International Journal of General Medicine Dove

ORIGINAL RESEARCH

Intraoperative Dexmedetomidine for Prevention
of Postoperative Cognitive Dysfunction and
Delirium in Elderly Patients with Lobectomy:

A Propensity Score-Matched, Retrospective Study

Chaojun Tang, Yalan Li, Yong Lai

Department of Anesthesiology, The First Affiliated Hospital of Jinan University, Guangzhou, 510630, People’s Republic of China

Correspondence: Chaojun Tang, Department of Anesthesiology, The First Affiliated Hospital of Jinan University. 613 West Huangpu Avenue,
Guangzhou, 510630, Guangdong Province, People’s Republic of China, Tel +86-751-6926690, Email tangchaojungz@ | 63.com; Yalan Li, Department of
Anesthesiology, The First Affiliated Hospital of Jinan University, Guangzhou, 510630, People’s Republic of China, Tel +86-751-6926690,

Email liyalangzjn@163.com

Purpose: This study aims to investigate whether dexmedetomidine could prevent postoperative cognitive dysfunction and delirium in
patients with lobectomy.

Patients and Methods: Patients with lung cancer who underwent thoracoscopic lobectomy under general anesthesia were enrolled in
this study and divided into dexmedetomidine group or control group. Propensity-score match (PSM) was used to reduce the bias and
imbalance of confounding variables. After PSM, 87 patients in each group were included. Primary outcomes were postoperative
cognitive function and delirium. Secondary outcomes include plasma TNF-a, IL-6, and S100  protein concentrations. Adverse events
were also collected.

Results: There were no significant differences in the demographic characteristics and hemodynamic parameters between the two
groups. Compared with the control group, the MoCA scores were significantly higher (P<0.01), while the incidence of delirium
(P<0.01) and the plasma TNF-a (P<0.01), IL-6 (P<0.01), and S100 B protein (P<0.01) concentrations were significantly lower in the
dexmedetomidine group at 7 days post-operatively. The incidences of adverse events were similar between the two groups.
Conclusion: Dexmedetomidine could prevent postoperative cognitive dysfunction and delirium in patients with lobectomy by
decreasing neuroinflammation.
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Introduction
Lung cancer has been the leading cause of death from cancer globally." Approximately 870,982 new cases and 766,898
cancer-related deaths are estimated to occur in China in 2022.% Surgical resection is one of the main therapies for lung
cancer, and pulmonary lobectomy is considered the preferred treatment with the best curative effects and prolonged
survival >

Postoperative cognitive dysfunction (POCD) and delirium are common conditions after surgery, expressed as
a decline in cognitive function, memory, and orientation.” The incidence of POCD and delirium after thoracic surgery
including pulmonary lobectomy has been estimated at 31.9% and 18.8%, respectively.® Delirium is a harbinger of POCD,
usually occurs within the first 3 postoperative days; while POCD occurs at the end of the first week and has no effect on
consciousness, and its duration may be significantly prolonged.” Currently, the pathogenesis of POCD and delirium is
still unclear, some studies argued that surgery and/or anesthesia caused systemic inflammatory response may be

a reason.®” Thus, it is important to select appropriate narcotic drugs to effectively control inflammation after pulmonary

International Journal of General Medicine 2024:17 2673-2680 2673
Received: 26 December 2023 © 2024 Tang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
A 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 25 March 2024
Published: 7 June 2024

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Tang et al Dove

lobectomy and prevent the occurrence of POCD and delirium, especially in the elderly who are vulnerable to memory
disturbances.

Dexmedetomidine is an o2-adrenoceptor agonist with sedative, anxiolytic, sympatholytic, and analgesic-sparing
effects, and minimal depression of respiratory function.'® Its use has been linked to reductions in postoperative delirium,
stress, and inflammatory responses, resulting in improved nervous system protection.!’ Recent findings by Glumac et al
showed that preoperative administration of corticosteroids ameliorates inflammatory response induced by surgery and
thereby decreased the risk of early POCD after cardiac surgery.'> Moreover, some other studies reported that the
incidence of POCD and delirium caused by anesthesia was reduced in patients treated with dexamethasone.'*'
However, the effect of dexmedetomidine on cognitive function and delirium was rarely reported in lung cancer patients
with lobectomy.

This study aims to evaluate whether dexmedetomidine could provide protection from inflammation in the central
nervous system (CNS) and assess its effect on the risk of cognitive function and delirium in elderly patients with
lobectomy. We hypothesized that cognitive dysfunction and incidence of delirium would be reduced in patients who
received dexmedetomidine compared with those in the control group.

Materials and Methods

Patients
From January 2019 to Dec. 2021, medical records of patients aged 65 years or older who underwent lobectomy for lung
cancer at the First Affiliated Hospital of Jinan University were retrospectively reviewed. All the enrolled patients were
diagnosed with lung cancer after the pulmonary lobectomy and anesthetized with sevoflurane or sevoflurane combined
with dexmedetomidine, and it was confirmed that there was no local and distant metastasis after the operation. Besides,
all of them were American Society of Anesthesiologists (ASA) I-II patients and met the conditions of pulmonary
lobectomy. Exclusion criteria include' patients with cardiac insufficiency;® patients with other primary malignant
tumors;’ patients with abnormal blood coagulation or bone marrow function;® patients with liver or kidney
insufficiency;’ patients who changed to thoracotomy from thoracoscopic surgery due to massive hemorrhage;® patients
with severe hearing or vision impairment;’ patients with cognitive impairment (MoCA score<26 points);® patients with
incomplete clinical data.

This study was approved by the Ethics Committee of The First Affiliated Hospital of Jinan University (approval
No. 2,022,025).

Study Design

The included patients were divided into two groups according to the methods of anesthetization used: control group or
dexmedetomidine group. All patients were fasted for 68 hours and forbidden to drink for 2—4 hours before surgery. The
general hemodynamic parameters including arterial blood pressure, heart rate (HR), and internal jugular central venous
pressure (CVP) were monitored in the operating room and recorded every 5 min.

In the dexmedetomidine group, dexmedetomidine (Yangzijiang Pharmaceutical Group Co, Ltd, China) was injected
intravenously 12 minutes before induction of anesthesia with a loading amount of 1 ug/kg, and the loading dose was
followed by a continuous intravenous infusion at a rate of 0.5 pg/kg/h. In both groups, anesthesia was induced using
a single slow intravenous injection of midazolam (2-3 mg), etomidate (0.3 mg/kg), and an infusion of sufentanil (0.4 pg/
kg). Anesthesia was maintained by 1 minimum alveolar concentration (MAC) sevoflurane (Yangzijiang Pharmaceutical
Group Co, Ltd, China) in both the dexmedetomidine group and the control group. Maintenance of anesthesia was
supplemented by an intravenous infusion of remifentanil (commenced at 0.15 pg/kg/min and titrated according to clinical
need). The sevoflurane was titrated based on hemodynamic change (HR and systolic arterial blood pressure), BIS (50—
60), and somatic (swallowing and movement) and autonomic signs (flushing, sweating, and salivating) until symptoms
were resolved. Sevoflurane was discontinued at the start of suturing. Epidural anesthesia was not used as it was reported

to reduce the incidence of POCD and delirium in several studies and may cause bias to our study.'>'®
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Propensity-score match (PSM) was used to reduce the bias and imbalance of confounding variables. A 1:1 greedy
match was performed based on a caliper width of 0.2 for propensity score.

Primary and Secondary Outcomes

Primary outcomes were postoperative cognitive function and delirium. Montreal cognitive assessment (MoCA) was used
to assess the patient’s cognitive function on the day before the operation and the 1%, 3™, and 7™ days after the operation.
MoCA consists of the executive function of visual space, language ability, attention and calculation, delayed recall, and
abstract thinking, which has been reported to be suitable for assessing mild cognitive dysfunction. Delirium assessment
was performed on the 1%, 3™, and 7™ days after the operation, twice a day (08:00 and 20:00), using the 3D-CAM by our
trained study staff.

Secondary outcomes were IL-6, TNF-a, and S100 B protein concentrations. Blood was collected from the patients at
different time points, 10 min before anesthesia and the 1%, 3™, and 7™ days after the operation, and plasma was prepared
by centrifugation at 4000 xg for 20 min at 4°C and stored at —80°C until use. IL-6, TNF-0, and S100 B protein
concentrations were detected using an ELISA kit following the manufacturer’s instructions and calculated using the
standard curve provided with the kit.

Statistical Analysis

Statistical power was determined on the primary outcome of postoperative cognitive function. It was determined that 87
patients in each group could provide a power of >90% with an alpha of 5% to determine a difference of 1 point in the
MoCA score between the two groups.

Statistical analysis was performed using the SPSS 20.0 for Windows (SPSS, IBM, USA). All data were expressed as
means = SDs. Significant differences were assessed using Student’s t-tests for continuous data and Chi-square tests for
categorical data. Repeated measurement data were analyzed by repeated measures one-way analysis of variance
(ANOVA), followed by post-hoc analyses. P<0.05 was considered statistically significant.

Results

Participants’ Demographic Characteristics and Hemodynamic Parameters

Among 543 older patients who underwent lobectomy for lung cancer, 298 patients (211 in the control group and 87 in the

dexmedetomidine group) met the inclusion and exclusion criteria. After PSM, 87 patients in each group were included.
There were no significant differences between the two groups in the baseline characteristics including age, gender,

body mass index (BMI), education level, ASA grade, histology, and operation and anesthesia time (Table 1). As shown in

Table 2, the differences in hemodynamic parameters including mean arterial pressure (MAP), HR, and CVP were not

significant between the two groups at baseline and after regaining consciousness.

Comparison of Cognitive Function and Delirium
Repeated measure ANOVA showed that after controlling for baseline characteristics as covariates, both between- and
within-group effects were significant (both P<0.01), and the interaction between time and treatments was also significant
(P<0.01) in the MoCA (Figure 1A), indicating that anesthesia significantly increased the risk of POCD in elderly
patients, and dexmedetomidine led to improved cognitive functions. Post-hoc analysis showed that the differences
between the two groups in the MoCA were not significant before operation, and significant (P<0.01) on the 1% day,
3" day, and 7™ day.

The incidences of delirium in the dexmedetomidine group were significantly lower than those in the control group on
the 3™ day (P=0.02) and 7™ day (P<0.01) (Figure 1B).

Comparison of Plasma S100B, TNF-a, and IL-6 Concentrations
Repeated measure ANOVA showed that after controlling for baseline characteristics as covariates, both between- and
within-group effects were significant (both P<0.01), and the interaction between time and treatments was also significant
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Table | Baseline Characteristics in Both Groups

Dexmedetomidine | Control group P value
group (n=87) (n=87)
Age, yrs 69.7x1.9 69.1%2.1 0.06
Male, n (%) 62 (71.3%) 57 (65.5%) 0.42
BMI, kg/m? 22.5+1.0 22.5+0.8 1.00
Education 0.65
Primary school or below 44 (50.6%) 38 (43.7%)
Secondary school 27 (31.0%) 30 (34.5%)
High school or above 16 (18.4%) 19 (21.8%)
ASA, n (%) 0.65
Grade | 51 (58.6%) 48 (55.2%)
Grade Il 36 (41.4%) 39 (44.8%)
Histology, n (%)
Adenocarcinoma 55 (63.2%) 60 (69.0%) 0.42
Squamous 32 (36.8%) 27 (31.0%)
Operation time, min 126.9+3.9 126.9+4.2 0.96
Anesthesia time. min 164.1£11.6 162.8%11.6 0.48

Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists.

Table 2 Comparison of Hemodynamic Parameters at Baseline and After Regaining
Consciousness Between Two Groups

Dexmedetomidine Control P value
group (n=87) group (n=87)

MAP, mmHg

Baseline 95.3+£3.4 95.3£3.2 0.93

After regaining consciousness 93.7+£3.8 93.5£3.7 0.68
HR, beats/min

Baseline 81.3£3.5 80.8+3.3 0.35

After regaining consciousness 79.0£3.5 78.9+3.9 0.82
CVP, cm H,O

Baseline 6.4£0.2 6.4%0.2 0.83

After regaining consciousness 7.2+0.2 7.2+0.2 0.50

Abbreviations: MAPM mean arterial pressure; HR, heart rate; CVP, central venous pressure.

(P<0.01) in the plasma S100B, TNF-o, and IL-6 concentrations (Figure 2), indicating that anesthesia significantly
increased the release of inflammatory cytokines into the systemic circulation in elderly patients, and dexmedetomidine
may be an effective way to alleviate their release. Post-hoc analysis showed that the differences between the two groups
in the plasma S1003, TNF-a, and IL-6 concentrations were not significant before operation, and significant (P<0.01) on
the 1°* day, 3" day, and 7™ day.

Comparison of Adverse Events
Although several adverse events were documented in both groups, no significant differences were detected between the
two groups (Table 3).

Discussion

In the present study, we observed that sevoflurane anesthesia in the control group induced increases in the expression of
neuroinflammatory factors and risk of POCD and delirium, and dexmedetomidine could alleviate neuroinflammation and
prevent the risk of cognitive dysfunctions and delirium.
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Figure | Comparison of (A) Montreal Cognitive Assessment (MoCA) scores and (B) incidence of delirium between the two groups. * P<0.05 compared with control group.

Anesthesia and surgery are shown to be associated with a modest acceleration in the rate of cognitive decline and
delirium in older patients.'” Neuroinflammation is common after surgery, which often brings secondary damages
including delirium, Alzheimer’s disease, and cognitive dysfunction.'®'® An excessive inflammatory response could
result in severe tissue damage and even death.”” Inhalational anesthetics like sevoflurane and midazolam can trigger
pathological inflammatory responses during surgery. Several preclinical trials'**'** have reported that sevoflurane could
increase the levels of IL-6, IL-8, and TNF-a in the cortex and hippocampus of rats and cause a decline in learning and
memory. Recent clinical studies have reported that sevoflurane exposure may have harmful effects on cognitive function
in humans.” In addition, midazolam, the most abundantly used benzodiazepine in anesthesia, is also reported to be
associated with postoperative complications such as cognitive impairment and delirium.**

Dexmedetomidine is an a2-adrenoreceptor agonist that can inhibit the inflammatory and stress response, reduce
neuronal toxicity and apoptosis, and promote brain protection through synapse formation and neurotrophic nutrition.*>
A preclinical study in mice®! reported that dexmedetomidine exerted a neuroprotective effect against sevoflurane-induced
apoptosis, inflammation, oxidative stress, and neurocognitive impairment, which may be mediated by 02 adrenoceptors.
Zeng et al’® showed that in in diabetic rats, dexmedetomidine can affect proinflammatory factor expression and reduce
the inflammatory response in blood vessels by activating the corresponding signaling pathways. Moreover, some clinical
studies in pulmonary surgery and cancers reported the neuroprotective effects of dexmedetomidine. A recent study
conducted by Liu et al indicated that in older patients undergoing pulmonary surgery, dexmedetomidine significantly
increased the MoCA scores (27.1£0.79 vs 26.6+0.80) compared with placebo.” In addition, among 120 elderly patients
with esophageal carcinoma, dexmedetomidine alleviated POCD through decreasing plasma TNF-o and IL-6
concentrations.'> In line with these findings, the present study demonstrated that dexmedetomidine significantly
improved cognitive functions and decreased the risk of delirium, and suppressed the release of plasma S100B, TNF-a,
and IL-6 in elderly patients with lobectomy.
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Figure 2 Comparison of (A) SI00p, (B) TNF-q, and (C) IL-6 between the two groups on the day before operation and the 1%, 3™, and 7% postoperative days. * P<0.05

compared with control group.

This study has some limitations. First, as it’s a retrospective study, we could only analyze data from existing patient

records, other confounding factors that were not collected may also influence the outcomes. For instance, as risk factors

for cognitive impairment, impairments in hearing and vision have an impact on perioperative complications in the

elderly.”” We excluded patients with severe impairments in hearing or vision via reviewing medical records, but the

hearing and vision abilities were not assessed by screening tools for the included population, which may bring

Table 3 Comparison of Adverse Events Between Two Groups

Dexmedetomidine

group (n=87)

Control
group (n=87)

P value

Bradycardia
Nausea
Vomiting
Hypotension
Bleeding

Infections

9 (10.3%)
8 (9.2%)
4 (4.6%)
6 (6.9%)
I (1.1%)
I (1.1%)

8 (9.2%)
7 (8.0%)
3 (3.4%)
4 (4.6%)
2 (2.3%)
1 (1.1%)

0.80
0.79
0.70
0.52
1.00
1.00
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information bias. Moreover, though MoCA has been validated as a highly sensitive tool for mild cognitive impairment in
hundreds of studies, a sound assessment of cognitive impairment may require a battery of neurocognitive tests (eg
Wechsler Memory Scale—III Word List Learning subtest, the Wechsler Adult Intelligence Scale-III Block Design and
Digit Symbol-Coding subtests) and other screening tests (eg Mini-Cog).”® The effect of dexmedetomidine on cognitive
functions should be further confirmed in further prospective studies with more screening tools.

Conclusion
In conclusion, Dexmedetomidine could prevent POCD and delirium in patients with lobectomy with the decrease in
plasma S100B, TNF-a, and IL-6 concentrations.
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