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Surgery is one of the most frequent and effective intervention strategies for lumbar spinal stenosis,
however, one-third of patients are not satisfied with postoperative outcomes. It is not clear whether
perioperative systemic lidocaine could accelerate the early postoperative quality of recovery in
patients undergoing lumbar spinal stenosis surgery. 66 patients were enrolled in this trial. Lidocaine
or placebo was administered at a loading dose of 1.5 mg/kg for 10 min and then infused at 2.0 mg/
kg/hour till the end of surgery. Continued infusion by postoperative patient-controlled intravenous
analgesia with a dose of 40 mg/hour. The primary outcome was the quality of recovery. Secondary
outcomes included the time of the patient’s first flatus, catheter removal time, underground time from
the end of the surgery, pain score, levels of inflammatory factors (IL-6, IL-10, TNF-a), postoperative
nausea and vomiting (PONV), sufentanil rescues, patients’ satisfaction scores, and complications of
lidocaine. Eventually, 56 patients were in the final analysis with similar age, Body Mass Index (BMI),
duration of surgery and anesthesia, and median QoR-15 score (a development and Psychometric
Evaluation of a Postoperative Quality of Recovery Score). The difference in median QoR-15 score in
placebo versus lidocaine patients was statistically significant (IQR, 106 (104-108) versus 114 (108.25-
119.25), P<0.001). The Numeric Rating Scale (NRS) score at the 12th hour, median sufentanil rescue
consumption, IL-6, tumor necrosis factor-alpha (TNF-a) of patients treatment with lidocaine were
lower. Nevertheless, patients given lidocaine had high satisfaction scores. Suggesting that lidocaine
enhanced the postoperative quality of recovery, met early postoperative gastrointestinal function
recovery, provided superior pain relief, lessened inflammatory cytokines, etc., indicating it may be a
useful intervention to aid recovery following lumbar spinal stenosis surgery.

Lumbar spinal stenosis (LSS) is a common chronic spinal disease, more experienced by people aged over 50
years'. A total of 266 million individuals (3.63% of the worldwide population) were found to have lumbar
degenerative spine disease, there are more cases in high-income countries?. In the United States, more than half
a million people over the age of 65 suffer from spinal stenosis® and the fastest-growing age group is the 45 and
older population®. The most common cause of spinal stenosis is natural aging and progressive degeneration of
the spine*. Surgery is one of the most frequent and effective intervention strategies’. However, about one-third
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of patients with lumbar decompression are not satisfied with postoperative outcomes due to pain and inferior
functional levels®.

Postoperative pain is one of the most common postoperative features of patients with lumbar spinal stenosis’.
Postoperative inflammation is still regarded as an important criterion for evaluating the surgical outcome of
patients with lumbar spinal stenosis. The ongoing chronic inflammation and subsequent fibrosis play an impor-
tant role in patients with lumbar spinal canal stenosis®. Cytokines are small secreted proteins released by cells that
specifically affect the interactions and communications between cells. Pro-inflammatory cytokines are produced
predominantly by activated macrophages and are involved in the up-regulation of inflammatory reactions. There
is abundant evidence that certain pro-inflammatory cytokines such as IL-1p, IL-6, and TNF-a are involved in
the process of pathological pain®.

Lidocaine is one of the most widely used local anesthetics in clinics. Previous studies have shown that patients
received a bolus of 1.5-2 mg/kg lidocaine completed within 10 min before the induction of anesthesia followed
by continuous infusions of 2 mg/kg/hour lidocaine intravenously during anesthesia could improve QoR-40 scores
in patients with abdomen surgery'*'?, reduce the need for opioids and the intensity of postoperative pain, and
extende the time to first request morphine®®. Lidocaine affects inflammatory cells in vitro, such as by inhibiting
priming of human peripheral poly-morphonuclear cells or neutrophils'*. Lidocaine can furthermore reduce
the release of mediators of inflammation, such as IL-4, IL-6, and TNF- a'>. However, intraoperative infusions
of lidocaine did not improve recovery in patients who had multilevel spine surgery'®. However, it is not clear
whether perioperative systemic lidocaine could accelerate the early phase of postoperative quality of recovery
and the other effects in patients undergoing lumbar spinal stenosis surgery. We hypothesized that perioperative
intravenous lidocaine infusion can significantly improve postoperative recovery quality and improve prognosis
in patients with lumbar spinal stenosis surgery.

Methods

Study participants

The single-center, double-blind, placebo-controlled randomized clinical trial study enrolled patients who under-
went lumbar spinal stenosis surgery from January 1, 2022, to June 30, 2022. This study was approved by the Ethics
Committee of Bethune International Peace Hospital (N0.2021-KY-165) and registered at the Chinese Clinical
Trial Registry (ChiCTR2100054852, 28/12/2021). All participants gave written informed consent. All methods
were carried out in accordance with relevant guidelines and regulations, following the Declaration of Helsinki.
A total of 66 patients aged 18-75 years old with American Society of Anesthesiologists (ASA) grade I-III were
scheduled for open posterior lumbar spinal fusion surgery under general anesthesia. The exclusion criteria
included allergy to anesthetic drugs, coagulation abnormalities, preoperative gastrointestinal obstruction, severe
cardiac disease, severe sinoatrial node dysfunction(degree II or III atrioventricular block), congestive heart
failure, liver and kidney insufficiency or cognitive dysfunction, hypoxemia, hypoalbuminemia, a long history of
anti-inflammatory drugs and hormones; The rejection criteria included patients who had serious complications
or accidents during perioperative or anesthesia, not cooperating with the questionnaire and those who required
admission to the Intensive Care Unit(ICU) after surgery.

Randomization and masking

The study participants were randomly grouped on a scale of 1:1 using a computer-generated list of random
numbers. The distribution results are sealed in an opaque envelope and kept by the study manager. On a surgi-
cal day, the study manager handed the envelope to the anesthesia assistant who dispensed the anesthetic fluid.
The patients were randomly assigned to two groups: the saline placebo group and the lidocaine group, with 33
patients in each group.

Drugs were prepared in 20 ml syringes (for bolus administration) and another 20 ml syringes (for continuous
infusion), containing 2% lidocaine solution or an equal amount of 0.9% normal saline. Postoperative patient-
controlled intravenous analgesia (PCIA) with sufentanil and with or without lidocaine. The assistant handed
a syringe full of liquid medicine or PCIA to the anesthesiologist without knowing which patient was in which
group. Thus, group assignments are blinded by patients, healthcare providers, and data collectors.

Standard procedure

Dynamic monitoring of vital signs, intravenous indent needles, non-invasive blood pressure, electrocardiogram
(ECG), heart rate, pulse oxygen saturation, and bispectral index were monitored when the patient entered
the operating room. The trial was designed with an initial lidocaine (Hunan Kelun Pharmaceutical Co., Ltd,
F210625c) load of 1.5 mg/kg for 10 min, followed by an infusion rate of 2.0 mg/kg/hour until the end of the
procedure’”. The patient-controlled intravenous analgesia of 40 mg/hour was continuously injected postop-
eration for 48 hour. Patients in the placebo group received an equal-volume load dose of normal saline and a
placebo infusion. The anesthesia induction regimen was as follows: midazolam (Jiangsu Nhwa Pharmaceutical
Co., Ltd) 0.02 to 0.04 mg/kg, cis-atracurium(Hangzhou Hongyou Medical Technology Co., LTD) 0.2 mg/kg,
sufentanil(Renfu Pharmaceutical Co., LTD) 0.2 to 0.3 ug/kg, propofol(Jiangsu Yingke biological pharmaceuti-
cal Co., LTD) 1.0 to 2.5 mg/kg intravenously. Endotracheal intubation after 120 seconds of muscle relaxants
taking effect fully. The volume control ventilation was performed according to standard body weight (7 ~9 ml/
kg). Maintain end-expiratory partial pressure of carbon dioxide (PetCO,) between 35 and 45 mmHg. General
anesthesia was maintained by continuous intravenous injection of propofol at 50 to 100 pg/kg/min and remifen-
tanil (Renfu Pharmaceutical Co., LTD) at 0.1 to 1.0 ug/kg/min in a mixture of sevoflurane(Shanghai Hengrui
Pharmaceutical Co., LTD) oxygen/air at 2.0 to 3.0%. BIS was also maintained at 40 to 60'%. Cis-atracurium
1 ~2 pg/kg/min in maintained neuromuscular block and (Train-of-four) TOF ratio (T4/T1)>0.9. Both groups
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received an intravenous injection of 10 mg of tropisetron during the operation to prevent postoperative nausea
and vomiting (PONV). Atropinewas given 0.5 mg when the patient’s heart rate fell below 50 beats per minute,
urapidil (Guangzhou Wanzheng Pharmaceutical Co., LTD) 5 mg when the patient’s blood pressure rose above
20% of baseline, and deoxyadrenalin(Shanghai Hefeng Pharmaceutical Co., LTD) 50 pg when the patient’s
blood pressure fell above 20% of baseline. A mixture of sufentanil 5 g, neostigmine 1 mg, and atropine 0.5 mg
was administered intravenously at the end of epidermal sutures. The patient was then transferred to the post-
anesthesia care unit (PACU) for care. The postoperative analgesia regimen was as follows: conventional intrave-
nous parecoxib 40 mg, once every 12 hours, PCIA combined with sufentanil and lidocaine, pump rate constant,
pump rate 2 ml/h, sufentanil 2 ug(2ug/ml) as needed, locked interval 15 min. Postoperative pain was scored on
NRS ranging from 0 (no pain) to 10 (the most severe pain imaginable). If the NRS pain score exceeds 3 or the
patient requests, 2 ug sufentanil intravenously administered with a PCIA device is used as a rescue analgesic. If
PONYV occurs, intravenous tropisetron 5 mg and metoclopramide 10 mg are administered as rescue antiemetics.

5 ml of blood was drawn from a peripheral vein before induction of anesthesia and 48 hours after surgery
in all patients. Blood samples were centrifuged for 5 min at 10,000 rpm and stored in a refrigerator at—80 °C
for subsequent testing. Enzyme-linked immunospecific assay (ELISA) was used to test IL-6, IL-10, and TNF-a
plasma concentrations by commercially available kits (eBioscience Co., Ltd., San Diego, USA). The incidence of
patients with postoperative arrhythmia, dizziness, shivering, and adverse effects within 48 hours after surgery.
The occurrence of neurogenic intestinal dysfunction (NID) and neurogenic bladder (NB) was recorded until
the patient was discharged.

Primary and secondary outcomes

This study was to determine whether perioperative systemic lidocaine is superior in improving the quality of
rehabilitation after lumbar spinal stenosis surgery. The primary outcome was quality of recovery, measured
48 hours postoperatively using the Chinese version of QoR-15, a development and Psychometric Evaluation of a
Postoperative Quality of Recovery Score, which comprises 5 domains of testing: pain, physical comfort, physical
independence, psychological support, and emotional state'®. The secondary outcomes included the time of the
patients first flatus, catheter removal time, underground time from the end of the surgery (both corrected to the
nearest hour), pain score, and levels of inflammatory factors (IL-6, IL-10, TNF-a) before induction and 48 hours
after the operation, postoperative salvage dosage of sufentanil, patients’ satisfaction scores and complications
of lidocaine. The patients also were asked to report symptoms related to abnormal gastrointestinal function,
including nausea and vomiting or abdominal bloating.

Sample size estimation

The sample size was calculated based on global QoR-15 points 48 hours after surgery by StatBox: A Online Sta-
tistical Computing System. Biostatistics Team of CMT. URL https://www.biostats.cn/statbox/. A change of 8.0 on
the QoR-15 score was considered a clinically significant improvement after surgery and anesthesia®. According
to the pilot study, the QoR-15 scores at 48 hours postoperatively were equivalent to 116 (10) in the lidocaine
group. Assuming a two-tailed alpha threshold of 0.05 and a power (1-beta) of 90% to detect an increment of 8.0
in the QoR-15 scores at a significance, 27 participants in each group were required. Taking into consideration a
20% withdrawal and loss for follow-up, we finally recruited 66 patients for this study.

Statistical analysis

All statistical analyses were performed using the IBM SPSS software Version.23.0 (IBM, Armonk, NY: IBM
Corp). The normality of quantitative variables was examined with the Kolmogorov-Smirnov test. Quantitative
variables are expressed as mean or median (interquartile range, IQR). Student T-test was used to compare the
mean values of age, weight, height, operation time, anesthesia time, PACU discharge time, cytokines, and so on.
The overall QoR-15 score and the cumulative use of sufentanil after surgery are reported as the median (IQR)
and were analyzed using the Manne-Whitney U-test. An estimated median difference and 95% CI of differences
were given for each statistical comparison. Categorical variables were reported as numbers and percentages.
The proportion of ASA classification and the number of PONV patients were compared by the x 2 test. Fisher’s
precise test was used to compare the groups’ dizziness, shivering, or headache rates?!. In addition, an analysis of
variance was performed on multiple comparisons to assess pain scores within 48 hours after surgery. A P-value
less than 0.05 was considered statistically significant in the two-sided test.

Results

The CONSORT 2010 flowchart is shown in Fig. 1. Between January 1, 2022, to June 30, 2022, we screened 66
potential participants who planned an elective lumbar spinal stenosis surgery under general anesthesia. Based
on inclusion criteria, 2 participants were deemed ineligible and 3 declined to participate. A total of 61 partici-
pants participated in the trial. After randomization, 2 patients in the placebo group and 3 in the lidocaine group
were excluded for protocol violation. Therefore, data from 56 patients were used in the final analysis. Patient
demographic characteristics were similar between the two groups (Table 1).

As shown in Fig. 2, the global QoR-15 scores were significantly higher 48 hours postoperatively (better recov-
ery) in the lidocaine group than in the placebo group (median 114, IQR 108.25-119.25 compared with median
106, IQR 104-108, P<0.001), the estimated median difference: 8, 95% CI (5 to 11).

As shown in Fig. 3, the mean time to first flatus in the lidocaine group was significantly shorter than that in
the placebo group (median 43.5, IQR 41-45.75, compared with median 47, IQR 45.25-51, P<0.01), the estimated
median difference: — 4, 95% CI (- 2 to — 6). The following aspects of the two groups (lidocaine vs placebo) were
comparable: catheter removal time (median 38, IQR 36-40, compared with median 39, IQR 35.25-41, P=0.505),
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Figure 1. CONSORT 2010 Flow Diagram.

Patient characteristics Placebo(n=28) | Lidocaine (n=28) | tor x2value |P value
Age (mean, year) 57.50 (8.39) 58.04 (6.26) -0.271 0.788
Weight (mean, kg) 68.39 (11.15) 72.21 (10.99) -1.292 0.202
Height (mean, cm) 168.50 (6.86) 170.39 (7.71) -0.971 0.336
BMI (mean, kg/m2) 23.97 (2.65) 24.73 (2.07) ~1.191 0.239
Gender 0.080 0.778
male 18 19

female 10 9

ASA 0.082 0.960
I 10 11

1I 15 14

III 3 3

Hypertension(Y/N) 17/11 15/13 0.292 0.589
Diabetes(Y/N) 19/9 20/8 0.084 0.771
Duration of surgery (mean, min) 122.18 (9.86) 119.93 (9.00) 0.892 0.376
Duration of anesthesia (mean, min) 146.21 (10.28) 142.71 (9.15) 1.346 0.184
Propofol (mean, mg) 912.14 (140.41) 940.71 (201.09) -0.616 0.540
Sufentanil (mean, ug) 35.75 (5.8) 37.71 (5.80) -1.259 0.214
Remifentanil (mean, ug) 2153.57 (337.96) | 2176.79 (378.08) —0.242 0.810
Blood loss (mean, ml) 158.21 (20.87) 152.50 (19.56) 1.060 0.294
Infusion volume (mean, ml) 2025.00 (325.91) | 2060.36 (367.04) -0.381 0.705
Urine volume (mean, ml) 548.57 (90.21) 532.86 (99.21) 0.620 0.538
PACU stay (mean, min) 23.14 (2.14) 22.96 (2.60) 0.281 0.780

Table 1. Demographic characteristics.
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Figure 2. The global QOR-15 scores in patients before or who suffered lumbar spinal stenosis surgery with or
without Lidocaine. The scores are presented as median, IQR, and min to max. ***p <0.001.
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Figure 3. The secondary outcomes of first flatus, catheter removal time, and underground time in patients who

suffered lumbar spinal stenosis surgery with or without Lidocaine. The hours are presented as median, IQR, and
min to max. **p<0.001.

the estimated median difference: — 1, 95% (CI — 3 to 2). The underground time (median 69.5, IQR 62-80.5,
compared with median 71, IQR 66.5-77, P=0.640), the estimated median difference: — 1, 95% CI (- 7 to 4).

Systemic lidocaine could reduce acute NRS pain scores at 12th hours after lumbar spinal stenosis surgery (SD
3.5(3-4) vs. 3 (3-4), P=0.045). NRS scores at other postoperative time points were not comparable, see Fig. 4.

The placebo group had higher cumulative consumption of opioids (sufentanil) 48 hours after surgery com-
pared with the lidocaine group (median 28 pg, IQR 22.5-32, compared with median 26 pg, IQR 16-28; P=0.046),
see Fig. 5A. The Lidocaine group had higher patient satisfaction scores (mean, SD, 7.50 [0.92] vs. 6.93 [1.18];
P=0.049), see Fig. 5B. The median difference between the lidocaine group and the placebo group was 4 pg (95%
CI0to 8, P=0.046).

As shown in Fig. 6, there was no significant difference in the basal levels of IL-6, IL-10, and TNF-a among the
two groups (P>0.05), but the levels of IL-6, IL-10, and TNF-a increased after surgery in both groups. The levels
of plasma IL-6 and TNF-a were higher in the placebo group than in the lidocaine group 48 hours after surgery
(SD, 11.55 [2.08] vs. 10.37 [1.66], P=0.023, 11.06 [1.29] vs. 10.25 [1.56], P=0.039, respectively), meanwhile, the
level of the anti-inflammatory cytokine IL-10 expression was similar between the placebo and lidocaine group
(SD 13.61 [2.16] vs. 14.67 [2.04], P=0.064).

The incidence of PONV 24 hours and 48 hours after surgery was 8 (28.6%) in the placebo group versus 5
(17.9%) in the lidocaine group, and 7 (25%) in the placebo group versus 5 (17.9%) in the lidocaine group, and
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Figure 4. The NRS scores in patients who suffered lumbar spinal stenosis surgery with or without Lidocaine.
The scores are presented as mean and standard deviation. *p <0.05.
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Figure 5. The sufentanil rescues consumption (A) and patient satisfaction scores (B) when suffering from
lumbar spinal stenosis surgery. The dose of sufentanil or scores is presented as median, IQR, and min to max.
*

p<0.05.

the difference was not statistically significant (P=0.342, P=0.313, respectively), as shown in Table 2. The study-
related complications, headache, dizziness, and shivering were not comparable between the two groups. The
tinnitus, convulsions, arrhythmia, NID, and NB did not occur in all patients.

Discussion

In this double-blind, placebo, and randomized controlled trial, we demonstrated that perioperative systemic
administration of lidocaine for a loading dose of 1.5 mg/kg for 10 min and then infused at 2.0 mg/kg/hour,
creatively continued infusion 48 hours by PCIA with the dose of 40 mg/hour could significantly enhance the
post-surgical quality of recovery in patients undergoing lumbar spinal stenosis surgery, by improving the recovery
of gastrointestinal function, reducing opioid consumption and decreasing levels of cytokines. Many factors may
affect the early postoperative recovery, the early postoperative period is the main concern of this study, includ-
ing the demographic baseline level of the patient, the time of operation and anesthesia, the dosage of anesthetic
drugs, and the retention time of intraoperative blood transfusion, relevant data were collected in the anesthetic
recovery room. At the same time, early postoperative pain and gastrointestinal function have also attracted our
attention, and inflammatory factors that may affect early recovery have also been detected. These are important
factors affecting early postoperative rehabilitation. To the best of our knowledge, this is a forefront randomized
controlled study evaluating the effects of perioperative intravenous lidocaine infusion on the early postoperative
quality of recovery in LSS patients undergoing lumbar spinal stenosis surgery.
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Figure 6. The cytokines in patients before or post-lumbar spinal stenosis surgery with or without Lidocaine.
The cytokines are presented as median, IQR, and min to max. Pre-, before the lumbar spinal stenosis surgery.
Post-, 48 hours later when patients suffered the lumbar spinal stenosis surgery. *p <0.05.

Placebo (n=28) | Lidocaine (n=28) ‘ X2 value ‘ P value
Occurrence of PONV (%)
0-24h 8(28.6) 5(17.9) 0.902 0.342
24-48h 7 (25.0) 5(17.9) 1.018 0.313
Headache (%) | 3 (10.7) 2(7.1) 0.220 0.639
Dizziness (%) 2(7.1) 3(10.7) 0.220 0.639
Shivering (%) 6(21.4) 5(17.9) 0.113 0.737

Table 2. Complications for patients treated with placebo or lidocaine. PONYV, postoperative nausea or
vomiting.

Lumbar spinal stenosis refers to the abnormal structure of the spinal canal caused by primary or second-
ary factors, narrowing in the spinal canal, and lumbago and leg pain mainly characterized by intermittent
claudication??. Various forms of the spinal canal, neural tube, and foraminal stenosis, changes in spinal canal
volume caused by soft tissue, and stenosis of the dural sac itself cause a series of lumbago and leg pain and a
series of neurological symptoms?. Other spinal diseases, such as herniated or herniated discs, bone spurs, or
spondylolisthesis, can also narrow the space between the spinal canal and the affected part of the spine, resulting
in spinal stenosis®*. Lumbar spinal stenosis surgery and lumbar decompression are some of the main management
measures. Postoperative severe pain and dysfunction are the main factors affecting perioperative recovery®. Prior
nerve damage is possible to occur after lumbar canal decompression, therefore peristalsis may be disrupted result-
ing in constipation, and functional obstruction. We must be knowledgeable regarding that some complications
may present in the early postoperative period following spinal procedures, thereinto brought gastrointestinal
dysfunction and bladder urination dysfunction to the forefront**-?. Postoperative intestinal dysfunction seriously
affects the recovery and quality of life of patients after lumbar spinal stenosis surgery.

Postoperative recovery begins at the time of surgery, only when patients have returned to their baseline
function or population standard, it is completed®. Perioperative recovery is a complex process that involves
many areas, such as symptoms, physical, emotional, social, and economic functioning, and perceived health®,
especially in the early stages after surgery. However, studies examining interventions often focus on morbid-
ity, postoperative organ dysfunction, or surgical complications, rarely based on postoperative recovery as the
primary outcome®'. QoR-15 was developed from the QoR-40, which was one of the most comprehensive assess-
ment scales to evaluate a patient’s overall health status postoperatively. It has been widely used and validated as
a measure of the quality of postoperative recovery, the higher the score, the better the post-surgical recovery?'.
The QoR-15 has the same measurement effect as QoR-40 but is more feasible to use in clinical practice®. Previ-
ous studies demonstrated that a change of 8.0 points or more on the QoR-15 score was considered a clinically
relevant improvement or deterioration'>*. The number of patients to be included was calculated on the basis of
these studies to reach the conclusion of whether the intervention is effective can be verified while reducing the
difficulty of the work as much as possible.

In the present study, the total QoR-15 scores in both groups decreased significantly from baseline, suggest-
ing that surgery and anesthesia significantly negatively impacted postoperative quality. The difference between
the lidocaine and placebo groups was 8.0 points. In patients receiving perioperative systemic lidocaine infu-
sion, less moderate-to-severe pain, low NRS scores in the 12" hour, and short median sufentanil rescues con-
sumption request was achieved compared to the placebo group, indicating intravenous lidocaine could reduce
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pain intensity postoperatively and improve the pain dimension score. Meanwhile, the physical comfort scale of
the QoR-15 mainly contains items related to post-surgical adverse effects including physical comfort, physical
independence, psychological support, and emotional state**. Furthermore, our study found the patients who
underwent lumbar spinal stenosis surgery and received systemic lidocaine had a short first flatus time, although
the underground time and urine tube pulling time were similar, indicating that lidocaine could shorten the dura-
tion of postoperative ileus and accelerate postoperative recovery of intestinal function. It is noteworthy that the
postoperative psychological state and satisfaction of patients are related to postoperative recovery. The patients’
satisfaction scores in the lidocaine group were higher compared to the placebo group, and patients felt more
comfortable, indicating that systemic lidocaine administration significantly improved postoperative quality of
life both physically and psychologically. All of them were the underlying cause of why perioperative systemic
lidocaine administration improved patients’ postoperative QoR-15 scores.

Muscularis externa inflammation and an influx of leukocytes are associated with the inhibition of postopera-
tive gastrointestinal transport®. Prevention of inflammation-related damage to the intestinal wall is currently
considered a promising therapeutic strategy to shorten postoperative dyskinesia®. Inflammation resolution is
a coordinated process that stops neutrophil recruitment, clears damaged areas, and induces collagen deposi-
tion, angiogenesis, and recovery of tissue function through the secretion of anti-inflammatory cytokines and
lipid mediators®. Lidocaine is an adjunctive analgesic, widely used in nerve block and intravenous infusion due
to its analgesic, anti-arrhythmic, anti-inflammatory effects, or anti-cancer mediated by a number of molecu-
lar mechanisms®~*. Intravenous lidocaine has the added advantage of alleviating surgical inflammation, and
immune alterations and sparing opioids*"*!. Systemic administration of lidocaine could alleviate streptozotocin-
induced allodynia, supposedly by modulating the p38 pathway in spinal microglia*’. Subsequently, an in vitro
study showed that lidocaine directly acts on microglia by inhibiting the increase of intracellular Ca** triggered
by ATP and p38 MAPK activation. Hence, the production of the pro-inflammatory cytokines, TNF-a, IL-1B, and
IL-6, was decreased™®. In the spinal nerve ligation model of neuropathic pain in rats, systemic lidocaine decreased
tactile allodynia, possibly mediated by decreasing pro-inflammatory cytokines*.

In addition, reduces complications and accelerates early recovery of postoperative intestinal function, thereby
improving the quality of recovery and shortening hospital stays*. Therefore, this study shows that lidocaine can
relieve inflammation, promote the recovery of intestinal function, and accelerate the overall postoperative qual-
ity of recovery in patients undergoing lumbar spinal stenosis surgery. However, the efficacy of lidocaine on the
recovery of postoperative ileus has not been studied conclusively. Postoperative ileus is a complex disease with
major intrinsic factors including surgical stress (i.e. intestinal processing), secretion of inflammatory media-
tors and endogenous opioids in the gastrointestinal tract, changes in hormone levels, and electrolyte and fluid
balance®. Meta-analysis and systematic review show that systemic lidocaine could short the meantime to first
bowel movement 7.92 hours than placebo*’, improve sedation®, reduce intraoperative opioids consumption in
patients undergoing an elective surgical procedure under general anesthesia*’, and an animal study indicated
lidocaine treatment regimen was an apparent resolution of clinical signs of ileus®. However, Yao et al.”! do not
support using perioperative systemic lidocaine as a potential strategy to improve postoperative pain and enhance
QoR-15 in patients undergoing video-assisted thoracic surgery. Preoperative acetaminophen and gabapentin-
based analgesic combined with an intraoperative infusion of lidocaine do not improve recovery in patients
undergoing multisegmental spine surgery'®. We believe that the pumping rate and time of lidocaine may be fac-
tors affecting postoperative recovery and that focusing on different times after surgery may also lead to different
outcomes. In fact, a short time for intraoperative lidocaine infusion can also improve the patient’s recovery score,
although this score between the two groups was not yet statistically significant.

The mechanism by which lidocaine accelerates recovery of intestinal function remains unclear. Previous
studies have shown that lidocaine could inhibit inflammatory responses which were confirmed by our study,
protects epithelial intestinal cells*?, contract annular and longitudinal smooth muscles®?, decrease the perme-
ability of lipopolysaccharide jejunum after ischemia, and accelerate the recovery of the mucosal barrier>. The
other important finding of this study was that intravenous lidocaine inhibited the release of cytokines IL-6 and
TNF-a, cytokines widely believed to promote inflammation. However, for cytokine IL-10 and PONYV, it had
less effect, the expression level and occurrence rate were similar in both groups. The possible reason is that we
included a limited number of patients and found no remarkable difference in effects in these enrolled patients.

In addition, as opioids are a mainstay of pain relief and opioid receptors are densely distributed in the gas-
trointestinal tract, symptoms and side effects are expected in these patients. Postoperatively, particularly with
abdominal surgery, opioid-induced ileus may ensue and opioid-induced constipation is common®>. Opioids
inhibit gastrointestinal motility and increase intestinal mucosal permeability, aggravating postoperative ileus®.
Thus, reducing perioperative opioid use is a real challenge, and one of the goals of enhanced recovery after lumbar
spinal stenosis surgery is to reduce potential opioid-related side effects. Similar to previous studies, the present
study showed a reduction in the total amount of sufentanil used for postoperative rescue in patients receiving
lidocaine. This may be a potential mechanism to enhance patients’ postoperative QoR-15 score in patients
undergoing lumbar spinal stenosis surgery.

Neuropathic bowel dysfunction and neuropathic bladder, which are major consequences of spinal cord injury
and occasionally degenerative lumbar disease, were not observed in our study in both groups®. Actually, intra-
venous lidocaine can cause a variety of adverse reactions, including numbness of the tongue and lips, tinnitus,
dizziness, convulsions, and arrhythmias®’. In our study, although few patients had bradycardia or tachycardia
during the surgery, the electrocardiogram showed normal sinus rhythm, and last for a short time. Therefore, we
did not classify lidocaine-related side effects. None of the patients experienced convulsions, persistent arrhyth-
mias, or other serious adverse events during the procedure. No side effects related to lidocaine were observed
during the postoperative follow-up period.
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Limitations

First, we only assessed the effects of systemic lidocaine on postoperative quality of recovery on the early recov-
ery for 48 hours, studies need to focus on longer observation periods for long-term quality of recovery in the
future. Second, we did not directly measure the concentrations of lidocaine in patients during the procedure
and postoperative follow-up period and performed our study based on doses of lidocaine used in previous stud-
ies in the literature. Third, this study did not explore the effect of lidocaine infusion speed and dose on lumbar
spinal stenosis surgery, the optimal dosage and speed of lidocaine to accelerate postoperative quality recovery
of lumbar spinal stenosis surgery remains to be further studied. Fourth, the study did not distinguish between
specific surgical procedures for lumbar spinal stenosis, and only selected open surgery with a posterior approach.
Although different surgeries are similar in basic operation, it is true that different surgical methods may have a
certain impact on the quality of postoperative recovery. Last but not least, the present study was a single-center
clinical trial, whereas the clinical promotion of systemic lidocaine in lumbar spinal stenosis surgery needs a
multi-center study.

Conclusions

Under the conditions of the present study, perioperative systemic lidocaine enhanced the postoperative quality of
recovery for patients undergoing lumbar spinal stenosis surgery, indicating that it may be a useful intervention to
aid recovery following the early stages of the end of lumbar spinal stenosis surgery. Meanwhile, participants in the
lidocaine group met early postoperative gastrointestinal function recovery, superior pain relief, fewer cytokines,
and postoperative cumulative consumption of opioids, the complication of systemic lidocaine was a no-show.

Data availability
The datasets generated and analyzed during the current study are available from the corresponding author upon
reasonable request.

Received: 4 November 2022; Accepted: 14 October 2023
Published online: 17 October 2023

References

1. Katz, J. N. & Harris, M. B. Clinical practice. Lumbar spinal stenosis. N. Engl. J. Med. 358, 818-825. https://doi.org/10.1056/NEJMc
p0708097 (2008).

2. Ravindra, V. M. et al. Degenerative lumbar spine disease: Estimating global incidence and worldwide volume. Global. Spine J. 8,
784-794. https://doi.org/10.1177/2192568218770769 (2018).

3. Wang, J. et al. Changes in kinematics, kinetics, and muscle activity in patients with lumbar spinal stenosis during gait: Systematic
review. Spine J. 22, 157-167. https://doi.org/10.1016/j.spinee.2021.06.003 (2022).

4. Jackson, R. P., McManus, A. C. & Moore, J. Lumbar spinal stenosis: Treatment options for an aging population. Mo. Med. 109,
466-469 (2012).

5. Zhang, J. et al. Decompression using minimally invasive surgery for lumbar spinal stenosis associated with degenerative spon-
dylolisthesis: A review. Pain. Ther. 10, 941-959. https://doi.org/10.1007/s40122-021-00293-6 (2021).

6. Kleinstueck, E S. et al. The outcome of decompression surgery for lumbar herniated disc is influenced by the level of concomitant
preoperative low back pain. Eur. Spine J. 20, 1166-1173. https://doi.org/10.1007/s00586-010-1670-9 (2011).

7. Peng, H. et al. Minimally invasive spine surgery decreases postoperative pain and inflammation for patients with lumbar spinal
stenosis. Exp. Ther. Med. 18, 3032-3036. https://doi.org/10.3892/etm.2019.7917 (2019).

8. Sun, C,, Wang, Z., Tian, ]. W. & Wang, Y. H. Leptin-induced inflammation by activating IL-6 expression contributes to the fibrosis
and hypertrophy of ligamentum flavum in lumbar spinal canal stenosis. Biosci. Rep. https://doi.org/10.1042/BSR20171214 (2018).

9. Zhang, ]. M. & An, J. Cytokines, inflammation, and pain. Int. Anesthesiol. Clin. 45, 27-37. https://doi.org/10.1097/AIA.0b013e3180
34194e (2007).

10. Wang, Q. et al. Effect of intravenous lidocaine infusion on postoperative early recovery quality in upper airway surgery. Laryngo-
scope 131, E63-E69. https://doi.org/10.1002/lary.28594 (2021).

11. Weibel, S. et al. Efficacy and safety of intravenous lidocaine for postoperative analgesia and recovery after surgery: A systematic
review with trial sequential analysis. Br. J. Anaesth. 116, 770-783. https://doi.org/10.1093/bja/aew101 (2016).

12. Wang, L., Sun, J., Zhang, X. & Wang, G. The effect of lidocaine on postoperative quality of recovery and lung protection of patients
undergoing thoracoscopic radical resection of lung cancer. Drug Des. Devel. Ther. 15, 1485-1493. https://doi.org/10.2147/DDDT.
$297642 (2021).

13. Xu, Y. et al. Efficacy of perioperative continuous intravenous lidocaine infusion for 72 hours on postoperative pain and recovery
in patients undergoing hepatectomy: Study protocol for a prospective randomized controlled trial. J. Pain Res. 14, 3665-3674.
https://doi.org/10.2147/JPR.S341550 (2021).

14. Hermanns, H. et al. Molecular mechanisms of action of systemic lidocaine in acute and chronic pain: A narrative review. Br. J.
Anaesth. 123, 335-349. https://doi.org/10.1016/j.bja.2019.06.014 (2019).

15. Flondor, M., Listle, H., Kemming, G. L., Zwissler, B. & Hofstetter, C. Effect of inhaled and intravenous lidocaine on inflammatory
reaction in endotoxaemic rats. Eur. J. Anaesthesiol. 27, 53-60. https://doi.org/10.1097/EJA.0b013e32832b8a70 (2010).

16. Maheshwari, K. et al. Multimodal analgesic regimen for spine surgery: A randomized placebo-controlled trial. Anesthesiology 132,
992-1002. https://doi.org/10.1097/ALN.0000000000003143 (2020).

17. Toner, A. J., Bailey, M. A,, Schug, S. A. & Corcoran, T. B. A pilot multicentre randomised controlled trial of lidocaine infusion in
women undergoing breast cancer surgery. Anaesthesia 76, 1326-1341. https://doi.org/10.1111/anae.15440 (2021).

18. Wu, Y. et al. Impact of intravenous dexmedetomidine on gastrointestinal function recovery after laparoscopic hysteromyomectomy:
A randomized clinical trial. Sci. Rep. 12, 14640. https://doi.org/10.1038/s41598-022-18729-0 (2022).

19. Yuwu, Y. K., Li, Y. & Fu, B. Impact of ultrasound-guided deep serratus anterior plane block combined with dexmedetomidine as
an adjuvant to ropivacaine inpatient quality of recovery scores undergoing modified radical mastectomy: A randomized controlled
trial. Front. Oncol. https://doi.org/10.3389/fonc.2022.858030 (2022).

20. Myles, P. S. et al. Minimal clinically important difference for three quality of recovery scales. Anesthesiology 125, 39-45. https://
doi.org/10.1097/ALN.0000000000001158 (2016).

21. Ly, X. et al. Effects of systemic lidocaine on postoperative recovery quality and immune function in patients undergoing laparo-
scopic radical gastrectomy. Drug Des. Devel. Ther. 15, 1861-1872. https://doi.org/10.2147/DDDT.S299486 (2021).

Scientific Reports |

(2023) 13:17661 | https://doi.org/10.1038/s41598-023-45022-5 nature portfolio


https://doi.org/10.1056/NEJMcp0708097
https://doi.org/10.1056/NEJMcp0708097
https://doi.org/10.1177/2192568218770769
https://doi.org/10.1016/j.spinee.2021.06.003
https://doi.org/10.1007/s40122-021-00293-6
https://doi.org/10.1007/s00586-010-1670-9
https://doi.org/10.3892/etm.2019.7917
https://doi.org/10.1042/BSR20171214
https://doi.org/10.1097/AIA.0b013e318034194e
https://doi.org/10.1097/AIA.0b013e318034194e
https://doi.org/10.1002/lary.28594
https://doi.org/10.1093/bja/aew101
https://doi.org/10.2147/DDDT.S297642
https://doi.org/10.2147/DDDT.S297642
https://doi.org/10.2147/JPR.S341550
https://doi.org/10.1016/j.bja.2019.06.014
https://doi.org/10.1097/EJA.0b013e32832b8a70
https://doi.org/10.1097/ALN.0000000000003143
https://doi.org/10.1111/anae.15440
https://doi.org/10.1038/s41598-022-18729-0
https://doi.org/10.3389/fonc.2022.858030
https://doi.org/10.1097/ALN.0000000000001158
https://doi.org/10.1097/ALN.0000000000001158
https://doi.org/10.2147/DDDT.S299486

www.nature.com/scientificreports/

22.
23.
. Weiner, D. K. et al. Identifying biopsychosocial factors that impact decompressive laminectomy outcomes in veterans with lumbar
25.
26.
27.
28.
29.
30.

31.

32.

33.

34,
35.
36.

37.

38.
39.
40.
41.
42,
43.

44.

45.

46.
47.

48.

49.
50.
51.
52.
53.
54.
55.
56.

57.

Wang, M., Luo, X. J,, Ye, Y. J. & Zhang, Z. Does concomitant degenerative spondylolisthesis influence the outcome of decompression
alone in degenerative lumbar spinal stenosis? A meta-analysis of comparative studies. World Neurosurg. 123, 226-238. https://doi.
0rg/10.1016/j.wneu.2018.11.246 (2019).

Lurie, J. & Tomkins-Lane, C. Management of lumbar spinal stenosis. BMJ 352, h6234. https://doi.org/10.1136/bmj.h6234 (2016).

spinal stenosis: A prospective cohort study. Pain 162, 835-845. https://doi.org/10.1097/j.pain.0000000000002072 (2021).
Waelkens, P. et al. Pain management after complex spine surgery: A systematic review and procedure-specific postoperative pain
management recommendations. Eur. J. Anaesthesiol. 38, 985-994. https://doi.org/10.1097/EJA.0000000000001448 (2021).
Golubovsky, J. L. et al. Risk factors and associated complications for postoperative urinary retention after lumbar surgery for
lumbar spinal stenosis. Spine. J. 18, 1533-1539. https://doi.org/10.1016/j.spinee.2018.01.022 (2018).

John M. Gorup, V.J. D., & William O. S. Postoperative management and complications after spine surgery. Spine Secrets Plus
(SECOND EDITION) Chapter 33 231-236. https://doi.org/10.1016/B978-0-323-06952-6.00042-7 (2012).

Kanematsu, R. et al. Improvement in neurogenic bowel and bladder dysfunction following posterior decompression surgery for
cauda equina syndrome: A prospective cohort study. Neurospine 18, 847-853. https://doi.org/10.14245/ns.2142252.126 (2021).
Mayo, N. E. et al. Impact of preoperative change in physical function on postoperative recovery: Argument supporting prehabilita-
tion for colorectal surgery. Surgery 150, 505-514. https://doi.org/10.1016/j.surg.2011.07.045 (2011).

Neville, A. et al. Systematic review of outcomes used to evaluate enhanced recovery after surgery. Br. J. Surg. 101, 159-170. https://
doi.org/10.1002/bjs.9324 (2014).

Kleif, J., Waage, ]., Christensen, K. B. & Gogenur, I. Systematic review of the QoR-15 score, a patient- reported outcome measure
measuring quality of recovery after surgery and anaesthesia. Br. J. Anaesth. 120, 28-36. https://doi.org/10.1016/j.bja.2017.11.013
(2018).

Stark, P. A, Myles, P. S. & Burke, J. A. Development and psychometric evaluation of a postoperative quality of recovery score: The
QoR-15. Anesthesiology 118, 1332-1340. https://doi.org/10.1097/ALN.0b013e318289b84b (2013).

Campfort, M., Cayla, C., Lasocki, S., Rineau, E. & Leger, M. Early quality of recovery according to QoR-15 score is associated with
one-month postoperative complications after elective surgery. J. Clin. Anesth. 78, 110638. https://doi.org/10.1016/j.jclinane.2021.
110638 (2022).

Schmidt, J. et al. Differential molecular and cellular immune mechanisms of postoperative and LPS-induced ileus in mice and rats.
Cytokine 59, 49-58. https://doi.org/10.1016/j.cyt0.2012.03.012 (2012).

Boeckxstaens, G. E. & de Jonge, W. J. Neuroimmune mechanisms in postoperative ileus. Gut 58, 1300-1311. https://doi.org/10.
1136/gut.2008.169250 (2009).

Farro, G. et al. CCR2-dependent monocyte-derived macrophages resolve inflammation and restore gut motility in postoperative
ileus. Gut 66, 2098-2109. https://doi.org/10.1136/gutjnl-2016-313144 (2017).

Kamal, F. et al. Efficacy and safety of supplemental intravenous lidocaine for sedation in gastrointestinal endoscopic procedures:
systematic review and meta-analysis of randomized controlled trials. Gastrointest. Endosc. 93, 1241-1249. https://doi.org/10.1016/j.
€ie.2021.01.008 (2021).

Liu, H., Dilger, J. P. & Lin, J. Effects of local anesthetics on cancer cells. Pharmacol. Ther. 212, 107558. https://doi.org/10.1016/j.
pharmthera.2020.107558 (2020).

Chin, K. ], Lirk, P,, Hollmann, M. W. & Schwarz, S. K. W. Mechanisms of action of fascial plane blocks: A narrative review. Reg.
Anesth. Pain. Med. 46, 618-628. https://doi.org/10.1136/rapm-2020-102305 (2021).

Zhou, D. et al. Repositioning lidocaine as an anticancer drug: The role beyond anesthesia. Front. Cell Dev. Biol. 8, 565. https://doi.
org/10.3389/fcell.2020.00565 (2020).

Sethi, D. & Wason, R. Intravenous regional anesthesia using lidocaine and neostigmine for upper limb surgery. J. Clin. Anesth. 22,
324-328. https://doi.org/10.1016/j.jclinane.2009.09.005 (2010).

Suzuki, N. et al. Lidocaine attenuates the development of diabetic-induced tactile allodynia by inhibiting microglial activation.
Anesth. Analg. 113, 941-946. https://doi.org/10.1213/ANE.0b013e31822827a2 (2011).

Su, D., Gu, Y., Wang, Z. & Wang, X. Lidocaine attenuates proinflammatory cytokine production induced by extracellular adenosine
triphosphate in cultured rat microglia. Anesth. Analg. 111, 768-774. https://doi.org/10.1213/ANE.0b013e3181e9¢897 (2010).
Joo, J. D. et al. Lidocaine suppresses the increased extracellular signal-regulated kinase/cyclic AMP response element-binding
protein pathway and pro-inflammatory cytokines in a neuropathic pain model of rats. Eur. J. Anaesthesiol. 28, 106-111. https://
doi.org/10.1097/eja.0b013e32834050fb (2011).

Song, X, Sun, Y,, Zhang, X,, Li, T. & Yang, B. Effect of perioperative intravenous lidocaine infusion on postoperative recovery
following laparoscopic Cholecystectomy-a randomized controlled trial. Int. J. Surg. 45, 8-13. https://doi.org/10.1016/j.ijsu.2017.
07.042 (2017).

Luckey, A., Livingston, E. & Tache, Y. Mechanisms and treatment of postoperative ileus. Arch. Surg. 138, 206-214. https://doi.org/
10.1001/archsurg.138.2.206 (2003).

Weibel, S. et al. Continuous intravenous perioperative lidocaine infusion for postoperative pain and recovery in adults. Cochrane
Database Syst. Rev. 6, CD009642. https://doi.org/10.1002/14651858.CD009642.pub3 (2018).

Hung, K. C. et al. Impact of intravenous and topical lidocaine on clinical outcomes in patients receiving propofol for gastrointestinal
endoscopic procedures: A meta-analysis of randomised controlled trials. Br. J. Anaesth. 128, 644-654. https://doi.org/10.1016/j.
bja.2021.08.036 (2022).

Hung, K. C. et al. Association between perioperative intravenous lidocaine and subjective quality of recovery: A meta-analysis of
randomized controlled trials. J. Clin. Anesth. 75, 110521. https://doi.org/10.1016/j.jclinane.2021.110521 (2021).

Yau, K., Halleran, J., Boileau, M. & Foster, D. Retrospective study on the use of lidocaine constant rate infusions for the treatment
of ileus in ruminants and camelids. J. Vet. Intern. Med. 35, 2933-2936. https://doi.org/10.1111/jvim.16262 (2021).

Yao, Y. et al. Efficacy of systemic lidocaine on postoperative quality of recovery and analgesia after video-assisted thoracic surgery:
A randomized controlled trial. J. Clin. Anesth. 71, 110223. https://doi.org/10.1016/j.jclinane.2021.110223 (2021).

Lang, A. et al. Lidocaine inhibits epithelial chemokine secretion via inhibition of nuclear factor kappa B activation. Immunobiology
215, 304-313. https://doi.org/10.1016/j.imbio.2009.05.006 (2010).

Tappenbeck, K., Hoppe, S., Reichert, C., Feige, K. & Huber, K. In vitro effects of lidocaine on contractility of circular and longitu-
dinal equine intestinal smooth muscle. Vet. J. 198, 170-175. https://doi.org/10.1016/j.tvjl.2013.07.027 (2013).

Cook, V. L. et al. Attenuation of ischaemic injury in the equine jejunum by administration of systemic lidocaine. Equine Vet. J. 40,
353-357. https://doi.org/10.2746/042516408X293574 (2008).

Camilleri, M., Lembo, A. & Katzka, D. A. Opioids in gastroenterology: treating adverse effects and creating therapeutic benefits.
Clin. Gastroenterol. Hepatol. 15, 1338-1349. https://doi.org/10.1016/j.cgh.2017.05.014 (2017).

Yan, Y., Chen, Y. & Zhang, X. The effect of opioids on gastrointestinal function in the ICU. Crit. Care 25, 370. https://doi.org/10.
1186/513054-021-03793-1 (2021).

Tran, A. N. & Koo, J. Y. Risk of systemic toxicity with topical lidocaine/prilocaine: a review. J. Drugs Dermatol. 13, 1118-1122
(2014).

Scientific Reports |

(2023) 13:17661 | https://doi.org/10.1038/s41598-023-45022-5 nature portfolio


https://doi.org/10.1016/j.wneu.2018.11.246
https://doi.org/10.1016/j.wneu.2018.11.246
https://doi.org/10.1136/bmj.h6234
https://doi.org/10.1097/j.pain.0000000000002072
https://doi.org/10.1097/EJA.0000000000001448
https://doi.org/10.1016/j.spinee.2018.01.022
https://doi.org/10.1016/B978-0-323-06952-6.00042-7
https://doi.org/10.14245/ns.2142252.126
https://doi.org/10.1016/j.surg.2011.07.045
https://doi.org/10.1002/bjs.9324
https://doi.org/10.1002/bjs.9324
https://doi.org/10.1016/j.bja.2017.11.013
https://doi.org/10.1097/ALN.0b013e318289b84b
https://doi.org/10.1016/j.jclinane.2021.110638
https://doi.org/10.1016/j.jclinane.2021.110638
https://doi.org/10.1016/j.cyto.2012.03.012
https://doi.org/10.1136/gut.2008.169250
https://doi.org/10.1136/gut.2008.169250
https://doi.org/10.1136/gutjnl-2016-313144
https://doi.org/10.1016/j.gie.2021.01.008
https://doi.org/10.1016/j.gie.2021.01.008
https://doi.org/10.1016/j.pharmthera.2020.107558
https://doi.org/10.1016/j.pharmthera.2020.107558
https://doi.org/10.1136/rapm-2020-102305
https://doi.org/10.3389/fcell.2020.00565
https://doi.org/10.3389/fcell.2020.00565
https://doi.org/10.1016/j.jclinane.2009.09.005
https://doi.org/10.1213/ANE.0b013e31822827a2
https://doi.org/10.1213/ANE.0b013e3181e9e897
https://doi.org/10.1097/eja.0b013e32834050fb
https://doi.org/10.1097/eja.0b013e32834050fb
https://doi.org/10.1016/j.ijsu.2017.07.042
https://doi.org/10.1016/j.ijsu.2017.07.042
https://doi.org/10.1001/archsurg.138.2.206
https://doi.org/10.1001/archsurg.138.2.206
https://doi.org/10.1002/14651858.CD009642.pub3
https://doi.org/10.1016/j.bja.2021.08.036
https://doi.org/10.1016/j.bja.2021.08.036
https://doi.org/10.1016/j.jclinane.2021.110521
https://doi.org/10.1111/jvim.16262
https://doi.org/10.1016/j.jclinane.2021.110223
https://doi.org/10.1016/j.imbio.2009.05.006
https://doi.org/10.1016/j.tvjl.2013.07.027
https://doi.org/10.2746/042516408X293574
https://doi.org/10.1016/j.cgh.2017.05.014
https://doi.org/10.1186/s13054-021-03793-1
https://doi.org/10.1186/s13054-021-03793-1

www.nature.com/scientificreports/

Acknowledgements

The authors thank Dr. Zaiwang Zhang, Dr. Jinbao Wang, Dr. Zenghua Cai, and Dr. Longxin Tang from the
Department of Anesthesiology, Bethune International Peace Hospital for their advice and assistance in the col-
lection of clinical cases.

Author contributions

Y.W. and J.C. were involved in the conception and design of the study. H.L. collected the data. Y.W. prepared
the placebo tablets. H.S. and X.D. analyzed the data. C.Y. detected cytokine. Y.W. drafted the first version of the
manuscript, Z.C. checked the data, and drafted the revision and final manuscript. All authors contributed to the
article and approved the submitted version.

Funding

The Science and Technology Research Program of Hebei Provincial Health Commission (20231335); The pro-
ject of Hebei Provincial Administration of Traditional Chinese Medicine (202339). The Incubator Program for
Startups of the 980th Hospital of the Joint Logistic Support Force (FYJHMS-04).

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.C. or X.W.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023, corrected publication 2024

Scientific Reports |

(2023) 13:17661 | https://doi.org/10.1038/s41598-023-45022-5 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Effect of systemic lidocaine on postoperative quality of recovery, the gastrointestinal function, inflammatory cytokines of lumbar spinal stenosis surgery: a randomized trial
	Methods
	Study participants
	Randomization and masking
	Standard procedure
	Primary and secondary outcomes
	Sample size estimation
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusions
	References
	Acknowledgements


