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Background: Postoperative cognitive dysfunction (POCD) is a common complication after surgery in elderly patients, and its
prevalence can be up to 25.6% at one week after noncardiac surgery. This study mainly evaluates the combined effects of esketamine
and dexmedetomidine on the incidence of POCD in elderly patients undergoing lumbar spine surgery and explores the underlying
mechanisms.

Methods: A total of 162 elderly patients undergoing lumbar spine surgery were randomized into three groups: esketamine combined
with dexmedetomidine group (ED group), esketamine group (E group), and dexmedetomidine group (D group). Primary outcome
measures included the incidence of POCD on the first postoperative day. Secondary outcomes included the incidence of POCD on the
third postoperative day, first postoperative day serum levels of neuron-specific enolase (NSE) and calcium-binding protein B (S1008),
patient visual analog scale (VAS) scores at 2, 24, and 48 hours postoperatively, and the incidence of adverse events.

Results: The incidence of POCD on the first postoperative day was significantly lower in the ED group compared to the E group (P =
0.017), with no significant differences when compared to the D group (P = 0.064). The levels of serum NSE in patients in the ED
group on the first postoperative day were significantly lower than those in E group and D group (ED group vs E group, P = 0.028; ED
group vs D group, P = 0.048). The results for the S100p were similar to those for the NSE (ED group vs E group, P = 0.005; ED group
vs D group, P = 0.011).

Conclusion: The combination of esketamine and dexmedetomidine effectively reduces the incidence of POCD on the first
postoperative day in elderly patients undergoing lumbar spine surgery.

Keywords: esketamine, dexmedetomidine, postoperative cognitive dysfunction, neuroinflammatory

Introduction
POCD is a common perioperative neurological complication that occurs after surgery in elderly patients and is
characterized by a decline in cognitive function compared to preoperative cognitive function." Unlike postoperative

delirium (POD), which is characterized by disturbance in attention and awareness, emotion, cognition, and fluctuating
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severity of consciousness, POCD is primarily characterized by cognitive deficits, including impaired memory, perceptual
functions, language, and task-assembly abilities.> Studies have shown that in elderly patients undergoing noncardiac
surgery, the incidence of POCD was 25.6% at one week postoperatively and 9.9% at three months postoperatively.> More
critically, POCD not only affects the recovery of patients, increases the economic burden of patients, but also may lead to
the increase of patient mortality.*> Consequently, developing effective strategies to mitigate POCD is an urgent and
significant challenge. Numerous studies have identified older age and general anesthesia as major risk factors for
POCD.*’

Current research about esketamine primarily focuses on its nasal spray use in treatment-resistant depression,® it is
frequently utilized in specific anesthesia scenarios due to its higher bioavailability, rapid metabolism, potent analgesic
properties, and fewer adverse effects compared to ketamine.'® In the context of general anesthesia, esketamine has been
shown to reduce opioid consumption, maintain hemodynamic stability, and decrease patient stress and postoperative
pain."""* A previous clinical study highlighted the neuroprotective effects of subanesthetic doses of esketamine in
elderly patients.'* Moreover, basic research indicates that esketamine may exert an anti-inflammatory effect within the
central nervous system, thereby improving postoperative cognitive function in rodents.'>'® Additionally, unlike other
anesthetic sedatives, esketamine increases blood pressure and heart rate.'”

Dexmedetomidine possesses sedative, analgesic, anti-inflammatory, and anxiolytic properties.'®!? Its perioperative
use has been associated with a reduction in the inflammatory response and potential alleviation of POCD in patients.>*!
A meta-analysis by Zeng et al identified dexmedetomidine as the anesthetic most likely to reduce the incidence of
POCD.?** However, its administration may lead to significant occurrences of bradycardia and hypotension, as indicated
by previous studies.?**

Lumbear spine surgery, commonly performed on older adults, addresses conditions such as lumbar disc herniation and
lumbar spine slippage. Studies have shown that the incidence of POCD following spinal surgery can be as high as 43%.%
We therefore selected elderly patients undergoing lumbar surgery hypothesized that the combination of esketamine with
dexmedetomidine could reduce the incidence of POCD in these patients attribute to its anti-inflammatory effect.

Methods

Ethical Considerations

This study was approved by the Institutional Research Ethics Committee of the Third Affiliated Hospital of Anhui
Medical University (Approval No. 2022-92, dated June 08, 2022) and was registered with the Chinese Clinical Trial
Registry (ChiCTR2200062599). All participants enrolled in the study provided written informed consent before inclusion
and conducted in accordance with the Declaration of Helsinki.

Participants

As shown in Figure 1, 162 patients (at least 60 years old) having American Society of Anesthesiologists (ASA) class I to
IIT undergoing elective lumbar spine surgery under general anesthesia at the Third Affiliated Hospital of Anhui Medical
University were enrolled from August 17, 2022, to August 8, 2023. Exclusion criteria were 1) a body mass index (BMI)
> 30 kg/m?; 2) resting heart rate < 50 bpm; 3) Mini-Mental State Examination (MMSE) scores below 17 for illiterate
patients, below 20 for those with elementary education, and below 22 for those with secondary education or higher; 4)
presence of severe cardiovascular, pulmonary, renal, or hepatic diseases; 5) history of neuropsychiatric illness or severe
brain trauma; 6) known intolerance or allergy to esketamine or dexmedetomidine; 7) transfer to intensive care unit after
surgery; 8) or refusal to sign informed consent.

Randomization and Blinding

Before the study began, a researcher not involved in other parts of the study used a random number table generated by
Microsoft Excel to assign patients to esketamine group (E group), dexmedetomidine group (D group), or the combination
of esketamine and dexmedetomidine group (ED group) on a 1:1:1 ratio. Randomization results are sealed in sequentially
numbered opaque envelopes. After confirming that the participants were qualified, the anesthesiologist assistant opened
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the envelopes in turn, formulated the intervention medication according to the instructions in the envelope and delivered
the medication to an experienced anesthesiologist. This experienced anesthesiologist is not aware of patient grouping and
is responsible for the completion of patient anesthesia and intraoperative data collection. The patient’s cognitive function
was assessed by another anesthesiologist who was not involved in the anesthesia process and did not know the grouping.

In addition, patients and researchers who performed statistical analysis of the data were blinded.

Anesthesia Protocol

Anesthesia induction and monitoring were performed by the same senior anesthesiologist for all patients. Upon
admission to the operating room, routine measurements were recorded. Patients were administered sodium lactate
Ringer’s solution intravenously and received oxygen via a mask. For induction of anesthesia, patients in the D and
ED groups received 0.4 pg/kg dexmedetomidine intravenously, while the E group received an equivalent volume of
saline. The induction of anesthesia was processed with etomidate, sufentanil, and cis-atracurium. Following 3 minutes of
assisted ventilation, 5 mL of a surface anesthetic mixture was applied to the tracheal mucosa using a disposable
laryngopharyngeal mucosal atomizer. The mixture for the ED and D groups contained 0.6 pg/kg dexmedetomidine
and 40 mg of 1% ropivacaine diluted to 5 mL, whereas the E group received only the ropivacaine solution. Patients were
intubated after ventilation maintained for 2 minutes. Anesthesia was sustained with propofol and remifentanil, supple-
mented with 1% sevoflurane and intermittent cis-atracurium. Patients in ED group and E group were injected intrave-
nously with 0.5 mg/kg of esketamine after completion of tracheal intubation, and the D group were injected with equal
amounts of saline. The depth of anesthesia was regulated to maintain BIS values (40—60). Vasoactive agents were used to
keep intraoperative blood pressure fluctuations within 20% of baseline levels. If heart rates dropped below 50 bpm,
0.25 mg of atropine was administered intravenously and noted as an adverse event. Sevoflurane was discontinued
20 minutes before surgery ended, and propofol and remifentanil ceased after skin suturing completion. Ondansetron
(4 mg) was administered intravenously to prevent postoperative nausea and vomiting (PONV). Extubation was
performed upon confirmation of recovery of consciousness (ROC), defined by responsiveness to verbal commands and
adequate spontaneous breathing in Post-Anesthesia Care Unit (PACU).”® Patients with a Steward Awakening Score
above 4 were then transferred to the ward. A patient-controlled intravenous analgesia (PCIA) composed of flurbiprofen
axetil (150 mg), sufentanil (2 pg-kg '), and dexamethasone (10 mg) in 100 mL of 0.9% saline was used for postoperative

pain management.

Primary and Secondary Outcomes

The primary outcome of this study was the incidence of POCD on the first day after surgery. Cognitive function was
assessed on the preoperative day (DO0), the first postoperative day (D1), and the third postoperative day (D3), using Mini-
Mental State Examination (MMSE) and the Montreal Cognitive Assessment (MoCA). These assessments were con-
ducted by the same trained anesthesiologist. POCD was diagnosed if the postoperative scores decreased by >1 standard
deviation from the patient’s preoperative scores for each test.*’

Secondary outcomes included the serum levels of neuron-specific enolase (NSE) and S100B. After cognitive
assessment at DO and D1, 5 mL of venous blood was withdrawn from each patient, left at room temperature for
20 minutes, and then centrifuged at 1000 rpm for 20 minutes before the separated serum was stored at —80°C and serum
levels were assayed using an enzyme-linked immunosorbent assay (ELISA). The hemodynamic of mean arterial pressure
(MAP) and heart rate (HR) were recorded at six time points: preoperatively (T0), at tracheal intubation (T1), 10 minutes
post-intubation (T2), at skin incision (T3), one hour into the surgery (T4), and the endotracheal tube removed (T5). Pain
levels were assessed using the Visual Analog Scale (VAS) at 2, 24, and 48 hours postoperatively. Awakening time,
defined as the duration from cessation of propofol and remifentanil until the patient’s eyes opened, was also recorded.
Additionally, perioperative anesthesia-related adverse events such as bradycardia, annoyance, PONV and nightmares
were documented.
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Statistical Analysis

Sample size was calculated based on the incidence of POCD on the first postoperative day observed in preliminary trials,
assuming incidences of 5%, 15%, and 30% for groups ED, E, and D, respectively. Using PASS 15.0 software, we
calculated that 144 patients would provide 85% power at a 0.05 two-sided significance level. To accommodate a potential
10% loss to follow-up, the sample was increased to 160 patients, distributed equally across the three groups. Finally, 54
patients were included in each group in the study.

Data were analyzed using SPSS 25.0 (IBM). Shapiro—Wilk test was used to assess for the normal distribution.
Normally distributed continuous data and non-normally distributed data were presented as mean =+ standard deviation and
median (interquartile range), respectively. Categorical data were expressed as frequencies and percentages. One-way
ANOVA was utilized for normally distributed continuous data, such as age and body mass index, followed by pairwise
comparisons with Bonferroni correction. The Kruskal-Wallis rank sum test was employed for non-normally distributed
data including the duration of surgery and anesthesia, estimated blood loss, estimated urine volume. The VAS pain scores
and awakening time. Categorical data comparisons were performed using the y” test. The repeated-measures data,
including the MMSE and MoCA scores, serum marker concentrations, MAP and HR between the three groups, were
evaluated by mixed-effects models followed by a post hoc analysis with Bonferroni correction. Two-sided P values less
than 0.05 were considered statistically significant.

Results
A total of 185 patients were recruited but 23 were excluded among them. Of the remaining 162 patients (3 patients were
lost to follow-up), 159 completed the study. Postoperatively, 1 patient each from the D and ED groups was transferred to
the ICU, and 1 patient in the E group withdrew consent (Figure 1). The general demographic characteristics or surgical
details among the three groups were similar (Table 1).

The incidence of POCD on the first postoperative day was significantly lower in the ED group compared to the
E group, but not differ statistically from the D group (11.3% vs 32.1% vs 24.5%, P < 0.05, Figure 2). On the third
postoperative day, the differences in POCD incidence among the groups were not significant (9.4% vs 18.9% vs 15.1%,

Assessed for eligibility

(n=185)
Excluded (n=23)
Not meeting inclusion criteria (n=18)
Enrolment Decline to participate (n=5)
Randomized
(n=162)
Allocated to ED group (n=54) Allocated to E group (n=54) Allocated to D group (n=54)
Allocation Received intervention (n=54) Received intervention (n=53) Received intervention (n=54)
Withdrew consent (n=0) Withdrew consent (n=1) Withdrew consent (n=0)
Foll Lost to follow-up (n=1) Lost to follow-up (n=0) Lost to follow-up (n=1)
Ollow-up Discontinued intervention (n=0) Discontinued intervention (n=0) Discontinued intervention (n=0)
. Analysed (n=53) Analysed (n=53) Analysed (n=53)
Analy51s Excluded(n=0) Excluded(n=0) Excluded(n=0)
Figure | CONSORT diagram of study.
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Table | Basic Characteristics

Characteristic ED Group (n=53) E Group (n=53) D Group (n=53) | P value
Age (years) 71.9 (7.7) 71.6 (7.2) 72.2 (6.2) 0.907
Sex (male/female) 20/33 21/32 20/33 0.974
Body mass index (kg/m?) 23.8 (3.3) 23.8 (3.2) 23.6 (3.2) 0.970
Degree of education, n (%)
llliteracy 16 (30.2) 16 (30.2) 14 (26.4) 0.821
Primary school education 21 (39.6) 23 (43.4) 27 (50.9) 0.821
Secondary school education or above 16 (30.2) 14 (26.4) 12(22.6) 0.821
ASA class I/l 48/5 4716 43/10 0.316
Duration of surgery (min) 145.0 (120.5-190.5) | 140.0 (108.5-174.5) | 132.0 (110.5-172.5) 0.505
Duration of anesthesia (min) 180.0 (150.0-224.0) | 174.0 (143.5-210.0) | 167.0 (148.5-212.5) 0.662
Estimated blood loss (mL) 200.0 (100.0-200.0) | 150.0 (100.0-285.0) | 150.0 (100.0-200.0) 0.597
Estimated urine volume (mL) 400.0 (200.0-500.0) | 300.0 (200.0-700.0) | 300.0 (100.0-500.0) 0.866
Surgical method, n (%)
TLIF 48 (90.6) 44 (83.0) 49 (92.5) 0.563
Mis-TLIF 4 (7.5) 8 (15.1) 3(57) 0.563
Spinal Endoscopic surgery 1(1.9) 1 (1.9) 1(1.9) 0.563
Preoperative comorbidities, n (%)
Hypertension 19 (35.8) 20 (37.7) 19 (35.8) 0.973
Diabetes 12 (22.6) 11 (20.8) 14 (26.4) 0.781
Coronary artery disease 6 (11.3) 594 4 (7.5) 0.802
Previous stoke 5(94) 594 7 (13.2) 0.768
COPD 4 (7.5) 3(5.7) 5(94) 0.761

Notes: Data are expressed as mean (SD), median (25th to 75th percentiles), or number of patients (%).
Abbreviations: ASA, American Society of Anesthesiologists; TLIF, Transforaminal lumbar interbody fusion; Mis-TLIF, Minimally invasive
transforaminal lumbar interbody fusion; COPD, chronic obstructive pulmonary disease.

P > 0.05, Figure 2). Preoperative (D0) MMSE and MoCA scores showed no statistical differences across these groups
(P > 0.05, Table 2). And no significant differences were observed in MMSE scores among the groups on the first (D1)
and third (D3) postoperative days (P > 0.05, Table 2). However, MoCA scores were significantly lower in the E group
compared to the ED group on the first and third postoperative day (D1 and D3), (P < 0.05, Table 2), whereas scores for
the D group did not significantly differ from those in the ED group (P > 0.05, Table 2). The analysis of MMSE

40 *

-

30

20

10—

the incidence of POCD (%)

T
D3

E group = D group

T
D1
ED group

Figure 2 Changes in the incidence of POCD during perioperative. DI the first postoperative day. D3 the third postoperative day. *P < 0.05 compared to the ED group.
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Table 2 The MMSE and MoCA Scores at Different Time Points

Time | ED Group E Group D Group P value
(n=53) (n=53) (n=53)

EDvsE | EDvs D Evs D

DO | 2423 (1.93) | 24.19(1.82) | 2419 (202) | >0999 | >0999 | >0.999
MMSE | DI | 2342 (202) | 2272 (206) | 23.09 (239) | 0243 >0999 | >0999
D3 | 23.09(2.19) | 2262 (205 | 2291 221) | 0713 >0999 | >0.999
DO | 2358 (1.78) | 2336 (2.14) | 2349 (2.12) | >0999 | >0999 | >0.999
MoCA | DI | 2223(1.97) | 2087 (2.13)* | 2149 (233) | 0.002 0.198 0359
D3 | 22.15(1.89) | 21.02 214 | 2155 2.15) | 0.0I5 0393 0558

Notes: °P versus ED group, P < 0.05. Data are expressed as mean (SD).
Abbreviations: MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment.

subdomain showed that the scores of ED group and D group were significantly higher than those of E group in memory
subdomain on the first day after surgery (P < 0.05). In the subdomain of delayed recall, the score of ED group was
significantly higher than that of D and E group on the first day after surgery, and ED group was higher than that of
D group on the third day after surgery (P < 0.05) (Supplementary Table 1). Similarly, the analysis of various subdomains

of MoCA showed that the attention and delayed recall scores of patients in ED group and D group were significantly
higher than those in E group on the first and third day after surgery (P < 0.05, Supplementary Table 2).

Initially, blood samples were intended for collection from all enrolled patients at DO and D1. However, due to
hemolysis in some samples and some patients’ refusing, viable samples were ultimately obtained from 30, 29 and 31
patients in ED, E and D group. ELISA results indicated no significant differences between groups in serum levels of NSE
or S100f at DO (P > 0.05). On D1, serum NSE levels in the ED group were significantly lower than those in the E and
D groups (P < 0.05). The S100f results on D1 were consistent with those of NSE (P < 0.05) (Figure 3).

Postoperatively, VAS scores at 2 and 24 hours were significantly lower in the ED group compared to the E and
D groups (P < 0.05). No significant differences were observed in VAS scores at 48 hours postoperatively among these
groups (P > 0.05) (Table 3).

MAP in the E group was significantly higher than those in ED and D groups at tracheal intubation, but it in the
D group was significantly lower than those in ED and E groups at 10 minutes post-intubation (P < 0.05). In addition, HR
in the E group was significantly higher than those in ED and D groups from tracheal intubation completed to the
endotracheal tube removed (P < 0.05) (Figure 4).
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Figure 3 The levels of serum markers at different time points ((A) NSE, and (B) SI00B). Data are expressed as mean (SD). DO the preoperative day. DI the first
postoperative day. *P < 0.05 compared to the ED group.
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Table 3 The VAS Pain Scores at Different Time Points

ED Group E Group D Group P value
(n=53) (n=53) (n=53)
EDvsE | EDvs D | DvsE
VAS at postoperative 2 h 2.0 (1.0-2.0) | 3.0 (1.04.0)* | 3.0 (1.04.0)* 0.003 0.002 > 0.999
VAS at postoperative 24 h | 1.0 (1.0-1.5) | 2.0 (1.0-3.0)* | 2.0 (1.0-3.0)* 0.002 < 0.001 > 0.999
VAS at postoperative 48 h | 1.0 (1.0-2.0) | 1.0 (1.0-2.0) 1.0 (1.0-2.0) 0.955 >0.999 | >0.999

Notes: °P versus ED group, P < 0.05. Data are expressed as median (25th to 75th percentiles).

The awakening times for patients in the ED and D groups were longer compared to the E group (P < 0.05). The
incidence of bradycardia was significantly lower in the ED and E groups compared to the D group and the incidence of
annoyance was significantly higher in the E group compared to the ED and D groups (P < 0.05). There were no
significant differences between the groups in the incidence of PONV and nightmares. (P > 0.05) (Table 4).

Discussion

Our findings demonstrated that the combination of esketamine and dexmedetomidine significantly reduced the incidence
of POCD on the first postoperative day in elderly patients undergoing lumbar spine surgery compared to esketamine
alone. However, no significant difference was observed when comparing the effects of dexmedetomidine alone to the
combination therapy on this primary outcome. Furthermore, the serum levels of NSE and S100B, measured before
surgery and on the first postoperative day, support our observations. The combination therapy significantly lowered these
serologic markers compared to the individual drugs, aligning with our expectation that the combination of esketamine
and dexmedetomidine would more effectively reduce the biomarkers associated with neuroinflammation and neuronal
damage.

Esketamine is the S-enantiomer of ketamine. As an N-methyl-D-aspartate (NMDA) receptor antagonist, esketamine
can reduce the opening time and frequency of calcium ion channels and inhibit the transmission of excitatory
neurotransmitter glutamate.”® In addition, it also binds to y-aminobutyric acid (GABA) receptors to enhance the
inhibitory effect of the inhibitory neurotransmitter GABA, and binds to opioid receptors to mediate the anti-
nociception of the central nervous system.”” Esketamine binds to various receptors in the central nervous system to
produce anesthetic, sedative and analgesic effects. In addition, a number of basic studies have found that esketamine may
play a neuroprotective role by anti-inflammatory, reducing oxidative stress, enhancing autophagy and protecting synaptic
plasticity.'>'¢3%31 Unlike esketamine, dexmedetomidine is a highly selective a2 adrenergic receptor agonist with
sedative, analgesic and anti-inflammatory effects. The sedative effect of dexmedetomidine is accomplished by stimulat-
ing a2 receptors in the locus coeruleus nucleus. This sedation is similar to the unconscious state of natural sleep and is
characterized by the patient’s ease of waking up and cooperation.*” In addition, dexmedetomidine has shown potential
neuroprotective effects in some recent studies, such as improving postoperative cognitive function and reducing the

A B
—e— ED group —e— ED group
1404 -a- E group 100 -= E group
130 * —— D group 90+ * —&— D group
= <
=4 £
£ 120+ £ 80 *
£ # ks
& 110+ S 704 * * %
24
= T
100 60
I
90 T T T T T T 50 T T T T T T
TO ™ T2 T3 T4 T5 T0 ™ T2 T3 T4 T5

Figure 4 Hemodynamics during the perioperative period ((A) mean arterial pressure, and (B) heart rate). Data are expressed as mean (SD). TO, preoperatively; T1, at
tracheal intubation; T2, 10 minutes post-intubation; T3, at skin incision; T4, one hour into the surgery; T5, the endotracheal tube removed. *P < 0.05, E group vs ED group
and D group; #P < 0.05, ED group and E group vs D group.
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Table 4 Comparison of Awakening Time and Adverse Events

ED Group (n=53) | E Group (n=53) | D Group (n=53) | P value
Awakening time (min) 16.0 (12.0-20.0) 12.0 (9.0-16.0)* 17.0 (11.0-22.0) 0.003
Adverse events
Bradycardia, n (%) 16 (30.2) 9 (17.0) 30 (56.6)° < 0.001
Annoyance, n (%) 7 (13.2) 18 (34.0)° 4 (7.5) 0.001
PONY, n (%) 5(94) 8 (I5.1) 7(13.2) 0.670
Nightmares, n (%) 6 (11.3) 10 (18.9) 6 (11.3) 0.430

Notes: *P versus ED group and D group, P < 0.05; °P versus ED group and E group, P < 0.05. Data are expressed as
median (25th to 75th percentiles) or number of patients (%).
Abbreviation: POVN, postoperative nausea and vomiting.

incidence of postoperative delirium.*'~** Therefore, we originally suspected that esketamine combined with dexmedeto-
midine was effective in reducing the incidence of POCD on the first day after surgery compared with esketamine or
dexmedetomidine alone. However, there was no statistical difference in the incidence of POCD betweenpatients in ED
and D goups on the first day after surgery. The discrepancy might be attributed to the potential inadequacies of the scales
employed. The subjects, undergoing lumbar spine surgery under general anesthesia, likely experienced only mild
cognitive dysfunction postoperatively due to advances in surgical techniques that minimize trauma. The MMSE and
the MoCA are widely used, easy-to-administer cognitive scales suitable for bedside application, and have been utilized in
various POCD studies.?’* However, neither scale is specifically designed for POCD, and they may not sensitively detect
mild cognitive impairments, particularly with MMSE, known for its lower sensitivity.>> MMSE and MoCA were chosen
based on their brevity, patient compliance, and suitability under the study conditions. Serological results support our
conjecture on the other hand.

NSE is an acidic protease found in neurons and neuroendocrine cells, playing a crucial role in glycolysis and energy
metabolism within the central nervous system.*® Its release from neurons following nerve injury also establishes NSE as
a non-specific marker of neuronal damage.?’ Various neurological disorders, such as stroke, traumatic brain injury, and

E,*®*° and thus are considered potential biomarkers for POCD. A meta-

epilepsy, are associated with elevated levels of NS
analysis by Wang et al highlighted that high postoperative NSE levels could predict POCD, corroborated by several
randomized controlled trials linking NSE levels with POCD incidence.*'** Our study aligns with these findings, showing
that esketamine and dexmedetomidine effectively reduced NSE levels on the first postoperative day, similar to outcomes
observed in previous research on dexmedetomidine. For instance, a study by Fu et al demonstrated that dexmedetomidine
administration in elderly patients lowered plasma NSE concentrations and improved cognitive function postoperatively.
Conversely, S100B, an acidic calcium-binding protein produced by astrocytes and oligodendrocytes, serves as
a neurotrophic factor at physiological levels but may become neurotoxic when overexpressed, contributing to neuroin-
flammation and subsequent nerve damage.** The clinical relevance of S100p extends to its utility as a marker of nerve
injury,*> with recent research underscoring its strong association with the occurrence and prognosis of POCD.*® In this
context, the observed reduction in serum S100B levels in our study could be indicative of the inhibitory effects of
esketamine and dexmedetomidine on astrocyte activation. Supporting this, studies have shown that dexmedetomidine
may protect neurons by inhibiting inflammatory vesicle activation and apoptosis in astrocytes.*”** Furthermore, research
by Zhao et al suggested that esketamine may exert similar neuroprotective actions by inhibiting astrocyte activation and
inflammation.*’ Our findings suggested that the protective effects of esketamine and dexmedetomidine on postoperative
cognitive function might be mediated by these compounds’ ability to modulate astroglial activity and reduce inflammatory
responses, an inference that is indirectly supported by the modulation of inflammatory biomarkers observed in this study.

Regarding the administration routes for dexmedetomidine, both intratracheal and intravenous applications at 0.6 pg/
kg have been reported to alleviate postoperative delirium within three days, with intravenous administration being more
beneficial for improving sleep quality.®> This advantage likely stems from the higher bioavailability of the intravenous
route compared to intratracheal delivery, as oral or nasal routes also exhibit lower bioavailability.’® In this study, an
additional 0.4 ng/kg of dexmedetomidine was administered intravenously to ensure effective serum drug concentrations.
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Hemodynamic outcomes indicated that the combination of esketamine and dexmedetomidine helped stabilize patient
hemodynamics before skin incision. Specifically, suggesting that dexmedetomidine, especially when administered
endotracheally, effectively mitigates the stress response to tracheal intubation, but significantly reduces HR.

In addition, we noted significant differences in the VAS scores among the three groups at 2 and 24 hours post-
operatively, with the ED group exhibiting lower VAS scores than both the E and D groups at these time points. This
suggests that the combination of esketamine and dexmedetomidine was more effective in alleviating postoperative pain.

This observation aligns with findings from Huang et al,>!

although there were discrepancies at 2 hours postoperatively.
The continuous infusion in Huang et al’s study likely contributed to lower VAS scores at 2 hours postoperatively. Further
supporting this, several randomized controlled trials have demonstrated that esketamine or dexmedetomidine could
relieves postoperative pain.’>>* Additionally, basic research indicates that these drugs suppress inflammation and
astrocyte activity, contributing to their analgesic effects, as seen in models of spinal cord injury in rats.*” Wang et al
also noted that esketamine might mitigate remifentanil-induced nociceptive hypersensitivity via the NMDA receptor-
CaMKII pathway, providing a mechanistic insight into its analgesic properties.>

In terms of awakening time, our results revealed that esketamine shortened the time to awakening, corroborating with Duan
et al’s findings regarding esketamine’s role in promoting faster recovery from anesthesia.® Duan et al suggested that esketamine
facilitates arousal by activating glutamatergic neurons in the paraventricular nucleus of the thalamus, a mechanism that our
clinical observations support, reinforcing the potential of esketamine to enhance arousal in patients under general anesthesia.

The limitations of this study include the following points. Firstly, cognitive function was assessed only on the first and
third postoperative days without longer-term follow-up, primarily because most patients are discharged within one-week
post-surgery at our institution. Furthermore, patients’ cognitive function on the seventh postoperative day recovered in our

pilot study. Studies have also demonstrated a relatively low incidence of POCD after one week postoperatively,'**

so we
only followed up to the third postoperative day in this study. Secondly, we did not make a differential diagnosis of early
POCD and POD, although the relationship between the two is not completely clear and they have different characteristics.
We should have evaluated patients for the occurrence of POD before assessing their cognitive function in this study.
Thirdly, we used the MMSE and MoCA, two screening scales for cognitive functioning, instead of the more comprehensive
neuropsychological test batteries, in consideration of convenience and patient cooperation. Lastly, the repetition of three
cognitive tests in a short period of time may back lead to a learning effect that interferes with the results of the study, and
perhaps the use of a z-score approach to diagnosing POCD could mitigate the effect of the learning effect.

While esketamine combined with dexmedetomidine appears to benefit postoperative cognitive function in elderly
patients, these limitations underscore the need for future multicenter studies with larger sample sizes. Such studies should
employ comprehensive neuropsychological testing, differentiate between POCD and POD, explore longer follow-up
periods, and determine the optimal dosage of this drug combination across different surgical contexts.

Conclusion
In conclusion, the combination of esketamine and dexmedetomidine can reduce the incidence of early postoperative
POCD in elderly patients undergoing lumbar spine surgery, potentially through the mitigation of postoperative central

neuroinflammation.

Acknowledgments

An unauthorized version of the Chinese MMSE was used by the study team without permission, however this has now

been rectified with PAR. The MMSE is a copyrighted instrument and may not be used or reproduced in whole or in part,

in any form or language, or by any means without written permission of PAR (www.parinc.com). The data sets that were

generated and/or analyzed in the current study are available from the corresponding author upon reasonable request.
Rende Ning and Jun-Ma Yu are co-corresponding authors.

Drug Design, Development and Therapy 2024:18 heeps: 5469

Dove:


http://www.parinc.com
https://www.dovepress.com
https://www.dovepress.com

Tao et al Dove

Funding
This study was funded by the Research Project of Anhui Health Committee, China (2022-145); Basic and Clinical
Cooperative Research Program of Anhui Medical University-Incubation Project for The Third Affiliated Hospital
(2023sfy002).

Disclosure
The authors report no conflicts of interest in this work.

References

1.

o0

20.

21.

22.

23.

24.

25.

Evered LA, Silbert BS. Postoperative cognitive dysfunction and noncardiac surgery. Anesth Analg. 2018;127(2):496-505. doi:10.1213/
ANE.0000000000003514

. Liu B, Huang D, Guo Y, et al. Recent advances and perspectives of postoperative neurological disorders in the elderly surgical patients. CNS

Neurosci Ther. 2022;28(4):470-483. doi:10.1111/cns.13763

. Moller JT, Cluitmans P, Rasmussen LS, et al. Long-term postoperative cognitive dysfunction in the elderly ISPOCD1 study. ISPOCD investigators.

International Study of Post-Operative Cognitive Dysfunction. Lancet. 1998;351(9106):857-861. doi:10.1016/s0140-6736(97)07382-0

. Smith PJ, Blumenthal JA, Hoffman BM, Davis RD, Palmer SM. Postoperative cognitive dysfunction and mortality following lung transplantation.

Am J Transplant. 2018;18(3):696-703. doi:10.1111/ajt.14570

. Steinmetz J, Christensen KB, Lund T, Lohse N, Rasmussen LS. Long-term consequences of postoperative cognitive dysfunction. Anesthesiology.

2009;110(3):548-555. doi:10.1097/ALN.0b013e318195b569

. Arefayne NR, Berhe YW, van Zundert AA. Incidence and factors related to Prolonged Postoperative Cognitive Decline (POCD) in elderly patients

following surgery and anaesthesia: a systematic review. J Multidiscip Healthc. 2023;16:3405-3413. doi:10.2147/jmdh.S431168

. Ehsani R, Djalali Motlagh S, Zaman B, Sehat Kashani S, Ghodraty MR. Effect of general versus spinal anesthesia on postoperative delirium and

early cognitive dysfunction in elderly patients. Anesth Pain Med. 2020;10(4):e101815. doi:10.5812/aapm.101815

. Reif A, Bitter I, Buyze J, et al. Esketamine nasal spray versus quetiapine for treatment-resistant depression. N Engl J Med. 2023;389

(14):1298-1309. doi:10.1056/NEJMo0a2304145

. Daly EJ, Trivedi MH, Janik A, et al. Efficacy of esketamine nasal spray plus oral antidepressant treatment for relapse prevention in patients with

treatment-resistant depression: a randomized clinical trial. JAMA Psychiatry. 2019;76(9):893-903. doi:10.1001/jamapsychiatry.2019.1189

. Wang J, Huang J, Yang S, et al. Pharmacokinetics and safety of esketamine in Chinese patients undergoing painless gastroscopy in comparison with

ketamine: a randomized, open-label clinical study. Drug Des Devel Ther. 2019;13:4135-4144. doi:10.2147/dddt.S224553

. Ma J, Wang F, Wang J, et al. The effect of low-dose esketamine on postoperative neurocognitive dysfunction in elderly patients undergoing general

anesthesia for gastrointestinal tumors: a randomized controlled trial. Drug Des Devel Ther. 2023;17:1945-1957. doi:10.2147/dddt.S406568

. Massoth C, Schwellenbach J, Saadat-Gilani K, et al. Impact of opioid-free anaesthesia on postoperative nausea, vomiting and pain after

gynaecological laparoscopy—a randomised controlled trial. J Clin Anesth. 2021;75:110437. doi:10.1016/j.jclinane.2021.110437

.Min M, Du C, Chen X, Xin W. Effect of subanesthetic dose of esketamine on postoperative rehabilitation in elderly patients undergoing Hip

arthroplasty. J Orthop Surg Res. 2023;18(1):268. doi:10.1186/s13018-023-03728-2

.Han C, Ji H, Guo Y, et al. Effect of subanesthetic dose of esketamine on perioperative neurocognitive disorders in elderly undergoing

gastrointestinal surgery: a randomized controlled trial. Drug Des Devel Ther. 2023;17:863—873. doi:10.2147/dddt.S401161

. WenY, XuJ, Shen J, et al. Esketamine prevents postoperative emotional and cognitive dysfunction by suppressing microglial M1 polarization and regulating

the BDNF-TrkB pathway in ageing rats with preoperative sleep disturbance. Mol Neurobiol. 2024;61(8):5680-5698. doi:10.1007/s12035-023-03860-4

. Wang T, Weng H, Zhou H, et al. Esketamine alleviates postoperative depression-like behavior through anti-inflammatory actions in mouse

prefrontal cortex. J Affect Disord. 2022;307:97-107. doi:10.1016/j.jad.2022.03.072

. Yang T, Mudabbar MS, Xu M, et al. The effects of esketamine on blood pressure and hypotension incidence during induction of bariatric surgery:

a randomized controlled trial. Medicine. 2023;102(51):e36754. doi:10.1097/md.0000000000036754

. Shehabi Y, Serpa Neto A, Bellomo R, et al. Dexmedetomidine and propofol sedation in critically ill patients and dose-associated 90-day mortality:

a secondary cohort analysis of a randomized controlled trial (SPICE III). Am J Respir Crit Care Med. 2023;207(7):876-886. doi:10.1164/
rcem.202206-12080C

. Mei B, Li J, Zuo Z. Dexmedetomidine attenuates sepsis-associated inflammation and encephalopathy via central a2A adrenoceptor. Brain Behav

Immun. 2021;91:296-314. doi:10.1016/j.bbi.2020.10.008

Liao YQ, Min J, Wu ZX, Hu Z. Comparison of the effects of remimazolam and dexmedetomidine on early postoperative cognitive function in
elderly patients with gastric cancer. Front Aging Neurosci. 2023;15:1123089. doi:10.3389/fnagi.2023.1123089

Wang W, Ma Y, Liu Y, Wang P, Liu Y. Effects of dexmedetomidine anesthesia on early postoperative cognitive dysfunction in elderly patients. ACS
Chem Neurosci. 2022;13(15):2309-2314. doi:10.1021/acschemneuro.2c00173

Zeng K, Long J, Li Y, Hu J. Preventing postoperative cognitive dysfunction using anesthetic drugs in elderly patients undergoing noncardiac
surgery: a systematic review and meta-analysis. Int J Surg. 2023;109(1):21-31. doi:10.1097/js9.0000000000000001

Niu JY, Yang N, Tao QY, et al. Effect of different administration routes of dexmedetomidine on postoperative delirium in elderly patients
undergoing elective spinal surgery: a prospective randomized double-blinded controlled trial. Anesth Analg. 2023;136(6):1075-1083. doi:10.1213/
ane.0000000000006464

Kim H, Kim Y, Bae J, et al. Comparison of remimazolam and dexmedetomidine for intraoperative sedation in patients undergoing lower extremity
surgery under spinal anesthesia: a randomized clinical trial. Reg Anesth Pain Med. 2024;49(2):110-116. doi:10.1136/rapm-2023-104415

Zhang M, Zhang YH, Fu HQ, Zhang QM, Wang TL. Ulinastatin may significantly improve postoperative cognitive function of elderly patients
undergoing spinal surgery by reducing the translocation of lipopolysaccharide and systemic inflammation. Front Pharmacol. 2018;9:1007.
doi:10.3389/fphar.2018.01007

5470 e Drug Design, Development and Therapy 2024:18

Dove!


https://doi.org/10.1213/ANE.0000000000003514
https://doi.org/10.1213/ANE.0000000000003514
https://doi.org/10.1111/cns.13763
https://doi.org/10.1016/s0140-6736(97)07382-0
https://doi.org/10.1111/ajt.14570
https://doi.org/10.1097/ALN.0b013e318195b569
https://doi.org/10.2147/jmdh.S431168
https://doi.org/10.5812/aapm.101815
https://doi.org/10.1056/NEJMoa2304145
https://doi.org/10.1001/jamapsychiatry.2019.1189
https://doi.org/10.2147/dddt.S224553
https://doi.org/10.2147/dddt.S406568
https://doi.org/10.1016/j.jclinane.2021.110437
https://doi.org/10.1186/s13018-023-03728-2
https://doi.org/10.2147/dddt.S401161
https://doi.org/10.1007/s12035-023-03860-4
https://doi.org/10.1016/j.jad.2022.03.072
https://doi.org/10.1097/md.0000000000036754
https://doi.org/10.1164/rccm.202206-1208OC
https://doi.org/10.1164/rccm.202206-1208OC
https://doi.org/10.1016/j.bbi.2020.10.008
https://doi.org/10.3389/fnagi.2023.1123089
https://doi.org/10.1021/acschemneuro.2c00173
https://doi.org/10.1097/js9.0000000000000001
https://doi.org/10.1213/ane.0000000000006464
https://doi.org/10.1213/ane.0000000000006464
https://doi.org/10.1136/rapm-2023-104415
https://doi.org/10.3389/fphar.2018.01007
https://www.dovepress.com
https://www.dovepress.com

Dove Tao et al

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4

—_

42.

43.

44,

45.

46.

47.

48.

49.

50.

5

—

52.

Choi JY, Lee HS, Kim JY, et al. Comparison of remimazolam-based and propofol-based total intravenous anesthesia on postoperative quality of
recovery: a randomized non-inferiority trial. J Clin Anesth. 2022;82:110955. doi:10.1016/j.jclinane.2022.110955

Li T, Han W, Yang X, et al. Effects of different injection rates of propofol on postoperative cognition in elderly patients undergoing laparoscopic
inguinal hernia repair. Drug Des Devel Ther. 2023;17:1741-1752. doi:10.2147/dddt.S407905

Mion G, Villevieille T. Ketamine pharmacology: an update (pharmacodynamics and molecular aspects, recent findings). CNS Neurosci Ther.
2013;19(6):370-380. doi:10.1111/cns.12099

Rueda Carrillo L, Garcia KA, Yalcin N, Shah M. Ketamine and its emergence in the field of neurology. Cureus. 2022;14(7):¢27389. doi:10.7759/
cureus.27389

Tang Y, Liu Y, Zhou H, et al. Esketamine is neuroprotective against traumatic brain injury through its modulation of autophagy and oxidative stress
via AMPK/mTOR-dependent TFEB nuclear translocation. Exp Neurol. 2023;366:114436. doi:10.1016/j.expneurol.2023.114436

Wang CM, Zhang Y, Yang YS, Lin S, He HF. Effect of esketamine pretreatment on acute sepsis-associated encephalopathy. Exp Neurol.
2024;372:114646. doi:10.1016/j.expneurol.2023.114646

Liu X, Li Y, Kang L, Wang Q. Recent advances in the clinical value and potential of dexmedetomidine. J Inflamm Res. 2021;14:7507-7527.
doi:10.2147/jir.S346089

Shin HJ, Woo Nam S, Kim H, et al. Postoperative delirium after dexmedetomidine versus propofol sedation in healthy older adults undergoing
orthopedic lower limb surgery with spinal anesthesia: a randomized controlled trial. Anesthesiology. 2023;138(2):164-171. doi:10.1097/
aln.0000000000004438

Zhi Y, Li W. Effects of total intravenous anesthesia with etomidate and propofol on postoperative cognitive dysfunction. Physiol Res. 2023;72
(2):251-258. doi:10.33549/physiolres. 934983

Wang X, Li F, Tian J, Gao Q, Zhu H. Bayesian estimation for the accuracy of three neuropsychological tests in detecting Alzheimer’s disease and
mild cognitive impairment: a retrospective analysis of the ADNI database. Eur J Med Res. 2023;28(1):427. doi:10.1186/s40001-023-01265-6
Brunelli S, Giannella E, Bizzaglia M, De Angelis D, Sancesario GM. Secondary neurodegeneration following Stroke: what can blood biomarkers
tell us? Front Neurol. 2023;14:1198216. doi:10.3389/fheur.2023.1198216

Ergiin R, Bostanci U, Akdemir G, et al. Prognostic value of serum neuron-specific enolase levels after head injury. Neurol Res. 1998;20
(5):418-420. doi:10.1080/01616412.1998.11740541

Gao L, Xie J, Zhang H, et al. Neuron-specific enolase in hypertension patients with acute ischemic stroke and its value forecasting long-term
functional outcomes. BMC Geriatr. 2023;23(1):294. doi:10.1186/s12877-023-03986-z

Yuguero O, Bernal M, Farré J, et al. Clinical complications after a traumatic brain injury and its relation with brain biomarkers. Sci Rep. 2023;13
(1):20057. doi:10.1038/s41598-023-47267-6

Hanin A, Denis JA, Frazzini V, et al. Neuron Specific Enolase, S100-beta protein and progranulin as diagnostic biomarkers of status epilepticus.
J Neurol. 2022;269(7):3752-3760. doi:10.1007/s00415-022-11004-2

. Wang X, Chen X, Wu F, et al. Relationship between postoperative biomarkers of neuronal injury and postoperative cognitive dysfunction: a

meta-analysis. PLoS One. 2023;18(4):¢0284728. doi:10.1371/journal.pone.0284728

Silva FP, Schmidt AP, Valentin LS, et al. S1I00B protein and neuron-specific enolase as predictors of cognitive dysfunction after coronary artery
bypass graft surgery: a prospective observational study. Eur J Anaesthesiol. 2016;33(9):681-689. doi:10.1097/eja.0000000000000450

Wan Z, Li Y, Ye H, et al. Plasma S100p and neuron-specific enolase, but not neuroglobin, are associated with early cognitive dysfunction after total
arch replacement surgery: a pilot study. Medicine. 2021;100(15):e25446. doi:10.1097/md.0000000000025446

Kawata K, Liu CY, Merkel SF, et al. Blood biomarkers for brain injury: what are we measuring? Neurosci Biobehav Rev. 2016;68:460-473.
doi:10.1016/j.neubiorev.2016.05.009

Mrak RE, Griffinbc WS. The role of activated astrocytes and of the neurotrophic cytokine S100B in the pathogenesis of Alzheimer’s disease.
Neurobiol Aging. 2001;22(6):915-922. doi:10.1016/s0197-4580(01)00293-7

Geng YJ, Wu QH, Zhang RQ. Effect of propofol, sevoflurane, and isoflurane on postoperative cognitive dysfunction following laparoscopic
cholecystectomy in elderly patients: a randomized controlled trial. J Clin Anesth. 2017;38:165-171. doi:10.1016/j.jclinane.2017.02.007

Sun YB, Zhao H, Mu DL, et al. Dexmedetomidine inhibits astrocyte pyroptosis and subsequently protects the brain in in vitro and in vivo models of
sepsis. Cell Death Dis. 2019;10(3):167. doi:10.1038/s41419-019-1416-5

Zhong Y, Wang S, Yin Y, et al. Dexmedetomidine suppresses hippocampal astrocyte pyroptosis in cerebral hypoxic-ischemic neonatal rats by
upregulating microRNA-148a-3p to inactivate the STAT/JMJID3 axis. Int Immunopharmacol. 2023;121:110440. doi:10.1016/j.intimp.2023.110440
Zhao H, Li Z. Analgesic mechanism of dexmedetomidine and esketamine in rats with spinal cord injury. Discov Med. 2024;36(183):714-720.
doi:10.24976/Discov.Med.202436183.67

Dent BT, Aarnes TK, Wavreille VA, et al. Pharmacokinetics and pharmacodynamic effects of oral transmucosal and intravenous administration of
dexmedetomidine in dogs. Am J Vet Res. 2019;80(10):969-975. doi:10.2460/ajvr.80.10.969

. Huang Z, Liu N, Hu S, et al. Effect of dexmedetomidine and two different doses of esketamine combined infusion on the quality of recovery in

patients undergoing modified radical mastectomy for breast cancer—a randomised controlled study. Drug Des Devel Ther. 2023;17:2613-2621.
doi:10.2147/dddt.S422896

Naik BI, Nemergut EC, Kazemi A, et al. The effect of dexmedetomidine on postoperative opioid consumption and pain after major spine surgery.
Anesth Analg. 2016;122(5):1646—1653. doi:10.1213/ane.0000000000001226

53. Wang P, Song M, Wang X, Zhang Y, Wu Y. Effect of esketamine on opioid consumption and postoperative pain in thyroidectomy: a randomized
controlled trial. Br J Clin Pharmacol. 2023;89(8):2542-2551. doi:10.1111/bcp.15726

54. Zhang Q-W, Wang X, Wang Z-Y, Sun H-L. Low-dose esketamine improves acute postoperative pain in patients undergoing thoracoscopic surgery.
Anesthesiol Perioper Sci. 2024;2(1):5. doi:10.1007/s44254-023-00039-x

55. Wang J, Feng Y, Qi Z, et al. The role and mechanism of esketamine in preventing and treating remifentanil-induced hyperalgesia based on the
NMDA receptor-CaMKII pathway. Open Life Sci. 2024;19(1):20220816. doi:10.1515/biol-2022-0816

56. Duan WY, Peng K, Qin HM, et al. Esketamine accelerates emergence from isoflurane general anaesthesia by activating the paraventricular thalamus
glutamatergic neurons in mice. Br J Anaesth. 2024;132(2):334-342. doi:10.1016/j.bja.2023.10.038

Drug Design, Development and Therapy 2024:18 htps: 5471

Dove:


https://doi.org/10.1016/j.jclinane.2022.110955
https://doi.org/10.2147/dddt.S407905
https://doi.org/10.1111/cns.12099
https://doi.org/10.7759/cureus.27389
https://doi.org/10.7759/cureus.27389
https://doi.org/10.1016/j.expneurol.2023.114436
https://doi.org/10.1016/j.expneurol.2023.114646
https://doi.org/10.2147/jir.S346089
https://doi.org/10.1097/aln.0000000000004438
https://doi.org/10.1097/aln.0000000000004438
https://doi.org/10.33549/physiolres.934983
https://doi.org/10.1186/s40001-023-01265-6
https://doi.org/10.3389/fneur.2023.1198216
https://doi.org/10.1080/01616412.1998.11740541
https://doi.org/10.1186/s12877-023-03986-z
https://doi.org/10.1038/s41598-023-47267-6
https://doi.org/10.1007/s00415-022-11004-2
https://doi.org/10.1371/journal.pone.0284728
https://doi.org/10.1097/eja.0000000000000450
https://doi.org/10.1097/md.0000000000025446
https://doi.org/10.1016/j.neubiorev.2016.05.009
https://doi.org/10.1016/s0197-4580(01)00293-7
https://doi.org/10.1016/j.jclinane.2017.02.007
https://doi.org/10.1038/s41419-019-1416-5
https://doi.org/10.1016/j.intimp.2023.110440
https://doi.org/10.24976/Discov.Med.202436183.67
https://doi.org/10.2460/ajvr.80.10.969
https://doi.org/10.2147/dddt.S422896
https://doi.org/10.1213/ane.0000000000001226
https://doi.org/10.1111/bcp.15726
https://doi.org/10.1007/s44254-023-00039-x
https://doi.org/10.1515/biol-2022-0816
https://doi.org/10.1016/j.bja.2023.10.038
https://www.dovepress.com
https://www.dovepress.com

Tao et al Dove

Drug Design, Development and Therapy Dove
Publish your work in this journal

Drug Design, Development and Therapy is an international, peer-reviewed open-access journal that spans the spectrum of drug design and development
through to clinical applications. Clinical outcomes, patient safety, and programs for the development and effective, safe, and sustained use of medicines
are a feature of the journal, which has also been accepted for indexing on PubMed Central. The manuscript management system is completely online

and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes
from published authors.

Submit your manuscript here: https://www.dovepress.com/drug-design-development-and-therapy-journal

5472 B ¥ in @O ™ Drug Design, Development and Therapy 2024:18


https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Methods
	Ethical Considerations
	Participants
	Randomization and Blinding
	Anesthesia Protocol
	Primary and Secondary Outcomes
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Acknowledgments
	Funding
	Disclosure

