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ABSTRACT

Objective: There is limited evidence for the efficacy of the
novel dual orexin receptor antagonists (DORAs) suvorexant
and lemborexant in preventing delirium. We examined

the efficacy of DORAs in preventing delirium in critically

ill patients at an advanced emergency and critical care
center.

Methods: In this retrospective observational study,
patients 18 years of age or older admitted to the
emergency center between July 2018 and November

2021 with hospitalization duration of at least 72 h were
included. Kaplan-Meier curves were plotted and log rank
tests were performed to compare between patients with
and without DORA treatment. Cox regression analyses
adjusting for factors associated with delirium risk were also
performed.

Results: Of the 633 enrolled patients, 82 were treated

with suvorexant and 41 with lemborexant. Cox regression
analysis showed that, without adjustment, the hazard
ratios (95% Cls) for the development of delirium were

0.56 (0.36-0.86) for patients treated with suvorexant and
0.26 (0.11-0.62) for those treated with lemborexant. After
adjustment for delirium risk factors, the hazard ratios (95%
Cls) remained low at 0.34 (0.20-0.58) for suvorexant and
0.21 (0.08-0.52) for lemborexant.

Conclusions: Both suvorexant and lemborexant may
be effective in preventing delirium in critically ill adult
patients in an advanced critical care center.
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D elirium is a syndrome characterized by acute onset of deficits
in attention, awareness, and cognition that fluctuate in
severity over a short period of time. Delirium is a common symptom
in critically ill patients in the intensive care unit (ICU),"? and its
incidence has been reported to range from 50% to 80%, depending
on the method of measurement and the target population.** In
intensive care, the development of delirium is an important issue
because it leads to prolonged ICU and hospital stays, higher medical
costs, longer duration of ventilatory management, increased
mortality after discharge, and long-term cognitive impairment
after discharge.’~® Although effective treatment for delirium has
not yet been established,' preventive measures have been shown
to decrease the incidence of delirium and potentially shorten its
duration.!12

Preventive measures for delirium can be broadly divided into
pharmacologic and non-pharmacologic interventions, which have
been the subject of various studies.'*!* Multiple risk factors are
believed to be involved in the development of delirium.'>!® The
importance of the ABCDEF bundle (Assess, Prevent, and Manage
Pain; Both Spontaneous Awakening Trials and Spontaneous
Breathing Trials; Choice of Analgesia and Sedation; Delirium:
Assess, Prevent, and Manage; Early Mobility and Exercise; and
Family Engagement and Empowerment), a framework of risk factors
and management approaches for delirium in the ICU, is increasingly
being recognized.*!”!® Element D indicates delirium, and it has been
shown that the incidence of delirium may be reduced by improving
sleep quality. In other words, element D includes the importance of
sleep.!® Several sleep-related drugs have been reported in previous
studies to have preventive effects against delirium.*-%° The Clinical
Practice Guidelines for the Prevention and Management of Pain,
Agitation/Sedation, Delirium, Immobility, and Sleep Disruption
in Adult Patients in the ICU (PADIS) do not recommend the use
of melatonin to improve sleep.'® However, increasing evidence for
the prevention of delirium with the melatonin agonist ramelteon
has recently been published.?->1-23

Orexin is a neuropeptide involved in the regulation of the sleep-
wake cycle; its binding to orexin receptors promotes wakefulness.?®
Previous studies have shown that the dual orexin receptor
antagonists (DORAs) suvorexant and lemborexant are useful for
sleep disturbances.?®?” Suvorexant has been reported to have a
preventive effect against delirium.”>~%° Terada et al?® reported
that lemborexant is also effective in sleep disturbances in cancer
patients with delirium. However, few articles have reported the
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Clinical Points

B | emborexant, a dual orexin receptor antagonist (DORA),
is used as a sleep medication, but its effect on delirium is
unclear.

B The effect of lemborexant on the development of delirium
in critically ill patients was investigated at an emergency
center.

B The results suggest that, like suvorexant, lemborexant may
be useful in the prevention of delirium.

efficacy of both suvorexant and lemborexant in preventing
delirium in critically ill patients in an advanced critical care
center. Therefore, in this study, we examined the efficacy
of suvorexant and lemborexant in preventing delirium in
critically ill patients.

METHODS

Study Design, Setting, and Participants

This observational study was performed in the advanced
emergency and critical care center at Saga University
Hospital. Patients admitted to our emergency center between
July 2018 and November 2021 were included. In this study
population, patients who did not receive DORAs or were
treated with a DORA after delirium onset were defined as
the control group. Patients who were treated with a DORA
after admission were defined as the DORA group, which
was divided into the suvorexant and lemborexant groups
according to the drug used. DORAs were prescribed at
the discretion of the clinician, and DORA compliance was
estimated by confirming from the nurse’s records that the
drug was actually administered and not simply whether or
not it was prescribed. In this study, patients were defined
as being at high risk for delirium caused by alcohol
withdrawal if they drank heavily on a daily basis and the
clinician considered that prevention of alcohol withdrawal
delirium was necessary. This study was approved by the
Ethics Committee of Saga University Hospital (approval
number: 2021-06-R-13). All eligible patients were given the
opportunity to opt out; informed consent was not required
for this retrospective observational study.

Delirium Diagnosis and Data Collection

Delirium was assessed according to the Confusion
Assessment Method for the ICU (CAM-ICU).? First, (1)
acute mental status changes and (2) lack of attention were
assessed. When these were detected, (3) fluctuations in
the level of consciousness and (4) disorganized thinking
were evaluated by assessing for jarring conversations,
disorganized behavior, and risky behavior. The medical
records included detailed descriptions of the patient’s
actual conversations and movements regarding (1) through
(4) as well as outcomes of evaluation with the Richmond
Agitation Sedation Scale (RASS).** A physician analyzed
these medical records and determined that a patient was

CGAM-ICU positive if all 4 (ie, 1-4) were detected.” This
step was performed by two independent physicians to
check for concordance in the determination of CAM-ICU
positivity. Medical records were updated 2 or 3 times per day,
in the morning and in the afternoon, depending on a patient’s
nursing needs. Additional records were kept when there was
a change in patient status.

Staff members who made the original entries in the
RASS and CAM-ICU evaluations were dedicated emergency
center nurses who had received training on delirium
from psychiatric nurses experienced in conducting these
evaluations. In addition, training on medical record keeping
was provided, and only nurses who had reached the standards
set by the hospital performed medical record entries. At the
time this study was conducted, such medical record entry and
education had already become routine practice in the wards.

Patient background information including age, sex, body
mass index (BMI), clinical frailty score, visual impairment,
hearing impairment, medical history, Charlson Comorbidity
Index score,*! smoking history, alcohol consumption history,
and benzodiazepine medication status prior to admission
was extracted from medical records. The clinical frailty score
is a tool that assesses patient frailty on a 9-point scale from 1
(very fit) to 9 (terminally ill) based on comorbidities, physical
function, and cognitive function.**** Vital signs and blood
test findings at the time of admission were also extracted. The
Acute Physiology and Chronic Health Evaluation (APACHE)
II score** and Sequential Organ Failure Assessment (SOFA)
score® were calculated to determine illness severity at
admission. Diseases and conditions that triggered admission
to the emergency center were retrieved from the records,
and we extracted the treatment administered before the
onset of delirium or, if the patient had not yet developed
delirium, before leaving the emergency center. Information
regarding sleep disorder, defined as difficulty in initiating or
maintaining sleep, waking up too early, and circadian rhythm
disruption, was available in the medical records.

Medical information was recorded 3 times a day, and
additional entries were added if there was any change in a
patient’s physical or mental condition.

Statistical Analysis

On the basis of previous studies, we assumed an 18%
incidence of delirium in the DORA group and a 32%
incidence of delirium in the control group.?® The sample size
required to ensure a power of 0.8 in the current study was
calculated to be 37 for both the DORA and control groups.
Medians and interquartile ranges (IQRs) were calculated
for continuous variables, and frequencies and percentages
were calculated for categorical variables. Univariate analysis
was used to compare patient background, severity of illness,
treatment, medications used, incidence of delirium, and
mortality between the DORA and control groups. The
Wilcoxon test was performed for continuous variables and
the x? test for categorical variables.

The cohort was then divided into two groups, one with
delirium and the other without delirium, and univariate
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Figure 1. Flowchart of Patient Inclusion

All patients
(N =3,346)

LOS<72h
Age < 18 years
Intracranial space-occupying lesions (n =994)

Exclusion (n=2,713)

(n=1,364)
(n=121)

Targeted Coma until discharge (n=123)
patients High risk of alcohol withdrawal (n=85)
(n=633) Data missing (n=26)
DORA
(n=123)
Control
(n=510)
Suvorexant Lemborexant
(n=82) (n=41)

Abbreviations: DORA =dual orexin receptor antagonist, LOS =length of stay.

analysis was performed to identify factors contributing to the
development of delirium. Spearman tests were performed on
these factors to assess multicollinearity. Kaplan-Meier curves
were plotted for the suvorexant, lemborexant, and control
groups, and log rank tests were used to compare them.
Then, Cox regression analysis was performed to calculate
the hazard ratio of suvorexant and lemborexant for the
development of delirium using a proportional hazards model.
In the Cox regression analysis, the hazard ratio of suvorexant
or lemborexant use for the development of delirium was
calculated with no adjustment at all in the crude model.

In the subsequent Models 1 and 2, factors identified in
previous studies as risk factors for developing delirium in
the ICU®3® and factors predicted in the present study to
contribute to delirium were used as adjustment factors.
In Model 1, we used factors such as patient’s background,
severity of illness, treatment, clinical frailty score, BMI,
Charlson Comorbidity Index score, dementia, fibrin/
fibrinogen degradation products (FDP), lactate level,
APACHE 1II score, mechanical ventilation, and sleep
disorder as adjustment factors. In Model 2, we included the
adjustment factors of Model 1 plus concomitant medications
such as midazolam, dexmedetomidine, fentanyl, haloperidol,
hydroxyzine, Z-drugs, trazodone, risperidone, quetiapine,
benzodiazepine, and ramelteon. The medications used as
adjustment factors in Model 2 are all medications that have
been employed in our emergency center for delirium and
altered mental status and are routinely used by emergency
physicians and psychiatrists.

All statistical analyses were performed using the JMP Pro
version 14 software package (SAS Inc).

RESULTS

Participants

Between July 2018 and November 2021, 3,346 patients
were admitted to our emergency and critical care center.
Patients discharged from the emergency center in less

than 72 h (n=1,364), under 18 years of age (n=121), with
intracranial space—occupying lesion (n=994), with impaired
consciousness continuing until discharge (n=123), at high
risk of alcohol withdrawal delirium (n=_85), admitted during
drug or stimulant abuse (n=0), or who were pregnant
(n=0) or prisoners (n=0) were excluded from the study.
Patients with incomplete medical records and missing data
on admission (n=26) were also excluded. Ultimately, 633
patients were included in the analysis. Of these, 123 patients
were in the DORA group, including 82 in the suvorexant
group and 41 in the lemborexant group, and 510 patients
were in the control group (Figure 1).

The median (IQR) age of the DORA group was 71 (50-
81) years and not significantly different from that of the
control group, which was 69 (50-81) years (P=.8704). The
clinical frailty score was significantly higher in the DORA
group (P=.0037), and patients with a score of 5 or higher
were significantly more likely to be in the DORA group
(P=.0019).

A significantly higher proportion of patients in the
DORA group were prescribed benzodiazepines prior to
admission (9.8% vs 3.7%, P=.0095). Acute respiratory
failure was significantly more common in the DORA group
(38.2% vs 22.2%, P=.0005), and significantly more patients
in this group required respiratory management (34.2% vs
20.8%, P=.0028). Significantly more patients in the DORA
group also used midazolam (27.6% vs 15.3%, P=.0023),
dexmedetomidine (22.8% vs 8.8%, P<.0001), trazodone
(7.3% vs 2.0%, P=.0048), and ramelteon (48.8% vs 15.5%,
P<.0001) during the observation period. The percentage of
patients who developed delirium was significantly higher in
the control group (22.3% vs 40.8%, P=.0002; Table 1).

Risk Factors for the Development of Delirium

Table 2 shows the association of each factor with the
development of delirium. Patients who developed delirium
were characterized by older age, higher clinical frailty
score, lower BMI, higher Charlson Comorbidity Index
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Table 1. Patient Baseline Characteristics, Disease Severities, and Clinical Outcomes?

DORA Control DORA Control

Variable (n=123) (n=510) PValue Variable (n=123) (n=510) PValue
Physical Background Severity
Sex, male 71(57.7) 324 (63.5) 2543 SOFA score on admission 4 (2-6) 3(2-5) .0814
Age,y 71 (50-81) 69 (50-81) .8704 APACHE Il score 10 (7-14) 10 (7-14) .3092
Clinical frailty score 4(3-4) 4(3-4) 0037 Diagnosis on Admission to the Emergency Center

;2 37 (3001) 1;; 853)1) gigi Cardiovascular disease 14(11.4) 32(6.3) .0789

4 5g (47'2) 256 (50'2) .5487 Heart failure 6(4.9) 18 (3.5) 4389

55 28 (22.8) 58 (1 1'4) '001 9 Qigestiye disease 3(24) 13(2.5) 1
Height, m 160(151-167) 160 (153-167) 4011 k'ver.fa"“'e fall - ((3)'88)2 - ((2)'22)2 poas
Weight, kg 53 (45-65) 55 (47-64) 3446 Resr"l’?‘.‘l’ry ature 5 E7 3 ) 2 Ez 7 ) 0271

5 2 d enal failure . . .
\B/:\;ILIJ,aITgi;r/nmairment 209 (1867 24.9) 21.2(1 869 24.4) 6818 Infection 21(17.1) 95 (18.6) 7953
Hearin ?n Sirment 0 0 Sepsis 6(4.9) 15(2.9) .2689
. 'ng impa Endocrine disease 3(24) 8(1.6) 4545

Lifestyle Electrolyte disturbance 2(1.6) 12(2.4) 1
Occasional drinker 20(16.3) 71(13.9) .5666 Trauma 35(28.5) 209 (41.0) .013
Smoker 38(30.9) 114 (22.4) .0593 Poison 12(9.8) 33(6.5) 2389
Benzodiazepine use before 12(9.8) 19(3.7) .0095 Other 17 (13.8) 61(12.0) .5445

admission Treatment During ICU Stay
Comorbidity Surgery 21(17.1) 67 (13.1) 249
Charlson Comorbidity 1(0-2) 1(0-1) 2226 Mechanical ventilation 42 (34.2) 106 (20.8) .0028

Index score CRRT 11(8.9) 26 (5.1) .1308
Myocardial infarction 11(8.9) 33 (6.5) 3265 Endoscopy 1(0.8) 11(2.2) 4774
Congestive heart failure 8(6.5) 20(3.9) 2224 Interventional radiology 11(8.9) 32(6.3) 3174
Peripheral vascula_r disease 4(3.3) 15(2.9) 7735 Medication
Ce;it_)rrlivascular disease 9(7.3) 62(12.2) 1521 Midazolam 34(27.6) 78(15.3) 0023
Dementia 10(8.1) 37(73) 4723 Dexmedetomidine 28 (22.8) 45 (8.8) <.0001
COPD 8(6.5) 45(8.8) 4723 Fentanyl 44 (35.8) 145 (28.4) 1244
Connective tissue disease 11(8.9) 21 (4.1) .0378 :a?perld.ol 6 (4'%) 1;‘ ((2)'? 1'2484
Peptic ulcer disease 9(7.3) 24 (4.7) .2583 ydroxyzine (0.6

S . Z-drugs 3(24) 19(3.7) .5946
Mild liver disease 8(6.5) 24(4.7) 4898 Trazod 9073 1000 0048
Diabetes mellitus 24(19.5) 84(16.5) 4245 | Trazodone oy e e
Severe diabetes mellitus 1(08) 12.2) 4774 isperidone : ( & 5) " ( 4'3) P
Hemiplegia 2(16) 4(08) 3306 g“et'adp.'”e . 16 (1'3 2; 59 (15 )6 6428
Chronic kidney disease 8(6.5) 25 (4.9) 4975 enzodiazepine (13.0) (11.6) :
Solid tumor 8(6.5) 52(102) 9345 Ramelteon 60 (48.8) 79 (15.5) <.0001
Leukemia 0 0 Outcome in the Emergency Center
Lymphoma 0 3(0.6) 1 Delirium 28 (22.8) 208 (40.8) .0002
Severe liver disease 0 4(0.8) 1 Death 3(24) 7(1.4) 4178
Metastasis 2(1.6) 6(1.2) 6564 Length of stay, d 15 (8-28) 14 (8-24) 5967
AIDS 0 0
History of delirium 1(0.8) 2(0.4) 4776

2Continuous variables are presented as median (IQR) and categorical variables as n (%). Univariate analyses were performed for each factor between the

DORA and control groups.

Abbreviations: AIDS =acquired immunodeficiency syndrome, APACHE Il = Acute Physiology and Chronic Health Evaluation I, BMI=body mass index,
COPD =chronic obstructive pulmonary disease, CRRT = continuous renal replacement therapy, DORA =dual orexin receptor antagonist, ICU=intensive care
unit, IQR=interquartile range, SOFA = sequential organ failure assessment, TIA =transient ischemic attack.

score, higher SOFA and APACHE II scores, higher FDP
and lactate levels, and a greater likelihood of ventilatory
management, infection, and sleep disorder. Regarding
drugs used, midazolam, dexmedetomidine, fentanyl, and
ramelteon were all used significantly more frequently in the
delirium group. In this analysis, delirium-free patients were
also significantly more likely to be treated with oral DORAs
(23.9% vs 11.9%, P=.0002). When the DORA group was
divided into patients treated with suvorexant (suvorexant
group) and those treated with lemborexant (lemborexant
group), the percentage of patients treated with suvorexant
tended to be higher in the non-delirium group (9.8% vs
14.9%, P=.0672). Likewise, the percentage of patients
treated with lemborexant was significantly higher in the
non-delirium group (2.1% vs 9.1%, P=.0004). The results
of the log rank test showed significantly lower numbers of

delirium events in the suvorexant and lemborexant groups
than that in the control group (control vs suvorexant group,
P=.0067; control vs lemborexant group, P=.0007; Figure 2).

Effects of Suvorexant and Lemborexant
on the Development of Delirium

To examine the efficacy of suvorexant and lemborexant in
suppressing delirium, Cox regression analysis was performed
for the control, suvorexant, and lemborexant groups. The
hazard ratios (95% CIs) for the development of delirium were
0.56 (0.36-0.86) for the suvorexant group and 0.26 (0.11-0.62)
for the lemborexant group compared to the control group. In
Model 1, adjusted for patient background, severity of illness,
and treatment, the hazard ratios (95% ClIs) of suvorexant
and lemborexant for the development of delirium were 0.34
(0.21-0.54) and 0.19 (0.08-0.46), respectively. Furthermore,
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Table 2. Risk Factors for the Development of Delirium?

Delirium No Delirium

Variable (n=236) (n=397) PValue
Characteristics
Sex, male 146 (61.9) 249 (62.7) .8654
Age,y 79 (65-85) 65 (44-76) <.0001
Clinical frailty score 4 (4-5) 4(3-4) <.0001
Height, m 159 (152-165) 1 (154-168) .0017
Weight, kg 51 (44-58) 57 (48-67) <.0001
BMI, kg/m2 20.3(18-23.2) 21.6(19.2-25.4) <.0001
Lifestyle
Occasional drinker 34 (14.4) 57 (14.4) 1
Smoker 51(21.6) 101 (25.4) 2911
Comorbidity
Charlson Comorbidity 1(0-1) 0(0-2) <.0001

Index score
Dementia 34 (14.4) 13(3.3) <.0001
Past history of delirium 3(1.3) 0 .0514
Severity, Laboratory Data
FDP, ug/mL 15.9 (6.2-47) 9.6 (3.7-31) .0001
Lactate level, mmol/L 2.4(1.6-3.7) 1.9(0.14-2.7) <.0001
SOFA score 5(2.3-7) 3(1-5) <.0001
APACHE Il score 13(10-17) 8(5-12) <.0001
Clinical Course
Mechanical ventilation 83(35.2) 65 (16.4) <.0001
Surgery 36 (15.3) 52(13.1) 4768
Infection 67 (28.4) 70(17.6) .0019
CRRT 15 (6.4) 22(5.5) 727
Endoscopy 5(2.1) 7(1.8) 7691
Interventional radiology 15(6.4) 28(7.1) .8705
Sleep disorder 229 (97.0) 237 (59.7) <.0001
Medication
Midazolam 70(29.7) 42(10.6) <.0001
Dexmedetomidine 41(17.4) 32(8.1) .0007
Fentanyl 86 (36.4) 103 (25.9) .0007
Haloperidol 8(3.4) 12(3.0) 817
Hydroxyzine 2(0.8) 1(0.3 5591
Z-drugs 7 (3.0) 15(3.8) .6596
Trazodone 7 (3.0) 12(3.0) 1
Risperidone 10 (4.2) 12 (3.0) 5018
Quetiapine 16 (6.8) 14 (3.5) 0806
Benzodiazepine 25(10.6) 50(12.6) 5252
Ramelteon 69 (29.2) 70(17.6) .0001
Orexin receptor antagonist 28(11.9) 95 (23.9) .0002
Suvorexant 23(9.7) 59(14.9) 0672
Lemborexant 5(2.1) 36 (9.1) .0004

aContinuous variables are presented as median (IQR) and categorical
variables as n (%). Univariate analyses were performed for each factor
between the delirium and non-delirium groups.

Abbreviations: APACHE Il = Acute Physiology and Chronic Health Evaluation
I, BMI=body mass index, CRRT = continuous renal replacement therapy,
FDP =fibrin/fibrinogen degradation products, IQR=interquartile range,
SOFA =sequential organ failure assessment.

in Model 2, adjusted for concomitant medications in addition
to the factors used in Model 1, the hazard ratios (95% ClIs)
for developing delirium in the suvorexant and lemborexant
groups remained significantly lower at 0.34 (0.20-0.58)
and 0.21 (0.08-0.52), respectively. The hazard ratio for the
development of delirium for lemborexant-treated patients
compared to suvorexant-treated patients was 0.61 (0.22-1.65;
Table 3).

The hazard ratios (95% Cls) for the development of
delirium were as follows: for midazolam-treated patients,
1.15 (0.74-1.78); for dexmedetomidine-treated patients,
1.42 (0.91-2.22); and for ramelteon-treated patients, 0.96
(0.69-1.35; Supplementary Table 1).

Suvorexant and Lemborexant for Prevention of Delirium
DISCUSSION

The study suggests that both suvorexant and lemborexant
may have delirium-preventive effects in critically ill patients
in the emergency center. In the univariate analysis of the
delirium and non-delirium groups, the prescription rate of
lemborexant was significantly higher in the non-delirium
group, whereas that of suvorexant was not different between
the two groups. However, Cox regression analysis showed
that both suvorexant and lemborexant were effective in
preventing delirium. Moreover, the results of Model 2
suggested that the efficacy of lemborexant in preventing
delirium was not significantly different from that of
suvorexant. Lemborexant has a higher affinity for orexin
receptor 2 than for orexin receptor 1 and is expected to
increase non-rapid eye movement sleep and improve sleep
compared to suvorexant.’”*8 It is also expected to have an
immediate effect on sleep onset and reduce somnolence
on the following day because of its rapid binding to and
dissociation from orexin receptors.”>*” Although the current
study did not show a significant difference in efficacy between
suvorexant and lemborexant in preventing delirium, further
increased use of lemborexant could produce different results.

The factors identified in this study that were involved in
the development of delirium were consistent with existing
risk factors for developing delirium in the ICU and included
higher age, higher clinical frailty score, lower BMI, greater
dementia, high APACHE II score, increases ventilator use,
and greater sleep disturbances.’*~#4

Findings of previous studies suggest that dexmedetomidine
prevents delirium.**~*7 However, in the present study,
adjusted Cox regression analyses revealed a lack of
delirium prevention by dexmedetomidine. In our practice,
dexmedetomidine is rarely used as a single agent but often
in combination with other sedatives, such as midazolam,
or other sedatives are substituted by dexmedetomidine.
Dexmedetomidine is also often used to sedate patients on
ventilatory management. Thus, patients who were treated
with dexmedetomidine may have been more severely ill and
more prone to delirium than those who were not.

In the present study, we found no significant association
between ramelteon use and delirium. However, Hatta et al*!
reported that ramelteon was effective in preventing delirium
in a randomized placebo-controlled trial. In our study,
ramelteon was often used in combination with suvorexant
or lemborexant. In some cases, it was also prescribed as a
single dose for abortive use in patients with sleep disorders.
Therefore, the efficacy of ramelteon as a single agent in
preventing delirium was not confirmed by our results. In
Cox regression analyses, delirium incidence rates were lower
in the suvorexant and lemborexant groups after adjusting for
ramelteon use. Some studies reported that the combination
of suvorexant and ramelteon prevents delirium,?**8 and
lemborexant may have a stronger effect when used in
combination with ramelteon.

This study had some limitations. First, the diagnosis of
delirium onset was assessed by retrospectively checking
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Figure 2. Log Rank Test for Delirium-Free Days®

Proportion of patients
without delirium
o
w

0.0

Patients at risk, n

Suvorexant 82 56 30
Lemborexant 41 28 12
Control 510 338 108

Lemborexant (P =.0007)

Suvorexant
(P =.0067)

Control

15 20 25 30
Follow-up, d

17 il 10

8 5 2

51 23 il 8

3Log rank test showed significantly lower numbers of delirium events in the suvorexant and
lemborexant groups than that in the control group (control vs suvorexant group, P=.0067; control vs

lemborexant group, P=.0007).

Table 3. Delirium Prevention Effect of Suvorexant and

Lemborexant?

Hazard Ratio (95% Cl), P Value

Variable Control Suvorexant Lemborexant

Crude Reference=1 0.56 (0.36-0.86), 0.26 (0.11-0.62),
P=.0089 P=.0027

Model 1 Reference=1 0.34(0.21-0.54), 0.19 (0.08-0.46),
P<.0001 P=.0003

Model 2P Reference=1 0.34 (0.20-0.58), 0.21 (0.08-0.52),
P<.0001 P=.0008

Model 3¢ Reference=1 0.61(0.22-1.65)
P=.3283

2Cox regression analysis for delirium-free hospitalization.

bModel 2 was adjusted for clinical frailty score, body mass index, Charlson
Comorbidity Index score, dementia, fibrin/fibrinogen degradation
products, lactate level, APACHE Il score, mechanical ventilation, and sleep
disorder.

“‘Model 3 was adjusted for the factors in Model 2 and medications such
as midazolam, dexmedetomidine, fentanyl, haloperidol, hydroxyzine,
Z-drugs, trazodone, risperidone, quetiapine, benzodiazepine, and
ramelteon.

Abbreviations: APACHE Il = Acute Physiology and Chronic Health Evaluation
I

medical records and following the CAM-ICU. The medical
records used for the CAM-ICU evaluation were not recorded
at the same time for all patients, and the number of times
they were recorded varied from patient to patient. It has
been reported that hypoactive delirium is more likely to be
missed,*’ and it is also possible that patients with hypoactive
delirium were overlooked in our study.

Second, because of the single-center retrospective study
design and the small number of patients in the lemborexant
group, we were unable to adequately compare the efficacies
of lemborexant and suvorexant in preventing delirium.

Third, DORAs are oral drugs. Patients who were sedated
were administered a DORA through a nasogastric tube.
However, patients who were very critically ill and unable

to receive the drug via a nasogastric tube were included in
the control group in this study. Therefore, it is possible that
the control group included a large number of severely ill
patients, which may have affected the incidence of delirium.

Furthermore, the improvement in sleep status after
oral administration of suvorexant or lemborexant could
not be analyzed due to insufficient data. It is important
that future research examines the effects of these drugs on
sleep improvement and whether they lead to a reduction in
delirium duration.

Despite these limitations, this study is the first to suggest
that both suvorexant and lemborexant may have a preventive
effect against delirium in critically ill patients requiring
intensive care in an emergency department. Further research
on this topic is warranted.

CONCLUSIONS

Both suvorexant and lemborexant may be effective in
preventing delirium in critically ill patients in advanced
critical care centers. Further randomized controlled trials are
needed to verify the efficacy of lemborexant in preventing
delirium.
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Supplementary Table 1 Cox regression analysis of medications associated with delirium
Hazard ratio (95% CI) p value

Midazolam 1.15(0.74-1.78) 0.535
Dexmedetomidine 1.42 (0.91-2.21) 0.1256
Fentanyl 0.76 (0.51-1.13) 0.1706
Ramelteon 0.96 (0.69-1.35) 0.8312

The hazard ratio was calculated by Cox regression analysis adjusted for clinical frailty
score, body mass index, Charlson index, dementia, fibrin/fibrinogen degradation products,
lactate level, APACHE II score, mechanical ventilation, and sleep disorder, medications
such as midazolam, dexmedetomidine, fentanyl, haloperidol, hydroxyzine, Z drugs,
trazodone, risperidone, quetiapine, benzodiazepine, and ramelteon.

APACHE II Acute Physiology and Chronic Health Evaluation II, C/ confidence interval



