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Abstract

Introduction Critically ill patients are predisposed to developing sleep disorders due to multiple factors like pre-existing
sleep disorders, severe acute illness, sleep-altering medical interventions, and the disturbing intensive care unit (ICU)
environment. In the current study, a multi-modality approach has been attempted to capture the different aspects of sleep
disturbances, including insomnia (using ISI), daytime sleepiness (using ESS), sleep quality (using PSQI), sleep architecture,
and SDB (using PSG).

Materials and Methods The eligible ARDS survivor patients were updated about the study’s design prior to hospital dis-
charge. At admission, data regarding demographic details, clinical history, etiology of ARDS, and PaO,/FiO, (P/F) ratio at
presentation, Acute Physiology and Chronic Health Evaluation IT (APACHE II) and Sequential Organ Failure Assessment
(SOFA) scores was collected. All enrolled patients were evaluated twice (early-within 7 days of admission and late-after
6 weeks of discharge) by the Richards—Campbell Sleep Questionnaire (RCSQ), Insomnia severity index (ISI), and level 1
PSG. Additionally, ESS questionnaire and the Pittsburgh Sleep Quality Index (PSQI) were also recorded in late evaluation.
Abnormal sleep was defined if one or more of the following characteristics met: ISI > 15, ESS > 10, global PSQI > 5, AHI
>5 events/h.

Results Thirty patients were recruited out of the total of 88 ARDS patients screened at admission. The median (IQR) PaO,/
FiO, ratio and APACHE II scores were 176 (151-191.5) and 14 (14-16), respectively. The median (IQR) duration of stay
in the ICU was 10 (7.3-19.5) days. The median RCSQ score in the early and late evaluation was 42 and 69, respectively.
The mean ISI score in the early evaluation was 16.67 +4.72, which decreased to 11.70 +5.03 in late evaluation (p <0.05).
ISI score > 15 (clinical insomnia) was found in 18 out of 30 subjects (60%) in early evaluation and 11 out of 30 (36%) in
late evaluation. During the early evaluation, sleep efficiency was low (median 59.9% and predominantly N1 and N2) which
improved in late evaluation (median 80.6%). Of the 30 patients, only 4 had AHI > 5 in early evaluation and none in late
evaluation. Neither of P/F ratio, SOFA, and APACHE II scores did correlate with ICU events in the early and late evalua-
tions. Regression analysis showed subjects with ICU stay more than 10 days, duration of IMV more than 7 days, Fentanyl
more than 7 mg, duration of sedative use more than 7 days was independently associated with poor objective sleep quality
(low sleep efficiency, low TST and high arousal index) during the early and late evaluations after ICU discharge compared
to counterparts (p value <0.05).

Conclusion We conclude that sleep quality in ARDS survivors was poor within 7 days of ICU discharge, characterized by
severe disruption of sleep architecture and sleep-disordered breathing. After 6 weeks of ICU discharge sleep quality showed
significant improvement in the N3 stage and AHI, however persistent insomnia was observed even at 6 weeks. Therefore,
prior identification of risk factors and early diagnosis of sleep quality disorders in post-ARDS patients is essential.
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1 Introduction

Sleep is critical for the health and wellbeing of an individ-
ual. High-quality and efficient sleep of adequate duration
helps consolidate memory, regulate the immune system, and
coordinate neuroendocrine function [1-3]. Abnormalities in
sleep profile and duration will increase the risk of a various
broad range of adverse health effects, including cardiovas-
cular disease, depression, cognitive impairment, seizures,
and eventually mortality [4-8].

Critically ill patients are predisposed to developing sleep
disorders due to multiple factors like pre-existing sleep dis-
orders, severe acute illness, sleep-altering medical interven-
tions, and the disruptive intensive care unit (ICU) environ-
ment [9]. In critically ill patients, there are multiple factors
predisposed to above-like environmental factors such as
noise, light, and care activities and treatment-related factors
like sedatives [10]. Moreover, patients with acute respiratory
distress syndrome (ARDS) are predisposed to the risk of
patient-ventilator dyssynchrony and frequently require seda-
tives and other psychotropic medications. All these factors
make them a unique population, especially prone to sleep
disturbances [11].

The primary objective of this study was to determine the
prevalence of sleep disturbances diagnosed based on PSG in
patients who recovered from ARDS early (less than 7 days)
and late periods (more than 6 weeks) after ICU discharge.

2 Materials and Methods

The current study was a prospective, observational study
conducted over 18 months in the Department of Pulmonary,
Critical Care and Sleep Medicine at a center of excellence
in India.

2.1 Study Population

Patients were included in the study if they satisfied all the
following criteria: (1) age 18—65 years. (2) ARDS defined
by the Berlin Definition, 2012. (3) ICU admission of at least
48 h duration. The exclusion criteria were: (1) patients with
pre-existing neurological, psychiatric, and cognitive dis-
orders. (2) Diagnosed with sleep disorders. (3) Tracheos-
tomized. (4) Receiving any sedative or psychotropic medi-
cation after discharge from ICU. (5) Chronic obstructive
pulmonary disease (COPD) and congestive heart failure. (6)
Pregnancy. (7) Mechanical ventilation and ICU admission
in the preceding 6 months.
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2.2 Methodology

Eligible ARDS survivor patients were updated about the
study’s design prior to hospital discharge. If the patients
agreed to participate in the study, an assessment in sleep
laboratory within 7 days (first evaluation), and another after
6 weeks (second evaluation) of ICU discharge were done.
All the consecutive patients meeting inclusion criteria were
recruited as per protocol. The first evaluation described as
“early,” and the second evaluation described as “late” in the
current manuscript. The ICU comprising of ten beds, had a
nurse: patient ratio of 1:2. All patients gave informed con-
sent, and the Institutional Ethical Committee approved the
study protocol.

2.3 Evaluation of Patients at Baseline

At admission, data comprised demographic details (age/sex/
body mass index), clinical history, etiology of ARDS, and
PaO,/FiO, (P/F) ratio at presentation. The Acute Physiol-
ogy and Chronic Health Evaluation II (APACHE II) and
Sequential Organ Failure Assessment (SOFA) scores were
recorded (higher scores associated with a worse outcome).

All patients underwent appropriate laboratory investiga-
tions and therapeutic management as per accepted protocols.
The duration of mechanical ventilation (in days), ICU stay
and the dose and duration of sedatives and neuromuscular
blockers recorded—the patient recruitment and evaluation
presented in Table 1.

2.4 Measurements of Sleep Quality and Quantity

All enrolled patients were evaluated twice, both during early
and late periods, by the Richards—Campbell Sleep Question-
naire (RCSQ), insomnia severity index (ISI), and level 1
PSG. After 6 weeks of ICU discharge, patients were addi-
tionally evaluated by the ESS questionnaire and the Pitts-
burgh Sleep Quality Index (PSQI). The profile of sleep dis-
orders was recorded based on the questionnaires and PSGs at
two different time points, “early” and “late”, after ICU stay.

2.5 Polysomnography

Level 1 polysomnography (PSG) was performed using Alice
6 L.D.X. (Philips Respironics, USA) in the dedicated sleep
laboratory. Level 1 PSG includes monitoring of the electro-
encephalogram (EEG) using two frontal, two central, and
two occipital channels (placed according to the international
10-20 system), electrooculogram (EOG), submental and
anterior tibialis, electromyogram (EMG), and electrocar-
diogram (ECG) (lead I). Additionally, it includes the chest
and abdominal movements, airflow (using oronasal thermal
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Table 1 Baseline characteristics of the study population

Characteristics

Value

Age, in years

Gender (female:male)

33.50 (mean) (21-59)
1.3:1

BMI (mean + SD) 23.50+3.02
Diabetes mellitus 3 (10%)
Hypertension 4 (13%)
Etiology

Acute febrile illness of unknown etiology 10 (33.33)
Acute pancreatitis 1(3.3)
Aspiration pneumonia 2(6.7)
Community-acquired pneumonia 5(16.7)
Enteric fever 1(3.3)
Miliary tuberculosis 7 (23.3)
Postoperative MODS 1(3.3)
Scrub typhus 2(6.7)
Acute febrile illness (Malaria) with MODS 1(3.3)
ICU characteristics

Duration of ICU (in days) (median) 13.50
Duration of IMV (in days) (median) 10

P/F ratio (median) 139
SOFA Score (median) 7
APACHE-II Score (median) 18
Septic shock 9 (30%)
Cumulative doses of sedatives

Midazolam (in mg) 80
Fentanyl (in mg) 8
Morphine (in mg) 14
Duration of sedative use (in days) 6
Doses of vasopressors Median
Noradrenaline dose (in mg) 6
Doses of Neuro Muscular Blockers

Vecuronium (in mg) 8
Duration of vecuronium use (in days) 1.50

MODS multi organ dysfunction syndrome, BMI body mass index,
ICU intensive care unit, IMV invasive mechanical ventilation, SOFA
sequential organ failure assessment, APACHE II acute physiology and
chronic health evaluation II

sensor and nasal air pressure transducer), and pulse oxime-
try. Sleep stages and events scored per the 2017 American
Academy of Sleep Medicine criteria [12]. The total sleep
time (TST), sleep efficiency, sleep latency, wake after sleep
onset (WASO), duration of each sleep stage, and arousal
index calculated. Sleep-disordered breathing (SDB) was
defined by apnea—hypopnea index (AHI) >5 events/h with
symptoms or AHI > 15 events/h without symptoms. Abnor-
mal sleep was defined in the event of one or more of the
following characteristics: ISI > 15, ESS > 10, global PSQI
>5, AHI > 5 events/h.

2.6 Statistical Analysis

The continuation data were expressed as mean or median
(inter-quartile range (IQR); categorical data were expressed
as a number (percent). The mean and standard deviations of
the measurements per group were calculated. The difference
between the two groups was determined using a student ¢
test, and the level of significance was set at p <0.05. Pearson
correlation was done for ICU events and determined sleep
disorders. Logistic regression analysis was performed to
assess predictors of poor sleep after ICU stay. The analysis
was performed via statistical analysis Software (SPSS 22.00
for windows; S.P.S.S.inc, Chicago, USA).

3 Results

Thirty patients were recruited from a total of 88 ARDS
patients screened at admission (Fig. 1). Acute febrile ill-
ness of unknown etiology with multi-organ dysfunction
syndrome was the commonest etiology for ARDS. The
median (IQR) PaO,/FiO, ratio and APACHE II scores were
176 (151-191.5) and 14 (14-16), respectively. The median
(IQR) duration of stay in the ICU was 10 (7.3-19.5) days.
Midazolam (14 [70%] patients) and vecuronium (12 [60%]
patients) were the most commonly used sedative and neuro-
muscular blocking agents, respectively (Table 1).

The median RCSQ score in the early evaluation was 42,
indicating a poor sleep quality. The score increased to 69
in late evaluation, signifying a subjective improvement in
sleep quality over a period (p <0.05). The mean ISI score
in the early evaluation was 16.67 +4.72, which decreased
to 11.70+£5.03 in late evaluation (p <0.05). ISI score > 15
(clinical insomnia) was found in 18 out of 30 subjects (60%)
in early evaluation and 11 out of 30 (36%) in late evaluation.

During the early evaluation, sleep efficiency was low
(median 59.9%) and predominantly comprised of N1 and
N2 stages. In late evaluation, notable improvement in sleep
efficiency (median 80.6%) was documented. Of 30 patients,
only four had AHI > 5 (SDB) during the early evaluation and
none in late evaluation. Ten (33.3%) patients had a global
PSQI above the threshold score of 5, representing low over-
all sleep quality (Table 2). The ESS score documented as a
median [IQR] score of 6 [3.3-7] (Table 3).

Correlation between ICU events and the sleep abnor-
malities in early and late evaluations after ICU discharge is
shown in Tables 4 and 5. P/F ratio, SOFA, and APACHE II
scores did not correlate with ICU events in the early and late
evaluations. Regression analysis showed subjects with ICU
stay more than 10 days, duration of IMV more than 7 days,
Fentanyl more than 7 mg, duration of sedative use more
than 7 days was independently associated with poor objec-
tive sleep quality (low sleep efficiency, low TST and high
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Fig' 1 The flow diagram of 4 patients had known sleep
study participants ARDS Cases- According to Berlin Definition admitted to ICU (88 patients) disorder
5 discharged on tracheostomy

N N 16 patient 3 patients refused consent
42 patients Expired > patients -
2 patients known case of COPD

Excluded
1 patient received mechanical
L 30 patients Recruited ventilation in last 6 months
1 patient died with in one month
l of discharge

Survivors assessed by Richards—Campbell Sleep Questionnaire (RCSQ), Insomnia severity index(ISI) and Overnight

PSG in early (less than 7 days) after ICU discharge

Epworth sleepiness scale(ESS), Pittsburgh Sleep Quality Index (PSQI), RCSQ, ISI and overnight PSG after 6 weeks
of ICU discharge

Co-relation of demographic data (age, sex and BMI), eventsin ICU (duration of mechanicalventilation, use
of sedatives) with the profile of sleep disordersin early (less than 7 days) and late evaluations (more than 6
weeks) after discharge from ICU.

Table 2 Measures of sleep quality in study subjects

Score Early (within 7 days after ICU  Late (after 6 weeks of ICU p value
discharge) discharge)

Richards—Campbell Sleep Questionnaire Score 42 69 <0.01

Epworth Sleepiness Score (median) NA 4 (3-7) NA

Number of patients with Epworth Sleepiness Score > 10 0

Pittsburgh Sleep Quality Index > 5, n (%) NA 10 (33.33%) NA

Insomnia Severity Index Score 17 12 <0.01

NA not applicable

Table 3 Polysomnographic

A Variables Early (within 7 days after Late (more than 6 weeks after p value

char-ac.terlsncs in the study ICU discharge) ICU discharge)

participants
Total sleep time (in min) 239.50 (193.9-309.1) 310.84 (297.9-338.4) <0.01
Sleep latency (in min) 24 13 <0.01
WASO (in min) 124 64.50 <0.01
Sleep efficiency, % of TST 59.95 80.06 <0.01
Sleep stages
N1 (in min) 48.84 15.26 <0.01
N2 (in min) 122.54 161.84 <0.01
N3 (in min) 20.90 49.55 <0.01
REM (in min) 43.49 84.85 <0.01
AHI [Median (IQR)] 3(2-7) 3(24)
Number of patients with AHI >5, 4 (13.3%) 0

n (%)

Arousal Index 27 20 <0.01

All values are median (IQR) or number (%)

AHI apnea-hypopnea index, REM rapid eye movement, /QR interquartile range, WASO wake after sleep
onset
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Table 4 Significant correlation between ICU events with the deter-
mined sleep abnormalities in early (less than 7 days after ICU dis-
charge)

ISI score Sleep latency AHI Arousal index

Duration of ICU (in days)

R 0.457* 0.409%* 0.538%%* 0.409*

p 0.011 0.025 0.002 0.025
Duration of IMV (in days)

R 0.523%%* 0.447* 0.579%%* 0.447*

p 0.003 0.013 0.001 0.013
Noradrenaline dose (in mg)

R 0.461* 0.168 0.377* 0.168

P 0.010 0.374 0.040 0.374
Muscle relaxants (vecuronium in mg)

R 0.442%* 0.251 0.323 0.251

P 0.014 0.181 0.082 0.181
Duration of vecuronium use (in days)

R 0.525%%* 0.250 0.364* 0.250

p 0.003 0.183 0.048 0.183
Midazolam (in mg)

R 0.522%* 0.337 0.645%* 0.337

p 0.003 0.069 0.000 0.069
Fentanyl (in mg)

R 0.513%%* 0.386%* 0.459%* 0.386%*

p 0.004 0.035 0.011 0.035
Duration of sedative use (in days)

R 0.617%* 0.522%%* 0.887%* 0.522%%*

P 0.000 0.003 0.000 0.003

ICU intensive care unit, /MV invasive mechanical ventilation, IS
Insomnia Severity Index Score, AHI apnea hypopnea index, R corre-
lation coefficient, p p value

*Correlation is significant at level 0.05; **Correlation is significant
at level 0.01

arousal index) during the early and late evaluations after
ICU discharge compared to counterparts (p value <0.05).

4 Discussion

In the current study, a multi-modality approach has been
attempted to capture the different aspects of sleep distur-
bances, including insomnia (using ISI), daytime sleepiness
(using ESS), sleep quality (using PSQI), sleep architecture,
and SDB (using PSG). To the best of our knowledge, this is
the first study in which an exclusive cohort of ARDS patients
has been evaluated for sleep disturbances over different peri-
ods after ICU stay using level 1 PSG.

In the present study, subjective sleep disturbance was
pronounced, similar to previous studies in ICU survivors
[13]. The prevalence of ISI-defined clinical insomnia at
early evaluation in the present study was 36%, similar to the

prevalence at 3-months of ICU discharge reported in the
literature [14]. Insomnia after ICU stay can be attributed to
environmental factors in ICU (noise, light) and patient care
activities (procedures, medications) [15]. The present study
documented improvement in insomnia after discharge. Thus,
extra attention should be given to screening for insomnia
during discharge and follow-up of ARDS survivors, affect-
ing life quality.

One third of patients had global PSQI >5 in the late
evaluation. This is similar to the study by Solverson et al.
[16], which showed 62% of patients scored above the PSQI
threshold after 3 months of ICU discharge. The higher inci-
dence of poor sleep quality in the above study can be due to
multiple comorbidities, including polytrauma and surgical
patients, in the study population. We also observed low sleep
efficiency (median 59%) in early evaluation, which is similar
to previous studies [17]. Sleep efficiency improved in late
evaluation but did not reach the reported normal population
average values.

The current study shows the increased duration of N1,
and reduced N3 and REM sleep in early evaluation on evalu-
ating sleep architecture. Increased duration of N1 suggests
sleep fragmentation caused by sleep disturbance. Reduced
duration of N3 sleep and REM indicates a lack of deep sleep,
which are the restorative sleep stages for memory forma-
tion [18]; poor sleep quality might contribute to long-term
cognitive dysfunction. The sleep architecture showed a trend
towards improvement in stages of sleep-in late evaluation.
Similarly, Dhooria et al. [17] showed low percentages of N3
and REM sleep within 1 month of discharge from ICU. The
study by Alexopoulou et al. [19] reported improved sleep
architecture (significant increase in N3 stage) 6 months after
hospital discharge in general critically ill patients.

Sleep latency in the early and late evaluations after ICU
discharge positively correlated with duration of ICU (in
days), duration of IMV (in days) and duration of sedatives.
Poor sleep quality and architecture after ICU discharge
attributed to mechanical ventilation, benzodiazepine, opi-
oids, norepinephrine, or epinephrine [20]. So from the
above findings, it can be said that ARDS survivors exhibit
sustained long-term poor sleep quality, which needs fur-
ther confirmation in a large study cohort for more extended
periods.

Of 30 patients, only 4 had AHI > 5 in early evaluation and
none in late evaluation. In contrast, Dhooria et al. [17] docu-
mented 3 of 20 ARDS survivors had AHI > 5 events/h, and
the rest had AHI <5 events/h in PSG less than 1 month after
ICU discharge. However, subsequent follow up of patients
was not done.

In contrast, Chishti et al. [21] reported 73% of patients
had AHI > 5 events/h. The plausible explanation for the
discrepancy in studies of ICU survivors, it is not possible
to ascertain whether the SDB was pre-existing or appeared
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Table 5 Significant correlation

. Parameter ESS ISI PSQI Sleep latency ~ Arousal index
between ICU events with the
determined sleep abnormalities Duration of ICU (in days)
in late (after 6 weeks of ICU r ~0.107 0362% 0286  0.409% 0.444%
discharge)
p 0.573 0.049 0.125 0.025 0.014
Duration of IMV (in days)
R —0.065 0.409* 0.344 0.447* 0.497%*
p 0.732 0.025 0.062 0.013 0.005
Noradrenaline dose (in mg)
R -0.270 0.401*  0.458*  0.168 0.215
p 0.148 0.028 0.011 0.374 0.255
Muscle relaxants (vecuronium in mg)
R -0.217 0.381* 0.434*  0.251 0.286
p 0.249 0.038 0.016 0.181 0.125
Duration of muscle relaxants use (in days)
R —0.197 0.477** 0.467** 0.250 0.250
p 0.297 0.008 0.009 0.183 0.183
Midazolam (in mg)
R —0.029 0.450*  0.605** 0.337 0.318
p 0.880 0.013 0.000 0.069 0.087
Fentanyl (in mg)
R —0.082 0.440*  0.266 0.386* 0.405*
p 0.665 0.015 0.155 0.035 0.027
Duration of sedative use (in days)
R 0.128 0.555%%  0.641%* 0.522%* 0.466**
p 0.499 0.001 0.000 0.003 0.010

ICU intensive care unit, /MV invasive mechanical ventilation, /S Insomnia Severity Index Score, ESS
Epworth Sleepiness Score, PSQI Pittsburgh Sleep Quality Index, R correlation coefficient, p p value

*Correlation is significant at level 0.05; **Correlation is significant at level 0.01

after the acute illness. Furthermore, the prevalence of SDB
is higher with increasing age and BMI. The mean age in
Chishti et al. study was 63 years, which can cause higher
SDB prevalence. In the present study, both the median age
(33 years) and the median BMI (27.0 kg/mz) of patients were
low, and we had excluded the subjects with prior history of
sleep disorders.

In the current study, AHI in the early period positively
correlated with the duration of ICU (in days), duration of
IMV (in days). Further, those with AHI >5 events/h had
a longer duration and higher sedative use dose. The pos-
sible explanation for the above finding would be longer the
duration of ICU stay, more is the chance of ICU-acquired
weakness. Thus, the pharyngeal dilators, particularly the
genioglossus, reduce the muscles’ responsiveness to nega-
tive intra-luminal airway pressure, leading to obstructive
events [22].

In the current study, the P/F ratio, SOFA score, and
APACHE-II score did not correlate with any of the deter-
mined sleep disorders among early and late evaluations after
ICU discharge. Notably, in the present study, the severity of
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illness at admission or during ICU stay does not determine
the sleep quality after discharge from ICU. Alexopoulou
et al. reported in multiple regression analysis APACHE II
as the only variable that was negatively related to sleep effi-
ciency [18].

The regression analysis to find predictors of poor sleep
quality in ARDS patients after ICU discharge revealed that
ICU duration more than 10 days, mechanical ventilation
more than 7 days, fentanyl use of more than 7 mg, and seda-
tive use of more than 7 days foretells a more inferior sleep
quality after ICU discharge.

The current study’s strengths are the prospective collec-
tion of data from ARDS patients and objective assessment of
sleep quality by level 1 PSG (Gold standard) at two different
periods after ICU discharge. Additional strengths comprise
excluding patients with pre-existing sleep disorders by his-
tory or previous hospital records to minimize the bias.

The present study’s limitations include small sample size
and using ISI to diagnose insomnia rather than a standard-
ized clinical interview. Notably, the current study popula-
tion primarily consists of predominantly young individuals
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with ARDS. Thus, the results may not hold to other ICU
survivors. Correspondingly, the nursing care activities, envi-
ronment of ICU (light, noise and sound) were not recorded
as factors disturbing sleep. Our findings need replication
in more extensive and more diverse samples of ARDS
survivors.

5 Conclusion

The present study gives insight into sleep quality in ARDS
survivors and identifies which patients are at the highest
risk for poor sleep quality, considering interventions in the
ICU or post-discharge to improve sleep and overall recov-
ery. Therefore, prior identification of risk factors and early
diagnosis of sleep quality disorders in post-ARDS patients
is essential.
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