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Objective: This study aimed to explore the effects of lidocaine on postoperative quality of
recovery (QoR) and immune function in patients undergoing laparoscopic radical
gastrectomy.

Methods: In total, 135 patients were enrolled and were equally randomized to receive low-dose
lidocaine (Group LL: 1.5 mg/kg bolus followed by an infusion at 1.0 mg/kg/hour) or high-dose
lidocaine (Group HL: 1.5 mg/kg bolus followed by an infusion at 2.0 mg/kg/hour) or Controls
(Group C: received a volume-matched normal saline at the same rate). The primary outcome was
a QoR-40 score on postoperative day (POD) 1. Secondary outcomes were a QoR-40 score on
POD 3, levels of inflammatory factors (IL-6, IL-10, TNF-a)) and CD4'T cells, CDS'T cells
proportions, and CD4"/CD8" cell ratios and postoperative recovery of bowel function.
Results: There were no statistically significant differences in patient characteristics at
baseline. The total QoR-40 scores on POD 1 in Group HL (171.4+3.89) were higher than
those in Group LL (166.2044.05) and in Group C (163.40+4.38) (adjusted P<0.001).
Differences in the dimension scores of QoR-40 for pain, physical comfort, and emotional
state were significant across the three groups. Lidocaine administration significantly reduced
the release of IL-6, IL-10, TNF-a, and attenuated immune changes induced by trauma.
Kaplan—Meier curves showed that the median time to the first exhaust and defecation were
shorter in the Group HL than in Groups LL and C (1.55 days vs 2.4 days vs 2.6 days, log
rank P<0.0001; and 2.86 days vs 3.22 days vs 3.46 days, log rank P=0.002, respectively).
Additionally, patients in lidocaine groups required less remifentanil consumption and experi-
enced lower pain intensity, compared with the control group.

Conclusion: Systemic lidocaine improved postoperative recovery, alleviated inflammation
and immunosuppression, and accelerated the return of bowel function, and is thus, worthy of
clinical application.

Clinical Trials Registration: ChiCTR2000028934.
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Introduction

Gastric carcinoma is the fifth most commonly diagnosed cancer and the third leading
cause of cancer-related death.' Surgical resection is the main strategy for gastric
carcinoma, and the combination of surgery, chemotherapy, and chemoradiation may
improve the survival rate of gastric cancer patients.”> However, postoperative pain
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management remains a challenging problem after radical
gastrectomy given the significant duration of the surgical
procedure and trauma. Opioids are commonly used in post-
operative analgesia for their powerful analgesic effects.
However, the clinically relevant adverse effects accompany-
ing opioids, including ileus, constipation, postoperative nau-
sea, and vomiting,® impose serious negative effects on
postoperative recovery. Furthermore, surgical trauma signif-
icantly stimulates the release of inflammatory cytokines and
influences immune function, which together significantly
increase the incidence of postoperative complications, pro-
long the length of hospital stay, and even promote the meta-
static spread of tumor cells.”’

Lidocaine, an adjuvant analgesic, is widely used in nerve
block and intravenous infusion for its analgesic, anti-
arrhythmic, or anti-inflammatory effects.® de Oliveira et al’
reported that systemic lidocaine with a bolus of 1.5 mg/kg
followed by infusion at 2.0 mg/kg/hour effectively reduced
the need for opioids and the intensity of postoperative pain
prolonging the time to the first request for morphine. Ho

et al'”

reported prolonging the duration of lidocaine infusion
to 48 hours after surgery, and revealed that lidocaine admin-
istration reduced opioid consumption by up to 40% from 24
to 72 hours postoperatively. Furthermore, intravenous lido-
caine has the added advantage of alleviating surgical stress
and inflammation and reducing surgery-induced immune
alterations.!' These opioid-sparing and anti-inflammatory
effects, in turn, lead to a reduction of complications and
acceleration of early recovery of postoperative bowel

function,'>"?

which may improve the quality of recovery
and shorten the length of hospital stay. However, whether
lidocaine administration could alleviate inflammation and
immunosuppression and accelerate the overall postoperative
quality of recovery in patients undergoing laparoscopic radi-
cal gastrectomy for gastric cancer is still unknown.
Therefore, we hypothesized that perioperative administration
of systemic lidocaine significantly improves the quality of
postoperative recovery, alleviates surgical stress and inflam-
mation, and protects immune function, and thus improves

prognosis.

Methods

This study was a single-center, prospective, double-blind,
randomized controlled trial. The protocol was approved by
the Ethics Committee of the Affiliated Hospital of Xuzhou
Medical University (XYFY2019-KL105-01) and was
registered at the Chinese Clinical Trial Registry
(ChiCTR2000028934). This study complied with the

Declaration of Helsinki and adhered to CONSORT guide-
lines. Written informed consent was obtained from all
participants before enrollment. This study was performed
from 1 October 2019 to 31 October 2020.

Patients

A total of 138 consecutive patients undergoing laparo-
scopic radical gastrectomy for gastric carcinoma, aged
between 18 and 75 years, with American Society of
Anesthesiologists (ASA) physical status I-III were
included. The exclusion criteria were: (i) body mass
index (BMI) >30 kg/m?; (ii) history of endoscopic sub-
mucosal dissection, radiotherapy, chemotherapy; or his-
tory of preoperative treatment with anti-inflammatory
drugs, analgesics and hormones; (iii) metastases occur-
ring in other distant organs; (iv) preoperative gastroin-
testinal obstruction or perforation; (v) allergy to research
drugs; (vi) severe hepatic or renal diseases; (vii) severe
cardiac disease (severe arrhythmia, preexcitation syn-
drome, II or IIl atrioventricular block, double-bundle
branch block), severe sinoatrial node dysfunction, con-
gestive heart failure; (viii) psychiatric disorders; or (ix)
electrolyte disorders, seizure disorders, acid-base status,
hypoxemia, hypoalbuminemia, low body weight
(<45 kg), or patients involved in other local anesthetic
interventions. Patients, with long surgery duration (>6 h),
or serious adverse events occurring in the perioperative
period or those transferred to the intensive care unit
(ICU) after surgery were eliminated. Patients experien-
cing persistent arrhythmia, severe hemodynamic fluctua-
tions, convulsions, tongue and lip numbness, metallic
taste, hearing and visual impairment after lidocaine
administration were considered as lidocaine-related

adverse effects.

Randomization and Masking

In total, 138 patients were randomly assigned to the low-
dose lidocaine group (Group LL), the high-dose lidocaine
group (Group HL), or the control group (Group C) by
a computer-generated random sequence in a 1:1:1 ratio.
The randomization sequence was kept in sealed, opaque
envelopes, which was opened by an anesthesia nurse
responsible for the preparation of the research drugs after
the patient arrived at the operation room. Patients, sur-
geons, anesthesiologists, and statisticians were all blinded
to the patient allocation.
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Study Intervention

Patients in Group LL were given a bolus injection of
lidocaine 1.5 mg/kg over 15 minutes before induction,
which was followed by a continuous infusion at 1.0 mg/
kg/hour until the end of the operation. In Group HL,
lidocaine was administered at a same initial loading dose
of 1.5 mg/kg and then infused at 2.0 mg/kg/hour. While in
Group C, individuals received volume-matched normal
saline loading dose and infusion as placebo. The study
drugs were prepared in a 20-mL (for the bolus administra-
tion) and another 20-mL syringe (for the continuous infu-
sion). The former contained 1% lidocaine solution or an
equal amount of 0.9% normal saline, and the later con-
tained 1% or 2% lidocaine, or 0.9% normal saline solution.

Anesthetic and Perioperative

Management

All patients fasted for 6-8 hours with no preoperative medica-
tion. When arriving at the operation room, all patients under-
went  standard ~ monitoring  protocols including
electrocardiogram, pulse oxygen saturation, invasive blood
pressure, and end-tidal CO, (ETCO,). Additionally, the bis-
pectral index (BIS), surgical pleth index (SPI, a dimensionless
score reflecting nociception-antinociception balance, ranging
from 0 to 100 and representing minimum and maximum

: . 14,1
surgical stress levels, respectively'*'”

), and responses to train-
of-four stimulation (TOF) were also recorded.

Each individual was subjected to a standardized
anesthesia technique. General anesthesia was induced by
a combination of midazolam 0.05 mg/kg, sufentanil 0.5
pg/kg, etomidate 0.3 mg/kg, and cisatracurium 0.2 mg/kg.
After induction of anesthesia, a suitably sized endotracheal
tube was intubated under the guidance of a visual laryngo-
scope, and the relevant ventilator parameters were standar-
dized as: tidal volume (VT), 6-8 mL/kg; respiratory rate
(RR), 12—15 breaths/min; ratio of aspiration to aspiration
(I:E), 1:1.5; fraction of inspired oxygen (Fi02), 100%; and
positive end-expiratory pressure (PEEP, 5cmH,0). If
necessary, the ventilator parameters mentioned above
could be adjusted slightly, which aimed to maintain the
ETCO, between 35 and 45 mmHg. Anesthesia was main-
tained at 1 MAC sevoflurane combined with remifentanil
0.2-0.4 pg/kg/minute, and adjustments were made accord-
ing to the BIS index (fluctuating between 40 and 60), SPI
index (fluctuating between 20 and 50), and hemodynamic
parameters  during electronic

surgery. An patient-

controlled analgesia (PCA) pump was used to administer

postoperative analgesia (sufentanil 2 pg/kg combined with
tropisetron 10 mg). At the end of the surgery, all medica-
tions were discontinued, and patients were transferred to
the post-anesthesia care unit (PACU) for further observa-
tion. Patients were extubated when their vital signs stabi-
lized (the tidal volume was 6—8 mL/kg, the respiratory
frequency was 12-20 breaths/minute, oxygen saturation
was >95%, and the TOF ratio (T4/T1) was >0.9).

Collection of Blood Samples

Blood samples of the radial artery were collected at
a series of time points including before induction (T0), 2
hours after ventilation (T1), and at the end of surgery (T2).
Additionally, venous blood samples were collected at 24
hours (T3) and 72 hours (T4) after the operation. The
blood samples collected at the different time points were
stored in a refrigerator at 4°C and were centrifuged for 10
minutes at 3000 rpm. The obtained serum specimens were
stored in a refrigerator at —80°C for subsequent testing.

Primary and Secondary Outcomes

The primary outcome in the study was a total score of
QoR-40 on postoperative day (POD) 1. Secondary out-
comes were as follows: QoR-40 score on POD 3; levels
of pro-inflammatory and anti-inflammatory factors (IL-6,
IL-10, TNF-a), and levels of CD4'T cells, CD8'T cells
proportions, and CD4'/CD8" cell ratios assessed preopera-
tively (T0), 2 hours after ventilation (T1), at the end of
surgery (T2), and at 24 hours (T3) and 72 hours (T4) after
the operation; the time to first defecation, first exhaust,
out-of-bed mobilization, and PCA request; pain intensity
and total consumption of remifentanil. The VAS score was
used to evaluate the pain intensity postoperatively.
Hemodynamic parameters were also recorded.

Inflammation and Immune Factors Testing
Plasma concentrations of IL-6, IL-10, TNF-a were tested
by an enzyme-linked immunospecific assay (ELISA) using
commercially available kits (Wuhan Cloud-Clone Co.,
Ltd., Wuhan, China). For the flow cytometric assays, per-
ipheral venous blood samples were collected in EDTA-
containing tubes. The number of CD4" T cells and CD8"
T cells was counted using the anti-human CD4-PECY7
monoclonal antibody and anti-human CD8-APC monoclo-
nal antibody, respectively, and were calculated as propor-

tions by immunofluorescence quantitative analysis.
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Statistical Analysis
A sample size calculation was based that used in previous

studies,'®!”

referring to the average and range of total
QoR-40 scores after anesthesia and surgery. A score dif-
ference of 10 or more was considered as a clinically rele-
vant improvement or deterioration in the quality of
recovery. On this basis, we assumed that the total QoR-
40 scores in Group HL or Group LL on POD 1 would be
10 points higher than in the Group C, with a standard
deviation of 13, and o-and B-values of 0.05 and 0.1,
respectively. Thus, the calculated sample size was 37
patients for each group. In addition, to allow for a 20%
dropout rate during follow-up, the final sample size was 45
patients per group.

All statistical analyses were performed using SPSS and
GraphPad Prism data,
Kolmogorov—Smirnov test and Levene’s test were used to

software. For continuous
assess normality and homogeneity. Normally distributed
variables were presented as the mean (standard deviation)
and were analyzed by one-way repeated-measures
ANOVA. Non-normally distributed data were presented as
median (IQR) and were analyzed by the Kruskal-Wallis
tests. Categorical variables were presented as frequency
(%) and were analyzed by the Chi-squared test or Fisher’s
exact test. When a difference was found among the three
groups, post hoc multiple comparisons were performed and
all P-values were corrected by the Bonferroni method.
Kaplan—Meier estimates were given for the time to first
defecation, exhaust, out-of-bed mobilization, and PCA
request, and then were compared using the log rank
(Mantel-Cox) test. All tests were two-tailed and a P-value

<0.05 was considered a significant difference.

Results

Initially, 148 patients who underwent laparoscopic radical
gastrectomy for gastric cancer were enrolled in this study.
Ten participants were subsequently excluded for not satis-
fying the inclusion criteria or refusing to participate. Thus,
138 individuals were ultimately randomized into the
Group HL, Group LL, or Group C. After randomization,
three patients were excluded, two for converting to open
gastrectomy and one for cancelling the operation. Finally,
135 patients (45 in each group) completed this study
(Figure 1). Eligible patients were enrolled consecutively
from 1 October 2019 to 31 October 2020, and there were
no significant differences with regards to the patients’
baseline characteristics (Table 1).

The total QoR-40 scores on POD 1 and POD 3 were
lower than preoperative values across the three groups,
especially for POD 1 (all P<0.0001). The total QoR-40
scores on POD 1 in Group HL (173.9342.84) were higher
than those in Group LL (166.20+4.05) and in Group
C (163.40+4.38) (adjusted P<0.0001). Similarly, the total
QoR-40 scores on POD 3 in Group HL were also higher
than those in other groups (180.04+4.00 vs 173.82+4.41 vs
171.42+3.65, respectively, adjusted P<0.001). The differ-
ences in the total QoR-40 score between Group HL and
Group C were higher than those between Group LL and
Group C on POD 1 (10.53 vs 2.80, P<0.0001) and on POD
3 (8.62 vs 2.40, P<0.0001) (Table 2). Similarly, there were
significant differences in pain, physical comfort, and emo-
tional state dimensions (all P<0.0001). However, there
were no significant differences in the psychological sup-
port and physical independence dimensions on POD 1 or
POD 3 among the three groups (all P>0.05).

There was no statistically significant difference among
the three groups in terms of basal levels of IL-6, IL-10, or
TNF-o0 and all levels increased after induction in all groups
(all P<0.0001). The levels of plasma IL-6, IL-10, and
TNF-a were greater in Group C than in Group HL from
the T1 to T4 time points (all adjusted P<0.05) (Figure 2)
except for the level of TNF-a at T1 (P=0.172) (Figure 2C).
Compared with the Group LL, there were no differences
regarding levels of TNF-o, IL-6, or IL-10 in Group
C across all time points (all adjusted P>0.05) (Figure 2)
except for the levels of IL-10 at T1 and T2 (P=0.006 and
P=0.015, respectively) (Figure 2B).

There was no obvious difference in the proportion of
CD4'T cells, CDS'T cells, or CD4"/CD8" cell ratios
among the three groups at baseline. After induction, the
proportions of CD4'T cells and CD4"/CD8" cell ratios
significantly decreased, compared with baseline levels
(all P<0.0001), and then gradually increased after the T3
time point. Inversely, the levels of CD8'T cells signifi-
cantly increased after induction and reached a peak at the
T2 time point, and then gradually decreased. The propor-
tions of CD4'T cells and CD4"/CDS8" were greater in
Group HL than in Group C at the T1 to T4 time points
(all adjusted P<0.05) (Figure 2). There were no differences
in the proportions of CD4'T cells and CD8'T cells, or in
CD47/CDS8" cell ratios at all time points between Group
LL and Group C (all adjusted P>0.05) (Figure 2) except
for the proportion of CD4'T cells at T2 (P=0.048)
(Figure 2D).
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Assessed for eligibility (n=148)

Excluded (n=10)
+ Not meeting inclusion criteria

\ 4

A 4

(n=6)
+ Declined to participate (n=3)

Randomized (n=138)

+ Other reasons (n=1)

Allocated to Group HL (n=46)

+ Received allocated
intervention (n=45)

+ Did not receive allocated
intervention (n=1)

Allocated to Group LL (n=46)

+ Received allocated
intervention (n=45)

+ Did not receive allocated
intervention (n=1)

Allocated to Group C (n=46)

+ Received allocated
intervention (n=45)

+ Did not receive allocated
intervention (n=1)

Lost to follow-up (n=0)

Lost to follow-up (n=0)

Lost to follow-up (n=0)

Analysed (n=45)
+ Excluded from analysis (n=0)

Analysed (n=45)
+ Excluded from analysis (n=0)

Analysed (n=45)
+ Excluded from analysis (n=0)

Figure | Study population flow diagram.

The Kaplan—Meier curve analysis revealed that patients
in Group HL recovered faster than those in Group LL or
Group C. The median time to the first exhaust was shorter
in Group HL than in Group LL or Group C (1.55 days vs
2.4 days vs 2.6 days, respectively; Log rank test
P<0.0001). Similarly, the median time to the first defeca-
tion and PCA request were significantly decreased in
Group HL compared with the other two groups (2.86

days vs 3.22 days vs 3.46 days; Log rank test P=0.0002;
and 52.96 min vs 39.69 min vs 34.93 min, log rank
P<0.0001, respectively) (Figure 3). However, there was
no significant difference in the median time to out-of-bed
mobilization (Log rank test P=0.0538, Figure 3C).

There was no statistically significant difference among
the three groups regarding intraoperative variables or
hemodynamic parameters except for reduced remifentanil
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Table | Demographic Profiles at Baseline Among Three Groups
Variables Group HL Group LL Group C P-value
(n=45) (n=45) (n=45)
Age, yr 53.18+10.86 54.13£10.98 54.42+9.58 0.759
BMI, kg/m? 24.2043.06 24.14+2.75 24.34+2.97 0.947
Sex, n (%)
Male 29(64) 30(67) 30(67) 0.968
Female 16(36) 15(33) 15(33)
ASA physical status, n (%)
| 16 17 18 0.991
I 24 23 23
n 5 5 4
Hypertension, n (%) 19(42) 21(47) 20(44) 0914
Diabetes, n (%) 15(33) 15(33) 14(33) 0.967
Gastrectomy, n (%)
Distal 10(22) 12(27) 11(24) 0.887
Total 35(78) 33(73) 34(76)
Length of incision, cm 5.90+0.81 6.11£0.59 5.85+0.70 0.191
Preoperative total QoR-40 183.40+3.65 184.16+2.65 184.40+4.00 0.366
scores

Notes: Data are presented as mean + SD or numbers (%). Group HL= the high-dose lidocaine group; Group LL= the low-dose lidocaine group; Group C= the control group.
Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists; QoR-40, quality of recovery 40.

Table 2 Differences of QoR-40 Scores Between Groups

Value Difference from Group | Difference from Group | Difference from Group P-value
HL to Group C LL to Group C HL to Group LL
Global QoR-40
PODI 10.53(8.55 to 12.60) * 2.80(0.70 to 4.90) * 7.73(5.75 to 9.80) * <0.001
POD3 8.62(6.56 to 10.68) * 2.40(0.34 to 4.46) * 6.22(4.16 to 8.28) * <0.001
QoR-40 dimensions
Pain
PODI 4.11(3.45 to 4.78) * 1.62(0.99 to 2.25) * 2.49(1.82 to 3.15) * <0.001
POD3 3.67(2.69 to 4.64) * 0.69(—0.29 to 1.66) 2.98(2.00 to 3.95) * <0.001
Physical comfort
PODI 2.91(1.89 to 3.93) * 1.04(-0.05 to 2.14) 1.87(0.82 to 2.91) * <0.001
POD3 1.67(0.72 to 2.62) * 1.09(0.14 to 2.04) * 0.58(—0.37 to 1.53) <0.001
Psychological support
PODI 0.22(—0.38 to 0.83) —0.24(—0.85 to 0.36) 0.47(—0.14 t01.07) 0.177
POD3 0.42(-0.33 to 1.17) —0.11(—0.86 to 0.64) 0.53(—0.22 to 1.28) 0.194
Physical independence
PODI —0.38(—1.01 to 0.25) —0.18(—0.81 to 0.45) —0.20(—0.83 to 0.43) 0.350
POD3 —0.31(-0.91 to 0.28) —0.20/(—0.79 to 0.39) —0.11(=0.71 to 0.48) 0.440
Emotional state
PODI 3.44(2.45 to 4.44) * 0.56(—0.49 to 1.60) 2.89(1.90 to 3.88) * <0.001
POD3 1.84(0.84 to 2.85) * 0.69(—0.32 to 1.70) 1.16(0.15 to 2.16) * <0.001

Notes: Data are presented as mean (98.3% Cl). Group HL= the high-does lidocaine group; Group LL= the low-dose lidocaine group; Group C= the control group.
*Adjusted P< 0.05 between groups.
Abbreviation: POD, postoperative day.
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Figure 2 Serial changes in plasma concentrations of IL-6, IL-10 and TNF-0, CD4"T cells, CD8"T cells proportions and CD4"/CD8" cell ratios among three groups.
Notes: Data are presented as mean * SD, Group HL= the high-does lidocaine group; Group LL= the low-dose lidocaine group; Group C= the control group. (A) serum IL-6
concentration; (B) serum IL-10 concentration; (C) serum TNF-a concentration; (D) serum CD4 T cells proportions; (E) serum CD8"T cells proportions; (F) CD4"/CD8"
cell ratios. *Adjusted P < 0.05 different from the group C. *Adjusted P < 0.05 different from the other groups.

Abbreviations: TO0, baseline; TI, 2 h after ventilation; T2, the end of surgery; T3, 24 h after surgery; T4, 72 h after surgery.

administration in Group HL (3.70+0.75 mg), compared
with Group LL (4.26+0.77 mg) and Group C (4.67
+0.92 mg) (P<0.001; Table 3). Patients in Group HL
showed lower pain intensity at rest and movement from
30 minutes to 12 hours postoperatively than in Group
C (all adjusted P<0.05). There was no significant differ-
ence in pain intensity at rest and movement between
Group LL and Group C at various time points except for
the VAS score at rest at the T1 time point (3.91£1.04 vs
4.31+0.87; P=0.002) (Table 3). Additionally, there was no
significant difference in postoperative adverse effects
experienced across the three groups except that the inci-
dence of postoperative nausea in Group HL was signifi-
cantly reduced, compared with Groups LL and C (11% vs
29% vs 33%; P=0.034). However, there was no significant
difference in the length of hospital stay among the three
groups (P=0.168).

Discussion

In this single-center prospective, double-blind, randomized
controlled trial, we found that systemic application of
lidocaine could significantly enhance early post-surgical
recovery of patients undergoing laparoscopic radical

gastrectomy, by decreasing the cytokines levels, protecting
immune function, reducing opioid consumption, and
improving the recovery of intestinal function.

QoR-40 is the most comprehensive assessment scale to
evaluate a patient’s overall health status postoperatively, the
higher the score, the better the post-surgical recovery.'®!"”
Previous studies have demonstrated that a score difference of
10 or more is a clinically relevant improvement or deteriora-
tion in the quality of recovery.'® In this study, the total QoR-
40 scores for the three groups on POD 1 and POD 3
decreased significantly in comparison to the baseline scores,
indicating significant negative effects of surgical and
anesthesia on post-surgical quality of life. The difference
between Group HL and Group C was more than 10 points
and between Group LL and Group C was only 2.8 points,
demonstrating that a relative high dose of lidocaine infusion
exerted positive effect on the patients’ postoperative quality
of life, which was consistent with previous results.?
Furthermore, the scores relative to the pain and physical
comfort dimension were significant higher in Group HL
than in Group C. In patients receiving perioperative systemic
lidocaine infusion, especially in Group HL, less moderate-to-
severe pain and low VAS scores, and short median time to
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Figure 3 Kaplan—Meier curves for time to first exhaust, defecation, out-of-bed mobilization and PCA request.
Notes: Data are presented as mean + SD, Group HL= the high-does lidocaine group; Group LL= the low-dose lidocaine group; Group C= the control group. (A) the time
to first exhaust; (B) the time to first defecation; (C) the time to first out-of-bed mobilization; (D) the time to first PCA request.

Abbreviation: PCA, patient-controlled analgesia.

first PCA request were achieved compared to Group C,
indicating intravenous lidocaine could reduce pain intensity
postoperatively and improve the pain dimension score. In
addition, the physical comfort scale of the QoR-40 scale
mainly contains items related to post-surgical adverse effects
including nausea.>' The incidence of postoperative nausea in
Group HL significantly decreased by 22% compared with
Group C, which may explain why Group HL patients felt
more comfortable It is noteworthy that patients in Group HL
showed better emotional state and were less prone to depres-
sion, irritability, and sleep disorders than those in Group
C. This may be associated with the overall improvement in
pain and physical comfort dimensions, indicating that lido-
caine administration significantly improved postoperative
quality of life both physically and psychologically.

An additional important finding in this study was the
inhibitory effect of intravenous lidocaine on the release of
cytokines IL-6, IL-10, and TNF-o. Surgical trauma signifi-
cantly stimulates the release of inflammatory cytokines, and

IL-6, IL-10, and TNF-a are commonly measured to access
stress responses.”>** Further, these cytokines have also been
associated with long-term prognosis of gastric cancer
patients.”* In this study, consistent with previous

results, "3

plasma cytokine concentrations of IL-6, IL-10,
TNF-a were significantly increased after induction compared
with levels at the preoperative timepoint, providing evidence
of an inflammatory response after surgical stimulation. In
Group HL, the levels of plasma IL-6, IL-10, and TNF-a were
lower than those in Groups LL or C at various time points,
which demonstrated that a relatively high-dose of lidocaine
could alleviate the inflammatory response induced by surgi-
cal procedures, which was consistent with previous
studies.'*?>%° However, de Oliveira et al’ reached an oppos-
ing conclusion, whereby intravenous lidocaine failed to inter-
fere with the production of IL-6, an outcome that was similar
to another study,”?’ in which blood samples were tested pre-
operatively, and at 1 hour and 5 hours after the start of
surgery, and at 24 hours postoperatively. In this study,
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Table 3 Comparisons of Perioperative Parameters in Three Groups
Variables Group HL (n=45) Group LL (n=45) Group C (n=45) P-value
Intraoperative outcomes
Surgical duration, min 260.91+£33.04 263.60+29.85 265.62+30.52 0.773
Anesthesia duration, min 313.93+£32.02 311.24+33.01 309.40+33.57 0.806
Propofol dose, mg 496.44+77.38 504.89+75.64 521.78+65.51 0.249
Remifentanil dose, mg 3.70£0.75° 4.26+0.77* 4.67+0.92 <0.001
Transfusion volume, mL 2728.89+420.29 2604.44+374.75 2762.22+188.64 0.075
Urine output, mL 505.56+93.68 466.67+66.57 497.22+82.27 0.062
Estimated blood loss, mL 226.67+89.57 240.00+92.69 220.00+83.53 0.554
SBP, mmHg
TO 138.40+11.09 133.27+17.54 135.69+12.50 0.223
Tl 121.33+10.12 118.71+11.88 117.07+13.31 0.230
T2 119.69+11.13 122.53+12.81 118.78+13.50 0.335
HR, beats/min
TO 82.38+5.92 81.40+8.14 79.71£6.51 0.185
Tl 74.96+2.99 74.07+3.78 73.64+3.31 0.175
T2 73.11£3.07 74.1614.22 74.98+5.25 0.128
Postoperative outcomes
Pain score at rest
30 min 3.56+1.00* 3.91+1.04* 431+0.87" 0.002
6h 4,02+0.81" 4.98+1.01 5.02+0.92 <0.001
12 h 3.78+0.77F 4.60£0.96 4.78+0.97 <0.001
24 h 2.62+0.81 3.02+1.08 3.07x1.21 0.089
Pain score on movement
30 min 4.38+1.23* 4.87+0.84 5311.10 <0.001
6h 5.16+0.85" 6.29+1.41 6.47+1.23 <0.001
12 h 5.02+0.99* 5.58+1.06 5.69+1.00 0.005
24 h 3.73£1.27 3.98+1.47 4.04£1.19 0.498
Nausea, n (%) 5(11) 13(29) 15(33) 0.034
Vomiting, n (%) 3(7) 5(11) 7(16) 0.407
Shivering, n (%) 6(13) 8(18) 9(20) 0.693
Length of hospital stay, d 13.0242.19 12.89+2.11 13.69£2.11 0.168

Notes: Data are presented as mean * SD or numbers (%). Group HL= the high-does lidocaine group; Group LL= the low-dose lidocaine group; Group C= the control
group. *Adjusted P < 0.05 different from the group C. *Adjusted P < 0.05 different from the other groups.
Abbreviations: HR, heart rate; SBP, systolic blood pressure; T0, before induction; T1, 2 h after ventilation; T2, the end of surgery.

differently from Oliveira et al, IL-6 measurements were
taken prior to the start of surgery, 2 hours after ventilation,
at the end of surgery, and at POD 1 and POD 3. Our observa-
tions are in line with those described by Lin et al,”® whereby
IL-6 was detectable within 60 min, reached a peak concen-
tration between 4 and 6 hours, and then remained detectable
for 10 days after tissue damage. Therefore, the differences in
conclusions may be due to different types of surgery and
monitoring time points.

In this study, the proportion of CD4" T cells and CD4"/
CDS8" ratios decreased significantly after induction, and
the proportion of CD8" T cells significantly increased,
especially at the T1 timepoint (2 hours after ventilation),

and then gradually decreased postoperatively, which pro-
vided evidence supporting the perioperative inhibition of
immune function. CD4" T cells and CD8" T cells are
helper and cytotoxic T cells, respectively, and exert anti-
tumor effects.””** The CD4"/CD8" ratio reflects the
body’s immune state balance. The lower the ratio, the
worse the body’s immune function, and a low ratio was
considered an index of poor prognosis, which may lead to
the formation of tumor metastases.®' > Of note, patients
in Group HL showed higher CD4"/CDS8" T cell ratios at all
time points than those in other two groups, suggesting that
a relatively high dose of lidocaine could alleviate immu-

nosuppression and may preserve immune function.
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The efficacy of lidocaine on the recovery of postoperative
intestinal function has not been studied conclusively. Some
authors®*?> have reported that lidocaine failed to improve
postoperative intestinal function, while others'*'* have come
to the opposite conclusion. In our study, patients in Group HL
showed decreased median time to first defecation and
exhaust postoperatively, demonstrating intravenous lidocaine
could shorten the duration of postoperative ileus and accel-
erate postoperative recovery of bowel function. However, the
exact mechanism underlying the accelerated effect on recov-
ery of bowel function of lidocaine remains elusive. Previous
animal and clinical studies have revealed that lidocaine con-
tracts circular and longitudinal smooth muscles,*® reduces
the permeability of lipopolysaccharide jejunum after ische-
mia, and accelerates the recovery of mucosal barrier,”” inhi-
bits inflammatory responses, and protects epithelial intestinal
cells.*® Furthermore, excessive use of opioids inhibits gastro-
intestinal motility and increases intestinal mucosal
permeability,®® which may aggravate postoperative ileus. In
our study, patients in the lidocaine-treated group exhibited
decreased inflammatory responses and reduced remifentanil
consumption than those in the control group, which all
together may explain why intravenous lidocaine could accel-
erate postoperative recovery of intestinal function.

Intravenous lidocaine may also cause various adverse
effects, including tongue and lip numbness, metallic taste
in the mouth, dizziness, convulsions, and arrhythmias. In
this study, all patients received dynamic monitoring of
vital signs after arriving at the operation room. Although
few patients developed bradycardia during the procedure,
all events were transient and without significant PR pro-
longation or QRS widening on the ECG; therefore, we did
not classify these as lidocaine-related toxicity. None of the
patients experienced persistent arrhythmias, convulsions,
or other serious adverse effects during the surgical proce-
dure. During the postoperative follow-up period, no side
effects related to lidocaine were observed. Therefore,
there were no patients lost to follow-up. Furthermore,
the lidocaine regimen we had chosen was based on pre-
vious studies,®’ and we discontinued infusion at the end
of the surgery; thus, the total lidocaine administration in
our study was relatively small. In addition, Carabalona

1*° monitored serum concentrations of lidocaine fol-

et a
lowing a 1.5 mg/kg bolus and continued infusion at
2.0 mg/kg/hour. They found that the median serum con-
centration of lidocaine was 1.45 (0.98-1.88) pg/mL,
serum concentrations of lidocaine did not increase above

5 pg/mL, and no lidocaine related adverse effects were

observed. Therefore, the lidocaine dose in our study was
within a safe range.

The conclusions of this study were obtained in the context
of certain limitations. Firstly, we did not directly measure the
plasma concentrations of lidocaine. The lidocaine dose in our
study was based on those used in previous studies®® and on
results of relevant meta-analysis.*' However, all patients
were continuously monitored for 24 hours after surgery and
none showed evidence of lidocaine-related toxicity.
Secondly, previous studies explored different infusion dura-
tions and rates of lidocaine administration, mainly ranging
from the end of the surgery to 48 hours after operation and
from 1.0 mg/kg/hour to 3.0 mg/kg/hour, respectively.'®*' In
our study, only two doses of lidocaine were used and infusion
lasted up to the end of surgery. Therefore, the optimal dose of
lidocaine on acceleration of postoperative quality of recovery
remains to be further evaluated. Thirdly, patients were fol-
lowed up for only 3 days after the procedure and further
studies are needed to evaluate the effects of intravenous
lidocaine on long-term recovery. Fourthly, several recent
studies have effect of

4243

lidocaine; our study only focused on the anti-

reported the anti-tumoral
inflammatory and immune protective effects of lidocaine on
patients undergoing radical gastrectomy for gastric carci-
noma. Long-term prognosis including survival and mortality
rates remains to be investigated. Above all, this study has
shown that the higher dose lidocaine group experienced
a significantly accelerated improvement in postoperative
quality of recovery, while the differences in postoperative
quality of recovery between the two other groups were not
significant. Therefore, the combination of 1.5 mg/kg lido-
caine bolus followed by continuous infusion at 2.0 mg/kg/
hour is recommended for gastric cancer surgery to accelerate
postoperative recovery.

Conclusions

Systemic lidocaine may enhance postoperative recovery,
alleviate inflammation and immune suppression, and
accelerate the return of bowel function for patients under-
going laparoscopic radical gastrectomy, effects which are
worthy of clinical consideration.

Data Sharing Statement

The individual participant’s data underlying the results
reported in this article may be accessed with approval
from the corresponding author 6 months after publication
of this study. The study protocol, statistical analysis plan,
and clinical study report will also be made available.
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