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Purpose: To evaluate the effectiveness and safety of lidocaine on postoperative quality of
recovery and lung protection of patients undergoing thoracoscopic radical resection of lung cancer.
Patients and Methods: Seventy ASA II-III patients undergoing thoracoscopic radical
resection of lung cancer were randomly assigned into either the lidocaine group (Group L)
or control group (Group C). Patients in Group L received lidocaine with a 1.5 mg/kg bolus
before induction of anesthesia, followed by 2.0 mg/kg/h until the end of the operation while
the patients in Group C received volume-matched normal saline at the same rate. The main
outcome was the quality of recovery-40 score (QoR-40 score) at 24 h postoperatively. The
peak airway pressure (Ppeak) and plateau airway pressure (Pplat), the partial pressure of
oxygen in arterial blood (PaO,), partial pressure of carbon dioxide in arterial blood (PaCO,),
alveolar-arterial oxygen gradient (A-aDO2), oxygenation index (OI), time to first flatus and
defecation, intraoperative hemodynamics and opioid consumption were also recorded.
Results: There were no statistically difference at patients’ baseline characteristics. The QoR-
40 score of Group L was significantly higher than that of Group C at 24 h after surgery
(P=0.014). Ppeak, Pplat, and A-aDO, of Group L were significantly lower than those of
Group C (P<0.001, P<0.001, P=0.025, respectively) after the ventilation recovery of both
lungs, and the PaO, and OI of the Group L were significantly higher than those of Group
C (P=0.027, P=0.027, respectively). Time to first flatus and defecation in Group L was
significantly lower compared with Group C (P=0.037, P=0.025, respectively).

Conclusion: Intravenous lidocaine can improve the quality of recovery of patients under-
going thoracoscopic radical resection of lung cancer, while also providing lung protection,
favorable postoperative analgesia, a reduction in the time to first flatus and defecation after
surgery.

Keywords: lidocaine, quality of recovery, lung-protective effects, radical resection of lung

cancer

Introduction

At present, surgery is the main treatment option for early-stage lung cancer, as it
can prolong survival and improve the quality of life of patients. In recent years, the
progress in the pathophysiology of the perioperative period has shown that a variety
of factors such as pain, response to stress, organ dysfunction, nausea, vomiting,

intestinal obstruction, hypoxemia symptoms, and immobilization can lead to
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increased postoperative morbidity and prolongation of the
hospital stay and recovery period.! One lung ventilation
(OLV) is often required during thoracoscopic radical
resection of lung cancer, eventually leading to an imbal-
ance in the ventilation/blood flow and an increase in the
intrapulmonary shunt rate. OLV over 2 h can cause acute
lung injury.® Studies have shown that the intravenous use
of lidocaine in outpatient surgery® and laparoscopic bar-
iatric surgery® can significantly improve the quality of
postoperative recovery and reduce the consumption of
opioids in the perioperative period. Lidocaine is
a common clinical amide local anesthetic, with a wide
range of anti-inflammatory and analgesic effects. Animal
experiments have shown that lidocaine can reduce the
inflammatory response during surgery, increase lung com-
pliance, and relax airway smooth muscle, thereby playing
a role in lung protection.”® However, the role of lidocaine
in improving the quality of recovery and lung protection
effects in patients undergoing thoracoscopic radical resec-
tion of lung cancer is still unclear. This study intends to
explore the effect of intravenous use of lidocaine during
thoracoscopic radical resection of lung cancer on the
patients’  postoperative and lung

quality recovery

protection.

Patients and Methods

General Information

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 (XYFY2020-KL160-01) and was
registered at the Chinese Clinical Trial Registry
(ChiCTR1900026910). This study complies with the
Declaration of Helsinki and adheres to CONSORT guide-
lines. All patients and their families signed an informed
consent form. Between January 2020 and June 2020,
patients who underwent thoracoscopic radical resection
of lung cancer in the Department of Thoracic Surgery of
our hospital were evaluated for eligibility. In this study, the
types of operation include sleeve lobectomy, wedge
lobectomy resection, segment resection, and lobectomy,
while pneumonectomy was not included in the study. All
operations were performed by uniportal VATS according
to the different location of the tumor and the standardized
treatment according to the guidelines. The operation was
performed by Hao Zhang group, Department of Thoracic
Surgery, Affiliated Hospital of Xuzhou Medical

University. Two surgeons, Chief Physician Hao Zhang
and Attending Doctor Teng Sun, worked together to com-
plete more than 1000 thoracic surgeries. Residents are not
included. All male and female patients aged between 45
and 65 with an ASA grade II-1II, were included in the
study. The exclusion criteria were: a previous history of
other malignant tumors, it is impossible to determine
whether this lung cancer is primary; use of radiotherapy,
chemotherapy, anti-inflammatory drugs, analgesics, and
hormone drugs before surgery; tumor metastasis to other
organs; allergies to local anesthetics; liver dysfunction
(defined as serum total bilirubin > 2 mg/dl); renal dysfunc-
tion (defined as glomerular filtration rate < 90 mL/min/
1.73m?); sinus bradycardia; atrioventricular block of more
than a second degree; chronic pain; mental illness, com-
munication disorder; refusal to receive lidocaine infusion.
Patients were excluded from the analysis if the: surgery
was canceled; converted to thoracotomy; if local anes-
thetic poisoning or adverse reactions occurred during sur-
gery; if they were admitted to the intensive care unit (ICU)
following surgery; surgery took more than 6 h and if
intraoperative blood transfusion was required. The eligible
patients were randomly divided into Group L and Group
C by a computer-generated random allocation sequence
(1:1). The patients in Group L were given a lidocaine
bolus of 1.5 mg/kg before induction anesthesia which
was then maintained at a rate of 2.0 mg/kg/h until the
end of the operation. The patients in Group C were
injected using a load and pump with an equal volume of
normal saline. The grouping information was kept in
a sealed envelope by a nurse who did not participate in
the experiment. Patients, anesthesiologists, and surgeons
were blinded in the grouping of the experiment. After the
patient entered the operating room, another anesthesiolo-
gist opened the sealed envelope and prepared related drugs
according to the assigned patient group. The anesthesiolo-
gist did not participate in the follow-up data collection and
data analysis. The data were then analyzed by a statistician
who was not aware of the assigned patient group.

Anesthesia Protocol

After the patient entered the room, ECG, BP, SpO,, and
PErCO, were routinely monitored, and the contralateral
upper extremity venous access was opened. The contral-
ateral radial artery was punctured and catheterized under
local anesthesia (heparin anticoagulation is retained the
blood samples are collected and arterial invasive blood
pressure is monitored). The Anesthesia index (AI) was
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used to monitor the depth of anesthesia, and the TOF was
used to monitor the degree of muscle relaxation.
Anesthesia induction consisted of an intravenous injection
of midazolam 0.06 mg/kg, sufentanil 0.5 pg/kg, etomidate
0.3 mg/kg, cisatracurium besylate 0.15 mg/kg and remi-
fentanil 1 pg/kg. When the TOF value dropped to zero, an
F37 or F35 double-lumen bronchial tube was inserted
through the mouth using a fiberoptic bronchoscope posi-
tioning for males and females, respectively, but the speci-
fic size of double-lumen bronchial tube is adjusted
according to the actual situation of patients. After tracheal
intubation, mechanical ventilation was performed. Inhaled
oxygen concentration was maintained at 60% and oxygen
flow at 2 L/min, V16-8 mL/kg, RR 10-14 times/min,
inhalation—expiration ratio 1:2, RR 12-16 times/min in
OLV. Other ventilation parameters remained unchanged
and PgrCO, 3545 mmHg.
Maintenance of anesthesia was achieved via an intrave-

was maintained at
nous pump injection of propofol 4-12 mg/kg/h, remifen-
tanil 0.2-0.3 pg/kg/h, and cisatracurium 0.06-0.12 mg/kg/
h. The propofol infusion rate was adjusted to maintain the
depth of anesthesia index value between 40 and 60 and to
maintain the heart rate (HR) and mean arterial pressure
(MAP) fluctuation range within 20% of the baseline value.
Intraoperative intravenous infusion of Sodium Potassium
Magnesium Calcium and Glucose Injection which con-
sisted of crystalloid solution (multiple electrolytes of
sodium, potassium, magnesium, calcium, glucose) and
succinyl gelatin in a volume ratio of 2:1. Propofol was
stopped 5 min before the end of the operation. Intravenous
atropine injection of 0.25-0.50 mg was given while intrao-
perative HR was below 50 beats/min, and esmolol
10-20 mg was administered when the HR was higher
than 100 beats/min. When MAP exceeded 20% of the
baseline, if Al was higher than 60, propofol infusion rate
should be increased to maintain Al at 40-60. If Al is
between 40 and 60, MAP is still 20% higher than the
baseline, a remifentanil bolus of 0.5 pg/kg is given every
2 min to deepen the depth of anesthesia and maintain
hemodynamic stability. To avoid the inhibition of hypoxic
pulmonary vasoconstriction by sevoflurane, induction, and
maintenance should avoid the use of sevoflurane. If this
was not sufficient to control MAP, intravenous urapidil
15-25 mg was administered. Conversely, an intravenous
injection of ephedrine 3—6 mg or phenylephrine 40-80 pg
was administered if MAP was reduced by more than 20%
of the preoperative level.

Arterial blood samples were collected intermittently
during the operation for blood gas analysis to maintain
a stable internal environment. When hypoxemia (SpO, <
90%) occurred during the operation, fiberoptic broncho-
scopy was performed to confirm that the double-lumen
endotracheal tube was well aligned. If there was no
in the
expiratory pressure ventilation, and other measures, double

improvement sputum suction, positive end-
lung ventilation was performed and the occurrence of

hypoxemia was recorded during the operation.

Postoperative patient-controlled intravenous analgesia
(PCA) was performed with drug formulations (sufentanil
2 ng/kg, dezocine 10 mg, tropisetron 10 mg, normal saline
diluted to 100 mL) using a set lock time of 15 min,
a background infusion dose to 2 mL/h, and the PCA was
set at 0.5 mL of/times to maintain the visual analogue
scale (VAS) below or equal to 3 points. Cisatracurium
was stopped before the end of the operation. All narcotic
drugs were also stopped at the end of the operation, and
the patient was taken to post-anesthesia care unit (PACU)
with a tube. More precisely, neostigmine 0.04—0.07 mg/kg
was given when the second twitch response (T2) of TOF
spontaneously recovered, and the maximum dose was
5 mg. Atropine and neostigmine were injected slowly
with the same syringe, atropine dose was generally half
of neostigmine, and the depth of muscle relaxation was
continuously monitored in the process. When the con-
sciousness, cough, and swallowing reflex of the patient
were recovered, the head was lifted from the bed surface
for 5 s, the tidal volume was more than 5 mL/kg, TOF
ratio (T4/T1) was >0.9 and the respiratory rate was less
than 20 times/min, patient was extubated and after a 30-

min observation, the patient was sent back to the ward.

Primary and Secondary Outcomes

Primary Outcome Measure

The primary outcome measure of this study was the QoR-
40 score. This was measured 24 h after surgery using the
QoR-40 questionnaire. The questionnaire consists of 40
questions assessing 5 aspects of the patient’s recovery
including the degree of physical comfort, pain, physical
independence, psychological support, and emotional state.
Each domain is quantified using a 5-point rating scale
whereby 1 indicates never, 2 sometimes, 3 frequently, 4
most, and 5 always. The QoR-40 score ranges from 40 to
200, with 200 being the best and 40 being the worst. All
patients assessment 24

received the questionnaire

h postoperatively.
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Secondary Outcomes Measures

One milliliter of radial artery blood was collected for
arterial blood gas analysis. The respiratory mechanics’
indexes including Ppeak, Pplat, pulmonary dynamic com-
pliance (Cdyn), and pulmonary static compliance (Cst). A-
aDO, and OI were recorded at 4 different time points:
intubation (T1), 30 min OLV (T2), 60 min OLV (T3), and
following the recovery of the ventilation of both lungs for
20 min (T4). The consumption of opioids during the
perioperative period and the consumption of remedial
analgesics (including NSAIDs) within 24 h after the opera-
tion were recorded.

Safety Evaluation

The safety evaluation included an analysis of the hemody-
namic changes at each time point during the operation.
The incidence of postoperative adverse reactions, includ-
ing nausea, vomiting, postoperative shivering, and hypox-
emia, and the recovery time for gastrointestinal function
after surgery, including the time to first exhaust and defe-
cation, were also evaluated.

Sample Size Calculation

This study design involved a parallel randomized con-
trolled study, whereby the QoR-40 score was compared
between the intervention Group L and the control Group
C. According to previous literature reports, an average
increase of 10 points in the total QoR-40 scores indicates
that the quality of clinical recovery has improved. On this
basis, we assumed that the QoR-40 score of Group L was
higher than that of Group C at 24
h postoperatively, with a standard deviation of 13, a of

10 points

0.05, and B of 0.2. Assuming a 20% patient dropout rate,
we calculated that a sample size of 35 patients per group is
required. Seventy patients were finally included (n=70).

Statistical Analysis

SPSS statistical software (version 25.0; SPSS Inc., IBM,
Chicago, IL, USA) was used for statistical data analysis;
The measurement data used the Shapiro—Wilk test to
determine the normality of the data distribution, and the
Levene method was used to test the homogeneity of var-
iance. The measurement data that meet the normal distri-
bution were expressed as the mean+ standard deviation (X+
s) or represented by the median (M) and the interquartile
range (IQR) which meets the non-normal distribution;
When the data were normally distributed and homogeneity

of variance, two independent sample ¢-tests were used for
comparison between groups, and repeated measures ana-
lysis of variance was used for different time points within
the group. Mann—Whitney U-test was used for non-
normally distributed data; Using chi-square test or Fisher
exact probability method for counting data; P < 0.05
considered the difference to be statistically significant.

Results

A total of 98 patients were screened to participate in the
trial, of which 20 were excluded. Three of these patients
were excluded as they were treated with aspirin for a long
time, and another 4 patients were excluded as they suf-
fered from sinus bradycardia. After being enrolled, 8 more
patients were excluded. Two of these patients were
excluded as they were treated with aspirin for a long
time, and 1 patient was excluded as newly discovered
sinus bradycardia. Thirty-five people were randomly
assigned to each group. In Group L, two cases were
admitted to ICU after the operation, and one case was
converted to thoracotomy during operation. One case in
Group C was admitted to ICU after the operation, and one
case was converted to thoracotomy during operation.
Using intention-to-treat, a total of 70 cases were finally
included for statistical analysis (Figure 1).

There was no statistically significant difference in the
patient characteristics including gender, age, height,
weight, body mass index (BMI), ASA classification,
anesthesia time, operation time, tidal volume, FEV,
/FVC, total lung volume, diabetes mellitus, hypertension,
obstructive sleep apnea-hypopnea syndrome (OSAHS),
and other general conditions between the two groups
(Table 1).

Compared with Group C, the overall QoR-40 score of
Group L increased significantly at 24 h postoperatively,
and the difference was statistically significant (P=0.014).
When analyzing each questionnaire domain, a statistically
significant higher improvement in Group L was noted for
the physical comfort, physical independence, and pain at
24 h after surgery when compared with Group
C (P=0.026; P=0.039; P=0.041, respectively) (Table 2).

The PaO,, PaCO,, A-aDO,, OI, Ppeak, Pplat, Cst,
Cdyn of the two groups at T1-T3 were not statistically
significant. Compared with Group C, PaO,, and OI of
T4 (P=0.027,
P=0.027, respectively). Compared with Group C, Ppeak,

Group L increased significantly at

Pplat and A-aDO, of Group L decreased significantly at
T4 (P<0.001, P<0.001, P=0.025, respectively) (Table 3).
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98 Screened prior to
eligibility assessment

20 Excluded
3 Declinded for long term use of aspirin

4 Declinded for Sinus bradycardia
13 Declinded for other reasons

78 Assessed for eligibility

8 Excluded

Enrolled

2 Long term use of aspirin

1 Sinus bradycardia
5 Declinded to participate

70 Randomised

l

Allocation

35 Allocated to Group L
35 Received allocated intervention

35 Allocated to Group C
35 Received allocated intervention

l Follow up

3 Protocol Violations
2 Admitted to ICU after surgery
1 Converted to thoracotomy

2 Protocol Violations
I Admitted to ICU after surgery
1 Converted to thoracotomy

Analysis

35 Analysed intention-to-treat
32 Analysed per protocol
3 Excluded from analysis

35 Analysed intention-to-treat
33 Analysed per protocol
2 Excluded from analysis

Figure | CONSORT flow diagram with study overview and recruitment profile.
Notes: Group L, lidocaine group; Group C, control group.

Abbreviations: CONSORT, Consolidated Standards for Reporting of Trials; ICU, intensive care unit.

The hemodynamics of the two groups of patients was
not statistically significant at T1-T4 (Figure 2).

Compared with Group C, the intraoperative consump-
tion of remifentanil and postoperative consumption of
sufentanil in Group L was significantly reduced
(P<0.001, P=0.046, respectively). Compared with Group
C, the time to flatus and defecation after the operation was
significantly shorter in Group L (P=0.037, P=0.025,
respectively) (Table 4).

The incidence of postoperative hypoxemia, PONV, and
postoperative shivering in the two groups was not statisti-
cally significant. Compared with Group C, the number of
patients using remedial analgesics in group L was signifi-
cantly lower compared with Group C (P=0.045) (Table 5).

Discussion

The QoR-40 questionnaire is a reliable multi-dimensional
assessment tool used to assess the patient’s health status
after surgery and anesthesia. Several studies have shown
that the QoR-40 questionnaire can be used to assess the

postoperative quality of recovery. Currently, there is no
“gold standard” for postoperative analgesia after thoracic
surgery, and perioperative multimodal analgesia is the
recommended method for enhanced recovery after surgery
(ERAS).® Inadequate postoperative analgesia may cause
severe postoperative pain, stress, circulatory, and respira-
tory dysfunction, increase the risk of developing perio-
perative complications, and directly affect the patient’s
emotional state and daily life. The pain can become
chronic and affects the quality and outcome of the post-
operative recovery of patients. This study found that the
use of intraoperative intravenous lidocaine can signifi-
cantly improve the quality of the patients’ postoperative
recovery as shown by the improvement in the total QoR-
40 score particularly in the three sub-aspects of physical
comfort, physical independence, and pain. Furthermore,
the application of lidocaine significantly reduced the con-
sumption of opioids in the operation, shortened the time of
first flatus and defecation after the operation, reduced the
use of remedial analgesia, and accelerated the recovery of

Drug Design, Development and Therapy 2021:15
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Table | Comparison of General Information of the Two Groups
of Patients (n=70)

Group C Group L P
Gender (M/F) 13122 16/19 0.467
Age (yr) 57.20+5.75 58.09+5.20 0.502
Height(m) 1.63+0.07 1.64+0.08 0.580
Body weight (kg) 63.09+9.17 65.34+10.48 0.340
BMI (kg/m?) 23.72+3.40 24.08+2.86 0.633
ASA (lI71) 28/7 29/6 0.467
Anesthesia time (min) 198.00+36.63 190.86+34.83 0.920
Operation time (min) 168.11+33.50 161.26+32.40 0.786
VT (L) 0.64+0.09 0.66+0.09 0.906
FEVI/FVC (%) 0.78(0.73-0.79) | 0.80(0.75-0.81) | 0.215
TLC (L) 5.24%1.13 5.09+06 0.578
DM 30/5 3213 0.710
Hypertension 26/9 28/7 0.569
OSAHS 1/34 1/34 0.754

Notes: Data are presented as mean + SD or numbers (%). Group C= the control
group, Group L= the lidocaine group.

Abbreviations: BMI, body mass index; ASA, American Society of
Anesthesiologists; VT, tidal volume; FEVI, forced expiratory volume in the
first second; FVC, forced vital capacity; TLC, total lung capacity; DM, diabetes
mellitus; OSAHS, obstructive sleep apnea-hypopnea syndrome.

Table 2 QoR-40 Score (n=70)

Group C Group L P
Physical 49(48.40—49.55) 51(50.40-51.48) 0.026
comfort
Physical 15(15.04-15.81) 17(16.19-17.12) 0.039
independence
Emotional 36(35.21-36.11) 37(36,21-37.11) 0.215
state
Psychological 33(32.33-33.04) 33(32.44-3341) 0.337
support
Pain 30(29.59-30.41) 33(32.59-33.41) 0.041
Total 163(161.58-163.90) | 170(168.90-171.16) | 0.014

Notes: Data are presented as median (interquartile range). Group C= the control
group, Group L= the lidocaine group.

gastrointestinal function. However, the influence of lido-
caine on the quality of recovery and the analgesic effect is
still controversial for different surgical methods. Previous,
studies have shown that the use of lidocaine during surgery

can significantly relieve postoperative pain, especially in
open or laparoscopic abdominal surgery. Cui’ applied
lidocaine in thoracic surgery and found that the pain
score of patients was significantly reduced 24 h after sur-
gery. Lidocaine was also used in thyroid surgery,'® but the
acute postoperative pain and the quality of postoperative
recovery did not improve. Martin'" reported that the use of
intravenous lidocaine in total hip replacement surgery did
not result in a significant reduction in the use of opioids
and postoperative pain scores within 24 h. The variation
between these studies may be related to the surgical site
and the dose of lidocaine applied during the operation.
Abdominal surgery and thoracic surgery lead to different
levels of visceral damage, while thyroid surgery and total
hip replacement surgery are inflicting mostly physical
pain. This may be because lidocaine is better at relieving
visceral pain than physical pain.

Damage to organs such as pleura and lung tissue can put
the body in a state of stress, and excessive stress response
seriously affects the prognosis of patients. During intrao-
perative OLV, airway pressure increases, lung compliance
decreases, and the non-ventilated lung completely collapses,
while still receiving part of the cardiac output from the right
ventricle, resulting in an intrapulmonary shunt. Although
the ventilation volume and pulmonary blood flow of the
ventilated lung are increased, the V,/Q ratio cannot be
completely normalized. In OLV, the intrapulmonary shunt
flow can reach 20-40%."” Increased intrapulmonary shunt
rate leads to pulmonary venous blood adulteration, which
can produce hypoxemia. The results of this test showed that
the PO, and OI of the L group were significantly increased
after the patient resumed bilateral lung ventilation for 20
min, and A-aDO,, Ppeak, and Pplat were significantly
reduced. A-aDO, and OI had a good correlation with the
intrapulmonary shunt rate, suggesting that lidocaine reduces
the shunt rate in the lungs to a certain extent. Various
mechanisms have been proposed on how lidocaine can
reduce lung damage. In an animal study,'® it was demon-
strated that lidocaine can play a lung-protective effect by
reducing endothelial cell damage caused by the inflamma-
tory response, while also reducing the expression of adhe-
sion molecules, and shedding enzymes. Another study
showed® that lidocaine can reduce lung injury caused by
ischemia/reperfusion injury.

Ho' found that after a bolus of 1.5 mg/kg with 1.0 mg/kg/
h continuous infusion of lidocaine for 48 h, the average plasma
concentration of lidocaine was 1.6 pg/mL. El-Tahan'> found
that after receiving a bolus 1.5 mg/kg before induction of
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Table 3 Comparison of the Respiratory Index and Respiratory Mechanics Parameters Between the Two Groups of Patients (n=70)

TI ™ T3 T4

P20, Group C 398.01£70.78 171.64£81.70 183.36£78.46 402.2+77.72
(mmHg) Group L 416.61+77.85 192.60£89.87 205.49+86.30 446.24+85.50

P 0299 0311 0266 0.027
PaCO, Group C 39.09+8.23 39.01+2.80 38.31£1.69 38.92+2.24
(mmHg) Group L 39.95+3.01 39.87+2.93 39.13+1.78 39.772.35

P 0229 0216 0.053 0.128
A-aDO, Group C 265.14271.61 491.61181.36 480.77+77.81 261.14478.18
(mmHg) Group L 220.45+78.71 469.56+89.52 457.60885.62 216.06+85.97

P 0278 0.285 0.240 0.025
ol Group C 398.01+70.78 171.64£81.70 183.36+78.46 402.2+77.72
(mmHg) Group L 441.61+77.85 192.60+89.87 205.49+86.30 446.24185.50

P 0299 0311 0.266 0.027
Ppeak Group C 15(14.04—15.68) 23(21.99-24.12) 23(22.95-24.77) 18(16.69—17.46)
(cmH,0) Group L 17(16.19-17.87) 23(22.67-24.70) 22(20.95-24.96) 15(14.23-17.12)

P 0.067 0389 0.208 <0.001
Pplat Group C 15.00(12.96—14.64) 22(20.89-22.94) 22(20.60-22.72) 17(12.75-13.94)
(cmH,0) Group L 16(15.15-16.96) 21(20.90-23.70) 23(21.70-23.56) 16(14.73-16.47)

P 0.075 0.191 0.166 <0.001
Cst Group C 45.6£15.52 24.34%5.75 24.89+3.81 48711658
(mL/cmH,0) | Group L 37.51%12.04 22.37+4.64 22.66+4.6 39.03+13.76

P 0.058 0.119 0.093 0.057
Cdyn Group C 40.11£12.22 22.89+5.38 22.7445.25 42.29+11.54
(mL/cmH,0) | Group L 36.0619.54 21.40+4.41 21.09+4.05 37.099.52

P 0.054 0211 0.144 0.066

Notes: The data are presented as means + SD or median (interquartile range). Group C= the control group, Group L= the lidocaine group.
Abbreviations: PaO,, partial pressure of oxygen in arterial blood; PaCO,, partial pressure of carbon dioxide in arterial blood; A-aDO,, alveolar-arterial oxygen gradient;
Ol, oxygenation index; Ppeak, peak airway pressure; Pplat, plateau airway pressure; Cst, static lung compliance; Cdyn, dynamic lung compliance.

anesthesia in patients undergoing cesarean section, 1.5 mg/kg/
h was continuously pumped with lidocaine, and the blood
concentration rises to (2.05+0.42) pg/mL; Sahmeddini'® with
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Figure 2 Comparison of intraoperative hemodynamics between the two groups.
Notes: Group L, lidocaine group; Group C, control group.

Abbreviations: T1, intubation; T2, 30 min after OLV; T3, 60 min after OLV; T4, 20
min after the recovery of the ventilation of both lungs.

a bolus of 1.5 mg/kg followed by continuous infusion of
lidocaine at 2.0 mg/kg/h until the end of the operation, the
blood concentration of lidocaine is 1.0-2.0 pg/mL during the
entire operation period. The currently recommended regimen
for intravenous application of lidocaine is 1.0-2.0 mg/kg for
continuous infusion after a bolus of 1.0-2.0 mg/kg/h. At this
time, the blood concentration of lidocaine was far lower than
the concentration of 5.0 pg/mL that produces toxic reactions
and is therefore considered to be safe.'” During this trial, none
of the patients had lidocaine-related adverse events.
Furthermore, in this trial, there was no significant difference
in the hemodynamics between the two groups of patients at
various time points, which would not significantly affect the
patient’s intraoperative hemodynamics. Therefore, this dose of
lidocaine can be safely used in ordinary patients.

There are still some limitations to this trial. This trial
only included patients between 45 and 65 years of age, and
the incidence of lung cancer is gradually becoming
“younger”. The sample size was small, and therefore
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Table 4 Perioperative Data of the Two Groups of Patients (n=70)

Group C Group L P
Intraoperative consumption of remifentanil (mg) 1.87+0.44 1.29+0.28 <0.001
Postoperative consumption of sufentanil (jig) 40(36.58—40.45) 40 (36.77-40.89) 0.046
Intraoperative consumption of propofol (mg) 943.61247.13 988+198.35 0.168
Time to first flatus (h) 18.8+3.5 12.3+1.5 0.037
Time to first defecation (h) 28.7+4.7 22.3+3.2 0.025

Notes: The data are presented as the means + SD or the medians (interquartile ranges). Group C= the control group, Group L= the lidocaine group.

Table 5 Comparative Examples of Postoperative Remedial PDjisclosure

Analgesics and Adverse Reactions Between the Two Groups of
Patients [n (%)]

The authors report no conflicts of interest in this work.

Group C Group L P
Remedial analgesics 9 (25.7) 2 (6.7) 0.045
PONV 13 (37.1) 9 (25.7) 0.303
Postoperative shivering 6 (17.1) 5(14.3) 0.743
Hypoxemia 7 (20.0) 4 (11.4) 0513

Notes: The data are presented as n (%). PONV, postoperative nausea, and vomit-
ing. Group C= the control group, Group L= the lidocaine group.

a multi-center, large-sample prospective randomized con-
trolled clinical trial is required to confirm the result.
Moreover, this trial did not explore the dose—effect rela-
tionship between lidocaine and postoperative recovery
quality and lung protection.

Conclusion

Our study suggested that lidocaine can improve the quality
of postoperative recovery in patients undergoing thoraco-
scopic radical resection of lung cancer, provides a lung
protection effect, improves the postoperative analgesia,
reduces the application of opioids during the operation,
and promotes the recovery of gastrointestinal function of
patients. It can therefore be used in clinical practice.

Data Sharing Statement
The individual participant’s data that underlying the results
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tion. The study protocol, statistical analysis plan and clin-
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