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Dexmedetomidine potential in attenuating postoperative 
delirium in elderly patients after total hip joint replacement
Yuqin Lv1* , Lilei Gu2 

ORIGINAL ARTICLE

INTRODUCTION
Postoperative delirium (POD) is a life-threatening clinical com-
plication that is prevalent in elderly patients. It is associated 
with a higher risk of dementia and mortality1. In most cases, 
POD often leads to prolonged treatment duration and high 
costs due to cognitive impairment and disability2. Interestingly, 
a previous study has reported that POD has an incidence of 
around 11–51% in elderly patients who have received total 
hip arthroplasty (THA)3. In a similar study, it has been found 
that 23.33% of elderly patients undergoing THA due to hip 
fracture will develop POD4. Furthermore, POD can manifest 
in 60–80% of hospitalized elderly patients5. Alarmingly, in 
the United States, an 85% increase in total knee arthroplasty 
(TKA) procedure growth rate was observed within the last 14 
years, and it is anticipated that THA procedures will increase 
to 71% by 20306. Thus, it is important to prevent the devel-
opment of POD to improve long-term outcomes and decrease 
the hospitalization duration and cost of affected patients. 

Currently, there is no effective preventive drug against POD 
as well as proof from randomized controlled studies in post-
THA elderly patients that has been reported yet.

Dexmedetomidine (DEX) is a highly selective agonist 
of the α-2-adrenergic receptor that causes adequate seda-
tion with minimal respiratory depression7. Recent studies 
are increasingly providing evidence on the protective effects 
of DEX administration on various organ injuries7,8 and 
delirium2,9. A previous study has also reported that DEX 
can potentially slow the course of delirium in critically ill 
patients10. Currently, there are no reports of any randomized 
controlled trials done to demonstrate the potency of DEX 
in preventing the development of POD in elderly patients 
following THA. Thus, the anti-delirium effectiveness of 
DEX has remained unclear and controversial. To bridge this 
knowledge gap, this study aims to explore the effectiveness 
of acute DEX treatment in reducing POD and improving 
post-THA operation clinical outcomes.
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SUMMARY
OBJECTIVE: This study aims to evaluate the effectiveness of dexmedetomidine in reducing the occurrence of postoperative delirium in elderly 

patients after total hip joint replacement. 

METHODS: Patients who have undergone total hip joint replacement and who were admitted to the hospital from August 1, 2017, to August 1, 2020, 

were included in this study. After initial screening, 327 out of 385 patients were selected and randomly assigned to either dexmedetomidine (0.1 μg/kg/h, 

n=163) or placebo (n=164) groups. The occurrence of delirium was examined twice a day for one week by using the Confusion Assessment Method. 

Furthermore, 30-day all-cause mortality, hospitalization duration and costs, and the presence of any postoperative complications were also evaluated. 

RESULTS: The postoperative delirium incidence was significantly lower in the dexmedetomidine group compared to that in the placebo group (13.8 

vs. 29.3%, p<0.01). The hospitalization duration (17.2±6.3 vs. 15.6±4.2, p=0.006) and cost (4.5±0.9 vs. 4.9±1.1, p=0.001) in the dexmedetomidine 

group were also lower than those in the placebo group. Meanwhile, no significant difference between the 30-day all-cause mortality of the two groups 

was observed (p=0.60). In terms of safety, no significant differences between the occurrence of hypotension and bradycardia were also observed.

CONCLUSION: Our findings show that the dexmedetomidine medication can reduce the postoperative delirium incidence in older total hip joint 

replacement patients and can subsequently decrease the related hospitalization duration and cost of these patients.
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METHODS

Study design and patient screening
A total of 385 patients who were admitted to the hospital from 
August 1, 2017 to August 1, 2020 were recruited for this study. 
Elderly patients who were scheduled for THA surgery were 
considered eligible to be included in the trial based on the fol-
lowing inclusion criteria: 

1.	 over 60 years old, 
2.	 amenable to a random treatment of DEX or placebo 

72 h postsurgery, and 
3.	 received general anesthetization for the surgery and was 

admitted in the Intensive Care Unit (ICU) after surgery. 

In contrast, patients were excluded from the trial if they 
met any of the following criteria: 

1.	 identified as probably unsalvageable at admission, 
2.	 diagnosed with diabetes combined with high choles-

terol levels, or 
3.	 any history of brain injury, neurosurgery, severe sinus 

bradycardia, neurological disease, rhabdomyolysis, 
myopathy, mental illness, epilepsy, severe lung disease, 
and multiple organ dysfunction. 

Using these criteria, 58 patients were excluded, while 327 
patients were randomly assigned (1:1) to either the treatment 
or placebo group. The treatment group was treated with 0.1 
μg/kg/h DEX, while the placebo group was administered 
with an equal amount of normal saline solution intravenously 
within 72 h following THA surgery. Assessment of delirium 
was performed twice a day for one week using the Confusion 
Assessment Method (CAM). One month after surgery, a final 
visit was conducted as a 30-day follow-up.

Randomization and masking
All patients and investigators involved in treatment delivery, 
data collection, or outcome assessment were kept blinded 
to the randomization detail. As previously discussed, the 
recruited subjects were randomly assigned to either the DEX 
or the placebo group. The drug appearance and packages of 
medical envelopes were all identical, and medications were 
delivered by a nurse adhering to the randomization sequence. 
To ensure that the safety of patients was maintained, two 
on-call experts or pharmacists were authorized to decide 
whether the grouping details could be revealed in any inci-
dence of severe adverse events or unexpected deterioration in 
the patient’s clinical status. All situations were documented 
in the case report forms.

Procedures
All patients were assigned to a subgroup based on the American 
Society of Anesthesiologists (ASA) classification following the 
evaluation of their medical comorbidities. In addition, they 
received no premedication, along with a standard preopera-
tive evaluation and the same general anesthesia protocol using 
IV midazolam (1–2 mg) and fentanyl (50–100 mg) for preop-
erative sedation, and 3–6 mg/kg IV fentanyl for maintaining 
anesthesia. Electrocardiography, noninvasive blood pressure, 
pulse oximetry (SpO2), and bispectral index were monitored 
routinely. Radial arterial pressure and central venous pressure 
were monitored as necessary.

Outcome assessment
As previously mentioned, all investigators were blinded to 
treatment allocation and were trained before the study. Those 
involved in data collection and outcome assessment did not 
participate in the treatment procedures. The POD incidence 
was evaluated postsurgery as the primary endpoint, with the 
first examination performed almost 24 h after surgery and con-
tinued twice a day during the first week9. POD assessment was 
conducted using CAM for the detection of four main features: 

1.	 an acute change or a fluctuation in mental status, 
2.	 inattention, 
3.	 disorganization in thinking, and 
4.	 alteration in consciousness levels. 

Patients displaying features 1 and 2 with either 3 or 4 
were diagnosed as developing delirium9. In case of death or 
discharge within the 1-week postsurgery period, the last delir-
ium assessment was missing9. The 30-day all-cause mortality, 
hospital costs, and length of stay, as well as the occurrence of 
any nondelirium postoperative complications, were defined as 
the secondary endpoints.

Assessment of Dexmedetomidine-related 
adverse events
All related adverse events were subjected to evaluation. 
Hypotension and bradycardia were the most frequent adverse 
events. Patients were informed of their conditions when necessary.

Statistical analysis
To estimate the minimum appropriate sample size to be used 
in this study, an assumption of a 40% rate of POD for the 
DEX group and a 25% rate for the placebo group was made 
based on our preliminary trial. With these, we estimated that 
a sample size of 298 patients would be required for this study 
(80% power and 2-sided, α=0.05, a 10% loss to follow-up), 
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and to account for our estimate, at least 300 patients were 
enrolled in our experimental design. The incidence and relative 
risk reduction of dichotomous variables were described for the 
DEX-treated group and were compared to the placebo group 
(95%CI). Normally distributed continuous data (mean±SD) 
and non-normally distributed data were analyzed using the 
unpaired t-test and independent-samples Mann-Whitney U 
test, respectively. In addition, the χ2 test or continuity correc-
tion χ2 test was used to compare the categorical data. Mean 
differences or risk ratios were calculated with two-sided 95%CI, 
considering a p<0.05 as statistically significant. Statistical anal-
yses were conducted using the SPSS statistics software (version 
18, IBM, Chicago, IL). No interim analysis was included in 
the assessments. Data overseeing was performed by the Clinical 
Research Ethics Committee from the 904th Hospital of Joint 
Logistic Support Force of PLA.

RESULTS
Out of the 385 initially assessed patients, 327 patients were 
recognized as eligible to be included in the study. The enrolled 
patients were randomly assigned to either the DEX (n=163) or 
placebo (n=164) groups (Figure 1). No patient withdrew their 
consent; however, four patients in the DEX group and two 
patients in the control group gave up the treatment. Furthermore, 
seven patients from the DEX group and five patients from 
the placebo group had to adjust their doses as shedding cases. 
Therefore, a total of 309 patients were ultimately included in 
the final intention-to-treat analysis (Figure 1), with all patients 
completing the 30-day follow-up. 

Comparison of the baseline patient 
characteristics between the  
Dexmedetomidine and placebo groups
The baseline patient characteristics of 152 DEX-treated patients 
and 157 placebo-treated patients were compared at the end of 
the intervention period. The demographics, characteristics, and 
postoperative medication and management of patients were 
similar between the two groups (Table 1).

Postoperative delirium incidence
A lower POD incidence was observed in the DEX (21 cases; 
13.8% of total) group compared to that in the placebo (46 
cases; 29.3% of total) group (p<0.01; Table 2).

Secondary endpoint parameters
A lower 30-day all-cause mortality of 3.3% (n=5 out of 152) 
was observed in the DEX group compared to 4.5% (n=7 out 
of 157) in the placebo group (p=0.60; Table 2). Meanwhile, 
hospitalization duration in the placebo group was significantly 
higher than that in the DEX group (17.2±6.3 vs. 15.6±4.2; 
p=0.006; Table 2). Similarly, the hospitalization costs in the 
placebo group were also significantly higher than that in the 
DEX group (4.9±1.1 vs. 4.5±0.9; p=0.001; Table 2). 

Safety evaluation
The occurrence of hypotension and bradycardia were evalu-
ated as drug-related complications. Signs of hypotension were 
observed in 8.3% of the placebo group and 14.5% of the DEX 
group, while bradycardia was observed in 5.7% of the placebo 
group and 10.5% of the DEX group. However, no significant 
difference in the occurrence of these complications was seen in 
both groups (Table 2). Nonetheless, a relative increase in the 
incidence of postoperative complications was observed in the 
DEX group compared to the placebo group, which requires 
attention to minimize the development of serious complications. 

DISCUSSION
Based on our findings, DEX treatment can significantly decrease 
POD in elderly patients who have undergone THA surgery. 
Furthermore, the use of DEX can also reduce hospitalization 
duration and costs. However, the 30-day all-cause mortality 
rates were not improved by the DEX administration. There 
was also no significant difference in the occurrence of postop-
erative complications, such as hypotension and bradycardia, 
between the treatment and placebo groups.

The incidence of POD following a THA operation was 
29.3% in the DEX group and 13.8% in the placebo group. 

 

Figure 1. Trial profile.

DEX: dexmedetomidine; ITT: intention-to-treat.
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These results are consistent with the findings of previous stud-
ies4,11. In one study, an overall POD incidence of 44% was 
observed in 144 patients undergoing major abdominal, tho-
racic, and vascular operations with an average onset time of 
2.1±0.9 days and a mean duration of 4.0±5.1 days12. Another 
recent study has shown that delirium in elderly patients under-
going major thoracic and abdominal surgeries decreased by 
one-third upon using a combined epidural and general anes-
thesia procedure13. Similarly, our findings indicated that POD 
increases hospitalization duration and costs, which emphasizes 
efficient medications as the major therapy. In relation to this, 
treatment with haloperidol or ziprasidone did not elicit any 
significant change in the POD duration in ICU patients with 
acute respiratory failure or shock, as well as in the presence of 
hypoactive or hyperactive delirium in these patients14. Another 
similar trial showed that treatment with simvastatin did not                       
reduce the incidence nor the duration of delirium in treated 
patients15. Hence, it is necessary to explore new drugs that can 
be beneficial for ameliorating delirium.

Delirium is a multifactorial disorder that can be induced 
or aggravated by many factors, such as the use of sedatives or 
hypnotic drugs, sleep deprivation, brain trauma, and coma1. 
The pathophysiologic underlying mechanisms of delirium are 
extremely complicated and can include systemic neuroinflam-
mation and micro-thrombosis processes, oxidative stress and 
endothelial damage, various neurotransmitters, cerebral hypoper-
fusion, and an injured blood-brain barrier1,16. Previous studies 
have reported elevated expression levels of C-reactive protein, 
interleukins (IL) 1, 6, 8, and 10, as well as tumor necrosis 

DEX: dexmedetomidine; Mean±SD: Mean±Standart Deviation; BMI: Body 
mass index; DM: diabetes.

Table 1. Demographic and baseline characteristics of the study 
population in the two groups.

Placebo (%) DEX (%) p-value

Number 157 152

Age 0.50

Mean±SD 68.4±6.6 67.9±5.9

Sex 0.88

Male 74 (47.1) 73 (48.0)

Female 83 (52.9) 79 (52.0)

BMI 20.14±0.89 20.25±0.92 0.29

Weight 63.4±10.9 64.8±11.3 0.27

Type 2 DM 0.56

Yes 23 (14.6) 26 (17.1)

No 134 (85.4) 126 (82.9)

History of 
hypertension

0.75

Yes 51 (32.5) 52 (34.2)

No 106 (67.5) 100 (65.8)

Smoking history 0.23

Yes 41 (26.1) 31 (20.4)

No 116 (73.9) 121 (79.6)

Duration of 
operation (min)

2.3±0.4 2.3±0.3 0.45

Blood transfusion 0.40

Yes 12 (7.6) 8 (5.3)

No 145 (92.4) 144 (94.7.0)

Bleeding (mL) 435±108 382±93 0.07

ICU stays (day) 2.2±1.4 2.2±1.5 0.96

Intraoperative 
medication

>0.05

Midazolam 81 (51.6) 77 (50.7)

Fentanyl 157 (100) 152 (100)

Propofol 157 (100) 152 (100)

Atropine 22 (14.0) 18 (11.8)

Analgesic  
(within 7 days)

>0.05

Diclofenac 
sodium

55 (35.0) 49 (32.2)

Diclofenac 
sodium dose (mg)

284±92 229±113

Morphine 40 (25.5) 34 (22.4)

Morphine dose 
(mg)

24.4±5.8 23.12±9.4

Midazolam 13 (8.3) 9 (5.9)

Midazolam (mg) 37.3±9.5 36.1±8.2

Table 2. The results between two groups.

DEX: dexmedetomidine; POD: postoperative delirium.

Placebo 
(%)

DEX (%) p-value

Number 157 152

POD 21 (13.8) 46 (29.3) <0.01

All-cause  
30-day mortality

5 (3.3) 7 (4.5) 0.60

Hospitalization 
duration

17.2±6.3 15.6±4.2 0.006

Hospitalization costs 4.5±0.9 4.9±1.1 0.001

Hypotension 0.086

Yes 13 (8.3) 52 (14.5)

No 144 (91.7) 100 (85.5)

Bradycardia 0.122

Yes 9 (5.7) 16 (10.5)

No 148 (94.3) 136 (89.5)
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factor-alpha (TNF-α) in patients developing delirium during 
acute medical hospitalizations17. Interestingly, DEX treatment 
has been shown to significantly increase the neurological score 
and suppress the expression of other factors such as IL-1β, IL-6, 
and TNF-α in patients, which suggests that DEX can alleviate 
neuroinflammation18. 

DEX is frequently used as an adjuvant in general anesthesia 
because of its potency and specific affinity to α-2-adrenergic 
receptors. It also serves as a sedation agent against delirium 
for ICU patients receiving mechanical ventilation9,19. It has 
been shown that the effects of DEX on POD were dose-de-
pendent, as low doses could significantly decrease POD with 
no enhancement in the risk of adverse events9,20. We also 
observed that a low dose of DEX was safe and did not aggra-
vate drug-related complications, such as hypotension and 
bradycardia. Consistent with our findings, previous studies 
have reported that intraoperative DEX treatment can reduce 
the delirium risk in elderly patients following a major noncar-
diac surgery21. To our knowledge, no evidence-based medical 
investigation has been done to determine the effectiveness of 
DEX in THA patients. This is the first large-sample random-
ized, double-blind, placebo-controlled trial that explored the 
effectiveness of low-dose DEX in elderly patients who received 

THA. Because of the limitations in the availability of treat-
ment options for established delirium, risk assessment and 
perioperative risk reduction have been suggested to be the 
most effective approaches to managing POD22,23.

CONCLUSION
Postoperative DEX administration has the potential to reduce 
the incidence of POD in elderly patients who have undergone 
THA. Furthermore, although we have not observed any benefit 
of the DEX treatment in reducing the 30-day all-cause mortal-
ity rate, our analyses showed that it can decrease the length of 
ICU stay and hospital costs for patients. Moving forward, we 
recommend that a larger population of elderly patients who 
have undergone THA surgery should be investigated using a 
variety of DEX doses to achieve a more comprehensive under-
standing of its potential for preventing POD.
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