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Abstract
Sleep patterns in critically ill patients’ polysomnographic sleep studies (PSG) are severely abnormal.

Purpose

We aimed to investigate the association of atypical sleep patterns, micro-sleep phenomena (sleep spindles and K-complexes) and
rapid eye movement (REM) sleep with intensive care unit (ICU), in-hospital and 90-day mortality in conscious critically ill
patients on mechanical ventilation.

Method

This was a prospective descriptive study. We analysed 52 PSGs recorded in conscious critically ill patients on mechanical
ventilation. PSGs were scored according to standard classification when possible. Otherwise, modified classification proposed
for scoring sleep in critically ill patients was used. The association of PSG findings with mortality was studied using logistic
regression and Weibull model of survival analysis.

Results

The presence of atypical sleep patterns in accordance with modified sleep scoring classification was associated with higher odds
for ICU mortality (odds ratio 11.63; p =0.03). The absence of K-complexes was associated with higher odds for ICU mortality
(odds ratio 11.63; p =0.03), while the absence of sleep spindles was associated with higher odds for in-hospital (odds ratio 7.80;
p=0.02) and 90-day mortality (odds ratio 5.51; p =0.02). Loss of sleep spindles was associated with higher mortality risk with
cutoff point 90 days (hazard ratio 3.87; p = 0.03).

Conclusions

The presence of atypical sleep and absence of normal PSG sleep characteristics in conscious critically ill patients on mechanical
ventilation indicates involvement of sleep producing brain structures in the pathological process and is associated with poor
outcome.
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Introduction

Intensive care is one of the most expensive treatments to pa-
tients with severe illnesses, which often are associated with
persisting serious consequences for the performance and qual-
ity of life in many patients after being discharged from the
intensive care unit (ICU) [1]. Accordingly, there has been
much focus on the improvement of intensive care based on
new knowledge on treatment of the diseases as well as esti-
mation of the prognosis.

Sleep disturbances in critically ill patients have been
among the issues receiving more attention in the field of in-
tensive care medicine during recent years. Disrupted sleep
may be associated with development of delirium and conse-
quently prolonged stay in ICU and increased mortality [2].
Disrupted sleep is associated with the impaired function of
nervous system including cognition and memory consolida-
tion [3], immune system [4] and metabolism [5]. Accordingly,
the negative effect of disrupted sleep on prognosis in case of
critical illness can be serious [6].

Sleep investigation in critically ill patients is complicated due
to the difficulties of monitoring and analysis. Polysomnography
(PSG), the criterion standard method of sleep monitoring, is
challenging in ICU mostly due to difficulties of interpretation.
PSG comprises registration of several physiological signals with
electroencephalography (EEG) as one of the main components.
The standard for sleep scoring, American Academy of Sleep
Medicine (AASM) sleep scoring classification [7] defines sleep
scoring for presence of normal sleep pattern but cannot be used
for sleep scoring in many critically ill patients with abnormal
EEG patterns [8-10]. A modified classification for sleep scoring
in critically ill patients was proposed by Watson et al. [11]
Watson’s classification suggests extension of AASM classifica-
tion by two new states: atypical sleep and pathologic wakeful-
ness. Atypical sleep part includes six supplemental atypical sleep
stages as defined by abnormal EEG findings. Watson’s classifi-
cation has not yet been validated.

The prognostic value of sleep characteristics in the EEG
has been mentioned in a few studies in patients with altered
function of central nervous system [12—14].

The absence of sleep characteristics as defined in AASM
standard for sleep scoring and the presence of atypical sleep
patterns according to Watson’s classification [11] were found
in many patients in our two previous PSG studies in conscious
critically ill patients on mechanical ventilation [15, 16]. The
role of the absence of normal sleep characteristics in sleep EEG
for the outcome in these critically ill patients is unknown.

The aim of this study was to investigate the association of
the presence of atypical sleep patterns as compared to the
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presence of normal sleep characteristics in sleep EEG with
outcome measured by ICU mortality, in-hospital mortality
and 90-day mortality in conscious critically ill patients on
mechanical ventilation.

Materials and methods

This study was designed as a prospective descriptive study.

Patients

The data used in this study were collected in a general ICU,
Vejle Hospital, Vejle (September 2012—November 2013) and
Odense University Hospital, Odense (May 2015—March 2016),
Denmark. The patients used in this study also participated in
one of the following two studies ‘Sleep in critically ill patients:
the role of environment’, registered on ClinicalTrials.gov
(NCTO01681043) [15], and ‘Sleep in critically ill, mechanically
ventilated patients with severe sepsis or COPD’, registered on
ClinicalTrials.gov (NCT02434341) [16]. Both studies were ap-
proved by the Regional Ethics Committee of Southern
Denmark (S-20120001; S-20140207G) and performed in ac-
cordance with principles of the Declaration of Helsinki and
rules of Good Clinical Practice.

Conscious critically ill adult patients on mechanical
ventilation who were able to understand the project in-
formation were considered eligible for participation. The
patients were considered conscious if they were clinical-
ly awake or waked up on request and were able to
communicate. The patients under 18 years old and co-
matose patients were excluded. The eligible patients
were informed about the project by the main investiga-
tor. The patients who agreed to participate had to sign
the informed consent form or allow personnel of family
member to sign on their behalf to fulfil the inclusion
procedure. There were always bystanders present during
the informing procedure and during the obtaining of
informed consent.

Two PSG recordings during two consecutive days were
obtained in all but one patients in ICU of Vejle Hospital, while
one PSG recording was obtained in all patients included in
ICU of Odense University Hospital. First day PSG studies in
Vejle patients and all the PSG studies in Odense patients were
included in the survival analysis.

The mortality data reported in this manuscript are original
and have not been published elsewhere.
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Polysomnography

The EEG and Sleep Recorder Trackit (Lifelines LTD, UK)
was used for sleep monitoring. The PSG setup was carried
out by the main investigator (Boyko Y) according to AASM
standard with six EEG channels (left and right frontal, central
and occipital), EOG and sub-mental EMG channels included.
The sampling rates were 256 Hz. We intended to investigate a
total of 24-h recording. PSG was initiated during the day,
when the informed consent was obtained. PSG recordings
were started at the daytime, between 7 a.m. and 4 p.m. in the
majority of cases (94%), and during the evening hours, be-
tween 4 p.m. and 11 p.m. in four cases (6%). Depending on
the practical issues, such as procedures, PSG recordings were
terminated at different time points during the following day.

A dedicated viewer, EEGViewer, was used for scoring
PSG [15]. EEGViewer is a software program programmed
in Matlab to facilitate features and algorithms not available
in our commercial systems. EEGViewer is developed by
Nikolic M and has been used for several research projects.
For this project, we extended the scoring capabilities of the
EEGViewer to support Watson’s classification [11]. PSG re-
cordings are imported via the EDF file standard. Standard
AASM filters are applied (EEG 0.3-35 Hz and EOG 0.3—
35 Hz).

The data files recorded by the EEG and Sleep Recorder
Trackit were imported in the EEGViewer. Thirty second
epochs were manually scored in the EEGViewer by a profes-
sor in Sleep Medicine Jennum P, blinded to patient character-
istics. No automatic scoring was performed.

Firstly, PSG was evaluated in accordance with AASM clas-
sification for scoring sleep [7]. The AASM scoring refers to

normal EEG pattern associated with other polygraphic mea-
sures, primarily EOG and EMG activity. We defined the pres-
ence of normal sleep characteristics by the presence of normal
wakefulness (e.g. beta-alpha activity, reactivity), normal sleep
pattern typical for non-rapid eye movement (NREM) sleep
stages N1-N3 (e.g. theta activity, K-complexes, sleep spin-
dles, delta-waves) and rapid eye movement (REM) sleep
(mixed EEG pattern, sawtooth waves, rapid eye movements).
For technical reasons and due to the complexity of manual
scoring, the absolute number of sleep spindles and K-
complexes was not calculated. The epochs of N2 stage with
and without sleep spindles and/or K-complexes were not
marked separately, but as N2 in general.

If the mentioned criteria of normal sleep were absent, we
used Watson’s sleep scoring classification [11]. Polymorphic
delta activity with or without alpha, beta or theta activity was
scored as atypical sleep (atypical stages 1-3) according to
Watson’s classification if other characteristics of normal sleep
(e.g. sleep spindles, K-complexes) were absent.

The epochs that could not be scored due to artefacts or
invalid data were marked as well.

An overview of the criteria for sleep scoring according to
AASM classification and Watson’s classification is presented
in Table 1.

The data files were exported from the EEGViewer as text
files and imported to STATA for the statistical analysis.

Statistical analysis
Multiple logistic regression models with the calculation of

odds ratios (OR) were used for the analysis of the association
of ICU mortality, in-hospital mortality and 90-day mortality

Table 1 Criteria for scoring sleep

according to American Academy AASM criteria for scoring sleep

Watson’s criteria for scoring atypical sleep

of Sleep Medicine (AASM)
criteria [7] and criteria for scoring
atypical sleep in critically ill pa-
tients suggested by Watson [11]

possible slow eye movements

N2: Sleep spindles and/or K-complexes not associated with

arousal

N3: delta >20% of the epoch

REM": low amplitude, mixed frequency EEG pattern,

N?1: predominantly theta, possible vertex sharp waves,

At°l: alpha and/or theta > 10% of the epoch,
no sleep spindles or K-complexes in the
preceding 3 min; possible polymorphic
delta

At2: polymorphic delta with alpha or beta
superimposed on delta-waves, no sleep
spindles or K-complexes in the preceding
3 min

At3: polymorphic delta, no alpha or beta

At4: Burst-suppression <5 pnV for>0.5 s

sawtooth waves, rapid eye movements, low sub-mental tone

Wake: alpha, eye blinks, reading eye movements, rapid eye
movements, normal or high sub-mental tone

At5: suppression pattern with EEG amplitude
<20 nv

At6: isoelectric activity

#Non-rapid eye movement sleep (N)

°Rapid eye movement (REM)

¢ Atypical sleep (At): atypical sleep scored in accordance with Watson’s sleep scoring classification [11]
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with sleep pattern (AASM [7] or atypical according to
Watson’s classification [11]), absence of sleep spindles and
K-complexes and absence of REM sleep in sleep EEG.
Sleep patterns (AASM or Watson), sleep spindles, K-
complexes and REM sleep (present or absent) were included
in the analysis as dichotomous variables. The effect of sleep
pattern, sleep spindles, K-complexes and REM sleep was test-
ed in four separate parsimonious models with age included as
covariate in each model. p values <0.05 were considered
significant.

Weibull models of the survival analysis with the calculation
of'hazard ratios (HR) and time ratios (TR) were applied for the
analysis of association of mortality with cutoff point 90 days
with sleep patterns (AASM [7] or Watson [11]), absence of
sleep spindles and K-complexes and absence of REM sleep in
sleep EEG. Similarly to the multiple logistic regression
models, sleep patterns (AASM or Watson), sleep spindles,
K-complexes and REM sleep (present or absent) were includ-
ed in the analysis as dichotomous variables. Separate Weibull
models were used for each of the four sleep variables (sleep
pattern, sleep spindles, K-complexes, REM sleep) with age
included as covariate in each model. p values <0.05 were
considered significant.

The logistic regression models and Weibull models of the
survival analysis including sleep pattern, sleep spindles, K-
complexes and REM sleep as covariates in the same model
and models including supplemental covariates (e.g. severity of
critical illness score) were tested as well. The results from
these large models were not useful presumably due to a small
sample size and collinearity problems. Accordingly, the re-
sults of the parsimonious models only are reported.

Results

We included 19 patients from the ICU, Vejle Hospital, and 33
patients from the general ICU, Odense University Hospital.
The majority of patients were admitted to the ICU with respi-
ratory failure due to infection. All the patients had Richmond
Agitation-Sedation (RASS) score at inclusion from — 1 to + 1.
Nine of the patients included at Vejle ICU periodically re-
ceived small doses of remifentanil analgosedation during the
participation period to reduce the irritation from endotracheal
tube [15]. The patients included at Odense ICU received no
continuous sedation during the period of PSG recording that
was used for the survival analysis [16].

We included a total of 52 PSGs for the survival analysis
giving approximately 998 h of PSG recording. The median
duration of each PSG recording (min; max; interquartile
range) was 19.2 h (9.5; 24; 2.3).

Merged patient baseline characteristics, stratified by ICU,
in-hospital and 90-day mortality are presented in Table 2.
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An overview of the PSG recording time, sleep dura-
tion and percentage of the separate sleep stages accord-
ing to AASM and Watson’s classification stratified by
ICU, in-hospital and 90-days mortality is presented in
Table 3.

The illustration of 90-day survival function depending on
the presence or absence of normal sleep characteristics accord-
ing to AASM classification in these conscious critically ill
patients on mechanical ventilation is presented in Fig. 1.

Logistic regression analysis showed significantly
higher OR for ICU mortality in case of atypical sleep
pattern (classified in accordance with Watson’s sleep
scoring classification) compared with normal sleep
(p=0.03). OR for ICU mortality in case of the absence
of K-complexes was significantly higher compared with
the presence of K-complexes (p=0.03). Although not
significant (p =0.10), OR for sleep spindles, as expect-
ed, indicated higher ICU mortality if sleep spindles
were absent in sleep EEG. Due to singularity problems
caused by the small sample p value for the effect of
REM sleep on ICU mortality could not be calculated
(Table 4).

The ORs for in-hospital mortality and 90-day mortality
calculated in logistic regression analysis were found to be
insignificantly higher in case of atypical sleep (p =0.08;
p=0.10, respectively). Analysis of in-hospital mortality
and 90-day mortality revealed a significant effect of the
absence of sleep spindles in sleep EEG on mortality: ORs
for in-hospital mortality and 90-day mortality were signif-
icantly higher in case of the absence of sleep spindles in
sleep EEG (p =0.02; p =0.02, respectively). Although not
significant (p =0.08; p=0.10), ORs for K-complexes, as
expected, indicated higher in-hospital and 90-day mortal-
ity if K-complexes were absent in sleep EEG. Similar
results were received for the analysis of the effect of
REM sleep on in-hospital and 90-day mortality (p =
0.12; p=0.22, respectively) (Table 4).

The logistic regression showed higher ORs for ICU mor-
tality, in-hospital mortality and 90-day mortality with increas-
ing age. The effect of age on in-hospital and 90-day mortality
was not significant though. The results of logistic regression
analysis on ICU, in-hospital and 90-day mortality are present-
ed in Table 4.

Weibull models of the survival analysis showed higher
mortality risk in case of the presence of atypical sleep
(Watson’s classification) in sleep EEG compared with normal
sleep (AASM classification), or a reduction of lifetime in case
of atypical sleep. This was however not significant (p =0.10
for HR and p =0.11 for TR).

In case of the absence of sleep spindles in sleep
EEG, mortality risk was significantly increased (p=
0.03 for HR), and lifetime was reduced (p=0.04 for
TR).
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Table2 Merged patients’ baseline characteristics, stratified by intensive care unit (ICU), in-hospital and 90-day mortality
Patient characteristics (n =52) Survived at ICU  Expired at ICU ~ Survived at ~ Expired at Survived Expired
discharge discharge hospital hospital discharge at 90 days  at 90 days
(n=42) (n=10) discharge (n=19) (n=31) (n=21)
(n=33)
Admission diagnosis, n Respiratory distress, n =35
Chronic obstructive pulmonary disease exacerbation (20%)
Pneumonia (68.5%)
Heart failure (3%)
Neurologic disease (8.5%)
Haemorrhage, n=2
Trauma, n=1
Sepsis, n=14
Median age, year (min; max) 68 (26; 87) 76 (62; 88) 67 (26; 87) 71 (51;88) 66 (26;87) 72 (51; 88)
Sex, male/female (1) Male n=28 Male n=>5 Malen=21 Malen=12 Male n=20 Malen=13
Female n=14 Female n=5 Femalen=12 Female n=7 Female Female n=28
n=11
Median APACHE Ila (min; max) 24 (11; 35) 23.5(18;31) 22.5(11;35) 24(15;31) 22.5(11;25) 24 (15;35)
Median length of ICU stay before inclusion, 35 (0; 42) 2 (1; 30) 4(0;42) 2 (1; 30) 3(0;42) 3(1;30)

days (min; max)

 Acute Physiology and Chronic Health Evaluation IT-score (APACHE II)

In case of the absence of K-complexes in sleep EEG, mor-
tality risk was increased and lifetime was reduced. This was
not significant (» =0.10 for HR and p =0.11 for TR).

In case of the absence of REM sleep in sleep EEG, mortal-
ity risk was increased and lifetime was reduced. This was not
significant (p = 0.20 for HR and p =0.21 for TR).

As expected, survival analysis showed increase in the risk
of death with increasing age.

The results of the Weibull models of the survival analysis
are shown in Table 5.

Discussion

This is the first study to analyse the association of atypical
sleep patterns in accordance with Watson’s sleep scoring clas-
sification [11] in sleep EEG with ICU, in-hospital and 90-day
mortality in conscious critically ill patients on mechanical
ventilation.

The main findings of the study were

» Significantly higher OR for ICU mortality was found if
atypical sleep patterns were present in sleep EEG. The
absence of K-complexes was significantly associated with
higher OR for ICU mortality, while the absence of sleep
spindles was significantly associated with higher ORs for
in-hospital and 90-day mortality.

» The absence of sleep spindles in sleep EEG was signifi-
cantly associated with higher HR for mortality with cutoff
point 90 days.

Sleep is generated in several interconnected brain
structures including brainstem, hypothalamus, thalamus
and forebrain. The association of preserved sleep elements
in the EEG with favourable outcomes was observed in
patients with posttraumatic coma in the study by
Bergamasco et al. [12] Claasen et al. reported, the absence
of sleep architecture was associated with poor outcome in
patients with subarachnoid haemorrhage [13]. Sutter et al.
studied the association of sleep characteristics in EEG
with outcome in critically ill patients with altered levels
of consciousness diagnosed with acute encephalopathy.
The authors found K-complexes were significantly asso-
ciated with good outcome measured by Glasgow Outcome
Score at discharge [14]. In contrast to the mentioned stud-
ies, the patients in our study were conscious and able to
cooperate at inclusion. Similarly to the mentioned studies, we
found the absence of sleep characteristics as defined in standard
for sleep scoring (AASM) was associated with unfavourable
outcome.

ICU, in-hospital and 90-day mortality were chosen as out-
come variables in this study. Only some of the associations
between sleep parameters and the outcome variables were
found statistically significant. Nevertheless, we observed a
clear tendency towards unfavourable outcomes if normal

@ Springer



Sleep Breath (2019) 23:379-388

384

[11] uoneoyisse[o Suroos dods s, U0SIBAY (PIM 3OUBPIOIOR Ul Pa10ds dagys [eordAye (1) daays [eardAry

(AT yuawoAow 949 prdey a
(N) doajs juataaow 943 pider -uoN ,

9LE 8°6¢ 09¢ S'LE £se '8¢ (Y) 1ejorry
%00=00 SV %0'0=C00 SV %00=00 SV %b10=C0 SV %00=00 SV B10=T0 SV
%00=10%V %E0=L"0 AV %00=10 ¥V %TO=L"0 1V %0°0=00 ¥V %E0=601V
%10=T0 9V %Y0=0"1 OV %10=C0 &V %Y0=0"1 OV %0°0=00 &V %e0=CT1 a9V
%666 =0'6£C %e66=97ST %0001 =L'S¥1 %E66=6"SYE (uosyepm
av+ v AV+IV %666=0€CTIV+ DIV %E66=919C OV + IV av+ v DV+ IV oum dogys [eardAje [8101 9+SImoy) sage)s uosiep
£6¢€C SysT £0¢T §'e9C LSyl 4123 () vosyep ‘o doays [edrdAye [eioL
0°€8 S'lel S'L9 0°L0C 0°€C S'Isc (W) oem
PL'S=ETINAYL HTS=S9 WAL %TS=6"1 NI %eS=89 WAL %T=10NWdd %ES=9"8 JNII
%e6=8¢ EN BbEYE=VEY EN %88=T¢ EN BIYE=0PY EN %0 81=60 EN %0°6C=¢9Y EN
%0°€9=L"STIN %005 =179 IN %9°€9=1¢CIN %T0S=9%9 IN %085 =6"C IN %0°ES =678 TN
%0°CC=68 IN %0°01=97I IN %ETC=18 IN %Y OL=1¢l IN %0CC=1T IN BLTI=Y0T I.N (NSVV ‘o dod[s [e10L9+smOt) Sa5els INSVV
Loy 9Tl £9¢ 8'8C1 0¢ 091 (W) NSVV ‘o dodys [el0f,
Soov 7965 0°09¢ 8'9¢9 6'861 0°86L () owm SuIpI0oay
93reyosip 93reyosip 93reyosIp 93reyosip
SAep (6 1e pondxyg  sAep (g Je peAIAINg [endsoy ye pandxg [endsoy je paalAIng NDI e pandxyg NDI & PAAIAING

Aypepowr Aep-(g pue [eydsoy-ur ‘(ND]) yun a1ed dAISUNUI £q poyynens
‘(uosyep ‘owr) doofs 1810} JO 95 pue sInoy) [ [ ] UOHBIIJISSE[O S,UOS)BA\ O} SUIpI0doE uonnquysip a3e)s dooys [eordAje pue (smoyp) owmn doays [edrdAe 1103 ‘(smoyy) oxem ‘(NSVV ‘own dog[s [€10) Jo 9, pue
sImoy) [£] uoneonisse[d (NSVYY) SuIdIpajy dogS Jo Awopeoy uedLaury o} Surpioode uonnquysip 23e)s dogys pue (smoy) awr dagys 8103 ‘(sinoy)) awr Surp1ooar AyderSouwosAjod Jo moIAIOAQ € 9|qel

pringer

Qs



Sleep Breath (2019) 23:379-388

385

Fig. 1 Kaplan-Meier survival
estimates depending on sleep
pattern (atypical sleep according
to Watson’s classification or
normal sleep according to
standard classification) in
conscious critically ill patients on
mechanical ventilation. The
figure was created using STATA
15

Kaplan-Meier survival estimates depending on sleep pattern in critically ill patients on mechanical ventilation

0.25
1

T T T

T
0 20 40 60 80 100

analysis time, days

AASM* — Watson™

*American Academy of Sleep Medicine (AASM): the presence of sleep characteristics according to AASM classification for scoring sleep
**Watson: the presence of atypical sleep according to Watson's sleep scoring classification

sleep characteristics were absent in sleep EEG in these con- Sleep spindles and K-complexes are the signs of stage 2
scious critically ill patients. The insignificant results can be =~ NREM sleep. Functional MRI study of sleep spindles and K-
explained by a small sample size. complexes showed signalling in thalamic structures in

Table 4 Logistic regression
analysis of the association of ICU
mortality, in-hospital mortality
and 90-day mortality with sleep
parameters in conscious critically
ill patients on mechanical
ventilation

Sleep phenomena  Odds ratio  p 95% CI Age
(OR)
Odds ratio p 95% CI
(OR)
ICU mortality ~ Atypical sleep® 11.63 0.03 1.22-110.66 1.12 0.03 1.01-1.23
Absence of sleep 6.67 0.10  0.71-62.54 1.11 0.03 1.01-1.21
spindles
Absence of 11.63 0.03 1.22-110.66 1.12 0.03 1.01-1.23
K-complexes
Absence of 1% 1.11 0.02 1.01-1.22
REMP
In-hospital Atypical sleep 3.10 0.08 0.87-11.03 1.05 0.13  0.99-1.12
mortality Absence of sleep  7.80 0.02 147-4141  1.06 0.11 0.99-1.13
spindles
Absence of 3.10 0.08 0.87-11.03 1.05 0.13  0.99-1.12
K-complexes
Absence of REM  3.88 0.12  0.71-21.15 1.05 0.13  0.99-1.12
90-day Atypical sleep 2.82 0.10 0.82-9.64 1.06 0.08  0.99-1.12
mortality  Apsence of sleep  5.51 002 1262421 106 007 0.99-1.13
spindles
Absence of 2.82 0.10  0.82-9.64 1.06 0.08  0.99-1.12
K-complexes
Absence of REM  2.56 022  0.56-11.65 1.06 0.09 1.99-1.12

# Atypical sleep: atypical sleep patterns scored in accordance with Watson’s sleep scoring classification [11]
® Rapid eye movement (REM)

*p value for the effect of absent REM on ICU mortality could not be calculated due to singularity problems caused
by the small sample
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Table 5 Hazard ratio and time
ratio analysis of the association of
mortality with cutoff point

90 days with sleep parameters in
conscious critically ill patients on
mechanical ventilation

Sleep phenomena and age

Hazard ratio (HR) analysis

Time ratio (TR) analysis

HR P 95% CI TR P 95% CI
Atypical sleep® 2.20 0.10 0.85-5.69 0.39 0.11 0.12-1.25
Age 1.05 0.04 1.00-1.10 0.94 0.04 0.89-1.00
Absence of sleep spindles 3.87 0.03 1.14-13.19 0.20 0.04 0.04-0.94
Age 1.04 0.04 1.00-1.10 0.95 0.05 0.90-1.00
Absence of K-complexes 2.20 0.10 0.85-5.69 0.39 0.11 0.12-1.25
Age 1.05 0.04 1.00-1.10 0.94 0.04 0.90-1.00
Absence of REM® 2.23 0.20 0.65-7.63 0.38 0.21 0.08-1.72
Age 1.05 0.04 1.00-1.10 0.94 0.05 0.89-1.00

# Atypical sleep: atypical sleep patterns scored in accordance with Watson’s sleep scoring classification [11]

® Rapid eye movement (REM)

connection with sensorimotor cortex. Sleep spindles and K-
complexes are meant to play an important role in sleep main-
tenance and the processes of memory consolidation [17]. The
absence of these micro-sleep phenomena in critically ill pa-
tients’ sleep EEG indicates involvement of the brain structures
in the pathologic process and adds to the explanation of cog-
nitive impairment after critical illness.

In the present study, we found a tendency towards poorer
outcome if REM sleep was absent in the PSGs. The core of
REM sleep involves brain stem structures. Brain stem, hypo-
thalamus and forebrain interact completing REM sleep cir-
cuits [18]. Though the functions of REM sleep are not
completely understood, experimental studies indicate the role
of REM sleep in the processes of memory consolidation [19].
The inability of critically ill patients to produce REM sleep
could indicate pathology in the brain stem and result in the
disruption of memory processing.

As the AASM standard for scoring sleep is insuffi-
cient in many ICU patients, we used Watson’s classifi-
cation, suggested for scoring sleep in this patient popu-
lation [11]. Watson’s classification is based on the EEG
criteria of encephalopathy published by Young et al.
[20] and Markand [21]. Nevertheless, Watson’s criteria
for scoring atypical sleep were useful for scoring sleep
EEG in these conscious interactive patients. The interpre-
tation and validation of the atypical patterns and the underlying
brain pathology represented in Watson’s classification are yet not
well defined. Encephalopathy states in critically ill patients might
be underdiagnosed.

The patients with neurological emergencies (e.g.
stroke) were not included in the project. We believe
the inclusion criteria (conscious interactive patients)
contributed to the mainly seen atypical stages 1 and 2
according to Watson’s classification [11]. Atypical
stages 3—5 were only scored in a few cases. Atypical
stage 6 was not registered in any patients.

@ Springer

The segregation between delta activity related to N3 sleep
stage and atypical sleep was one of the challenges of sleep
scoring. The epochs containing more the 20% of delta activity
were scored as N3 stage provided that the other stages of sleep
according to AASM classification were recognized in the re-
cording as well [7]. If no other AASM patterns were detected,
the epochs comprising delta activity were scored according to
Watson’s classification (atypical 1-3). Sleep scoring in the
present study was done by an expert in the field of Sleep
Medicine. Nevertheless, supplemental sleep scoring by anoth-
er independent expert with the following interrater reliability
test would improve the quality of the results. Unfortunately,
the interrater reliability test was not possible due to practical
issues.

Medication, inflammation and individual response to criti-
cal illness are among possible explanatory factors of the EEG
abnormalities in these patients. The subgroup analysis would
help understanding the mechanisms of these associations.
Though, the validity of such analysis would not be justified
due to a small sample size in the present study.

Due to a small sample size, we were able to include only
sleep parameters and age as explanatory variables in our sta-
tistical models. Future studies with a larger number of partic-
ipants are needed for the adjustment for other important pa-
rameters, such as severity of critical illness scores, delirium
and medication.

We intended to investigate the association of sleep charac-
teristics with mortality in a group of conscious critically ill
patients on mechanical ventilation. We did not exclude the
patients with electrolyte derangement or impaired renal or
liver function if they were conscious at clinical examination
and could cooperate and fulfil the consent procedure. Though
the mentioned conditions can impact the function of the cen-
tral nervous system and thus bias the results, they are present
in a large number of critically ill patients. Accordingly, the
included sample well represents the population of conscious
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critically ill patients on mechanical ventilation in a general
ICU. The length of ICU stay prior to the inclusion can poten-
tially influence sleep patterns in critically ill patients.
Nevertheless, the length of ICU stay was not among the in-
clusion criteria; conscious patients on mechanical ventilation
were the target group in this study.

The use of unsupervised PSG and the absence of video
recording can be added to the list of limitations of the present
study. Supervised PSG with video recording would possibly
allow assessing of the behavioural aspects under sleep/wake
states.

Conclusion

The absence of normal electrophysiological sleep characteris-
tics in conscious critically ill patients on mechanical ventila-
tion indicates involvement of sleep generating brain areas in
the pathological process and is associated with poor outcome.
Detection of sleep elements in the EEG could have a place as a
supplemental tool in the assessment of prognosis in this pa-
tient population.
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