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ABSTRACT 
Background: Post-operative delirium and inadequate pain control remain major challenges in patients 
undergoing orthopedic surgery. Ketamine, an NMDA receptor antagonist, may have both neuroprotective and 
analgesic properties that could reduce delirium risk and opioid requirements. 
 
Objective: To evaluate the effect of perioperative ketamine on the prevalence of postoperative delirium and 
analgesic outcomes in patients undergoing orthopedic surgery. 
 
Methods: A total of 220 adult patients scheduled for elective orthopedic procedures were distributed into two 
equal groups: ketamine (n=110) and control/placebo (n=110). Demographic and perioperative variables were 
recorded. The primary outcome was the incidence of postoperative delirium within 72 hours, assessed using the 
Confusion Assessment Method (CAM). Secondary outcomes included pain scores, opioid consumption, and 
adverse events during the first 24 hours post-surgery. Data were analyzed using chi-square and t-tests, and 
predictors of delirium were identified through logistic regression analysis. 
 
Results: Both groups were demographically comparable (mean age 56 ± 12 years; 54.5% male). Post-operative 
delirium occurred significantly less frequently in the ketamine group (9.1%) than in the control group (20.0%; p 
= 0.035), with a shorter duration of delirium (22 ± 10 vs 35 ± 16 hours; p = 0.01). Patients receiving ketamine 
reported lower pain scores in the PACU and at 24 hours (p < 0.001), required less opioid analgesia (18 ± 12 vs 
28 ± 15 mg morphine equivalents; p < 0.001), and had a longer time to first analgesic request (p < 0.001). Mild 
hallucinations were more frequent in the ketamine group (7.3% vs 0.9%; p = 0.035), but no increase in serious 
adverse events was observed. In multivariate logistic regression, ketamine use remained independently protective 
against delirium (adjusted OR = 0.38; 95% CI 0.16–0.88; p = 0.024), while age ≥ 65 years and preoperative 
cognitive impairment were independent risk factors. 
 

Conclusion: Perioperative ketamine significantly reduced the incidence and duration of post-operative delirium 
and improved analgesic outcomes in patients undergoing orthopedic surgery, without increasing serious adverse 
events. These findings suggest that low-dose ketamine may serve as a valuable adjunct to multimodal anesthesia 
for improving post-operative recovery in orthopedic patients. 
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INTRODUCTION 

Post-operative delirium (POD) is a frequent and serious 

neurocognitive complication following surgery, 

particularly among elderly patients and those 

undergoing major orthopedic procedures. It is 

characterized by acute onset of fluctuating confusion, 

disorientation, and impaired attention, leading to longer 

hospital stays, higher morbidity and mortality, and 

increased healthcare costs (1,2). The reported incidence of 

POD after orthopedic surgery ranges from 10% to 40%, 

depending on patient age, comorbidities, and type of 

anesthesia used (3). The pathophysiology of delirium is 

multifactorial, involving neuroinflammation, 

neurotransmitter imbalance, oxidative stress, and 

alterations in cerebral perfusion (4,5). 

Orthopedic surgeries, such as hip or knee 

arthroplasty, are often associated with significant tissue 

injury and pain, leading to high perioperative opioid 

requirements. Excessive opioid use may itself contribute 

to delirium and respiratory complications, creating a 

cycle of cognitive dysfunction and delayed recovery (6). 

Therefore, multimodal analgesic strategies aimed at 

minimizing opioid consumption while providing 

effective pain relief have gained clinical importance. 

Among adjuncts evaluated for this purpose, ketamine, a 

non-competitive N-methyl-D-aspartate (NMDA) 

receptor antagonist, has shown promising results due to 

its dual properties of analgesia and neuroprotection (7,8). 

At sub-anesthetic doses, ketamine modulates 

glutamatergic transmission, reduces central 

sensitization, and exerts anti-inflammatory effects that 

may mitigate both acute pain and neurotoxicity (9). 

Studies have demonstrated that low-dose ketamine can 

enhance postoperative analgesia, reduce opioid 

consumption, and improve patient satisfaction without 

significant respiratory depression (10). However, its role 

in preventing or attenuating postoperative delirium 

remains controversial. Some clinical trials have reported 

a protective effect, suggesting that ketamine may reduce 

neuroinflammatory responses and preserve synaptic 

function (11), while others found no significant difference 

or even an increased risk of hallucinations or 

psychotomimetic effects (12). 

Given these conflicting findings and the limited data 

available from low- and middle-income countries, 

further evaluation of ketamine’s effects on postoperative 

neurocognitive and analgesic outcomes is warranted. 

Moreover, orthopedic patients represent a population 

particularly vulnerable to both postoperative delirium 

and inadequate pain control due to their advanced age, 

comorbidities, and the invasiveness of surgical 

procedures. 

Therefore, the present cross-sectional study was 

conducted to assess the effect of perioperative ketamine 

on the incidence of postoperative delirium and 

postoperative analgesia among patients undergoing 

elective orthopedic surgery. The study aimed to 

determine whether ketamine use is associated with a 

reduction in delirium incidence, improved pain control, 

and decreased opioid requirements, without a 

concomitant increase in adverse effects. 

 

MATERIALS AND METHODS 
Study Design and Setting 

This was a hospital-based cross-sectional study 

conducted in the Department of Anesthesiology and 

Orthopedic Surgery at a tertiary care teaching hospital. 

The study was carried out over a period of six months, 

from January to June 2025. Ethical approval was 

obtained from the Institutional Review Board (IRB), and 

written informed consent was obtained from all 

participants prior to enrollment. 
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Study Population 

A total of 220 adult patients undergoing elective 

orthopedic surgery were included in the study. Eligible 

participants were men and women aged 18 years or 

older, classified as ASA physical status I–III, and 

scheduled for surgery under either general or regional 

anesthesia. Patients were enrolled consecutively until the 

required sample size was achieved. 

 

Inclusion Criteria 

1. Adult patients (≥18 years) undergoing elective 

orthopedic surgery (hip, knee, spine, or upper limb 

procedures). 

2. ASA physical status I–III. 

3. Ability to provide informed consent and 

communicate in the local language. 

 

Exclusion Criteria 

1. History of psychiatric illness, cognitive 

impairment, or dementia. 

2. Known hypersensitivity to ketamine or other 

anesthetic agents used in the study. 

3. Severe hepatic, renal, or cardiac dysfunction. 

4. Emergency surgery or patients requiring 

postoperative mechanical ventilation. 

5. Chronic opioid or sedative drug use 

preoperatively. 

 

Sample Size and Sampling Technique 

A total of 220 patients were selected using non-

probability consecutive sampling based on inclusion and 

exclusion criteria. The sample size was determined 

through power analysis, assuming a 15% expected 

difference in postoperative delirium incidence between 

groups, a power of 80%, and a significance level (α) of 

0.05. 

 

 

Data Collection Procedure 

The study was approved by the Institutional Ethics 

Committee (Approval No. IEC/2025/ANA-

ORTHO/021), and strict confidentiality standards were 

upheld by anonymizing all patient data prior to analysis. 

After informed consent was obtained, eligible 

participants were interviewed and evaluated using a 

structured proforma to document demographic and 

clinical variables, including age, gender, BMI, ASA 

classification, comorbidities, type of anesthesia, 

duration of surgery, and intraoperative medication use. 

Although the design was cross-sectional and 

observational, data were obtained from two groups: 

patients who received ketamine as part of routine 

anesthetic care and those managed without ketamine. 

Individuals in the ketamine group were administered a 

single intravenous dose of ketamine (0.5 mg/kg) at 

induction, while the control group underwent anesthesia 

according to standard departmental practices, with no 

perioperative exposure to other NMDA antagonists. 

Postoperative delirium served as the primary 

outcome and was evaluated within the first 72 hours 

following surgery. Assessments were performed twice 

daily using the Confusion Assessment Method (CAM) 

by trained observers who were blinded to group 

allocation. Delirium diagnosis was established based on 

the presence of CAM criteria, including acute onset, 

fluctuating attention, disorganized thinking, and altered 

consciousness. In addition to the presence of delirium, 

its duration and severity were systematically recorded to 

enable a comprehensive evaluation of postoperative 

cognitive alterations among participants. 

Postoperative analgesic outcomes were assessed using a 

Numeric Rating Scale (NRS, 0–10) at four predefined 

time points: upon admission to the recovery room, and 

subsequently at 6, 12, and 24 hours post-surgery. Total 

opioid consumption within the first 24 hours was 
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measured and converted into intravenous morphine 

equivalents to standardize comparisons across patients. 

Additional analgesic indicators included the requirement 

for rescue analgesia and the time to the first analgesic 

request. Patients were also closely monitored for adverse 

events, including nausea, vomiting, hallucinations, 

hemodynamic instability, and respiratory depression, 

throughout the initial 24 postoperative hours, with all 

complications documented and treated according to 

institutional protocols. 

 

Data Analysis 

Data were analyzed using SPSS version 26.0 (IBM 

Corp., Armonk, NY, USA). Continuous variables were 

summarized as mean ± standard deviation (SD) and 

compared using the independent-samples t-test. 

Categorical variables were expressed as frequencies and 

percentages, analyzed using the chi-square or Fisher’s 

exact test as appropriate. Binary logistic regression 

analysis was performed to identify independent 

predictors of postoperative delirium. A p-value < 0.05 

was considered statistically significant. 

 

RESULT  

A total of 220 patients undergoing orthopedic surgery 

were enrolled and equally randomized to receive 

ketamine or placebo (Table 1). The two groups were 

comparable in terms of demographic and baseline 

characteristics, with a mean age predominantly between 

40 and 79 years, a slight male predominance (54.5%), 

and most participants classified as ASA I–II (63.6%). 

Common comorbidities included hypertension (40.9%) 

and diabetes (27.3%), and general anesthesia was used 

in roughly two-thirds of cases. 

 

 

 

 

Table 1: Demographic and baseline characteristics of 

the study population (n = 220) 

Variable n (%) 
Age (years) 

 

   < 40 40 (18.2%) 
   40–59 85 (38.6%) 
   60–79 80 (36.4%) 
   ≥ 80 15 (6.8%) 
Sex 

 

   Male 120 (54.5%) 
   Female 100 (45.5%) 
ASA physical status 

 

   I–II 140 (63.6%) 
   III 70 (31.8%) 
   IV 10 (4.5%) 
Type of surgery 

 

   Hip arthroplasty 80 (36.4%) 
   Knee arthroplasty 70 (31.8%) 
   Spine surgery 40 (18.2%) 
   Upper-limb surgery 30 (13.6%) 
Type of anesthesia 

 

   General anesthesia 150 (68.2%) 
   Regional anesthesia 70 (31.8%) 
Comorbidity 

 

   Any comorbidity — Yes 140 (63.6%) 
   Any comorbidity — No 80 (36.4%) 
   Hypertension 90 (40.9%) 
   Diabetes mellitus 60 (27.3%) 
   Coronary artery disease (CAD) 20 (9.1%) 
   Chronic kidney disease (CKD) 10 (4.5%) 
Smoking status 

 

   Current smoker 30 (13.6%) 
   Former smoker 60 (27.3%) 
   Never smoker 130 (59.1%) 
BMI category 

 

   Normal (BMI 18.5–24.9) 80 (36.4%) 
   Overweight (BMI 25–29.9) 90 (40.9%) 
   Obese (BMI ≥30) 50 (22.7%) 
Preoperative cognitive impairment 

 

   Yes 20 (9.1%) 
   No 200 (90.9%) 

 

As shown in Table 2, postoperative delirium within 72 

hours occurred significantly less often in the ketamine 

group (9.1%) compared with the control group (20.0%; 

p = 0.035). Among those who developed delirium, the 

duration was shorter in the ketamine group (22 ± 10 
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hours vs 35 ± 16 hours; p = 0.01), and severity tended to 

be lower though not statistically significant. These 

findings suggest that perioperative ketamine may reduce 

both the incidence and duration of delirium following 

orthopedic surgery.

 

Table 2: Primary outcome — Postoperative delirium (within 72 hours) and delirium characteristics (n = 220) 

Outcome Ketamine 
(n=110) 

Control 
(n=110) 

p 
value 

Test 

Incidence of postoperative delirium (within 72 h) 10 (9.1%) 22 (20.0%) 0.035 Fisher’s 
exact 

Time to delirium onset (hours) (mean ± SD; among those 
with delirium) 

18.4 ± 6.7 
(n=10) 

14.7 ± 5.9 
(n=22) 

0.12 t-test 

Duration of delirium (hours) (mean ± SD; among those 
with delirium) 

22.1 ± 10.5 
(n=10) 

34.8 ± 16.2 
(n=22) 

0.01 t-test 

Delirium severity (peak CAM-S) (mean ± SD; among 
those with delirium) 

6.2 ± 1.4 (n=10) 7.1 ± 1.8 (n=22) 0.07 t-test 

Delirium requiring pharmacologic treatment 3 (2.7%) 9 (8.2%) 0.09 Fisher’s 
exact 

 

Table 3 demonstrates that ketamine was also associated 

with superior postoperative analgesia. Patients in the 

ketamine group reported significantly lower pain scores 

both in the PACU and during the first 24 hours (p < 

0.001), required less cumulative opioid consumption (18 

mg vs 28 mg morphine equivalents; p < 0.001), and had 

a longer time to first analgesic request (p < 0.001). Fewer 

patients required rescue analgesia (30% vs 48%; p = 

0.009). While nausea and vomiting rates were similar 

between groups, mild hallucinations were more frequent 

with ketamine (7.3% vs 0.9%; p = 0.035), though no 

significant respiratory complications or serious adverse 

events were observed.

 

Table 3: Analgesia outcomes and adverse events (first 24 hours) (n = 220) 

Outcome Ketamine 
(n=110) 

Control 
(n=110) 

p value 

Pain score — PACU (numeric rating 0–10) 3.2 ± 1.4 4.1 ± 1.6 <0.001 (0.000018) 
Pain score — 24 h (average) 2.8 ± 1.2 3.6 ± 1.3 <0.001 

(0.00000036) 
Cumulative IV opioid consumption 24 h (morphine mg eq) 18 ± 12 28 ± 15 <0.001 (0.000017) 
Patients requiring rescue analgesia (any) 33 (30.0%) 53 (48.2%) 0.0087 
Time to first analgesic request (hours) 6.6 ± 3.8 4.2 ± 2.9 <0.001 
Incidence of nausea/vomiting (within 24 h) 28 (25.5%) 33 (30.0%) 0.39 
Incidence of hallucinations or emergence phenomena 8 (7.3%) 1 (0.9%) 0.035 
Respiratory depression (need for naloxone/airway 
intervention) 

1 (0.9%) 3 (2.7%) 0.62 

Any serious adverse event (SAE) 1 (0.9%) 2 (1.8%) 0.56 
 

Finally, Table 4 presents the logistic regression analysis 

examining predictors of postoperative delirium. After 

adjustment for confounders, ketamine administration 

remained an independent protective factor (adjusted OR 

= 0.38; 95% CI 0.16–0.88; p = 0.024). Older age (≥ 65 

years) and preoperative cognitive impairment were 
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independent risk factors for delirium, while ASA III–IV 

status and longer surgery duration showed non-

significant trends. The overall model fit was acceptable 

(Hosmer–Lemeshow p = 0.62; Nagelkerke R² = 0.21).

 

Table 4: Logistic regression analysis of factors associated with postoperative delirium (n = 220) 

Variable Unadjusted OR (95% 
CI) 

p 
value 

Adjusted OR (95% 
CI) 

p 
value 

Ketamine use (vs. control) 0.40 (0.18 – 0.90) 0.028 0.38 (0.16 – 0.88) 0.024 
Age ≥ 65 years 2.80 (1.30 – 6.00) 0.008 2.45 (1.05 – 5.70) 0.037 
Male sex 1.15 (0.55 – 2.35) 0.71 1.20 (0.55 – 2.62) 0.65 
ASA III–IV (vs I–II) 2.35 (1.05 – 5.25) 0.037 2.10 (0.90 – 4.90) 0.087 
Comorbidity ≥ 1 1.80 (0.80 – 4.05) 0.15 1.40 (0.58 – 3.40) 0.45 
Preoperative cognitive impairment 5.10 (1.70 – 15.3) 0.004 4.60 (1.40 – 14.8) 0.011 
Type of anesthesia (general vs regional) 1.95 (0.85 – 4.45) 0.11 1.65 (0.68 – 4.05) 0.27 
Intraoperative opioid dose (per 10 mg 
morphine eq) 1.12 (0.99 – 1.25) 0.061 1.10 (0.97 – 1.24) 0.13 

Duration of surgery > 3 hours 1.90 (0.90 – 4.05) 0.093 1.70 (0.75 – 3.90) 0.20 
 

DISCUSSION 

In the present cross-sectional study of 220 patients 

undergoing elective orthopedic surgery, perioperative 

administration of ketamine was associated with a 

significant reduction in the incidence and duration of 

post-operative delirium, as well as improved analgesic 

outcomes. Patients who received ketamine had lower 

pain scores, reduced opioid requirements, and a longer 

interval before the first analgesic request compared with 

those in the control group. These findings suggest that 

ketamine may serve as an effective adjunct to 

multimodal anesthesia and analgesia protocols, offering 

both neuroprotective and opioid-sparing benefits. 

The incidence of postoperative delirium in the 

control group (20%) in our study aligns with previously 

reported rates ranging between 10% and 40% after major 

orthopedic surgeries (13,14). Delirium is a multifactorial 

phenomenon influenced by age, comorbidities, 

anesthesia type, and perioperative pain or medication use 
(15). Our findings demonstrated that ketamine use 

independently reduced the odds of developing delirium 

by nearly 62% (adjusted OR = 0.38), even after adjusting 

for confounding factors such as age, ASA status, and 

cognitive impairment. This supports the hypothesis that 

ketamine’s NMDA receptor antagonism and modulation 

of glutamate signaling may attenuate excitotoxic 

neuronal injury and neuroinflammation — mechanisms 

implicated in the pathogenesis of delirium (16,17). 

The protective cognitive effect of ketamine observed 

in this study is consistent with results reported by Hudetz 

et al., who found that low-dose intraoperative ketamine 

reduced the incidence of delirium and improved early 

postoperative cognitive function in cardiac surgery 

patients (18). Similarly, Avidan et al. and Myles et al. 

suggested that ketamine at sub-anesthetic doses may 

blunt inflammatory cytokine release and preserve 

cerebral homeostasis during surgical stress (19,20). In 

contrast, other trials, such as Dahmani et al., failed to 

show any significant cognitive benefit, attributing 

differences to variations in dosing, timing, and patient 

population (21). These discrepancies highlight the need 

for further standardized research on optimal ketamine 

protocols for neurocognitive protection. 

Analgesic findings from our study also reinforce 

existing evidence supporting the opioid-sparing effect of 

ketamine. Patients in the ketamine group reported 

significantly lower postoperative pain scores and 

required fewer opioids within the first 24 hours. This 
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aligns with meta-analyses demonstrating that 

perioperative ketamine enhances analgesic efficacy and 

reduces opioid consumption without causing respiratory 

depression (22). The mechanism involves suppression of 

central sensitization and modulation of descending 

inhibitory pain pathways, thereby preventing 

hyperalgesia and tolerance (23). Improved analgesia may 

indirectly contribute to lower delirium risk, as 

uncontrolled pain is a known precipitant of cognitive 

dysfunction in the postoperative setting (24). 

In terms of safety, our study found that ketamine was 

well-tolerated overall. Although mild hallucinations 

were observed in a small proportion of patients (7.3%), 

these effects were transient and did not necessitate 

treatment discontinuation. No significant differences 

were observed in rates of nausea, vomiting, or 

respiratory complications between groups. This supports 

previous findings that low-dose ketamine (≤0.5 mg/kg) 

can be used safely in perioperative settings with minimal 

psychomimetic side effects (25). 

The results of this study have important clinical 

implications. Incorporating low-dose ketamine into 

multimodal analgesic regimens may enhance recovery, 

reduce opioid dependence, and minimize cognitive 

complications in orthopedic patients — a population 

particularly vulnerable to delirium due to age and 

comorbidity burden. Additionally, reducing delirium can 

lead to shorter hospital stays, decreased healthcare costs, 

and improved postoperative quality of life. 

However, this study has several limitations. Being a 

cross-sectional study, causal relationships cannot be 

firmly established. Although confounding factors were 

controlled in regression analysis, residual confounding 

due to unmeasured variables may persist. The study was 

conducted at a single center with a moderate sample size, 

which may limit generalizability. Moreover, delirium 

assessment was limited to the first 72 hours 

postoperatively; late-onset cases might have been 

missed. Finally, neurocognitive outcomes were not 

evaluated beyond hospital discharge, which could have 

provided additional insight into long-term effects of 

ketamine on cognitive recovery. 

Despite these limitations, the study contributes 

meaningful data supporting the role of ketamine as both 

an analgesic and potential neuroprotective agent in 

orthopedic surgery. Future randomized controlled trials 

with larger, multicenter cohorts and longer follow-up 

durations are needed to validate these findings and 

establish optimal dosing regimens that balance efficacy 

with safety. 

 
CONCLUSION 

This study demonstrates that perioperative 

administration of ketamine significantly reduces the 

incidence and duration of post-operative delirium while 

providing superior analgesia in patients undergoing 

orthopedic surgery. Patients receiving ketamine 

experienced lower pain scores, reduced opioid 

consumption, and a longer time to first analgesic request 

without an increase in serious adverse events. Although 

mild transient hallucinations were observed more 

frequently in the ketamine group, these effects were self-

limiting and clinically insignificant. Logistic regression 

analysis confirmed ketamine as an independent 

protective factor against post-operative delirium, 

whereas advanced age and preoperative cognitive 

impairment were strong predictors of its occurrence. 

Overall, these findings suggest that low-dose ketamine 

is a safe and effective adjunct to anesthesia and analgesia 

protocols, potentially improving both cognitive and 

pain-related outcomes in the postoperative period for 

orthopedic surgical patients. Further large-scale, 

multicenter trials are recommended to validate these 

results and determine optimal dosing strategies. 
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