Effects of earplugs and eye masks combined
with relaxing music on sleep, melatonin and
cortisol levels in ICU patients: a randomized
controlled trial ——Crital Care
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Abstract
Introduction: Intensive care unit

(ICU) environmental factors such

. . | 515 BEERFE Gcu)
as noise and light have been cited _
. HERRMEEMIEE
as importantcauses of sleep e B
T BN S BEE R A E
deprivation in critically ill patients. _
| L IRACHEERR. G
Previous studies indicated that
| Wt 5T R AL T ICUFA R
using earplugs and eye masks can -~
. . Ao (R FH EEZE AR
improve REM sleep in healthy
o B Re e 1 PRoE 3 HR HERR
subjects in simulated ICU
| , FHRETRE B ICU B 2 Y HE AR 3
environment, and improve sleep &

qguality in ICU patients.



Abstract

T2

c

This study aimed to
determine the effects of
using earplugs and eye
masks with relaxing
background music on

sleep, melatonin and cortisol

levels in ICU patients.
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Abstract

Methods: Fifty patients who
underwent a scheduled cardiac surgery
and were expected to stay at least 2
nights inCardiac Surgical ICU (CSICU)
were included. They were randomized
to sleep with or without earplugs and
eye

masks combined with 30-minute
relaxing music during the

postoperative nights in CSICU.
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Urine was analyzed for
nocturnal melatonin and cortisol
levels. Subjective sleep quality
was evaluated using the Chinese
version of

Richards-Campbell Sleep
Questionnaire (a visual analog

scale, ranging 0—100).
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Abstract

Results: Data from 45 patients (20
in intervention group, 25 in control
group) were analyzed. Significant
differences were found between
groups in depth of sleep, falling
asleep, awakenings, falling asleep
again after awakening and

overall sleep quality (P < 0.05).
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Abstract
Perceived sleep quality was better in the
intervention group. No group differences
were found in urinary melatonin levels and
cortisol levels for the night before surgery,
and the first and second nights post-surgery
(P > 0.05). The urinary melatonin levels of
the first and second postoperative nights
were significantly lower than those of the
night before surgery (P = 0.01). The opposite
pattern was seen with urinary cortisol levels

(P = 0.00).
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Abstract
Conclusion: This combination of non- et XFhEEZE MBS
pharmacological interventions is useful for Wi s B e skicuss

promoting sleep in ICU adult patients; R BB EEIR, AR,
however, any influence on nocturnal oA 1) B B e K S

melatonin levels and cortisol level may R K P B B I AT B 2
have been masked by several factors such _ i EFH2, WEAR

as the timing of surgery, medication use NHE. FZRAMEER,
and individual differences. Larger scale EEH AR RISk
studies would be needed to examine the RO e PR 20 A M 22k

potential influences of these factors on E MR T S RN
biological markers and intervention Fa= A

!

efficacv on sleen.
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Trial registration: Chinese
Clinical Trial Registry: ChiCTR-
IOR-14005511. Registered 21
November 2014.
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Introduction

Sleep is a basic need for human
beings and is especially important for
healing and survival in critical illness
[1,2]. Sleep deprivation impairs
immune function, decreases
inspiratory muscle endurance,
negatively affects weaning from
mechanical ventilation, prolongs ICU
stay and has been associated with

delirium and mortality in the ICU

[1,3-6].
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Yet previous studies have been consistent o Vi s
P AT 52— B0 NICU

in describing the poor sleep of ICU . : .

5 EP P HIEIRZE. W2 XT£S
patients. A number of RIS (PSG) I3
polysomnography (PSG) studies have O S CU B S S

shown that ICU patients commonly have NE R A FIR A6 5o 2 PR
X

broken, light sleep with a lack of slow-

(REM) [EHR [6-9]
wave sleep and rapid eyemovement B, BT O

REM) sleep [6-9]. Meanwhile, surveys . e
(REM) sleep [6-9] VS ERZERICUSEAE R
have identified poor sleep as one of the A

most frequent complaints among ICU

survivors [5,10].



Introduction

Numerous factors including sedation,

environmental factors, disease and
mechanical ventilation have been
reported to contribute to sleep
disturbance in ICU[5,11,12]. Evidence
has suggested that excessive noise
and continuous light exposure are
common in ICU settings [4,8,13-15].
Noise has been widely cited as

the most common cause of sleep

disruption in the critically ill [14,16].
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Introduction
The World Health Organization (WHO) has AR TAEHS (WHO)
recommended that the average noise 22 1 B 2 DA R G ) )
levels in hospital wards should not exceed g 1450 75 21 S W 1% 885530

30 dB (A) during day or night, and peak AL (A, I EAR AN

levels should not exceed 40 dB (A) during B B E AN 1ZE8 T 404y DT

the night [17]. Unfortunately, most (A [17) . =L,
studies have shown that noise levels in sk 52 Fe R 5T 5 R ICUIT
the ICU are much higher than these 1 75 217 B ik S 2 A o

recommendations. The peak noise levels 122 . ICURY B 5 e s 7K

in the ICU routinely exceed 80 dB (A) SIE E R T804 I (A)

[4,8,13,14,16]. [4, 8, 13, 14, 16]) .
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The equivalent sound pressure
level exceeding 30 dB (A) indoors
for continuous noise and peak
noise levels at 45 dB (A) or less
may negatively affect sleep and
result in sleep disturbance [17].
More than 70 dB (A) of noise may
result in vasoconstriction,
increased heart rate, hypertension

and even arrhythmias [18].
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Introduction
Moreover, continuous light
exposure is another noxious and
disruptive environmental factor
affecting sleep in the ICU. Light plays
a vital role in synchronization of the
circadian rhythm. Chang et al. found
that light levels of the range of
approximately 30 to 50 lux in the
angle of gaze delayed the circadian
clock, acutely suppressed melatonin

and disrupted sleep [19].
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Chellappa et al. reported that

light can impact directly upon sleep
structure at low light levels (40 lux)
[20]. Continuous light
measurements made in four ICUs
show that the mean maximum
nocturnal level ranges from 128 to
1,445 lux, which is high enough to
suppress melatonin, and may affect

sleep and biological rhythm [4].

Chellappa&s N I8 G IR
KHI7K T (40lux) B HERZMN
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Introduction

In the past 20 years, multiple strategies
have been proposed to optimize sleep in
the ICU. A number of studies have been
carried out on the effects of
nonpharmacologic interventions for
sleep promotion in ICU patients [21-25].
Using protective devices such as
earplugs and eye masks and listening to
music are important options in this field
[23-25], although no clinical studies have
been published that used all three
strategies in combination. Several
studies have investigated applying
protective earplugs and eye masks in
ICU patients or in an ICU simulated
environment [24-28].
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Introduction
We hypothesized that a reduction of
noise and light during the night using
earplugs and eye masks combined with
listening to sleep-inducing music could be
beneficial in sleep promotion and the
protection of nocturnal melatonin and
cortisol secretion in ICU patients. To test
this hypothesis, a randomized controlled
clinical trial (RCT) was conducted in
cardiac surgical patients during

postoperative nights in an ICU.
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Materials and methods

This study was a prospective TR S 71k

single-center randomized controlled M FC A2 — S HTHE 4 B

parallel-group clinical trial HCFE AL BRI PR
performed within a 21-bed Cardiac 7 HH B A8 P A8 = LR
Surgical Intensive Care Unit (CSICU) 2Bt s BE i — 215K

of Fujian Medical University Union RAT B o B4R B E IS
Hospital, Fuzhou, China. o B (cslcu) =k

f7.
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It was approved by the Hospital
and Fujian Medical University
Research Ethics Boards. The
trial was registered in the
Chinese Clinical Trials Registry
(ChiCTR-IOR-14005511).
Written informed consent for
participation in the study was

obtained before surgery.

thods
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Materials and methods

Participants and study settings S5 # SR E

Study participants were recruited from 95 5 %5k 4 F 200943
March 2009 and September 2009. The HAF9H . G4 B

inclusion criteria were: (1) B PEEEEAOBETF A
(1) primary and elective cardiac surgery; (2) FEE>40%

(2) age =40 years; (3) RHIFF. W MiZhhe
(3) with normal liver, kidney and lung TE 8 FLYB A5 R o
preoperative function and without (4) VA 1N I ks
history of diabetes; P o

(4) no history of neurological or

Psychiatric;
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Materials and methods

\

(5) ability of patients to communicate

(5) BEAIBSIHERRE]

- REFRMRAE A HIT A1 AICU%E

H 5 R TR B RIG E 2 7) 5
surgery and after being transferred from N ‘

(6) ICULT BN [A] 248/ NI

(7) RJasH—ZRighi
BB (GCS) >10%;
(8) ANJ5 M) 1 FFa5E -

verbally and understand the sleep

guestionnaires administered before

the ICU;
(6) length of ICU stay 248 hours;

(7) Glasgow coma score (GCS) >10 in
the first and second postoperative days;
and (8) stabl ehemodynamics

postoperatively.



Materials and methods
Exclusion criteria were: HEBebr v -
(1) severe sleep disorder requiring (1) RETEEEH®E
daily treatment before surgery; 7 1 7 B B AR fE A
(2) patients with severe (2) BM™E ARG HRAE
postoperative complications; (] BB 3
(3) presence of postoperative (3) [EEARE SR
renal failure; v .
(4) presence of thoracic aortic (4) 1EAERR 300k 2

dissection; Z ke -



Materials and methods

(5) Postoperative unconsciousness,
coma or delirium;

and (6) cardiac valve replacement or
congenital heart disease requiring
sedation and analgesics after surgery.
Staff members were asked to
continue all usual routines and care
practices and to make no special
attempts to decrease noise during the

study.

(5) 7[‘):51//\7/%’ H

RS %

(6) AKJ5 iy E A I
U HIE A R L 0 B S R
PO I o
TAEN R EORAREETE
17 BT B & AR 7 A9
L5 it T 350 A R PR
e 7 PR AR Ji T



Materials and methods

Intervention and randomization
Patients were randomly assigned to
two different groups using the closed-
envelope method. The control group
received routine care during the
nights after surgery and the
experimental group received
protective devices (wearing earplugs
and eye masks during nocturnal sleep)
with 30 minutes of relaxing music on

the basis of routine care.

T FFRE LA

K % B A5 B R o T
ML RIPH . STHRAE ARG
W2 52 5 AP 3, g
18252 AP B SR Al A
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Materials and methods

After randomization, earplugs (3 M

WENL s, B2 (pER
H3MaFD FHR BB AR A
PR 2l = R SR A S 2
W [FIR, BFICE MABATE
BEAR ]G NMEICUR TR 35
il # - 2 R AR 22 DL AR IEAR
B FFTE T B IR A X
TH,

Corporation, Beijing, China) and eye
masks were provided 2 to 3 days
before surgery and patients in the
intervention group were asked to wear

them. Meanwhile, the researcher

explained to them that they should
wear the earplugs and eye masks
during their postoperative stay in ICU to
ensure rest and instructed patients to

use them properly.
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The patients chose from three H 2 MR = Fh R
types of eye mask provided. BrhikE—Fh . AR
Providing the earplugs and eye A E ZEAR B8
masks preoperatively allowed Z5E N ARER,  [F B
patients to adapt to wearing A BT B T i A

earplugs and eye masks, and it also OO 2
helped to play a role in establishing

a time cue.



-

Materials and methods

/

During the postoperative ICU stay, ICU A5 NMEICUBT, IcU
nurses assisted patients with wearing -1 By B 2 # -
earplugs and eye masks from 9:0 pm ZE AR 2B M £3059:00
every night until the PE - REE, SN
next morning. Pieces of music for TROPA I 7 B) 8] 1) 3%
relaxing and implying time of day O Tt A AR I 55 1 T
were collected and recorded on an MP3FER 3Lt . Kk H
MP3 player. Sounds of nature and bird R[] 75 32 F1 19, Y 75 R
songs were selected to imply morning. SREEE ey B
Sounds of frogs and waves were RS R G

selected to imply evening.



Materials and methods

Pieces of classical music, including Blue
Danube, Morning Song, Lofty
Mountains and Flowing Water, Clouds
Chasing the Moon, Lotus Emerging out
of Water, and Moonlight Sonat, et
cetera, were selected as relaxing music.
Patients used earphones to listen to the
corresponding music at 8:00 to 9:00 pm
and 7:30 to 8:30 am every day after
surgery. The duration of listening to

music was 30 minutes.
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Materials and methods

\

The music volume was set at a
comfortable level for each participant.
The MP3 music was supplied through
earphones to the participants.
Sometimes listening to music had to be
stopped due to need for immediate
care; when this occurred, the period

of listening to music was shifted,
although the range remained within the

period of 9:00 pm and 8:30 am.

W E NGB
R EFIE K

—a
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(e]

MP3& RiE i HA %L 8

NG . F
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ANEEE IR, B
TGO AR, Wik
I TR) 4 D3R, ST
IS ] 9 [ )5 DR 155 7E 1
~9:0041 5. -8:302 [f].
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Materials and metho

During the night when care-givers
needed to interact with the patients,
whether or not the earplugs and eye
masks were retained was left up to the
nurses’ judgment, patients’ request and
specific circumstances. For patients
who did not like the music that was
provided, we reselected other pieces of
music for them on the basis of the
requirement to relax the patients and

help them sleep.

W, X3 B A2
VB, HZEAIR
T Y B Ad FH B R T4 1
YT, DL i
SRKAMBARNG o X T A
SRR LB R I B
BAT A T Bk e
il SR 2 T Re s s
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Materials and methods

\

Those who were strongly disinclined S Lk B 51 A B 25 T <

to listen to music were withdrawn - ] %%‘i&'tﬂjﬂﬁ;ﬁo
from the study. In the control StHR L, WALl
group, no interventions mentioned - Tk W AR AL 22 B
above were offered to the patients AR AL AR
and routine preoperative and SRR I8 .

postoperative medical care was

provided.



Reasons for study termination R
Y FF 72 28 1E [ AE N -
criteria were: .
(1) IR %Al B iy B 3 AR
(1) Disease aggravation threatening
il

the patient’s life;
(2) death;

(2) HETZ;

(3) BFESRIB;
(4) ARJFICULE BE I A AN
AE P HER

2 nights postoperatively; #:
ST POSIOP Y (5) FEH R RSN
and (5) serious adverse reactions.

(3) patient request for withdrawal;

(4) transfer out of the ICU less than
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Materials and methods

Data collection and measures
Demographic and clinical data were
collected from the patient’s record.
Acute physiology and chronic health
evaluation (APACHE) Il severity-of-
illness scores for the initial 24-hour
period of admission to the ICU and

preoperative cardiac function were

calculated to assess severity of illness.

AEIE YNy

N 2z M PR &R MJs D Al
., BEIENICUR A28/ N
) SR A 5 18 1 i R
(APACHE) I i /™ L A2 BT 1Y
735 RAT O T Be SR A K VA
I P AR




Materials and methods

Assessment of sleep perception e R JR% 2R ) PP

Subjective sleep quality during the ICU  fEEEFHHICUE 122K,
stay was evaluated 1 to 2 days following {55 F 5 SChi FIRichards-
transfer out of the ICU, using the Chinese CampbellBEAR=EZR (RCSQ)
version of the Richards-Campbell sleep ~ *TICU4F B4 I 1) 3= Wi REE AR i =
questionnaire (RCSQ). The original RCSQ  #EAT TPt » JRIGHIRCSQAE 7N
had six items and evaluated aspects of M H, T R&[RIHEAR 1 ¥
nighttime sleep including:(1) depth; (2) ffif#h: (1) HEIRIRE;
latency (time to fall asleep); (3) number (20 ARE CABERJIfE]) |
of awakenings; (4) efficiency (percent of (3D CEEMIKE;  (4) R
time awake); 2 ConBER TR 1 B bl




Materials and methods

(5) quality;

and (6) perceived nighttime noise
measured on a 100-mm visual-
analog scale (VAS) [29].

The RCSQ was pilot-tested in a
medical ICU [30] and validated with
overnight polysomnography (PSG)
in medical ICU patients [29].

(5) FEHR 5 & ;

(6) EIE100mmA H A5
ER (VAS) & F W0
RN (] = [29]
R = R AE— > RHCU
AT R [30] JF&
X A RHCU T N\ EE R
% FHEAR I 52k [29]




Materials and methods

Cronbach’s alpha value of the Chinese
RCSQ in this study was 0.84; higher
scores indicate poorer perceived sleep
quality in this Chinese version of the
RCSQ. The patients filled out the
Pittsburgh sleep quality index
questionnaire (PSQI) [31] before surgery
to evaluate the quality of sleep one

month before surgery.

ST 7 A B A SRR
Fe R = 1) e B AP
KHEN0.84; =RE
78 2R 7~ T WL RIR o
. B RETIH
5 L 2% & B HIR P == 1
G (psa [31]
CAPEAS AR —> H B
FfE IR Jo 2
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Materials and methods

Nocturnal melatonin and cortisol levels
Nocturnal urine (12-hour) was
collected between 8:00 pm and 8:00
am on the day before surgery and the
first and second days after surgery. The
containers were wrapped with black
plastic to protect the urine from light.
The total volume was recorded and
two 2-ml samples were frozen to

-20° Cfor later analysis.

T [R] TR R T 2R A B2 Joit B K
B AR RN J5 55— Z Kk
F8: 0035 8: 00 [A]/H
WIER (1278 o 28 H
MR RLE 55 LLBI 1 PRI 32
e RIS E, FFHL
2mI RGP AS 25 P 7 1% 15 22.--
20°C N JE I Hr T




Materials and methods

\

Concentrations of

HE BB A E i 6-F4

JIL@%LM%E (6-SMT) HJ
U PE, I8 T Pl A 5 R o
I E o« FZlE, —Fh
JE TR B, I
T3 PRIEFRASBEAT TBCH
IR (RIA) W 5E ok
=

6-sulphatoxymelatonin (6-SMT), the
stable metabolite of melatonin, were
measured by ELISA (IBL, Hamburg,
Germany) in duplicate. Concentration
of cortisol, a stressrelated hormone,

was measured in another urine sample

by radioimmune assay (RIA) (Beijing
North Institute of Biological

Technology, Beijing, China).



Materials and methods

Nocturnal noise and light levels 7% 6] T 75 % 28 /KSR

The nocturnal 12-hour (from 8:00 pmto g F == 75 g | & 11 (b
8:00 am) noise level in the ICU was E AN, HU-E-AWAS610,
monitored continuously using a digital AWAID) Er4E 5 cuk 7] 12
sound level meter (model AWA5610, /NP (R 8. 00F & I
AWAI, Hangzhou, China.) The light 8. 00) [ /K F. ICcU

intensity between 8:00 pm and 8:00 amin & |-g. oo H [-8: 00
the ICU was measured at the eye level of -2 9 BE SR BE (R
the patient once every two hours usinga  =1e51332, Taiwantes,

light detector (model TES1332,Taiwantes, EVEYID 1E B2 2k K S

Shenzen, China). A B A /NI B — VR
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Materials and methods

Statistical analysis and sample size

St M AR A &

FHSPSS 16.0/R 4T 24 77
Pro THERHHE R
HEERIN, THIE R
RN AMSIFEATI IS
B IES BRI 36 347 20
LB, FXAG 6 LT
AGAg R

Data were analyzed using SPSS version
16.0 (SPSS Inc., Chicago, IL, USA).
Measurement data were expressed as

mean T standard deviation and count

data were expressed as ratios. The
independent samples t-test or
nonparametric Wilcoxon rank sum test
were used for comparison of the groups,
and the chi-square (x2) test was used

for comparison of count data.



Materials and methods

()

)\

One-way repeated measures
A} _‘_‘:/—“\ E‘ » > /\
analysis of variance (ANOVA) was FH B ) B N 5 22 A3 Al

CANOVA) i /e AN [F] B[R] 15
[116-SMTAIT 7 Jii Uik i 1) 22
o a0.05\AAEREE.

used to determine differences in
6-SMT and cortisol concentrations
at different points in time. An
alpha of 0.05 was considered

significant.



Materials and methods
The sample size was calculated based on our FEAS T B TSR3 T AT

pilot study, which found that the estimated P i 78, ICUE S
standard deviation of mean sleep score in 32 R HIR o ZC ) A A

|ICU patients was 27. We hypothesized that ZN27 . PAMERBIEFY

7.

the non-pharmacological intervention could RGP T TG R e S =
improve the sleep quality by inducing a 28- MR, 5] 2 A
point difference of total mean sleep score  ARIT AU A {H L [F) 2=
between groups. Using an effect size of 0.8 7+ /92877 . 1HIL0.8HI5X
and a P-value <0.05, the required sample size M= FIP{E<0.0511 5,
for each group was calculated as 20 per ZH B0 B A2 N20,
group, but 25 per group were recruited after {H 72 7% 18 1]10% H it i3 R
considering a 10% dropout rate. RRHILE 254 B



Results

Sample characteristics FE A AR
In total 50 patients who met the A9 NFRUER 5044 B 3

inclusion criteria were enrolled and WAL EC RPN ZE (526
randomly divided into the two groups 22544, %JHEZH25%%) .

VAR R R

(intervention = 25; control = 25). Inthe  fE X060 v, 54 R IB H
intervention group, five patients were 757, Hrbfudth+ ™~ ®H
withdrawn due to serious postoperative [ J5 3 & e 1B A 5T

complications (n = 2), refusal to wear (n=2) , o4 =5 H 3£ F
earplugs and eye masks (n = 2), and IR (n=2) , IELFZ %K

refusal to listen to music (n = 1). (n=1) .




esults
Thus, data analyses were carried out for 20 A, XS 2H 2011

cases in the intervention group and 25 cases  FIXJ 8 2H 2541 #4744

in the control group (Figure 1). The findings of #E0 T (K1) . H¥E

patients’ demographic analysis are shown in  FJ A 3 #r iR 107w
Table 1. Both study groups were comparable at PJZH 347326 %) L,
baseline, with no significant differences in age, fEFwy. EH]. ARAEI
gender, operative time, presence of O IJEE APACHENTEST -
cardiopulmonary bypass, preoperative cardiac PSQITE4y+ HLABIE S B
function, APACHE Il scores, PSQI scores, [H] . ICUf5E B B [a] Bl
duration of mechanical ventilation, length of Bl [a] F & & ZE R
ICU stay or length of hospital stay (P >0.05). (P>0.05) .
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All of the seven coronary artery
bypass graft (CABG) patients used
midazolam (0.05 mg/kg/h) plus
fentanyl (1 pg/kg/h) for sedative
and analgesic during the first

48 hours post surgery.

G A TR ik 5% 2 45
AR (CABG) HBAETE
L NED N EUN NSRS
KA (0.05mg/kg/h)
My KJe (1pg/kg/h)
FFFELUR -
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50 patients randomized

Control group
n=25

¥

Intervention group
n=25

Control group
n=25

O\

Withdrawal from
the study: n=5

Intervention group
n=20

/

Sleep assessment
Melatonm and cortisol measurement

Figure 1 Flow chart of the study.
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Table 1 Patients demographic charadteristics

Yariabla Control group (h=25) Intarvention group (=20 P-ratue
A, years, mean + 50 SEE+11.2 Saa+11 037
Genckern, number of patients 05
flale 18 11

Femalke 9 9

Weight, kg, mean+ 50 a16+ 117 ad5+1249 05
Swigery, number of patients

C ARG 4 3 034
Canciz value e plaxcement 17 13

Cangenital heart diseas 4 4

Jperative time, bauis, mean + 50 3402 313407 024
Caictiopulmonary bypass, number of patienis

Yes 19 14 Q7
Mo & &

APATHE Il scores an admisskon, mean + 50 20+ 30 212+219 0.75
Preoperative cancdtizc function scoie, number of patienits

n 3 3 Q5
W 21 17

[ 1 |

Duiztion of mechanical veritilation, Fours, mean + 50 22471001 227+495 08
Lergth of ICU stay, baws, mean-+ S0 589+ 20 530414 0.29
Lergth of Fospital stay, cays, mean+ 50 226+ 108 207441 05
Prieoperative P2, mean + 50 75437 BE+45 03
Discharge outcomes of Fospital, number of patierts

Mo cheathy 23 2d 04
Mot ality 2 ]

CABSG, coronany artery bypace surgeny: P52, Pitcburgh sleep quality indesg APATHE, acute physiology and chronic bealth enaluation scoring system.
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Perception of sleep quality

The independent samples t-test
showed subjective sleep quality in the
intervention group was significantly
higher than in the control group (P
<0.05). Significant differences were also
found between groups in the five items
of sleep scoring. Patients’ perceptions
of nighttime noise were significantly
lower in the experimental group than in

the control group (P <0.05) (Table 2).

XY HEE FER it 2 1) SR R
FHSLAFEATAS 56 T 7~
B 2 (14 = X0 Ree o 2 B
W TR RA (P<
0.05) . HEAR=ERMT
ANTH B PEor [
B A TR 22 5 1l
21 FE 28 TR B [ A ] e
B BAR TR (P
<<0.05) (Table2) .
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Tahle 2 Com parison of skeep scores between groups

Variables, meant 50 Intarvention group Control group P-1rafie
Depth H7+215 555+ 274 0.0
Latericy ftime to fall asieep} S0+174 &4+ 254 {00
Mumber of awake nings 53+76.2 N2+ %7 000
Efficiency (peicent of time awake} 27+44 634+ 214 000
P e hact cillality 2.7+ 24 540+ 55 000

Peicehect nighttime ralse S50+ 410 402+ 288 0047




Nocturnal urinary excretion of
6-SMT and cortisol

Total 12-hour urinary excretion
of 6-SMT and cortisol

(8:00 pm to 8:00 am) in patients
during the night before surgery,
and the first and second
postoperative nights are shown

in Figures 2 and 3, respectively.

PR HEM {1 6-SMT A 7 i i
BERIMEREE A
R PR [A] 12 /N (R

00-H.8: 00) FAEttI6-SMT

AN B2 Jo3 5053 G
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2 A

X
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40.00
B control group
B interverntion group

E
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Urinary excretion of 5-5SMT(ugl/12h)
=]
8

:

0.00-

Preoperative night 1st night 2nd night

Figure 2 Comparison between gronps of urinary excration of 6-3MT during the night bafore surgery, amd the first and second
postoperative nights, Mo significant differerces were founc between the two groups ind ST levels during the night before surgeny,
of the fist anc secand postoperative nights (P =005} & ST, & sulphatosymelatanin,

L




100.00

Urinary excretion of cortisel (ugl/12h)

20.00

000~

Preoperative night 15t night 2nd night

Figure 3 Urinary excretion of cortisol of the night before surgery, the 15t and 2nd postoperative nights between groups, Mo sigrificarnit

cliffererces weie founct in cortisal levels between the twa groups during the night before suigery, and the first and seconc postopeiative nights
(F =005
L
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The Wilcoxon rank sum test showed no @g;’m*f\ SHEHARET. A5

significant differences were found — KRG Z R AT H]

| ovele & SMT7K ~ i 21 5 06 i
between the two groups in 6-SMT levels Y TCH L R S R, AR

during the night before surgery (Z =-1.27, & [8] (z=-1.27, P=0.22) ,

. ANjg—HM (2=-0.52,
P =0.22), or the first (Z = -0.52, P=0.61 o
), or the first { ) P=0.61) , RJ5 W

and second postoperative nights (Z=-0.03, (7=-0.03, P=0.97) . M
P =0.97). There were also no significant ZH ) B Ji ﬂ%ﬂ(izﬁﬁﬁm‘ﬁ
differences in cortisol levels between the BRI a5 R [

PR A B R AR £ 5=
two groups during the night before surgery RFjHf (t=0.99,

(t=0.99, P = 0.33), or the first (t= -0.64, P=0-33) » AR/~
(t=-0.64, P=0.53) , K
P = 0.53) and second postoperative nights S5 — W (t=-0.45,

(t = -0.45, P = 0.65) (Table 3). P=0.65) (% 3) .
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Tablk: 3 Urinary melatonin amnd cortisol levels in the groups during the night before surgery, and the first and second
nights after surgery

Yariabhes Intetvantion group Control group
Pre-surgetry First night Second night  Pvalpe Pre-surgery night First night Secomnd night  F-value
hight post surgery  post surgety post surgety  post surgety
6 ST ug 233+ 247F a.1+99° Bi+126° a0 339+449949° SE+12° 20+498% Q.00
Cottisol ug 103+ 83° aEa+ 1 F B1E+47F 000 138+ 8 AF £24 4+ 564° 749+ 563F .00

“Mo significart differences were found betwesn the two groups in &5MT lvels during the night before turgery [P =022, or the first [(P=0£11 and second
postoperative nights [P=037). *Mo significant diferences were found in cortisol leve s between the two groups during the night before surgery [P= 033), or the
first [P=05%2] and second postoperative nights [P=085].
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Repeated measures ANOVA showed . " B
P 7S R T R AR S

5— I 1 6-SMT7K P B
WAL T AR (F=7.53,
P=0.01) . KN/F%— I
) 52 Joa B 7K1 B B s TR
Hi % (F=88.63,P=0.00).

Ll

the 6-SMT levels of the first and

second postoperative nights were
significantly lower than those of the

night before surgery (F = 7.53,

P =0.01). The cortisol levels of the
first and second postoperative nights
were significantly higher than those of
the night before surgery (F = 88.63, P
=0.00).



Nocturnal noise and light levels

No significant differences between the
groups were observed in the mean noise
level during nighttime (intervention: 69.8
+ 2 dB(A); controls: 69.6 = 2.2 dB (A)).
There were no significant differences
between groups in nighttime noise (P =
0.6). Mean light level during nighttime
also did not differ (intervention:

167.1 = 5 lux; control: 170.2 = 8 lux).

TR R A e 7K -

iq

v
I
<|

Rl SV SR Pl

THEZER GliA:
69.8+2dB (A) ; XJHAZH.
69.61+2.2dB (A) ) . &IH
e E o B S5 2 8] 22 7

(P
7K

||

=0.6) . WA 6L
AN A e E T (SE5

H ;
170

167.1+5lux; XJHEZH.:
2+ 8lux) .
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Discussi

Adequate sleep is a required condition
for recovery after serious illness.
Previous studies have reported that
patients suffer severe sleep
disturbances after cardiac surgery
[32,33]. It is essential in clinical practice
to control or attenuate various factors
disrupting sleep and thus, maximize
patients’ ability to experience

restorative sleep.

70 AE 1) HEE ARG A B 5 I
W kA . AW AR IE O
A5 BB 1 52 7™ B ) e AR
i 032, 33) . &>
S HENR ) 25 A R 2%, DAk
IEEE RN RIRE, 1Rl
R B N B
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Overall, these results support the
notion that using protective
devices (earplugs and eye masks)
plus listening to sleep-music during
the night can significantly improve
subjective sleep quality in an ICU

setting.

SR, IXEEEE R
SCRRIRAE FH B 92
(H-ZEATIR D) I e
MR o 2 W I BGR ICU &
A ) 12U e IR o B AU
=

/N O




Discussion

We found that the mean preoperative
PSQl scores of the two groups were more
than seven points in this study, indicating
that the preoperative sleep quality of
the participants in both groups were
generally poor. Difficulty in falling asleep
and difficulty in staying asleep were the
two main symptoms, similar to data

reported by Redeker [32].

BATR A 5L AR
Al PR 2H 8 3 B UL 2% £
e HE 415 20 B 3R 1 19 15
KT, KW
?H 2= 55 28 B R iy B AR
Jin R A . N HE
R YA DR 57 R HEGER
RXE 2 EESER, 5
Redeker iz i& ) % BLHAH
il [32] .




Discussion

It has been reported that ICU patients
P P R U B

e AE = e KA H
R B2 HE B ) B4 58
[4, 8, 3-15)] . ICU
R SR, ik

are exposed to an environment with

high noise levels and continuous
day-to-night lighting [4,8,13-15].
Continuous monitoring and care are

commonly needed in the ICU and

B AT (R T
atients find themselves surrounded ‘ _
i B L

by medical and technological

equipment.



Discussion

Aside from their presenting health
problem, its treatment and care, the ICU
environment may increase stress among
patients [34]. Our previous study
indicated that using earplugs and eye
masks can improve REM sleep and sleep
qguality in healthy subjects in a simulated
ICU environment [28]. The results are
similar to those of other studies using

earplugs and eye masks [24,35,36].

R AT R I &L, A
Jr AP EL LSS, ICURIA IS
omEE R K7 [34] .
AT AT I T s e —
AN I CUPR S A gk &
et FH - 28 AN AR 25 BE e idE PR
AR AR, a5 RERR T
= (28] o HA5 R AHAR
TN FH B ZE IR S5 1At
FARMEL [24, 35, 36] .




Discussion

Patients’ compliance with and
tolerability of these interventions is
critical. It has been reported that
some ICU patients refuse to wear
earplugs and eye masks because
they feel uncomfortable, cannot
see anything or feel pain after
wearing them [35,37]. We found
similar responses in three patients

in this study.

S XA = T i it ) 44K
MR 2 EIR R .
8 52— LeIcU B R 4
(i AR, Ko
I/ AR, BA WAL
1] 2R 74 B 385 J 21
[35, 371 . FRAEAR
HHW =N EE S LR
FRAN . o




Discussion

One patient described nervousness, a
feeling of panic and a sense of
suffocation after wearing an eye mask
and earplugs and another reported
feeling pain in the ear canal with the ear
plugs. One patient withdrew after
listening to music for only 5 minutes. The
objective of protective intervention and
music therapy is to help patients fall
asleep and maintain sleep by reducing
interference from potentially noxious
environmental stimuli and relieving their
anxiety with soothing music.

— %4 B R AR AE A
B H ZE R B R A
5k, RAAEER, 5B
— 4 B R RIAE HAL
B ZE N H ZEIR TR
— 4 H W 7557
B IR EIE T AR
o PRI FUR
RITVERT H I 2T
IR/ DTEAEAS R A 550
VAP T AN I I T 2
)2 SR R B AR
R, M BARAT TN
P - R 4 BEEFIK,



@
-

Discussion
Therefore, the prerequisite for applying
a certain method must be that the
patient readily accepts this kind of
method. This suggests that the ICU staff
must actively help patients to
understand the benefits before applying
the intervention. The nurses should
assess individual variability in sensitivity
or anatomy of the ears and patients’
acceptability of the protective devices

prior to using them.

A, SREUE— AR
e RS WA 2 R BB AR
B IXF . HX
ICUTAEN RAEF T
TR Tt FIT 06 AR AR 1)
W BB B E AL
b B PP A 2R H e
B0 i B AA ) e R
Rz, DLREE T
P B IR




Discussion

Medical staff members should learn
how to apply earplugs and eye masks
properly to help patients benefit. For
example, critical care nurses should
help patients select the appropriate
size of earplugs and eye masks, and
provide accurate instructions and
assistance for their use, especially for
how to insert earplugs properly, and

minimize any transient discomfort.

2= 55 N 51 . B 92 G fe] 5 B
fiff FH ELZEFNAR =2 43 2,
RE AP 4P Nz S ) &
B R/NE = 1 H-ZE
HR =2, JFSEHEAERRHI L]
TR A B, JCH B
HH P AN ZEHEAE
SRS P 2 Ko

Lml




Discussion

Melatonin is a major regulator of

WERRR R R N AT
WEZERTYIR, AFET
HRIE TR DS B X iy
TR FT 43 1) A O AR B
TEERUEYE, (381 o At
R W T RAE, AR
1 B o Pt b JUR B o
WA 1) — e L P B Jo T
Ko P TE R AR b A )
SR A AR

circadian rhythm in humans, which

differs from evidence for circadian
rhythm that melatonin is not secreted
in specific strains of mice [38].
Melatonin is secreted from the pineal
gland, while cortisol is one of the

major glucocorticoid hormones

secreted by the adrenal cortex. Both

play a role in the regulation of the

sleep-wake cycle.
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Discussi
Melatonin secretion follows the day-
night cycle, with levels normally low
during daytime, increasing soon after
onset of darkness, and peaking in the
middle of the night [39]. Cortisol
levels tend to run in an opposite
pattern, with peak levels occurring 30
minutes after awakening [40]. Several
studies have suggested that

sleep disorders and cognitive
dysfunction in ICU patients may be
associated with disruption of
melatonin secretion [41,42].

A8 B 1 WA BTG B RO,

IEPANCT

||

d |

K_

%

1=
et [
CU &

~ [39]) .

HOKPAEH Bl HE 3R, KRB

TE I I8 21 B = 7K
B2 Joi3 B 7K~ MU AH B
A H IR S 130
401 . VrE TR

& M HER PR e AT A R 25 L

A] G AR B 2R b = EL A o<

[41, 4

21 .



Discussion

Persistent high cortisol levels may affect  FFZ2 [ 5 B2 B /K =57

i‘i@

metabolism, organ function, and immune % ES, SLE RS AN

AR

function. These physiological sequelae are ¢ peyj6e  Sscitbs: 3 =38
not conducive to recovery. In the present FEA S W . 7 BT

study no significant differences were .
. W, MABEE=D
found in 6-SMT levels and cortisol levels

between the two groups during the three B I)6-SMTK - B ot
nights, yet the level of nocturnal B 7KP- 15 BH S B 2L ) 22
melatonin secretion decreased FE, SRR 5 P9 R A (A
significantly, while the level of cortisol iR B e 2= b = BH B R 2D

secretion increased significantly on both T 37 J5 T 4 WA 6 B e 18641

postoperative nights.
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Previous studies indicated that
medication (such as analgesics,
sedative, and beta-blockers), surgery
and anesthesia may influence the
secretion of melatonin and cortisol
[43,44]. Therefore, all of these factors
may play a role in the melatonin

and cortisol results and mask potential

effects of the intervention in our study.
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Discussion
Our levels of 6-SMT were found to
be lower than those reported in a
previous study of 40 patients in a
surgical ICU [45]. There is great
interpatient variability in absolute
6-SMT levels; indeed, we
observed 20-fold inter-individual

variability in 6-SMT levels [45-48]

in our patient population.

A FC R R 6-SMTZK P Be DLAE
TEANEHCUR 4048 B35 AT 1)
Wt s 2L [45] o &

H6-SMT IR 48 0B A AR I
AR S s, ERRAT B
FR LT 6-SMT/KF-_EAFAE20
REHIMAEZ S+ [45-48]
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Thus, large sample sizes are
required to observe significant
between-group differences.
Melatonin secretion varies with
age and to some extent with
gender [49]. Varying urine
collection strategies also make
it difficult to make cross-study

comparisons.

A, FTERKEAE
PRI 7K U 25 4[] 1Y)
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Environmental light is a main zeitgeber
of the circadian rhythms, and can affect
melatonin secretion [46].
Environmental factors such as ambient
noise are also main synchronizers [50].
ICU usually requires continuous
artificial lighting at night. Although we
tried to reduce the influence of light
and noise disturbance on patients by
offering them earplugs and eye masks
at night, and provided music therapy to
relax and imply time of day and help
patients sleep,

WED LR AP TR EE

IS R

EN:fy
AN 7= 2 B

[Fl 25 4%

T, FFRERZ MR SR
W [46] o HEEE
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FONIR A RIEEm, et
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Discussion

the results still showed that the effort
did not significantly impact biological
measures related to light-dark
transitions. Our ICU has very few
windows so artificial lighting is
required for daytime lighting, which
can result in loss of patients’ accurate
cognition of time and space, inducing
disruption in patients’ biological clocks

and affecting sleep quality.

{H2 45 R R X L8t
F B 5 AR AH O R A2 )
A B AR
ICUI & FRD, It LAAE
H a7 2N TR, X
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The suprachiasmatic nucleus (SCN),
the central circadian pacemaker in
mammalians, can be altered by
cognition [51]. Our results are not
entirely consistent with the results of
our previous study in the sleep

laboratory [28].

MAZ X % (SCN)
R L2 A | o A B
gy, wLldE A
R [511 - 3K
T 745 RS LT
7 BEEIR S 56 = (A 7T
2R IFA B
[28] .
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Discussion

Compared with healthy subjects, ICU
patients’ sleep, melatonin and cortisol
secretion are not only affected by
noise and light, but likely also by many
other factors, including their disease,
admission to an ICU, surgical
intervention and medications, which
may all contribute to the differences in
results between the previous
simulated experiment and the present

clinical trial.

Szl E M, ICUEE
FPIREERR, R SR 3 2R A R Joi I
) 73 A AN 32 i 5 A 22 K
soli, R Rese HAbVF 2 X
=HIm, BAERRE, AME
ICU, FARMZY), XLEHRH]
e T 2 /i BRI Se e A H
A B PR s 2 ] &5 5 = A




Discussion
Limitations of the study and TR 2 1) S B M S S SRR 221
suggestions for future studies Z

Our study design has a number of AT B R E L R
limitations, which should be noted. M, BNZEEM. B, A

First, the study only evaluated WA TAE T 5 WA
subjective sleep quality and did not SV AT 2 O B ST
carry out an objective sleep PSG 2 Fl AR U 7 1 4 A VEE

assessment. PSG is the gold-standard

of sleep measurement.
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Discussion
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However, PSG application is limited
in the ICU due to its high cost and
inconvenient manipulation. Second,
the study only assessed a 12-hour
nocturnal period rather than over
24 hours during the first two nights
in ICU. ICU patients experience
circadian rhythm disturbances with

sleep traversing day and night.
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Discussion

Therefore, an ideal study should measure
the sleep pattern and circadian rhythm
over multiple 24-hour periods. Moreover,
this study included a specific population in
a CSICU. Therefore, results may not be
applicable to all settings and all patients.
In addition, our sample sizes were small,
which limited the power of our statistical
analyses. Future studies with larger and
more diversity of the participants would

likely support these recommendations.
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Conclusions

In summary, our results clearly A, RATTHIRE G S EAE
demonstrated the combination of using BH T/ P 22 AR S LA

earplugs and eye masks with relaxing BORA R3S B2 et

background music is useful for CSICU il A\ £ 32 ) R B
promoting sleep in CSICU adult patients, 150, E BB E /e

but the underlying mechanisms are more Bl L6-SMTHI R i B 7K
complex than simple changes in levels of ST 1) 7 BA A A, T S 2

6-SMT and cortisol. Our pilot study AR S I X te R
provides a reasonable basis for 23T P AL ICU AP e

promoting these non-pharmacological  p4m it 1 2 3m 1 4

interventions for ICU patients.
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Future study designs to replicate

ARRHIBE FEB T 1% 75 FE
R AR, BEEZ
FACHIICUNTE, 37 KB
WAL R BSS TR] i B AT LS o i
U7 LA € 1X T 3 ) 32 30
ZIE R

our results should consider

including larger samples, include

more diverse ICU populations,

extend the time frame for data

collection and post-discharge
follow up to determine any longer-

term benefits of this intervention.



Key messages

4

Using earplugs and eye masks with
relaxing background music is useful
for promoting the sleep perception

of the patient

Using earplugs and eye masks with
relaxing background music does
not influence the nocturnal

melatonin or cortisol levels

it FH EL ZEFIHR SR 10 A 7K
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