Uncorrected Proof
J Kermanshah Univ Med Sci. 2022 September; 26(3):e128831.

https://doi.org/10.5812/jkums-128831.
Research Article

Published online 2022 November 18.

The Efficacy of Melatonin and Clonidine in Preventing Emergence
Delirium in the Elderly Undergoing Orthopedic Surgery,
Neurosurgery, and General Surgery: A Placebo-controlled
Randomized Clinical Trial
Aliakbar Esmaeili 1, 2 , Ali Fanoodi
Khojasteh-Kaffash 3, *

3

, Amirhossein Ebrahimi 3 , Malihe Zangoue

4

and Soroush

1

Department of Psychiatry, Faculty of Medicine, Birjand University of Medical Sciences, Birjand, Iran
Clinical Research Development Unit, Imam Reza Hospital, Birjand University of Medical Sciences, Birjand, Iran
3
Student Research Committee, School of Medicine, Birjand University of Medical Sciences, Birjand, Iran
4
Department of Anesthesiology, Faculty of Medicine, Birjand University of Medical Sciences, Birjand, Iran
2

*

Corresponding author: Student Research Committee, School of Medicine, Birjand University of Medical Sciences, Birjand, Iran. Email: soroushkaffash@gmail.com

Received 2022 June 07; Revised 2022 October 26; Accepted 2022 October 30.

Abstract
Background: Emergence delirium (ED) is a complication after surgeries due to general anesthesia.
Objectives: This study aimed to evaluate the efficacy of melatonin and clonidine, which are hypothesized to have a curative effect
on ED.
Methods: This randomized, placebo-controlled, double-blind, three-way parallel clinical trial was performed in Imam Reza Hospital in Birjand, Iran in 2019 - 2020 who were selected using convenience sampling. The inclusion criteria were age > 65 years and
preoperative Abbreviated Mental Test (AMT) score ≥ 8. The exclusion criteria were suffering from any chronic diseases. Participants
were divided into 3 groups: Placebo, clonidine, and melatonin groups who received placebo, 100 µg clonidine, and 5 mg melatonin,
respectively. A first dose was administered at bedtime before surgery, a second dose 90 minutes before the procedure. An AMT and
Mini-mental State Examination (MMSE) were administered to determine ED.
Results: This study included 150 patients with a mean and standard deviation of 74.6 ± 6.8 years. According to AMT and MMSE,
there was no significant difference in the level of ED between groups on the first, second, and third days after surgery (P > 0.05).
Emergence delirium levels in the clonidine and melatonin groups were lower than in the placebo group. According to AMT and
MMSE, ED was not significantly correlated gender, age, and type of surgery. Emergence delirium was significantly associated with
postoperative bleeding and electrolyte disturbance (P < 0.05).
Conclusions: Melatonin and clonidine did not affect the occurrence of ED in the elderly undergoing surgery, but these medications
could slightly reduce their occurrence.
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1. Background
Delirium is one of the most common complications of
patients admitted to intensive care units (ICUs). Patients
in hospitals are often affected by delirium, which is a disorder of consciousness, an oscillating cognitive impairment,
and a serious acute problem (1, 2). Clinical diagnosis of
delirium is based on assessing the patient’s mental state
using the Diagnostic and Statistical Manual of Mental Disorders (DSM). Patients should be evaluated on the basis
of their appearance, consciousness, attention, thinking,
speech, memory, mood, judgment, and behavior (3).

Various studies have shown that delirium causes problems such as increased hospital stays, increased anxiety
of patients’ companions, increased mortality, cognitive
deficits, and fear of occurrence and complications (1, 46). Similar studies have shown that postoperative delirium
(which is emergence delirium (ED)) is more common in patients undergoing orthopedic surgery and heart surgery
(2). In addition, the incidence of delirium varies in different wards of the hospital. The highest incidence rate was
related to orthopedic surgery, heart surgery, and ICUs (7).
According to previous studies, delirium is related to hypo-
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glycemia, metabolic encephalopathy, preoperative hypoxemia, drug intoxication (such as anticholinergic drugs),
hypotension, type and duration of anesthesia, surgical
stress, postoperative pain, insomnia, electrolyte disturbance, fever, and bleeding (8, 9). In addition, postoperative
pain causes sleep disturbances and increases the levels of
anxiety and delirium (10). Some studies have stated that
the cause of ED might be the disturbance of neurotransmitters, including melatonin and norepinephrine, along
with anticholinergic activity (8, 10). Factors affecting ED include age over 70 years, history of cognitive impairment
and ED in previous surgeries, preoperative use of opioids,
benzodiazepines, and alcohol, impaired vision, and high
blood urea (8, 11).
According to studies in this field, non-pharmacological
interventions are the most effective way to prevent ED (12).
In the event that conventional non-pharmacological methods do not work, compounds have also been suggested for
the treatment of ED (13). In addition to haloperidol and
olanzapine, risperidone is also commonly used to treat
ED, but there is a lack of evidence to support their effectiveness (14). An additional class of new drugs that prevent ED are the adrenergic receptor agonists like clonidine
(15). Clonidine has various effects on the body, including
decreasing sympathetic system activity, heart rate, blood
pressure, sedation and analgesia (15). In additional, ED may
be caused by disturbances of neurotransmitters like melatonin, which is produced by the pineal gland and is currently administered as a synthetic supplement for sleep
disorders (16). According to previous studies, preoperative
melatonin intake in patients has reduced the incidence of
ED (17, 18).
2. Objectives
There have been no accepted and definitive drugs for
preventing ED. Therefore, the present study was conducted
to compare the effect of clonidine and melatonin in preventing ED in the elderly undergoing orthopedic surgery,
neurosurgery, and general surgery at Imam Reza Hospital
in Birjand, Iran, from 2019 to 2020.
3. Methods
3.1. Design of the Study
This randomized, placebo-controlled, double-blind,
three-way parallel clinical trial was performed on the elderly undergoing orthopedic surgery, neurosurgery, and
general surgery. The inclusion criteria included those
over 65 years with informed consent. The exclusion criteria included factors, which take a role in cognitive impairment, including the history of depression, dementia,
2

cerebral trauma, cerebral tumor, cerebral infarction, suffering from common endocrine disorders such as hyperthyroidism and hypothyroidism, chronic metabolic disorders, head and neck radiation therapy, heavy metal and carbon monoxide poisoning, chronic liver diseases, chronic
kidney diseases, infectious diseases, fluid and electrolyte
disturbance. In addition, alcohol use for more than a year,
regular use of psychiatric drugs and hypnotics, the Abbreviated Mental Test (AMT) score < 8 and systolic blood
pressure less than 100 mmHg were other exclusion criteria. The individuals were selected using convenience
sampling. This study has obtained the research ethics
code (IR.BUMS.REC.1397.355) and the clinical trial code
(IRCT20170316033099N7).
A random sequence of 6 block sizes was used to divide
the participants into a control group and 2 intervention
groups after receiving written informed consent. Patients
in group 2 (clonidine recipients) and group 3 (melatonin
recipients) received 100 µg of clonidine and 5 mg of melatonin, respectively. A first dose of these medications was
given at bedtime the night before surgery and a second
dose 90 minutes before surgery. All patients were anesthetized under general anesthesia with the same agents.
Two expert psychiatrists assessed ED levels based on the
AMT and Mini-mental State Exam (MMSE) on the first, second, and third days following surgery. The preoperative
delirium levels were also considered as baseline delirium
status in individuals.
3.2. Data Collection Tools
3.2.1. Abbreviated Mental Test
This test is a ten-question questionnaire to assess cognitive status. In the case of a correct answer, 1 point is
awarded to each question. When the total score of this
questionnaire is less than 8, the person might suffer from
cognitive problems. The validity and reliability of this
questionnaire have been confirmed in a study by Bakhtiyari et al. (19).
3.2.2. Mini-mental State Exam
Orientation, attention, language, and visuospatial proficiency are examined in the 30 questions in this dementia
screening tool. In this questionnaire, a score above 24, 19 23, 10 - 18, and less than 9 shows normal status, mild disorder, moderate disorder, and severe disorder, respectively.
The validity and reliability of this questionnaire were confirmed in a study by Foroughan et al. (20).
3.3. Statistical Analysis
Demographic information (age and gender), surgery
type (general surgery, orthopedic surgery and neuroJ Kermanshah Univ Med Sci. 2022; 26(3):e128831.

Uncorrected Proof

Esmaeili A et al.

surgery), anesthesia duration, postoperative bleeding history, fever, using analgesics, water and electrolyte balance,
systolic and diastolic blood pressure along with suffering
from chronic diseases, including cardiovascular disease,
diabetes, hepatitis, hypotension, and hypertension were
included in IBM SPSS Statistics for Windows, version 23
(IBM Corp., Armonk, NY, USA). Quantitative variables were
described using mean and standard deviation (SD), and
qualitative variables were described using frequency. The
normality of the data was assessed using the KolmogorovSmirnov test. Chi-square and Kruskal-Wallis tests were
used to compare the variables between the three study
groups. The Kruskal-Wallis’s test was also used to compare
the scores of AMT and MMSE in different groups during the
first, second and third days after surgery. The chi-square
test was used to assess the number of people with ED in
each study groups at different times. In this study, a significance level of P < 0.05 was considered.

4. Results
In this study, 150 patients participated in 3 groups of
control (n = 49), clonidine recipients (n = 50) and melatonin recipients (n = 51) with a mean age of 74.6 ± 6.8
years. In addition, 102 patients (68.0%) were male, and the
male/female ratio was 2.1. Figure 1 shows patients’ enrollment, randomization, and treatment assignment.
Table 1 shows no significant difference between groups
in terms of measured variables except age. In the present
study, 40 patients (26.6%) had diabetes, 35 patients (23.3%)
suffered from cardiovascular disease, 25 patients (16.6%)
had hypertension, and 2 patients (1.3%) suffered from hepatitis and hypotension. Further, 144 patients (96.0%) used
sedatives after surgery, and water and electrolyte disturbances were observed in 13 patients (8.6%). The mean anesthesia time was 55.5 ± 20.2 hours. The mean systolic and
diastolic blood pressure were 121.1 ± 9.8 and 79.7 ± 8.3
mmHg, respectively. Severe side effects such as hypotension and bradycardia were not observed in the clonidine
group.
According to Table 2, the mean baseline scores of AMT
and MMSE were not significantly different between the
groups, which indicates the same preoperative delirium
status in patients in different groups. In all groups, the
mean scores of both tests decreased 1 day after surgery.
Gradually, the mean scores increased in all groups during
the second and third days after surgery. However, no significant difference was observed between the control, as well
as the clonidine and melatonin groups. According to Table 3, the number of people with delirium decreased after
2 and 3 days of surgery compared to the first day. However,
J Kermanshah Univ Med Sci. 2022; 26(3):e128831.

no significant difference was observed between the different groups. Based on AMT, the incidence of ED on the first,
second, and third days was 8.6%, 8.6%, and 5.3, respectively.
Moreover, according to MMSE, the incidence of ED on the
first, second, and third days was 16.6%, 9.3%, and 4.5, on the
first, second, and third days, respectively.
According to Figure 2, the lowest mean score belonged
to the control group based on AMT. On the first day after surgery, the mean score in all groups decreased considerably, and the clonidine group was in a better status
than the other two groups. On the second and third days,
the clonidine and melatonin groups had an almost equal
mean score, which was higher than the control group.
Based on MMSE, melatonin increased the mean score more
than clonidine, and a better condition was created in patients by taking melatonin.
According to Figure 3, based on AMT, more people in
the control group developed delirium compared to the
intervention groups in the first and second days after
surgery. However, the number of patients with delirium
in the control group was lower than in the intervention
groups on the third day. Furthermore, based on MMSE,
most patients with delirium in the first, second, and third
days after surgery were in the control, melatonin, and
clonidine group, respectively.
5. Discussion
5.1. Baseline Characteristics
This study was a randomized, placebo-controlled,
double-blind, three-way parallel clinical trial performed
on 150 patients undergoing general surgery, orthopedic
surgery and neurosurgery in Birjand, Iran. Delerium is
characterized by sudden unconsciousness, sleep-wake cycle disorders, attention disorders, and psychomotor disorders (1, 17). Emergence delirium is mainly observed in the
elderly, and today, this type of delirium needs to be recognized and reduced in incidence due to the aging of societies and the increasing number of surgeries.
This study measured baseline delirium levels before
surgery to prevent interference with the results. However, there was no significant difference between the three
groups. The level of consciousness decreased in all patients
undergoing general anesthesia. As expected, the level of
consciousness was not appropriately related to anesthetic
drugs on the first day after surgery. Moreover, the mean
delirium score decreased compared to the baseline in all
groups, and no significant difference was observed between the groups. In a similar study, ED decreased in people who took melatonin compared to others, which is inconsistent with the results of the present study. However,
3
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Enrollment

Assessed for eligibility (n = 161)

Excluded (n = 11)
• Not meetmg Inclusion cntena (n = 7)
• Declined to participate (n = 0)
• Other reasons (n = 4)

Randomized (n = 150)

Allocation
Allocated to intervention (n = 101)

Allocated to intervention (n = 49)

• Received allocated intervention (n = 101)

• Received allocated intervention (n = 49)

• Did not receive allocated intervention (n = 0)

• Did not receive allocated intervention (n = 0)

Follow-Up
Lost to follow-up (n = 0)

Lost to follow-up (n = 49)

Discontinued intervention (n = 0)

Discontinued intervention (n = 0)

Analysis
Analysed (n = 101)

Analysed (n = 49)

• Excluded from analysis (n = 0)

• Excluded from analysis (n = 0)

Figure 1. Enrollment, randomization, and treatment assignment
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Melatonin
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MMSE mean score

27.5

9.2

Control
Clonidine
Melatonin

27.0
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24.5
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Figure 2. Evaluation of changes in the mean score of emergence delirium based on Abbreviated Mental Test and Mini-mental State Examination (in order from left to right)
between different groups
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Table 1. Baseline Characteristics of the Study Participants (n = 150) a
Variables

Control (n = 49)

Clonidine (n = 50)

Melatonin (n = 51)

Total (n = 150)

Sex

P-Value
0.052

Male

34 (33.3)

28 (27.4)

40 (39.3)

102 (68.0)

Female

15 (31.2)

22 (45.8)

11 (23.0)

48 (32.0)

Type of surgery

0.999

Orthopedic surgery

23 (32.4)

23 (32.4)

25 (35.2)

71 (47.3)

Neurosurgery

8 (33.3)

8 (33.3)

8 (33.3)

24 (16.0)

General surgery

18 (32.7)

19 (34.6)

18 (32.7)

55 (36.7)

Hepatitis

0.611

Yes

0 (0.0)

1 (50.0)

1 (50.0)

2 (1.3)

No

49 (33.1)

49 (33.1)

50 (33.8)

148 (98.7)

Diabetes

0.986

Yes

13 (32.5)

13 (32.5)

14 (35.0)

40 (26.6)

No

36 (32.8)

37 (33.6)

37 (33.6)

110 (73.4)

Cardiovascular diseases

0.599

Yes

11 (31.4)

14 (40.0)

10 (28.6)

35 (23.3)

No

38 (33.0)

36 (31.3)

41 (35.7)

115 (76.7)

Yes

0 (0.0)

1 (50.0)

1 (50.0)

2 (1.3)

No

49 (33.1)

49 (33.1)

50 (33.8)

148 (98.7)

Hypotension

0.611

Hypertension

0.821

Yes

9 (36.0)

7 (28.0)

9 (36.0)

25 (16.6)

No

40 (32.0)

43 (34.4)

42 (33.6)

125 (83.4)

Fever

0.611
Yes

0 (0.0)

1 (50.0)

1 (50.0)

2 (1.3)

No

49 (33.1)

49 (33.1)

50 (33.8)

148 (98.7)

Postoperative bleeding

0.132

Yes

0 (0.0)

2 (100.0)

0 (0.0)

2 (1.3)

No

49 (33.1)

48 (32.4)

51 (34.5)

148 (98.7)

Yes

4 (30.8)

5 (38.4)

4 (30.8)

13 (8.6)

No

45 (32.8)

45 (32.8)

47 (34.4)

137 (91.4)

47 (32.6)

46 (31.9)

51 (35.5)

144 (96.0)

Electrolyte disturbance

0.918

Sedative consumption
Yes
No

0.122

2 (33.3)

4 (66.7)

0 (0.0)

6 (4.0)

Age (y)

73.7 ± 6.0

74.2 ± 8.0

75.9 ± 6.1

74.6 ± 6.8

0.049

Anesthesia duration (h)

50.6 ± 15.1

55.5 ± 19.1

60.1 ± 24.3

55.5 ± 20.2

0.236

Systolic blood pressure (mmHg)

121.5 ± 10.3

121.0 ± 7.8

120.9 ± 11.2

121.1 ± 9.8

0.685

a

Values are expressed as No. (%) or mean ± standard deviation.
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Table 2. Comparison of Abbreviated Mental Test and Mini-mental State Examination Mean Values Between the Study Groups a
Control

Clonidine

Melatonin

Total

P-Value b

Abbreviated Mental Test
Baseline

8.8 ± 0.8

9.0 ± 0.8

8.9 ± 0.7

8.9 ± 0.7

0.348

1st day

8.1 ± 1.1

8.4 ± 1.1

8.3 ± 0.9

8.3 ± 1.0

0.387

2nd day

8.5 ± 0.9

8.6 ± 1.0

8.6 ± 1.1

8.6 ± 1.0

0.583

3rd day

8.7 ± 0.7

8.8 ± 0.9

8.8 ± 0.9

8.7 ± 0.8

0.854

Mini-mental State Examination
Baseline

a
b

26.2 ± 2.2

27.0 ± 2.1

26.4 ± 2.1

26.6 ± 2.1

0.172

1st day

24.9 ± 3.0

25.2 ± 3.2

25.3 ± 2.3

25.1 ± 2.8

0.414

2nd day

25.9 ± 2.3

25.9 ± 2.7

26.1 ± 2.5

26.0 ± 2.5

0.882

3rd day

26.4 ± 1.8

26.5 ± 2.7

26.6 ± 2.1

26.5 ± 2.2

0.631

Values are expressed as mean ± standard deviation.
Kruskal-Wallis’s test

Table 3. Comparison of Emergence Delirium in the First, Second, and Third Days After Surgery Based on Abbreviated Mental Test and Mini-mental State Examination Between
the Study Groups
Control

Clonidine

Melatonin

Total

χ2

d.f

P-Value a

0.218

2

0.897

0.218

2

0.897

0.227

2

0.893

0.785

2

0.675

0.162

2

0.922

2.072

2

0.355

AMT
1st day
With ED
Without ED

5

4

4

13

44

46

47

137

2nd day
With ED
Without ED

5

4

4

13

44

46

47

137

3rd day
With ED

2

3

3

8

Without ED

47

47

48

142

MMSE
1st day
With ED

10

7

8

25

Without ED

39

43

43

125

2nd day
With ED
Without ED

5

4

5

14

44

46

46

136

1

4

2

7

48

46

49

143

3rd day
With ED
Without ED

Abbreviations: ED, emergence delirium; AMT, Abbreviated Mental Test; MMSE, Mini-mental State Examination
a
Kruskal-Wallis’s test
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Figure 3. Evaluation of changes in the number of people with emergence delirium based on Abbreviated Mental Test and Mini-mental State Examination (in order from left
to right) between different groups

the clonidine results were consistent with those of the
present study (17). This difference could be due to the type
of anesthesia used in the two studies (spinal anesthesia
versus general anesthesia). In addition, in another study
performed on patients with heart surgery, melatonin was
significantly effective in reducing ED levels. Further, age
was introduced as an effective factor in the incidence of
delirium (21). Furthermore, clonidine consumption reduced the incidence of ED in patients with aortic dissection, as well as ICU hospitalizations and respiratory status
(15). In another study on elderly patients with hip fractures, melatonin consumption had no effect on the incidence of ED, which is consistent with the present study
(22). The age of the study population may contribute to the
differences between our study and other studies. Since the
participants in this study were older and ED is directly related to age, the reduced effect of drugs like melatonin can
be justified.
5.2. Strengths and Limitations of the Study
This study was performed in a comprehensive medical
center, and AMT and MMSE were performed by a skilled psychiatrist to minimize possible measurement errors. The
hospital has limitations when it comes to performing surgeries, which made it impossible to examine patients after
heart surgeries and urology surgeries. Another limitation
of the study was the lack of local anesthesia for these patients. Future studies are recommended to examine patients with more diverse surgeries and the difference between local and general anesthesia. Future studies should
also prescribe medication after surgery in addition to prescribing it before surgery.
5.3. Conclusions
According to the results, ED levels decreased with clonidine and melatonin preoperatively, which was not signifJ Kermanshah Univ Med Sci. 2022; 26(3):e128831.

icant compared to the control group. There was also no
difference between melatonin and clonidine in preventing
ED after surgery.
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