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SEDATION IN INTENSIVE CARE PA-
tients is assumed to reduce dis-
comfort from care interven-
tions, increase tolerance of

mechanical ventilation, prevent acci-
dental removal of instrumentation, and
reduce metabolic demands during car-
diovascular and respiratory instabil-
ity.1 Long-term sedation may have se-
rious adverse effects, such as prolonged
mechanical ventilation,2 coma,3 de-
lirium,4 delusional memories and post-
traumatic stress disorder,5,6 impaired
cognitive function,7 prolonged hospi-
talization,2,3,8,9 increased costs,2,3,8 and
mortality.9 Daily sedation stops,3 seda-
tion protocols,3,8 spontaneous breath-
ing trials and early mobilization,9,10 or
primary use of opiates without other
sedation11 may help reduce these
complications.

Current sedatives are problematic in
long-term sedation. Benzodiazepines
and propofol accumulate unpredict-
ably.12,13 High-dose or prolonged propo-
fol use may cause potentially fatal
propofol infusion syndrome.14 Dexme-
detomidine, a sedative with high

For editorial comment see p 1195.
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Context Long-term sedation with midazolam or propofol in intensive care units (ICUs)
has serious adverse effects. Dexmedetomidine, an !2-agonist available for ICU sedation,
may reduce the duration of mechanical ventilation and enhance patient comfort.

Objective To determine the efficacy of dexmedetomidine vs midazolam or propo-
fol (preferred usual care) in maintaining sedation; reducing duration of mechanical ven-
tilation; and improving patients’ interaction with nursing care.

Design, Setting, and Patients Two phase 3 multicenter, randomized, double-
blind trials carried out from 2007 to 2010. The MIDEX trial compared midazolam with
dexmedetomidine in ICUs of 44 centers in 9 European countries; the PRODEX trial
compared propofol with dexmedetomidine in 31 centers in 6 European countries and
2 centers in Russia. Included were adult ICU patients receiving mechanical ventilation
who needed light to moderate sedation for more than 24 hours (midazolam, n=251,
vs dexmedetomidine, n=249; propofol, n=247, vs dexmedetomidine, n=251).

Interventions Sedation with dexmedetomidine, midazolam, or propofol; daily se-
dation stops; and spontaneous breathing trials.

Main Outcome Measures For each trial, we tested whether dexmedetomidine was
noninferior to control with respect to proportion of time at target sedation level (mea-
sured by Richmond Agitation-Sedation Scale) and superior to control with respect to
duration of mechanical ventilation. Secondary end points were patients’ ability to com-
municate pain (measured using a visual analogue scale [VAS]) and length of ICU stay.
Time at target sedation was analyzed in per-protocol population (midazolam, n=233,
vs dexmedetomidine, n=227; propofol, n=214, vs dexmedetomidine, n=223).

Results Dexmedetomidine/midazolam ratio in time at target sedation was 1.07 (95%
CI, 0.97-1.18) and dexmedetomidine/propofol, 1.00 (95% CI, 0.92-1.08). Median du-
ration of mechanical ventilation appeared shorter with dexmedetomidine (123 hours [IQR,
67-337]) vs midazolam (164 hours [IQR, 92-380]; P=.03) but not with dexmedetomi-
dine (97 hours [IQR, 45-257]) vs propofol (118 hours [IQR, 48-327]; P=.24). Patients’
interaction (measured using VAS) was improved with dexmedetomidine (estimated score
difference vs midazolam, 19.7 [95% CI, 15.2-24.2]; P" .001; and vs propofol, 11.2 [95%
CI, 6.4-15.9]; P" .001). Length of ICU and hospital stay and mortality were similar. Dex-
medetomidine vs midazolam patients had more hypotension (51/247 [20.6%] vs 29/
250 [11.6%]; P=.007) and bradycardia (35/247 [14.2%] vs 13/250 [5.2%]; P" .001).

Conclusions Among ICU patients receiving prolonged mechanical ventilation, dex-
medetomidine was not inferior to midazolam and propofol in maintaining light to mod-
erate sedation. Dexmedetomidine reduced duration of mechanical ventilation com-
pared with midazolam and improved patients’ ability to communicate pain compared
with midazolam and propofol. More adverse effects were associated with dexmedeto-
midine.

Trial Registration clinicaltrials.gov Identifiers: NCT00481312, NCT00479661
JAMA. 2012;307(11):1151-1160 www.jama.com
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portedatsimilarratesinbothgroups.First-
degree atrioventricular block in MIDEX
was observed in 3 patients in each group
and, in PRODEX, in 2 propofol patients
(0.8%)and9dexmedetomidinepatients
(3.7%)(P=.04).Therewerenodifferences
betweendexmedetomidineandstandard
care in infectiousadverseevents.Critical
illnesspolyneuropathywaslesscommon
in patients receiving dexmedetomidine
thaninthosereceivingpropofol(2patients
vs11patients, respectively;P=.02). (For
detailedadverseandseriousadverseevents
refer to the eAppendix and eTables 12
through 15.)

In the MIDEX trial, rates of neuro-
cognitive adverse events through 48
hours of follow-up (agitation, anxiety,
delirium, etc) were not different be-
tween midazolam and dexmedetomi-
dine patients. In PRODEX, neurocog-
nitive adverse events were reported in
71 of 247 propofol patients (29%) and
in 45 of 251 dexmedetomidine pa-
tients (18%) (P=.008); also, dexme-
detomidine patients received concomi-
tant treatment for agitation, anxiety, and
delirium less frequently (eTable 15). In
both studies, there were no differ-
ences between the treatments in num-

ber of patients needing reinstitution of
sedation due to agitation and anxiety
or in delirium assessed using the Con-
fusion Assessment Method for ICU Pa-
tients (CAM-ICU)21 at 48 hours after
stopping study sedation. Serious
adverse events were equally common
between treatment groups in both
studies.

COMMENT
These 2 trials demonstrated that dex-
medetomidine was not inferior to mid-
azolam or propofol for long-term se-
dation in mechanically ventilated ICU

Figure 2. Duration of Mechanical Ventilation and Intensive Care Unit Stay
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In the MIDEX trial (midazolam vs dexmedetomidine), the median duration of mechanical ventilation was, for dexmedetomidine, 123 hours (interquartile range [IQR],
67-337 hours) and, for midazolam, 164 hours (IQR, 92-380 hours) (Gehan-Wilcoxon P=.03). The median length of stay in the intensive care unit (ICU) from ran-
domization until the patient was medically fit for discharge was, for dexmedetomidine, 211 hours (IQR, 115-831 hours) and, for midazolam, 243 hours (IQR, 140-630
hours; Gehan-Wilcoxon P=.27). In the PRODEX trial (propofol vs dexmedetomidine), the median duration of mechanical ventilation was, for dexmedetomidine, 97
hours (IQR, 45-257 hours) and, for propofol, 118 hours (IQR, 48-327 hours) (Gehan-Wilcoxon P=.24). The median length of stay in the ICU from randomization until
the patient was medically fit for discharge was, for dexmedetomidine, 164 hours (IQR, 90-480 hours) and, for propofol, 185 hours (93-520 hours; Cox’s proportional
hazards test P=.54). Study drugs were given for a maximum of 336 hours in both trials.

DEXMEDETOMIDINE FOR LONG-TERM SEDATION

1156 JAMA, March 21, 2012—Vol 307, No. 11 ©2012 American Medical Association. All rights reserved.
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In the MIDEX trial (midazolam vs dexmedetomidine), the median duration of mechanical ventilation was, for dexmedetomidine, 123 hours (interquartile range [IQR],
67-337 hours) and, for midazolam, 164 hours (IQR, 92-380 hours) (Gehan-Wilcoxon P=.03). The median length of stay in the intensive care unit (ICU) from ran-
domization until the patient was medically fit for discharge was, for dexmedetomidine, 211 hours (IQR, 115-831 hours) and, for midazolam, 243 hours (IQR, 140-630
hours; Gehan-Wilcoxon P=.27). In the PRODEX trial (propofol vs dexmedetomidine), the median duration of mechanical ventilation was, for dexmedetomidine, 97
hours (IQR, 45-257 hours) and, for propofol, 118 hours (IQR, 48-327 hours) (Gehan-Wilcoxon P=.24). The median length of stay in the ICU from randomization until
the patient was medically fit for discharge was, for dexmedetomidine, 164 hours (IQR, 90-480 hours) and, for propofol, 185 hours (93-520 hours; Cox’s proportional
hazards test P=.54). Study drugs were given for a maximum of 336 hours in both trials.
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D ELIRIUM is an acute brain illness, which involves 
changes in consciousness, attention, cognition, and 

perception. The incidence of postoperative delirium (POD) 
in patients undergoing cardiac surgery has been reported in 
a range of 20 to 50%,1–5 with elderly patients being at the 
greatest risk. POD is distressing to both the patients and 
their families, and it has also been associated with higher 
morbidity and mortality, prolonged hospital stay, and 
increased healthcare costs.3,4,6

Although the risk factors and consequences of POD are 
well recognized, perioperative therapies for the prevention 
of delirium are not well defined. There is evidence, however, 
that the type of sedation in critically ill patients is associ-
ated with an increased risk of delirium.7 A recent meta-
analysis of 14 prospective randomized clinical trials found 
that dexmedetomidine reduced delirium rates in critically 
ill patients when compared with sedation with midazolam.8 
Current pain, agitation, and delirium guidelines reflect these 

findings with respect to shorter mechanical ventilation time 
and reduced intensive care unit (ICU) length of stay and 
recommend minimizing or substituting benzodiazepines 
with either propofol or dexmedetomidine in this patient 
population.9 A recent Cochrane review, however, found that 

What We Already Know about This Topic

t� 5IF�JODJEFODF�PG�QPTUPQFSBUJWF�EFMJSJVN�JO�QBUJFOUT�VOEFSHPJOH�
DBSEJBD�TVSHFSZ�IBT�CFFO�SFQPSUFE�JO�B�SBOHF�PG����UP�����
XJUI�FMEFSMZ�QBUJFOUT�CFJOH�BU�UIF�HSFBUFTU�SJTL

t� 5IJT�TUVEZ�JT�B�QSPTQFDUJWF�SBOEPNJ[FE�DPOUSPMMFE�DMJOJDBM�USJBM�
DPNQBSJOH�EFYNFEFUPNJEJOF��BOE�QSPQPGPM�CBTFE�QPTUPQFS�
BUJWF�TFEBUJPO�SFHJNFOT�JO�FMEFSMZ�QBUJFOUT�VOEFSHPJOH�DBSEJBD�
TVSHFSZ

What This Article Tells Us That Is New

t� 8IFO� DPNQBSFE� XJUI� QSPQPGPM� EFYNFEFUPNJEJOF� TFEBUJPO�
SFEVDFE�JODJEFODF�EFMBZFE�POTFU�BOE�TIPSUFOFE�EVSBUJPO�PG�
QPTUPQFSBUJWF�EFMJSJVN�JO�FMEFSMZ�QBUJFOUT�BGUFS�DBSEJBD�TVSHFSZ

Copyright © 2015, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. All Rights Reserved. Anesthesiology 2016; 124:362-8

ABSTRACT

Background: Postoperative delirium (POD) is a serious complication after cardiac surgery. Use of dexmedetomidine to pre-
vent delirium is controversial. The authors hypothesized that dexmedetomidine sedation after cardiac surgery would reduce 
the incidence of POD.
Methods: After institutional ethics review board approval, and informed consent, a single-blinded, prospective, randomized 
controlled trial was conducted in patients 60 yr or older undergoing cardiac surgery. Patients with a history of serious mental 
illness, delirium, and severe dementia were excluded. Upon admission to intensive care unit (ICU), patients received either 
dexmedetomidine (0.4 μg/kg bolus followed by 0.2 to 0.7 μg kg−1 h−1 infusion) or propofol (25 to 50 μg kg−1 min−1 infu-
sion) according to a computer-generated randomization code in blocks of four. Assessment of delirium was performed with 
confusion assessment method for ICU or confusion assessment method after discharge from ICU at 12-h intervals during the 
5 postoperative days. Primary outcome was the incidence of POD.
Results: POD was present in 16 of 91 (17.5%) and 29 of 92 (31.5%) patients in dexmedetomidine and propofol groups, 
respectively (odds ratio, 0.46; 95% CI, 0.23 to 0.92; P = 0.028). Median onset of POD was on postoperative day 2 (1 to 
4 days) versus 1 (1 to 4 days), P = 0.027, and duration of POD 2 days (1 to 4 days) versus 3 days (1 to 5 days), P = 0.04, in 
dexmedetomidine and propofol groups, respectively.
Conclusions: When compared with propofol, dexmedetomidine sedation reduced incidence, delayed onset, and shortened 
duration of POD in elderly patients after cardiac surgery. The absolute risk reduction for POD was 14%, with a number 
needed to treat of 7.1. (ANESTHESIOLOGY 2016; 124:362-8)

The abstract has been presented at the 37th Society of Cardiovascular Anesthesiologists Annual Meeting, April 11–15, 2015, Washington, D.C. 

Submitted for publication June 3, 2015. Accepted for publication October 7, 2015. From the Department of Anesthesia and Pain Manage-
ment (G.D., N.S., L.F., J.C., R.K.), Department of Psychiatry (R.S.), and Division of Cardiovascular Surgery (V.R.), Toronto General Hospital, 
University Health Network, University of Toronto, Toronto, Ontario, Canada.

Dexmedetomidine versus Propofol Sedation Reduces 
Delirium after Cardiac Surgery

A Randomized Controlled Trial
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respectively (odds ratio, 0.46; 95% CI, 0.23 to 0.92; P = 0.028). Median onset of POD was on postoperative day 2 (1 to 
4 days) versus 1 (1 to 4 days), P = 0.027, and duration of POD 2 days (1 to 4 days) versus 3 days (1 to 5 days), P = 0.04, in 
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duration of POD in elderly patients after cardiac surgery. The absolute risk reduction for POD was 14%, with a number 
needed to treat of 7.1. (ANESTHESIOLOGY 2016; 124:362-8)
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Table 2. Onset and Duration of Delirium and the Length of Stay in Patients with Delirium

Dexmedetomidine Group  
(n = 16)

Propofol Group  
(n = 29) P Value

Onset of delirium, d, median (range) 2 (1–4) 1 (1–4) 0.027
Duration of delirium, d, median (range) 2 (1–4) 3 (1–5) 0.04
Extubation time, h, median (range) 5.5 (3.5–14.2) 7.6 (3.8–202.2) 0.0007
Intensive care unit length of stay, h, median (range) 67.8 (20–214) 76.5 (17.8–956.5) 0.38
Hospital length of stay, d, median (range) 7.5 (5–32) 10 (6–74) 0.054

Table 3. Postoperative Outcomes and Length of Stay in the Study Population

Dexmedetomidine Group (n = 91) Propofol Group (n = 92)

No. patients, (%)
    Single inotrope/vasoconstrictor 83 (91) 85 (92)
    Two or more inotropes/vasoconstrictors 47 (52) 53 (58)
    Reexploration for bleeding 7 (7.7) 6 (6.5)
    Permanent pacemaker insertion 6 (6.6) 5 (5.4)
    Atrial fibrillation 53 (58.2) 48 (52.2)
    Stroke/transient ischemic attack 4 (4.4) 3 (3.2)
    Any blood product transfusion 35 (38) 34 (37.4)
    Dialysis 0 (0) 2 (2.2)
    Intraaortic balloon pump 4 (4.4) 5 (5.4)
    Death 1 (1.1) 0 (0)
    Extubation time, h, median (range) 5.4 (2–142) 5.9 (1–202)
    Intensive care unit length of stay, h, 

median (range)
43 (18–315) 29.4 (17–957)

Hospital length of stay, d, median (range) 7 (4–35) 7 (4–74)

Length of stay reflects the actual discharge times and not the readiness for discharge.

Table 4. Delirium, Sedation, and Pain Scores and Requirements for Analgesia and Antipsychotics in Dexmedetomidine and Propofol Groups

Dexmedetomidine Group (n = 91) Propofol Group (n = 92) P Value

Delirium frequency, n (%) 16 (17.5) 29 (31.5) 0.028
Haloperidol, n (%) 12 (13) 24 (26) 0.04
Quetiapine, n (%) 3 (3.3) 5 (5.4) 0.72
Sedation Agitation Scale scores, 24 h 4 (1–7) 4 (1–7) 0.13
Pain scores
    12 h 3.0 (0–8) 2.5 (0–8) 0.87
    24 h 2.0 (0–7) 2.0 (0–9) 0.14
    48 h 4.0 (0–8) 5.0 (0–9) 0.17
Opioid use, mg
    12 h 1.2 (0.2–4) 1.58 (0.35–8) 0.018
    24 h 4 (0.2–16.4) 5.8 (0.2–12) 0.045
    48 h 3.0 (0.6–8) 2.8 (0.6–8) 0.50
Ketorolac, n (%) 14 (15.4) 12 (13) 0.67
Acetaminophen, n (%) 91 (100) 92 (100) 1.0

Data are expressed as number of patients (%) and median (range).

Table 5. Comparison of Patients with and without Delirium

Patients with  
Delirium (n = 45)

Patients without  
Delirium (n = 138) P Value

Age, yr, mean (SD) 76 (6) 72 (6) 0.0001
Male sex, n (%) 36 (80) 102 (74) 0.41
Cardiopulmonary bypass time, min, mean (SD) 123 (54) 101 (36) 0.002
Extubation time, h, median (range) 6 (3.5–202) 5 (1–104) 0.0037
Intensive care unit length of stay, h, median (range) 70 (18–957) 26 (12–162) 0.0001
Hospital length of stay, d, median (range) 9 (5–74) 7 (4–21) 0.0001
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Dexmedetomidine for prevention of delirium in elderly 
patients after non-cardiac surgery: a randomised, double-blind, 
placebo-controlled trial
    Xian Su, Zhao-Ting Meng, Xin-Hai Wu, Fan Cui, Hong-Liang Li, Dong-Xin Wang, Xi Zhu, Sai-Nan Zhu,   Mervyn Maze, Daqing Ma  

Summary
Background Delirium is a postoperative complication that occurs frequently in patients older than 65 years, and 
presages adverse outcomes. We investigated whether prophylactic low-dose dexmedetomidine, a highly selective 
α2 adrenoceptor agonist, could safely decrease the incidence of delirium in elderly patients after non-cardiac surgery.

Methods We did this randomised, double-blind, placebo-controlled trial in two tertiary-care hospitals in Beijing, 
China. We enrolled patients aged 65 years or older, who were admitted to intensive care units after non-cardiac 
surgery, with informed consent. We used a computer-generated randomisation sequence (in a 1:1 ratio) to randomly 
assign patients to receive either intravenous dexmedetomidine (0·1 µg/kg per h, from intensive care unit admission 
on the day of surgery until 0800 h on postoperative day 1), or placebo (intravenous normal saline). Participants, care 
providers, and investigators were all masked to group assignment. The primary endpoint was the incidence of 
delirium, assessed twice daily with the Confusion Assessment Method for intensive care units during the fi rst 
7 postoperative days. Analyses were done by intention-to-treat and safety populations. This study is registered with 
Chinese Clinical Trial Registry, www.chictr.org.cn, number ChiCTR-TRC-10000802.

Findings Between Aug 17, 2011, and Nov 20, 2013, of 2016 patients assessed, 700 were randomly assigned to receive 
either placebo (n=350) or dexmedetomidine (n=350). The incidence of postoperative delirium was signifi cantly lower 
in the dexmedetomidine group (32 [9%] of 350 patients) than in the placebo group (79 [23%] of 350 patients; odds 
ratio [OR] 0·35, 95% CI 0·22–0·54; p<0·0001). Regarding safety, the incidence of hypertension was higher with 
placebo (62 [18%] of 350 patients) than with dexmedetomidine (34 [10%] of 350 patients; 0·50, 0·32–0·78; p=0·002). 
Tachycardia was also higher in patients given placebo (48 [14%] of 350 patients) than in patients given dexmedetomidine 
(23 [7%] of 350 patients; 0·44, 0·26–0·75; p=0·002). Occurrence of hypotension and bradycardia did not diff er 
between groups.

Interpretation For patients aged over 65 years who are admitted to the intensive care unit after non-cardiac surgery, 
prophylactic low-dose dexmedetomidine signifi cantly decreases the occurrence of delirium during the fi rst 7 days 
after surgery. The therapy is safe.

Funding Braun Anaesthesia Scientifi c Research Fund and Wu Jieping Medical Foundation, Beijing, China. Study 
drugs were manufactured and supplied by Jiangsu Hengrui Medicine Co, Ltd, Jiangsu, China.

Introduction
  A systematic review1 revealed that postoperative delirium 
occurs in 11–51% of patients after surgery, and its 
prevalence increases with age.   The occurrence of 
delirium is associated with increased morbidity and 
mortality, prolonged hospital stay, worse functional 
recovery, and long-term decline in cognitive function.1,2   
In patients admitted to hospital, around 30–40% of 
delirium cases are thought to be attributable to modifi able 
risk factors, and are therefore preventable.3     Various 
approaches aimed at minimising the infl uence of risk 
factors in medical patients have not improved outcomes, 
and there are no conclusive studies that support 
pharmacological prophylaxis.4

Dexmedetomidine is a highly selective   α2 adrenoreceptor 
agonist that provides   anxiolysis, sedation, and modest 
analgesia with minimal respiratory depression.5 
Dexmedetomidine is increasingly used for sedation in 

mechanically ventilated patients in the intensive care unit 
(ICU),6 where its use is associated with a decreased 
prevalence of delirium when compared with other 
sedatives.7,8 However, in each of these delirium-sparing 
studies,7–9 dexmedetomidine was compared with an active 
sedative drug that modulates the γ-aminobutyric-acid 
type A (GABA  A) receptors. These modulators of GABAA 

receptors, exemplifi ed by benzodiazepines, could increase 
the prevalence of delirium.10 Another plausible 
explanation is that dexmedetomidine does not prevent 
the occurrence of delirium, but also does not increase the 
prevalence of delirium as do modulators of the GABAA 
receptors. Furthermore  , the targeted patients were 
mechanically ventilated, which itself increases the risk 
of delirium.11 Therefore, it is not clear whether 
dexmedetomidin  e has preventive eff ects against delirium 
in   other patient populations, including non-ventilated 
patients. Lastly, the sedative dose of dexmedetomidine 
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surgical population that require ICU admission would be 
discharged from the ICU within 24 h; by terminating 
infusion of dexmedetomidine at 0800 h on the fi rst 
postoperative day, enough time has elapsed to enable a 
drug with a terminal elimination half-life of 3·7 h to be 
cleared from the plasma by the time the patient is 
discharged from the ICU.33

Although results of previous studies7–9,31 showed that the 
occurrence of delirium was reduced in patients randomly 

assigned t  o receive sedative-inducing doses of 
dexmedetomidine versus an alternative sedative-hypnotic 
(benzodiazepines or propofol) or analgesic (opiates) in 
mechanically ventilated patients, it was unclear whether 
those patients benefi te  d through a prophylactic action of 
dexmedetomidine, or by avoiding delirium-inducing 
sedatives and analgesics. Our study was 
placebo-controlled, and a similar proportion of patients 
received supplemental sedation in both groups, although 

Placebo group (n=350) Dexmedetomidine group 
(n=350)

OR, HR, or diff erence 
(95% CI)

p value

Primary endpoint

Overall incidence of delirium* 79 (22·6%) 32 (9·1%) OR=0·35 (0·22 to 0·54) <0·0001

Secondary endpoints

Time to extubation† (h) 6·9 (5·2 to 8·6) (n = 191) 4·6 (3·4 to 5·8) (n = 191) HR=1·25 (1·02 to 1·53) 0·031

Overall incidence of non-delirium complications‡ 73 (20·9%) 52 (14·9%) OR=0·66 (0·45 to 0·98) 0·039

Length of stay in ICU (h) 21·5 (20·7 to 22·3) 20·9 (20·4 to 21·4) HR=1·18 (1·02 to 1·37) 0·027

Length of stay in hospital after surgery (day) 11·0 (10·2 to 11·8) 10·0 (9·2 to 10·8) HR=1·09 (0·94 to 1·27) 0·24

All-cause 30-day mortality 4 (1·1%) 1 (0·3%) OR=0·25 (0·03 to 2·23) 0·21

Prespecifi ed analyses

NRS for pain at rest§ (score)

3 h after surgery 2 (1 to 4) 2 (0 to 3) D=0 (–1 to 0) <0·0001

6 h after surgery 2 (1 to 3) 1 (0 to 2) D=–1 (–1 to 0) <0·0001

24 h after surgery 1 (0 to 3) 1 (0 to 2) D=0 (–1 to 0) <0·0001

NRS for pain with movement§ (score)

3 h after surgery 3 (2 to 5) 3 (2 to 4) D=–1 (–1 to 0) <0·0001

6 h after surgery 3 (2 to 4) 2 (1 to 3) D=–1 (–1 to 0) <0·0001

24 h after surgery 2 (1 to 4) 2 (1 to 3) D=0 (–1 to 0) 0·001

NRS for subjective sleep quality§ (score)

First morning after surgery 4 (2 to 6) 2 (0 to 4) D=–2 (–2 to –2) <0·0001

Second morning after surgery 4 (2 to 6) 2 (1 to 5) D=–1 (–1 to –1) <0·0001

Third morning after surgery 4 (2 to 5) 2 (0 to 4) D=–1 (–2 to –1) <0·0001

Exploratory analyses

Time to onset of delirium (day) 5·8 (5·5 to 6·0) 6·5 (6·4 to 6·7) HR=0·39 (0·26 to 0·58) <0·0001

Incidence of delirium according to intubation status on ICU admission

With endotracheal intubation 55 (28·8%) (n=191) 22 (11·5%) (n=191) OR=0·32 (0·19 to 0·55) <0·0001

Without endotracheal intubation 24 (15·1%) (n=159) 10 (6·3%) (n=159) OR=0·38 (0·17 to 0·82) 0·014

Incidence of delirium according to duration of study drug infusion¶

<12·25 h 17 (18·3%) (n=93) 11 (14·3%) (n=82) OR=0·75 (0·33 to 1·70) 0·49

≥12·25 but <15·00 h 17 (25·0%) (n=68) 7 (10·3%) (n=68) OR=0·34 (0·13 to 0·90) 0·029

≥15·00 but <17·58 h 26 (24·3%) (n=107) 7 (6·3%) (n=111) OR=0·21 (0·09 to 0·51) 0·001

≥17·58 h 19 (23·2%) (n=82) 7 (7·4%) (n=94) OR=0·27 (0·11 to 0·67) 0·005

Motoric subtype of delirium <0·0001

None 271 (77·4%) 318 (90·9%) .. ..

Hypoactiv  e 42 (12·0%) 20 (5·7%) .. ..

Hyperactive 13 (3·7%) 3 (0·9%) .. ..

Mixed 24 (6·9%) 9 (2·6%) .. ..

Haloperidol treatment 2 (0·6%) 1 (0·3%) OR=0·50 (0·05 to 5·52) >0·99

Time to onset of non-delirium complications (days) 24·6 (23·5 to 25·7) 26·3 (25·4 to 27·3) HR=0·68 (0·48 to 0·98) 0·036

Discharge from hospital within 7 days after surgery 60 (17·1%) 83 (23·7%) OR=1·50 (1·04 to 2·18) 0·032

Data are number (%) or median (95% CI) unless indicated otherwise. OR=odds ratio. HR=hazard ratio. ICU=intensive care unit. NRS=numeric rating scale. D=diff erence. 
*Occurrence of delirium at any time during the fi rst 7 days after surgery. †Result of patients who were admitted to the ICU with endotracheal intubation. ‡Occurrence of any 
non-delirium complications within 30 days after surgery. §Data are median (IQR). ¶Stratifi ed according to quartiles of the duration.

Table 2: Eff ectiveness outcomes 
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prophylactic low-dose dexmedetomidine signifi cantly decreases the occurrence of delirium during the fi rst 7 days 
after surgery. The therapy is safe.
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Introduction
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occurs in 11–51% of patients after surgery, and its 
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In patients admitted to hospital, around 30–40% of 
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ranges, IQR) and compared using the Wilcoxon test.
Categorical variables were compared using the Fisher
exact test. A p value less than 0.05 was considered sta-
tistically significant.

Results

Thirteen patients were studied. Ten patients were venti-
lated with pressure support (PS), 2 with proportional
assist ventilation with load-adjustable gain factors
(PAV?), and one with continuous positive airway pres-
sure (CPAP) (Purritan-Benett 840, Tyco, Gosport, UK).
With propofol one patient ventilated with PAV? exhib-
ited severe respiratory acidosis (PaCO2 80 mmHg, pH
\7.30) necessitating a mode change and thus was
excluded from further analysis. Baseline characteristics of
the remaining 12 patients are shown in Table 1 (see also
Table S1 in ESM). Apart from propofol all other medi-
cations were similar (in terms of type and dose) between
the two study periods. The median propofol infusion rate
was 0.86 mg/kg/h (IQR 0.67–1.25). In all but one patient
(no. 12) the requirements for sedation remained constant
throughout the study night.

None of the patients exhibited either atypical (EEG
features of SWS and absence of typical stage 2 sleep as
indicated by no recognition of K complexes and sleep
spindles) or burst suppression EEG pattern [23]. With
propofol sleep efficiency was not different from that
without propofol (Table 2; Fig. 1). In all patients and on
both study nights abnormal sleep architecture was
observed consisting of a lack of sequential progression
through sleep stages. Independent of the experimental
condition SWS was infrequently observed, occurring in
two patients without and in four with propofol (Fig. 2).
Without propofol 6 out of 12 patients exhibited REM
sleep. Propofol infusion virtually abolished the REM
sleep (p = 0.04), which was observed only in one patient

Table 1 Patients’ characteristics

Male sex, n (%) 6 (50)
Age (years) 73 (63–75)
APACHE II at admission (points) 23 (16–34)
MV length (days) 18 (16–25)
MV modes, n (%)
PS 10 (84)
CPAP 1 (8)
PAV? 1 (8)

PEEP (cmH2O) 6 (5–6)
FIO2 0.4 (0.3–0.5)

Values are median (IQR)
PEEP positive end-expiratory airway pressure, MV mechanical
ventilation, PS pressure support, CPAP continuous positive airway
pressure, PAV? proportional assist ventilation with load adjustable
gain factors. FIO2 fractional concentration of inspired O2

Table 2 Sleep architecture without and with propofol

Without
propofol

With
propofol

p value

TST (min) 214 (40–285) 260 (113–417) 0.37
Sleep efficiency

( % TST)
62.6 (13.1–85.9) 76.3 (28.4–96.9) 0.37

Stage 1 ( % TST) 30.7 (4.6–66.7) 20.8 (5.6–80.6) 1.00
Stage 2 ( % TST) 46.1 (3.0–80.4) 48.9 (4.8–84.0) 0.66
SWS ( % TST) 0 (0–0) 0 (0–5.8) 0.75
REM ( % TST) 1.4 (0–13.0) 0 (0–0) 0.04
TSFI (events/h) 8.1 (2.9–16.2) 4.8 (1.3–14.6) 0.33
Stage shifts 21 (7–48) 22 (11–28) 0.69
Intersleep awake

( % TST)
11.4 (3.1–42.9) 6.8 (1.2–43.5) 0.79

Values are median (IQR)
TST total sleep time, REM rapid eye movement, SWS slow wave
sleep, TSFI total sleep fragmentation index

Fig. 1 Sleep efficiency in each patient with and without propofol

Fig. 2 Sleep architecture in each patient without (upper panel) and
with (lower panel) propofol. REM rapid eye movement; S1, S2
sleep stage 1 and 2, respectively; SWS slow wave sleep. With and
without propofol patient no. 11 did not achieve sleep
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3, Supplemental Digital Content 2, http://links.lww.com/
ALN/B63).

Sleep efficiency differed significantly among the 3 study 
nights; compared to nights without dexmedetomidine infu-
sion, sleep efficiency was significantly higher during the 
night with dexmedetomidine (fig. 2). Six patients during 
the first night and seven patients during the third night had 
sleep efficiency less than 10%, whereas in none during the 
second night (dexmedetomidine infusion) sleep efficiency 
was less than 10% (P = 0.006, Fisher exact test). One patient 
did not achieve sleep during the second or third night. Over-
all, three and four patients, during the first and third night, 
respectively, did not achieve sleep (see table 4, Supplemen-
tal Digital Content 2, http://links.lww.com/ALN/B63, for 
sleep architecture during the three study nights).

Because in patients who achieved sleep both during the 
first and third night (n = 7), sleep architecture did not differ 
between these 2 nights, sleep architecture data were analyzed 
as follows. The sleep stages, expressed as percentage of total 
sleep time, and sleep fragmentation index were averaged dur-
ing the 2 nights (first and third) in patients in whom sleep 
was observed on both nights (n = 7), whereas in patients in 

whom sleep occurred only on one of these nights (n = 5) 
the corresponding single value was used for analysis. Thus, 
each patient (n = 12) had sleep architecture data pertained 
to nights without dexmedetomidine, which was compared 
to that with dexmedetomidine. With dexmedetomidine, 
sleep fragmentation index and stage 1 of sleep (N1) were 
significantly lower, whereas stage 2 (N2) was higher than the 
corresponding values observed during the nights without 
dexmedetomidine (figs. 3 and 4). SWS (N3) and REM sleep 
did not differ with or without dexmedetomidine.

Day Data (n = 10)
In 10 of 13 patients polysomnography was performed for 
two consecutive 24-h periods (first and second periods). 
Sleep efficiency did not differ during the daytime periods 
before and after dexmedetomidine (14.3% [6.5 to 25.5] vs. 
17.3% [5.8 to 28.0], P = 0.695). All patients achieved sleep 
during the daytime period before (first day) and nine of 
them achieved sleep after dexmedetomidine (second day). 
Compared to the previous night (first night), sleep effi-
ciency during the first day did not differ significantly. Sleep 

Fig. 2. (A) Box-whisker plot of sleep efficiency during the 3 
study nights. Data pertain to 13 patients. (B) Individual sleep 
efficiency during the three study nights. Each color denotes 
an individual patient. *Significantly different from sleep effi-
ciency during the second night. TRT = total recording time.

Fig. 3. (A) Box-whisker plot of sleep fragmentation index with 
and without dexmedetomidine infusion. Data pertain to 12 
patients. (B) Individual sleep fragmentation index with and 
without dexmedetomidine infusion. Each color denotes an in-
dividual patient. *Significantly different from the correspond-
ing values without dexmedetomidine.
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CRITICAL CARE MEDICINE

Treatment Safety
The RASS score before the end of study-drug infusion did 
not differ between the two groups. The incidence of hypo-
tension of all enrolled patients was higher in the dexme-
detomidine group than in the placebo group (P = 0.009), 
whereas the incidences of hypertension of both all enrolled 
patients and those who were included in sleep architecture 
analyses were lower in the dexmedetomidine group than in 
the placebo group (P = 0.002 and 0.026, respectively). There 
were no significant differences between the two groups with 
regard to the incidences of other adverse events (bradycardia, 
tachycardia, and desaturation), the percentages of patients 
requiring intervention for any adverse events, and the rate 
of study-drug interruption because of adverse events. No 
respiratory depression occurred in either group during the 
first 24 h after surgery. No patient died within 30 days after 
surgery (table 5).

Discussion
Our results showed that, in elderly patients who were admit-
ted to the ICU after noncardiac surgery and did not require 
mechanical ventilation, prophylactic low-dose dexmedetomi-
dine infusion increased the percentage of stage N2 sleep. It also 
prolonged the duration of total sleep time, increased the sleep 
efficiency, decreased the percentage of stage N1 sleep, and ulti-
mately improved patients’ subjective sleep quality. However, 
the incidence of hypotension was increased by the treatment.

In the current study, our data further demonstrated that 
severe sleep disturbances developed in this group of patients 
during the first night after surgery, which were manifested 

as shortened total sleep time, increased percentage of stage 
N1 sleep, decreased percentage of stage N2 sleep, decreased 
or absent stage N3 and REM sleep, and severe sleep frag-
mentation (for structure of normal sleep, see appendix 
3).46 These results were consistent with the polysomno-
graphic data reported in the ICU medical11–13,47 and surgical 
patients.9,10,48,49 However, it seems that the degree of sleep 
disturbances was more severe in our patients than in those 
previously reported who were not admitted to the ICU after 
surgery.50–53 This was manifested by the facts that in our 
patients, total sleep time was shortened more significantly, 
stage N3 sleep was absent in the majority of patients (78.7%), 
and REM sleep was absent in all patients. This could be 
explained as follows. First, the severity of sleep disturbances 
is closely related to the surgery type (minor or major). In 
fact, previous studies found that, during the first postopera-
tive night, stage N3 sleep and REM sleep were severely or 
completely suppressed in patients after major intraabdomi-
nal surgery,9,54 whereas stage N3 sleep was decreased and 
REM sleep was not changed in patients after laparoscopic 
cholecystectomy.55 The majority of our patients underwent 
major intraabdominal surgery and thus developed more 
severe sleep disturbance. Second, age and comorbidity likely 
contribute to the development of postoperative sleep distur-
bances. Ageing is associated with sleep pattern changes, and 
indeed, it is more difficult for the elderly to adjust their sleep 
to environmental changes.48,56 In addition, comorbid illness 
and medications are more common in the elderly, which may 
also contribute to the degree of sleep disruption.56–58 Our 
patients were of advanced age (mean age, 75.0 ± 5.5 yr), and 

Table 3. Sleep Architecture Analyses

Placebo Group  
(n = 30)

Dexmedetomidine  
Group  
(n = 31)

Median Difference  
or OR (95% CI) P

Primary endpoint
    Percentage of stage N2 sleep, median (IQR), % 15.8 (1.3 to 62.8) 43.5 (16.6 to 80.2) 14.7 (0.0 to 31.9) 0.048
Secondary endpoints
    Total sleep time,* median (IQR), min 130 (72 to 220) 213 (124 to 324) 69 (7 to 132) 0.028
    Sleep efficiency,† median (IQR), % 15.0 (7.9 to 26.3) 22.4 (14.2 to 37.1) 7.8 (0.8 to 14.6) 0.033
    Duration of stage N1 sleep, median (IQR), min 77 (35 to 103) 92 (9 to 169) 10 (−28 to 60) 0.462
    Percentage of stage N1 sleep, median (IQR), % 84.2 (28.2 to 98.7) 56.4 (13.3 to 83.4) −15.0 (−34.2 to −0.3) 0.038
    Duration of stage N2 sleep, median (IQR), min 17 (0 to 131) 89 (37 to 142) 41 (3 to 83) 0.019
    Duration of stage N3 sleep, median (IQR), min 0 (0 to 0) 0 (0 to 3) 0 (0 to 0) 0.314
    Percentage of stage N3 sleep, median (IQR), % 0.0 (0.0 to 0.0) 0.0 (0.0 to 0.8) 0.0 (0.0 to 0.0) 0.300
    Duration of REM sleep, median (IQR), min 0 (0 to 0) 0 (0 to 0) 0 (0 to 0) 1.000
    Sleep fragmentation index,‡ median (IQR), times/h 22.3 (6.8 to 35.4) 23.9 (2.0 to 48.9) 1.6 (−9.0 to 17.9) 0.609
Exploratory analyses
    Percentage of stage N2 sleep in patients after  

intraabdominal surgery, median (IQR), %
14.6 (1.4 to 60.5), 

n = 27
44.2 (17.2 to 78.4), 

n = 24
16.2 (3.9 to 38.1) 0.019

    Total recording time, median (IQR), min 883 (779 to 937) 872 (827 to 905) 2 (−40 to 48) 0.908
    Presence of stage N3 sleep, n (%) 5 (16.7) 8 (25.8) 1.74§ (0.50 to 6.09) 0.387
    Presence of REM sleep, n (%) 0 (0.0) 0 (0.0) — —

*The sum of time spent in any sleep stage during the monitoring period, i.e., from 5:00 PM on the day of surgery to 8:00 AM on the first day after surgery. 
†The ratio between the total sleep time and the total recording time and expressed as percentage. ‡The average number of arousals and awakenings per 
hour of sleep. §OR.
IQR = interquartile range; OR = odds ratio; REM = rapid eye movement.
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374 patients assessed for eligibility 

  264 patients excluded 
  112 presence of delirium  
  24 acute neurologic condition/injury  
  22 end-stage liver disease  
  22 acute alcohol withdrawal requiring benzodiazepine therapy 
  19 history of severe dementia  
  18 expected death within 24 hours  
  16 heart rate ≤ 50 or 2nd/3rd degree block with no pacemaker 
  12 current treatment with dexmedetomidine or clonidine  
  11 non-English or French speaking 
   8  other 

100 patients randomized 

10 refused to participate 

110 patients eligible 

50 assigned to receive 
dexmedetomidine 

50 assigned to receive 
placebo 

50 included in final ITT 
analyses 

50 included in final ITT 
analyses 

'JHVSF��
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Table 2. Baseline patient characteristics 
 

Data presented as mean ± SD unless otherwise noted. APACHE = acute physiologic and chronic 
health evaluation score; ICU = intensive care unit; RASS = Richmond Agitation Sedation Scale; 
ICDSC = Intensive Care Delirium Screening Checklist   

Variable 
Dexmedetomidine 

N=50 
Placebo 

N=50 

Age, years 62.1 ± 13.2 62.4 ± 14.1 

Male, n (%) 31 (62) 33 (66) 
APACHE-II score at enrollment 23.6 ± 7.8 21.9 ± 7.9 
Medical (vs. surgical), n (%) 36 (72) 37 (74) 
Mechanically ventilated, n (%) 45 (90) 44 (88) 
Days in ICU before enrollment, median [IQR] 2 [2] 1 [2] 
Admission diagnosis, n (%) 
  Sepsis/acute respiratory distress syndrome 
  Pneumonia 
  Non-traumatic major surgery 
  Respiratory failure 
  Trauma 
  Gastrointestinal 
  Cardiac 
  Other 

 
9 (18) 
9 (18) 
9 (18) 
8 (16) 
5 (10) 
2 (4) 
2 (4) 
6 (12) 

 
10 (20) 
11 (22) 
9 (18) 
7 (14) 
4 (8) 
3 (6) 
2 (4) 
4 (8) 

PRE-DELIRIC delirium risk score, median [IQR] 54 [38-77] 51 [40-74] 
Comorbidities for delirium, n (%) 
  Hypertension 
  Smoking 
  Alcohol use (≥ 2 drinks/day) 
  Drug abuse 
  Depression 
  Congestive heart failure 
  Chronic obstructive pulmonary disease 
  Neurodegenerative disease 
  Renal failure 
  Liver disease 
  Cancer 

 
27 (54) 
15 (30) 
7 (14) 
1 (2) 
0 (0) 
1 (2) 

11 (22) 
1 (2) 
3 (6) 
1 (2) 
5 (10) 

 
33 (66) 
17 (34) 
11 (22) 

0 (0) 
5 (10) 
2 (4) 

8 (16) 
2 (4) 

10 (20) 
0 (0) 
0 (0) 

Continuous IV sedative at randomization, n (%) 
  Midazolam 
  Propofol 
  None 

 
3 (6) 

26 (52) 
21 (42) 

 
3 (6) 

23 (46) 
24 (48) 

Continuous IV fentanyl at randomization, n (%) 36 (72) 44 (88) 
RASS score at randomization, n (%) 
  ≥ 2 
  1 
  0 
  -1 
  -2 or -3 
  -4 or -5 

 
1 (2) 
4 (8) 

26 (52) 
9 (18) 
4 (8) 
6 (12) 

 
0 (0) 
2 (4) 

19 (38) 
10 (20) 
14 (28) 
5 (10) 

ICDSC score at randomization, median [IQR] 0.0 [1.0] 0.5 [1.8] 
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Table 4. Medication outcomes during the period of ICU admission 
 

Variable Dexmedetomidine 
N=50 

Placebo 
N=50 

P value 

Nocturnal periods 
Nights spent in study  7 [7] 8 [9.5] 0.75 
Study medication administration   
    Hourly infusion rate (mL/hr)   
    Maximum dose (mcg/kg/hr)  
    Average dose (mcg/kg/hr) 

 
8.0 ± 3.1 

0.51 ± 0.22 
0.36 ± 0.22 

 
9.1 ± 2.9 

- 
- 

 
0.20 

- 
- 

Propofol infusion 
    Ever, n (%) 
    Duration (nights) 
    Average dose (mcg/kg/min) 

 
36 (72) 
3 [2-5] 

22.6 ± 18.4 

 
38 (76) 

2.5 [2-7] 
34.9 ± 31.9 

 
0.75 
0.91 

< 0.0001 

Midazolam infusion 
    Ever, n (%)        
    Duration (nights)  
    Average dose (mg/hr) 

 
15 (30) 
2 [1-4] 

6.3 ± 5.5 

 
14 (28) 

2.5 [1-4] 
5.6 ± 7.1 

 
0.77 
0.95 
0.55 

Fentanyl infusion 
    Ever, n (%)  
    Duration (nights)  
    Average dose (mcg/hr) 

 
38 (76) 
3 (2-7) 

104 ± 88 

 
47 (94) 
5 (2-9) 

98 ± 122 

 
0.02 
0.22 
0.13 

Daytime and nocturnal periods 
Administration of related medications, n (%)         
    Antipsychotic  
    Corticosteroid A 

    Analgesic (oral)B 

 
26 (52) 
22 (44) 
47 (94) 

 
25 (50) 
8 (16) 

46 (92) 

 
0.84 

0.002 
0.99 

A≥ 40 mg prednisone equivalents daily  
B Acetaminophen, muscle relaxant, nonsteroidal anti-inflammatory drug or opioid 
Reported as n (%), mean ± SD, or median [interquartile range] 
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Table 3. Outcomes during the period of ICU admission 
 

Variable Dexmedetomidine 
N=50 

Placebo 
N=50 

P value 

Daytime and nocturnal periods 
ICDSC score when delirium first diagnosed          
Duration of first delirium episode, days     

5 [4-5]  
2.0 [0.8-2.7] 

5 [4-5]  
2.2 [0.7-3.2] 

0.23 
0.73 

Subsyndromal delirium, n (%) 42 (84) 46 (92) 0.22 
Coma ≥ 1 hour duration 
   Ever, n (%) 
   Total proportion of days present, n (%) 

 
12 (24) 

70/580 (12) 

 
17 (33) 

103/534 (19) 

 
0.30 

0.0009 
Deeper sedation (RASS -2/-3) ≥ 1 hour duration  
    Ever, n (%) 
    Total proportion of days present, n (%)  

 
           19 (38) 
       92/580 (15.8) 

 
21 (42) 

87/534 (16.3) 

 
0.68 
0.92 

Early mobilization (i.e., out of bed while 
mechanically ventilated), n (%) 

              4 (8) 5 (10) 0.490 

Nocturnal periods 
Maximum level of pain, n (%)  
    No pain (numerical rating scale = 0) 
    Mild pain (numerical rating scale = 1 to 4) 
    Severe pain (numerical rating scale ≥ 5) 
    Pain never assessed 

 
19 (38)  
18 (36)  
12 (24)  

1 (2) 

 
17 (34)  
10 (20) 
19 (38)  

4 (8) 

0.12 

Predominant mode of mechanical ventilation, n (%)      
    Ventilation, n (%) 
        Pressure support  
        Assist control or pressure control  
        Other 
    No ventilation, n (%)  

 
47 (94%) 
24 (48)  
23 (46) 
0 (0)  
3 (6)  

 
42 (84%) 
22 (44)  
18 (36) 

2 (4) 
8 (16)  

 
0.20 
0.92 
0.72 
0.22 
0.19 

Reported as n (%), mean ± SD, or median [interquartile range] 
ICDSC = Intensive Care Delirium Screening Checklist  
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Table 5. Clinical outcomes during and after the period of ICU admission 
 

Variable Dexmedetomidine 
N=50  

Placebo 
N=50  

P value 

Duration of mechanical ventilation, days  3 [5] 4 [6] 0.94 
Duration of ICU stay, days 10 [11] 9 [9] 0.56 
ICU mortality, n (%) 9 (18) 6 (12) 0.22 
Duration of hospital stay, days 27 [44] 29 [35] 0.48 
Hospital mortality, n (%)    13 (26) 11 (22) 0.64 

Reported as n (%), mean ± SD, or median [interquartile range] 
ICU = intensive care unit 
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Table 6. Patients where study medication was temporarily held at least once due to 
bradycardia and/or hypotension 
 

Variable Dexmedetomidine 
N=50 

Placebo 
N=50 

P value 

Bradycardia, n (%) 5 (10) 4 (8) 1.00 
Hypotension, n (%) 17 (34) 10 (20) 0.18 
Both bradycardia and hypotension, n (%)  19 (38) 14 (28) 0.40 
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Effect of Administration of Ramelteon, a Melatonin Receptor 
Agonist, on the Duration of Stay in the ICU: A Single-Center 
Randomized Placebo-Controlled Trial Nishikimi et al

6  www.ccmjournal.org XXX 2018 • Volume XX • Number XXX

required, only 88 subjects could be enrolled within the set regis-
tration period because fewer patients than we expected actually 
met the eligibility criteria during the study period. Therefore, 
the study may have been underpowered. During the study 
period, visits by the patients’ families were limited to twice a 
day, even though an open-door visiting policy is promoted in 
ICUs nowadays for reducing the occurrence of delirium. In this 
study, we did not assess the type of delirium, hyperactive, hypo-
active, or mixed type delirium. Finally, this dose of haloperidol 
(5 mg) may be much higher than the usual dose used around 
the world as rescue treatment for delirium patients.

It is interesting that the estimated effect size of ramelteon was 
1.30 days in the unadjusted comparison, which was greater than 
the effect size of 1.00 day that we had calculated in advance, dur-
ing the sample size calculation, as a clinically significant effect 
size. Although there was no statistical significance in the unad-
justed comparison analysis, this large estimate of the effect size 
could be one of the main reasons for obtaining p value equals 
to 0.082, which is close to the value of α equals to 0.05, and 
also a statistically significant result (p = 0.028) in the adjusted 
analysis, in spite of the smaller than expected sample size. It 
is noteworthy that in our study also, we observed no adverse 
events associated with ramelteon administration, which is con-
sistent with the results of previous studies (23, 24). Prophylactic 
administration of ramelteon may have a potential advantage 
in terms of the safety and efficacy among ICU patients, and it 
would be great interest to investigate the cost-effectiveness of 
prophylactic administration of ramelteon in the ICU.

CONCLUSIONS
Ramelteon administration was associated with a tendency 
toward a decreased duration of ICU stay, as well as significant 

decreases in the occurrence rate and duration of delirium in 
patients admitted to the ICU.
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TABLE 2. Mulitivariate Analysis to Compare a Primary Endpoint
Variables β Coefficient (SE) t Statistic p

Ramelteon or placebo –0.379 (0.169) –2.24 0.028

Age ≥ 60 (vs < 60) –0.110 (0.189) –0.59 0.560

Acute Physiology and Chronic Health Evaluation II score < 30 (vs ≥ 30) –0.184 (0.204) –0.90 0.371

Mechanical ventilation 0.720 (0.246) 2.93 0.004

Dementia 0.442 (0.324) 1.27 0.176

Mean of Richmond Agitation-Sedation Scale during the ICU stay –0.248 (0.103) –2.42 0.018

The multivariate analysis was used for variables. Versus (vs) in the table means the reference value.

TABLE 3. Analysis of Secondary Endpoints
Variables Ramelteon Group (n = 45) Control Group (n = 43) OR (95% CI) p 

The occurrence of delirium, n (%) 11 (24.4) 20 (46.5) 2.69 (1.09–6.65) 0.044

The length of delirium, mean (SD), d 0.78 (1.81) 1.40 (2.30)  0.048

Mortality at their discharge, n (%) 3 (6.7) 3 (7.5)  > 0.999

OR = odds ratio.
The Fisher exact test was used for category variables and the Student t test for continuous variables.
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required, only 88 subjects could be enrolled within the set regis-
tration period because fewer patients than we expected actually 
met the eligibility criteria during the study period. Therefore, 
the study may have been underpowered. During the study 
period, visits by the patients’ families were limited to twice a 
day, even though an open-door visiting policy is promoted in 
ICUs nowadays for reducing the occurrence of delirium. In this 
study, we did not assess the type of delirium, hyperactive, hypo-
active, or mixed type delirium. Finally, this dose of haloperidol 
(5 mg) may be much higher than the usual dose used around 
the world as rescue treatment for delirium patients.

It is interesting that the estimated effect size of ramelteon was 
1.30 days in the unadjusted comparison, which was greater than 
the effect size of 1.00 day that we had calculated in advance, dur-
ing the sample size calculation, as a clinically significant effect 
size. Although there was no statistical significance in the unad-
justed comparison analysis, this large estimate of the effect size 
could be one of the main reasons for obtaining p value equals 
to 0.082, which is close to the value of α equals to 0.05, and 
also a statistically significant result (p = 0.028) in the adjusted 
analysis, in spite of the smaller than expected sample size. It 
is noteworthy that in our study also, we observed no adverse 
events associated with ramelteon administration, which is con-
sistent with the results of previous studies (23, 24). Prophylactic 
administration of ramelteon may have a potential advantage 
in terms of the safety and efficacy among ICU patients, and it 
would be great interest to investigate the cost-effectiveness of 
prophylactic administration of ramelteon in the ICU.

CONCLUSIONS
Ramelteon administration was associated with a tendency 
toward a decreased duration of ICU stay, as well as significant 

decreases in the occurrence rate and duration of delirium in 
patients admitted to the ICU.
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