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Abstract

Background: Postoperative Delirium (POD) is a disturbed men-
tal state that occurs after surgery. Its pathological mechanism re-
mains unclear and may involve multiple factors, with inflammatory 
responses and neuroinflammation being the primary causes. This 
study aimed to investigate the effect of Dexmedetomidine (DEX) on 
the incidence of POD in patients with Wilson Disease (WD) under-
going splenectomy. 

Materials and Methods: We enrolled 124 patients with WD who 
underwent splenectomy. Patients were divided into two groups 
randomly. The primary endpoint of the study was the incidence of 
POD at three distinct time points: one day postoperatively (T6), two 
days postoperatively (T7), and three days postoperatively (T8). The 
secondary endpoint was the serum levels of Interleukin (IL)-1β, IL-
6, and Tumor Necrosis Factor (TNF)-α at T6-T8.

Results: The incidence of POD at T6, T7, and T8 and the total 
incidence of POD in group D were lower than those in group C. The 
serum concentrations of TNF-α in group D were lower than that in 
group C in the POD patients at T6, T7, and T8, and the difference 
was statistically significant.

Conclusions: DEX can reduce the incidence of POD by sup-
pressing TNF-α expression in patients with WD after splenectomy. 
Exploring different dosages or administration methods of dexme-
detomidine could be a potential avenue for subsequent studies. In 
addition, the use of inflammatory factor inhibitors, especially IL-6, 
TNF-α antibodies, may be beneficial for the prevention of POD.

Keywords: Hepatolenticular Degeneration; Splenectomy; Dex-
medetomidine; Delirium; Interleukin-6; TNF-alphaBackground 

Wilson Disease (WD), also known as hepatolenticular degen-
eration, is an inherited disorder of copper metabolism caused 
by pathological copper accumulation in various organs, particu-
larly the liver and brain. This accumulation leads to a wide range 
of symptoms [1]. Patients with WD often present with spleno-
megaly and pancytopenia, which are conventionally treated 
with splenectomy [2].

Postoperative Delirium (POD), or emergence delirium, is a 
disturbed mental state that occurs after surgery, with an inci-
dence of 37%–46% depending on the type of surgical procedure 
performed. In some cases, it has been reported to be as high 

as 51% [3] and occurs in up to 50%–70% of high-risk patient 
groups [4], even reaching up to 73.5% [5]. POD is most preva-
lent in older patients, those with existing neurocognitive disor-
ders, and those undergoing complex or emergency procedures. 
Preclinical and clinical research in recent years has uncovered 
more about the pathophysiology of postoperative delirium and 
may yield more potential therapeutic options. Several recent 
clinical trials have demonstrated that intraoperative Dexme-
detomidine (DEX) infusion can prevent POD [6-8].Intraoperative 
DEX has been shown to reduce POD by 40%–65% [7,9], and it 
could be the most effective sedative agent in reducing POD [5].
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The pathological mechanism of POD remains unclear, and it 
may be caused by multiple factors, including inflammatory re-
sponses and neuroinflammation, which appear to be the pri-
mary cause [10]. Patients with WD often experience systemic 
inflammation and neuroinflammation due to copper ion depo-
sition in the liver and brain [11-13]. Moreover, surgical trauma 
can stimulate systemic inflammatory responses, which can fur-
ther induce neuroinflammation in various ways [3]. Preliminary 
experiments from our center suggest that POD is more likely to 
occur in patients with WD after splenectomy. 

DEX has been shown to reduce the incidence of POD by in-
hibiting peripheral inflammatory mediator expression, and ani-
mal experiments have demonstrated that DEX can also inhibit 
neuroinflammation [14,15]. Recently, several studies have re-
ported that DEX can prevent POD and decrease peripheral in-
flammatory responses [8,10]. DEX also used during anesthesia 
in cirrhotic patients induced an attenuated stress response, a 
decrease in inflammation levels, and reduced opioid consump-
tion, as well as improved liver function [16]. All WD splenec-
tomy patients have severe cirrhosis, systemic inflammation 
and neuroinflammation, so DEX should be beneficial for such 
patients, but whether DEX has the effect of preventing POD in 
such patients is unknown. This study aims to investigate the ef-
fect of DEX on the incidence of POD in  patients with WD and 
explore the potential mechanism of DEX in preventing POD by 
inhibiting inflammatory mediator expression. 

Materials and Methods

Study Design

This study was a single-center double-blind, randomized pla-
cebo-controlled trial. We enrolled 124 patients with WD aged 
16–58 years, with American Society of Anesthesiologists (ASA) 
grade I–II, Child–Pugh grades A–B, and who were scheduled for 
splenectomy in our hospital. The Ethics Committee of The First 
Affiliated Hospital of the Anhui University of Chinese Medicine 
approved this study, and all patients signed informed consent. 
The study was registered at the China Clinical Trial Registration 
Center (https://www.chictr.org.cn/listbycreater.aspx) with reg-
istration number of ChiCTR2100050549 on 28/8/2021, and was 
designed and reported using the CONSORT statement. 

Hypertension is a well-known risk factor for cognitive impair-
ment and dementia [17], the preexisting cognitive impairment 
and use of narcotic analgesics were significantly associated with 
POD [18]. The history of psychiatric illness [19], cardiovascular 
and cerebrovascular diseases are the potential risk factors of 
POD [4,20], but higher BMI mediated protective effects on POD 
[21]. The field of drug “allergy” has expanded to include adverse 
reactions associated with immunosuppressive medications, an-
ticytokine therapies and monoclonal antibodies. In view of the 
above findings, in order to ensure that patients have a similar 
risk of POD, the following exclusion criteria are established. Ex-
clusion criteria were patients with severe hypertension (systolic 
Blood Pressure [BP] ≥180 mmHg or diastolic BP ≥110 mmHg), 
Body Mass Index (BMI) >30 kg/m2, drug allergy, preoperative 
Mini-Mental State Examination (MMSE) score of ≤23, assessed 
at 1 day preoperatively (T0), preoperative psychiatric history, 
severe cardiovascular and cerebrovascular diseases, long-term 
use of opioids or other analgesic drugs, and history of addiction.

Management of General Anesthesia and Analgesia

All patients fasted for 8 h and did not receive any sedative or 
analgesic medications before anesthesia induction. In the op-

erating room, the vein channel was opened for infusion, and 
the lactate Ringer solution (Fengyuan Pharmaceutical Compa-
ny, Anhui, China) was maintained at 6–8 mL kg−1·h−1. Standard 
monitoring consisted of invasive arterial Blood Pressure (BP), 
electrocardiography, pulse oxygen saturation, end-tidal carbon 
dioxide (PetCO2), body temperature, and Bispectral Index (BIS), 
were monitored using a Mindray monitor (Mindray Corporation, 
Shenzhen, China). Before anesthesia induction, DEX 0.5 µg/kg 
was injected intravenously at 10 mins, and 0.25 µg·kg−1·h−1 was 
administered until 30 min before surgery ended (group D), and 
normal saline was used in control group (group C).

Anesthesia was inducted using midazolam 0.03 mg/kg (Renfu 
Pharmaceutical Company, Hubei, China), sufentanil 0.3–0.5 µg/
kg Renfu Pharmaceutical Company, Hubei, China), etomidate 
0.3 mg/kg (Enhua Pharmaceutical Company, Jiangsu, China), 
and cisatracurium 0.2 mg/kg (Hengrui Pharmaceutical Com-
pany, Jiangsu, China), with BIS ≤ 60. Subsequently, the patient 
was intubated after 5 min. Mechanical ventilation parameters 
were the tidal volume of 8–10 mL kg−1, ventilation frequency 
of 12 bpm, and I:E of 1:2. The ventilation parameters were ad-
justed based on PetCO2, which was maintained between 35 
and 45 mmHg. Five minutes after intubation, propofol 4–8 mg 
kg−1·h−1(Fresenius Kabi Medical LTD, Beijing, China), remifentanil 
0.1–0.3 µg kg−1·min−1 (Renfu Pharmaceutical Company, Hubei, 
China) and cisatracurium 0.1–0.2 mg kg−1·h−1 were intravenous-
ly pumped, and BIS values were maintained between 40 and 
60. The patients’ body temperature was monitored by a nasal 
thermometer and maintained between 36.0°C and 37.0°C. DEX 
infusion and sevoflurane administration were stopped 30 min 
before the surgery ended. 

Propofol and remifentanil infusions were stopped after clos-
ing the incision, and tramadol 1 mg/kg (Xudong Haipu Phar-
maceutical Co., LTD, Shanghai, China) and azasetron 0.1 mg/
kg (Zhengda Tianqing Pharmaceutical Co., LTD, Nanjing, China) 
were immediately administered. Assisted ventilation was given 
when patients regained partial breathing and consciousness, 
and the tracheal tube was removed when patients opened their 
eyes and reached the standard of extubation.

After the extubation, patient-controlled intravenous anal-
gesia (PCIA) pump was connected to the intravenous line, and 
the drugs were configured (sufentanil 2 µg/kg + azasetron 0.2 
mg/kg, diluted to 100 mL with normal saline (Fengyuan Phar-
maceutical Company, Anhui, China), background infusion rate 
2 mL/h, single dose 2 ml, locking time 15 min). Subsequently, 
the patients were transferred to the post-anesthesia recovery 
room for 30 min.

Intraoperative Hemodynamic Monitoring and Manage-
ment

The Mean Arterial Pressure (MAP) and Heart Rate (HR) were 
continuously measured and recorded before DEX or saline ad-
ministration at baseline (T1), 15 min after intervention (T2), 
beginning of skin incision (T3), 1 h postoperatively (T4), and af-
ter skin suturing (T5). Additionally, the duration of surgery and 
intraoperative blood loss were recorded. Phenylephrine 40 µg 
was administered if hypotension occurs (a decrease of >20% of 
the baseline values), whereas atropine 0.3–0.5 mg was adminis-
tered for bradycardia of <50 bpm. Interventions for tachycardia 
(HR >120 beats/min) and hypertension (systolic BP >180 mmHg 
or diastolic BP >100 mmHg) include adjustment of anesthesia 
depth and use of vasoactive drugs.
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Outcome Measures

The primary endpoint was the incidence of POD at one day 
postoperatively (T6), two days postoperatively (T7), and three 
days postoperatively (T8). Confusion Assessment Method 
(CAM) [22] delirium scale assessment was used to discern pa-
tients with POD twice daily at T6, T7, and T8 (morning between 
9:00 and 11:00 a.m., and afternoon between 3:00 and 5:00 
p.m.). A psychiatrist or psychologist who was blinded to group 
allocation screened patients with positive CAM tests for delir-
ium based on the Diagnostic and Statistical Manual of Mental 
Disorders 5 (see the supplementary material).

Bradycardia, tachycardia, hypotension, hypertension, hypox-
emia, nausea, vomiting, shivering, headache, and postopera-
tive pain were recorded at T6, T7, and T8. At 7:30 a.m. at T0, 
T6, T7, and T8, 5 mL of venous blood was collected from the 
side without infusion and centrifuged at 4000 rpm for 10 min. 
The serum was separated and stored at −80°C. Before the assay, 
all samples were thawed to room temperature and mixed by 
gentle swirling or inversion. Serum IL-1β, IL-6, and TNF-α levels 
were measured using ELISA kits (Nanjing Jiancheng Biological 
Project Company, Nanjing, China).

Randomization and Blinding

Once consent was obtained, the patients were randomized 
by an assistant, not involved in data collection, using a comput-
er-generated randomization program. The assist a randomly as-
signed the participants into two groups and kept the assigned 
tasks in sealed opaque envelopes. On the morning of the sur-
gery, the assistant opened a sealed envelope, and prepared the 
dexmedetomidine or saline in identical syringes according to 
the group allocation. The anesthesiologist who administered 
the injections, the investigators who assessed outcomes, as well 
as the patients were all blinded as to which group the patient 
had been allocated.

Sample Size and Statistical Analyses

The sample size was determined by the incidence of POD, 
the primary endpoint. In high-risk patients, the incidence of 
POD can be as high as 50%–70% [4,23], even up to 73.5% [5], 
and DEX can reduce the occurrence of POD by 40%–65% [4,7,9]. 
Patients with WD undergoing splenectomy may be at high risk 
of developing POD due to preoperative systemic inflammation, 
neuroinflammation, and inflammation caused by surgical trau-
ma. Combined with the preliminary experimental results of our 
center, this study conservatively estimated the POD incidence 
as 50%, and DEX could reduce the POD incidence by 50%. To 
achieve a power of 0.8 with a significance level of 0.05, each 
group should have 55 patients. Considering the lost-to-follow-
up rate of approximately 10%, the final sample size was 61 and 
63 patients in groups D and C, respectively.

SPSS version 21.0 (SPSS Inc., Chicago, IL, USA) software was 
used for statistical analysis with two-tailed tests wherever ap-
propriate, and P < 0.05 was considered statistically significant. 
Continuous variables were presented as mean ± SD (  ± s) for 
normally distributed data and analyzed using the independent 
t-test. Data with non-normal distribution were presented as 
median (interquartile range) and analyzed using the Mann–
Whitney U test. Two-way repeated-measures analysis of vari-
ance with Bonferroni correction for both within- and between-
group comparisons was used to analyze IL-1β, IL-6, and TNF-α 
levels at T0, T6, T7, and T8, as well as intraoperative MAP and 
HR at T1–T5. The IL-1β, IL-6, and TNF-α levels at T6, T7, and T8 

in the POD patients were analyzed by the independent samples 
t-test. Categorical variables were presented as frequencies and 
percentages and analyzed using the chi-square test or Fisher 
exact test.

Results

Figure 1 shows the consolidated standards of reporting tri-
als flow diagram of this study. We assessed 140 patients with 
WD for study eligibility; however, seven patients refused to par-
ticipate, and three patients did not meet the inclusion criteria. 
Finally, 130 patients were randomly divided into two groups, 
with 65 patients in each group. Subsequently, four and two 
patients in groups D and C dropped out of the study, respec-
tively. Moreover, two patients who sustained hypoxia required 
breathing support in each group, and two patients in group D 
had wound disruption, which required reoperation, and had to 
be transferred to the intensive care unit postoperatively. There-
fore, 124 patients completed the study: 61 and 63 in groups D 
and C, respectively.

Patients’ Characteristics and Operative Data

No difference was found in age, gender, height, weight, ASA 
classification, and Child–Pugh classification between the two 
groups (Table 1). Additionally, the duration of surgery, time to 
estuation, blood loss, fluid balance, propofol, remifentanil, and 
sufentanil were not different between the two groups. The con-
sumption of atropine, esmolol, phenylephrine, and urapidil was 
not statistically different between the two groups during the 
perioperative period (Table 2). Moreover, the MAP and HR were 
not statistically different between the two groups at T1–T5.

Figure 1: Consolidated standards of reporting trails flow diagram.

Table 1: Comparison of different baseline characteristics between two 
groups.

Characteristics
Group D Group C

P-value
(N = 61) (N = 63)

Age (years) 29.98 ± 9.04 30.22 ± 8.81 0.882

Gender (M/F) 27/34 30/33 0.708

Height (cm) 163.72 ± 8.13 165.16 ± 8.91 0.350

Weight (kg) 65.59 ± 9.99 63.44 ± 9.60 0.225

ASA status (I/II) 33/28 28/35 0.282

Child–Pugh (A/B) 40/21 38/25 0.545
Data are presented as mean ± standard deviation or numbers.
M: Male, F: Female, ASA: American society of anesthesiologists.
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Primary Endpoint

The incidence of POD at T6, T7, and T8 and total POD in-
cidence in group C were higher than that in group D, and the 
difference was statistically significant (Table 3). The serum con-
centrations of TNF-α in group D were lower than that in group 
C in the POD patients at T6, T7, and T8, and the difference was 
statistically significant (Figure 2).

Secondary Endpoints and Postoperative Characteristics

IL-1β serum concentrations were similar at T0, T6, T7, and 
T8 in both groups (Figure 3A).Compared with T0, serum IL-6 
concentrations increased significantly at T6, T7, and T8 in both 
groups. Compared with T6, serum IL-6 concentrations de-
creased significantly at T7 and T8. Changes in serum IL-6 con-
centrations were similar in both groups, but the difference was 
not significant(F(time) = 814.500, P < 0.001; F(group) = 0.445, 
P = 0.506; F(time*group) = 1.812, P = 0.179) (Figure 3B). Com-
pared with T0, the serum TNF-α concentrations of the two 
groups were significantly decreased at T6, T7, and T8, with 
group D showing significantly lower serum TNF-α concentra-
tions compared with group C(F(time) = 1120.987, P < 0.001; 
F(group) = 247.951; P < 0.001, F(time/group) = 269.743; 
P < 0.001) (Figure 3C).

Table 2: Comparison of different surgical data between two groups.

Surgical data
Group D Group C

P-value
(N = 61) (N = 63)

Duration of surgery (min) 97.62 ± 17.12 103.02 ± 18.37 0.094
Time to extubation (min) 10.11 ± 4.34 8.96 ± 3.81 0.121
Blood loss (mL) 190.25 ± 34.21 179.67 ± 30.30 0.071
Fluid balance (mL) 1678.03 ± 80.68 1701.75 ± 88.95 0.123
Propofol (mg) 355.21 ± 8.88 351.83 ± 11.75 0.073
Remifentanil (mg) 1.64 ± 0.15 1.65 ± 0.17 0.665
Sufentanil (µg) 34.77 ± 8.81 32.65 ± 8.30 0.170
Atropine 7 (11.5) 5 (7.9) 0.505
Esmolol 3 (4.9) 7 (11.1) 0.324
Phenylephrine 7 (11.5) 8 (12.7) 0.835
Urapidil 2 (3.3) 5 (7.9) 0.463

Data are presented as mean ± standard deviation or median (IQR). 
Fluid balance: input (fluid) - output (blood loss + urine + abdominal tube  
drainage).
Table 3: The incidence of postoperative delirium between the two 
groups at different time points.

Time point
Group D Group C

P- value
(N = 61) (N = 63)

T6 10 (16.4) 26 (41.3) 0.002
T7 12 (19.7) 25 (39.7) 0.015
T8 8 (13.1) 20 (31.7) 0.013

Total 14 (23.0) 33 (52.4) 0.001

Figure 2: Comparison of the serum concentrations of Il-1β, IL-6 
and TNF-α in the POD patients at T6, T7 and T8. T6, 1 day postop-
eratively; T7, 2 days postoperatively; T8, 3 days postoperatively; IL 
interleukin; TNF, tumor necrosis factor. 
*P<0.05 vs Group C. Source: Microsoft® Excel ® 2019MSO, version 
2307 Build 16.0.16626.20086.

Figure 3: Comparison of serum concentrations of IL-1β (A), IL-6 
(B), TNF-α (C) between the two groups. T0, 1 day preopera-
tively; T6, 1 day postoperatively; T7, 2 days postoperatively; 
T8, 3 days postoperatively; IL, interleukin; TNF, tumor necrosis 
factor. Source: Microsoft® Excel® 2019MSO, version 2307 Build 
16.0.16626.20086.
∗P < 0.05 vs T0; #P < 0.05 vs T6; ∆P < 0.05 vs Group C.

Data are presented as the number of subjects (percentage). 
T6 = 1 day postoperatively, T7 = 2 days postoperatively, T8 = 3 days postopera-
tively.

Table 4: Postoperative adverse events and postoperative pain be-
tween the two groups.

Group D Group C
P-value

(N = 61) (N = 63)

Bradycardia 3 (4.9) 2 (3.2) 0.677

Tachycardia 2 (3.3) 4 (6.3) 0.680

Hypotension 2 (3.3) 1 (1.6) 0.616

Hypertension 4 (6.6) 5 (7.9) 1.000

Hypoxemia 0 0 1.000

Nausea 3 (4.9) 6 (9.5) 0.492

Vomiting 0 0 1.000

Shivering 2 (3.3) 6 (9.5) 0.273

Pruritus 1 (1.6) 2 (3.2) 1.000

Headache 4 (6.6) 15 (23.8) 0.008

NRS score

T6 3.0 (2.0–3.0) 3.0 (2.0–3.0) 0.837

T7 2.0 (1.0–2.0) 2.0 (1.0–2.0) 0.371

T8 1.0 (1.0–1.0) 1.0 (1.0–2.0) 0.064
Data are presented as the number of subjects (percentage) or median (inter-
quartile range).
NRS, numeric rating scale; T6; 1 day postoperatively; T7, 2 days postopera-
tively; T8, 3 days postoperatively.
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Table 4 shows the main adverse events and postoperative 
pain in two groups at 72 h postoperatively. The incidence of bra-
dycardia in group D was higher than that in group C (11.5% vs. 
7.9%, P = 0.505), and the incidence of tachycardia in group D 
was lower than that in group C (4.9% vs. 11.1%, P = 0.349). The 
incidence of hypertension, hypotension, nausea, shivering, and 
pruritus in group D was lower than that in group C (P > 0.05). No 
hypoxemia and vomiting were observed in both groups. The in-
cidence of postoperative headache in group C was significantly 
higher than that in group D (23.8% vs. 6.6%, P = 0.008). Post-
operative pain was not statistically different between the two 
groups.

Discussion

This study gathered data from 124 patients with WD who 
underwent splenectomy from August 2021 to December 2022 
at a medical university-affiliated hospital, including 61 and 63 
patients in groups D and C, respectively (Figure 1).

A previous study reported that a loading dose of DEX at 0.6 
µg/kg administered 10 minutes before anesthesia induction, 
followed by a continuous infusion at 0.5 µg·kg−1·h−1, reduced 
the risk of POD by half in elderly patients undergoing major 
non-cardiac surgery [6]. The use of DEX at 0.5 µg/kg 10 min-
utes before anesthesia induction, followed by a continuous 
infusion at 0.2 µg·kg−1·h−1, also decreased adverse responses 
and the occurrence of POD [24]. Another study showed that a 
loading dose of DEX at 0.4 µg/kg 15 minutes before anesthe-
sia induction, followed by a maintenance DEX infusion of 0.1 
µg·kg−1·h−1, reduced the incidence of POD in older adults un-
dergoing esophagectomy [8]. Based on these findings, we hy-
pothesized that a loading dose of DEX at 0.5 µg/kg 10 minutes 
before anesthesia induction, followed by a continuous infusion 
of 0.25 µg·kg−1·h−1, could reduce the incidence of POD in pa-
tients with WD after splenectomy. Our study demonstrated 
that the incidence of POD at T6, T7, and T8, as well as the total 
incidence of POD in group D, was lower than that in group C 
(16.4% vs. 41.3%, P = 0.002; 19.7% vs. 39.7%, P = 0.015; 13.1% 
vs. 31.7%, P = 0.013; 23% vs. 52.4%, P = 0.001, respectively) 
(Table 1). The serum concentrations of TNF-α in group D were 
lower than that in group C in the POD patients at T6, T7, and 
T8 (Figure 2). These results indicated that DEX can significantly 
reduce the incidence of POD by inhibiting TNF-α expression 
in patients with WD after splenectomy. The high POD rate in 
this study may be associated with patients' pathophysiological 
states, such as long-term high-baseline peripheral inflammation 
and neuroinflammation [11], or acute peripheral inflammation 
caused by surgical trauma. Alternatively, it may be the result of 
their combined effects.

Patients with WD frequently experience both systemic in-
flammation and neuroinflammation. Surgical trauma can fur-
ther exacerbate systemic inflammation. Peripheral proinflam-
matory cytokines might also interact with the central nervous 
system, even when their levels in the circulating blood are low 
[25]. Additionally, the inflammatory response triggered by sur-
gery can contribute to neuroinflammation and the develop-
ment of POD [26]. POD may represent a unique manifestation 
of perioperative neurocognitive deficits [27], with neuroinflam-
mation being a key characteristic of POD [28]. Currently, the im-
pact of inflammatory mediators on POD and the potential use 
of these mediators as therapeutic targets for preventing POD 
are gaining attention. 

Several studies have shown that peripheral inflammatory 

mediators [such as IL-1β, TNF-α, and interleukin-6 (IL-6)] can 
affect the brain through the vagus nerve pathway, directly 
through the blood-brain barrier or periventricular area, via pro-
duction of inflammatory mediators by microglial cells, and via 
neural in- flammatory reactions; all ultimately leading to neuro-
degenerative changes and cognitive function impairment [29].

IL-1β is closely associated with both neuroinflammation and 
systemic inflammation, and it may predict cognitive dysfunction 
[30]. It plays a crucial role in neuroinflammatory diseases [31] 
and serves as a molecular link between the immune system, 
the vagus nerve, and the central nervous system [32]. How-
ever, in this study, serum levels remained stable without sig-
nificant changes between the two groups at T0, T6, T7, and T8 
(Figure 3A). The serum concentrations of IL-1β were similar in 
both groups in the POD patients at T6, T7, and T8 (Figure 2). 
This suggests that surgical trauma and DEX had no significant 
impact on serum IL-1β expression. Moreover, the relationship 
between serum IL-1β and POD was not significant. But previ-
ous studies have shown that DEX can prevent POD by inhibit-
ing IL-1β expression in the brain [15,33], and serum IL-1β ex-
pression is closely related to the surgical approach [34]. These 
contradictions may be due to the chronic inflammatory state 
of WD patients, which makes them not very sensitive to IL-1β 
changes caused by surgical trauma or DEX, or due to the small 
sample size of our study. Therefore, the effect of IL-1β on POD 
and whether DEX affect the occurrence of POD in WD patients 
through IL-1β are worthy of further exploration. 

Our results showed that IL-6 increased significantly at T6, 
and then decreased significantly at T7 and T8 in both groups, 
and there was no significant difference between the two groups 
(Figure 3B), indicating that the change of IL-6 had nothing to 
do with DEX and might be a normal phenomenon caused by 
surgical trauma. This study demonstrated that the incidence of 
POD was significantly reduced in group D compared to group C 
(Table 3), however, serum IL-6 levels were not different in the 
POD patients between the two groups (Figure 2). These indi-
cated that DEX decreased the incidence of POD, but it was un-
related to IL-6 expression. Bin Mei et al. also reported that intra-
operative DEX improved postoperative neurocognitive function, 
but this effect was unrelated to IL-6 [35,36]. In a multivariate 
logistic regression analysis, Brattinga et al. found no significant 
relationship between IL-6 and POD [26]. Although a preopera-
tive high serum IL-6 level was significantly associated with POD 
onset [37], DEX reduced the incidence of POD without affect-
ing serum IL-6 levels. A study suggested that patient and surgi-
cal variables might have a more significant impact on postop-
erative inflammatory responses than the anesthetic technique 
[38]. Higher levels of IL-6 will increase neuronal damage [29], 
the onset and high incidence of POD in patients with WD could 
be due to long-term high baseline serum IL-6 and/or increased 
serum IL-6 levels induced by surgical trauma. In summary, DEX 
can reduce the occurrence of POD, but it does not affect serum 
IL-6 expression. 

TNF-α is a critical mediator of chronic neuroinflammation-
induced neuronal dysfunction and cognitive impairment [39], 
and it is associated with a high cognitive decline [40]. Chronic 
inflammatory status appears to be responsible for glial cell ac-
tivation, triggering a more persistent inflammatory state that 
leads to neuronal damage and neurodegeneration [41]. Acute 
peripheral inflammation caused by surgical trauma disrupts 
the Blood-Brain Barrier (BBB) through the release of TNF-α, 
impairing BBB integrity, modifying the resistance of the tight 
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junctions of brain vessels, and resulting in cognitive impair-
ment [29,42,43]. Therefore, targeting TNF-α could prevent and/
or resolve postoperative neuroinflammation and cognitive de-
cline [44]. Our results showed that patients with WD had high 
baseline TNF-α levels, putting them at high risk for POD after 
splenectomy, which our study also confirmed. But postopera-
tive serum TNF-α concentrations decreased in both groups (Fig-
ure 3C). Copper ion deposition in the spleen can lead to chronic 
splenic inflammation, increasing TNF-α expression but after 
splenectomy, serum TNF-α levels may decrease. There have 
been reports of no increase or even decrease in TNF-α concen-
trations after surgery. Kvarnström et al. discovered that in major 
abdominal surgery, serum TNF-α levels did not increase until 24 
hours postoperatively [45]. In an animal trial, abdominal sur-
gery reduced rat spleen cells' ability to synthesize and secrete 
active TNF-α through multilevel regulation [46]. Combined total 
intravenous and inhalation anesthesia might lead to decreased 
TNF-α levels. Our study also found the similar phenomenon and 
the results showed that compared with T0, TNF-α levels in the 
two groups was significantly decreased, and the serum TNF-α 
concentration in group D was lower than that in group C at T6-
T8 (Figure 3C). Moreover, the TNF-α levels in group D was lower 
than that in group C significantly in the POD patients at T6-T8 
(Figure 2), it indicated that although TNF-α may decrease sig-
nificantly after surgery for various reasons, DEX could decrease 
the incidence of POD by further inhibiting TNF-α expression. 
Therefore, we can conclude that reducing serum TNF-α concen-
tration can significantly reduce the incidence of POD, and DEX 
prevents POD by inhibiting TNF-α expression. 

We hypothesize that the long-term high-baseline proinflam-
matory cytokine levels in patients with WD might be the foun-
dation for the high incidence of POD. The increased serum IL-6 
concentrations caused by surgical trauma could potentially be a 
trigger factor for POD onset. DEX not only inhibited TNF-α ex-
pression but also reduced POD incidence, it does not seem to be 
related to IL-1β and IL-6. In future studies, researchers should 
explore more effective methods or specific inflammatory me-
diator antibodies, beyond DEX, to inhibit perioperative inflam-
matory mediators and thus reduce the occurrence of POD. For 
instance, further research is necessary to investigate the use of 
IL-6 antibodies to decrease POD onset and TNF-α antibodies to 
reduce the incidence of POD in WD patients especially.

Regarding safety, a loading dose of DEX 1 µg/kg over 10 
minutes, followed by a continuous infusion at a rate of 0.2–0.8 
µg·kg −1·h−1 has been shown to be safe for patients older than 70 
years [47]. As such, the dosage and administration of DEX in this 
study should also be considered safe. 

Our findings demonstrate that patients' intraoperative he-
modynamics and body temperature remained stable, and there 
were no significant differences in anesthetic and vasoactive 
drug usage during the perioperative period. Moreover, postop-
erative adverse reactions, such as bradycardia, tachycardia, hy-
pertension, hypotension, and hypoxia, did not differ significant-
ly between the two groups, which may be attributable to the 
use of low-dose DEX. Headaches are common in patients with 
WD [48], and animal studies have shown that rapid withdrawal 
after long-term DEX usage can also cause headaches [49]. Al-
though none of the included patients experienced headaches 
preoperatively, the incidence of headaches after splenectomy 
was relatively high. Furthermore, the incidence of headaches 
in group C was significantly higher than in group D, suggesting 
that surgery and anesthesia may have induced headaches, and 

DEX provided some protection. Previous research has shown 
that DEX can alleviate headaches [50], which could be related 
to its anti-neuropathic pain and neuroprotective functions [51].

This study has several limitations. Firstly, its single-center 
nature is crucial in acknowledging potential biases and the 
implications for the generalizability of the findings. Secondly, 
serum proinflammatory factors may not accurately reflect neu-
roinflammation, and obtaining direct evidence of neuroinflam-
mation is challenging. Even if peripheral levels of proinflam-
matory factors indicate the inflammatory state of the central 
nervous system, future studies should measure markers specific 
to neuroinflammation. Thirdly, there are numerous types and 
subtypes of proinflammatory factors, and this study only exam-
ines three, which may not comprehensively represent the rela-
tionship between inflammatory mediators and POD. Lastly, the 
interactions between proinflammatory factors and their impact 
on neuroinflammation have not been clearly defined.

In conclusion, a loading dose of DEX at 0.5 µg/kg adminis-
tered 10 minutes before anesthesia induction, followed by a 
continuous infusion at a rate of 0.25 µg·kg−1·h−1, can decrease 
the occurrence of Postoperative Delirium (POD) in patients with 
Wilson's Disease (WD) undergoing splenectomy. The onset and 
increased incidence of POD in WD patients may be attributed to 
long-term elevated baseline serum IL-6 levels and/or a surge in 
serum IL-6 levels induced by surgical trauma. DEX helps prevent 
POD by suppressing TNF-α expression.

Conclusions

DEX can reduce the incidence of POD by suppressing TNF-α 
expression in patients with WD after splenectomy. Exploring dif-
ferent dosages or administration methods of dexmedetomidine 
could be a potential avenue for subsequent studies. In addition, 
the use of inflammatory factor inhibitors, especially IL-6, TNF-α 
antibodies, may be beneficial for the prevention of POD.
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