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Abstract
Purpose There is limited data regarding the sleep quality in survivors of critical illness, while the time course of the sleep
abnormalities observed after ICU discharge is not known. The aim of this study was to assess sleep quality and the time course
of sleep abnormalities in survivors of critical illness.
Methods Eligible survivors of critical illness without hypercapnia and hypoxemia were evaluated within 10 days (1st evaluation,
n = 36) and at 6 months after hospital discharge (2nd evaluation, n = 29). At each visit, all patients underwent an overnight full
polysomnography and completed health-related quality of life questionnaires (HRQL). Lung function and electro-diagnostic tests
(ED) were performed in 24 and 11 patients, respectively.
Results At 1st evaluation, sleep quality and HRQLwere poor. Sleep was characterised by high percentages of N1, low of N3 and
REM stages, and high apnea–hypopnea index (AHI, events/h). Twenty-two out of 36 patients (61%) exhibited AHI ≥ 15 (21
obstructive, 1 central). None of the patients’ characteristics, including HRQL and lung function, predicted the occurrence of
AHI ≥ 15. At 6 months, although sleep quality remained poor (high percentages of N1 and low of REM), sleep architecture had
improved as indicated by the significant increase in N3 [4.2% (0–12.5) vs. 9.8% (3.0–20.4)] and decrease in AHI [21.5 (6.5–
29.4) vs. 12.8 (4.7–20.4)]. HRQL improved slightly but significantly at 6 months. Neither the changes in HRQL nor in lung
function tests were related to these of sleep architecture. Six out of eight patients with abnormal ED at 1st evaluation continued to
exhibit abnormal results at 6 months.
Conclusions Survivors of critical illness exhibited a high prevalence of obstructive sleep-disordered breathing and poor sleep
architecture at hospital discharge, which slightly improved 6 months later, indicating that reversible factors are partly responsible
for these abnormalities.
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Background

Sleep abnormalities are extremely common in critically ill
patients [1]. These patients exhibit a reduction in rapid eye
movement (REM) and N3 stages of sleep (slow-wave sleep),
sleep disruption and numerous hypopneas or apneas (sleep-
disordered breathing, SDB). Thus, although the total sleep
time may be normal or even increased, the quality of sleep is
poor [2]. Several factors such as the intensive care unit (ICU)
environment, illness severity, acute illness that precipitated the
ICU admission and the process of mechanical ventilation may
contribute to these sleep abnormalities [3–5].

Studies have shown that ICU survivors exhibit long-term
neurocognitive impairment and a perceived reduction in the
quality of life after ICU discharge [6–9]. Persistent sleep ab-
normalities acquired during the course of the critical illness
may contribute to this poor quality of life. Although sleep
quality after ICU discharge has been evaluated by several
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studies, the results are rather conflicting [10–14]. This is prob-
ably due to patients’ selection bias [10–12] and the use of
methods other than a full polysomnography to assess sleep
[13, 14]. It is worth mentioning that none of these studies have
examined the time course of the sleep abnormalities observed
after ICU discharge.

The primary aim of our study was to assess sleep-
disordered breathing and sleep architecture in survivors of
critical illness without hypercapnia and hypoxemia within a
10-day time frame, and at 6 months after hospital discharge. A
secondary aimwas to examine if sleep abnormalities influence
quality of life. For this purpose, health-related quality of life
(HRQL) was reported during these periods using standard
questionnaires.

Materials and methods

Patients

The study was performed in the sleep laboratory of the
Department of Intensive Care Medicine of the University
Hospital of Heraklion. Survivors of critical illness were
screened for eligibility. Inclusion criteria were (1) age >
18 years and < 80 years, (2) the necessity of intubation and
mechanical ventilation to support the respiratory system for at
least 48 h, (3) Glasgow coma scale of 15 at the time of hospital
discharge and (4) life expectancy > 1 year. Patients with a
history of sleep-disordered breathing (i.e. sleep apnea syn-
drome), chronic neuromuscular disorder, chronic restrictive
lung disease (i.e. lung fibrosis) and/or psychiatric disease, as
well as patients with hypercapnia (PaCO2 ≥ 45 mmHg) and/or
hypoxemia (PaO2 ≤ 60 mmHg) on room air at hospital dis-
charge, were excluded. The study was approved by the
Human Studies Subcommittee and informed consent was ob-
tained from patients.

Study design

Eligible patients were approached and informed about the
study’s design well before hospital discharge. If the patients
agreed to participate in the study, they would be evaluated in
an ambulatory sleep laboratory within 10 days (1st evaluation)
and at 6 months (2nd evaluation) after hospital discharge. At
each evaluation, the patients underwent clinical examinations
and completed HRQL questionnaires, followed by an over-
night full polysomnography (PSG). After the first 12 patients,
the protocol was modified by performing complete lung func-
tion tests. Moreover, since upper airways muscle function
plays a key role in sleep quality [15], a subgroup of patients
underwent electro-diagnostic (ED) tests with the aim of exam-
ining the presence of critical illness myopathy and/or
polyneuropathy.

Measurements

The HRQL questionnaires were (1) the 36-Item Short Form
Health Survey (SF-36) to measure medical outcomes and (2)
Epworth sleepiness scale (ESS). The SF-36 survey has 36
questions and generates a health profile of 8 subscale scores:
physical functioning, role limitations caused by physical prob-
lems, bodily pain, general health, vitality, social functioning,
role limitations due to emotional problems and mental health.
The scores on all subscales are transformed to a scale ranging
from 0 (the worst score) to 100 (best score). The ESS is used
to determine the level of daytime sleepiness. A score greater
than 9 indicates significant daytime sleepiness. Both question-
naires have been validated for the Greek population [16, 17].

PSG studies were performed using current standard record-
ing (Alice; Respironics, Pittsburgh, PA, USA) and scoring
techniques (see Online Resource 1) [18, 19]. The lung func-
tion tests included measurements of static and dynamic lung
volumes, diffusion lung capacity and maximum inspiratory
and expiratory mouth pressures (MasterLab; 2.12, Jaeger,
Wuerzburg, Germany) according to the ATS/ERS
Pulmonary Function Tests Task Force Standardisation guide-
lines [20, 21]. ED tests, consisting of nerve conduction studies
(NCS) and electromyography (EMG), were performed ac-
cording to standard techniques (Nihon Kohden Neuropack 2
MEM-7102) (see Additional file 1) [22]. ED tests were carried
out within 10 days of hospital discharge and repeated 6months
later, if the first ED tests were pathological [23].

Statistical analysis

Continuous variables are reported as medians and interquartile
ranges (IQR). Categorical variables are presented as percent-
ages and compared using Fisher’s exact test. Continuous var-
iables were compared with Wilcoxon and Man-Whitney tests,
as appropriate. Regression analysis was performed using the
least square method. Univariate and multivariate logistic re-
gression analyses were used to evaluate relationships between
independent variables and indices of sleep quality. In addition,
univariate and multivariate linear regression analyses were
performed with AHI as the dependent variable. A two-tailed
p value < 0.05 was considered significant. For the statistical
analysis, IBM SPSS-Statistics for Windowsv.22 (Armonk,
NY, USA) was used.

Results

Thirty-six patients were prospectively studied within 10 days
of hospital discharge. After the 1st evaluation, seven patients
refused to come for follow-up and thus the 2nd evaluation,
performed at 6 months after hospital discharge, pertains to 29
patients. The majority of the patients (75%) had acute respi-
ratory distress syndrome (ARDS) either as admission
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diagnosis or during the ICU stay. Patients’ characteristics are
shown in Table 1 (see also Table S1, Online Resource 1).

First evaluation (n = 36)

At the 1st evaluation, sleep architecture was characterised by
normal sleep efficiency, high percentages of N1, low percent-
ages of N3 and REM stages, and high arousal (sleep fragmen-
tation, SFI) and apnea–hypopnea (AHI) indices (Table 2).

Twenty-nine out of 36 patients (80.6%) exhibited AHI
more than five events per hour of sleep, while in 22 of them,
AHI of ≥ 15events/h was observed (Fig. S1, Online Resource
1). Mixed or pure obstructive events occurred in 28 patients,
while in one patient, only central apneas were observed (no. 6
in Table S1, Online Resource 1). In patients with AHI ≥ 15
events/h, SFI was significantly higher than in patients with
AHI < 15 events/h (Table 2). Also in patients with AHI ≥ 15
events/h, the sleep time with SaO2 < 90% was significantly
longer and minimum SaO2 was lower than the corresponding
values in patients with AHI < 15 events/h (Table 2). Baseline
patients’ characteristics, days on mechanical ventilation,
length of stay in ICU and hospital, and lung function tests
did not differ between patients with AHI ≥ 15 and < 15
events/h (Table 3). Multiple regression analysis revealed
Acute Physiology and Chronic Health Evaluation II
(APACHE II) as the only variable that was negatively related
to sleep efficiency. Logistic regression analysis showed that

none of the patients’ characteristics predicted the occurrence
of AHI ≥ 15 events/h within 10 days of hospital discharge.

SF-36 revealed that the health profile of eight subscale
scores were considerably lower than those of the normal pop-
ulation (Fig. S2, Online Resource 1). The physical and mental
composite score of SF-36 (average of the 4 subscale score of
the physical and mental components, respectively) were lower
in patients withAHI ≥ 15 events/h than in patients with AHI <
15 events/h, the difference being significant only for physical
component (Table 2). No relationship was observed between
oxygenation sleep indices (SaO2 < 90% and minimum SaO2)
and physical and mental composite score of SF-36.

ED tests were performed in 11 patients and in eight of them
(73%) findings consistent with polyneuropathy and/or myop-
athy were observed (Table S2, Online Resource 1). The
genioglossus muscle was examined only in five patients be-
cause the other six had a relative contraindication for the test,
and one of them was found to be abnormal (20%).

Second evaluation (n = 29)

Compared to the 1st sleep study, 6 months after hospital dis-
charge, sleep architecture had improved, as indicated by the
significant increase in N3 stage and the decrease in AHI
(Figs. 1 and 2, Table S3 Online Resource 1). Although oxy-
genation indices improved, the difference was not significant.
However, similar to the 1st evaluation, sleep was characterised
by relatively high N1 and low REM stages. SE and SFI did not
change between the two sleep studies (Table S3,
Online Resource 1). There was a highly significant linear re-
lationship between AHI in the 1st and 2nd sleep study (Fig. 3).
The patient who exhibited central apneas during the 1st sleep
study was considered as normal at 6 months after hospital
discharge. From 20 out of 29 patients (69.0%) who exhibited
AHI ≥ 15 events/h in the 1st sleep study, nine were classified as
normal, or with mild SDB, 6 months later (p = 0.001) (Fig. S3
Additional file 1). From nine patients who had mild SDB
(AHI < 15 events/h) in the 1st evaluation, sevenwere classified
as normal (AHI < 5 events/h) in the 2nd evaluation (p = 0.015)
(Fig. S3, Online Resource 1). All patients who exhibited ESS
≥ 10 in the 1st evaluation scored less than 10 in the 2nd (Table
S3, Fig. S4, Online Resource 1). However, there was no rela-
tionship between the change in sleep variables and that of ESS.

Although quality of life improved significantly, it remained
below normal in all aspects (Table S4, Online Resource 1).
There was no relationship between the change in quality of
life from the 1st to the 2nd evaluation and that of sleep archi-
tecture, including sleep oxygenation indices.

Lung function tests were evaluated in 19 out of 24 patients
at 6 months. Compared to the 1st evaluation, maximal inspi-
ratory pressure (MIP) andmaximal expiratory pressure (MEP)
had increased significantly at 6 months, remaining, however,
lower than the predicted normal (Table S5, Online Resource

Table 1 Patients’ characteristics (n = 36)

Gender (male/female) 20/16

Age, years 54.5 (39.3–65.5)

BMI, kg m−2 27.5 (24.8–31.0)

APACHE II at admission 16.5 (12.8–22.0)

Comorbidities, yes/no 25/11

Diagnosis (%)

ARDS 27 (75.0)

Infection/sepsis 6 (16.6)

Multiple trauma 6 (16.6)

Cardiovascular disease 6 (16.6)

Neurological/neurosurgical disorders 11 (30.5)

Gastrointestinal bleeding 1 (2.7)

General surgery 2 (5.5)

Asthma/COPD 2 (5.5)

Days on MV 9.5 (4.0–18.3)

ICU LOS, days 11.5 (7.8–22.0)

Hospital LOS, days 31.5 (21.8–50.5)

Hospital LOS after ICU discharge, days 11.5 (8.8–28.5)

Values are median (interquartile range) or number of patients (%)

APACHE II Acute Physiology and Chronic Health Evaluation II, ARDS
acute respiratory distress syndrome, COPD chronic obstructive pulmo-
nary disease, ICU intensive care unit, IQR 25th–75th interquartile range,
LOS length of stay, MV mechanical ventilation
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Table 2 Sleep studies and quality
of life at 1st evaluation (n = 36) All patients AHI ≥ 15 AHI < 15 p value

Recording time (min) 376 (334–401) 391 (361–415) 361 (307–377) 0.77

SE, % of TST 70.4 (51.1–79.7) 75.2 (55.5–85.9) 64.5 (46.2–70.4) 0.12

N1, % of TST 27.3 (18.7–51.9) 28.7 (19.3–59.5) 24.8 (18.3–34.4) 0.36

N2, % of TST 47.4 (38.9–61.8) 45.1 (31.7–66.9) 50.1 (45.4–57.5) 0.43

N3, % of TST 4.8 (0.0–14.3) 2.9 (0.0–7.7) 7.9 (4.4–15.9) 0.11

REM, % of TST 7.6 (0.8–15.9) 2.3 (0.0–12.7) 13.5 (6.0–16.2) 0.12

SFI, events/h 9.0 (5.1–15.5) 12.7 (9.1–21.8) 6.4 (3.8–8.2)* < 0.01

AHI, events/h 18.5 (6.0–27.8) 25.5 (20.2–30.2) 5.0 (3.3–6.3)* < 0.0001

SaO2 < 90%, min 1.1 (0.0–19.5) 6.2 (0.7–37) 0.0 (0.0–1.9)* 0.01

Minimum SaO2, % 88 (79–91) 82 (73–89) 91 (86–94) < 0.01

ESS 5.0 (3.0–8.0) 5.5 (3.0–8.0) 4.5 (2.0–6.0) 0.21

PC of SF36 37.6 (28.6–50.8) 31.5 (22.4–39.8) 47.4 (38.1–61.5)* 0.01

MC of SF36 45.0 (32.1–65.5) 40.6 (32.9–54.2) 60.9 (33.3–72.3) 0.17

Values are median (interquartile range)

AHI apnea hypopnea index, ESS Epworth sleepiness scale, MC mental component, Min minutes, PC physical
component, REM rapid eye movement, SaO2 oxygen saturation, SE sleep efficiency, SF-36 short form 36-Item
Health Survey, SFI sleep fragmentation index, TST total sleep time

*Significant different from AHI ≥ 15 events/h (p < 0.05)

Table 3 Baseline characteristics
and lung function tests at 1st
evaluation

All patients AHI ≥ 15 AHI < 15 p value

Age, years 54.5 (39.3–65.5) 58.5 (47.0–66.5) 44.0 (23.8–53.5) 0.06

Male/female 20/16 14/8 6/8 0.31

BMI, kg m−2 27.5 (24.8–31.0) 28.5 (25.3–31.0) 25.5 (24.0–30.5) 0.22

APACHE II 16.5 (12.8–22.0) 15.0 (12.3–20.8) 19.0 (13.3–22.8) 0.49

Comorbidities, yes/no 25/11 16/6 8/6 0.15

Days on MV 9.5 (4.0–18.3) 9.5 (4.3–18.5) 9.0 (4.5–16.8) 0.88

ICU stay, days 11.5 (7.8–22.0) 11.5 (7.3–22) 11.5 (9.0–20.3) 0.96

HLS, days 31.5 (21.8–50.5) 35.0 (20.5–54.8) 27.5 (23.3–47.3) 0.65

HLS after ICU, days 11.5 (8.8–28.5) 13.0 (10.0–33.8) 10.5 (8.3–17.8) 0.30
aFEV1, % pred. 80 (60–94) 77 (58–97) 81 (66–97) 0.73
aFVC, % pred. 82 (74–100) 78 (74–103) 86 (75–100) 0.82
aFEV1/FVC 78 (71–83) 77 (67–80) 82 (78–84) 0.19
aTLC, % pred. 89 (83–102) 89 (82–94) 92 (86–103) 0.57
aRV, % pred. 103 (77–123) 105 (76–128) 100 (79–122) 0.86
aFRC, % pred. 91 (87–111) 91 (81–107) 98 (89–113) 0.36
aMIP, % pred. 56 (43–64) 57 (53–65) 51 (32–64) 0.64
aMEP, % pred. 45 (38–51) 43 (39–61) 46 (36–50) 0.72
aTLCO, % pred. 77 (51–84) 76 (46–84) 79 (61–84) 0.56

Values are median (interquartile range)

AIH apnea hypopnea index, APACHE II Acute Physiology and Chronic Health Evaluation II, BMI body mass
index, ICU intensive care unit, HLS hospital length of stay, MV mechanical ventilation, FEV1 forced expiratory
volume in 1 s, FVC forced vital capacity, FRC functional residual capacity, MEP maximal expiratory pressure,
MIP maximal inspiratory pressure, pred predicted, RV residual volume, TLC total lung capacity, TLCO transfer
factor of the lung for carbon monoxide
a Lung function tests pertain to 24 patients

*Significant difference from the 1st sleep study
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1). Overall, at 6 months, lung volume had increased, with the
change being noted as significant only for total lung capacity

(TLC) (Table S5, Online Resource 1). There was no relation-
ship between the change in variables of lung function tests and
that of sleep architecture.

In one out of eight patients who had abnormal ED tests at
1st evaluation, follow-up examination was not performed (lost
to follow-up) (Table S2, Online Resource 1). At the 2nd eval-
uation the ED tests continued to be abnormal in six out of
seven patients studied, while in one patient, the abnormalities
were completely restored. Although full recovery of the
genioglossus muscle function was observed in the patient
deemed abnormal during the 1st examination, AHI remained
above 15 events/h (Table S2, Online Resource 1). This patient
increased body mass index (BMI) by 8 kg/m2, meeting the
criteria for morbid obesity at the 2nd evaluation.

Discussion

The main findings of our study are as follows: (1) in survivors
of critical illness without hypercapnia and hypoxemia, within
10 days of hospital discharge, sleep quality was poor
characterised by severe disruption of sleep architecture and
excessive sleep-disordered breathing, mainly of the obstruc-
tive type which in 61% of patients was classified as moderate
or severe (AHI ≥ 15 events/h). (2) Although at 6 months after
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hospital discharge sleep quality remained relatively poor, com-
pared to the 1st sleep study, significant improvement in N3
stage and AHI was observed, resulting in significantly more
patients being classified as normal or with mild SDB. (3) Even
though quality of life improved at 6 months, continued to be
lower than normal. (4) There was no relationship between the
change in quality of life and that of sleep disturbances.

Poor sleep quality at hospital discharge in our patients pre-
sents many similarities to that observed in non-sedated criti-
cally ill patients, the main difference being the lower sleep
efficiency and the abolition of the circadian rhythm during
critical illness [24, 25]. Although at 6 months after hospital
discharge, N3 stage was significantly increased, sleep quality
remained poor with a high percentage of N1 and low percent-
ages of REM stages. It follows that survivors of critical illness
exhibit sustained long-term poor sleep quality. Since REM is
the most restorative sleep stage responsible, along with other
high brain functions, for memory formation [26], poor sleep
quality might contribute to long-term cognitive dysfunction
observed in these patients.

Our finding that the vast majority of survivors of critical
illness who needed intubation and mechanical ventilation to
support the respiratory system for at least 48 h during the ICU
stay exhibit obstructive SDB within 10 days of hospital

discharge, although novel, is not unexpected. Current studies
have shown that four pathophysiologic mechanisms, operat-
ing alone or in combination, lead to obstructive events [27,
28]. These are the following: (1) increased upper airway col-
lapsibility (increased passive critical closing pressure of upper
airways) [29], (2) high chemical loop gain (increased ventila-
tory sensitivity to chemical stimuli) [28], (3) low arousal
threshold (arousal occurs at low inspiratory effort) [30] and
(4) poor responsiveness of pharyngeal dilators (mainly the
genioglossus muscle) to negative pharyngeal pressure [31].
Critical illness may adversely affect all these pathophysiologic
mechanisms for various reasons. Firstly, the morphology and
passive properties of upper airways may be modified due to
endotracheal intubation, tissue edema and low lung volumes.
Secondly, stimulation of various lung receptors due to the
repair process of the lung injury, combined with interstitial
lung edema and low lung volumes may increase the chemical
loop gain causing unstable breathing, a well-known mecha-
nism for obstructive and central sleep-related events. Thirdly,
poor sleep quality in our patients characterised by very high
percentages of N1 stage, could affect the arousal threshold.
Studies have shown that the arousal threshold is 37% lower in
N1 compared with N2 or N3 stages, and this decrease might
contribute to the increased incidence of SDB [32]. Finally, the
occurrence of ICU-acquired weakness may affect the pharyn-
geal dilators, particularly the genioglossus, by reducing the
muscles responsiveness to negative intraluminal airway pres-
sure [33]. We observed that in one out of the five pa-
tients tested, genioglossus contraction was reduced,
while in eight out of 11 patients, findings consistent with
polyneuromyopathy were evident. In addition, the reduced
MIP and MEP also indicate ICU-acquired muscle weakness.
Although the number of patients in whom ED tests were per-
formed is small for a meaningful statistical analysis, at 1st
evaluation, five out of eight patients with findings consistent
with polyneuromyopathy exhibited moderate (n = 2) or severe
(n = 3) obstructive SDB. On the other hand, three patients with
normal ED tests were classified as normal (n = 2) or with mild
SDB (n = 1). The activity of the dilators may also be adversely
affected by the low arousal threshold. It has been shown in
patients with obstructive sleep apnea syndrome (OSAS) that
cortical arousals inhibit the sustained activation beyond the
obstructive phase of the genioglossus muscle (referred to as
after-discharge), thereby potentially promoting recurrence of
obstruction [34]. Since recovery from ICU-acquired weakness
may be incomplete even 5 years after ICU discharge, this
mechanism may explain why several patients continued to
exhibit obstructive SDB at 6 months after hospital discharge
[35]. Specific quantitative studies examining the function of
dilators of upper airways may clarify the role of ICU-acquired
muscle weakness on sleep. Finally, bilateral or unilateral

0

10

20

30

40

50

60

70

80

90

100

0 10 20 30 40 50 60 70 80 90 100

y= 0.837x-0.746, r=0.80, p<0.001

AH
I(

ev
en

ts
/h

ou
r):

2nd
sle

ep
st

ud
y

AHI (events/hour): 1st sleep study

6

3
1

3

5

4

1

2

2

3

8

5

1

9

1

1

Fig. 3 Relationship between apnea–hypopnea index (AHI) obtained in
the 1st and 2nd sleep studies. Black circles denote patients in whom body
mass index increased from 1st to 2nd sleep study [the numbers show the
increase in bodymass index in each patient, median increase 3 (2–5) kg/m2].
Solid line—regression line. Dashed line—line of identity. Arrow indicates
one patient with very low sleep efficiency during the 2nd sleep study (6.8%
of TST, 28 min) making the calculation of AHI in this patient unreliable

468 Sleep Breath (2019) 23:463–471



hypoglossal nerve damage following intubation has been re-
ported and this might affect SDB [36]. Further studies, using a
specific methodological approach [27], are needed to clarify
the extent to which these mechanisms contribute to SDB.

The role of sympathetic activity as a potential contributing
factor to poor sleep quality deserves some comments. Critical
illness is a potent stimulus of the sympathetic nervous system
[37] and this might contribute to reduced N3 stage [38, 39] at
hospital discharge. The significant increase in N3 stage
6 months later could be partly due to decreased sympathetic
nerve activity. Nevertheless, sympathetic activity was not
measured in our study and thus the role of this factor in our
findings is unknown.

Similar to previous studies [6, 8, 9], we observed that sur-
vivors of critical illness expressed long-term low quality of
life. Nevertheless, contrary to other studies [6], neither the
physical nor the mental composite score of SF-36 was related
to sleep disturbances. Also, the magnitude of improvement of
the quality of life at 6 months after hospital discharge was not
related to the observed sleep quality. Although different study
designs might explain the discrepancy among studies, the sub-
jective nature of SF-36 could be responsible for these variable
results. Similar findings were obtained with ESS, indicating
that at least in these patients, SDB may not be associated with
subjective sleepiness.

To our knowledge, this is the first study to prospectively
collect data regarding the sleep quality of survivors of critical
illness at hospital discharge and 6 months later. The high in-
cidence of SDB at these two time points is in discordance with
the studies of Lee et al. and Dhooria et al., demonstrating a
low incidence of SDB in ARDS survivors studied within
6 months and at 1 month after ICU discharge, respectively
[10, 11]. Selection of the studied population may explain these
differences. Lee et al. studied patients who reported sleeping
difficulties, while Dhooria et al. studied young patients [me-
dian age 24 (IQR 22–28)] with very few or no comorbidities,
normal/low BMI and acute tropical illness with multiple sys-
tem organ failure as the cause of ARDS. On the other hand, a
recent preliminary study prospectively examined the preva-
lence of sleep apnea at 3 months of hospital discharge in 35
patients admitted in ICU with acute hypercapnic respiratory
failure. Twenty percent of these patients had known underly-
ing diagnosis of OSA, and 17% were already on home non-
invasive ventilation (NIV) [40]. However, from this group,
only 16 patients were studied and the prevalence of severe
sleep apnea (≥ 30 events/h) was 56% [40]. Because we studied
only patients without hypercapnia and hypoxemia on room
air, a direct comparison between studies is not feasible.
Solverson et al., using actigraphy and questionnaires, found
reduced sleep quality following critical illness, which was
associated with poor health-related quality of life [13].

Obviously in this study, sleep architecture and SDB were not
examined.

Our study has some limitations. Firstly, although we stud-
ied patients without hypercapnia and hypoxemia and we ex-
cluded patients with pre-existing sleep disorders or diseases
that are associated with high incidences of sleep abnormalities
(lung fibrosis, neuromuscular disorders etc.), it is possible that
some of our patients had undiagnosed obstructive sleep apnea
syndrome, given the high incidence of this disease in ageing
populations, particularly those with increased BMI. The prev-
alence of AHI ≥ 15 events/h (moderate to severe SDB) in the
general population ranges between 5 to 16% in men and 1.2 to
20% in women [see ref. [41] for review]. In our study, severe
SDB was observed in 70% of men and 50% of women, much
higher than in the general population. Nevertheless, in our
study, the severity of SDB was not related to either age or to
BMI. Furthermore, the significant decrease of AHI observed at
6 months after hospital discharge clearly points out that revers-
ible factors related to critical illness, such as ICU-acquired
muscle weakness, alteration in lung volumes, tissue edema
of upper airways and modulation of ventilatory control mech-
anisms, might be involved in sleep-related breathing disorders.
Secondly, the contribution of each of the four pathophysiolog-
ic mechanisms to obstructive sleep apnea in our patients was
not examined. Thirdly, ED tests were only performed on 11
patients, due to different factors (unavailability of the specific
test when scheduled, patients’ unwillingness). However, we
believe that due to the high incidence of abnormal tests ob-
served in examined patients (eight out of 11), the role of ICU-
acquired muscle weakness in SDB should be specifically in-
vestigated in this patient population. Finally, there was not a
non-ICU hospitalised group to allow for comparisons.

Conclusions

In conclusion, we have demonstrated that the majority of sur-
vivors of critical illness who needed intubation and mechani-
cal ventilation to support the respiratory system for at least
48 h during ICU stay, exhibited poor sleep quality and mod-
erate to severe obstructive sleep-disordered breathing at hos-
pital discharge. Although, at 6 months, sleep quality remained
poor, sleep architecture improved, indicating that reversible
factors linked to critical illness are partly responsible for sleep
abnormalities. Future research is required to investigate the
pathophysiological mechanisms leading to sleep disturbances
following critical illness.
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