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Abstract : Purpose : High-flow nasal cannula oxygen therapy (HFNC) is a new type of non-invasive respiratory
support for acute respiratory failure patients. However, patients receiving HFNC often develop sleep disturbances.
We therefore examined whether dexmedetomidine could preserve the sleep characteristics in patients who un-
derwent HFNC. Patients and Methods : This was a pilot, randomized controlled study. We assigned critically ill
patients treated with HFNC to receive dexmedetomidine (0.2 to 0.7 ng/kg/h, DEX group) or not (non-DEX group)
at night (9:00 p.m. to 6:00 a.m.). Polysomnograms were monitored during the study period. The primary outcomes
were total sleep time (TST), sleep efficiency and duration of stage 2 non-rapid eye movement (stage N2) sleep.
Results : Of the 28 patients who underwent randomization, 24 were included in the final analysis (12 patients
per group). Dexmedetomidine increased the TST (369 min vs. 119 min, p=0.024) and sleep efficiency (68% vs. 22%,
P=0.024). The duration of stage N2 was increased in the DEX group compared with the non-DEX group, but this
finding did not reach statistical significance. The incidences of respiratory depression and hemodynamic insta-
bility were similar between the two groups. Conclusions : In critically ill patients who underwent HFNC, dexme-
detomidine may optimize the sleep quantity without any adverse events. J. Med. Invest. 69:266-272, August, 2022
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INTRODUCTION

Sleep disturbance is prevalent in intensive-care unit (ICU) pa-
tients (1-3). Poor sleep carries a risk of causing physiological and
psychological problems, such as an impaired immune function,
sympathetic activation, glucose intolerance, prolonged mechan-
ical ventilation or cognitive impairment (1). Sleep in critically
ill patients is severely fragmented and shows an abnormal sleep
architecture with increased stage 1 (stage N1) and stage 2 (stage
N2) non-rapid eye movement (non-REM) sleep and decreased
stage 3 (stage N3) and rapid eye movement (REM) sleep (2). ICU
patients are commonly exposed to a range of several disturbanc-
es, such as a high level of noise and light, tracheal intubation,
nursing care, and critical illnesses itself (4). While all of these
factors may play a role in the induction of sleep disturbance, the
application of less-invasive and comfortable respiratory support
may be crucial for maintaining a good sleep quality and quantity
in patients with acute respiratory failure (5).

High-flow nasal cannula oxygen therapy (HFNC) is a new
type of non-invasive respiratory support for patients with acute
hypoxemic respiratory failure (6). This strategy provides good
comfort through heated and humidified medical gases with a
flow rate of 30 to 60 L/min. Most studies have reported that
application of HFNC is associated with greater patient comfort
than low-flow oxygen system or non-invasive positive pressure
ventilation (NPPV) (7). HFNC shows favorable compliance and
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tolerance in treating hypoxemic patients due to reduced psychic
stress and physical discomfort (6, 7). Therefore, HFNC has been
expected to achieve a high sleep quality and quantity in ICU pa-
tients. However, previous studies have reported that sleep in pa-
tients receiving HFNC in a critical care setting may be impaired
due to severe fragmentation of sleep periods by nursing interven-
tions, significant reduction in deep sleep, and the predominance
of shallow sleep (8, 9). Anxiety or discomfort associated with
nasal cannula, high temperatures and humid gases, noise ex-
posure, and condensation in the nasal prong might be the main
causes of sleep disorder in patients treated with HFNC (9-12).

Several strategies have been demonstrated to reduce noise
and light, including earplugs, eye masks, white noise, and ocean
sounds (13, 14). However, non-pharmacological strategies are
not sufficient to prevent sleep disruption, and pharmacological
interventions are commonly needed (14, 15). Propofol, benzodi-
azepines, and opioids are commonly used as a sedative and anal-
gesic medication in the ICU. However, these drugs are suggested
to cause adverse effects, such as disruption of sleep architecture,
delirium, respiratory depression, and hemodynamic instability
3, 15, 16).

Dexmedetomidine, an o2 adrenoceptor agonist, has been used
in ICU patients. Unlike other sedatives, dexmedetomidine ap-
plies its sedative effects through an endogenous sleep-prompting
pathway and maintains sleep characteristics in mechanically
ventilated patients (17, 18). In addition, since dexmedetomidine
ensures light sedation, rearousability, and the maintenance of
the cognitive brain function without clinically relevant respira-
tory depression, the U.S Food and Drug Administration (FDA)
approves dexmedetomidine for sedation in both intubated and
non-intubated patients in the ICU.

Dexmedetomidine may preserve sleep in critically ill pa-
tients ; however, its effects on the sleep characteristics in patients
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with HFNC remain unclear. We hypothesized that dexmedeto-
midine infusion would improve the sleep duration and character-
istics in critically ill patients with HFNC.

PATIENTS AND METHODS
Study design

This study is a randomized controlled trial conducted in a 11-
beds medical- surgical ICU of Tokushima University Hospital
between July 2017 and January 2019. The study protocol was
approved by the Clinical Research Ethics Committee of Tokushima
University Hospital (Institutional Review Board, No.2164) and
registered with the Clinical Trial Registry (University hospital
Medical Information Network- Clinical Trial Registry : UMIN-
CTR, ID 000015650). Written informed consent was obtained
from all participating patient or their families.

Patient recruitment

Adult patients who received HFNC and who were anticipated
to be in the ICU for at least 24 h were enrolled in this study. Ex-
clusion criteria were the presence of psychiatric illness, a history
of sleep disturbance and taking sleep medicine on a daily basis,
a history of obstructive sleep apnea syndrome, severe hemody-
namic instability with systolic blood pressure < 90 mmHg in
spite of vasopressor use, severe renal dysfunction (undergoing
dialysis before study) and severe hepatic dysfunction (Child-
Pugh class C).

Randomization and study treatment

Eligible patients were randomly assigned to receive dexme-
detomidine infusion (DEX group) or not (non-DEX group). Ran-
domization was performed using sealed envelopes and random
numbers were assigned in a 1to 1 ratio.

Dexmedetomidine infusion (not preceded by a bolus admin-
istration) was started at 0.4 pg/kg/h in the DEX group at 9:00
p-m. and discontinued at 6:00 a.m. Intravenous infusion of dex-
medetomidine was followed to maintain a Richmond Agitation
Sedation Scale (RASS) of -2 to -1 with a dose of 0.2 to 0.7 ug/kg/h
during the study period (19). The attending nursing staff evalu-
ated the RASS at 2- to 4-h intervals or when nursing care was
provided. The dosage was up to 0.7 pg/kg/h to suppress patient’s
agitation. If this strategy was not effective to control agitation,
other sedative use was permitted. The administration of other
sedatives were decided by the attending physician.

Patients in the non-DEX group received oral sedative drugs,
such as ramelteon, suvorexant, or oral benzodiazepines, without
dexmedetomidine, if they complained of insomnia. Apparent
pain was treated using analgesics targeting a numerical rating
scale of < 3. Additional non-pharmacological interventions aimed
at promoting sleep, such as minimizing noise, light, and sched-
uled nursing care, were applied as routine practice. At the end
of the study period (6:00 a.m.), we performed an arterial blood
gas analysis (ABGA) to evaluate whether respiratory acidosis or
hypercapnia due to respiratory depression had occurred.

Polysomnographic monitoring

All patients were monitored with continuous polysomnogra-
phy (PSG) (Alice PDx ; Phillips Respironics, Murrysville, PA,
USA), and sleep data were recorded automatically though the
study period (9:00 p.m. to 6:00 a.m.). PSG involved six elec-
troencephalography channels, an electro-oculogram, a chin
and bilateral anterior tibial surface electromyogram, a finger
pulse oximetry, thoracic and an abdominal movement sensor
as an inductance plethysmography, a snoring sensor, and a
nasal air-flow sensor. The PSG sleep technicians at the Philips
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Respironics Sleep Center who were blinded to group assignment
later scored polysomnograms in accordance with the 2007 Amer-
ican Academy of Sleep Medicine (AASM) in 30-s epochs (20).
Arousal and awakening from sleep were scored in accordance
with the AASM manual (21).

We measured the total sleep time (TST), sleep efficiency,
percent of each sleep stages (stage N1, N2, N3 and REM sleep),
sleep latency, arousal index, apnea-hypopnea index (AHI), 3%
oxygen desaturation index (3%ODI), and duration of snoring.
TST was defined as the sum of time spent in any sleep stage
during the study period. Sleep efficiency was defined as the
TST in proportion to the monitoring time. Sleep latency was
defined as the time from lights out (9:00 p.m.) to falling asleep.
The arousal index was measured as the number of arousals and
awakening per hour of sleep. The AHI was measured as the
number of apnea and hypopnea incidents per hour of sleep (nor-
mal range : <5/h). Because nasal airflow sensors are not reliable
during HFNC, the respiratory inductance plethysmography and
finger pulse oximetry were used to score apnea and hypopnea
events in accordance with the 2007 AASM manual’s alternative
criteria (21). Apnea is scored when there is a drop in the peak
signal excursion by >90% of the pre-event baseline using a tho-
racoabdominal respiratory inductance plethysmography (RIP)
belt sensor for >10 seconds. Hypopnea is scored when the peak
signal excursions drop by >30% of the pre-event baseline using
a RIP belt sensor for >10 seconds in association with either >3%
arterial oxygen desaturation or arousal. The 3%0DI was calcu-
lated as the number of 3% desaturation events per sleep hour
(normal range : <5/h). Duration of snoring was expressed as the
percentage of TST.

Assessment of adverse events

Delirium was assessed at 2- to 4-h intervals using the confu-
sion assessment methods for the ICU (CAM-ICU) (16). However,
we intended to minimize the number of delirium assessments
in order to avoid sleep fragmentation if a patient seemed asleep
during the study period. Hypotension was defined as a systolic
blood pressure <90 mmHg or a decrease of more than 20% from
the baseline if the baseline was <113 mmHg. Bradycardia was
defined as a heart rate <50 beats/min or a decrease of more than
20% from the baseline if the baseline was <63 beats/min. Hy-
pertension was defined as systolic blood pressure >160 mmHg or
an increase of more than 20% from the baseline if the baseline
was >133 mmHg. Tachycardia was defined as a heart rate >100
beats/min or an increase of more than 20% from the baseline if
the baseline was >89 beats/min (22).

Study outcomes

As primary outcomes, we compared the TST, sleep efficiency,
and duration of stage N2 sleep between the two groups. As sec-
ondary outcomes, we included other variables that measured by
PSG, such as the total amount of each during sleep stage, sleep
latency, arousal index, AHI, 3%DSI, and duration of snoring.
Adverse events related to sleep disorder or dexmedetomidine
infusion during the study period were also evaluated and com-
pared between the two groups.

Statistical analyses

The sample size calculation was based on a previous report
that showed that ICU patients requiring mechanical ventila-
tion had their sleep efficiency increased from a median of 16%
without sedation to 80% with dexmedetomidine (18). Another
study showed that sedation with dexmedetomidine increased
sleep efficiency from 11% to 52% compared with no sedation (17).
Assuming minimal differences in sleep efficiency between the
groups, we assumed that dexmedetomidine would increase sleep
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efficiency from 16% to 52% compared to usual care without dex-
medetomidine. The standard deviation was estimated to be 24%
in both groups, considering the raw data from a previous study
(17). The calculation sample size that would provide 90% power
to detect this difference based on a 2-tailed significance level of
0.05 was 11 patients per group. Considering a dropout rate about
25%, we intended to enroll 14 patients per group.

An atypical sleep pattern often appears in critically ill patients
(23, 24). We therefore excluded such abnormal sleep electroen-
cephalogram (EEG) patterns from the final analysis, as the
sleep stage scoring was not reliable. An atypical sleep pattern is
defined as follows : an EEG showing a mix of alpha, beta or theta
waves and continuous polysomnographic waves (0.5-4 Hz) with a
high amplitude (>75 V) resembling a normal stage N3, but not
consistent with normal non-REM sleep because of the absence of
typical stage N2 figures (sleep spindles and K-complexes) (23).

Data are presented as median values (interquartile range
[IQR]). Data were analyzed using nonparametric tests (SPSS
Statistic version 28 ; IBM, Armonk, NY, USA). Variables were
compared using the Mann-Whitney-U test. Categorical vari-
ables were compared using the Fisher exact test. Statistical
tests were two sided, and a P < 0.05 was considered statistically
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significant.

RESULTS
Patient population

General characteristics of the patients are summarized in
Table 1. Twenty-eight patients were studied. Three patients did
not complete the study due to device intolerance or monitoring
failure due to electrode detachment and were thus excluded from
the analysis (one in the DEX group and two in the non-DEX
group). One patient was excluded from the analysis because PSG
showed an atypical sleep pattern ; polymorphic delta activity
with alpha or beta activity superimposed on delta waves with-
out sleep spindles and/or K-complexes, and the sleep stage was
scored with stage N3 accounting for 70.9% of TST, so the sleep
stage scoring was not reliable (DEX group). The final analysis
was therefore conducted in 24 patients, including 12 per group,
as indicated by the statistical plan.

Baseline variables were comparable between the two groups
(Table 1). About half of patients underwent cardiovascular
surgery. One patient in the non-DEX group received oral sed-

Table 1. Baseline demographics and characteristics
Total DEX non-DEX P values
N=24 N=12 N=12
Age (years) 76 (70, 78) 76 (71, 78) 74 (67, 79) 671
Male/Female (n) 15/9 9/3 6/6 711
APACHE 1I score 19 (16, 22) 19 (16, 22) 19 (13, 22) 551
BMI (kg/m?) 24 (21, 26) 24 (23, 26) 24 (20, 26) .843
Type of ICU admission n (%)

Medical 11 (45.8) 7 (58.3) 6(50) 1.00

Surgical 13 (54.2) 5 (41.7) 6 (50) 1.00
Days in ICU before enrollment 2 (2, 3) 3(2,3) 2(2,2) .160
Admission diagnosis n (%)

Cardiovascular surgery 11 (45.8) 5 (41.7) 6 (50) 1.00

Acute respiratory failure 5(20.8) 3 (25) 2 (16.7) 1.00

Congestive heart failure 3(12.5) 2 (16.7) 1(8.3) 1.00

Acute myocardial infarction 2 (8.3) 0 (0) 2 (16.7) 478

Others 3(12.5) 2 (16.7) 1(8.3) 1.00
Comorbidity n (%)

Hypertension 11 (45.8) 6 (50) 5 (41.7) 1.00

Coronary heart disease 5(20.8) 3 (25) 2 (16.7) 1.00

Diabetes mellitus 7(29.2) 5 (41.7) 2 (16.7) 371

COPD 1(4.2) 0(0) 1(8.3) 1.00

Renal dysfunction 3 (12.5) 2 (16.7) 1(8.3) 1.00
HFNC setting

Flow (L/min) 40 (40, 40) 40 (40, 40) 40 (38, 40) 755

Fi0O2 0.3 (0.29, 0.36) 0.3 (0.29, 0.46) 0.3 (0.29, 0.31) .551
Other sedative use n (%)

Ramelteon and suvorexant 1(4.2) 0 (0) 1(8.3) 1.00
Catecholamine use n (%) 9 (37.5) 2 (16.7) 7 (58.3) .089
Steroid use n (%) 8(33.3) 6 (50) 2 (16.7) .193
Duration of PSG recording (h) 9(9,9) 9(9,9) 9(9,9) 1.00

Data are presented as the median [IQR, interquartile range] or n (%) unless otherwise noted.
APACHE, acute physiologic and chronic health evaluation score ; BMI, Body Mass Index ; ICU, intensive-care unit ; COPD, chronic

obstructive pulmonary disease ; PSG, polysomnography.
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atives, ramelteon and suvorexant, due to insomnia during the
study period. The HFNC settings were a flow of about 40 L/min
and F1O: of about 0.3 in both groups. The percentages of steroid
use and catecholamine use were not markedly different between
the groups.

Sleep architecture analyses

Table 2 and Figure summarizes the sleep data. Analyses of
polysomnograms in the non-DEX group showed a shortened
TST, increased percentage of stage N1 and N2, decreased per-
centage of stage N3 and REM sleep, and high arousal index.
The DEX group showed an increased T'ST, with a median 119
min (IQR, 44, 314) in the non-DEX group and 369 min (IQR,
272, 406) in the DEX group (P=0.024). Sleep efficiency was
about 22% in the non-DEX group and 68% in the DEX group
(P=0.024). Stages N1 and N2 were predominant, and stage N3
was only detected in two patients in the DEX group. REM sleep
was only detected in two patients in the DEX group and one

Table 2. Outcomes during the period of ICU admission.

patient in the non-DEX group. Although the percentage of stage
N1 during the study period was not markedly different between
the groups, the duration of stage N1 was longer in the DEX group
than in the non-DEX group (97 min vs. 34 min, P=0.014). The
duration of N2 sleep was longer in the DEX group than in the
non-DEX group ; however, this finding did not reach statistical
significance (252 min vs. 48 min, P=0.143) (Figure). The arousal
index was lower in the DEX group than in the non-DEX group,
but without statistical significance (21.2/h vs. 37.0/h, p=0.16).

Additional endpoints

The median RASS level did not differ markedly between the
two groups, and a target RASS level -1/-2 was reached in 83% of
patients in each group. With regard to respiratory parameters,
there was no significant difference in values of the AHI, 3%ODI,
duration of snoring, or ABGA data (pH, PaCOz2) between the
two groups (Table 2). Delirium occurred in 1 patient (8.3%) per
group. There were no significant differences between the two

Total DEX non-DEX P values
N=24 N=12 N=12

Primary endpoint
Total sleep time (min) 288 (129, 402) 369 (272, 406) 119 (44, 314) .024
Sleep efficiency (%) 53 (24, 75) 68 (50, 75) 29 (8, 58) 024

Secondary endpoint
Duration of Stage N1 sleep (min) 68 (35, 110) 97 (75, 114) 34 (13, 52) .014
Percentage of stage N1 sleep (%TST) 31 (20, 61) 28 (20, 41) 44 (19, 82) 551
Duration of Stage N2 sleep (min) 174 (27, 303) 252 (147, 309) 48 (10, 220) .143
Percentage of stage N2 sleep (%TST) 65 (39, 80) 69 (59, 80) 55 (18, 81) 478
Duration of Stage N3 sleep (min) 0 (0, 0) 0 (0, 0) 0 (0, 0) 514
Percentage of stage N3 sleep (%TST) 0 (0, 0) 0 (0, 0) 0 (0, 0) 514
Duration of REM sleep (min) 0 (0, 0) 0 (0, 0) 0 (0, 0) .799
Arousal index (n/h) 29.0 (15.9, 37.4) 21.2 (15.9, 34.0) 37.0 (21.1, 53.0) 160
AHI (n/h) 0.5 (0, 3.0) 0.4 (0.2, 1.2) 2.5 (0, 3.5) 590
3%O0DI (n/h) 1.9 (0.1, 12.3) 1.9 (0.9, 19.6) 0.7 (0, 9.4) 478
Duration of snoring (%TST) 0 (0, 0) 0(0,0.1) 0 (0, 0) 797

Exploratory analysis
Presence of Stage N3 sleep n (%) 2 (8.3) 2 (16.7) 0 (0) 478
Presence of REM sleep n (%) 3(12.5) 2 (16.7) 1(8.3) 1.00
Sleep latency (min) 33 (13, 60) 43 (13, 58) 31 (21, 64) 799
RASS 1(-1,-1) 1(-1,-1.3) S1(-1,-1) 41
RASS target -1/-2 n (%) 20 (83.3) 10 (83.3) 10 (83.3) 1.0
Delirium n (%) 2 (8.3) 1(8.3) 1(8.3) 1.0
Dexmedetomidine dose (ug/kg/h) 0.41 (0.3, 0.46) 0
pH 7.48 (7.45, 7.51) 7.51 (7.47,7.51) 7.47 (7.45, 7.49) 178
PaCO: (mmHg) 35 (30, 40) 35 (30, 40) 35 (32, 39) .887
Hypotension n (%) 1(4.2) 1(8.3) 0 (0, 0) 1.00
Bradycardia n (%) 0 (0, 0) 0 (0, 0) 0 (0, 0) 1.00
Hypertension n (%) 4 (16.6) 1(8.3) 3 (24.5) .59
Tachycardia n (%) 2 (8.3) 0 (0, 0) 2 (16.7) .48
Intervention for hypertension n (%) 3 (12.5) 0 (0, 0) 3(24.5) 217
Length of ICU stay (days) 6 (4.8, 8) 7 (5, 8) 54,7 .319

Data are presented as the median [IQR, interquartile range] or n (%) unless otherwise noted.
N1, N2, N3, Non-Rapid Eye Movement stages ; REM, Rapid Eye Movement ; AHI, Apnea-Hypopnea Index ; ODI, Oxygen Desaturation
Index ; RASS, Richmond Agitation-Sedation Scale ; PaCOz, Partial Pressure of Carbon Dioxide ; ICU, intensive-care unit.
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Figure. Duration of total sleep time and sleep stages in each group.
The box plots showing the median and interquartile range for the total sleep time and duration of stages

N1-3 and REM sleep at night (9:00 p.m. to 6:00 a.m.).

*Significant difference between the two groups.

groups with regard to the incidence of hemodynamic instability
(hypotension, bradycardia) and rate of patients receiving inter-
vention for any adverse events (Table 2).

DISCUSSION

This study showed that, among ICU patients who received
HFNC, dexmedetomidine increased the total sleep time and
sleep efficiency without any adverse events, such as respiratory
depression or hemodynamic instability. To our knowledge, this is
the first study to evaluate the effects of dexmedetomidine on the
sleep quality and quantity in patients with HFNC in the critical
care setting. This study demonstrated that the sleep character-
istics of ICU patients with HFNC manifested as a shortened
total sleep time, decreased sleep efficiency, frequent arousal and
awakening, abnormally increased percentage of stage N1 and
N2, and decreased stage N3 sleep and REM sleep compared
with the structure of normal sleep in old-age healthy individuals
(25). These results were similar to the polysomnographic data
reported in patients with invasive and non-invasive mechanical
ventilation in the ICU (17, 18, 24).

Associated with lower morbidity and mortality than NPPV,
HFNC is being used increasingly frequently as an alternative
means of non-invasive respiratory support for acute hypoxemic
respiratory failure (6). HFNC shows favorable compliance and
tolerance in treating hypoxemic respiratory failure because of
reduced psychic stress and physical discomfort (6, 7). Therefore,
HFNC may be expected to achieve a high sleep quality and
quantity in ICU patients.

However, patients in the non-DEX group showed a median
sleep efficiency during the study period of only 22%. Meyer et al.
reported that HFNC did not correct the sleep quality or quantity
compared with no treatment or NPPV for sleep-related disorder
breathing in patients with neuromuscular disease (8). In their
study, the median sleep efficiency was 55.9%, and the 91% TST
was predominantly occupied by shallow sleep of stage N1 and
N2 at an HFNC flow rate of 50 L/min. In addition, HFNC at a
high flow rate of 40 to 60 L./min was poorly tolerated (8, 26, 27).
Anxiety and discomfort associated with nasal cannula, a high
flow and high temperature of humid gases, noise exposure, and

condensation that accumulated in the nasal prong and spraying
into patient’s nostril may all disrupt a patient’s sleep (9-12). To
improve sleep the quality and quantity during HFNC, it may be
crucial to optimize the HFNC flow and temperature settings and
to avoid a low ambient temperature (<25 °C) in order to mini-
mize noise exposure, condensation in the circuit, and patient
discomfort (12, 28).

Dexmedetomidine exerts its sedative effects through an en-
dogenous sleep-promoting pathway and preserves the sleep
architecture to some degree in the clinical setting. In previous
studies, it was reported that dexmedetomidine produces EEG
spindle and slow delta oscillation that resembles N2 sleep and
increases the sleep efficiency and duration of N2 sleep (17, 18,
22). Our study showed that dexmedetomidine increased the TST
and sleep efficiency but not the proportion or duration of stage
N2 sleep during the study period (DEX group vs. Non-DEX
group : 69% vs. 55%, P=0.478 ; 252 min vs. 48 min, P=0.143).
This is likely because the sample size of this study (12 patients
per group) was relatively small and not large enough to detect
difference between the two groups. Romagnoli ef al. performed an
observational study with a sample size of 36 patients per group
to evaluate sleep characteristics in non-mechanically ventilated
patients in the ICU with and without dexmedetomidine infusion.
They reported that dexmedetomidine infusion increased sleep
efficiency from a median 48% without dexmedetomidine to 84%
with dexmedetomidine and increased the percentage of stage N2
sleep from 50% without dexmedetomidine to 69% with dexmede-
tomidine (29). These values were likely similar to our own data.

In both groups, the median RASS was -1 (IQR: -1, -1), which
indicated a shallow sleep status, and the target RASS value
of -1/-2 was achieved in 83% of patients. However, there was a
significant difference in the TST and sleep efficiency between
the two groups. One possible reason was that there is a large
discrepancy between the subjective sleep observation and PSG
evaluation. Sleep time as estimated by nursing staff was often
entirely misjudged and consistently overestimated compared
with the paralleled polysomnographic recordings (30, 31). In-
deed, Aurell et al. reported that even when sleep time estimated
by nursing staff showed about 7 h, sleep time as measured by
paralleled PSG was only about 2.5 h (31).

It is well recognized that many sedatives impair the central
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and peripheral regulation of breathing and decrease the muscle
tone of the upper respiratory tract, which may cause apnea and
upper airway obstruction (16, 32). Lodenius et al. reported that a
sedative dose of dexmedetomidine (median loading dose of 0.59
ug/kg for 10 min followed by an infusion of 0.53 pg/kg/h) reduces
ventilatory responses to hypoxia and hypercapnia to a similar
extent as sedation with propofol (median loading dose of 74.5
pg/kg for 10 min followed by an infusion of 48.6 ug/kg/min) in
healthy volunteers (32). In addition, dexmedetomidine-induced
sedation causes upper airway obstruction and episodes of apnea
to the same degree as propofol-induced sedation (32). Our study
showed that there were no significant differences in respiratory
parameters, such as the AHI, 3%ODI, or duration of snoring
and ABGA (pH, PaCOz), between the two groups, and all of
these parameters were within normal ranges. These results
were consistent with the polysomnographic data in extubated
spontaneous breathing post-surgical patients with dexmedeto-
midine sedation (22). In addition, we did not use a loading dose of
dexmedetomidine to avoid respiratory or hemodynamic adverse
responses. Given the above, dexmedetomidine infusion without
loading dose appears to have no clinically important adverse
effects on respiration in patients with HFNC.

Despite increasing sleep efficiency by dexmedetomidine in-
fusion, the arousal index was not decreased by treatment in
our patients (DEX group vs. non-DEX group ; 21.2/h vs. 37.0/h,
p=0.16). This is likely because the sample size of this study was
too small to detect differences between the two groups. Alterna-
tively, sedation with dexmedetomidine is characterized by rapid
arousal in response to verbal, tactile, or painful stimuli, all of
which are common in the ICU environment, with a return to
sedation soon after cessation of stimulation (33, 34). In addition,
dexmedetomidine preserves the cognitive function during light
to moderate sedation and reduces the incidence of delirium com-
pared with benzodiazepine (35). In our study, the rate of deliri-
um was not markedly different between the two groups.

Several limitations associated with the present study warrant
mention. First, we did not perform a baseline sleep study before
ICU admission. Therefore, we cannot exclude the potential bias
induced by the imbalance of baseline sleep characteristics in the
two groups. We excluded patients with a history of sleep depri-
vation and obstructive-sleep apnea syndrome, which may have
helped reduce this bias between the two groups. Second, we per-
formed polysomnographic recording for only one night and were
not able to evaluate any long-term effects of dexmedetomidine.
Third, the sample size was too small to allow for a logistic regres-
sion analysis, and factors that may have confounded the results
were not excluded. In addition, we did not evaluate the ICU envi-
ronment factors, such as noise, light and number of nursing-care
interactions, which may have affected the sleep characteristics.

In conclusion, our study demonstrated that the sleep charac-
teristics of ICU patients who received HFNC manifested as a
shortened T'ST, frequent arousal and awakening, and abnormal-
ly increased percentage of stage N1 and N2 sleep and decreased
stage N3 and REM sleep. Nighttime dexmedetomidine infusion
effectively increased the TST and improved sleep efficiency
without any adverse events, such as respiratory depression or
hemodynamic instability. Further studies with larger sample
sizes are warranted to evaluate the impact of dexmedetomidine
on the sleep quality and consequences of sleep disturbance on the
outcomes of patients with HFNC.

CONFLICT OF INTERESTS

All authors have no conflict of interests.

271

ACKNOWLEDGEMENTS

The authors would like to thank the physician and nursing
staff in emergency and critical care medicine in Tokushima Uni-
versity Hospital for their help with data collection. We thank the
PSG sleep technicians at the Philips Respironics Sleep Center
for performing the sleep data analysis.

FINANCIAL SUPPORT

departmental funding

REFERENCES

1. Delaney LdJ, Van Haren F, Lopez V : Sleeping on a prob-
lem : the impact of sleep disturbance on intensive care pa-
tients - a clinical review. Ann Intensive Care 5 : 3, 2015

2. Elliott R, McKinley S, Cistulli P, Fien M : Characterisation
of sleep in intensive care using 24-hour polysomnogra-
phy : an observational study. Crit Care 17 : R46, 2013

3. Trompeo AC, Vidi Y, Locane MD, Braghiroli A, Mascia L,
Bosma K, Ranieri VM : Sleep disturbances in the critically
ill patients : role of delirium and sedative agents. Minerva
Anestesiol 77 : 604-612, 2011

4. Tembo AC, Parker V : Factors that impact on sleep in inten-
sive care patients. Intensive Crit Care Nurs 25 : 314-322,
2009

5. Rittayamai N, Wilcox E, Drouot X, Mehta S, Goffi A,
Brochard L : Positive and negative effects of mechanical
ventilation on sleep in the ICU : a review with clinical rec-
ommendations. Intensive Care Med 42 : 531-541, 2016

6. Frat JP, Thille AW, Mercat A, Girault C, Ragot S, Perbet
S, Prat G, Boulain T, Morawiec E, Cottereau A, Devaquet
dJ, Nseir S, Razazi K, Mira JP, Argaud L, Chakarian JC,
Ricard JD, Wittebole X, Chevalier S, Herbland A, Fartoukh
M, Constantin JM, Tonnelier JM, Pierrot M, Mathonnet A,
Beduneau G, Deletage-Metreau C, Richard JC, Brochard L,
Robert R, Group FS, Network R : High-flow oxygen through
nasal cannula in acute hypoxemic respiratory failure. N
Engl J Med 372 : 2185-2196, 2015

7. Helviz Y, Einav S: A Systematic Review of the High-flow
Nasal Cannula for Adult Patients. Crit Care 22 : 71, 2018

8. Meyer AC, Spiesshoefer J, Siebers NC, Heidbreder A,
Thiedemann C, Schneider H, Braun AT, Randerath W,
Young P, Dreher M, Boentert M : Effects of nasal high
flow on nocturnal hypercapnia, sleep, and sympathovagal
balance in patients with neuromuscular disorders. Sleep
Breath 25: 1441-1451, 2021

9. Murata H, Yamaguchi Y : Sleep Quality for Patients Receiv-
ing Noninvasive Positive Pressure Ventilation and Nasal
High-Flow Oxygen Therapy in an ICU : Two Case Studies.
Open J Nurs 8: 605-615, 2018

10. Kubo T, Nakajima H, Shimoda R, Seo T, Kanno Y, Kondo T,
Tamai S : Noise Exposure From High-Flow Nasal Cannula
Oxygen Therapy : A Bench Study on Noise Reduction. Re-
spir Care 63 : 267-273, 2018

11. Itagaki T, Nishimura M : High-Flow Nasal Cannula De-
vices : Noisier Than We Realize. Respir Care 63 : 371-372,
2018

12. Mauri T, Galazzi A, Binda F, Masciopinto L, Corcione N,
Carlesso E, Lazzeri M, Spinelli E, Tubiolo D, Volta CA,
Adamini I, Pesenti A, Grasselli G : Impact of flow and tem-
perature on patient comfort during respiratory support by
high-flow nasal cannula. Crit Care 22 : 120, 2018



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

272

Le Guen M, Nicolas-Robin A, Lebard C, Arnulf I, Langeron
O : Earplugs and eye masks vs routine care prevent sleep
impairment in post-anaesthesia care unit : a randomized
study. Br J Anaesth 112 :89-95, 2014

Kamdar BB, King LM, Collop NA, Sakamuri S, Colantuoni E,
Neufeld KdJ, Bienvenu OdJ, Rowden AM, Touradji P, Brower
RG, Needham DM : The effect of a quality improvement
intervention on perceived sleep quality and cognition in a
medical ICU. Crit Care Med 41 : 800-809, 2013

Weinhouse GL, Schwab RdJ : Sleep in the critically ill pa-
tient. Sleep 29 : 707-716, 2006

Devlin JW, Skrobik Y, Gelinas C, Needham DM, Slooter AJC,
Pandharipande PP, Watson PL, Weinhouse GL, Nunnally
ME, Rochwerg B, Balas MC, van den Boogaard M, Bosma
KdJ, Brummel NE, Chanques G, Denehy L, Drouot X, Fraser
GL, Harris JE, Joffe AM, Kho ME, Kress JP, Lanphere JA,
McKinley S, Neufeld KJ, Pisani MA, Payen JF, Pun BT,
Puntillo KA, Riker RR, Robinson BRH, Shehabi Y, Szumita
PM, Winkelman C, Centofanti JE, Price C, Nikayin S,
Misak Cd, Flood PD, Kiedrowski K, Alhazzani W : Clinical
Practice Guidelines for the Prevention and Management of
Pain, Agitation/Sedation, Delirium, Immobility, and Sleep
Disruption in Adult Patients in the ICU. Crit Care Med
46:e825-e873, 2018

Oto J, Yamamoto K, Koike S, Onodera M, Imanaka H,
Nishimura M : Sleep quality of mechanically ventilated pa-
tients sedated with dexmedetomidine. Intensive Care Med
38:1982-1989, 2012

Alexopoulou C, Kondili E, Diamantaki E, Psarologakis C,
Kokkini S, Bolaki M, Georgopoulos D : Effects of dexme-
detomidine on sleep quality in critically ill patients : a pilot
study. Anesthesiology 121 : 801-807, 2014

Sessler CN, Gosnell MS, Grap MJ, Brophy GM, O’Neal
PV, Keane KA, Tesoro EP, Elswick RK : The Richmond
Agitation-Sedation Scale : validity and reliability in adult
intensive care unit patients. Am J Respir Crit Care Med
166 : 1338-1344, 2002

Berry RB, Gamaldo CE, Harding SM, Brooks R, Lloyd
RM, Vaughn BV, Marcus CL: AASM Scoring Manual Ver-
sion 2.2 Updates : New Chapters for Scoring Infant Sleep
Staging and Home Sleep Apnea Testing. J Clin Sleep Med
11:1253-1254, 2015

Berry RB, Budhiraja R, Gottlieb DJ, Gozal D, Iber C,
Kapur VK, Marcus CL, Mehra R, Parthasarathy S, Quan
SF, Redline S, Strohl KP, Davidson Ward SL, Tangredi
MM, American Academy of Sleep M : Rules for scoring
respiratory events in sleep : update of the 2007 AASM
Manual for the Scoring of Sleep and Associated Events.
Deliberations of the Sleep Apnea Definitions Task Force of
the American Academy of Sleep Medicine. J Clin Sleep Med
8:597-619, 2012

Wu XH, Cui F, Zhang C, Meng ZT, Wang DX, Ma J, Wang
GF, Zhu SN, Ma D : Low-dose Dexmedetomidine Improves
Sleep Quality Pattern in Elderly Patients after Noncardiac
Surgery in the Intensive Care Unit : A Pilot Randomized
Controlled Trial. Anesthesiology 125 : 979-991, 2016
Watson PL, Pandharipande P, Gehlbach BK, Thompson
JL, Shintani AK, Dittus BS, Bernard GR, Malow BA, Ely

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Y. Ueno, et al. Dexmedetomidine and sleep during HFNC

EW : Atypical sleep in ventilated patients : empirical elec-
troencephalography findings and the path toward revised
ICU sleep scoring criteria. Crit Care Med 41 : 1958-1967,
2013

Roche Campo F, Drouot X, Thille AW, Galia F, Cabello
B, d’'Ortho MP, Brochard L : Poor sleep quality is associ-
ated with late noninvasive ventilation failure in patients
with acute hypercapnic respiratory failure. Crit Care Med
38:477-485, 2010

Ohayon MM, Carskadon MA, Guilleminault C, Vitiello
MYV : Meta-analysis of quantitative sleep parameters from
childhood to old age in healthy individuals : developing
normative sleep values across the human lifespan. Sleep
27 :1255-1273, 2004

Ho CH, Chen CL, Yu CC, Yang YH, Chen CY : High-flow
nasal cannula ventilation therapy for obstructive sleep
apnea in ischemic stroke patients requiring nasogastric
tube feeding : a preliminary study. Sci Rep 10 : 8524, 2020
Nakanishi N, Suzuki Y, Ishihara M, Ueno Y, Tane N,
Tsunano Y, Itagaki T, Oto J : Effect of High-Flow Nasal
Cannula on Sleep-disordered Breathing and Sleep Quality
in Patients With Acute Stroke. Cureus 12 : €9303, 2020
Chikata Y, Unai K, Izawa M, Okuda N, Oto J, Nishimura
M : Inspiratory Tube Condensation During High-Flow
Nasal Cannula Therapy : A Bench Study. Respir Care
61:300-305, 2016

Romagnoli S, Villa G, Fontanarosa L, Tofani L, Pinelli F,
De Gaudio AR, Ricci Z : Sleep duration and architecture in
the non-intubated intensive care unit patients : an observa-
tional study. Sleep Med 70 : 79-87, 2020

Beecroft JM, Ward M, Younes M, Crombach S, Smith O,
Hanly PJ : Sleep monitoring in the intensive care unit : com-
parison of nurse assessment, actigraphy and polysomnogra-
phy. Intensive Care Med 34 : 2076-2083, 2008

Aurell J, Elmqgvist D : Sleep in the surgical intensive care
unit : continuous polygraphic recording of sleep in nine pa-
tients receiving postoperative care. Br Med J (Clin Res Ed)
290:1029-1032, 1985

Lodenius A, Ebberyd A, Hardemark Cedborg A, Hagel
E, Mkrtchian S, Christensson E, Ullman J, Scheinin
M, Eriksson LI, Jonsson Fagerlund M : Sedation with
Dexmedetomidine or Propofol Impairs Hypoxic Control
of Breathing in Healthy Male Volunteers : A Nonblinded,
Randomized Crossover Study. Anesthesiology 125 : 700-
715, 2016

Keating GM : Dexmedetomidine : A Review of Its Use for
Sedation in the Intensive Care Setting. Drugs 75:1119-
1130, 2015

Mahmoud M, Mason KP : Dexmedetomidine : review, up-
date, and future considerations of paediatric perioperative
and periprocedural applications and limitations. Br J An-
aesth 115:171-182, 2015

Riker RR, Shehabi Y, Bokesch PM, Ceraso D, Wisemandle
W, Koura F, Whitten P, Margolis BD, Byrne DW, Ely EW,
Rocha MG, Group SS : Dexmedetomidine vs midazolam for
sedation of critically ill patients : a randomized trial. JAMA
301 : 489-499, 2009



