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Purpose: Postoperative delirium (POD) is a very common and serious neurological com-
plication in patients admitted to the cardiothoracic surgical intensive care unit (CSICU). We 
aimed to identify a novel potential sleep-based marker for POD and investigate the relevance 
between atypical sleep and POD.
Patients and Methods: This was a prospective, observational study of patients admitted to 
the CSICU between December 2019 and February 2020 at our center. Sleep characteristics 
from 21:00 on postoperative day 1 to 07:00 on postoperative day 2 were assessed using 
polysomnography (PSG). POD from the end of PSG monitoring until postoperative day 5 
was evaluated using the Confusion Assessment Method for the Intensive Care Unit.
Results: This analysis included 20 patients admitted to the CSICU. The incidence of 
atypical sleep was 45.0%. Compared to patients without delirium, those with delirium had 
less delta power, less percentage REM sleep, and a higher proportion of atypical sleep and 
REM sleep loss (P < 0.05).
Conclusion: The presence of atypical sleep and the absence of REM sleep were associated 
with POD in patients admitted to the CSICU.
Keywords: postoperative delirium, intensive care unit, atypical sleep, cardiac surgery

Introduction
Postoperative delirium (POD), is a common acute disturbance of consciousness 
occurring postoperatively among 11.5–39.0% of the patients admitted to the cardi-
othoracic surgical intensive care unit (CSICU), it is associated with prolonged 
hospital stay, poor outcomes, and increased health costs and mortality.1–5 Hence, 
identifying risk factors for POD is important. Current research shows that POD 
after cardiac surgery results from a combination of several factors, including 
advanced age, pre-existing cognitive impairment, previous psychiatric conditions, 
cerebrovascular disease, mechanical ventilation time, atrial fibrillation, and so 
forth.6,7 However, sleep disturbances, common among CSICU patients, could be 
a potential risk factor for POD.8

Most recent studies have only considered the association between delirium and 
normal sleep characteristics but not abnormal sleep characteristics. Normal sleep 
consists of 3 stages: WAKE, non-rapid eye movement (NREM) sleep (further 
divided into stages N1, N2, and N3), and rapid eye movement (REM) sleep. 
These can be identified using polysomnography (PSG).9 However, these typical 
sleep characteristics are often absent in patients admitted to the intensive care unit. 
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Atypical sleep is an abnormal sleep subtype, characterized 
by loss of N2 stage markers (K-complexes and sleep 
spindles).10 The incidence of atypical sleep has been 
reported to be 28–50%11–14 among awake or lightly 
sedated patients and 60–85%10,15 among deeply sedated 
patients.

Only limited data exist regarding the association 
between atypical sleep and delirium, and the causality 
remains unclear. Previous studies indicate that delirium 
occurs in 44% of patients with atypical sleep as compared 
to 18% of patients without atypical sleep; however, 
whether atypical sleep occurs before delirium onset 
remains unclear.11 According to a study assessing sleep 
among 14 patients with mechanical ventilation, typical 
sleep features were only recognized in 1 patient without 
delirium.16 Another study reported no significant differ-
ence in the incidence of delirium during the PSG period 
between atypical and typical sleep.12 Although the cited 
studies were important, they did not definitively establish 
the association between atypical sleep and delirium pri-
marily because these could not establish the sequence of 
delirium and atypical sleep. Hence, studies assessing the 
association between atypical sleep and delirium through 
a rigorous experimental design are lacking.

In this pilot study, we conducted PSG monitoring on 
the first postoperative night after cardiac surgery using 
cardiopulmonary bypass (CPB) and assessed delirium 
daily after PSG monitoring until postoperative day 5 to 
test the hypothesis that atypical sleep occurs before the 
onset of and is associated with delirium.

Materials and Methods
Design and Setting
We conducted a pilot prospective study between 
December 2019 and February 2020 at the CSICU of our 
hospital. The study was approved by the Ethics Committee 
of our hospital and is registered at http://www.chictr.org.cn 
(ChiCTR1900023094).

We enrolled 23 patients aged ≥18 years and undergoing 
cardiac surgery using CPB. Patients with the following 
conditions were excluded: (1) history or current diagnosis 
of mental illness or neurological disorders; (2) alcoholism 
(defined using the Alcohol Use Disorders Identification 
Test Consumption score ≥4 in men and ≥3 in women);17 

(3) sleep disturbance (defined as a STOP-Bang score of 
≥3);18 (4) self-reported use of anticonvulsants, antidepres-
sants, and neuroleptics 48 hours before the study; (5) 

contraindications for PSG, including infection, recent 
trauma, and head or neck surgery; (6) PSG monitoring 
time ≤7 h for various reasons (eg, wire loss or equipment 
failure); (7) delirium onset after the surgery till the end of 
monitoring; (8) inability to use the Confusion Assessment 
Method for the Intensive Care Unit (CAM-ICU) to con-
firm delirium or non-delirium (the Richmond Agitation- 
Sedation Scale [RASS ≤ −4]).19,20

Sleep Assessment
A portable 52-channel sleep monitor (BMC Polypro, 
Beijing) was used for sleep monitoring. Electrode place-
ment conformed to the “International 10–20” System.21 

Electrodes were placed by a trained technician and 
included the following: 6 electroencephalogram (EEG) 
channels (2 frontal channels: F3-M2, F4-M1; 2 central 
channels: C3-M2, C4-M1; and 2 occipital channels: O1- 
M2, O2-M1), 2 electrooculogram (E1, E2), and 2 electro-
myograms (EMG＋-EMG−). PSG was started at 21:00 on 
postoperative day 1 and was continuously performed until 
07:00 on the next day (07:00, morning nursing; 21:00, end 
of visiting). All records, every 30-second epoch, were 
scored by a trained sleep technologist and reviewed by 
2 sleep medicine physicians. The sleep technologist and 
sleep medicine physicians were blinded to patient group 
assignment during the study. If PSG observations con-
formed with the standard sleep stages, it was scored 
according to the 2007 American Academy of Sleep 
Medicine Manual for the Scoring of Sleep and 
Associated Events. If some epochs of PSG could not be 
scored using the standard criteria but were consistent with 
the description of atypical sleep,13,15 it was scored as 
atypical sleep.

For each EEG data set, we selected 100 minutes from 
a period with minimal care intervention (02:00–03:40); the 
spectral analysis of the delta (0.5–3.9 Hz), theta (4.0–7.9 
Hz), alpha (8.0–13.0 Hz), and beta (13.1–30.0 Hz) bands 
was performed using fast Fourier transformation of each 
4-s epoch. The spectral power estimates were averaged 
across 6 EEG channels (F3-M2, F4-M1, C3-M2, C4-M1, 
O1-M2, and O2-M1).

Delirium Assessment
POD was defined as delirium lasting from the end of PSG 
monitoring till postoperative day 5, ensuring that delirium 
occurred after sleep monitoring. Patients were screened for 
delirium from the end of PSG monitoring until 
postoperative day 5 by trained nurses using RASS and 
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CAM-ICU.19,20 To ensure that the sleep data were recorded 
before delirium and to minimize the effect of the assessment 
process on patients’ sleep at night, patients were screened for 
delirium at 08:00, 14:00, and 20:00 every day. If patients 
presented any clinical evidence of delirium (such as agita-
tion or illusion, as observed by the nurses) at other times 
(including entire sleep monitoring period), they were addi-
tionally screened by nurses using RASS and CAM-ICU.

Clinical Data Collection
Patients’ sociodemographic characteristics, preoperative 
status, intraoperative variables, and relevant postoperative 
data were collected (Table 1). As analgesia and sedation 
may promote delirium,22,23 we also collected analgesia 
and sedation use information pre- and post-operatively 
till the end of PSG. Analgesics used were morphine, 
fentanyl, and dezocine, and sedatives used were dexmede-
tomidine, midazolam, and chlorpromazine.

Statistical Analysis
Patients were divided into the delirium and non-delirium 
groups based on whether they developed POD. 
Continuous variables were presented as mean ± standard 
deviation (SD; normally distributed data) or medians 
and interquartile ranges (non-normally distributed data; 
25–75% quartiles), and categorical variables were pre-
sented as numbers and percentages. The chi-square or 
Fisher exact test was used to compare qualitative data, 
as applicable, and the Student t or Mann–Whitney 
U-test was used to compare quantitative data, as applic-
able. SPSS software (version 17.0) was used for data 
statistical analysis. P < 0.05 was considered statistically 
significant.

Results
Of the 23 patients, 1 was excluded because of delirium onset 
before the end of PSG monitoring, 2 were excluded because 
of PSG monitoring lasting ≤7 h (caused by wire disconnec-
tion). Of the 20 CSICU patients, 9(45.0%) had atypical sleep 
(atypical stages 1–3) per the Watson classification.15 The 
total atypical sleep duration was 4396 min. 
A representative EEG of a patient with atypical sleep is 
shown in Figures 1, and 2 shows the percentage distribution 
of the sleep stages. Table 1 summarizes the sleep character-
istics of all patients.

Figure 3 shows the distribution of POD. No significant 
differences existed between the groups in baseline char-
acteristics including sociodemographic, preoperative, 
intraoperative, and postoperative variables (Table 2). 

Table 1 Sleep Characteristics of CSICU Patients

All Patients (n=20)

Total recording time (min), mean (SD) 506.42±55.11
Total sleep time (min), mean (SD) 235.62±83.24

Sleep efficiency (%), mean (SD) 47.7±18.6

Stage N1 sleep (%), mean (SD) 14.0±7.3
Stage N2 sleep (%), mean (SD) 29.3±20.4

Stage N3 sleep (%), median (IQR) 0.5 (0, 3.3)

REM sleep (%), median (IQR) 0 (0, 2.9)

Abbreviations: REM, rapid eye movement; SD, standard deviation; IQR, inter-
quartile range.

Figure 1 Electroencephalography tracing from an atypical sleep patient. F3, F4, C3, C4, O1, O2 indicate EEG lead locations. 
Abbreviations: EMG, electromyogram; LOC and ROC, left and right electrooculogram, respectively.
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Patients with delirium had decreased delta power (P = 
0.010) and percentage REM sleep (P = 0.011) and 
a higher incidence of atypical sleep (P = 0.005) and 
REM sleep absence (P = 0.028) (Table 3).

Discussion
To our knowledge, this is the first study assessing the 
association between atypical sleep and delirium using 

PSG through prospectively collected sleep data before 
delirium onset. Overall, (1) sleep quality was generally 
poor among all CSICU patients; (2) 45.0% patients (9/ 
20) developed atypical sleep on the first night after cardiac 
surgery; (3) and patients with delirium had decreased delta 
power and percentage REM sleep and a higher proportion 
of atypical sleep and REM sleep absence.

According to the Principles and Practice of Sleep 
Medicine (Version 6, 2017),24 stage N1, N2, N3, and 
REM sleep generally constitute about 2%-5%, 45%-55%, 
13%-23%, and 20–25% of sleep. However, sleep in 
CSICU patients is often altered because of the influence 
of various factors, such as pain, dyspnea, sleep-affecting 
drugs, ICU environment, and so forth.25 A study by Orr 
analyzed sleep in 6 patients undergoing open-heart surgery 
and found that only 1 patient showed electrophysiologic 
evidence of stage N2 sleep until the 2nd postoperative 
night, and 5 patients showed a total absence of REM 
sleep until the 4th postoperative night.26 In another study 
of 38 patients undergoing coronary artery bypass grafting, 
the total sleep time reduced to 253.6 ± 94.1 min, with 
suppressed stage N3 sleep and REM sleep.27 Trends 
among our data are generally consistent with results of 
the aforementioned studies, including decreased total sleep 
time, lower sleep efficiency, and suppressed stage N3 and 
REM sleep (Table 1).

Severe REM sleep reduction (<6% of total sleep 
time) is associated with delirium.28 A study by 
Evans29 including patients undergoing artificial hip 
replacement showed that reduced total sleep time and 
reduced non-REM delta power on the 2nd night post-
operatively are related to greater POD severity. 
Similarly, in this study, we found that reduced delta 
power and absence of REM sleep are associated with 
POD. Animal studies have shown that REM sleep 
deprivation cause neurotransmitters imbalance, includ-
ing increased acetylcholinesterase activity (responsible 
for acetylcholine degradation) and dopamine 
levels.30,31 Neurotransmitter imbalance (particularly 
decreased acetylcholine level and increased dopamine 
level) plays a key role in the development of 
delirium.32 In contrast, we did not find any statistically 
significant association between total sleep time and 
POD. Our inclusion of critically ill patients undergoing 
cardiac surgery with CPB in this study could explain 
this difference. Several studies have reported on car-
diac surgery affecting sleep characteristics.25 

Moreover, sleep in the CSICU is disturbed more often 

Figure 2 Sleep stage distribution in CSICU patients. 
Abbreviations: NREM, non-rapid eye movement; REM, rapid eye movement.

Figure 3 Composition ratio of postoperative delirium in different periods of CSICU 
patients.
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because of the lights, noise, and a high frequency of 
medical and nursing activities than in the general ward.

The concept of atypical sleep was introduced by 
Cooper in 2012, and it is prevalent among ICU 
patients.10 A study verifying the feasibility of unat-
tended PSG indicated that 44% of the patients with 
atypical sleep had delirium compared to 18% of patients 
with normal sleep; however, this study could not 

conclusively establish whether atypical sleep occurs 
before delirium onset, and the association was not sta-
tistically significant.11 The results of our study showed 
that atypical sleep that occurred before POD is asso-
ciated with POD. K-complexes and sleep spindle loss 
are key characteristics of atypical sleep. Higher spindle 
density has been shown to predict better performance 
with regard to verbal ability and attention; this indicates 

Table 2 Baseline Characteristics in Non-Delirium Group vs. Delirium Group

Non-Delirium (n=12) Delirium (n=8) t/z/x2 P

Sociodemographic characteristics

Age (y), mean (SD) 53.25±15.09 49.38±12.66 0.598 0.557†

Male, n (%) 6 (50.0) 5 (62.5) - 0.670ξ

BMI (kg/m2), mean (SD) 23.90±4.23 26.52±7.42 −0.855 0.408†

Married, n (%) 11 (91.7) 8 (100.0) - > 0.999ξ

Education level, n (%) 1.235 0.539‡

Primary school and below 5 (41.7) 2 (25.0)

Junior and senior high school 5 (41.7) 3 (37.5)

College and above 2 (16.7) 3 (37.5)

Smoker, n (%) 6 (50.0) 2 (25.0) – 0.373ξ

Drinker, n (%) 0 (0) 1 (12.5) – 0.400ξ

Preoperative

Hypertension, n (%) 5 (41.7) 7 (87.5) – 0.070ξ

Diabetes, n (%) 1 (8.3) 0 (0) – > 0.999ξ

Cerebrovascular disease, n (%) 0 (0) 1 (12.5) – 0.400ξ

Sedation use, n (%) 0 (0) 1 (12.5) – 0.400ξ

Analgesia use, n (%) 8 (66.7) 6 (75.0) – > 0.999ξ

LVEF (%), mean (SD) 63.3±6.7 63.5±6.0 −0.086 0.932†

Intraoperative

Operating time (min), mean (SD) 282.58±58.25 312.38±129.94 −0.609 0.558†

CPB time (min), mean (SD) 145.91±43.60 144.43±49.71 0.068 0.946†

Aortic cross-clamp time (min), mean (SD) 71.83±28.78 84.88±29.42 −0.984 0.338†

Postoperative to the end of PSG

Sedation use, n (%) 3 (25.0) 0 (0) – 0.242ξ

Analgesia use, n (%) 4 (33.3) 3 (37.5) – > 0.999ξ

APACHE-Ⅱ score, mean (SD) 28.27±6.65 28.75±2.66 −0.216 0.832†

Length of MV (h), median (IQR) 25.0 (19.0, 148.0) 45.5 (20.3, 98.3) −0.133 0.894*

Length of ICU stays (d), median (IQR) 5.5 (3.3, 14.8) 5.5 (3.0, 9.8) −0.428 0.668*

Notes: †Student’s t-test; *Mann–Whitney U-test; ‡Chi-square test; ξFisher’s Exact Test. 
Abbreviations: BMI, body mass index; LEVF, left ventricular ejection fraction; CPB, cardiopulmonary bypass; APACHE, acute physiology and chronic health evaluation; MV, 
mechanical ventilation; ICU, intensive care unit; SD, standard deviation; IQR, interquartile range.
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the potential utility of sleep spindles as markers of 
cognitive functioning.33,34 Regarding K-complexes, stu-
dies have associated these not only with sleep mainte-
nance but also with executive function.35 Clinical 
studies have confirmed that worse cognitive perfor-
mance is an important trigger for delirium.36–38 

Therefore, we speculate that the association between 
atypical sleep and POD may be linked to acute impair-
ment in cognitive function caused by K-complex and 
sleep spindles loss.

Study Limitations
The main limitation of this study is its small sample size 
that, precluded establishing atypical sleep as an indepen-
dent risk factor of POD. Some patients underwent emer-
gency surgery such as aortic dissection surgery. Thus, we 
could not obtain preoperative PSG data of all patients. 
Preoperative sleep disturbance is a potential risk factor 
for POD.39 In our study, although we excluded patients 
with high-risk sleep disturbance (STOP-Bang score ≥3) 
and gathered detailed history of sleep-related disease, all 
patients with preoperative sleep disturbance could not be 
excluded. Furthermore, we did not assess daytime sleep 
characteristics. However, a long-term (24 h) PSG study 
among ICU patients found that sleep architecture and 
quality were generally similar between the day and 
night.10 Thus, we believe that nighttime studies were 
sufficient for characterizing the sleep patterns of our 
patients.

Conclusion
According to our results, atypical sleep and no REM sleep 
on the first postoperative night are associated with POD. 
Further large-scale studies are needed to validate these 
results.
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Table 3 Sleep Characteristics in Non-Delirium Group vs. Delirium Group

Non-Delirium (n=12) Delirium (n=8) t/z P

Total recording time (min), mean (SD) 492.93±59.15 526.65±44.35 −1.371 0.187†

Total sleep time (min), mean (SD) 260.80±83.40 197.85±71.72 1.744 0.098†

Sleep efficiency (%), mean (SD) 54.1±18.9 38.0±14.1 2.048 0.055†

Stage N1 sleep (%), mean (SD) 13.4±6.3 15.1±9.0 −0.508 0.618†

Stage N2 sleep (%), mean (SD) 34.1±23.1 22.2±13.7 1.306 0.208†

Stage N3 sleep (%), median (IQR) 1.3 (0, 3.8) 0 (0, 2.7) −1.435 0.151*

REM sleep (%), median (IQR) 2.1 (0, 3.2) 0 (0, 0.5) −2.535 0.011*
Delta (μV2), median (IQR) 22,866.60 (10,191.84, 36,892.07) 6431.76 (4861.79, 10,907.65) −2.582 0.010*

Theta (μV2), mean (SD) 4585.63±2626.11 2894.31±1873.58 1.377 0.206†

Alpha (μV2), mean (SD) 1198.91±726.27 1121.87±687.34 0.201 0.844†

Beta (μV2), mean (SD) 165.50±115.65 196.48±107.35 −0.511 0.619†

Absence of stage N3 sleep, n (%) 3 (25.0) 5 (62.5) – 0.167ξ

Absence of REM sleep, n (%) 4 (33.3) 7 (87.5) – 0.028ξ

Atypical sleep, n (%) 2 (16.7) 7 (87.5) – 0.005ξ

Notes: †Student’s t-test; *Mann–Whitney U-test; ξFisher’s Exact Test. 
Abbreviations: REM, rapid eye movement; SD, standard deviation; IQR, interquartile range.
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