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Preoperative Sleep Disruption and Postoperative Delirium

Jacqueline M. Leung, MD, MPH'; Laura P. Sands, PhD? Stacey Newman, BA'; Gabriela Meckler, BS'; Yimeng Xie, MS?;
Caryl Gay, PhD?; Kathryn Lee, RN, PhD?

'Department of Anesthesia and Perioperative Care, University of California, San Francisco, CA; *Center for Gerontology,
Virginia Tech University, Blacksburg, VA; *School of Nursing, University of California, San Francisco, CA

Study Objectives: Todescribe preoperative and postoperative
sleep disruption and its relationship to postoperative delirium.
Design: Prospective cohort study with 6 time points (3 nights
pre-hospitalization and 3 nights post-surgery).

Setting: University medical center.

Patients: The sample consisted of 50 English-speaking
patients = 40 years of age scheduled for major non-cardiac
surgery, with an anticipated hospital stay = 3 days.
Interventions: None.

Measurements and results: Sleep was measured before
and after surgery for a total of 6 days using a wrist actigraph
to quantify movement in a continuous fashion. Postoperative
deliium was measured by a structured interview using the
Confusion Assessment Method. Sleep variables for patients
with (n = 7) and without (n = 43) postoperative delirium were
compared using the unpaired Student t-tests or 2 tests.
Repeated measures analysis of variance for the 6 days was
used to examine within-subject changes over time and between
group differences. The mean age of the patients was 66 +
11 years (range 43-91 years), and it was not associated with
sleep variables or postoperative delirium. The incidence of
postoperative delirium observed duringany ofthe 3 postoperative

days was 14%. For the 7 patients who subsequently developed
postoperative delirium, wake after sleep onset (WASO) as a
percentage of total sleep time was significantly higher (44% +
22%) during the night before surgery compared to the patients
who did not subsequently developed delirium (21% + 20%,
p = 0.012). This sleep disruption continued postoperatively, and
to a greater extent, for the first 2 nights after surgery. Patients
with WASO < 10% did not experience postoperative delirium.
Self-reported sleep disturbance did not differ between patients
with vs. without postoperative delirium.

Conclusions: In this pilot study of adults over 40 years of
age, sleep disruption was more severe before surgery in the
patients who experienced postoperative delirium. A future
larger study is necessary to confirm our results and determine
if poor sleep is associated with delirium in larger samples
and what specific sleep problems best predict postoperative
delirium in older surgical patients.
Keywords: actigraphy, surgery,
preoperative sleep disruption
Citation: Leung JM, Sands LP, Newman S, Meckler G, Xie Y,
Gay G, Lee K. Preoperative sleep disruption and postoperative
delirium. J Clin Sleep Med 2015;11(8):907-913.

postoperative  delirium,

elirium is a major challenge facing geriatric practice

due to its prevalence, complex etiology, and potential se-
vere impact on patients. Postoperative delirium is associated
with longer hospital stays, worse functional outcomes, higher
healthcare costs, and increased mortality.! Delirium develops
through a complex interaction between the patient’s baseline
vulnerability (predisposing risk factors before hospitalization)
and precipitating factors or insults (events that occur during
hospitalization). Some of the vulnerability factors identified
include advanced age, cognitive impairment or dementia, and
preexisting comorbidities.”* Over the last two decades, a large
body of literature has focused on the clinical manifestations,
risk factors and outcomes of postoperative delirium. Sleep
disruption, in particular, has frequently been cited as an im-
portant etiological factor associated with the development of
delirium.*

Sleep disturbance, especially sleep fragmentation, and poor
sleep quality are commonly observed in older adults. In the
hospital, environmental factors and health care practices fur-
ther contribute to sleep disruption.’ These factors include noise,
continuous ambient light, and frequent performance of vital
sign measures and tests. Although several small studies have

BRIEF SUMMARY

Current Knowledge/Study Rationale: Sleep disruption has frequently
been cited as an important etiological factor associated with the devel-
opment of delirium. It is not clear if the sleep disruption began immedi-
ately after surgery or if sleep problems were preexisting.

Study Impact: Our novel finding of sleep disruption beginning before
surgery provides important guidance for clinical assessment and in-
terventions to improve sleep before surgery. Specifically, future work
should target the etiology of nocturnal wake time in the period immedi-
ately before the planned surgery.

demonstrated that patients sleep poorly after surgery,®* it is not
clear if the sleep disruption began immediately after surgery
or if sleep problems were preexisting. Knowing when sleep
disruption occurs will inform optimal timing for interventions.

Therefore we designed a study to examine the temporal re-
lationship between disturbed sleep and postoperative delirium
in older patients. We were particularly interested to determine
the degree of sleep disruption prior to surgery and its influ-
ence on the occurrence of postoperative delirium. We hypoth-
esized that patients with substantial sleep disruption before
surgery would be at increased risk of postoperative delirium.
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Furthermore, we hypothesized that patients with sleep disrup-
tion before surgery would have an increased risk of postopera-
tive delirium.

METHODS

Patient Recruitment

The study was approved by the University of California, San
Francisco Committee on Human Research, and informed con-
sent was obtained preoperatively from each study patient. The
study took place at the University of California, San Francisco
Medical Center between May 2012 and September 2013. Inclu-
sion criteria included English-speaking patients > 40 years of
age undergoing noncardiac surgery requiring anesthesia, with
anticipated hospital stay > 3 days after surgery. Patients were
not excluded because of preexistent comorbidities such as hy-
pertension or obstructive sleep apnea. Patients who were un-
able to provide informed consent were excluded.

Wrist Actigraphy

The gold standard for measuring sleep stages is polysom-
nography. However, considerable limitations exist for this
technology for surgical patients, particularly the limited tol-
erability by patients over an extended monitoring period. In
contrast, a wrist actigraph can be used to estimate sleep and
wake time over an extended period. Actigraphy was used to
measure preoperative and postoperative sleep in this study be-
cause of the feasibility of wearing the device at home and in
the hospital. Furthermore, actigraphy has been shown to have
good agreement with polysomnography for total sleep time
and wake time during the night.’

Study patients wore a Mini Motionlogger Actigraph (Ambu-
latory Monitoring, Inc., Ardsley, NY) for 72 h at home before
the planned surgery. After surgery, before leaving the post-
anesthesia recovery unit, the wrist actigraph was reattached
to the patient, who continued to wear the device for 72 h after
surgery.

Trained research assistants analyzed the actigraph data us-
ing the autoscoring Cole—Kripke algorithm program available
in Action4 software to reduce any researcher scoring bias
(Ambulatory Monitoring, Inc., Ardsley, NY). Activity level
was sampled in 1-min epochs. The Cole-Kripke algorithm
calculated total sleep time (TST), latency from the time the
event marker was pressed to onset of sleep (sleep onset latency)
number of awakenings, and percent of TST that the participant
spent awake after falling asleep (WASO%) to estimate sleep
disruption.

Bedtime and final wake times were determined by the di-
ary entry of clock times that matched with a 50% change in
movement during the same 10-min block of time on actigraphy.
To estimate daytime sleep, the time after final awakening to
the next bedtime was marked, and sleep diary notations of nap
times were noted. Daytime minutes of sleep were calculated
after excluding any time when the monitor was off the patient’s
wrist.!?

In addition to wearing the actigraph, the patients completed
2 preoperative sleep questionnaires: (1) General Sleep Dis-
turbance Scale (GSDS), consisting of 21 items that query for
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information about a person’s quality and quantity of sleep in
the past week, daytime sleepiness and fatigue, and types of
sleep medications''; and (2) the Pittsburgh Sleep Quality Index
(PSQI) before surgery and at 30 and 90 days after surgery.'?
The PSQI asks about perception of sleep quality during the
past month and is a valid and reliable measure of habitual sleep
patterns. After surgery while in the hospital, patients also com-
pleted a sleep diary (St. Mary’s Hospital Questionnaire) during
the 3 postoperative days, regarding their bedtime, wake time,
number of awakenings, and self-perceived sleep latency."

Cognitive and Delirium Assessments

Each patient was interviewed preoperatively and on each
of the first 3 postoperative days. The preoperative interview
typically occurred less than one week prior to surgery in the
preoperative clinic. Cognitive status was measured before sur-
gery using the Telephone Interview of Cognitive Status. The
Telephone Interview of Cognitive Status is an 11-item screen-
ing test that was originally developed to assess cognitive func-
tion in patients with Alzheimer dementia who were unable to
be evaluated in person. The Telephone Interview of Cogni-
tive Status has been compared to the Mini Mental State exam
and found to have similar scores that allowed for standardized
comparison. * During the preoperative and the 3 postopera-
tive interviews, the presence of delirium was measured using
the Confusion Assessment Method (CAM)."® The CAM as-
sessments were performed daily on the first 3 days after sur-
gery between the hours of 09:00 and 12:00, using structured
interview. The CAM assessment was developed as a screening
instrument based on operationalization of Diagnostic and Sta-
tistical Manual of Mental Disorders (DSM)-III-R criteria for
use by non-psychiatric clinicians in high-risk settings. Based
on a structured interview, the CAM algorithm consists of 4
clinical criteria: acute onset and fluctuating course, inattention,
disorganized thinking, and altered level of consciousness. The
determination of delirium requires that both the first and sec-
ond criteria be present, and either the third or fourth criterion
must also be evident. CAM has a sensitivity of 94% to 100%
and a specificity of 90% to 95%, has a high interobserver re-
liability,' and has convergent agreement with 4 other mental
status tests. During the interviews, trained interviewers deter-
mined the presence of delirium using the CAM. All assess-
ments of postoperative delirium were validated by a second
investigator (LPS). We defined the occurrence of delirium as
the patient meeting CAM criteria for delirium on any of the 3
postoperative day assessments.

Demographic and Other Information

The patient’s past health history and other demographic in-
formation were abstracted from the medical chart or in-person
interview. Current preoperative and postoperative pain at rest
was measured prospectively by a visual analog scale (range
0 = no pain, to 10 = maximum pain). Activities of daily living
and instrumental activities of daily living'” and instrumental
activities of daily living were assessed preoperatively,'® typi-
cally within one week of the planned surgery. If a patient could
not independently perform without assistance in one or more
of the activities, that patient would be considered to have de-
pendence on the activities listed. Preoperative symptoms of



depression was measured using the 15-item Geriatric Depres-
sion Scale (GDS)."” Perioperative risk was estimated using the
Charlson Comorbidity index,?® and American Society of An-
esthesiologists classification,” and surgical risk was estimated
using the guidelines from the American College of Cardiology
and American Heart Association update for the perioperative
cardiovascular evaluation for noncardiac surgery which took
into consideration of the type of surgery, intraoperative blood
loss, and surgical duration.?

Statistical Analysis

The amount of wake after sleep onset (WASO) in minutes af-
ter falling asleep obtained from wrist actigraphy was standard-
ized by the participant’s total sleep time and also expressed as
WASO%. Sleep variables between the patients with and with-
out postoperative delirium were compared using unpaired Stu-
dent t-tests. Bivariate analysis for categorical variables were
conducted using either ¥* or Fisher exact tests. All analyses
were conducted in SAS 9.3. Normally distributed data are re-
ported as mean + SD and compared using #-test. Continuous
variables that were not normally distributed were compared
using the Wilcoxon rank sum test and the data are reported as
median (IQR) that includes the 25th and 75th percentile.

RESULTS

This analysis includes a total of 50 patients with complete
data. An additional 10 patients were excluded because of
equipment failure (n = 4) or surgical cancellation after preop-
erative monitoring (n = 6). The mean age of the patients was
66 + 11 years (range 43-91 years). Approximately half (48%)
were women. Additional preoperative demographic data are
shown in Table 1.

No patient had preoperative delirium. The overall incidence
of postoperative delirium observed during any of the 3 postop-
erative days was 14% (n = 7 of the 50 patients). The incidence
of postoperative delirium in patients who reported no pain
before surgery (15.4%) was not significantly different from
patients who reported preoperative pain (13.5%). By bivariate
analyses, patients who developed postoperative delirium had
longer surgical duration but when surgery ended was not dif-
ferent between those with vs. without delirium (Table 2).

Self-reported sleep disturbance scores for the past week
(GSDS)didnotdifferbetween patients withdelirium (45.7+16.2)
and without delirium (40.5 £ 11.1, p = 0.86). Importantly, pa-
tients with < 90 min of WASO or who had < 10% WASO pre-
operatively did not experience postoperative delirium.

By actigraphy, the preoperative sleep for patients who ul-
timately developed postoperative delirium showed disruption
beginning two days before surgery. For patients who subse-
quently developed postoperative delirium, wake time (221 + 93
min; 43% =+ 22%) was significantly higher on the night before
surgery than in patients who did not develop delirium (109 + 87
min; 21% =+ 20%; Table 3). This pattern of sleep disruption as
represented by mean % time WASO continued for the first 2
nights after surgery (Figure 1).

In addition to WASO, we also examined the number of
awakenings as measured by actigraphy for patients with post-
operative delirium vs. patients without delirium (Figure 2).
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This plot shows that the mean number of awakenings began
to increase 2 nights before surgery and became significantly
higher only on the night before surgery for the group who sub-
sequently developed postoperative delirium.

Overall, the PSQI score at baseline was not a predictor, and
GSDS scores did not differ between patients with delirium
(45.7 £ 16.2) and without delirium (40.5 + 11.1, p = 0.86).

DISCUSSION

Our study demonstrates that sleep disruption in older surgi-
cal patients in fact began in the period before hospital admis-
sion and surgery, and continued for the first two nights after
surgery while still hospitalized. Objectively measured preop-
erative sleep disruption was associated with postoperative de-
lirtum. This novel finding of sleep disruption beginning before
surgery provides important guidance for clinical assessment
and interventions to improve sleep before surgery by assessing
the baseline sleep characteristics of patients and considering
the etiology of nocturnal wake time in the period immediately
before the planned surgery.

A recent review of actigraphy for measurement of sleep in
relation to surgery found 32 studies with relevant data, and
reported that total sleep time and sleep efficiency was reduced
after surgery, and number of awakenings was increased in pa-
tients undergoing major surgery.” However, in this review, no
mention was made of whether sleep was already disturbed be-
fore surgery. A systematic review of the literature also shows
no previous study that has evaluated the trajectory of sleep
patterns in the perioperative period in patients awaiting major
surgery.

If sleep disruption occurs before the onset of surgery, what
are the potential reasons for such changes? In a small study of
women who were scheduled for surgery for diagnosis or treat-
ment of breast cancer, Wright et al. monitored these patients
with actigraphy the night before surgery and reported that in-
trusive thoughts, anxiety and emotional well-being were each
related to sleep duration the night before surgery,” but these
investigators did not continue actigraphy monitoring after
surgery. Kain et al. studied 92 patients undergoing outpatient
elective surgery and found no significant differences in sleep
measures according to wrist actigraphy when compared with
35 community controls.® However, their sample had a mean
age of 39 years.

In our study, pain at preoperative and postoperative assess-
ments did not differ between patients with and without delir-
ium. Fielden et al. reported that hip pain was the most common
explanation for frequent nocturnal awakenings before surgery
in patients awaiting total hip arthroplasty.® Another potential
cause for sleep disruption is obstructive sleep apnea (OSA). In
fact, OSA has been reported to be associated with postopera-
tive delirium.*

In our study, there was a high occurrence of awakenings and
sleep inefficiency across the study group. It appears that sleep
disruption is common preoperatively, but more so in patients
who develop delirium postoperatively. Furthermore, the mean
percent time spent awake after falling asleep and the mean
number of awakenings were similar on the first day of preoper-
ative recordings, and the differences in these variables between

Journal of Clinical Sleep Medicine, Vol. 11, No. 8, 2015
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Table 1—Preoperative demographic data of the study patients.

Variable No Delirium Delirium p value
Total 43 7
Age (years), mean + SD 66.5 + 11.1 70.1+8.3 0.42
Gender 0.24
Female 19 (38%) 5(10%)
Male 24 (48%) 2 (4%)
Alcohol use 0.28
None 22 (51%) 2 (28.5%)
1 drink/week 16 (37%) 3 (43%)
> 2 drinks/week 5(12%) 2 (28.5%)
Charlson Comorbidity Index, mean + SD 25+25 16+08 0.58
GDS scores (preop) 1.00
<6 40 (93%) 7 (100%)
26 3 (7%) 0 (0%)
TICS scores (preop) 0.86
<30 7(16%) 1(14%)
30-35 17 (40%) 4 (57%)
235 19 (44%) 2 (29%)
Number of dependency in 5 ADLs 0.55
0 39 (91%) 6 (86%)
21 4(9%) 1(14%)
Number of dependency in 7 IADLs 0.09
0 25 (58%) 2 (28.5%)
1 5 (12%) 3 (43%)
22 13 (30%) 2 (28.5%)
History of CNS disorders 0.58
Yes 26 (60%) 5(71%)
No 17 (40%) 2 (297%)
Social support 1.00
Home with partner 32 (74%) 6 (86%)
Home alone 10 (23%) 1(14%)
Other 1(2%) 0 (0%)
Highest level of education 0.43
High school graduate or lower 3 (7%) 1(14%)
College 27 (63%) 5(71%)
Post college 13 (30%) 1(14%)
Body mass index (kg/m?), mean + SD 298+55 2715%58 0.30
Risk of obstructive sleep apnea 0.18
Yes 8 (19%) 3 (43%)
No 35 (81%) 4 (57%)
Preoperative narcotic use 0.40
Yes 15 (35%) 4 (57%)
No 28 (65%) 3 (43%)
Preoperative sedative use 1.00
Yes 13 (30%) 2 (29%)
No 30 (70%) 5(71%)

The preoperative characteristics for patients with and without postoperative delirium are shown this table. Unless stated otherwise, the number of patients
with the condition and percentages of patients (in parenthesis) in the groups with vs. without delirium is shown in each cell. For example, 38% of the patients
without postoperative delirium were female vs. 10% of female in those with postoperative delirium. CNS, central nervous system; GDS, geriatric depression
scale; TICS, telephone interview for cognitive status; ADL, Katz basic Activities of Daily Living Scale; IADL, Lawton-Brody Instrumental Activities of Daily
Living Scale; SD, standard deviation.

patients with and without subsequent postoperative delirium Taken together, limited data from several previous small
became larger on the subsequent days of preoperative monitor-  studies show that sleep disruption from any cause is a potential
ing as the surgical dates approached, suggesting that anxiety risk factor for postoperative delirium. However, no study has in-
about the upcoming surgery; this needs to be investigated in fu-  vestigated when sleep disruption begins, whether patients with
ture studies that include a tool to measure preoperative anxiety.  sleep disruption can be identified early, and what interventions

Journal of Clinical Sleep Medicine, Vol. 11, No. 8, 2015 910
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Table 2—Anesthesia and surgical data of the study patients.

Variable
Total
ASA classification
I-Il
-1V
Surgical risk
I-1l
Il
Duration of surgery (h), mean £ SD
No. of patients whose surgery ended past 6 pm
Yes
No

Postoperative day 1 narcotic use
Yes
No

Postoperative day 2 narcotic use
Yes
No

Postoperative day 3 narcotic use
Yes
No

Postoperative day 1 sedative use
Yes
No

Postoperative day 2 sedative use
Yes
No

Postoperative day 3 sedative use
Yes
No

No Delirium
43

20 (46.5%)
23 (53.5%)

38 (88%)
5 (12%)
4£26

8 (19%)
35 (81%)

40 (93%)
3 (7%)

39 (91%)
4.(9%)

29 (91%)
3 (9%)

11 (26%)
32 (74%)

5 (12%)
38 (88%)

3(9%)
29 (91%)

Delirium
7

4(57%)
3 (43%)

4 (57%)
3 (43%)
55421

2 (29%)
5 (71%)

6 (86%)
1(14%)

5 (71%)
2 (29%)

5 (71%)
2 (29%)

2 (29%)
5 (71%)

1(14%)
6 (86%)

1(14%)
6 (86%)

p value

0.70

0.07

0.04
0.62

0.46

0.19

0.21

1.00

1.00

0.56

The anesthesia and surgical data for patients with and without postoperative delirium are shown in this table. Unless stated otherwise, the number of
patients with the condition and percentages of patients (in parenthesis) in the groups with vs. without delirium is shown in each cell. Please see text for
definition of surgical risk which was estimated using the guidelines from the American College of Cardiology and American Heart Association update for the
perioperative cardiovascular evaluation for noncardiac surgery. ASA, American Society of Anesthesiologist; SD, standard deviation.

Table 3—Sleep characteristics (by actigraphy) the night immediately before surgery stratified by postoperative delirium status.

Time in bed (minutes)

Sleep onset latency (minutes)*
Sleep time (minutes)*

Wake time (minutes)*

Sleep efficiency (%)*

Sleep ratio*

Wake onset to offset (minutes)*
Wake after sleep onset (%)*
Number of awakenings

Mean awakening (minutes)*

Delirium

405+ 103
9 (6-24)

214 (168-287)
243 (196-263)

54 (39-61)
1.2 (0.7-1.6)
237 (132-240)
45 (30-60)
1719

8 (7-14)

No Delirium
347 £ 125
11(9-22)
280 (183-372)
93 (41-166)
73 (45-90)
2.7 (0.8-8.6)
58 (26-102)
17 (6-34)
9+6
7(3-12)

p value
0.21
0.48
0.40
0.01
0.10
0.10
0.01
0.02
0.047
0.22

Normally distributed data are reported as mean + standard deviation and compared using t-test. Continuous variables that are not normally distributed are

reported as median (25th and 75th percentile) and were compared using Wilcoxon rank sum test (marked with *).

may be effective to minimize the risk of postoperative delirium.
Furthermore, the evidence for interventions to improve sleep
continuity in order to reduce postoperative delirium is scarce.
In fact, the Institute of Medicine characterizes sleep disorders
and sleep deprivation to be “an unmet public health problem”

91

and suggests taking action to “Increase the investment in in-
terdisciplinary sleep programs in academic health centers that
emphasize long-term clinical care, training, and research.”?
There are some potential limitations of our study. First, we
did not measure the preoperative and postoperative state of

Journal of Clinical Sleep Medicine, Vol. 11, No. 8, 2015
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Figure 1—The mean number of awakenings as recorded
by actigraphy is shown here for patients with no delirium
(solid line) vs. those with delirium (dotted line) for the 6
monitoring periods (nightly for three nights before surgery
and three nights after surgery).
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Figure 2—The mean percent time of time spent awake
after falling asleep (WASO) is plotted for patients with no
delirium (solid line) vs. those with delirium (dotted line) for
the 6 monitoring periods (nightly for three nights before
surgery and three nights after surgery).
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anxiety; therefore, we were unable to determine whether it
was anxiety that led to sleep disruption before surgery. Sec-
ond, there were only 7 cases of delirium, and while our 14%
incidence is within the expected range for this population, the
delirium clinical assessment we employed did not include a
measure of the severity of delirium, and this needs to be con-
sidered in future studies of sleep and delirium. Thirdly, we
measured delirium only once daily, given the fluctuating na-
ture of delirium; we might have underestimated its incidence.
Fourthly, this is a small study, which does not allow the con-
sideration of all potential covariates of postoperative delirium,
which need to be included in future studies of sleep disruption
and postoperative delirium.

Clinical Implications

The preponderance of studies in the literature describes
how sleep is disrupted for hospitalized patients. In particular,
the emphasis has been on describing how hospital practices
and environmental factors create not conducive conditions
for achieving a good night’s sleep. Our results provide addi-
tional evidence to suggest that sleep disruption occurs even
before hospitalization for some patients, and this persists in
the postoperative period. This result has potential clinical im-
plications to target the preoperative period and risk factors for
sleep disruption. These may include targeting patient-specific
symptoms such as pain, anxiety, and sleep disordered breath-
ing. In addition, since self-report sleep disturbance did not dif-
fer between patients with vs. without subsequent postoperative
delirium, there is a need to include more objective measures of
sleep disturbance in the preoperative clinical evaluation of at
risk patients.

In conclusion, we used minimally invasive wrist actigraphy
devices in a group of older patients to estimate sleep before

Journal of Clinical Sleep Medicine, Vol. 11, No. 8, 2015 912

and after major noncardiac surgery. Sleep disruption was evi-
dent before surgery, while patients were still residing in their
home environment. Moreover, preoperative sleep disruption
was associated with postoperative delirium. A larger study
with adequate power to include all other potential predictors
of postoperative delirium is indicated to validate our results.

ABBREVIATIONS

ADL, Katz basic Activities of Daily Living Scale

CAM, Confusion Assessment Method

CNS, central nervous system

DSM, Diagnostic and Statistical Manual of Mental Disorders

GDS, Geriatric Depression Scale

GSDS, General Sleep Disturbance Scale

IADL, Lawton-Brody Instrumental Activities of Daily
Living Scale

OSA, obstructive sleep apnea

PSQI, Pittsburgh Sleep Quality Index

SD, standard deviation

TICS, telephone interview for cognitive status

TST, total sleep time

WASO, wake after sleep onset
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