Original Article / Ozgtin Makale

DOI: 10.4274/jtsm.2016.167
J Turk Sleep Med 2016,3:10-13

Sleep in Mechanically Ventilated Patients in the Intensive
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Summary

Objective: Sleep abnormalities are common in critically ill patients.
Polysomnography (PSG) is the gold standard in assessing sleep quality.
The aim of this prospective study was to monitor the sleep pattern in
mechanically ventilated patients with PSG who were admitted to our
medical intensive care unit.

Materials and Methods: This study was conducted in the Medical
Intensive Care Unit of an University Hospital. Patients with endotracheal
intubation and mechanical ventilation for at least 24 hours were included
in the study. They were monitored for 18 hours per day by continuous
PSG. Sleep parameters were recorded; [total sleep time (TST), sleep
efficiency (SE) and sleep stages].

Results: Records of 12 patients were evaluated. There were nine males
and three females. Median age of patients were 72.5 years (min-
max=31-92). Median APACHE Il was 19 (min-max=10-27). Median
sleep time was 489.5 minutes (180-1105), median SE was 77.1% (24.9-
96.5) and median arousal number was 147.5/TST (14-450). While REM
sleep and non REM stage 3 sleep time and proportion were found to be
decreased, non REM stage 2 sleep time and proportion were increased.

Conclusion: We have shown that mechanically ventilated patients
have changes in sleep architecture and that they have severe sleep
fragmentation. Future research should address the cause of these
problems by using methodology for comprehensive assessment of sleep-
disrupting factors and by examining the dynamic effects of changes in
iliness severity on sleep quality.
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Amac: Kritik hastalarda uyku bozukluklari siklikla gorilmektedir. Uykuyu
degerlendirmenin altin standart yontemi polisomnografidir (PSG). Bu
calismada amag; yogun bakimda mekanik ventilasyon yapilan hastalarin
uykularinin PSG ile degerlendirilmesidir.

Gere¢ ve Yontem: Calisma bir Universite Hastanesi Dahiliye Yogun
Bakim Unitesinde yapildi. Calismaya en az 24 saattir endotrakeal tiip
ile mekanik ventilasyon yapilan hastalar dahil edildi. Hastalara 18 saat
stireyle PSG yapildi. Uyku parametreleri kaydedildi.

Bulgular: Toplam 12 hastanin sonuglari dederlendirildi. Hastalarin
dokuzu erkek, gl kadindi. Ortanca yas degeri 72,5 yil (min-maks=31-92)
olarak bulundu. Ortanca APACHE Il 19 (min-maks=10-27), uyku siiresi
489,5 dakika (180-1105), uyku etkinligi %77,1 (24,9-96,5) ve arousal
sayisi 147,5 (14-450) idi.

Sonug: REM ve derin uyku azalmis olarak bulundu. Non REM evre 2 uyku
artmis olarak izlendi.
Anahtar Kelimeler: Yogun
polisomnografi
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Introduction

Sleep abnormalities are common problems in patients who are
hospitalized in the intensive care unit (ICU) (1-9). Causes of sleep
disturbances in ICU patients are multifactorial. Sleep duration.
architecture. and the sleep-wake cycle are closely associated
with many metabolic and regulatory processes that impact
critically ill patients by engendering detrimental physiologic
and psychological sequelae (7,9-13). However. high-level
evidence regarding the effect of sleep deprivation on recovery
from acute illness or the morbidity and mortality in ICU patients
remains to be undescribed. Typical findings described by
polysomnography (PSG) which is the gold standard of assessing
sleep quality, include increased latency, a higher proportion
of non-rapid eye movement (NREM) sleep especially stage
1 and 2, and reduced slow wave sleep (SWS) and rapid eye
movement (REM) sleep. PSG is technically difficult especially in
critical care due to environmental and patient considerations.
Although ICU patients may experience normal or near normal
total sleep time (TST), approximately 50% of this sleep occurs
during the daytime (14,15). Sleep disturbances are common
in critically ill patients and they contribute to patient morbidity
(16,17). Inter- and intra-patient variability also occurs; this is
not surprising given the multiple causes of sleep disruption in
this patient group. Environmental factors (14,18), medication
(15), ventilator (19), stress response, inflammatory response
and circadian rhythm disturbance factors (17) can affect sleep
ststus of the patients in ICU. The aim of this prospective study
was therefore to monitor the sleep patterns of mechanically
ventilated patients admitted to our medical ICU in order to
assess the presence of sleep abnormalities, sleep patern, and
the potential influence of risk factors known to negatively affect
sleep quality.

Materials and Methods

This study was conducted in the Medical Intensive Care Unit of
an University Hospital. The protocol was approved by the local
ethics committe.

Patients

We included mechanically ventilated adults who were admitted
to a medical ICU. Selection criteria was endotracheal intubation
and anticipated further mechanical ventilation of at least
24-hour duration. Exclusion criteria included occurrence
of encephalopathy, sedative, opioid or neuroleptic drugs
administered within the last 48 hours, premorbid diseases that
could confuse interpretation of sleep monitoring including
central nervous system diseases and sleep disorders and
hemodynamic instability.

Sleep Studies

Patients were monitored for 18 hours by continuous PSG
which included two central (C4/A1, C3/A2) one occipital (O1/
A2 or O2/A1) channels for electroencephalography (EEG),
electrooculogram (EOG) and submental electromyogram
(EMQ). Techniques for gold cup electrode placement conformed
to standard practices and the international 10-20 system. Sleep
studies were continuously attended. All records were scored
automatically with Alice PDX settings (portable PSG). TST
was defined as the total time asleep from the beginning to
the end of the day or night study period total sleep period

(TSP). Sleep efficiency (SE) was defined as time asleep as a
proportion of TSP. EEG arousals were defined as an abrupt
increase in EEG frequency lasting for 3 to 15 seconds without
an accompanying change on the submental EMG channel.
Awakenings were defined as EEG activation of 15 second-
duration with accompanying change on the submental EMG
and EOG channels.

Study Population

Data were collected from the patients’ records on the day of
PSG. The severity of illness was calculated using the APACHE I
(acute physiology and chronic health evaluation II) on the day
of admission. Administered medications and sleep records were
obtained from the nursing notes. There were not any sedatives
and analgecics usage among patients on the day of PSG.
Statistical Analysis

SPSS 18.0 (Chicago IL. USA) was used for statistical analysis.
Descriptive statistics were used to characterize the sample
and describe study variables. Data were presented as number
of cases, percentage. median (minimum and maximum).
Results are reported as meantSD for continuous variables.
Correlation analysis was performed with Pearson correlation
tests. Significance was accepted as p<0.05

Results

PSG was performed to 15 patients. Of these 12 patient were
eligible to evaluate. Three of the records were unable to score,
owing to technical problems. EEG recordings could not be
interpreted because of electrical artifact and PSG recordings of
patients were distrupted during night in these patients. Nine
(75%) patients were male and three (25%) were female. Mean
age of patients were 67.1+£16.6 (31-92). Mean of APACHE I
were 17.7+5.4 (10-27) (Table 1). The majority of our patients
were admitted to the ICU for respiratory insufficiency due to
COPD and sepsis. In two of sepsis patients there were not any
REM sleep (Figure 1). In evaluation of PSG records. we found
that median sleep time was 489.5 (180-1105). Median SE 77.1
% (24.9-96.5). Median arousal number was 147.5/recording
time (14-450) (Table 2). While REM sleep and Non REM stage 3
sleep time and proportion were decreasing and Non REM stage
2 sleep time proportion was increased. We could not find any
corelation between time of sleep stages and severity of patients.
And also there was not any corelation between nurse sleep
records and PSG findings.

Discussion

Our study is a demonstration of sleep in mechanically ventilated
patients. None of our patients showed normal sleep. Based on
our observations, critically ill patients are at risk of disrupted
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Figure 1. Hypnogram of patient one
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Table 1. Demographics and polysomnography results of all patients

Patient | Age | M/F | APACHE |ICU Sleep efficiency Sleep recording time Sleep time REM N1 N2 N3
no 1 diagnosis (%) (min) (min) % % % %

1 53 M 17 Sepsis 96.5 963.0 929.0 0 2.5 68.5 | 29.0
2 70 (M 19 Sepsis 77.4 454.0 351.0 4.2 13.3 |[62.2 | 203
3 75 M 12 COoPD 49.5 1008.0 499.0 24.8 255 |46.7 | 2.8
4 79 M 20 COPD 771 1047.0 807.0 123 0.6 923 | 4.7
5 80 | M 10 COPD 70.3 989.0 695.0 29.7 17.3 | 351 | 235
6 61 F 11 COPD 43.3 417.0 180.0 73.6 19.1 | 5.2 2.2
7 31 M 22 COPD 93.3 363.0 338.0 1.1 3.6 33.2 | 621
8 68 M 23 Sepsis 43.4 1038.0 480.0 0 255 | 66.8 | 5.6
9 49 F 27 Sepsis 77 994.0 976.5 2.8 263 | 475 |15
10 78 F 21 COoPD 82 415.0 340.0 6.6 36.3 [41.9 [15.2
11 92 M 19 Sepsis 92 1189.0 1105.0 59.7 15.1 |20.8 |4.3
12 76 |M 12 COoPD 249 1352.0 336.5 26.5 41.0 |32.2 | 0.1

REM: Rapid eye movement, M: Male, F: Female, COPD: Chronic obstructive pulmonary disease, ICU: Intensive care unit, N1: Non REM Stage 1 sleep, N2: Non REM stage
2 sleep, N3: Non REM stage 3 sleep, W: Wake, R: REM, N1: Stage 1 sleep, N2: Stage 2 sleep, N3: Stage 3 sleep

Table 2. Polysomnography records of patients
Median Minimum-Maximum
Total sleep time (min) 489.5 180-1105
REM (min) 25.25 0-660
N1 sleep (min) 122 5.5-257.7
N2 sleep (min) 224.25 9.5-745
N3 sleep (min) 43 0.5-269.5
Arousal number 147.5 14-450
REM: Rapid eye movement, N1: Non REM stage 1 sleep, N2: Non REM stage 2
sleep, N3: Non REM stage 3 sleep

sleep. We found that in those critically ill, mechanically ventilated
patients in whom sleep can be monitored. The abnormalities
are very similar to the abnormal sleep previously reported
in other acutely ill patient populations (1-9). Several studies
have used PSG to objectively determine the characteristics and
quantity of sleep in the ICU patient. Surprisingly, TST achieved
over the course of a 24 hour period in critically ill patients
approaches normal values (17). However, sleep continuity and
sleep architecture are markedly perturbed as in our study. We
found abnormal sleep architecture and high arousal numbers.
Nocturnal sleep is often severely reduced with approximately
50% of sleep occurring during daytime hours (14,17,18). We
could not evaluate sleep as day time or nigtht time. We started
PSG recording at 4:00 pm and stopped it at 9:00 am because
of difficulty of taking PSG records in ICU. Clinical severity of
illness assessment using the simplified acute physiology score-
Il (SAPSII) has been shown to positively correlate with the
amount of sleep that occurs during daytime hours based on
objective measures (15). However in this study, using acute
physiology and chronic health evaluation scores (APACHE
Il) there were no association between severity of illness and
sleep amount. It may be due to small number of our patients.
Objective studies of sleep quality in a critical care setting using
polysomnographic analysis revealed that nocturnal sleep is

12

highly fragmented with frequent arousals and awakenings.
In addition. the amount of REM and SWS is severely reduced
with an increase in light or non REM stage 1 sleep. Our results
were same with these data. Abnormal and disturbed sleep
has been documented in virtually all types of critical care
settings including medical, surgical and cardiac ICUs. The
consequences of sleep abnormalities in critical illness are often
overlooked. Two of our patients slept without REM sleep. But
in two patients there were long REM duration. We think that
while automatically scoring aweaking should be scored as
REM. Nurses’ subjective clinical assessment of patients’ sleep
correlates poorly with the patient’s own perception of sleep
quality (20). Compared with PSG, nurses were inaccurate
at 26% of the time in determining the presence of sleep
and often overestimated sleep time indicating the need for
objective measurement of sleep in this vulnerable population
(21). In this study, sleep time did not correlate between nurse
records and PSG records. Mechanical ventilation typically
disturbs and disrupts sleep. Parthasarathy and Tobin studied
pressure support ventilation and assist-control ventilation
(ACV) in 11 critically ill patients with both modes set to
achieve a tidal volume of 8 ml/kg (10). Sleep fragmentation
(i.e. arousals and awakenings) was significantly greater during
PSV (7917 events/h) than ACV (54+7 events/h) (p=0.02).
Six of the 11 patients who developed central apneas during
PSV were more likely to have heart failure (defined as a left-
ventricular ejection of less than 50% or a history of congestive
heart failure) compared to those who did not develop central
apneas. Mechanisms responsible for the appearance of central
sleep apnea during PSV may involve ventilatory “overshoots”
augmented by the pressure support which drive PaCO,
below the apneic threshold thus inducing central apneas. This
mechanism may be particularly relevant in patients with heart
failure and Cheyne-Stokes respiration but it may also occur in
those without heart failure (10,22,23). In this study, all patients
were ventilated with pressure control ventilation. There were
some limitations of our study. First of all, there were small
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number of patients in our study. Because of our small number
of patients, results of PSG recordings could not reflect the real
sleep architecture of patients in ICU. Secondly we could not
take records for 24 hours. More than 40% of sleep occurred
during the daytime. TST over a 24-h period that is “normal”
(using nocturnal standard normative values) but is obtained
by a combination of short nocturnal sleep plus abnormally
timed (daytime) sleep may not achieve the same physiologic
benefit as a “normal” TST obtained at night. And finally and
very importantly we evaluate PSG recordings as automatically.
We have to score manually to get more true results. Aweaking
could be understood as REM sleep in our two patients because
of automatically scored.

Conclusion

We have shown that mechanically ventilated patients have
changes in sleep architecture and that they have severe sleep
fragmentation. Future research should address the cause of
these problems by using methodology for comprehensive
assessment of sleep-disrupting factors and by examining the
dynamic effects of changes in illness severity on sleep quality.
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