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Abstract
Objectives We conducted a meta-analysis to investigate the effect of dexmedetomidine on postoperative delirium 
in elderly orthopedic surgery patients.

Methods A meta-analysis was conducted to identify randomized controlled trials of dexmedetomidine in elderly 
patients undergoing orthopedic surgery. The data was published on October 25, 2024. PubMed, Embase, and 
Cochrane Library databases were searched. Outcome measures included incidence of delirium, length of hospital 
stay, visual analogue scale, and postoperative complications. Estimates are expressed as relative risk (RR) or mean 
difference (MD) with a 95% confidence interval (CI). The publications were reviewed according to the guidelines of 
the Cochrane Handbook and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).

Results This study was registered with INPLASY (number INPLASY2024110004). A total of 3159 patients were 
included in 9 randomized controlled trials. The results showed that dexmedetomidine exhibited a preventive effect 
on delirium compared with the control group in elderly patients after orthopedic surgery (RR: 0.55, 95% CI: 0.45–0.66, 
P < 0.01, I2 = 0%). Subgroup analysis suggested that dexmedetomidine was significantly different from saline(RR: 0.56; 
95% CI: 0.44–0.73, P<0.01, I²=31%) and propofol(RR: 0.52; 95% CI: 0.39–0.70, P<0.01, I²=0%) in reducing postoperative 
delirium in elderly fracture patients. No statistically significant differences were observed in length of hospital stay, 
visual analogue scale, and postoperative complications (P > 0.05). Certainty of evidence for postoperative delirium was 
moderate.

Conclusions Dexmedetomidine has been shown to have a protective effect on postoperative delirium in elderly 
patients following orthopedic surgery.
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Introduction
Postoperative delirium (POD) is a neurological disorder 
associated with temporary loss of consciousness and cog-
nitive dysfunction. The exact etiology of POD remains 
uncertain [1]. The occurrence of POD is related to a 
number of factors, including the patient’s age, the type of 
surgery, the anesthesia and sedation administered during 
the procedure, and the complications that arise during 
the surgery. Elderly patients who have undergone fracture 
surgery have been shown to have a number of charac-
teristic features, including advanced age, prolonged bed 
rest, blood loss, and the presence of underlying comor-
bidities. The incidence of POD is 32–53.3% [1], which is 
significantly higher than in younger patients [2]. POD has 
been shown to increase the risk of short- and long-term 
complications in older patients who have sustained a 
fracture and undergone surgery. Additionally, it has been 
shown to prolong hospital stay and increase associated 
costs [3–4]. Therefore, it is of great clinical importance to 
identify effective preventive measures against delirium in 
this population.

Dexmedetomidine is a highly selective α-2-adrenergic 
receptor antagonist that can inhibit sympathetic nerve 
excitability [5], increase vagus nerve excitability, lower 
blood pressure, lower heart rate, and reduce myocardial 
oxygen consumption. In addition, dexmedetomidine 
has been observed to cause sedation, analgesia, anxio-
lytic effects, hypnosis, memory loss, and anesthesia-like 
symptoms. The drug exerts a sedative effect by inhibiting 
the division of neurons, thereby reducing the perception 
of pain and anxiety. The pharmacological properties of 
dexmedetomidine include rapid absorption, rapid distri-
bution, rapid metabolism and rapid excretion. In clinical 
practice, dexmedetomidine is used for sedation, analgesia 
and sedation, as well as for intraoperative and postop-
erative sedation and analgesia [6]. Additionally, dexme-
detomidine has been shown to inhibit central nervous 
system activity, thereby reducing pain in patients [7]. A 
number of studies have documented the neuroprotective 
effects of dexmedetomidine [8]. Nevertheless, the results 
of recent randomized controlled trials suggest that the 
effectiveness of dexmedetomidine in reducing the inci-
dence and safety of POD in elderly patients undergoing 
orthopedic surgery is still inconclusive. The aim of this 
study is to conduct a meta-analysis to evaluate the poten-
tial protective effect of dexmedetomidine on the occur-
rence of POD in elderly patients undergoing orthopedic 
procedures.

Methods
The meta-analysis was conducted according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines [9]. The protocol has been 
registered in the International Platform of Registered 
Systematic Review and Meta-analysis Protocols data-
base (Inplasy protocol: INPLASY2024110004) and is fully 
available on Inplasy.com  (   h t  t p s  : / / i  n p  l a s y . c o m / i n p l a s y - 2 0 
2 4 - 1 1 - 0 0 0 4 /     ) . Ethical approval was not required for this 
study.

Search strategy
Three researchers (Jing Sun, Duo Wang, and Yue Zhao) 
conducted a comprehensive electronic literature search 
for articles published in this area before October 25, 
2024. The database includes PubMed, Embase and the 
Cochrane database. The PubMed basic search strategy 
as follows: (cataclasis[Title/Abstract] OR fracture[Title/
Abstract] OR joint[Title/Abstract] OR articulation[Title/
Abstract] OR arthroplasty[Title/Abstract] OR limb[Title/
Abstract] OR orthopedic[Title/Abstract]) AND 
(dexmedetomidine[Title/Abstract]) AND (delirium[Title/
Abstract] OR deliriums[Title/Abstract]). Manually select 
relevant randomized controlled trials. The search strat-
egy of the literature was shown in the supplement (Sup-
plementary file: Table S1). Language is limited to English.

Study selection criteria
This systematic review and meta-analysis focused pri-
marily on elderly patients (60 years or older) undergoing 
orthopedic surgery. All published full-text randomized 
controlled trials (RCTs) comparing the effectiveness 
of dexmedetomidine with other agents (such as pla-
cebo or propofol) in preventing postoperative delirium 
after orthopedic surgery were eligible for inclusion. The 
outcomes were the incidence of delirium after ortho-
pedic surgery, the length of hospital stay, visual analog 
scale, and complications 30 days after surgery (defined 
as new-onset adverse conditions requiring therapeutic 
intervention according to the Clavien-Dindo classifica-
tion, which included grade 2 or higher)., including acute 
renal failure, pulmonary infection, disease control and 
disease control). Heart failure, myocardial infarction, 
new cardiac arrhythmias, pulmonary embolism or deep 
vein thrombosis, and cerebrovascular disease or wound 
infections. We excluded animal studies, studies involv-
ing patients under 18 years of age, and insufficient data 
to be extracted such as abstracts, reviews, pharmaco-
logical presentations, and other literature. Literature 
that does not agree with the content of this study will 
also be excluded. If we need relevant research data, we 
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contact the authors. Chizophrenia, epilepsy, parkinson-
ism, or coma were excluded from the study population. 
Non-intravenous administration, inappropriate control 
group settings, and inaccurate data extraction were also 
excluded.

Data extraction
Three authors undertook the data extraction indepen-
dently, using the established standard data collection 
table. The extracted data are as follows: the first author’s 
name, the year of publication, the basic characteristics 
of the participants, the type of surgery, the method of 
assessment of POD, the strategy of dexmedetomidine 
infusion, outcomes mentioned above, method of anes-
thesia and exclusion criteria.

Bias & quality assessment
Two researchers independently selected and reviewed the 
literature data using a uniform and standardized method 
and included them in the literature in strict compliance 
with the eligibility and exclusion criteria. They then col-
lected information. The quality of the selected articles 
was assessed according to the standards of the Cochrane 
Reviewer Handbook, version 5.1.0 [10], using the RoB 
2.0 tool. We used the funnel plot to assess the publica-
tion bias of the studies, and to ensure the accuracy of the 
results, we considered excluding studies with significant 
publication bias.

Data synthesis and analysis
The meta-analysis was conducted using RevMan 5.4. 
Data that met the criteria for homogeneity (P > 0.10 and 
I²≤50%) as determined by the heterogeneity test were 
subjected to meta-analysis using the fixed-effect model 
(M-H). In cases where the above homogeneity criteria 
were not met (P ≤ 0.10 or I2 > 50%) and the presence of 
heterogeneity could not be excluded, the random effects 
model was used to consolidate the effects [11]. A pre-
specified subgroup analysis was performed according 
to the control group (saline or propofol) administration 
strategy. Estimates are expressed as relative risk (RR) or 
mean difference (MD) with a 95% confidence interval 
(CI). A p value less than 0.05 was considered statistically 
significant.

Certainty assessment
This study assessed research certainty according to the 
criteria of theGRADE (Grading of Recommendations 
Assessment, Development, and Evaluation) Guidelines 
Working Group [12]. According to the correspond-
ing evaluation criteria, the evidence level was classified 
(divided into 4 categories: high, moderate, low and very 
low) [13].

Results
The flowchart provides a summary of the process for 
identifying and selecting studies for review (Fig.  1). A 
total of 219 related literatures were retrieved, of which 91 
were excluded due to duplicates. In addition, 109 studies 
were excluded after a preliminary assessment of titles and 
abstracts. The remaining 19 studies underwent a more 
comprehensive assessment through a thorough reading 
of the full texts. Data from nine studies [14–22] evaluat-
ing the efficacy and safety of dexmedetomidine for the 
prevention of delirium in elderly patients undergoing 
orthopedic surgery were included in the final analysis.

The trials included in this review were published 
between 2016 and 2024 and included a total of 3159 
patients (1580 in the dexmedetomidine group and 1579 
in the control group). The detailed characteristics of the 
included trials were presented in Table 1.

A total of nine studies with a total of 3159 patients 
showed that dexmedetomidine significantly reduced the 
incidence of POD in elderly patients after orthopedic sur-
gery compared to the control group (Fig. 2, RR: 0.55; 95% 
CI: 0.45–0.66, P < 0.01, I²=0%). Subgroup analysis sug-
gested that dexmedetomidine was significantly different 
from saline(RR: 0.56; 95% CI: 0.44–0.73, P<0.01, I = 31%) 
and propofol(RR: 0.52; 95% CI: 0.39–0.70, P<0.01, I²=0%) 
in reducing postoperative delirium in elderly fracture 
patients. Regarding the length of hospital stay (after sur-
gery), we removed studies with significant publication 
bias that showed no statistically significant difference 
between dexmedetomidine and control groups (Fig.  3, 
MD: 0.00; 95% CI: -0.08–0.08, P = 1.00, I²=0%). Further-
more, it had no effect on the visual analogue scale (VAS) 
(Fig.  4, RR: -1.10; 95% CI: -2.87–0.66, P = 0.22, I²=99%). 
Three studies reported postoperative complications 
within 30 days after surgery, which was not a statistically 
significant difference (Fig. 5, RR: 0.87; 95% CI: 0.61–1.23, 
P = 0.23, I²=33%).

RevMan software is used to see how an individual 
study affects the overall outcome for each endpoint. 
The RoB 2.0 tool was used to assess the quality of the 
research. The quality of included studies was affected 
by missing outcome data and selection of the reported 
result, which caused some concerns. GRADE is used to 
assess the certainty of evidence affected by the risk of 
bias, inconsistency and imprecision, as described in the 
supplementary file. Certainty of evidence for postopera-
tive delirium was moderate.

Discussion
Previous research has shown that delirium is a signifi-
cant health problem [23] that is strongly associated with 
prolonged hospital stays, mortality, and other compli-
cations in patients. Several risk factors have been iden-
tified, including a history of cognitive impairment, 
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postoperative pain, use of opioids and sedatives, and 
postoperative inflammation. These factors have been 
shown to be associated with delirium [24–26]. Conse-
quently, proactive prevention of delirium through non-
pharmacological and pharmacological means is a crucial 
aspect of perioperative management [26].

Dexmedetomidine is a potent α2-adrenergic recep-
tor agonist. Dexmedetomidine inhibits norepinephrine 
release by activating the α2-adrenergic receptor post-
synaptic G proteins, thereby reducing the sympathetic 
response without significant respiratory depression [6, 
7]. Therefore, dexmedetomidine is widely used in ortho-
pedic surgery and postoperative analgesia. The results 
of this study suggest that perioperative administration 
of dexmedetomidine may potentially reduce the inci-
dence of POD in elderly patients undergoing orthope-
dic surgery. The exact etiology of POD remains unclear. 
The following hypotheses have been proposed: The first 
hypothesis is the neuroinflammatory process. Surgical 
trauma promotes the release of cytokines and inflam-
matory mediators [27], destroys the blood-brain barrier, 
and increases the inflammatory response of the nervous 

system, leading to cerebral ischemia and nerve cell apop-
tosis. Among the studies included in this meta-analysis 
[14, 18, 20], postoperative serum inflammatory factor 
levels were measured in included patients, but they could 
not be combined because the original data could not be 
extracted. Two studies [14, 20] showed that postoperative 
serum IL-6 and TNF-a levels were significantly lower in 
the dexmedetomidine group than in the control group. 
Secondly, considering the stress response theory [28], 
patients with bone trauma often suffer from severe pain 
and long-term abnormal excitation of the sympathetic 
nerve, resulting in strong stimulation during tracheal 
intubation and extubation under general anesthesia. 
This can lead to fluctuations in hemodynamic status and 
cognitive impairment, with elderly patients being par-
ticularly at risk of cognitive impairment due to stress 
reactions. Third, postoperative sleep arrhythmias [29], 
postoperative fatigue and metabolic disorders are impor-
tant risk factors for the occurrence of POD. Studies have 
shown that sleep deprivation can directly increase astro-
cyte phagocytosis and promote microglial activation, 
which has been shown to be a promoting factor for POD 

Fig. 1 The flow chart of the search and study selection process
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Fig. 4 Forest plot of visual analogue scale

 

Fig. 3 Forest plot of length of stay (Ns: saline, Pro: propofol)

 

Fig. 2 Forest plot of postoperative delirium (Ns: saline, Pro: propofol)
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development [30]. A study in this meta-analysis showed 
[14] that intraoperative administration of dexmedetomi-
dine significantly reduced the likelihood of sudden awak-
ening after fast-wave anesthesia compared to controls, 
a progression comparable to that observed in rapid eye 
movement sleep, which is often associated with sleep 
disorders [31]. Finally, opioids are often used for intra-
operative analgesia, and the incidence of POD is directly 
related to the use of opioids, the acute effect of which is 
to increase the release of serotonin in a wide area of the 
forebrain, which can affect various neurotransmitters 
[32–33]. The pain assessment in this study was limited to 
the number and heterogeneity of studies and other fac-
tors, and the results showed no statistical differences, 
which requires further research verification in the future. 
Regarding the length of stay, this study was also limited 
by factors such as the number of studies and the small 
number of participants, and no statistical differences in 
the results were found, which still need to be verified by 
further research in the future.

The limitations of this study are as follows. First, in 
this study, different surgical types, anesthesia meth-
ods, and dexmedetomidine application strategies may 
increase the heterogeneity of outcome measurements. 
Second, this meta-analysis mainly focuses on studies 
in China and South Korea, and there are certain differ-
ences in the exclusion criteria of different studies, which 
also increases the calculation of outcome indicators to 
a certain extent. Third, due to the limited sample size of 
the study, we did not include 30-day all-cause mortality 
as an end event, which is a significant limitation, and the 
sensitivity analysis may also affect the accuracy of the 
results due to the small number of included studies. In 
conclusion, multicenter, large-scale, randomized, con-
trolled trials on postoperative delirium in orthopedic 
patients are still the future research direction. Of course, 
research into the clinical effects of different strategies for 
dexmedetomidine administration, including in combina-
tion with other medications or care measures, on older 
orthopedic patients is also a future direction. It is also 
worth examining the influence of different surgical anes-
thesia methods on postoperative delirium in orthopedic 
patients.

Conclusion
This meta-analysis suggests that perioperative admin-
istration of dexmedetomidine significantly reduces the 
incidence of POD in elderly orthopedic postoperative 
patients.
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