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INTRODUCTION 

Posterior vertebral decompression and stabilization surgery is a procedure performed to 

correct spinal instability, spinal stenosis, herniated discs, spinal trauma, infections, and tumors. 

Abstract 

Background: Posterior vertebral decompression and stabilization surgery 

addresses spinal instability and other conditions but can cause significant pain if 
not managed well. This can lead to hemodynamic disturbances and chronic pain. 

Opioids are common for pain management but have side effects like drowsiness 

and nausea. Low-dose intravenous lidocaine during surgery can reduce opioid use 
and postoperative pain. This study aims to assess its effect on serum substance P 

levels, neutrophil-lymphocyte ratio, and pain intensity. 
Methods: This study used a double-blind randomized clinical trial conducted 

from April to June 2024. Patient who underwent decompression and posterior 

vertebral stabilization surgery were selected via consecutive sampling. 
Participants were split into two groups: the intervention group received 

intravenous lidocaine, while the control group received a placebo. Data were 

analyzed using SPSS 25, with results presented as narratives, tables, or graphs. 
Statistical tests included t-tests and Mann-Whitney U tests, with significance set 

at p < 0.05. 

Results: A total of 30 patients were included in this study with 15 patients in each 
groups. At 6h, 12h, and 24h postoperatively, pain intensity was significantly 

lower in the lidocaine group compared to the control group (p<0.05). 

Additionally, the neutrophil-lymphocyte ratio (NLR) decreased significantly in 
the lidocaine group at 6h postoperatively compared to the control group. 

However, no significant difference in substance P levels was found between the 

two groups. 

Conclusion: Lidocaine can lower postoperative NRS scores, decrease 

postoperative NLR values, and reduce the difference in substance P levels 

between postoperative and preoperative measurements. 
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This surgery involves significant dissection of subcutaneous tissues, bones, and ligaments, 

resulting in moderate to severe pain. If not managed, intraoperative pain can lead to sympathetic 

stimulation, causing hemodynamic disturbances such as tachycardia, elevated blood pressure and 

heart rate, and increased cardiac oxygen consumption, which can result in ischemia or 

intraoperative myocardial infarction. Poorly managed acute postoperative pain can negatively 

impact patient health, recovery, hospitalization duration, and overall patient experience, potentially 

leading to chronic pain.1–3 

While opioids are commonly used for perioperative pain management and are generally 

safe, they come with risks such as drowsiness, CO2 retention, postoperative nausea and vomiting, 

and prolonged postoperative ileus, which can extend hospital stays.1–3 To improve patient 

outcomes and minimize postoperative physiological stress, the enhanced recovery after surgery 

(ERAS) approach is frequently used. ERAS guidelines recommend a multimodal pain 

management strategy, which includes using various analgesics targeting different mechanisms in 

the peripheral and central nervous systems, employing regional anesthesia, avoiding opioids when 

possible, and switching to oral medications as soon as possible.2–4 

Lidocaine is an anesthetic drug that can be used for local anesthesia, nerve blocks, 

intrathecal anesthesia, general anesthesia, and long-term treatment for ventricular arrhythmias. 

Recent studies have shown that low-dose intravenous lidocaine during and/or after surgery can 

reduce opioid use, inhibit hyperalgesia, alleviate acute or chronic postoperative pain, reduce 

nausea and vomiting, shorten bowel paralysis duration, inhibit inflammatory responses, shorten 

hospital stays, and reduce postoperative cognitive dysfunction.3,5–9 

Pain involves several stages: transduction, conduction, transmission, modulation, and 

perception, initiated by the stimulation of nociceptors. Pain is a key sign of inflammation, with 

mediators such as prostaglandins, histamine, bradykinin, and substance P, the most dominant pain 

mediator, playing roles in the pain process.10–12  

The stress response to tissue damage during surgery can be measured using various tests, 

including a complete blood test to evaluate neutrophils and lymphocytes, which indicate the 

inflammatory process. The neutrophil-lymphocyte ratio is a valuable prognostic marker and can 

diagnose acute conditions.13,14 
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This study aims to determine the effectiveness of perioperative intravenous lidocaine 

administration on serum substance P levels, the neutrophil-lymphocyte ratio, and pain intensity 

following posterior vertebral decompression and stabilization surgery. 

METHODS 

Study design and patient selection 

This study utilizes an experimental design, specifically a double-blind randomized clinical 

trial. It was conducted at our center from April to June 2024. The sample consisted of orthopedic 

surgery patients who underwent decompression and posterior vertebral stabilization and met the 

inclusion criteria. Participants were selected using a consecutive sampling method. 

The inclusion criteria were: patients scheduled for decompression and posterior vertebral 

stabilization surgery under general anesthesia; those with American Society of Anesthesiologists 

(ASA) Physical Status 1-2; aged 18-60 years; BMI between 18.50-25 kg/m²; surgery duration of 

less than 6 hours; and patients who signed the informed consent. 

Exclusion criteria included: patients or families who refused participation; 

contraindications to decompression and posterior vertebral stabilization; history of allergies to 

opioids, NSAIDs, or other anesthetics used in the study; patients with communication limitations 

due to impaired consciousness or cognitive issues; patients requiring reoperation due to 

postoperative complications such as bleeding resulting in shock; and those experiencing major 

anesthesia complications. 

The dropout criteria included patients who developed severe allergies to research materials, 

patients who died during surgery, patients who experienced severe complications leading to a 

significant decline in hemodynamic status, and surgeries lasting longer than 6 hours. 

The study was approved by the our center ethics committee (Approval number: 

271/UN4.6.5.31/PP36/2024. Written informed consent was obtained from all participants prior to 

enrollment.  

Treatment groups 

Participants in the intervention group (lidocaine group) received intravenous lidocaine 

perioperative analgesics, which included an intravenous lidocaine bolus of 1.5 mg/kg at 1 minute 

before endotracheal intubation and followed by intravenous lidocaine infusion of 1.5 

mg/kg/hour/iv until surgery was completed and continued at 1 mg/kg/hour/IV up to 6 hours 
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postoperatively. Participants in the control group received placebo with an intravenous 0.9% NaCl 

bolus with the same procedure. 

Intervention methods 

At first, both groups received ketorolac 30 mg/iv and paracetamol 1 gr/iv 60 minutes before 

the scheduled surgery. For general anesthesia, both groups were given premedication with Fentanyl 

2 mcg/kg, induction with Propofol 2 mg/kg/iv, and Atracurium 0.5 mg/kg/iv before intubation. The 

lidocaine group received an intravenous lidocaine bolus of 1.5 mg/kg 1 minute before endotracheal 

intubation, followed by an intravenous lidocaine infusion of 1.5 mg/kg/hour until the operation 

was completed and then 1 mg/kg/hour for up to 6 hours postoperatively. The control group received 

an intravenous 0.9% NaCl placebo bolus following the same procedure. Anesthesia maintenance 

was achieved using volatile anesthesia with Isoflurane 1-1.5 vol% MAC, O2 60% at 4 liters per 

minute, and Fentanyl 1 mcg/kg/hour/iv via syringe pump in both groups. Atracurium 0.1 mg/kg 

was administered intravenously every 30 minutes to maintain relaxation and controlled ventilation. 

In cases of hypotension (MAP <20% of baseline), an intravenous bolus of Ephedrine 5-10 mg was 

given. For bradycardia (HR <50 beats per minute), Atropine Sulphate 0.5 mg was given 

intravenously, with a maximum dose of 2 mg. During surgery, Fentanyl was used as a rescue 

analgesic if there was an increase in pulse and blood pressure by 20% from the baseline. 

Hemodynamic status was recorded throughout the surgery. Postoperative analgesia included 

Ketorolac 30 mg intravenously every 8 hours, starting 8 hours after the first dose, and Fentanyl 1 

mcg/kg intravenously as a rescue analgesic if NRS >6. The use of opioid analgesics and 

postoperative complications such as nausea, vomiting, and sedation were recorded. The second 

blood sample was taken 6 hours postoperatively and sent to the laboratory for analysis of substance 

P levels and NLR. 

Statistical analysis 

The data obtained were processed and the results were presented in the form of narratives, 

tables, or graphs, showing averages, standard deviations, frequencies, and percentages, using SPSS 

25 for Windows. Depending on the type and form of data obtained, the appropriate statistical test 

method was determined. Categorical data such as gender, ASA PS, and NRS were presented as 

frequencies (n) and percentages. Numerical data, including age, BMI, and total opioid use, were 

presented as mean ± standard deviation (mean ± SD). The data normality was tested using the 

Kolmogorov-Smirnov test. For normally distributed data, the unpaired t-test was used, and for 
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non-normally distributed data, the Mann-Whitney U test was employed. A p value of 0.05 was 

considered significant. 

RESULTS 

Data analysis was conducted on 30 samples divided into two groups: the Lidocaine group 

(15 subjects) and the Control group (15 subjects). The characteristics of the research sample are 

presented in Table 1. In both groups, the majority of subjects were male (66.7% in the lidocaine 

group and 33.7% in the control group) and had ASA 2 status (93.3% in the lidocaine group, 86.7% 

in the control group). The average age of the study subjects was between 44-47 years, with a BMI 

of 22.4-22.54 kg/m². The average duration of surgery was 189 minutes for the lidocaine group and 

178.75 minutes for the control group. 

Pain intensity was assessed using the NRS score at 2, 4, 6, 12, and 24 hours post-surgery. 

Table 2 shows that at 2 hours post-surgery, there was no significant difference in pain intensity 

between the two groups (p = 0.148). At 4 hours post-surgery, there was still no significant 

difference in pain intensity between the two groups (p = 0.472). At 6 hours post-surgery, a 

significant difference in pain intensity was observed between the two groups (p = 0.005), with the 

Lidocaine group (2.07) experiencing significantly lower pain intensity than the Control group 

(2.61). At 12 hours post-surgery, there was a significant difference in pain intensity between the 

two groups (p = 0.045), with the Lidocaine group (2.00) reporting lower pain intensity than the 

Control group (2.36). At 24 hours post-surgery, the difference in pain intensity remained significant 

(p = 0.031), with the Lidocaine group (1.71) experiencing lower pain intensity than the Control 

group (2.07). 

Table 3 shows no significant differences in mean preoperative substance P levels between 

the two groups (p = 0.26). At 6 hours post-surgery, there was no significant difference in substance 

P levels between the Lidocaine group and the Control group (p = 0.9). However, the mean level of 

substance P at 6 hours post-surgery decreased in the Lidocaine group compared to the preoperative 

level, suggesting that perioperative intravenous lidocaine administration can reduce postoperative 

substance P levels. 

Table 4 shows no significant difference between the preoperative NLR values of the 

Lidocaine group and the Control group (p = 0.173), indicating that preoperative NLR values were 

relatively similar between the groups. At 6 hours post-surgery, a significant difference in NLR 

values was observed between the Lidocaine group and the Control group (p = 0.003), indicating 
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that perioperative intravenous lidocaine can reduce NLR values compared to the control group at 

6 hours post-surgery. 

DISCUSSION 

In this study, it was found that the numeric rating scale (NRS) measurements at 2 hours 

and 4 hours postoperatively showed no significant difference in pain intensity between the two 

groups. However, at 6 hours postoperatively, there was a significant difference in pain intensity 

(p<0.01), with the lidocaine group experiencing significantly lower pain than the control group. 

Similarly, at 12 hours and 24 hours postoperatively, pain intensity was significantly lower in the 

lidocaine group compared to the control group. These findings align with previous research by 

Peng et al.,15 which demonstrated that continuous intraoperative intravenous lidocaine 

administration improved postoperative analgesia, with lower NRS scores in the lidocaine group 

than in the placebo group. Additionally, Rachman et al.,2 reported that perioperative continuous 

intravenous lidocaine reduced both pain intensity and total opioid consumption after posterior 

vertebral decompression and stabilization surgery. This study results showed a significant decrease 

in pain intensity at 6 hours postoperatively in the lidocaine group compared to the control group, 

corresponding with a significant change in the neutrophil-to-lymphocyte ratio (NLR) at 6 hours 

postoperatively. This effect may be due to intravenous lidocaine's ability to inhibit neutrophil 

priming, affecting cytokine release and reducing postoperative pain. 

This study found that NLR ratio at 6 hours postoperatively decreased significantly in the 

lidocaine group compared to the control group. These findings align with previous research by 

Memary et al.,16 which showed that intraoperative intravenous lidocaine reduced postoperative 

NLR more effectively than the control group in women undergoing breast cancer surgery. 

Similarly, Surhonne et al.,17 found that general anesthesia increased NLR compared to regional 

anesthesia in infraumbilical surgery, suggesting that intravenous lidocaine could help reduce NLR 

in surgeries involving general anesthesia. 

Neutrophil-to-lymphocyte ratio is an immunosuppressive and inflammatory biomarker 

involved in the cellular immune response to trauma and the acute phase. Neutrophils are 

granulocytes that play a crucial role in the body's defense and are the earliest inflammatory cells 

to infiltrate traumatized or damaged tissues.18 NLR is widely studied due to its easy and accessible 

measurement. While higher NLR is generally associated with worse outcomes, it cannot be used 

as a single biomarker. The significant decrease in NLR observed in this study may occur because 
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lidocaine can prevent the priming of polymorphonuclear leukocytes (PMNs) and neutrophils at 

very low concentrations (0.1 μM) during prolonged exposure. This mechanism is due to the 

inhibition of certain intracellular G protein (Gq) signaling pathways, allowing intravenous 

lidocaine to be effective at low doses and have a prolonged effect of up to 8.5 hours after 

administration is stopped.7 

Postoperative pain arises as an inflammatory response to surgical trauma. Incision, 

dissection, retraction, and other surgical interventions trigger a local inflammatory mediator 

response, increasing nociceptor sensitivity and hyperalgesia, which leads to postoperative pain.19 

Innate immune cells, including neutrophils, can produce and respond to IL-6, amplifying 

inflammation and worsening pain.20 Several previous studies have reported that an increased 

neutrophil-to-lymphocyte ratio is associated with higher pain scores and greater postoperative 

analgesic requirements.19 

Lidocaine is a local anesthetic that works by inhibiting nerve conduction and interrupting 

pain transmission in C and Aδ nerve fibers. Pharmacologically, local anesthetics selectively block 

Na+ channels. Additionally, lidocaine has significant effects on other targets, such as K+ and Ca2+ 

channels, and exhibits anti-inflammatory properties by binding to G proteins, which inhibits the 

adhesion of polymorphonuclear leukocytes, macrophages, and monocytes. It also increases 

glutamate release and interferes with several intracellular signaling pathways. Postoperative pain 

is primarily caused by local inflammation and activation of C nerve fibers which can be mitigated 

by reducing cytokine production, thereby limiting the inflammatory response after tissue trauma. 

Reducing the inflammatory response decreases injury-induced immunosuppression and is 

associated with better functional recovery.21,22 

This study found no significant difference in substance P levels between the control group 

and the lidocaine group at 6 hours postoperatively (p> 0.05). However, perioperative intravenous 

lidocaine reduced the mean substance P levels in the lidocaine group compared to the control 

group, indicating better analgesia with lidocaine. The study also observed that serum substance P 

levels increased at 6 hours postoperatively in both groups. This aligns with a case study which 

reported that serum substance P levels begin to rise after 4 hours and peak at 12-18 hours post-

trauma. Longer trauma durations correlate with higher substance P levels.23 

Additionally, the control group had higher postoperative substance P levels than the 

lidocaine group, despite the lidocaine group having a longer surgery duration (187 minutes vs. 178 
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minutes for the control group). The duration of trauma or surgical stress impacts blood substance 

P levels, with longer wound incisions increasing substance P levels. This aligns with Papp et al.,23 

who found that substance P release occurs with tissue trauma and is related to the length and 

severity of the trauma. Their study suggest that perioperative intravenous lidocaine can suppress 

substance P release more effectively than the control group at 6 hours postoperatively, even with 

a greater degree of trauma. This inhibition is likely due to intravenous lidocaine blocking Na+ 

channels, preventing Na+ conduction and action potential generation. 

This study has limitations, as it does not describe postoperative pain outcomes in patients 

given perioperative intravenous lidocaine, which may vary by race and education level. It also did 

not assess patients' NRS scores before surgery. The study only objectively observed postoperative 

pain outcomes, inflammation as characterized by NLR, and substance P levels as pain markers. 

Additionally, the study did not examine blood levels of lidocaine, which has an analgesic effect. 

These aspects can be explored in future research to determine the effective analgesic blood levels 

of lidocaine and to monitor postoperative pain in patients. Therefore, further studies should include 

preoperative pain assessments for both patient groups, consider racial and educational factors for 

homogeneity, and measure blood lidocaine levels. 

CONCLUSION 

In conclusion, perioperative intravenous lidocaine can lower postoperative NRS scores, 

decrease postoperative NLR values, and reduce the difference in substance P levels between 

postoperative and preoperative measurements. And in this study, there was no intravenous 

lidocaine side effects. 
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TABLES 

Table 1. Characteristics of study 

Variables Lidocaine Group Control Group P value 

Gender    

   Male 7 (46.6) 10 (66.7) 0.269a 

   Female 8 (53.2 ) 5 (33.7)  

ASA Physical Status     

  Class I 1 (6.7) 2 (13.3) 0.543a 

  Class II 14 (93.3) 13 (86,7)  

Age 44.29±12.96 46.82±11.33 0.439b 

BMI 22.541±2.93 22.377±2.25 0.816b 

Duration of surgery (mins) 187±24.73 178±28.92 0.258b 

Data on gender and ASA physical status are presented as number (n) and percentage (%) 

Age, BMI, and length of surgery are presented as mean±standard deviation (SD). 
aChi-square test; bUnpaired T-test. 
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Table 2. Comparison of pain intensity based on groups 

 
Variables Groups N Mean±SD P value 

NRS 2h Lidocaine 15 2.54±0.69 0.148 

Control 15 2.82±0.61  

NRS 4h Lidocaine 15 2.68±0.55 0.472 

Control 15 2.57±0.74  

NRS 6h Lidocaine 15 2.07±0.54 0.005* 

Control 15 2.61±0.79  

NRS 12h Lidocaine 15 2.00±0.67 0.045* 

Control 15 2.36±0.62  

NRS 24h Lidocaine 15 1.71±0.46 0.031* 

Control 15 2.07±0.66  

Mann-Whitney U test 
*p < 0.05 is statistically significant 

 

 

 

 

Table 3. Effectiveness of perioperative intravenous lidocaine on Substance P values (ng/L) 

 
Parameter Lidocaine 

(Mean±SD) 

Control 

(Mean±SD) 

P value 

Preoperative Substance P 259.69±144.92 175.69±57.89 0.26 

6h-postoperative Substance P 243.57±122.65 221.37±103.7 0.9 

Mann-Whitney U test 
*p < 0.05 is statistically significant 

 

Table 4. Effectiveness of perioperative intravenous lidocaine on NLR values 

 
Parameter Lidocaine 

Median (min-max) 

Control 

Median (min-max) 

P value 

Preoperative NLR 1.5 (22.12 – 1.35) 3.73 (4.51 – 0.54) 0.173 

6h-postoperative NLR 10.01 (19.50 – 2.14) 12.65 (23.10 – 10.43) 0.003* 

Mann-Whitney U test 

*p < 0.05 is statistically significant 

 


