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Abstract

Objective: Postoperative delirium is the worst patient outcome. Elderly patients undergoing orthopaedic procedures under general anaes-
thesia are highly liable to experience delirium. Several studies supported melatonin use for the prevention of delirium. This work evaluated
the prophylactic efficiency of melatonin for postoperative delirium in patients with multifactorial risk for developing delirium as elderly
undergoing orthopaedic trauma surgery under general anaesthesia.

Methods: This double-blinded prospective randomized comparative study was conducted on 80 elderly patients subjected to orthopaedic
interventions under general anaesthesia. Patients were randomized into group M (Melatonin group) and group NM (Non-melatonin group).
Group M received 5 mg melatonin while group NM received placebo. The study drugs were given preoperatively and for the first 3 postop-
erative days. For the incidence of delirium, patients were evaluated using the Abbreviated Mental Test. The Pain Assessment in Advanced
Dementia, sedation scores, and changes in hemodynamics were recorded.

Results: The incidence of delirium was significantly lower postoperatively in M group (25%) relative to NM group (52.5%) (P < .001,
OR=2.3.95% Cl=-0.44,+ 1.23). Abbreviated Mental Test scores at postanaesthesia care unit and day 0 showed a highly significant dif-
ferences. However, Abbreviated Mental Test scores had no significant difference within the 3 postoperative days. Heart rate was significantly
lower in M group after 50 minutes from the start of surgery. Mean blood pressure, Pain Assessment in Advanced Dementia, and sedation
scores showed insignificant differences.

Conclusion: Perioperative melatonin treatment could reduce the incidence of postoperative delirium in the studied population, and it could
be considered a prophylactic medication.

Keywords: Abbreviated mental test, general anaesthesia, geriatric, melatonin, postoperative delirium

 Prophylactic melatonin reduces postoperative delirium in geriatrics with multifactorial risk.

e The Abbreviated Mental Test was higher with melatonin.

Introduction

Delirium is a condition characterized by disturbed consciousness and cognitive function changes including dimin-
ished concentration, unorganized thinking, abnormal psychomotor behavior, and irregular sleep-wake cycle.!
Postoperative delirium (POD) is expected to occur in 10-61% of elderly persons aging 65 years or older. A mortality
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rate of 10%-75% is likely to be linked to delirium once it
develops, which may be in proportion to the age.’

A variety of precipitating factors of POD have been
reported: age, dementia, reduced myocardial function,
electrolyte disturbance, alcoholism, smoking, increased
blood transfusion needs, fluctuation of intraoperative
blood pressure, and benzodiazepine usage.™ POD occurs
frequently in certain procedures, such as orthopaedic oper-
ations,® major gastrointestinal and major cardiovascular
surgeries,”® surgery under general anaesthesia, prolonged
surgery, trauma, and emergency surgeries.”'” Also opioids
have a variable effect on delirium occurrence with different
agents.'!

Various medications such as alpha 2-receptor agonists, atypi-
cal antipsychotics, and sleep regulators have been considered
for the prevention or treatment of delirium, but their serious
side effects may hinder their use.'

It was hypothesized that melatonin, a pineal gland-generated
hormone, has a curative impact on delirium after surgery. It
was effective, as a premedication, in sedation with a favorable
cognitive profile.'*!

Several investigations in the old adults provided support for
melatonin usage as prophylaxis in delirium or as a treatment.
These studies involved different patient populations either in

1CU, medical wards, or in surgeries.'>'®

However, in this study, the chosen patients had multiple
aggravating factors for the development of POD. These
aggravating factors included old age, trauma, receiving opi-
oids to alleviate the perioperative pain, orthopaedic surgery,
and receiving general anaesthesia (GA). This double-blinded
RCT aimed to investigate the preventive impact of melatonin
against POD in this risky population. As to our knowledge,
no adequate trials have been performed to evaluate the pro-
phylactic ability of melatonin to mitigate the occurrence of
postoperative delirium in patients with these combined chal-
lenging characteristics.

Methods

This randomized, prospective, comparative, double-blind
study was executed between 30 July 2020 and 15 December
2020 mn the orthopaedic surgical units at Cairo University
Hospitals. The study enrolled 80 geriatric patients under-
going orthopaedic trauma surgery under GA. The research
protocol was accepted by the ethics committee of the Faculty
of Medicine of Cairo University (ID: MS-103-2020). Written
informed consent was signed by the patients participating in
the research. The protocol was recorded at Clinicaltrial.gov

(ID: NCT04483596 on 20/7/2020).
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Inclusion criteria: Operations done in the morning, upper limb
(accompanied or not with lower limb) orthopaedic trauma,
recelving perioperative opioids to alleviate trauma pain, sur-
geries under GA, age 65 years old or more, both genders,
and patients with the American Society of Anesthesiology
(ASA) physical status I-I1I.

Exclusion criteria: Refusal of the patients, age less than 65 years
old, ASA physical status >IV, allergy to the study medications,
patients with Abbreviated Mental Test (AMT) score of <8,
illiterates, preoperative sedation score >3, alcohol abuse, lost
vision or hearing, hematocrit < 27%, cerebral insults (stroke,
hemorrhage, infection), fluids and electrolyte abnormalities,
acute cardiac problems (infarction, heart failure, dysrhyth-
mias), acute respiratory events (asthma or chronic obstructive
lung disease exacerbation, pulmonary embolism, hypoxemia,
hypercarbia), drugs (anticonvulsants, antidepressants, antihis-
tamines, antiparkinsonism agents, antipsychotics, melatonin),
history of chronic sedative-hypnotic use > 3 times per week
during a month before the surgery.

Patients were randomized equally into group M (melatonin
group) and group NM (non-melatonin group) via computer-
generated random numbers with sealed envelopes.

Preoperative management: All patients were requested
to fast according to the standard rules. Every patient was
assessed for relevant history and routine laboratory inves-
tigations, by an anaesthesiologist, on the night before sur-
gery and screened for delirium at that time with the AMT
(Table 1)." Patients with an AMT score < 8 were assumed
to have delirtum. The Royal College of Physicians and the
British Geriatric Society have recommended AMT exami-
nation for regular evaluation of the cognitive functions in
older persons.®

Group M was provided a 5 mg tablet of melatonin, packed in
an opaque envelope, orally at 9 in the evening before surgery
and another 5 mg of melatonin with 15 mL of clear water
30 minutes before surgery. Group NM was provided a 500 mg
tablet of paracetamol, as a placebo, as it looks similar to mela-
tonin tablets, packed in the same way as melatonin at 9 in the
evening before surgery and another 500 mg of paracetamol
with 15 mL of clear water 30 minutes before surgery.

Upon arrival to the preparation area, a large-bore IV can-
nula was implanted into the nondominant side, and seda-
tion was evaluated by Ramsay’s sedation score:*' Patients
with a score > 4 were removed from the study. Heart rate
(HR), systolic blood pressure (SBP), diastolic blood pressure
(DBP), mean blood pressure (MAP), and oxygen saturation
(SPO,) were recorded as the baseline readings.

The anaesthesiologist who gave the drugs and evaluated the
AMT and sedation scores was blinded to the groups.
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Table 1. The AMT Questionnaire

AMT Questionnaire

—

. Patient’s name

. Time (to the closest hour)

. Address to recall when ending the investigation

. The current year

. The name of the hospital

| O | | | N

. Recognizing 2 surrounding personnel (e.g., physician, nurse)

~

. Patient’s birth date

8. Year of any famous event

9. Name of the present president

10. Count backward from 20 to 1

Each answer scored 1 point and the total score was calculated.

Intraoperative management: All participants were moni-
tored with 5 lead ECG, noninvasive BP, pulse oximeter, cap-
nography. HR, SBP, DBP, MAP, and SPO, were recorded
every 10 minutes. Induction of GA was done with fentanyl
(2 pg kg™"), propofol (1-2 mg kg™), atracurium (0.5 mg kg™).
Intubation was achieved with an oral endotracheal tube.
Anaesthesia was maintained with isoflurane (1.15%), incre-
mental 0.01 mg kg™ atracurium for every 30 minutes. A
0.5 pg kg™ fentanyl IV was given if HR and/or BP increased
by 20% or more from baseline in response to surgical stimula-
tion with a maximum of 4 pg kg™'.

Surgical duration, high perioperative transfusion needs
(> 3 blood units), intraoperative fluctuation of pressure
(< or > 30% of the baseline), and hypoxia (SPO, < 92% on
room air) were documented.

Postoperative management: HR, SBP, DBP, MAP, and
SPO, were recorded every 10 minutes until 30 minutes after
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extubation. Group M: 5 mg of melatonin was given at 9 PM
on the day of the procedure and for the first 3 days.” Group
NM was provided a 500 mg paracetamol tablet at the same
time as melatonin tablets in group M.

AMT scores were documented after recovery from post-
anaesthesia care unit (PACU AMT), 6 hours after surgery
(Day-0) and on the next 3 postoperative days (Day-1, Day-2,
and Day-3) at the same time of evaluation on day 0. Patients
having a score < 8 were assumed to have POD" and were
advised to have further evaluation by a psychiatrist.

Postoperative pain was managed by IV 1 g of paracetamol
every 8 hours, with an IV nalbuphine, as rescue analgesia,
of 0.25 mg kg! not exceeding 0.5 mg kg! every 6 hours to
maintain the Pain Assessment in Advanced Dementia scale
(PAINAD) < 4 (Table 2). PAINAD is tested at times 0, 30 min-
utes 2, 4, 8, 12, 18, and 24 hours. The “zero” time was the
moment of recovery from GA.?

Primary outcome was the detection of the difference in the
incidence of POD between both groups at day 3 postopera-
tively. Secondary outcomes were targeting the between-group
variables associated with POD, Ramsay’s sedation scale, HR,
SBP, DBP, MAP, and SpO, from baseline to 30 minutes post-
extubation and the PAINAD scale.

Statistical Analysis

Using the Clincal.com sample size calculator, the sample
size was calculated as 40 patients in each group by achiev-
ing 80% power with a significant alpha level of 0.05 and
based on data from a pilot study which revealed that melato-
nin reduced the incidence of POD from 53.34% to 23.4%.
Data analysis was done by using version 21.0 of the Statistical
Package for Social Sciences (SPSS) (IBM Corp.; Armonk,
NY, USA). Quantitative statistics were expressed as mean +

Table 2. Pain Assessment in Advanced Dementia (PAINAD) Scale
Items Score=0 Score=1 Score=2
Breathing Normal Sporadic labored breathing Noisy labored breathing
A brief period of hyperventilation Prolonged duration of hyperventilation
Cheyne-Stokes respirations
Negative vocalization None Sporadic moans or groans Repetitive distressed calling out
Low degree of speech with a negative Loud moans or groans
quality Crying
Facial expression Smily or nonexpressive Sad Grimacing
Frightened
Body language Calm Tense Rigid
Distressed Fists clenched
Knees pulled up
Pulling or pushing away.
Consolability No need to Diverted or calmed by voice or touch Cannot console
*Overall scores range from 0 to 10, with a higher score indicating more intense pain (0="“no pain” to 10 = “severe pain”).




Mohamed et al. Melatonin for Delirium in a Challenging Group

standard deviation (SD). Qualitative statistics were expressed
as the number and percent of patients. The means of the
groups were compared using the independent samples #test.
Evaluation of the proportions of qualitative parameters was
done by the chi-squared test. Statistical significance was con-
cluded when P value was less than .05.

Results

A total of 100 patients were enrolled, while 80 completed the
study (Figure 1). Patients’ characteristics for the 80 patients
involved are detailed in Table 3. A highly statistically signifi-
cant difference was shown between groups as regards the inci-
dence of POD with a significantly less incidence in group M
(P <.001, OR=2.3, 95% Cl1=-0.44,+1.23) (Table 3). The
risk variables comprising the surgical duration, high perioper-
ative transfusion needs, intraoperative fluctuation of pressure,
hypoxia, age, gender, BMI, ASA score showed no statistically
significant difference between the groups (P> .05).

Tested for
eligibility (no. 100)

Randomization
(no.80)

Could not be reached
after early discharge
home (no.8)

Not eligible (no.8)
Excluded

Refused to consent (no.2)

Admitted to the ICU
(no.2)

Melatonin group J L Non-melatonin group
(no. 40) (no. 40)

Completed the study (no.40)

Completed the study (no.40)

Excluded during the study (no. 0) Excluded during the study (no. 0)

Figure 1. Flow chart for patients’ enrollment.

Table 3. Patients’ Characteristics in M and NM Groups

M group (no. 40) | NM group (no. 40)
Count % Count % P
Gender | Male/ 18/22 45/55 21/19 52.5/47.5 230
Female
ASA I/7II/1IX | 4/28/8 | 10/70/20 | 5/26/9 | 12.5/65/22.5 | .673
Delirium | Yes 10 25 21 52.5 <.001
incidence
No 30 75 19 47.5
Sedation |1 11 27.5 15 37.5 .280
score
2 29 72.5 25 62.5
High perioperative 6 15 4 10 .320
transfusion needs
Intraoperative 8 20 7 17.5 .770
fluctuation of
pressure
Hypoxia 4 10 4 10 1
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As regards AMT comparison between M and NM groups,
the day before surgery exhibited no significant difference;
however, it exhibited a significant difference at PACU
(P =.001) and day [0] (P =.035). No significant statistical
difference was found between groups during days [1] to [3],
despite the relative superiority of M group over NM group.
PAINAD score on the first postoperative day showed a non-
significant between-group difference. Also, the incidence of
POD was statistically significant on the postoperative days
[0, 1] (Table 4).

HR showed an insignificant difference between M and NM
groups from baseline to 50 minutes followed by a period with
a significantly lower HR in M group until the end of sur-
gery. Postoperatively, there was an insignificant postoperative
between-group difference for HR with F(1)=1.7 and P =.22
(Figure 2).

As regards MAP, the preoperative baseline values were sig-
nificantly higher in M group while there was an insignificant
intraoperative difference and insignificant postoperative dif-
ference with F(1)=2.9 and P =.099 (Figure 3).

Table 4. Comparison of AMT Scores Between M and NM
Groups
M group NM group
(no. 40) (no. 40) 4

Before surgery

Mean + SD 9.32 £ 0.77 9.20 £ 0.70 42
at PACU

Mean + SD 7.98 + 2.36 6.4 +2.39 .001

N (%) of POD 7 (17.5%) 8 (20%) 77
Day 0

Mean + SD 8.74 £ 0.96 7.16 £+ 0.96 .04

N (%) of POD 2 (5%) 8 (20%) .042
Day 1

Mean + SD 9.26 + 0.77 8.9+ 0.76 .23

N (%) of POD 0 (0%) 4 (10%) .04
Day 2

Mean + SD 9.32 4+ 0.73 9.1+0.8 .34

N (%) of POD 1(2.5%) 1(2.5%) 1
Day 3

Mean + SD 9.32 £ 0.68 9.2 +£ 0.67 A4

N (%) of POD 0 (0%) 0 (0%)
24 hours PAINAD scale 36+ 1.4 3.84+ 1.7 .64
*Data are expressed as mean + standard deviation (SD), Numbers (N.)
and percent (%),; AMT, the Abbreviated Mental Test; PACU, postanaes-
thesia care unit; PAINAD, Pain Assessment in Advanced Dementia scale;
P < .05, significant difference; P < .001, highly significant difference.
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Figure 2. HR and MAP trends in M and NM groups. HR, Heart
rate (beat per minute); MAP, Mean arterial pressure (mm Hg).
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Figure 3. HR and MAP trends in delirium and non-delirium
melatonin groups. Mean HR, Heart rate (beat per minute);
MAP, Mean arterial pressure (mm Hg).

Ramsay’s sedation score fluctuated between 1 and 2 in both
groups with an insignificant difference in the prevalence of
either score in both groups (Table 3). Only 4 patients in each
group were desaturated (92%-95%) in the first 30 minutes
postoperatively and needed oxygen mask to maintain SPO,
(98%-100%). Insignificant difference in oxygen saturation
existed between groups M and NM.

The comparison between patients who had delirium (delir-
ium melatonin group) and patients who did not have delir-
ium (non-delirium melatonin) group in patients in M group
revealed a statistically significant difference as regards seda-
tion score, BMI, and duration of surgery. The non-delirium
melatonin group had a larger percentage of patients with a
score of 2, while the delirium melatonin group had a higher
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Table 5. Patients’ Characteristics of Delirium and Non-
delirium Melatonin Group
Delirium Non-delirium
melatonin melatonin
Count | % | Count | % p
Gender
Male 5 50 12 40 631
Female 5 50 18 60
ASA
I 1 10 3 10 735
11 6 60 22 73.3
1 3 30 5 16.7
Sedation score
1 5 50 6 20 .049
2 5 50 24 80
High perioperative 3 30 3 10 .260
transfusion needs
Intraoperative 4 40 4 13.3 .100
fluctuation of pressure
Hypoxia 2 20 2 6 .066
Delirium Non-delirium
melatonin melatonin
Mean SD Mean SD | Pvalue
Age (years) 70.33 | 4.33 | 68.47 3.50 .136
BMI (kg m™) 29.83 5.2 249 3.9 .030
Duration of surgery 113 25.4 22.2 .042
(minutes)
*Data are expressed as numbers, mean =+ standard deviation (SD) and
percent (%). BMI, body mass index; ASA, the American Society of Anes-
thesiologists; P < .05, significant difference; P < .001, highly significant
difference.

BMI and a longer duration of surgery (Table 5). While there
was an insignificant difference as regards HR and MAP
(Figure 3).

As regards AMT score, there was a statistically significant
difference between the delirium and non-delirium melatonin
groups at PACU and day [0], with an insignificant difference
in the rest of the recording period. As regards the PAINAD
scale, there was no significant difference between the com-
pared groups (Table 6). Also, there was no significant statisti-
cal difference between groups as regards to oxygen saturation
(Figure 4).

Discussion
This double-blinded randomized comparative clinical trial

intended to explore the effectiveness of melatonin to decrease
the incidence of POD in patients with several predisposing
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Table 6. Comparison of AMT Scores Between the Delirium
and Non-delirium Melatonin Groups

Delirium Non-delirium
melatonin melatonin p
Mean SD Mean SD value

Before surgery 9.17 0.83 9.37 0.75 433
at PACU 4.00 1.3 8.4 1.47 <.001
Day 0 6.75 1.44 9.33 1.01 .020
Day 1 8.9 1.1 9.36 0.78 .376
Day 2 9.12 0.71 9.37 0.785 487
Day 3 9.12 0.71 9.37 0.785 487
24 hours 3.8 1.41 3.42 1.24 .090
PAINAD scale

*Data are expressed as mean =+ standard deviation (SD) and percent (%);
AMT, the Abbreviated Mental Test; PACU, postanaesthesia care unit;
PAINAD, Pain Assessment in Advanced Dementia scale, P value < .05,

significant difference; P value < .001, highly significant difference.
100

98
97
9%
95
0

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Oxygen Saturation (%)

Time (min)

mMgroup mNM group

Figure 4. SPO, trends in M and NM groups. Mean SPO, (%)
versus time in minutes.

risk factors. The risky sample group of the study involved
elderly patients with orthopaedic trauma operations under
GA. Besides, patients were delivered opioids to manage their
perioperative pain. Although melatonin was used in many
studies to prevent or control delirium in vulnerable patients
for POD, not enough previous researches had explored the
prophylactic efficiency of melatonin against this particular
challenging combination that exists in this study.***

The hypothesis was that melatonin will cause a significant
drop in the incidence of POD in the chosen population.
The results supported this theory, which revealed a highly
significant difference between melatonin and non-melatonin
in the percent of patients who had POD with a significantly
less incidence in M group (25%) relative to the NM group
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(52.5%). The PACU and day [0] AMT scores revealed a sig-
nificantly higher score in M group, but the next 3 days had no
statistically significant difference between groups.

The higher incidence of delirium in the non-melatonin group
relative to the melatonin group couldn’t be explained by the
presence of risk variables (the surgical duration, high peri-
operative transfusion needs, intraoperative fluctuation of
pressure, hypoxia, age, gender, BMI, and ASA score), as they
showed no statistically significant intergroup difference. This
means that both groups were subjected to similar conditions.

The study used paracetamol tablets as a placebo in the NM
group, as they look similar to melatonin tables, in a dose of
500 mg and only once daily. This dose was hypothesized not
to affect pain control significantly as it was reported to be
less than the median effective dose of paracetamol.?>* This
hypothesis was supported in this study as the difference in
pain scores in both groups was insignificant, so the pain was
not a considerable variable that it did not affect the results of
the incidence of POD between groups.

Our findings can be explained by the biochemical proper-
ties of melatonin, which antagonizes the pathophysiological
causes of delirium. Melatonin preserves the synchroniza-
tion when circadian rhythms are endangered.? It has an
anti-oxidant action and thus decreases the cellular damage
caused by the reactive oxygen species and limits the pro-
gression of neurodegenerative diseases.”® Melatonin has
immune and anti-inflammatory effects by raising CD4 cells,
decreasing CD8 cells, cytokine, and T-cell signaling con-
trol, and down-regulating the neuronal nitric oxide synthe-
tase.”’ It has a neuroprotective impact, as seen in animal
models, by inhibiting excitotoxic injury, preventing isch-
emia-reperfusion injuries and improving regional cerebral

blood flow.*

The effectiveness of melatonin supplementation in the reduc-
tion of POD can be based on the reduced plasma level of
melatonin that may be found in the targeted population.
Melatonin secretion decreases rapidly with age.*® POD has
been linked to a considerable drop in melatonin levels fol-
lowing surgery relative to the preoperative levels in old
adults.’’ A reciprocal relationship exists between melatonin
and cortisol levels. So, severe stress that i1s induced by trauma
and surgery may lower plasma concentrations of postopera-

tive melatonin.*?

The circadian rhythm of melatonin secretion, through
the
N-acetyltransferase, is adequately strong to inhibit daytime

suprachiasmatic nucleus regulation of daytime
darkness from triggering melatonin secretion. As a conse-
quence of GA, darkness was proved not to be associated with
increased plasma melatonin.” GA, conversely, has been asso-

ciated with decreased melatonin levels in some trials.*** On
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the first postoperative day, surgical patients experience a
decrease in plasma melatonin levels. However, most of the
analyzed patients had a regular circadian melatonin secre-
tion pattern by the second postoperative night, and this may
explain the negligible difference between groups that began
on the second postoperative day (day-1)."*3*

Other analyses have demonstrated similar findings to this
research.® Artemiou et al” stated that melatonin prophy-
laxis in heart surgery lowered the frequency of delirium from
20.8% 1n the control group to 8.4% in the melatonin group,
with a significant intergroup difference. However, in our
research, cardiac surgery has not been included as the patho-
genesis of delirium is influenced by cardiopulmonary bypass,
which is not the case in our investigation. Sultan® tested
melatonin role in the management of POD in 300 elderly
patients after spinal anaesthesia for hip arthroplasty and
recorded a substantial reduction in the occurrence of POD
to 9.43% and an efficiency of melatonin to treat greater than
half of POD patients in 3 postoperative days. However, the
author did not study its effect under GA.

In contrast to our study, a multicenter, double-blind RCT
rendered by De Jonghe et al*® did not notice a better conse-
quence of melatonin to the frequency of POD following hip
fracture than placebo. However, the author used a lower dose
of melatonin (3 mg) than in our study.

The impact of exogenous melatonin on POD prevention
was the concern of many researchers that meta-analyses
were conducted to investigate this issue. A meta-analysis by
Campbell et al** concluded that prophylactic melatonin sub-
stantially lowered the frequency of delirium in surgical older
people with an OR of 0.63 (95% CI 0.46-0.87; P =.006;
12 =72.1%). Han et al'® declared that in surgical populations,
melatonin or its analog (ramelteon) decreased the prevalence
of POD with an OR=0.45, 95% CI 0.24-0.84, P =.01. In
another meta-analysis, done by Chen et al”® a reduction in
the POD incidence was found in patients receiving melatonin
(relative risk [RR] 0.41, 95% CI 0.15-1.13; P =.08) relative
to the control group. Ng et al*® underwent a meta-analysis of
melatonin impact on delirium occurrence in the hospitalized
patients and observed a nonsignificant reduction in the prev-
alence in patients who were administered melatonin. The
authors did not support or antagonize the usage of melatonin
to prevent POD in these patients’ populations.

However, these meta-analyses either included medical
patients or studies on cardiac surgeries. Besides, not all of
them included geriatric patients > 65 years old or were con-
cerned with the type of anaesthesia.

The findings of this study revealed a statistically higher seda-
tion score, surgery duration, and BMI in patients having
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delirium (delirium melatonin group) than in patients who did
not have delirium (non-delirium melatonin) within the mela-
tonin group. Otherwise, no significant difference occurred
as regards the other risk variables. Patient and anaesthetic
factors, as well as the stress of the intervention, can affect
the equilibrium between melatonin secretion and removal.
Therefore, based on this equilibrium, perioperative plasma
levels of melatonin may be elevated or lowered relative to
the regular physiological daytime levels, which may clarify the
existence of the delirium melatonin group.*!

The study lacks the use of different melatonin doses; however,
this effective dose was selected based on previous studies. This
work depended, only, on the AMT score rather than other
scores for evaluation of POD. Yet, the AMT score was proved
by prior studies to be an effective simple score in the diagnosis
of delirtum. AMT scoring was done at a fixed time every day,
so the day-night difference in the incidence of POD could not
be evaluated. The study didn’t include cardiac surgeries to
avoid the effect of cardiopulmonary bypass on the prevalence
of POD. In this study, the authors did not use different intra-
operative opioids, nerve blocks, or patient-controlled anal-
gesia to control pain which should be considered in future
studies. The study was designed not to follow patients for
more than 3 days. However, this did not affect the significance
of the results. Not all risk factors of POD were targeted in this
study. Finally, ASA IV patients were not included. These limi-
tations open a wide door for future researches on this topic.

Conclusion

Perioperative melatonin administration could decrease the
incidence of POD after orthopaedic trauma surgery under
GA in geriatric patients. AMT scores were significantly
higher in patients who were given melatonin in PACU and
day [0]. It is concluded that routine prophylactic melatonin
could be considered for surgeries on patients similar to this
study population.

Ethics Committee Approval: Ethical committee approval was received from
the ethics committee of the Faculty of Medicine of Cairo University (ID:
MS-103-2020).

Informed Consent: Written informed consent was obtained from the
patients who participated in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept — A.R.; Design — S.A., M.Y.; Materials
S.A., M.Y.;; Data Collection and/or Processing — ML.R.; Analysis and/or
Interpretation — S.A., MLY.; Writing Manuscript — A.R., M.G.

Declaration of Interests: The authors declare that they have no competing
interests.

Funding: Funding was received from the anaesthesia department of Cairo
University.



Mohamed et al. Melatonin for Delirium in a Challenging Group

References

10.

11.

12.

13.

14.

16.

Gray SL, Lai KV, Larson EB. Drug-induced cognition disor-
ders in the elderly: incidence, prevention and management.
Drug Saf. 1999;21(2):101-122. [CrossRef]

Guo Y, Jia P Zhang J, Wang X, Jiang H, Jiang W. Prevalence
and risk factors of postoperative delirium in elderly hip fracture
patients. 7 Int Med Res. 2016;44(2):317-327. [CrossRef]
Jankowski CJ, Trenerry MR, Cook DJ, et al. Cognitive and
functional predictors and sequelae of postoperative delirium in
elderly patients undergoing elective joint arthroplasty. Anesth
Analg. 2011;112(5):1186-1193. [CrossRef]

Wang LH, Xu DJ, Wei X]J, Chang HT, Xu GH. Electrolyte
disorders and aging: risk factors for delirium in patients under-
going orthopedic surgeries. BMC Psychiatry. 2016;16(1):418.
[CrossRef]

Oh ES, Sieber FE, Leoutsakos JM, Inouye SK, Lee HB. Sex
Differences in hip fracture surgery: preoperative risk factors for
delirium and postoperative outcomes. J Am  Genalr Soc.
2016;64(8):1616-1621. [CrossRef]

Parikh SS, Chung I Postoperative delirium in the elderly. Anesth
Analg. 1995;80(6):1223-1232. [CrossRef]

Hirsch J, DePalma G, Tsai T'T, Sands LP, Leung JM. Impact
of intraoperative hypotension and blood pressure fluctuations
on early postoperative delirium after non-cardiac surgery. Br J
Anaesth. 2015;115(3):418-426. [CrossRef]

Scholz AFE, Oldroyd C, McCarthy K, Quinn T]J, Hewitt J. Sys-
tematic review and meta-analysis of risk factors for postopera-
tive delirium among older patients undergoing gastrointestinal
surgery. Br 7 Surg. 2016;103(2):¢21-¢28. [CrossRef]

Song KJ, Ko JH, Kwon TY, Choi BW. Etiology and related
factors of postoperative delirium in orthopedic surgery. Clin
Orthop Surg. 2019;11(3):297-301. [CrossRef]

Schubert M, Schiirch R, Boettger S, et al. A hospital-wide
evaluation of delirium prevalence and outcomes in acute care
patients - a cohort study. BMC Health Serv Res. 2018;18(1):550.
[CrossRef]

Swart LM, van der Zanden V, Spies PE, de Rooij SE, van
Munster BC. The Comparative risk of delirium with different
opioids: a systematic review. Drugs Aging. 2017;34(6):437-443.
[CrossRef]

Gosch M, Nicholas JA. Pharmacologic prevention of postopera-
tive delirium. < Gerontol Geriatr. 2014;47(2):105-109. [CrossRef]
Chen S, Shi L, Liang I et al. Exogenous melatonin for delirium
prevention: a meta-analysis of randomized controlled trials.
Mol Neurobiol. 2016;53(6):4046-4053. [CrossRef]

Cronin AJ, Keifer JC, Davies ME, King TS, Bixler EO. Mela-
tonin secretion after surgery. Lancet. 2000;356(9237):1244-1245.
[CrossRef]

. Sultan SS. Assessment of role of perioperative melatonin in

prevention and treatment of postoperative delirium after hip
arthroplasty under spinal anesthesia in the elderly. Saud: ¥
Anaesth. 2010;4(3):169-173. [CrossRef]

Baumgartner L, Lam K, Lai J, et al. Effectiveness of melatonin
for the prevention of intensive care unit delirium. Pharmaco-

therapy. 2019;39(3):280-287. [CrossRef]

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Turk J Anaesthesiol Reanim 2022;50(3):178-186

. El-Naggar DI, Sharaf SI, Nasr El-Din DA, Mahran MG,

Nawar DFA. A study of the prophylactic and curative effect of
melatonin on postoperative delirium after coronary artery
bypass grafting surgery in elderly patients. Egypt J Hosp Med.
2018;72(7):4919-4926. [CrossRef]

. Han Y, Wu J, Qin Z, et al. Melatonin and its analogues for the

prevention of postoperative delirium: a systematic review and
meta-analysis. 7 Pineal Res. 2020;68(4):¢12644. [CrossRef]

. Hodkinson HM. Evaluation of a mental test score for assess-

ment of mental impairment in the elderly. Age Ageng.
1972;1(4):233-238. [CrossRef]

Dickinson EJ. Standard assessment scales for elderly people.
Recommendations of the Royal College of Physicians of Lon-
don and the British Geriatrics Society. J Epidemiol Commun
Health. 1992;46(6):628-629. [CrossRef]

Ramsay MA, Savege TM, Simpson BR, Goodwin R. Con-
trolled sedation with alphaxalone-alphadolone. Br Med j.
1974;2(5920):656-659. [CrossRef]

Paulson CM, Monroe T, Mion LC. Pain assessment in hospital-
ized older adults with dementia and delirium. 7 Gerontol Nurs.
2014;40(6):10-15. [CrossRef]

Lafli Tunay D, Tiirkeiin Ilginel M, Unliigen¢ H, Tunay M,
Karacaer I Biricik E. Comparison of the effects of preopera-
tive melatonin or vitamin C administration on postoperative
analgesia. Bosn J Basic Med Sci. 2020;20(1):117-124. [CrossRef]
Zhu C, Xu Y, Duan Y, et al. Exogenous melatonin in the treat-
ment of pain: a systematic review and meta-analysis. Oncotargel.
2017;8(59):100582-100592

Zeidan A, Mazoit JX, Ali Abdullah M, Maaliki H, Ghattas T,
Saifan A. Median effective dose (EDso) of paracetamol and
morphine for postoperative pain: a study of interaction. Br J
Anaesth. 2014;112(1):118-123. [CrossRef]

Van Elstracte AC, Sitbon P. Median effective dose (ED50)
of paracetamol and nefopam for postoperative pain: isobolo-
graphic analysis of their antinociceptive interaction. Minerva
Anestestol. 2013;79(3):232-239.

Hardeland R, Cardinali DP, Srinivasan V, Spence DW,
Brown GM, Pandi-Perumal SR. Melatonin—a pleiotropic,
orchestrating regulator molecule. Prog Neurobiol. 2011;93(3):350-
384. [CrossRef]

Marshall KA, Reiter R, Poeggeler B, Aruoma OI, Halliwell B.
Evaluation of the antioxidant activity of melatonin in vitro. Free
Radic Biol Med. 1996;21(3):307-315. [CrossRef]

Reiter R]J, Tan DX, Gitto E, et al. Pharmacological utility of
melatonin in reducing oxidative cellular and molecular dam-
age. Pol J Pharmacol. 2004;56(2):159-170.

Vakkuri O, Leppiluoto J, Kauppila A. Oral administration and
distribution of melatonin in human serum, saliva and urine.
Life Sci. 1985;37(5):489-495. [CrossRef]

Shigeta H, Yasui A, Nimura Y, et al. Postoperative delirilum and
melatonin levels in elderly patients. Am 7 Surg. 2001;182(5):449-
454. [CrossRef]

Yuwiler A. Effects of steroids on serotonin-N-acetyltransferase
activity of pineals in organ culture. 7 Neurochem. 1989;52(1):46-
53. [CrossRef]

Reber A, Huber PR, Ummenhofer W, et al. General anaesthe-
sia for surgery can influence circulating melatonin during

185


https://doi.org/10.2165/00002018-199921020-00004
https://doi.org/10.1177/0300060515624936
https://doi.org/10.1213/ANE.0b013e318211501b
https://doi.org/10.1186/s12888-016-1130-0
https://doi.org/10.1111/jgs.14243
https://doi.org/10.1097/00000539-199506000-00027
https://doi.org/10.1093/bja/aeu458
https://doi.org/10.1002/bjs.10062
https://doi.org/10.4055/cios.2019.11.3.297
https://doi.org/10.1186/s12913-018-3345-x
https://doi.org/10.1007/s40266-017-0455-9
https://doi.org/10.1007/s00391-013-0598-1
https://doi.org/10.1007/s12035-015-9350-8
https://doi.org/10.1016/S0140-6736(00)02795-1
https://doi.org/10.4103/1658-354X.71132
https://doi.org/10.1002/phar.2222
https://doi.org/10.21608/ejhm.2018.10174
https://doi.org/10.1111/jpi.12644
https://doi.org/10.1093/ageing/1.4.233
https://doi.org/10.1136/jech.46.6.628
https://doi.org/10.1136/bmj.2.5920.656
https://doi.org/10.3928/00989134-20140428-02
https://doi.org/10.17305/bjbms.2019.4379
https://doi.org/10.1093/bja/aet306
https://doi.org/10.1016/j.pneurobio.2010.12.004
https://doi.org/10.1016/0891-5849(96)00046-9
https://doi.org/10.1016/0024-3205(85)90412-6
https://doi.org/10.1016/s0002-9610(01)00761-9
https://doi.org/10.1111/j.1471-4159.1989.tb10896.x

Turk J Anaesthesiol Reanim 2022;50(3):178-186

34.

35.

36.

37.

186

daylight hours. Acta Anaesthesiol Scand. 1998;42(9):1050-1056.
[CrossRef]

Kirkeld J, Vakkuri O, Kaukinen S, Huang WQ, Pasanen M.
The influence of anaesthesia and surgery on the circadian
rhythm of melatonin. Acta Anaesthesiol Scand. 2002;46(1):30-36.
[CrossRef]

Gogenur I, Ocak U, Altunpinar O, Middleton B, Skene D],
Rosenberg J. Disturbances in melatonin, cortisol and core body
temperature rhythms after major surgery. World j Surg.
2007;31(2):290-298. [CrossRef]

Miyazaki T, Kuwano H, Kato H, et al. Correlation between
serum melatonin circadian rhythm and intensive care unit psy-
chosis after thoracic esophagectomy. Surgery. 2003;133(6):662-
668. [CrossRef]

Artemiou P, Bily B, Bilecova-Rabajdova M, et al. Melatonin
treatment in the prevention of postoperative delirium in

39.

40.

41.

Mohamed et al. Melatonin for Delirium in a Challenging Group

cardiac surgery patients. Rardiochir  Torakochirurgia — Pol.

2015;12(2):126-133. [CrossRef]

. De Jonghe A, van Munster BC, Goslings JC, et al. Effect of

melatonin on incidence of delirium among patients with hip
fracture: a multicentre, double-blind randomized controlled
trial. CMAY. 2014;186(14):E547-E556. [CrossRef]

Campbell AM, Axon DR, Martin JR, Slack MK, Mollon L,
Lee JK. Melatonin for the prevention of postoperative delirium
in older adults: a systematic review and meta-analysis. BMC
Geriatr. 2019;19(1):272. [CrossRef]

Ng KT, Teoh WY, Khor AJ. The effect of melatonin on delir-
ium in hospitalised patients: a systematic review and meta-
analyses with trial sequential analysis. 7 Clin Anesth. 2020;59:74-
81. [CrossRef]

Bourne RS, Mills GH. Melatonin: possible implications for the
postoperative and critically ill patient. Intensiwe Care Med.

2006;32(3):371-379. [CrossRef]


https://doi.org/10.1111/j.1399-6576.1998.tb05375.x
https://doi.org/10.1034/j.1399-6576.2002.460106.x
https://doi.org/10.1007/s00268-006-0256-5
https://doi.org/10.1067/msy.2003.149
https://doi.org/10.5114/kitp.2015.52853
https://doi.org/10.1503/cmaj.140495
https://doi.org/10.1186/s12877-019-1297-6
https://doi.org/10.1016/j.jclinane.2019.06.027
https://doi.org/10.1007/s00134-005-0061-x

