and RASSF1A. Using lidocaine leads
to increased rate of apoptosis induced by cisplatin and
higher toxicity due to it. Li et al. concluded that
lidocaine causes demetilation of breast cancer cells as
well as demetilation of RARP2 and RASSF1A
sensitized due to cellular toxicity of cisplatin (21).
Lidocaine causes disorders in proliferation and
differentiation and has cytotoxic effects on
mesenchymal stem cells that play a key role in tumor
growth and metastasis in vitro (22). In addition,
lidocaine and tetracaine are inhibitors of Kkinesin
locomotion and their administration leads to
disintegration of microtubular lumps in breast cancer
cells (23).

Existing studies deem the role of NLR
significant in estimation of breast cancer patients’
outcome (24). On the other hand, it has been found
that lidocaine has considerable anti-inflammatory
effects (6). Therefore, the present study aimed to
evaluate the effectiveness of lidocaine administration
on this inflammatory prognostic scale and was novel
in this regard. However, the small sample size and
short follow-up period were limitations of this study
that definitely affect its generalizability. Therefore,
multi center studies with acceptable sample size and
longer follow-up period may challenge the findings of
this study.
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Conclusion

Based on the findings of the present study, it
seems that NLR changes were smaller in breast
cancer patients, who had received lidocaine infusion
during mastectomy, compared to the control group.
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