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Purpose: We investigated the effects of intraoperative intravenous lidocaine or dexmedetomidine infusion on inflammatory factors 
and cognitive function in patients undergoing thoracoscopic surgery.
Patients and Methods: Patients aged >65 years undergoing elective thoracoscopic lobectomy or segmentectomy were randomly 
grouped as dexmedetomidine group (group D), lidocaine group (group L), and control group (group C). The plasma cortisol, 
interleukin-6, and tumor necrosis factor-α concentrations were measured before anesthesia (T0) and immediately (T1), 24 h (T2), 
and 48 h postoperatively (T3). Postoperative delirium (POD) was assessed by 3D-CAM on days 2 and 7.
Results: The cortisol concentrations decreased for all groups at T1 from T0 although they were significantly higher at T2. Group L had 
significantly lower interleukin-6 concentrations at T1 and T2 than the other groups (P<0.05). The interleukin-6 concentrations were 
significantly higher at T1, T2, and T3 than at T0 for all the groups, significantly lower for groups D and L than for group C at T1 and T2 
(P<0.05), and significantly lower for group L than for group D at T2 (P<0.05). The tumor necrosis factor-α concentrations were significantly 
higher at T1, T2, and T3 than at T0 for all the groups and significantly lower for groups D and L than for group C at T1 and T2 (P<0.05), 
although they were not statistically significantly different for groups D and L. There were no statistically significant differences in the 
postoperative incidence of POD between the three groups on days 2 and day 7.
Conclusion: Intraoperative continuous intravenous lidocaine or dexmedetomidine infusion reduced surgical stress and inflammatory 
responses. The inhibitory effect of lidocaine on surgical stress remained significant for up to 24 h postoperatively without affecting 
patient awakening. However, the administration of either drug failed to prevent postoperative POD.
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Plain Language Summary
Intravenous infusion dexmedetomidine or lidocaine in the elderly in thoracic surgery can help patients recovery, but there is no definite 
evidence for improving postoperative cognitive function.
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Introduction
Thoracoscopic lobectomy or segmentectomy is the primary treatment option for lung tumors.1 Thoracoscopic surgery 
is advantageous over traditional thoracotomy because it is less invasive and less painful, which helps accelerate 
postoperative recovery.2,3 Although thoracoscopic surgery is less invasive than thoracotomy, acute intraoperative 
inflammation and potentially harmful alveolar mechanical stress due to one-lung ventilation (OLV) can lead to the 
release of pro-inflammatory cytokines. This can cause inflammation and immunosuppression, affect postoperative 
recovery, and even lead to postoperative delirium (POD).4,5

POD occurs within 7 days postoperatively and is a common but severe cerebral complication. Some research has 
shown that the incidence of POD after major surgery is approximately 20–40% in the adults older than 60 years.6 Current 
theories on the induction of POD include anesthesia-, surgery- and patient-related factors and the inflammatory state. In 
addition to reducing trauma and providing multimodal analgesia, various drugs are also used during the perioperative 
period to improve inflammation.

Lidocaine is a commonly used local amide anesthetic with analgesic, anti-inflammatory, and anti-hyperalgesic 
properties and can serve as a prophylactic analgesic during surgery.7 Previous studies have shown that intravenous 
lidocaine inhibits pulmonary inflammation and apoptosis and reduces ventilation-related lung injury due to OLV by 
reducing local and systemic tumor necrosis factor (TNF)-α expression; it also reduces the inflammatory response by 
inhibiting high-mobility group box 1 and nuclear factor-kappa B expression.8,9 However, the efficacy of lidocaine in 
reducing POD among older patients lacks empirical support, and the results of two ongoing randomized controlled trials 
are awaited.10,11 Dexmedetomidine is an α2-adrenoceptor agonist with sedative, analgesic, sympatholytic, and hemody-
namic stabilizing properties, and recent studies have shown that intravenous infusion of dexmedetomidine can exert anti- 
inflammatory effects. However, its ability to reduce POD has not been established.12 Duan conducted a meta-analysis of 
18 clinical trials and found that intraoperative and postoperative dexmedetomidine administration significantly reduced 
the risk of POD (c). However, some studies have reported otherwise.13

This study aimed to investigate the effects of intravenous lidocaine and dexmedetomidine on inflammatory response 
and POD in older patients undergoing thoracoscopic surgery.

Materials and Methods
This study was registered in the Chinese Clinical Registry (ChiCTR2000039478) and approved by the ethics committee of the 
First Hospital of Chongqing Medical University (approval no. 2020–586) in accordance with the tenets of the Declaration of 
Helsinki. Informed consent was signed by patients and their family members. Ninety older patients were enrolled (regardless 
of sex) to undergo elective unilateral thoracoscopic lobectomy in the morning from May 1, 2020, to February 10, 2022. They 
were aged 65–75 years, weighed 48–72 kg, and had American Society of Anesthesiologists grade II or III and New York Heart 
Association grade I or II. The exclusion criteria were as follows: (1) sinus bradycardia or atrioventricular block; (2) local 
allergy to anesthetics; (3) previous use of immunosuppressants and recent chemoradiotherapy; (4) current use of nonsteroidal 
anti-inflammatory drugs or steroids, angiotensin converting enzyme inhibitors, or bronchodilators; (5) liver and kidney 
insufficiency; (7) epilepsy and associated mental and cognitive dysfunction, long-term stress stimulation, or psychological 
disorders; and (8) history of alcoholism, analgesic drug dependence, and long-term use of sedatives.

The patients were divided into three groups (n=30 each) using random numbers generated by a computer: control 
group receiving conventional general anesthesia (group C), group receiving lidocaine treatment combined with general 
anesthesia (group L), and group receiving dexmedetomidine treatment combined with general anesthesia (group D). The 
results of the grouping will follow the patient to the operating room in a sealed envelope. Specialized researchers select 
drugs based on grouping results, but the anesthesiologists in the operating room did not know the grouping of patients.

The electrocardiograms, heart rates (HRs), and oxygen saturation (SPO2) of all the patients were monitored on 
admission. Invasive arterial blood pressure was monitored using radial artery puncture and catheterization. Anesthesia 
was induced by infusion of 0.01–0.03 mg·kg−1 midazolam, 0.2–0.4 μg·kg−1 sufentanil, 1–2 mg·kg−1 propofol, and 
0.6 mg·kg−1 rocuronium via peripheral intravenous access. After double-lumen tracheal intubation, the anesthesia 
machine was connected for mechanical ventilation with a tidal volume of 6 mL/kg, respiratory rate of 14–16 breaths/ 
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min, inspiratory-expiratory ratio of 1:2, and end-expiratory carbon dioxide partial pressure of 35–45 mmHg. A single- 
lumen central venous catheter was placed in the right internal jugular vein to monitor central venous pressure (CVP).

For anesthesia maintenance, 1–1.3 minimum alveolar concentration sevoflurane was administered intraoperatively. 
Rocuronium bromide (0.3 mg·kg−1) was intermittently injected intravenously, and sufentanil (0.1–0.3 μg·kg−1) was 
intravenously injected before skin incision, during surgery, and before chest cavity closure according to the condition of 
the patient. The index of consciousness (IoC), an anesthesia depth-monitoring indicator, was monitored intraoperatively: 
IoC1 (40–50) and IoC2 (30–50). Lactated Ringer’s solution and hydroxyethyl starch were intraoperatively infused to 
maintain CVP at 6–10 cm H2O. In group L, 1.0 mg·kg−1·h−1 lidocaine was infused intravenously at the induction of 
anesthesia for 10 min, followed by continuous infusion at a rate of 1.0 mg·kg−1·h−1 until end of surgery. (kg: ideal body 
weight). In group D, 1.0 μg·kg−1·h−1 dexmedetomidine was infused intravenously at the induction of anesthesia for 10 
min, followed by continuous infusion at a rate of 0.5 μg·kg−1·h−1 (kg: ideal body weight). In group C, 0.2mL·kg−1·h−1 

saline was infused intravenously from the beginning of anesthesia induction until end of surgery. The study staff 
performed drug pumping, and grouping information was delivered via a sealed envelope after the patients were admitted 
to the room.

During surgery, an appropriate amount of atropine was administered intravenously if the HR was ≤50 beats/min, and 
intraoperative hypotension was managed with ephedrine (5–10 mg) or phenylephrine (30–50 μg); all were administered 
by the same experienced anesthesiologist blinded to the grouping. All patients were sent to the emergency room for 
tracheal extubation. An intravenous analgesia pump (4 μg·kg−1 sufentanil + 40 mg azathioprine/200 mL normal saline) 
was used with no background dose, a 2 mL bolus, and a 15 min locking time.

Central venous blood samples were collected before the induction of anesthesia (T0), immediately after surgery (T1), 
and at 24 h (T2) and 48 h postoperatively (T3) by the same physician blinded to the grouping.

The primary outcome were plasma cortisol, interleukin (IL)-6, and TNF-α concentrations which measured using 
immunoluminescence. The secondary outcome were delirium assessment at the ward that performed postoperatively 
(days 2 and 7), twice a day (08:00 and 20:00), using the 3D-CAM by our trained study staff and the occurrence of 
intraoperative hypoxemia (SPO2<90%), postoperative extubation time, incidence of nausea and vomiting over post-
operative 24 h, and number of analgesic pump compressions.

The normally distributed variables (height, weight, blood loss, operative duration, postoperative extubation time, 
intraoperative sufentanil use, IL-6 level, cortisol level and TNF-α level) were expressed as means±standard deviations (x 
±s) and analyzed using one-way analysis of variance (ANOVA). Inflammatory factor indicators were analyzed using 
repeated-measures ANOVA. The measurement data of the groups that did not conform to a normal distribution (number 
of analgesic pump compressions) were expressed as medians (interquartile ranges) and compared using the Kruskal– 
Wallis H-test. Post hoc multiple comparisons were performed using the Mann–Whitney U-test and Bonferroni correction. 
Count data (incidence rate of POD and hypoxemia and incidence rate of postoperative nausea and vomiting) were 
expressed as number (percentages %) and compared using the Fisher’s exact test. All statistical analyses were performed 
using SPSS software (version 21.0; IBM Corporation, Armonk, NY, USA), with P<0.05 indicating statistical 
significance.

The sample size was calculated according to a pilot study.14 To evaluate the reduction in serum cortisol concentrations 
following video-assisted thoracoscopic surgery procedures by 20% difference in the post anesthesia care unit discharge 
time at a significance level of 0.05 and power of 0.8, a minimum of 27 patients were required in each group. To account 
for possible dropouts at a rate of 10%, 30 patients were recruited for this randomized study.

Results
A total of 90 patients were included in this study and randomly divided into three groups (C, D, and L). One patient in 
group D was excluded since he refused to be interviewed postoperatively (Figure 1). There were no significant inter- 
group differences in the general condition, duration of surgery, and intraoperative blood loss (Table 1).

Figure 2 shows that the cortisol concentrations decreased for all three groups at T1, compared with those at T0, 
although they increased significantly at T2. At T1 and T2, group L had significantly lower cortisol concentrations than 
group D (T1: 176.17±24.2 vs 201.32±30.5 nmol/L, P=0.0487; T2: 324.33±17.2 vs 388.21±17.4 nmol/L, P=0.0005 and 
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group C (T1: 176.17±24.2 vs 220.65±35.7 nmol/L, P=0.0007; T2: 324.33±17.2 vs 398.43±22.1 nmol/L, P<0.0001). The 
IL-6 concentrations were significantly higher for all three groups at T1, T2, and T3 than at T0, significantly lower for 
groups D and L than that for group C at T1 and T2 (DT1: 50.24±6.7 vs 74.92+9.8 pg/mL, P<0.0001; DT2: 42.56±5.2 vs 
48.46±6.4 pg/mL, P=0.0008; LT1: 48.58±6.1 vs 74.92±9.8 pg/mL, P<0.0001; LT2: 33.21±5.0 vs 48.46±6.4 pg/mL, 
P<0.0001), and significantly lower for group L than that for group D at T2 (33.21±5.0 vs 42.56±5.2 pg/mL, P<0.0001; 
Figure 3). The TNF-α concentrations were significantly higher for all three groups at T1, T2, and T3 than that at T0, and 

Figure 1 CONSORT flow diagram showing the number of patients at each phase of the study.
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they were significantly lower for both groups D and L than that for group C at T1 and T2 (DT1: 23.56±4.12 vs 30.32 
±4.89 pg/mL, P<0.0001; DT2: 16.33±2.98 vs 23.24±3.67 pg/mL, P<0.0001; LT1: 20.18±3.26 vs 30.32±4.89 pg/mL, 
P<0.0001.; LT2: 14.67±2.61 vs 23.24±3.67 pg/mL, P<0.0001). Moreover, the TNF-α concentrations were significantly 
higher for group D than that for group L at T1 (23.56±4.12 vs 20.18±3.26 pg/mL, P=0.0014) (Figure 4).

The incidence of POD in groups D and L were lower than those in group C 2 days after surgery, but there was no 
statistical significance (D: relative risk: 2.057, 95% CI [0.645 to 6.50], P=0.360; C: relative risk: 2.175, 95% CI [0.80 to 
6.15], P=0.209). There was no statistical significance in the incidence of POD in the three groups at 7 days after surgery. 
Intraoperative sufentanil use was significantly lower for group L than that for groups C (35.6±4.6 vs 40.5±5.3 μg, 
P=0.0009) and D (35.6±4.6 vs 38.9±5.2 μg, P=0.034). However, there was no statistical difference between the three 
groups in the number of analgesic pump boluses at 24 h postoperatively and the incidence of intraoperative hypoxemia 
and analgesic remedies. The incidence of postoperative nausea and vomiting was lower for groups L than that for group 
C (L: 16.7 vs 43.3%, P=0.047). The postoperative duration of extubation was significantly longer for group D than that 
for groups C (16.8±4.6 min vs 12.4±3.1 min, P<0.0001) and L (16.8±4.6 min vs 13.5±3.5 min, P=0.003) (Table 2).

Table 1 Characteristic of Participants

Variable Group C Group D Group L

Cases (male/female) 30 (11/19) 29 (10/19) 30 (14/16)

Ages, yrs 71.2±5.1 70.6±5.3 70.9±6.0

Weight, kg 63.1±9.6 62.7±9.2 61.1±8.8

Height, cm 166.7±8.8 166.9±9.6 167.1±9.1

ASA (II/III) 14/16 12/17 15/15

Blood loss 130 (50–190) 150 (70–210) 150 (80–200)

Duration of surgery, min 120.5±18.3 129.9±17.9 131.2±19.3

Note: There were no significant differences in parameters between groups. 
Abbreviation: ASA, American Society of Anesthesiologists.

Figure 2 Changes in cortisol at different time points. 
Notes: *P<0.05, ***P<0.001, ****P<0.0001.
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Discussion
This study demonstrated that the intraoperative intravenous infusion of lidocaine or dexmedetomidine may reduce the 
surgical inflammatory response in older patients perioperatively but not the incidence of POD. Intravenous lidocaine 
reduced intraoperative sufentanil use. However, opioid consumption via the postoperative analgesia pump did not differ 
across the three groups. Both intravenous lidocaine and dexmedetomidine reduced the incidence of postoperative nausea 
and vomiting, while intraoperative infusion of dexmedetomidine delayed tracheal extubation.

Clinical studies have shown that pro- and anti-inflammatory cytokines play a key role in the acute inflammatory and 
immune responses after surgical trauma, with TNF-α and IL-6 being the most important cytokines in this regard. TNF-α 
is released as a major cytokine to mediate early response to tissue injury, while IL-6 concentrations are associated with 
the severity of surgical trauma.15,16 Corticosterone (Cor) and catecholamines are relatively sensitive indicators of stress 
response. Stimulation by adverse factors in vivo can lead to the secretion of adrenal Cor, and its immediate plasma 

Figure 4 Changes in TNF-α at different time points. 
Notes: **P<0.01, ****P<0.0001.

Figure 3 Changes in IL-6 at different time points. 
Notes: ***P<0.001, ****P<0.0001.
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concentration can indicate the stress state of the body, as well as the degree to which anesthesia and surgery stimulate the 
body.17,18 CRP, IL-6, S-100β, and TNF-α were considered to be significantly associated with the occurrence of POD (k). 
While this study reveals the patterns of these inflammatory factors in older patients undergoing thoracoscopic surgery and 
the impact of intraoperative lidocaine or dexmedetomidine infusion, we did not establish a correlation between 
intraoperative inflammatory and the occurrence of POD.

Lidocaine has significant anti-inflammatory effects, such as reducing cytokine release by inhibiting neutrophil 
activation. In addition, lidocaine inhibits lymphocyte proliferation and reduces the production of pro- and anti- 
inflammatory cytokines, thereby affecting the acute inflammatory response.19 However, the dosage and timing of 
intravenous lidocaine infusion during the perioperative period require special attention, as side effects due to inappropri-
ate use can still occur. Studies have shown that the initial dose should not exceed 1.5 mg∙kg−1, the infusion should over 
10 min, the subsequent infusion rate should not be more than 1.5 mg∙kg−1∙h−1, and the infusion should be completed 
within 24 h.20 However, the actual plasma concentration of the patient is generally 20% higher than that predicted using 
the actual body weight.21 Therefore, the infused lidocaine dose should be calculated based on the ideal body weight of 
the patient, an approach that we followed in this study.

Multimodal analgesia is currently recommended to reduce opioid use and associated complications in older patients. 
However, guidelines for the intraoperative infusion of lidocaine report that intravenous lidocaine should not be 
administered within 4 h of any nerve block, and no nerve block should be performed within 4 h after intravenous 
lidocaine infusion.22 Therefore, we did not perform any related nerve blocks during the perioperative period. The results 
showed no differences in opioid use among the three groups within 24 h postoperatively. For patients undergoing any 
elective surgery under general anesthesia, previous studies reported that postoperative visual analog scale scores at 1–4 
h and 24 h improved for those who received perioperative intravenous lidocaine compared with those who received 
control treatments.23 However, no benefit in pain relief associated with this intervention was observed at 48 
h postoperatively. Therefore, the effects of lidocaine may be limited to the intraoperative period and shortly after 
surgery. There is no definite evidence that intravenous lidocaine can prevent the development of POD. Our study also 
showed that lidocaine does not reduce the incidence of POD, although it can reduce the perioperative stress response.

This study showed that the effect of dexmedetomidine on inflammatory factors was similar to that of lidocaine. There 
was no significant difference in sufentanil use between the dexmedetomidine and control groups, although the control 
group exhibited prolonged postoperative extubation due to the strong sedative effect of dexmedetomidine. 
Dexmedetomidine is a highly effective, selective alpha-2 adrenergic agonist with intrinsic analgesic, sedative, anxiolytic, 
and sympatholytic properties.24 Some studies have shown that the intraoperative administration of dexmedetomidine 
under general anesthesia improves pain within 24 h postoperatively and has fewer side effects as compared to 
remifentanil.25 However, some studies have shown that intraoperative dexmedetomidine infusion fails to prevent the 
development of hypotension and the delay of postoperative extubation.13 The effect of dexmedetomidine on POD 

Table 2 Perioperative Variables

Variable Group C Group D Group L

Incidence of POD on day 2 9 (30%) 5 (17.2%) 4 (13.3%)

Incidence of POD on day 7 5 (17.2%) 2 (6.8%) 3 (10%)

Intraoperative sufentanil dosage 40.5±5.3 38.9±5.2 35.6±4.6ab

Incidence of hypoxemia 13 (43.3%) 11 (37.9%) 8 (26.7%)

Time of extubation 12.4±3.1 16.8±4.6a 13.5±3.5b

Bolus of PCIA within 24h postoperatively 15 (7–20) 18 (9–25) 16 (6–23)

Incidence of PONV postoperatively 13 (43.3%) 7 (24.1%) 5 (16.7%)a

Notes: P<0.05 shows statistical significance. aStatistical significance when compared with Group C. bStatistical 
significance when compared with Group D.
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remains controversial. One study confirmed that low-dose dexmedetomidine did not increase the risk of delirium in older 
patients undergoing cardiac surgery. However, another study showed that prophylactic low-dose dexmedetomidine 
significantly reduced the incidence of delirium during the first 7 days after non-cardiac surgery for patients older than 
65 years.26,27 The dose-related effect of dexmedetomidine on POD and its effective dose require further research to 
confirm.

This study has some limitations. First, the intraoperative administration of vasoactive drugs may have affected the 
plasma catecholamine concentrations. Second, this was a short-term study that did not analyze differences in the recovery 
of gastrointestinal function and hospitalization length. A larger study population and longer durations are needed in 
future studies.

In summary, intraoperative continuous intravenous infusion of either lidocaine or dexmedetomidine, compared with 
general anesthesia alone, reduced the surgical stress and inflammatory responses of patients.

Compared with dexmedetomidine, the inhibitory effect of lidocaine on surgical stress was prominent for up to 24 
h postoperatively. The two drugs have been widely used and are low-cost, although the long-term effects of both and the 
improvement in clinical outcomes require further investigation.

Abbreviations
CVP, central venous pressure; HR, heart rate; IL, interleukin; IoC, index of consciousness; OLV, one-lung ventilation; 
SPO2, oxygen saturation; T0, induction of anesthesia; T1, immediately after surgery; T2, 24h postoperatively; T3, 48 
h postoperatively; TNF-α, tumor necrosis factor-alpha.
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