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ABSTRACT 
Postoperative delirium is a frequent neurocognitive complication after major orthopedic surgery and is associated with 
increased morbidity, prolonged hospital stay, and long-term functional decline. Intraoperative dexmedetomidine has 
been proposed as a preventive strategy because of its sedative, sympatholytic, analgesic-sparing, and anti-
inflammatory properties. This quasi-experimental randomized-allocated study evaluated the effect of intraoperative 
dexmedetomidine on early postoperative delirium in adult patients undergoing orthopedic surgery under general 
anesthesia at a tertiary hospital in Indonesia. Thirty-four patients aged 18-65 years with ASA physical status I-II were 
allocated to receive standard general anesthesia with or without dexmedetomidine infusion during surgery. 
Postoperative delirium was assessed 2 hours after extubation using the Confusion Assessment Method. Overall, 7 of 
34 patients (20.6%) developed postoperative delirium. None of the 17 patients in the dexmedetomidine group 
developed delirium (0%), whereas 7 of 17 patients (41.2%) in the control group did (Fisher's exact p = 0.007). 
Intraoperative dexmedetomidine was therefore associated with a marked reduction in early postoperative delirium in 
this cohort. These findings support dexmedetomidine as a pragmatic pharmacologic strategy for delirium prevention 
in orthopedic surgery patients and justify further multicenter randomized trials. 
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1. Introduction 
Postoperative delirium is a common and clinically 
important neuropsychiatric complication after major 
surgery, with reported incidences varying according to 
patient characteristics, procedure type, and detection 
method. Orthopedic surgery is consistently recognized 
as a high-risk setting because surgical trauma, blood 
loss, pain burden, inflammation, and perioperative 
hemodynamic fluctuations converge in a population 
that often has substantial physiologic vulnerability. 
Delirium is associated with prolonged hospitalization, 
greater resource utilization, delayed rehabilitation, 

long-term cognitive decline, institutionalization, and 
increased mortality. 
In Indonesia, postoperative delirium remains 
underdetected in routine perioperative care despite its 
clinical consequences. Existing local evidence cited in 
the thesis indicates that delirium incidence varies 
across settings and that age, comorbidity burden, and 
major surgery contribute importantly to risk. In 
orthopedic practice, the problem is particularly 
relevant because fracture fixation, implant surgery, 
and joint replacement often require general anesthesia 
and postoperative opioid exposure. 
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The pathophysiology of postoperative delirium is 
multifactorial. Proposed mechanisms include 
neuroinflammation, oxidative stress, blood-brain 
barrier dysfunction, neurotransmitter imbalance, 
adrenergic overactivity, sleep-wake disruption, and 
impaired cerebral perfusion. Dexmedetomidine, a 
selective alpha-2 adrenergic agonist, may mitigate 
several of these pathways simultaneously. By 
suppressing central norepinephrine release, providing 
cooperative sedation, preserving respiratory drive, 
attenuating the surgical stress response, reducing 
opioid requirements, and supporting more physiologic 
sleep architecture, dexmedetomidine has become an 
attractive candidate for delirium prevention. 
Recent meta-analyses and orthopedic-focused reviews 
suggest that perioperative dexmedetomidine can 
reduce postoperative delirium in selected surgical 
populations, although effect sizes vary by age group, 
dose, timing, and comparator. Evidence from low- and 
middle-income countries remains limited, and data 
specifically evaluating early delirium after adult 
orthopedic surgery in Indonesia are lacking. The 
present study therefore aimed to analyze the effect of 
intraoperative dexmedetomidine administration on the 
incidence of early postoperative delirium in adult 
patients undergoing bone surgery under general 
anesthesia.[1][2][3] 
 
2. Methods 
2.1 Study Design 
This study used a quasi-experimental design with 
randomized allocation to evaluate the effect of 
intraoperative dexmedetomidine on postoperative 
delirium in patients undergoing orthopedic surgery 
under general anesthesia. The study was conducted at 
Universitas Airlangga Hospital, Surabaya, Indonesia, 
from September 2025 to January 2026, based on the 
protocol and timeline documented in the final 
academic thesis. 
 
2.2 Patients and Eligibility 
Eligible participants were adult patients aged 18-65 
years with American Society of Anesthesiologists 
physical status I-II who were scheduled for bone 
surgery under general anesthesia. Exclusion criteria 
were history of allergy to dexmedetomidine, prior 
chemotherapy or radiotherapy, current use of 

psychotropic medications, antiepileptic drugs, or 
chronic steroids, previous stroke, and known 
preoperative cognitive or memory impairment. 
Patients undergoing spinal, carpal, metacarpal, or 
pelvic surgery were also excluded. 
Before surgery, patients underwent a preoperative 
evaluation and baseline CAM screening within 12 
hours before the procedure to exclude pre-existing 
delirium. Written informed consent was obtained after 
explanation of study procedures. Patients who 
experienced intraoperative blood loss greater than 
100% estimated blood volume, surgery duration 
longer than 6 hours, arrhythmia, hypothermia, or 
prolonged vasoconstrictor/inotropic support were 
designated as drop-outs according to the protocol. 
 
2.3 Sample Size and Allocation 
Sample size was calculated using a two-sided 
comparison of two population proportions with alpha 
0.05 and power 80%. Based on expected delirium 
proportions of 0.01 in the intervention group and 0.23 
in the control group, the minimum total sample was 34 
participants. During the study period, all eligible 
patients were enrolled consecutively and then 
allocated by lottery to one of two groups: a control 
group receiving maintenance anesthesia without 
dexmedetomidine, and an intervention group receiving 
dexmedetomidine as an anesthetic adjuvant. 
 
2.4 Anesthesia and Intervention 
All patients underwent standard general anesthesia for 
orthopedic surgery according to institutional practice. 
The control group received maintenance anesthesia 
without dexmedetomidine. The intervention group 
received maintenance anesthesia with additional 
intraoperative dexmedetomidine. The thesis defines 
dexmedetomidine exposure as intravenous 
administration during surgery according to dosing 
determined by the anesthesiology team and 
documented in the medical record. 
 
2.5 Outcome Assessment 
The primary outcome was postoperative delirium 
within 2 hours after surgery and extubation. Following 
surgery, patients were extubated and monitored in the 
recovery area. At 2 hours postoperatively, delirium 
assessment was performed using the Confusion 
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Assessment Method (CAM), a standardized and 
validated instrument based on acute onset or 
fluctuating course, inattention, disorganized thinking, 
and altered level of consciousness. Patients were 
classified dichotomously as having delirium or not 
having delirium.[4][5][6] 
Secondary descriptive variables included age, sex, and 
type of surgical procedure. Orthopedic procedures in 
the cohort included fracture surgery, implant removal, 
joint replacement, and reconstruction or arthroscopy. 
 
2.6 Statistical Analysis 
Descriptive data are presented as mean ± standard 
deviation for continuous variables and as frequency 
(percentage) for categorical variables. The primary 
comparison of postoperative delirium incidence 
between groups used Fisher's exact test because of the 
small sample size and expected sparse cell counts. 
Statistical significance was defined as p < 0.05. 
 
3. Results and Discussion 
3.1 Results 
A total of 34 patients completed the study, with no 
reported drop-outs. Seventeen patients were allocated 
to the dexmedetomidine group and 17 to the non-
dexmedetomidine group. The mean age of the cohort 
was 44.15 ± 15.25 years. Female patients comprised 
70.6% of the sample, while 29.4% were male. 
With respect to procedure type, fracture surgery, 
including open reduction and internal fixation or 
closed reduction with percutaneous pinning, was the 
most common indication and accounted for 18 patients 
(52.9%). Implant removal procedures were performed 
in 8 patients (23.5%). Joint replacement procedures, 
including total knee replacement, total hip 
replacement, and hemiarthroplasty, were performed in 
6 patients (17.6%). Reconstruction or arthroscopy 
accounted for 2 patients (5.9%). 
 
Overall, 7 of 34 patients (20.6%) developed 
postoperative delirium and 27 (79.4%) did not. In the 
dexmedetomidine group, no patient developed 
postoperative delirium (0/17, 0%). In contrast, 7 of 17 
patients (41.2%) in the control group developed 
postoperative delirium. Fisher's exact test showed a 
statistically significant difference between groups (p = 
0.007). 

From a clinical standpoint, these data correspond to an 
absolute risk reduction of 41.2%. The observed 
number needed to treat is approximately 2.4, 
indicating that treatment of roughly 3 patients with 
dexmedetomidine would prevent one case of early 
postoperative delirium in this cohort. Although 
confidence intervals cannot be estimated precisely 
from the thesis summary alone, the effect size appears 
substantial and clinically meaningful. 
 
3.2 Results Grouped by Outcome 
The control group incidence of 41.2% lies within the 
upper range reported in orthopedic delirium studies 
and is consistent with evidence that orthopedic 
patients remain vulnerable to early neurocognitive 
complications, particularly after major procedures 
performed under general anesthesia. The complete 
absence of delirium in the dexmedetomidine group is 
striking and directionally consistent with recent meta-
analyses showing a protective effect of 
dexmedetomidine on postoperative delirium after 
orthopedic and non-cardiac surgery.[2][3][5][6][1][4] 
At a mechanistic level, the observed reduction in 
delirium is biologically plausible. Dexmedetomidine 
attenuates sympathetic activation, decreases 
perioperative opioid requirements, improves analgesia 
and sleep quality, and may blunt neuroinflammatory 
signaling after surgery. These characteristics are 
especially relevant in orthopedic surgery, where pain, 
sleep disturbance, inflammatory stress, and repeated 
anesthetic exposure can interact to precipitate acute 
postoperative neurocognitive dysfunction.[7][8][9] 
 
4. Discussion 
This study demonstrates that intraoperative 
dexmedetomidine was associated with a marked 
reduction in early postoperative delirium among adult 
patients undergoing orthopedic surgery under general 
anesthesia. All 7 delirium events occurred in the non-
dexmedetomidine group, whereas no delirium was 
observed among patients who received 
dexmedetomidine. Although the study sample was 
modest, the difference was statistically significant and 
clinically compelling. 
These findings are broadly aligned with the 
contemporary literature. A 2025 systematic review and 
meta-analysis of orthopedic randomized controlled 
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trials involving 7,713 participants reported that 
perioperative dexmedetomidine reduced postoperative 
delirium with a pooled risk ratio of 0.49. Another 2025 
meta-analysis focused on elderly orthopedic patients 
found a pooled risk ratio of 0.55 for delirium 
prevention across 9 randomized trials involving 3,159 
patients. Earlier meta-analytic evidence in elderly 
patients undergoing noncardiac surgery also found that 
dexmedetomidine significantly reduced delirium 
compared with placebo, although bradycardia 
occurred more often. Taken together, these data 
support a class effect of dexmedetomidine across 
multiple perioperative settings, while also 
underscoring the importance of dose, patient selection, 
and monitoring.[3][1][2] 
The present study extends that evidence in several 
ways. First, it evaluates adult orthopedic patients in an 
Indonesian tertiary hospital, a population 
underrepresented in the international literature. 
Second, it focuses on very early postoperative delirium 
assessed within 2 hours after extubation, capturing an 
immediate recovery-phase outcome that is often 
clinically relevant but less frequently reported. Third, 
the use of CAM provides a standardized, validated 
framework for detection, which improves 
interpretability and comparability with other 
studies.[5][6][4] 
Several mechanisms may explain the apparent benefit 
of dexmedetomidine. Beyond sedation, 
dexmedetomidine reduces adrenergic hyperactivity, 
supports physiologic non-rapid eye movement sleep 
patterns, and improves postoperative pain-sleep 
interaction cycles. These features may be especially 
valuable in orthopedic surgery, where pain intensity, 
nocturnal disruption, and opioid exposure are common 
drivers of delirium. Dexmedetomidine also appears to 
modulate inflammatory pathways and improve 
neurocognitive outcomes after orthopedic 
procedures.[8][9][1][7] 
The study nevertheless has important limitations. The 
quasi-experimental design, small sample size, and 
single-center setting limit external validity. The 
intervention protocol in the thesis identifies 
dexmedetomidine exposure clearly, but a publication-
ready manuscript would benefit from reporting the 
exact loading dose, infusion rate, anesthetic regimen, 
opioid doses, and intraoperative hemodynamic 

parameters in greater detail. Delirium was assessed 
only once, 2 hours after surgery, so the study cannot 
capture delayed delirium occurring over the next 24-
72 hours. In addition, no multivariable adjustment was 
performed, and the available results do not provide 
confidence intervals for the main treatment effect. 
Even so, the observed magnitude of benefit is large 
enough to justify serious consideration of 
dexmedetomidine as part of a delirium prevention 
pathway in selected orthopedic patients. In resource-
limited settings, a practical pharmacologic strategy 
that reduces early delirium could improve recovery 
efficiency, facilitate rehabilitation, and potentially 
reduce downstream costs associated with prolonged 
hospitalization and neurocognitive complications. 
Future studies should use randomized controlled 
designs with larger sample sizes, predefined delirium 
follow-up periods extending to at least postoperative 
day 3, and more detailed perioperative covariate 
collection. Comparative effectiveness studies against 
alternative sedative strategies would also help 
determine where dexmedetomidine fits best within 
contemporary enhanced recovery pathways. 
 
5. Conclusion 
In adult patients undergoing orthopedic surgery under 
general anesthesia, intraoperative dexmedetomidine 
was associated with a significant reduction in early 
postoperative delirium compared with standard 
anesthesia without dexmedetomidine. No delirium 
occurred in the dexmedetomidine group, whereas 
41.2% of control patients developed delirium within 2 
hours after surgery. These results support 
dexmedetomidine as a promising perioperative 
neuroprotective strategy in orthopedic surgery and 
provide a rationale for larger confirmatory studies. 
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