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Melatonin for the prevention of ®

Check for
L updates

postoperative delirium in older adults: a
systematic review and meta-analysis

Ashley M. Campbell”, David Rhys Axon' Jennifer R. Martin'?, Marion K. Slack', Lea Mollon' and Jeannie K. Lee'

Impact Factor: 4.07 (2023)
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Abstract

Background:|Older surgical patientsfare at high risk of developing postoperative delirium. Non-pharmacological

(0 ?

strategies are recommended for delirium prevention, but no pharmacological agents have compelling evidence to
decrease the incidence of delirium, The purpose of this study was to assesf whether perioperative melatonin

> @ Population

decreases the incidence of deliriumjin older adults undergoing surgical procedures.

Methods: A systematic search using PubMed/Medline, Embase; INAHL, and references of |dent|ﬂed
articles published in English between January 1990 and October 2017 was performed. Twa 1
screened titles and abstracts, and then extracted data following a full-text review of included articles with
consensus generation and bias assessment. Studies reporting outcomes for melatonin or ramelteon use to prevent
delirium in postoperative hospitalized patients (mean age 2 50 years) were eligible for inclusion. Data were pooled
using a fixed-effects model to generate a forest plot and obtain a summary odds ratio for the outcome of interest
(delirium incidenice). Cochran’s Q and I* values were used to investigate heterogeneity.

Results: Of 335 records screened, 6 studies were selected for the qualitative analysis and 6 were included in the
meta-analysis (n = 1155). The_mean age of patients in included studies ranged from 59 to 84 years. Patients in
intervention groups typically received melatoninjor ramelteon at daily doses of two to eight milligrams around

cardiothoracic, orthopedic, or hepatic surgeries for one to nine days, starting on the evening before or the day of
surgery. The incidence of delirium ranged from 0 to 30% in the intervention groups versus 4-33% in the
comparator groups, and was significantly reduced in the melatonin group, with a summary effect of the meta-
analysis yielding an odds ratio of 0.63 (95% Cl 0.46 to 0.87; 0.006; I* =72.1%). A one study removed analysis reduced
overall odds ratio to 0.310 (95% Cl 0.19 to 0.50), while reducing heterogeneity (Cochran’s Q = 0.798, 1 =0.000).

Conclusion: Perioperative melatonin reduced the incidence of delirium in older adults in the included studies.
While optimal dosing remains an unanswered question, the potential benefit of melatonin and melatonin receptor
agonists may make them a reasonable option to use for delirium prevention in older adults undergoing surgical
procedures.
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PICO

 Population : old surgical patient
« Intervention : melatonin administration

« Comparison : no melatonin administration

Outcome : incidence of delirium
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Methods

Search strategy

An experienced health sciences librarian developed a
comprehensive search strategy with clinical input from
the lead authors. An electronic search was systematically
conducted in four bibliographic databases: PubMed/

Medline (NL.M); Embase (Elsevier); PsycINFO (Ebsco);

and CINAHL (Ebsco) in November 2017. In addition,
the reference lists of obtained articles and relevant sys-
tematic reviews were screened, and searches in pertinent
websites were conducted to identify further studies that
reported melatonin use perioperatively in hospitalized
adults from January 1990 to October 2017. This time-
frame was selected to coincide with the development of
the Beers Criteria, which was initially published in 1991
and categorized potentially inappropriate medications
for older adults, including agents that may cause or ex-

OFRAMEEEERE -

O S EEFEFAMeSHF & K — i ia

=% -

-acerbate delirium [25]./A combination of controlled vo-

cabulary and keywords were used to search the
databases. To identify delirium, terms such as emergence
delirium, perioperative delirium, postoperative delirium,
organic brain syndrome, and acute confusion were used;
while synonymous terms for melatonin such as ramel-
teon, melatonin receptor agonist, etc. were used to make

the search as comprehensive as possible.| The search
strategy for NLM, which was used to develop search
strategies for subsequent databases, is summarized in
Fig. 1. The protocol for this study has not been previ-
ously published.

sepuaseR
-SHEHEZARIEEARME- ]

(melatonin[MH] OR Ramelteon| TW] OR Rozerem|TW] OR “melatonin agonist*”[TW] OR “N-Acetyl-
S-methoxytryptamine”[TW] OR Melatoniin*[ TW] OR Melatonin®*[ TW] OR circadin[TW] OR “HT
9037 TW] OR melapure[TW] OR armonia[ TW] OR melamil[TW] OR benedorm[TW] OR “BP
2013"[TW] OR BP2013[TW] OR JLSDK93RCL{TW]) AND (delirium[MH] OR “emergence
delirium”[MH] OR delirium{TW] OR “perioperative delirium”™[TW] OR “postoperative delirium”[TW]
OR “organic brain syndrome”[TW] OR “acute confusion™[ TW])

Dates: January 1, 1990 - October 31, 2017

Other limits on search: None

The search method for PubMed MEDLINE was used to develop search strategies for all of the

subsequent databases.

16




Study selection

All identified studies were title screened to identify stud-
ies that appeared to address our study aim. Then, two

independent reviewers screened each abstract to deter-
mine their eligibility for inclusion using an abstract
screening tool developed specifically for this study. Ab-
stracts that were conducted before 1990 were excluded
from full-text review. Abstracts that were unclear if they
met the inclusion criteria were included for full tex
view to determine eligibility. A data extraction tool Was
used to identify the final studies for inclusion in the sys-

tematic review and meta-analysis. |[To be included in the
systematic review and meta-analysis, studies had to be
written in English, report outcomes for melatonin use to
prevent delirium in postoperative hospitalized patients
with a mean age of 50 or older, and be published in
peer-reviewed journals between January 1990 and Octo-
ber 2017. Additionally, the studies also had to be
randomized controlled trials, cohort studies, or case con-
trol studies with both a melatonin (or equivalent) group

and a comparison group. Inclusion and exclusion criteria
are summarized in Fig. 2.

BIth RSB -
SHHEEABLEE - v
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Studies were eligible for inclusion in the study if they met the following criteria:
Randomized controlled trials, cohort studies, or case control studies

At least one group of participants received melatonin (or equivalent e.g., ramelteon)
Written in the English language

Patients in the study had a mean age of 50 years

Patients who have recently undergone surgery (postoperative patients)

Outcomes were related to the incidence of delirium

Published in a peer-reviewed journal from January 1990 to October 2017

Fig. 2 Study inclusion criteria

@ XEBILMALABRRVIRA -
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Results
Study selection

The search yielded a total of 335 unique records after
the removal of duplicates. Of these, 86 abstracts were
screened, 25 articles underwent full-text review, and six
were included in the systematic review and meta-
analysis [29-34]. The study selection process is de-

scribed in Fig. 3 [34].
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Records identified through database
searching
(n=449)

Additional records identified
through other sources
(n=10)

Records after duplicates removed

(n=335)

v

Records sereened

(n=86)

Records excluded
(n=41)

v

Full-text articles assessed
for eligibility

(n=25)

v

Studics included in
qualitative synthesis

(n=6)

h 4

Full-text articles excluded
with reasons (n= 19)
Not original / duplicate
data (n=10)
Ineligible intervention
(n=3)

Ineligible patients (n=3)
Mot Englhish language
(n=2)

Study protocol (n=1)

Studies included in
quantitative synthesis
(meta-analysis)

(n=6)
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Table 1 Characteristics of the studies and study patients m

S Author (year); Drug (dose) Duration ~ Study design  Reason for Patients  Age Mean (SD) unless Male gender  Scale Mean (SD)
Country of Therapy / (blinding)  surgery N otherwise indicated N (%) used to assess duration of
(days) delirium surgery
(minutes)
| & I E | C | C | C
Artemiou (2015); Melatonin - No 5 Prospective  Cardiac 250 250 643 (#100) 652 (+103) 179 17 CAMHCU NR NR
Slovakia [30] (5mg)  treatment observational (715 (684)
(none
de Jonghe (2014 Melatonin  Placebo 5 RCT (double) Hip fracture 186 192 Mean Mean (SD) 834 53 62(323) DSMHV NR NR
The Netherlands [29] (3mg) (SD) 841 (+8)  (+75) (285)
Miyata (2017); Ramelteon Placebo 7 Retrospective Pulmonary 2% 58 79(70-89"  Median Range] 21 43(74) ICDSC 293 (£108) 280 (+914)
Japan [31] (Bmag) chart review  resection 765 (70-87)  (88)
(nong)
Nickkholgh Melatonin - Placebo 1 RCT (doutle) Liverresection 25 23 Mean(SD)59 Mean (SD)5%6 17 11(48) NR 202 (+80) 212 (¢79)
(2011); Germany [32] (50 ma/kq) (£10) (11) (68)
Sultan (2010); Melatonin - No 2 RCT (double) Hip arthroplasty 53 43 Mean Mean 4 22449 AMT 1268 (+449) 1197 (£36.7)
Eaypt 3] (5mg)  treatment (D) 704 (£7.1) (SD) 723 (£64) (453)
Yamaguchi 2014);  Ramelteon Placebo 4 RCT (double) Total knee 2 3 20 270 NR MR ICDSC NR NR
Japan [33° (8Bmg) arthroplasty

© HEXRBZIRFATMANGERERILETH
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Data extraction

Data were collected on study characteristics, patient

characteristics, and study outcomes using a standardized

data extraction tool created specifically for this study.

Two independent reviewers extracted data from each m
study report and brought any discrepancies to the re-

search team for resolution through consensus. Study

characteristics included: drugs and dose used in the

intervention and comparator groups; study duration;

study setting; study design; blinding; reasons for surgery;
and concurrent diseases and medications. Patient

characteristics included: total number included and ana-
lyzed; age; and gender. Study outcomes included the in-
cidence of delirium and duration of delirium (if delirium
was experienced by the patient).

QERBAMUABDRIEE - WikERIRER A FTE K
B—HERTTT -

BlthumEs
-SEHEEARILEE

ZL




Risk of Bias assessment

Risk of bias was assessed using one of two tools depend-
ing on the study design._Randomized controlled trials
(RCTs) were assessed using the Cochrane risk of bias
tool [26]. This tool assessed six bias domains: 1) selec-
tion; 2) performance; 3) detection; 4) attrition; 5) report-
ing; and 6) other bias, which could be reported as having
a low, unclear, or high risk of bias [26]. Risk of bias in
observational studies was assessed using the Risk of Bias
in __Non-Randomized Studies - of Interventions
(ROBINS-I) assessment tool [27]. This tool assessed
seven bias domains: 1) confounding; 2) selection of par-
ticipants into the study; 3) classification of interventions;
4) deviations from intended interventions; 5) missing
data; 6) measurement of outcomes; and 7) selection of
the reported result, which could be reported as having a
low, moderate, serious, or critical risk of bias [27]. Two
investigators independently assessed the risk of bias for
each study and scored each domain then met to resolve
differences by consensus.
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Table 3 Risk of bias assessment for included studies

Author (year); Country

Randomized controlled trials ~ Selection Performance Detection bias  Attrition bias Reporting Other bias
bias bias bias

de Jonghe (2014); The Low Low Low High Low Low

Netherlands [29]

Nickkholgh (2011); Low Low High Low Unclear Unclear

Germany [32]

Sultan (2010); Egypt [33] Unclear Low Unclear Unclear Low Low

Yamaguchi (2014); Unclear Unclear Unclear Unclear Low Unclear

Japan [34]

Observational studies Bias due to  Bias in selection Bias in Bias due to Bias due to  Bias in Bias in selection
confounding of participants  classification of deviations from missing data measurement of the reported

into the study  interventions  intended interventions of outcomes  results
Artemiou (2015); Moderate Low Low Low Low Moderate Low

Slovakia [30]

Miyata (2017); Japan [31] Moderate No information Low Low Low Low Low

s B

1
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Dz R

23

@ MAMHE D ZDEE B ELE R/ VR RIE -




T 1€%ZE§L/(%*£$”.§—E rnvl..\n\I:I d Eit%»uun% ?
- ARENEREEMHE - REK?

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper

ratio  limit  limit Z-Value p-Value
Artemiou, 2015 0349 0203 0600 -3810  0.000 . 5
de Jonghe, 2014 1225 0780 1.926 0.881 0.378 .
Miyata, 2017 0.199 0011 3734  -1.080 0.280
Nikkholgh, 2011 0294 0011 73589  -0.738 0.461
Sultan, 2010 0215 0072 0644 2746 0.006 T—=
Yamaguchi, 2014 0191 0009 4214 -1.049 0.294

0631 0456 0874 -274 0.006 L 3

0.01 0.1 1 10 100
Favours melatonin Favours comparison
Meta Analysis
Fig. 4 Forest plot of melatonin studies for the prevention of delirium in postoperative patients

O LIBZMBEBLE
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odds ratio 0.63 (95% Cl 0.46 to 0.87; 0.006; | —72 1%)
2
odds ratio to 0.310 (95% ClI 0.19 to 0.50)(Cochran’s Q=0.798, 1 =0.000)
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Synthesis of results

The summary effect of the six included studies shown in
Fig. 4 gives an odds ratio of 0.63 (95% CI = 0.46 to 0.87),
indicating that patients taking melatonin had lower odds
of experiencing delirium compared to patients taking
placebo. There was evidence of publication bias based
on visual inspection of the Funnel Plot (Fig. 5); however,
Kendall’s tau was not significant (p = 0.775).

There was evidence of heterogeneity among the data,
with a Cochran’s Q value of 17.95 (five degrees of free-
dom; p = 0.003)_and an I” value of 72.14. Visual inspec-
tion of the forest plot indicated differences between the
de Jonghe study and other studies, so a stratified analysis
of the de Jonghe study versus the remaining studies was
conducted. The difference in effect for the de Jonghe
study versus other studies was significant (p <0.001). A
stratified analysis was also conducted by study design
(RCTs versus observational studies), but this was not
found to have a significant impact on the incidence of
delirium (p = 0.69).

In the one study removed analysis, exclusion of the de

A4

- REHE?

«=

Jonghe study reduced the overall odds ratio to 0.310

(95% CI 0.19 to 0.50), and also reduced the amount of

heterogeneity present (Cochran’s Q = 0.798, I” = 0.000).

Fig. 5 Meta-andlysis funnel plot

Funne! Plot of Standard Error by Log odds ratio
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Discussion

Currently, there is a very small body of literature exam-
ining the use of melatonin for the prevention of postop-
erative delirium in older adults. In conjunction with
clinician input, the exhaustive literature search was
driven by a health sciences librarian who is highly expe-
rienced in systematic reviews. While the body of litera-
ture is small at this time, the findings of this meta-
analysis suggest that perioperative melatonin administra-_
tion may significantly reduce the incidence of delirium
in older adults undergoing surgical procedures — a com-
mon, yet detrimental complication of surgery in older
adults. The odds ratio was highly sensitive to removal of
the one study that did not have results in favor of mela-
tonin reducing risk of delirium, resulting in a reduction
of the odds ratio from 0.63 to 0.31, and heterogeneity to

zero [29]. One possible explanation for the negative re-
sults in this particular study may be due discrepancy
among the two study groups related to prior delirium.
Even though statistics were not reported for the baseline
characteristics, the group receiving melatonin appeared
to have a greater percentage of patients with a history of
delirium (23.7% wversus 17.2% in the placebo group),
which is a well-established risk factor for developing de-
lirium [6, 36]. Additionally, the authors of the de Jonghe
study noted that there was an increased probability of N -
tYPEYE error, a@nﬂ@ﬁlﬁg © BRAEEESZRA -
were excluded post-randomization (withdrawal of con-

sent, delirlum at admission, loss to follow-up, etc.). Only

378 patient data were analyzed, while 4F patients were

randomized, increasing risk of attrition bias [29].
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-SHEHEEARILE -




F -t 2E 32 (Find) Ffr
ARITHEARE 1 ?

A -X Bl A& E R iSaTE
(Appraisal) ?

| -2& R A (Included)
BRHEFMERNNE?
T-1FEEALIRBNE R
r A4t 1 (Total up) st BR4S
% ?
;ﬂ%ﬁAE/]Qi%/_\EéthL -
FE M (Heterogeneity ) ?

27



I Appraisal sheets(FAITH)

D Appraisal Tool
OS5 3 . IRERZEERM (=)

L T T
SSHHEZASILIERASEMNE




.’/ n m n\I:I % k) 1_.[ ?
E_ME'EHT BUBZK (EEREBEEIR )

Conclusions

Currently, where there is no supported pharmacological
intervention to prevent delirium incidence in older sur-
gical patients, this meta-analysis suggests that melatonin
may become that first agent. The odds of developing de-
lirium in patients who received melatonin agonists peri-
operatively were 37% less (p =0.006) than those who
received placebo or no treatment at all. Although opti-
mal dosing remains an unanswered question, the poten-
tial benefit, low cost, and benign side effect profile, make
melatonin an attractive option to use in older adults
undergoing surgical procedures to reduce delirium
incidence.
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limitations
First, the few studies that met inclusion criteria were

small, and not all met their predefined statistical power.

O DA MAEENTRRBR) - BLIERERE T BPNRE M
54

Another limitation is the heterogeneity of included
studies with regards to type of surgical procedure and
melatonin dosing.

O S—ERFIZMANAE  EFNEENERIREESENES K -

Additionally, while the requirement for an average age of 50 years
and older increased the number of studies meeting inclusion
criteria, it also led to a wide age variability.
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