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Introduction
Delirium is a common acute cognitive and attentional disorder 
that is life-threatening and an inevitable clinical state in older 
adults (1,2). Postoperative delirium (POD) is a common problem 
in surgical interventions (3,4). This complication usually 
occurs within five days, especially during the first 24-48 hours 
postoperatively (5). The incidence rate of delirium in total joint 
arthroplasty and hip fracture surgery has been reported to 
range from 5% to 14% and 12% to 56%, respectively (6). It has 

been known that advanced age, frailty, pre-existing cognitive 
impairment, intra-operative blood loss, sleep disruption after 
surgery, the type of surgery, and poorly controlled pain post-
surgery, are the main risk factors involved in development 
of POD (3,7). POD results in longer hospital stays, which is 
accompanied by higher hospital costs, increased rates of 
post-hospital institutionalization, poorer functional recovery, 
cognitive decline, and increased morbidity and mortality (8). 
Intervention for prevention and treatment of delirium is the two 
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main methods of POD management (3). It has been emphasized 
that overactivity of the serotonergic system and underactivity 
of the cholinergic system are prominent among the critical 
factors in delirium occurrence (9,10). Recently, the majority 
of investigations concerning the prevention or management 
of POD have primarily concentrated on the serotonergic 
system. Ondansetron, a selective 5-hydroxytryptamine 3 
(5-HT3) receptor antagonist, blocks the action of serotonin 
(8). In this regard, some experimental trials have indicated 
that postoperative administration of ondansetron resulted 
in a decreased occurrence and duration of delirium in the 
postoperative period, specifically on the 30th day after surgery 
(11,12). To the best of our knowledge, there is no study evaluating 
the effect of preoperative ondansetron administration on POD 
prevention. This study aimed to investigate whether preoperative 
ondansetron administration aids in POD prevention in patients 
undergoing surgery with spinal anesthesia due to femoral or hip 
fractures.

Materials and Methods

Patients and Design

This double-blind randomized controlled clinical trial was 
registered in the Iranian registry of clinical trials with registration 
number IRCT20170515033986N1 (registration date: 16.11.2020). 
This study was conducted in Urmia, Iran, between November 
2020 and June 2021. The patients over 60 years old with 
American Society of Anesthesiologists (ASA) class I and II, who 
were candidates for hip and proximal femoral fracture surgery, 
were enrolled in the study. All participants had a new onset 
fracture and surgeries were performed within 24-48 hours after, 
following the institute’s protocol for early intervention, aimed at 
minimizing complications associated with hip fractures.

As frailty affects delirium, the evaluation of frailty was conducted 
exclusively for patients categorized as robust according to their 
FRAIL score. Also, a thorough method for assessing cognitive 
status was implemented prior to enrollment. A comprehensive 
cognitive assessment was completed by all participants using 
standardized tools to ensure that the inclusion criteria were met 
and that no pre-existing cognitive impairments were present. 
A combination of clinical interviews and validated cognitive 
screening tools-specifically, the Mini-Mental State Examination 
and the Montreal Cognitive Assessment -was utilized to 
evaluate cognitive function. Additionally, the exclusion criteria 
specifically included any current or past history of neurological 
disorders, such as dementia, Parkinson’s disease, and Alzheimer’s 
disease. This was done to ensure that the study population 
consisted of individuals with intact cognitive function, 
thereby allowing for an accurate assessment of the effects of 
preoperative ondansetron on POD without confounding factors 
related to cognitive decline.

Other exclusion criteria were a history of alcohol abuse, 
receiving antidepressant and sedative drugs, hearing, vision, and 
speech disorders, and surgery duration of more than 3-hours. 
The sample size required for the study was determined using the 
following formula. Based on the frequency of delirium in the 
study of Papadopoulos et al. (11) (15.68% in the ondansetron 
group and 41.81% in the placebo group) and taking into account 
the experimental power of 80% and 95% confidence interval, 
the sample size of 44 people in each group was determined. 
Considering a 10% chance of dropping out, the final sample size 
was 50 people in each group.

After obtaining the approval of the Ethics Committee of 
Urmia University of Medical Sciences (approval number: 
IRCT20170515033986N1, date: 30.05.2018) and patients’ 
informed consent, randomization was performed using Random 
Allocation Software version 1.0.0 to generate two groups of 
50 patients each. Only a single nurse anesthetist possessed 
knowledge of the two categories and dispensed the 2 mL 
syringe that contained either the medication or the placebo to 
the anesthesiologist. After standard hemodynamic monitoring 
and before spinal anesthesia, the A group received 8 mg (2 
mL) of intravenous ondansetron, and the B group received 2 
mL of intravenous normal saline (placebo). The participant, 
anesthesiologist, care provider, investigator, and outcome 
assessor were blinded to the study groups.

Spinal anesthesia was performed by injecting 10 mg of 
bupivacaine 0.5%, and 30 micrograms of fentanyl in the L3-
L4 or L4-L5 intervertebral space. Delirium, nausea, itching, and 
shivering were evaluated at 30 minutes, 1st, 6th, 8th, and 24th 
hours postoperatively by the same in-charge anesthesiologist 
to enhance the reliability of the findings. Delirium was assessed 
based on a 4-point scale following (13), 0: normal, 1: a restless 
patient with mild confusion and good cooperation, 2: the patient 
has memory impairment and is unaware of the place and time 
but cooperates well, 3: the patient is unaware of the time and 
does not cooperate, with a possibility of danger due to excessive 
movements, and 4: the patient is entirely unaware of the place, 
time, and person, and is very aggressive and delusional.

Statistics

Quantitative data are presented as mean ± standard deviation, 
and qualitative data are reported as frequency and percentage. 
A chi-square test (if necessary, Fisher’s exact test) was used 
to compare the frequency of the variables between the two 
groups. Quantitative data were analyzed using an independent 
sample t-test. Data were analyzed using Statistical Package for 
Social Sciences (SPSS) version 20 (SPSS Inc., Chicago, IL); p˂0.05 
was considered statistically significant.
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Results
A total of 122 hip and anterior femoral fracture patients were 
admitted to the project between November 2020 and June 
2021. Twenty-two patients were excluded from the study: 14 
refused to participate, one patient had Parkinson’s disease, one 
patient had Alzheimer’s disease, and six patients had a history 
of drug or alcohol abuse. The remaining 100 patients were 
randomly divided into two groups (Group A, n=50; Group B, 
n=50) (Figure 1). As shown in Table 1, there was no significant 
disparity in terms of age and sex between the two groups. Also, 
the distribution of ASA classifications and comorbidities in 
the two groups is shown in Table 1. There were no significant 
differences in the proportion of ASA I and II patients or in the 
specific comorbidities that classified patients as ASA II. The 
results of our study showed the frequency of POD decreased 
in group A compared with group B, but this decrease was not 
statistically significant at any time in the study (Table 2). The 
prevalence of delirium was the same in both sexes, and the 
effect of ondansetron on delirium was not sex-dependent 
(Table 3). 

The Fisher’s exact test showed that the frequency of postoperative 
itching dose not significantly different between the two groups 
at any time in the study. As shown in Table 4, the frequency of 
nausea at 6- and 8-hours post-surgery significantly decreased 
in Group A compared to Group B. In addition, our results showed 
a significant decrease in shivering frequency at 30 minutes after 
surgery in Group A compared with Group B.

Discussion
The global population is getting older, leading to a higher need for 
orthopedic surgeries (6). POD is common among older patients 
undergoing elective surgery, especially orthopedic surgery 
(1,3,6), which results in longer hospitalizations and increased 
morbidity and mortality (8). Prevention, timely diagnosis, 
and appropriate treatment can improve the recognition and 
risk stratification of delirium and mitigate its unwanted side 
effects (7). Delirium has now gained recognition as a severe 
challenge for both patients and medical professionals due to 
the emergence of discussions in recent years surrounding the 
specific type of medication that can effectively mitigate the 
occurrence of delirium (14). Several classes of drugs, such as 

Figure 1. A flow chart of the study
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α2-receptor agonists, atypical antipsychotics, sleep-regulatory 
drugs, and 5-HT3 receptor antagonists, have garnered significant 
interest regarding their potential in preventing or managing 
delirium (8,11,12,15). However, it remains a topic of ongoing 
discussion in achieving agreement on this issue, and there is 
a lack of convincing evidence to support the effectiveness of 
any particular approach in preventing or treating delirium. 
The pathophysiology of delirium is related to increased 
serotonergic activity (8). Ondansetron is a selective serotonin 
5HT-3 antagonist, mainly used for postoperative nausea and 
vomiting control (13). Some experimental trials focused on 
the effect of postoperative ondansetron administration on 
the prevention and treatment of POD. However, the results of 
these studies are controversial (11,12). A retrospective study 
by Shin et al. (16) was conducted to demonstrate the effect 
of 5-HT3 receptor antagonists on the occurrence of POD in 
older adults who underwent hip fracture surgery. In contrast 
to our study, another study used ramosetron and palonosetron 
intraoperatively and found that a 5-HT3 receptor antagonist 
may be a preventive strategy for POD (16). Papadopoulos et al. 
(11) showed that postoperative ondansetron administration for 
five days in patients undergoing surgical procedures for femoral 
or hip fractures resulted in a reduced incidence and duration 
of delirium. A meta-analysis stated that among the candidate 
pharmacological interventions for the treatment of delirium in 
critically ill adults, only the alpha2 agonist dexmedetomidine 
reduces the duration of delirium, while ondansetron does 
not affect the treatment of delirium (17). To the best of our 
knowledge, our study evaluated for the first time the effect of 
ondansetron administration in the preoperative period on POD 
management in older patients undergoing orthopedic surgery. 
Our data, inconsistent with other studies, confirmed that 
ondansetron can still be considered as the first line of prevention 
of postoperative nausea and vomiting. We also found that 

preoperative ondansetron administration has no impact on POD, 
shivering, and itching frequency in patients undergoing surgery 
for hip and anterior femoral fracture with spinal anesthesia. This 

Table 1. Patient’s demographic characteristics

p
Group B
(placebo)
(n=50)

Group A
(ondansetron)
(n=50)

Variable

0.42(27/23)(23/27)Sex (male/
female)

0.4972.02±10.2873.66±13.50Age (mean ± SD)

0.49(11/39)(14/36)ASA (I/II)

Comorbidities (ASA II)

0.452520Hypertension

0.3658Diabetes mellitus

0.5585Coronary artery 
disease

0.4920Asthma

0.5146Hypothyroidism

SD: Standard deviation, ASA: American Society of Anesthesiologists

Table 2. Postoperative delirium incidence in groups A and B

p

Group B
(placebo)
(n=50)
delirium 
positivepatients
n (%)

Group A
(ondansetron)
(n=50)
delirium positive 
patients
n (%)

Post-
operative 
time

-0030 min.

-001 h

0.4612 (24%)9 (18%)6 h

0.1117 (34%)10 (20%)8 h

0.7910 (20%)9 (18%)24 h

min.: Minute, h: Hour

Table 3. Distribution of postoperative delirium among different sex

Post-op. 
time

Group A
(ondansetron)
delirium positive n (%)

Group A
(ondansetron)
delirium negative n 
(%)

Group B
(placebo)
delirium
positive n (%)

Group B
(placebo)
delirium
negative n (%)

Male Female Male Female p Male Female Male Female p

30 min. 0 0
27
(54)

23
(47)

0 0
23
(47)

27
(54)

2 h 0 0
27
(54)

23
(47)

- 0 0
23
(47)

27
(54)

-

6 h
4
(33.3)

8
(66.7)

23 (60.5) 15 (39.5) 0.1
4
(44.4)

5
(55.6)

19 (46.3) 22 (53.7) 0.92

8 h
9
(52.9)

8
(47.1)

18
(54.5)

15 (45.5) 0.91
4
(40)

6
(60)

19 (47.5) 21 (52.5) 0.67

24 h
7
(70)

3
(30)

20
(50)

20
(50)

0.26
3
(33.3)

6
(66.7)

20 (48.8) 21 (51.2) 0.4

min.: Minunte, h: Hour
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contradiction in results between different studies may be due to 
the type of surgery and anesthesia, the type of preoperative risk 
factors, and the time and dose of ondansetron administration 
(18-20). After intravenous administration, ondansetron 
undergoes metabolism and is subsequently eliminated through 
the urinary system. The elimination half-life of ondansetron 
following an intravenous dose of 8 mg is likely to be around 3-6 
hours; it could extend to 6-8 hours among the older population 
(21). In Papadopoulos’ study, ondansetron was administered 
daily for five days postoperatively, while in our study a single 
dose of ondansetron was administered preoperatively. The 
administration of several doses of ondansetron before the 
surgery may have a favorable effect on POD management. 
Furthermore, the anesthetic procedure is different between 2 
studies; in our research and Papadopoulos’ study, spinal and 
general anesthesia were used, respectively.

Since there is no worldwide guideline with standardized 
concepts for POD management, delirium management should 
consist of a multi-professional consisting of pharmacological, 
and non-pharmacological approaches (2,22,23). The critical care 
guidelines first recommend the use of non-pharmacological 
strategies in both the prevention and management of delirium. 
One of the types of non-pharmacological plans is individual 
assessment to identify preoperative delirium risk factors and 
their underlying causes and to remove them if possible. The 
factors that are frequently linked to POD include advanced age, 
pre-existing deficits in the central nervous system, psychiatric 
illness, alcohol misuse, emergency surgical procedures, and 
the presence of multiple comorbidities (13), whereas other 
factors are controversial. The relationship between sex and POD 
occurrence in various clinical settings has been proven. Some 
studies reported that men have a higher risk of developing 
POD after hip and femoral neck fracture (24,25); other studies, 
consistent with our research, have failed to find a relationship 
between sex and the POD incidence (26,27). 

Frailty and delirium are closely associated, particularly in older 
adults undergoing surgical procedures. Frailty, characterized by 
decreased physiological reserve and increased vulnerability to 
stressors, significantly heightens the risk of POD. The FRAIL scale 
is a widely recognized tool used for assessing frailty in older 
adults. Individuals classified as frail (scores of 3 or more) or 
prefrail (scores of 1-2) had approximately 2.7 times the odds of 
developing in-hospital delirium compared to those deemed 
robust (score of 0) after adjusting for various factors such as 
age and cognitive status (28). Therefore, higher scores, which 
indicate prefrailty or frailty, were not included in the study 
due to their correlation with an increased risk of deliriumto 
eliminate its effect.

Furthermore, a meta-analysis by Hua et al. (29) indicated that 
the ASA classification was identified as an independent risk 
factor for POD, with an odds ratio of 2,343, suggesting that 
patients classified as ASA III or higher, are at a greater risk 
compared to those classified as ASA I or II. 

To mitigate this factor and reduce variability, we included only 
ASA I and II patients in our study. The distribution of ASA I 
and II patients was balanced between the two groups, with 14 
ASA I and 36 ASA II patients in the ondansetron group and 11 
ASA I and 39 ASA II patients in the placebo group. However, 
limiting the study population to lower-risk patients narrows 
the scope of generalizability, as the results may not fully 
represent higher-risk populations. Future studies should include 
patients across all ASA classifications to better understand the 
impact of ondansetron on delirium prevention. To mitigate this 
confounding factor, we included patients classified as ASA I and 
II in our study, with a balanced distribution of 14 ASA I and 
36 ASA II patients in the ondansetron group and 11 ASA I and 
39 ASA II patients in the placebo group. This approach reduced 
variability and ensured comparability between groups, thereby 
strengthening internal validity.

Table 4. Frequency of complications in groups A and B

Post-
op. 
time

Itching Vomiting Shivering

A
(ondansetron) 
(n=50)

B 
(placebo)
(n=50)

p
A
(ondansetron) 
(n=50)

B 
(placebo)
(n=50)

p
A
(ondansetron) 
(n=50)

B 
(placebo)
(n=50)

p

30 min. 1 (2%) 0 0.5
4
(8%)

4
(8%)

1
7
(14%)

16
(32%)

0.03

1 h 0 0 -
4
(8%)

7
(14%)

0.33
5
(10%)

9
(18%)

0.24

6 h 0
1
(2%)

0.5
3
(6%)

16
(32%)

0.01
1
(2%)

2
(4%)

0.58

8 h 0
2
(4%)

0.15
1
(2%)

8
(16%)

0.01
2
(4%)

1
(2%)

0.55

24 h 0 0 -
1
(2%)

2
(4%)

0.58 0 0 1

min.: Minute, h: Hour
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Study Limitations

This study has some limitations, and the current data are 
insufficient to draw robust conclusions. First, this study did not 
assess all the possible risk factors associated with POD other 
than the factors mentioned in the methods section. Identifying 
these potential risk factors and the underlying cause(s) can be 
effective in using the best pharmacological strategies to remove 
them and finally prevent or treat POD.

Second, the study protocol involved administering only a single 
dose of preoperative ondansetron, because early surgery was 
performed for participants undergoing hip fracture surgery. 
Future studies are recommended to explore the use of varying 
doses at different intervals prior to surgery. 

Third, while our study included only ASA I and II patients to 
minimize the impact of coexisting comorbidities, this selection 
limits the generalizability of our findings. The exclusion of 
older adults with ASA III and IV classifications, who are at 
a higher risk of POD, restricts the ability to fully evaluate 
ondansetron’s effect across a broader risk profile. Furthermore, 
we did not analyze the presence of concomitant comorbidities. 
Although the distribution of these comorbidities was balanced 
between the two groups, their potential influence on the 
risk of POD cannot be entirely ruled out. The presence of 
concomitant comorbidities, even within the ASA II group, 
may have contributed to the observed outcomes, including 
the ineffectiveness of ondansetron in preventing POD. Future 
studies should consider a more diverse patient population, 
including those with a broader range of comorbidities, to better 
understand the role of ondansetron in preventing POD.

Fourth, our results are from a small study, and further randomized 
controlled trials with larger sample sizes are required to validate 
our results. Additionally, nausea, itching, and shivering were 
assessed as presence or absence instead of evaluating their 
intensity, which may have limited our ability to detect more 
subtle differences between the groups.

Conclusion
In conclusion, we found that preoperative ondansetron 
administration has no effect on POD, shivering, and itching 
frequency in patients undergoing surgery for hip and anterior 
femoral fractures under spinal anesthesia.
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