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Purpose: Lidocaine has been gradually used in general anesthesia. This study was designed to investigate the effect of systemic
lidocaine on postoperative quality of recovery (QoR) in patients undergoing supratentorial tumor resection, and to explore its brain-
injury alleviation effect in neurosurgical anesthesia.
Patients and Methods: Sixty adult patients undergoing elective supratentorial tumor resection. Patients were randomly assigned
either to receive lidocaine (Group L: 1.5 mg/kg bolus completed 10 min before anesthesia induction followed by an infusion at 2.0 mg/
kg/h) or to receive normal saline (Group C: received volume-matched normal saline at the same infusion rate). Primary outcome
measures were Quality of Recovery-40 (QoR-40) scores on postoperative day (POD) 1 and 2. Plasma concentrations of S100B protein
(S100B), neuron specific enolase (NSE), interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) before anesthesia induction and at
the end of surgery were assessed. Visual Analogue Scale (VAS) scores were assessed at 1, 2, 6, 12, 24 and 48 h after surgery.
Perioperative parameters and adverse events were also recorded.
Results: Patients between two groups had comparable baseline characteristics. Global QoR-40 scores on POD 1 and POD 2 were
significantly higher (P <0.001) in group L (165.5±3.8 vs 173.7±4.7) than those in group C (155.6±4.0 vs 163.2±4.5); and scores of
physical comfort, emotional state, and pain in group L were superior to those in group C (P <0.05). In group L, patients possessed
lower plasma concentration of pro-inflammatory factors (IL-6, TNF-α) and brain injury-related factors (S100B, NSE) (P <0.05),
consumed less remifentanil and propofol, and experienced lower pain intensity. Multiple linear regression analysis demonstrated age
and pain were correlated with postperative recovery quality.
Conclusion: Systemic lidocaine improved early recovery quality after supratentorial tumor resection with general anesthesia, and had
certain brain-injury alleviation effects. These benefits may be attributed to the inflammation-alleviating and analgesic properties of
lidocaine.
Keywords: lidocaine, brain neoplasm, supratentorial tumor resection, recovery quality, brain protection, postoperative pain

Introduction
The brain neoplasm, as a common neurosurgical disease, has various clinical manifestations due to different
pathological types, locations and development rates. In terms of supratentorial tumor treatment, craniotomy is
presently the first choice. Prolonged intracranial surgery, likely resulting in delayed postoperative recovery, may
lead to ischemia and hypoxia in brain tissue, explosive increase of inflammatory factors, postoperative pain, post-
operative nausea and vomiting (PONV), etc. Anesthesia acts as a key link during the surgery, including optimizing
brain metabolism and improving brain oxygenation. With most attention being paid to high rates of disability after
brain tumor resection, such as hemiplegia and aphasia, however, patients’ subjective feelings have not yet been taken
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seriously, and have even been ignored by clinicians. Among the bulk of recovery-evaluation scales, the QoR-40 scale
is unique for its applicability, reliability, validity, responsiveness, accuracy, acceptability, interpretability and feasi-
bility. This questionnaire was designed to assess health status as a whole and recovery quality from specific
dimensions, and has been successfully used in cranial surgery patients.1–4 In our study, QoR-40 scores were set as
primary outcome measures.

As the mainstay of pain treatment, opioids have become an integral part of surgery, despite inevitably causing “nausea
and vomiting”, “hyperalgesia”, “drug resistance”, “delirium”, etc. Therefore, an intraoperative opioid-sparing strategy
combined with the nerve block technique and the adjuvant becomes a wise choice.5–8 Sumathi et al. found that lidocaine
could improve the threshold of airway stimulation response, thus inhibiting excessive increase in intracranial pressure
caused by choking during extubation, which was of great benefit to patients with brain neoplasm.9 During general
anesthesia, systemic lidocaine (1.5 mg/kg or 1.5–2 mg/kg/h, intravenously) contributed to lowering intraoperative opioids
consumption and postoperative pain intensity; it also had additional advantages of inhibiting inflammatory response by
reducing pro-inflammatory factors, such as IL-6 and TNF-α, and maintaining immune function.10–12 Lidocaine can
reduce cerebral infarction scopes within 24 h after focal cerebral ischemia, confirming its brain-protection effect.13

Niiyama et al. demonstrated that lidocaine maintained adenosine triphosphate content of hippocampal CA1 pyramidal
neurons during and after ischemia by protecting mitochondria, thus playing a neuroprotective role.14 However, there are
few studies validating lidocaine’s effects on recovery quality and brain protection in patients after neurosurgery. In this
study, we chose two typical brain injury-related factors, S100B and NSE, as our secondary outcomes, in order to observe
severity of central nervous system injury.15,16

This randomized, double-blind, placebo-controlled clinical trial was aimed at investigating effects of lidocaine on
postoperative recovery quality and its brain injury alleviation effect in supratentorial tumor resection. We hypothesized
that systemic lidocaine would first, significantly improve postoperative recovery quality and second, that the improve-
ment of postoperative recovery quality would correlate with stress alleviation, inflammatory response reduction, and
brain injury alleviation effect.

Materials and Methods
This study was a single-center, prospective, randomized, assessor-blinded, placebo-controlled clinical trial between
1 November 2020 and 30 June 2021, approved by the Ethics Committee of the Affiliated Hospital of Xuzhou Medical
University and registered in the Chinese Clinical Trial Center (ChiCTR2000040209). Our research complied with the
Declaration of Helsinki and followed guidelines of CONSORT. Written informed consents were obtained from all
patients or family authorized before enrollment.

Patients
Sixty patients (29 with gliomas and 31 with meningiomas) scheduled for supratentorial tumor resection with general
anesthesia were included, with age over 18, American Society of Anesthesiologists (ASA) physical status II–III, and 15
points on the preoperative Glasgow Coma Score. The exclusion criteria included: metastatic supratentorial tumor;
preoperative radiotherapy or chemotherapy; a history of craniotomy tumor resection; preoperative usage of anti-
inflammatory agents or analgesics; known lidocaine intolerance; allergies to any drugs used in this study; abnormal
liver or kidney function; severe cardiopulmonary failure; involvement in other local anaesthetic interventions; low body
weight (<40 kg); with short (<2 h) or long (>6 h) surgery duration; and refusing to sign written informed consent.
Patients with severe hemodynamic disturbances or other life-threatening complications during the operation, or those
transferred to the intensive care unit (ICU) after surgery, were eliminated.

Randomization and Blinding
Sixty patients were randomly assigned to the lidocaine group (Group L) and the control group (Group C) in a 1:1 ratio by
a computer-generated random sequence. Group numbers were randomly stored in a closed envelope, and experimental
drugs were prepared by nurses who did not participate in the anesthesia operation after entering the operating room.
Doctors and other personnel involved in anesthesia management did not know about the grouping.
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Study Intervention
All patients underwent fasting and water abstaining to prepare for surgery. After entering the scheduled operating room,
peripheral venous access was routinely opened, and radial artery puncture (after Allen test was confirmed to be negative;
otherwise non-invasive blood pressure monitoring would be selected) was completed. Then, blood pressure, heart rate (HR),
electrocardiogram (ECG), pulse oxygen saturation (SpO2), end-expiratory CO2 (PETCO2), and bispectral index (BIS) were
monitored. Anesthesia induction was performed after pure oxygen inhalation nearly amounting to 5 min: midazolam
0.05 mg/kg, sufentanil 0.5 μg/kg, etomidate 0.3 mg/kg, and rocuronium 0.6–1.0 mg/kg. Before induction, patients in
group L were given 1.5 mg/kg lidocaine (iv.) within 10 min (≤100 mg), followed by 2.0 mg/kg/h lidocaine (iv.) after
intubation until the end of surgery. In Group C, patients received volume-matched normal saline loading dose and infusion as
placebo. When BIS <50, endotracheal intubation was performed with muscle relaxation. Mechanical ventilation parameters
settings were: tidal volume (VT) 6–8 mL/kg, respiratory rate (RR) 12–16 beats/min, the ratio of inspiratory and exhalation
time (I:E) 1:1.5, PETCO2 30–35 mmHg. Anesthesia maintenance was: sevoflurane 1%, remifentanil 0.1–0.3 μg/kg/min,
propofol 3–5 mg/kg/h, cis-atracurium 0.01 mg/kg/h, and BIS 40–60. Vasoactive agents would be used when intraoperative
blood pressure and HR fluctuated dramatically (at least 20% above or below baseline). All patients were given 12.5 mg
dolasetron (iv.) 15 min before the end of surgery. Anesthetics were stopped after skin closure.

After surgery, patients were transferred to postanesthesia care unit (PACU) for further observation. When extubation
indications were met, the endotracheal tube would be removed and the surgeon would perform a neurological evaluation.

Considering that postoperative pain may affect physical comfort, emotional state, and physical independence, we
adopted postoperative analgesia (diclofenac sodium) to maintain VAS <4, preventing the pain from affecting breathing,
sleep, or normal life. Remedial analgesia scheme in the ward: if VAS ≥4, a 75 mg diclofenac sodium hydrochloride
sustained-release tablet would be administered, and again within clinical dose if necessary.

Outcome Assessments, Collection of Blood Samples and Testing
The QoR-40 scale (the simplified Chinese version by Myles et al.)2 was used to record and evaluate postoperative
recovery quality by the same trained anesthesiologist at preoperative visits and postoperative follow-ups. Global QoR-40
score ranges from 40 to 200 points (best quality). It includes five clinically relevant dimensions: physical comfort (12
items), emotional state (9 items), physical independence (5 items), psychological support (7 items), and pain (7 items),
each of which rates from 1 to 5 points. Pain intensity was evaluated with the VAS scores (0 = no pain, 10 = unbearable
pain) at six time points, namely at postoperative hour (POH) 1, 2, 6, 12, 24 and 48. Patients were assessed for PONVand
consumption of diclofenac in the ward within POH 24. Further assessments included consumption of anesthetics and
vasoactive drugs, and incidences of adverse events during surgery and extubation. Data on medical history, surgery, the
time to first defecation after surgery, and length of hospital stay were extracted from the medical records.

Blood samples were collected from radial artery before anesthesia induction (T0) and at the end of surgery (T4),
subsequently stored at 4 °C in refrigerator. These samples were centrifuged for 10 min at 3000 rpm to separate serum,
which would be stored at −80 °C for subsequent testing. Plasma concentrations of S100B, NSE, IL-6 and TNF-α were
tested by an enzyme-linked immunosorbent assay (ELISA), using commercially available kits (Shanghai Lanpai
Biotechnology Co., Ltd, Shanghai, China).

Outcomes
Primary outcomes were QoR-40 scores on POD 1 and POD 2. Secondary outcomes were as follows: QoR-40 scores on
preoperative (Pre) day and POD 7; concentrations of pro-inflammatory factors (IL-6, TNF-α) and brain injury-related
factors (S100B, NSE) assessed preoperatively (T0) and at the end of surgery (T4); mean artery pressure (MAP) and HR
were recorded before anesthesia induction (T0), immediately after intubation (T1), scalp incision (T2), dura mater incision
(T3), end of surgery (T4), and extubation (T5); intraoperative consumption of sufentanil, remifentanil and propofol;
incidences of coughing and agitation during extubation; neutrophil to lymphocyte ratio (NLR); incidence of 24 h PONV;
time to first defecation; postoperative hospital stay; and pain intensity.15,16 VAS and Athens Insomnia Scale (AIS) were
used to evaluate pain intensity and sleep quality, respectively. Consumption of diclofenac in the ward and perioperative
adverse events were also recorded.
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Statistical Analysis
The sample size was calculated with PASS (version 15, NCSS, LLC, Kaysville, UT, USA), based on primary outcome
measures, i.e. QoR-40 scores. The clinical recovery quality improvement was defined as a jump of at least 10 points in
the QoR-40 score on the first 7 days after surgery.17 Based on results by Lee et al.,18 average QoR-40 scores on POD 1
between two groups had a difference of 13. The estimated sample size was 28 patients per group, with a power of 80%
and an α risk of 0.05. To compensate for possible loss of follow-up or rejection, a 10% drop-out would be considered.
Finally, 64 patients were included in our study.

Shapiro–Wilk test was performed for normality test, and Levene’s test was used for homogeneity of variance test.
Normally distributed data were analysed by Student’s t-test, presented as mean and standard deviation (SD). Non-
normally distributed data were compared by Mann–Whitney U-test, presented as median and inter-quartile range (IQR).
Incidences of coughing and agitation during extubation and PONV were compared by Fisher’s exact test or chi-square
test, displayed as number and percentage. Repeated measurement analyses of variance (ANOVA) were performed to
compare hemodynamic parameters at different time points and QoR-40 scores on different days. Variables such as age,
weight, height, consumption of propofol and remifentanil, duration of surgery and anesthesia, pulmonary infection, the
VAS score, usage of colloidal solution and crystalloid solution, urine and bleeding volume, AIS, and NLR were included
in the univariate regression analysis. Factors with P <0.2, the univariate linear regression analysis identified, and other
variables that may be statistically significant, such as consumption of propofol and remifentanil, were included in the
subsequent multivariate linear regression analysis. All statistical analyses were performed using IBM SPSS Statistics
(Version 26, IBM SPSS, Chicago, IL, USA) and GraphPad Prism (Version 9, GraphPad Software, La Jolla, CA, USA).

Results
Patient Characteristics
During the period of recruitment, a total of 84 patients who were scheduled for supratentorial tumor resection under
elective general anesthesia were screened from the Affiliated Hospital of Xuzhou Medical University. Fourteen
participants were subsequently excluded for not satisfying the inclusion criteria or refusing to participate. Thus, 70
individuals were ultimately randomized into Group L or Group C. After randomization, 3 patients were excluded: 2 for
cancellation of the operation due to systolic blood pressure exceeding 200 mmHg, and 1 for cancellation of the operation
due to severely difficult airway. Seven patients were excluded after follow-up: 3 for transferring to ICU after surgery, and
4 for postoperative pathology showing non-tumor. Sixty patients finally completed our study (Figure 1): 30 patients were
allocated to the lidocaine group, and 30 patients were allocated to the normal saline group. Eligible patients were enrolled
consecutively from 1 November 2020 to 30 June 2021, and there were no significant differences in baseline character-
istics between two groups (Table 1).

Study Endpoints
Global QoR-40 scores and their 5 dimensions on Pre were comparable in the two groups (Figure 2). Compared with Pre,
global QoR-40 scores, as well as physical comfort scores, emotional state scores, physical independence scores, and pain
scores had decreased (P <0.05) on POD 1 and POD 2; psychological support scores, on POD 1 in group C and on POD 2
in group L, had decreased (P <0.05); global QoR-40 scores, physical comfort scores, and physical independence scores
on POD 7, as well as pain scores in group C, had also significantly declined; while psychological support scores had
significantly increased (P <0.05).

S100B, NSE, IL-6, and TNF-α in plasma at T4 were higher than at T0 (P <0.05) (Table 2), and lower in group C than
in group L (P <0.05). Consumption of propofol and remifentanil between two groups were statistically significantly
different (P <0.05).

In group L, HR was slower at T4, and MAP was higher at T1 and lower at T5 than group C (P <0.05) (Figure 3).
Incidences of intraoperative hypertension and hypotension, postoperative coughing and mania, the PONV, postoperative
hospital stay, usage of vasopressor drugs and diclofenac in group L were lower than in group C (P <0.05) (Table 3). In group
C, the VAS scores at POH 1, 2, 6, 12 and 24 after surgery were significantly lower than in group L (P <0.05). No significant
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differences were identified with regard to the consumption of sufentanil, the usage of antihypertension drugs, NLR, time to
first defecation, and the VAS scores at POH 48 between the two groups. None experienced persistent arrhythmia,
convulsions, or other adverse events originating from lidocaine during our study period.

Table 1 Patient Characteristics and Surgical Data

Variables Group C (n = 30) Group L (n = 30) P-value

Age, year 54.4±13.8 54.3±12.8 0.961

Sex, n (%)
Male 19 (63.3) 10 (33.3) 0.787
Female 11 (36.7) 20 (66.7)

Height, cm 163.6±6.6 162.4±7.8 0.528

Weight, kg 62.3±7.5 65.5±11.2 0.210

BMI, kg/m2 23.3±2.1 24.4±2.8 0.072

ASA, n (%)

II 53.3 56.7 0.795
III 46.7 43.3

Hypertension, n (%) 11 (36.7) 10 (33.3) 0.787
Diabetes, n (%) 3 (10.0) 2 (6.7) 0.640

Duration of surgery, min 229.7±87.3 201.2±56.9 0.139

Duration of anesthesia, min 279.1±91.1 248.1±65.2 0.135
Surgery types, n (%)

Glioma 14 (46.7) 15 (50.0) 0.796

Meningioma 16 (53.3) 15 (50.0)

Notes: Data are presented as mean±SD or number (%). Group L, the lidocaine group; Group C, the control group.
Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists.

Screened for eligibility
(n 84)

Randomized
(n 70)

Exclused (n 14)
 Not meeting inclusion criteria (n 9)
 Declined to participate (n 5)

Allocated to intervention:
 Lidocaine (n 34)
 Received intervention (n 33)
 Did not recieve intervention (n 1)
Surgery cancelled due to difficult airway (n 1)

Allocated to intervention:
 Normal Saline (n 36)
 Received intervention (n 34)
 Did not receive intervention (n 2)
Surgery cancelled due to SBP 200mmHg (n 2)

Lost to follow-up (n 1)
Transferred to ICU after surgery (n 1)

Lost to follow-up (n 2)
Transferred to ICU after surgery (n 2)

Analysed (n 30)
Excluded from analysis (n 2)
Postoperative pathology showed non-tumor (n 2)

Analysed(n 30)
Excluded from analysis (n 2)
Postoperative pathology showed non-tumor (n 2)

Enrollment

Allocation

Follow-up

Analysis

Figure 1 Flow diagram of the study.
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The results of univariate linear regression analysis and multivariate linear regression analysis of global recovery
quality on POD 1 are shown in Table 1A and 1B, in the Supplementary 1. Usage of intraoperative fluids had no
difference significantly between two groups (Table 2A, in the Supplementary 2). Incidences and grades of coughing and
sedation were lower in group L than in group C (Table 3A, in the Supplementary 3).
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Figure 2 Scores of QoR-40 and its 5 dimensions.
Notes: Median values shown as solid line within box of 25th and 75th percentile values. Whiskers represent maximum and minimum values. (A) Global QoR-40 score; (B)
Physical comfort; (C) Emotional state; (D) Physical independence; (E) Psychological support; (F) Pain. *Adjusted P < 0.05 different from Pre. #Adjusted P < 0.05 different
from group C.
Abbreviations: Group L, the lidocaine group; Group C, the control group; Pre, preoperative; POD 1, postoperative day 1; POD 2, postoperative day 2; POD 7,
postoperative day 7; QoR-40, quality of recovery 40.

Table 2 Plasma Concentrations of S100B, NSE, IL-6 and TNF-α

Variable Group C (n = 30) Group L (n = 30) P-value

S100B (ng/mL)

T0 0.38±0.09 0.37±0.07 0.504

T4 0.51±0.08 * 0.45±0.07 * 0.044

NSE (ng/mL)

T0 27.05±6.62 26.67±5.94 0.849
T4 41.07±6.93 * 36.04±4.67 * 0.012

IL-6 (pg/mL)
T0 35.08±6.82 31.08±6.98 0.075

T4 44.60±5.53 * 38.29±7.56 * 0.005

TNF-α (pg/mL)
T0 45.82±11.78 41.48±9.09 0.200

T4 66.94±9.69 * 59.40±11.35 * 0.035

Notes: Data are presented as mean±SD. *Adjusted P < 0.05 different from T0.
Abbreviations: Group L, the lidocaine group; Group C, the control group; T0, before induction of anesthesia; T4, at the end of surgery.
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Discussion
The results of our study showed that patients with systemic infusion of lidocaine during supratentorial tumor resection
had higher postoperative recovery quality than those in the normal saline group. In view of the lower consumption of
opioids, lighter intensity of pain, less incidence of PONV in the lidocaine group, as well as lower plasma levels of pro-
inflammatory (IL-6, TNF-α) and brain injury-related (S100B, NSE) factors, we could draw conclusions that
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Figure 3 Intraoperative hemodynamic outcomes.
Notes: Data are presented as mean±SD. (A) MAP; (B) HR. *Adjusted P <0.05 different from T0.

#Adjusted P <0.05 different from group C.
Abbreviations: MAP, mean arterial pressure; HR, heart rate; Group L, the lidocaine group; Group C, the control group; T0, before anesthesia induction; T1, immediately
after intubation; T2, scalp incision; T3, dura mater incision; T4, end of surgery; T5, extubation.

Table 3 Perioperative Parameters Between the Two Groups

Variable Group C (n = 30) Group L (n = 30) P-value

Intraoperative outcomes
Consumption of propofol, mg 581.0±164.4 441.5±174.4 0.002

Consumption of sufentanil, μg 31.3±5.4 30.2±2.3 0.310

Consumption of remifentanil, mg 3.0±1.3 2.0±0.7 0.001

Adverse events

Hypertension, n (%) 14 (46.7) 5 (16.7) 0.013
Hypotension, n (%) 12 (40.0) 3 (10.0) 0.008

Antihypertension, n (%) 10 (33.3) 5 (16.7) 0.139

Vasopressor, n (%) 12 (40.0) 4 (13.3) 0.021
Incidence of cough, n (%) 17 (56.7) 9 (30.0) 0.039

Incidence of mania, n (%) 11 (36.7) 4 (13.3) 0.038

PONV, n (%) 15 (50.0) 5 (16.7) 0.007

VAS score

1 h 2.93±0.58 2.23±0.63 <0.001
2 h 3.40±0.81 2.57±0.73 <0.001

6 h 3.30±1.09 2.47±0.97 0.003

12 h 2.93±1.02 2.23±1.04 0.011
24 h 2.33±0.88 1.70±1.09 0.016

48 h 1.83±0.87 1.50±1.01 0.177

Consumption of diclofenac (mg) 45.00±37.37 20.00±33.73 0.009

Time to first defecation (min) 72 (47–96) 68 (48–96) 0.605

Postoperative hospital stay (days) 13 (11–16) 11 (9–14) 0.036
Preoperative NLR 3.11±3.76 2.27±1.05 0.344

Postoperative NLR 15.96±6.49 14.45±7.54 0.467

Notes: Data are presented as mean±SD, median (IQR) or number (%).
Abbreviations: Group L, the lidocaine group; Group C, the control group; VAS, Visual Analogue Scale; PONV, postoperative nausea and vomiting; NLR, neutrophil to
lymphocyte ratio.
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inflammation-alleviating and analgesic properties of lidocaine participated in the improvement of postoperative recovery
quality, as well as its brain-injury alleviation effect.

The World Health Organization (WHO) defined health as: a state of perfect physical, mental and social activities. In the
21st century, along with the social structure of population aging, the ability to manage one’s own discomfort and health
conditions has been increasingly valued, i.e. to respond to various environmental events.8,19 In our study, scores of physical
comfort, emotional state and pain in the lidocaine group were significantly improved on POD 1 and POD 2 compared with
the matched group; and it was similar to the study by Kim et al.20 However, lidocaine did not significantly improve patients’
physical independence scores and psychological support scores. Frailty is a difficult problem that must be faced and dealt
with in the process of postoperative recovery even affecting postoperative cognitive function.21,22 Donald et al. found that
frailty, significantly related to the physical independence of elderly patients after surgery, delayed postoperative recovery
process or even led to death.23 Due to wide ranges of age in our study, the benefit of lidocaine on frailty in elderly people
remains to be further confirmed. Multivariate regression analysis showed that age was a significant risk of recovery quality
after supratentorial tumor resection, which should also be paid more attention in the aging society. At the same time, it is
necessary for clinicians to give more humanistic care, help to improve patients’ psychological quality and offer more social
support, so as to enhance a sense of happiness and promote postoperative recovery.24

When put into clinical practice for the first time, lidocaine was known for its ability to block sodium ion channels, as
a local anesthetic. An increasing number of studies proved usage of lidocaine during general anesthesia contributes to
reducing consumption of propofol and remifentanil, which was also confirmed in our study.12,25,26 This phenomenon
could be explained by the fact that lidocaine shares certain common pathways (such as blocking sodium ion channels)
with propofol and remifentanil, in aspects of analgesic mechanisms.27 Given the complexity of pain mechanisms, these
pathways remain to be explored with further randomized controlled trials (RCTs) and confirmed by more high-level
fundamental experiments, with more anesthesiologists’ efforts. Corcoran et al. found that propofol alleviated the stress
response from surgery by inhibiting the inflammatory reaction.28 An interesting phenomenon found in our study was that,
with intraoperative infusion of lidocaine, the propofol consumption reduced while inflammatory factors’ levels signifi-
cantly declined. Several possible interpretations involved were as follows: (1) Anesthetic mechanisms of lidocaine and
propofol were not completely overlapping; (2) lidocaine had a protective effect on endothelial cells, but excessive
infusion of propofol may destroy endothelial cells, which consequently weakened the anti-inflammatory effect of
propofol by damaging the immune system; (3) lidocaine itself had an effect of inhibiting inflammatory response.10,25,29,30

Lidocaine promotes postoperative recovery by ameliorating analgesic effect.31,32 It was obvious that higher pain
scores in our study significantly lowered postoperative recovery quality, especially POH 12 and POH 24; and this was
consistent with the study by Licina et al.33 Pain not only causes short-term or long-term fluctuations in hemodynamics,
but also delays brain function returning to normal levels, leading to postoperative cognitive dysfunction or abnormal
mental activity; afterwards it slows down the postoperative recovery process.34,35 The former was revealed by lower
fluctuations of intraoperative hemodynamic parameters (such as MAP and HR) and lower utilization of vasoactive drugs
in our study; and the incidence and extent of agitation reduced significantly during extubation, suggesting that lidocaine
played a positive role in postoperative brain function recovery. Furthermore, there was no significant difference in
peripheral fluid infusion between groups in this study. Considering indicators closely related to tissue perfusion were not
monitored, it remains to be further confirmed which strategy, in terms of maintaining stable blood pressure and
maintaining adequate tissue perfusion, was more beneficial.

The surgery, as one stressor, will inevitably stimulate the neuroendocrine system and the inflammatory immune
response, hindering postoperative recovery.36 However, controlling intraoperative stress responses helps to improve
postoperative recovery quality.37 In this study, inflammatory and brain injury-related factors were significantly increased
compared with those before anesthesia induction. However, lidocaine significantly reduced inflammatory factors levels in
comparison to normal saline, providing the evidence that it mitigated the inflammatory response, and accelerated rather
than completely reversed the brain damage that originated from anaesthetic and operative stresses. We could speculate
that the inflammation alleviation effect of lidocaine is one of its routes to improve postoperative recovery quality and
plays a positive role in brain protection. In addition, Tu et al. found that controlling levels of inflammatory factors could
also contribute to cognitive function recovery, which further confirmed the benefit to brain of lidocaine.38
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PONV is one of the complex and important problems in anesthesia practice. It is well-known that opioids, mostly
belonging to μ-, δ- or κ-receptor agonists, can directly activate the emetic chemoreceptor trigger zone (CTZ) located in
the medulla oblongata, evoking nausea and vomiting; and this effect is correlated with usage amount of opioids.39

Echevarria et al. found that, in children, there was no correlation between reduction of opioid consumption and PONV.40

Thus, it could be predicted that age was an important risk factor for PONV. In this study, lidocaine may accelerate
gastrointestinal function recovery and reduce the incidence of PONV mainly through reducing consumption of opioid
drugs and improving analgesic effect. In addition, in types of surgery such as neurosurgery, the stress response derived
from anaesthetic and surgical operations, and pain events are also risk factors for PONV.41 It is still necessary and
challenging for anesthesiologists to actively participate in multidisciplinary cooperation and promote completion of high-
quality enhanced recovery after surgery.42

Intravenous lidocaine may cause various adverse effects, including tongue and lip numbness, metallic taste in the
mouth, dizziness, convulsions, and arrhythmias. Exclusion criteria were strictly followed to ensure potentially at risk
individuals were excluded as completely as possible. If the P-R interval prolonged, the QRS wave widened in ECG, or
arrhythmia occurred during lidocaine infusion, the trial would be cancelled. The common intravenous lidocaine infusion
regimens in clinical practice were 100 mg or 1.5–2.0 mg/kg initially, and 1–3 mg/kg/h subsequently.43 Carabalona et al.
also found that the median serum concentration of lidocaine was 1.45 (0.98–1.88) µg/mL following a 1.5 mg/kg bolus
and intravenous infusion at a rate of 2.0 mg/kg/h, which did not reach toxic concentrations (defined as >5 µg/mL).44

Therefore, the dose of lidocaine used in this study could be considered safe, in which the total dose of lidocaine per
individual was normally distributed (529.3±145.8 mg), ranging from 253.3 mg to 893.5 mg. At the same time, we did not
find any adverse effects attributing to lidocaine occurring in this study.

Our conclusions in this study were obtained in the context of certain limitations. Firstly, lidocaine concentration in
plasma was not monitered. The dose of lidocaine administrated referred to previous studies.43,45,46 Although toxic
effects of lidocaine are easily recognized in conscious subjects (in excess of 5 μg/mL in plasma), subjects in the
status of general anesthesia need higher level of lidocaine up to 10 μg/mL in plasma when circulatory depression
could be discovered. Luckily, none had yet to experience persistent arrhythmia, convulsions or other adverse events
originating from lidocaine in our study. Secondly, the recovery quality in this study was only assessed within
postoperative 7 days, and failed to be continued follow-up for longer periods of time. The effect of intravenous
lidocaine on long-term recovery requires more clinical trials to be carried out. Thirdly, previous studies have explored
different infusion durations and rates of lidocaine administration, mainly ranging from the end of the surgery to 48
h later and from 1.0 mg/kg/h to 3.0 mg/kg/h, respectively, but we only adopted one type of dose of lidocaine and
infused intravenously lasting up to the end of surgery. Therefore, optimal dose of lidocaine on accelerating post-
operative recovery quality remains to be further evaluated. Fourthly, several recent studies have reported the anti-
tumor effect of lidocaine, whereas our study did not focus on prognoses such as progression-free survival, survival
and mortality rates.47,48 Further studies will be needed to explore this benefit in patients after neurosurgery. Finally,
elevated S100B, as a sign of central nervous system injury, could also occur in the absence of brain injury. Although
there was no statistical difference in the distribution of surgery types or surgery duration between the two groups in
our study, S100B in plasma could also be affected by multiple factors, such as the amount of exercise, degree of
muscle injury, hemolysis, or even measurement methods.16 At the same time, lidocaine could reduce levels of
inflammatory factors by alleviating pain, which would make the direct anti-inflammatory effect of lidocaine unclear.
Therefore, further control of these variables or further studies to reduce the confounding bias will be necessary.

Conclusion
Systemic lidocaine notably improved postoperative early recovery quality after supratentorial tumor resection, with
inflammation and pain alleviated, and perioperative opioid consumption reduced. It also had a positive brain injury
alleviation effect in patients after neurosurgery. Considering there are few studies validating its brain protection effect,
further studies confirming the brain-protection mechanism of lidocaine are warranted.
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