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Abstract

Objectives—Standard sleep scoring criteria may be unreliable when applied to critically ill
patients. We sought to quantify typical and atypical polysomnographic findings in critically ill
patients and to begin development and reliability testing of methodology to characterize the
atypical polysomnographic tracings that confound standard sleep scoring criteria.

Design—~Prospective convenience sample.

Setting—Two academic, tertiary care medical centers.

Patients—Thirty-seven critically ill, mechanically ventilated, medical ICU patients.
Interventions—None.

Measurements and Main Results—Mechanically ventilated subjects were monitored by
continuous polysomnography. After noting frequent atypical polysomnographic findings (i.e., lack
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of stage N2 markers, the presence of polymorphic delta, burst suppression, or isoelectric
electroencephalography), attempts to use standard sleep scoring criteria alone were abandoned.
Atypical polysomnographic findings were characterized and used to develop a modified scoring
system. Polysomnographic data were scored manually via this revised scoring scheme. Of 37
medical ICU patients enrolled, 36 experienced atypical sleep, which accounted for 85% of all
recorded data, with 5.1% normal sleep and 9.4% wake. Coupling observed patient arousal levels
with polysomnographic characteristics revealed that standard polysomnographic staging criteria
did not reliably determine the presence or absence of sleep. Rapid eye movement occurred in only
five patients (14%). The revised scoring system incorporating frequently seen atypical
characteristics yielded very high interrater reliability (weighted x = 0.80; bootstrapped 95% ClI,
[0.48, 0.89]).

Conclusions—Analysis of polysomnographic data revealed profound deficiencies in standard
scoring criteria due to a predominance of atypical polysomnographic findings in ventilated
patients. The revised scoring scheme proved reliable in sleep staging and may serve as a building
block in future work.
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Critically ill patients have severe sleep disruption with sleep fragmentation, abnormal
circadian rhythms, increased N1 sleep, and decreased N3 (slow wave sleep [SWS]) and
rapid eye movement (REM) sleep (1-3). Poor sleep quality has been hypothesized to
contribute to ICU delirium (4-6), deranged immune function (7, 8), and prolonged
mechanical ventilation (MV) (9). Though provocative, these data may be subject to errors
due to the use of the American Association of Sleep Medicine (AASM) scoring criteria (10,
11), which have not been validated for use in critical illness, and difficulty in interpreting
polysomnography (PSG) data from this patient population, in which atypical
electroencephalography (EEG) findings are frequently present (1).

In ICU patients, medications and illness can alter brain activity and EEG tracings (1).
Benzodiazepines and propofol, while mimicking a behavioral sleep state clinically, will
induce a low amplitude and high-frequency EEG pattern at commonly used doses and even
lead to burst suppression and isoelectric EEG (12, 13). Analgesics and antipsychaotics as well
as delirium cause EEG slowing (14-19). Since all of the above exposures are found in the
ICU, not only must patients receiving such medications be included in clinical research
efforts, but it is also critical that standard sleep staging criteria developed for non-ICU
populations be subjected to modifications since they are fraught with hazards when used to
classify sleep in critically ill patients. Previous studies characterizing sleep in ICU patients
have often focused on less severely ill patients either off MV or on MV with light levels of
sedation (5, 6, 20-24). Even in a group of MV patients not receiving sedation, researchers
have demonstrated abnormal sleep EEG patterns in almost a third of patients and have
proposed adding two new sleep states (pathologic wakefulness and atypical sleep) to more
accurately classify sleep in ICU patients (24).

The aims of this investigation were 1) to describe the atypical PSG findings of sleep in
critically ill MV patients and thus bring into focus the limitations (when applied in the ICU)
of standard sleep scoring criteria and 2) to begin the process of developing and determining
the reliability of a pilot scoring scheme for use in critically ill patients that would allow
incorporation of atypical PSG findings and that could be validated in future work.

Crit Care Med. Author manuscript; available in PMC 2014 August 01.
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We enrolled a convenience sample of 37 adult (=18 yr), critically ill patients admitted to the
medical ICUs at Vanderbilt University (21 patients) or the University of Chicago (16
patients) who were expected to require more than 24 hours of MV. The patients enrolled at
the University of Chicago were also part of a local study and results have been previously
reported (25). The scientific components presented here (i.e., the application of a sleep
staging system incorporating additional EEG features) are unique to this analysis and
presentation. Exclusion criteria were a history of psychosis, anoxic brain injury, stroke,
subdural hematoma, neurotrauma, or Child-Pugh Class B or C cirrhosis. The institutional
review board of both institutions reviewed and approved the study protocols. Informed
consent was obtained from each patient or his/her surrogate decision maker.

ICU Management of Patients

All aspects of patient care in the ICU were managed by a team of critical care physicians per
standardized protocols in place at the respective ICUs. Analgesic and sedative dosing was
directed by the patient care team using the validated Richmond Agitation-Sedation Scale
(RASS) (26, 27). Daily interruption of sedation was performed at the discretion of the ICU
teams per their unit’s sedation protocol and was not mandated by study protocol. Analgesics
and sedatives used included fentanyl, morphine, midazolam, lorazepam, and propofol. A
number of patients received haloperidol or an atypical antipsychotic for attempted
prevention or treatment of ICU delirium.

All patients received MV throughout the data collection period. Though the medical team
dictated MV management, the standard practice in the participating ICUs consisted of low
tidal volume ventilation using the assist control mode, along with daily screening for
spontaneous breathing trial (SBT) readiness followed by an SBT if the patient passed the
screen (28, 29).

Consciousness, Polysomnography, and Sleep Assessment

Arousal levels and delirium were monitored daily using the RASS (26, 27) and the
Confusion Assessment Method for the ICU (30). Subjects were monitored by continuous
PSG that typically began within 48 hours of the initiation of MV. PSG monitoring was
terminated at the time of liberation from MV or a maximum of 5 days, whichever came first.
PSG at Vanderbilt University and the University of Chicago was performed using portable
systems with remote access monitoring (Nihon Kohden America, Foothills Ranch, CA).

Techniques for electrode placement conformed to the International 10-20 system (31).
Electrode placement included EEG, bilateral electrooculography, and submental
electromyography. EEG consisted of two central channels (C4-Al, C3-A2) and two
occipital channels (01-A2, O2-Al), with the addition, in some patients, of two frontal
channels (F3-A2, F4-Al).

PSG epochs, each 30 seconds in duration, were scored manually by a registered PSG
technologist and overseen by one of two sleep and critical care physicians (P.L.W., B.K.G.).
If the PSG was consistent with standard sleep stages, it was scored using the AASM criteria
(10, 11). Through the course of the study, investigators identified PSG findings that differed
from normal sleep and could not be accurately staged using standard criteria. Examples of
these atypical findings included polymorphic delta activity, burst suppression, and
isoelectric activity. When atypical findings were noted on a PSG epoch, the epoch was
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scored as “atypical.” The time in each standard sleep stage and the time when atypical EEG
epochs were present were determined.

Atypical PSG tracings were further analyzed by visual characteristics and subdivided into
six categories based on the EEG categories of encephalopathy previously described by
Markand and Young et al (32, 33). These categories were then used to develop modified
sleep scoring criteria for use in critically ill patients. The characteristics of these additional
categories, designated as atypical sleep stage A{1-A:6, are outlined in Table 1 and
demonstrated in Figure 1.

To assess interrater reliability of these modified sleep criteria, the records of 21 patients
studied at Vanderbilt University were divided into 8-hour segments (10 sw—6 am, 6 av—2 pw,
and 2 »v—10 »v). Ten epochs from each of these segments were randomly selected and
manually scored by two PSG technicians. Each scorer was blinded to the results of the other
as well as to clinical variables related to the patients’ hospital course. The Chicago patients
were not included in the reliability testing data because we were only able to obtain one
reading per patient.

Statistical Analysis

RESULTS

Patients

Continuous variables are described using medians and interquartile ranges (IQRs);
categorical variables are described using frequencies and proportions. Amounts of time
spent in each sleep stage (or in atypical sleep) are described in terms of minutes and in
percentages of total sleep time scored.

To assess interrater reliability of the proposed sleep scoring classifications, we used the
weighted kappa statistic to account for nearness of agreement (34). After calculating the
kappa statistics, we used bootstrapping to obtain Cls for the weighted kappa statistic.
Resampling was performed based on patient observations with replacement to generate
1,000 sets of samples with the same patients’ size to the original dataset, and the weighted
kappa with a 95% CI was computed within each bootstrapped dataset.

The 37 patients studied provided 1,945.7 hours of PSG recording time with median (IQR)
recording times per patient of 54.8 hours [40, 72]. Patient baseline demographic data are
illustrated in Table 2. Median patient age was 63 years (49, 72), patients were severely ill
with a median enrollment APACHE Il score of 24 (18, 30), and 21 (57%) of the patients
studied had sepsis.

Notable Differences in Polysomnographic Findings in Critically lll Patients

EEG characteristics present in critically ill patients that drove efforts toward modification of
traditional sleep scoring.

Dissociation of EEG Findings and the Sleep/Wake States—This cohort offers
details regarding the dissociation of EEG and sleep/wake states due to our inclusion of
selected bedside observations coupled to those patients’ PSG tracings. Such dissociations
consisted of a) an abnormally slow EEG frequency in the theta range (3—-7 Hz), a frequency
normally indicative of sleep, or even delta range in some awake patients and b) low-
amplitude, high-frequency beta EEG activity present during coma. Patients who were awake
and interactive with research personnel were noted to exhibit predominately theta activity
(3-7 Hz), a frequency normally indicative of sleep. One patient documented to be awake
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and able to follow simple instructions was documented to have >20% delta activity (>75 pV,
<2 Hz), a finding normally associated with N3 (SWS) sleep (Fig. 2A). Conversely,
unresponsive comatose patients were noted to have alpha activity present on PSG, an EEG
frequency typically seen in the wake state (Fig. 2B). Therefore, wake could not be scored
solely based on EEG criteria. Additionally, patients who were comatose, as defined by a
RASS score of —4 or -5, had widely variable EEG findings ranging from EEG patterns
indistinguishable from stage N1 with frequent arousals (Fig. 3A) to continuous isoelectric
activity (Fig. 3B).

Markedly Abnormal Sleep Architecture—This abnormality consisted of: 1) lack of
variability in the PSG, 2) lack of normal non-rapid eye movement (NREM) sleep patterns,
and 3) rare episodes of REM sleep. A common characteristic observed in ICU patients was
that of prolonged episodes of monotonous, nonvariable EEG patterns. Whereas normal sleep
is characterized by frequent shifts between sleep stages, most patients had PSG
characteristics that were relatively unchanged for hours. Patients commonly lacked normal
NREM sleep patterns with K-complexes and spindles absent throughout the PSG tracing.
REM sleep occurred rarely; REM was observed in five patients for a mean period of 8.8 +
35.8 minutes (Table 3). Only one patient experienced >6% REM sleep during any 24-hour
period. 1) Theta activity occurring in an epoch with a brief period of isoelectric activity (Fig.
4A), 2) polymorphic delta (0.5-4 Hz), slow frequency waveforms with a lack of the normal
background activity (Fig. 4B), 3) triphasic waves, and 4) arousal induced delta activity (Fig.
4C).

Presence of Atypical Sleep

Thirty-six of 37 patients had atypical PSG findings. Only 11 patients (30%) were observed
to have normal sleep at any time during the study. SWS and stage REM sleep were observed
in only five patients each. Further details of sleep stages per patient are provided in Table 3,
and cumulative patient data are shown in Figure 5.

Development and Reliability of Critical Care Sleep Scoring Criteria

A modified scoring system for sleep in the critically ill was developed as reported in
Methods, outlined in Table 1, and demonstrated in Figure 1. A total of 1,745 epochs from 21
study patients were randomly selected and tested for interrater reliability. Weighted kappa
showed high/very substantial interrater reliability (« = 0.80; bootstrapped 95% CI, [0.48,
0.89]).

Proposed Approach to PSG Scoring in the Critically Ill

Based on the PSG characteristics of the study subjects, and in order to capture more
accurately both the pathological brain states and the sleep stage in critically ill patients, we
developed the following stepwise approach to scoring sleep in this population as a template
for future investigations (Fig. 6):

Sep 1. Assess the patient for behavioral evidence of wake versus sleep. Behavioral
characteristics defining wakefulness include opening eyes to verbal stimuli, making eye
contact, or following simple commands. EEG reactivity to verbal and physical stimuli
should be assessed.

Sep 2. If the patient is determined to be awake by behavioral characteristics, the EEG
should be assessed to see if it shows alpha and/or beta activity (normal in awake
individuals) or slower frequencies, such as theta and/or delta (atypical; not usually
present in awake individuals). Both the behavioral wake/sleep state and whether the
EEG is in the normal range should be noted. For example, a patient who is awake but
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whose PSG reveals theta waves would be scored as wake/atypical (also known as
pathologic wakefulness) or, more specifically, could be scored as wake/atypical/theta.
Sep 3. If the patient exhibits behavioral characteristics consistent with sleep or
sedation, the sleep stage should be scored based on PSG characteristics as outlined in
Table 1. Epochs that meet standard (wake, N1-N3, or REM) criteria should be
classified as such. Epochs deemed atypical should be defined as atypical stages A{1-Ai6
depending on the EEG characteristics as proposed in Table 1.

DISCUSSION

This investigation describes a cohort of ICU patients with widespread sleep dysregulation
and provides evidence of the complexities of measuring sleep in the critically ill. We
characterized the atypical EEG findings in this population and began development and
reliability testing of a system by which to characterize atypical PSG findings that confound
standard sleep scoring criteria. Given the prevalence of disordered sleep among ICU patients
and the potential impact of sleep deprivation on cognitive function and clinical outcomes,
the development of a combined typical/atypical sleep measurement system will be an
important advance in monitoring of and prognostication for ICU patients.

Several atypical PSG characteristics were identified, including the dissociation of EEG
findings and the sleep/wake state as well as the presence of atypical EEG findings not
consistent with the sleep stages of normal individuals. These atypical PSG characteristics
were prevalent in our patients and accounted for 85% of all PSG epochs evaluated. The
cyclic progression of sleep stages and ultradian rhythm that is characteristic of sleep in
healthy individuals were absent in our patients. These atypical findings were likely
multifactorial and may occur secondary to factors, such as sepsis-associated encephalopathy
and effects of potent psychoactive medications, such as sedatives and analgesics.

One of the primary findings of this study was the inability to determine the sleep/wake states
solely on EEG criteria. In contrast to healthy individuals, no EEG frequency reliably
predicted the presence or absence of behavioral sleep in our patient population. The EEG
frequencies of beta, alpha, theta, and delta were seen in both the behavioral wake and sleep
states. For example, a patient with delirium had delta frequency activity present during the
wake state, whereas unresponsive, comatose patients were noted to have high-frequency
alpha/beta activity. These frequencies, normally seen as the predominant rhythm only during
wakefulness, are suspected to have occurred in our patients as a result of benzodiazepine
exposure. In some epochs where the EEG frequency was predominantly in the theta range,
the reader could be alerted to the presence of a deep sedation state (rather than stage N1
sleep) by the presence of brief periods of isoelectric activity.

The Rechtschaffen and Kales criteria for scoring sleep were regarded for many years as the
gold standard for sleep stage scoring (35). Only recently, these criteria have been modified
(though still not specifically for ICU patients) (10, 11). Although these criteria are
applicable to the majority of individuals, their appropriateness in specialized populations has
been challenged (36-39). These standard criteria were developed as a reference method in
healthy individuals without neuropathology and who were not receiving potent psychoactive
medications such as those seen in ICU patients. Even at the time of their development, it
was recognized that “some individuals or groups whose polygraph recordings may require
further description or elaboration than that provided by the stages proposed here (35).”
Critically ill patients are a group in whom there is not a validated method at this time for
scoring sleep.

Crit Care Med. Author manuscript; available in PMC 2014 August 01.
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Previous research using PSG to measure sleep in the ICU have noted the presence of
atypical EEG activity (1, 6, 38). It has been shown that such atypical PSG findings limit the
applicability of standard sleep scoring criteria in this population. Ambrogio et al (38)
showed that the overall interobserver reliability of the standard scoring methodology when
used in MV, critically ill patients was poor (x = 0.19), demonstrating the need for new
guidelines for manual sleep assessment in these patients. Our work is in direct response to
this unmet need in the crossover fields of sleep and critical care medicine. Just recently,
Drouot et al (24) published a proposed new classification for sleep analysis in critically ill
patients, suggesting the addition of two new stages (atypical and pathologic wakefulness) to
the standard scoring criteria.

Our study builds on this above-mentioned proposed classification scheme of Drouot et al
(24) by further defining the characteristics of atypical sleep in patients with a higher severity
of illness and also on the EEG classification for coma developed by Young et al (33) which
has been shown to have a near perfect interrater reliability (x = 0.90). This pilot scoring
system may provide a standardized method by which to track the EEG evidence of
pathological brain states, effects of sedative and analgesics, as well as the reemergence of
classic sleep/wake characteristics. Using the proposed scoring criteria, we found a high
interrater reliability, weighted x = 0.80 [0.48, 0.89].

The approach to scoring outlined in this document has several strengths. First, it combines
behavioral assessments necessary for determining wakefulness with EEG analysis, a key
requirement of any scoring system in this patient population. Second, the various stages
outlined in our approach have a firm basis in the existing neurophysiological literature (32,
33). Third, because our system is built upon the 30-second epoch, it can be used in a variety
of contexts for which detailed, time-sensitive analyses are required (e.g., emergence from
sedation and the correlation of EEG phenomena with serum drug levels).

The use of a visual scoring methodology based on 30-second epochs has definite “resource
demand” limitations. This approach is costly in terms of both time and personnel demands.
However, we feel that this degree of detailed analysis is beneficial at this juncture for the
eventual application of this emerging research. Detailed analyses, such as those we present
here, will be necessary to explore the etiologies of atypical sleep patterns and the effects of
“atypical sleep” on important clinical outcomes, such as delirium, long-term neurocognitive
dysfunction, and mortality. Burst (A¢4) in combination with A5 and A6, has been shown to
be both a risk factor for mortality in patients and is associated with an increased likelihood
of postcoma delirium (40, 41, 43). Once fully developed and validated, a scoring system
such as the one we have described would allow incorporation into outcome studies,
interventional trials, and routine clinical practice.

Several limitations of this pilot investigation should be discussed. Because of the existence
of many different levels of consciousness in critically ill patients, it is artificial and
inaccurate to classify patients in a binary fashion as either “awake” or “asleep,” as if only
these two states of consciousness are possible. Instead, we elected to characterize patients as
awake when they exhibited unambiguous behavioral correlates of wakefulness (opening
eyes to verbal stimuli, making eye contact, or following simple commands). As a result, our
system likely underestimated total time spent awake and thus, if anything, was a
conservative approach to determination of sleep deprivation. We understand that the
subjective measurement of the sleep/wake state introduces variability to sleep scoring yet
felt that this approach was preferable to an approach that either made no effort to link patient
behavior and the accompanying EEG, as in a purely mathematical analysis of the EEG, or
attempted to force artificial dichotomous categorization of all recording time into periods of
“wakefulness” or “sleep.” Our current study used the RASS to define level of consciousness,
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which though imperfect is one of the most robustly validated and widely used approaches in
clinical practice (thus lending face validity and easier acceptance of future work using a
similar approach). The addition of six atypical sleep stages may be unnecessarily
burdensome. This amount of detailed subdivision may not be necessary and future studies
may elect to combine the atypical stages 1 and 2 as well as combining atypical stages 5 and
6 for simplicity’s sake, leaving only four stages of atypical categorization. After further
modifying these proposed criteria and in concert with other cohorts and validation studies,
future investigations with a larger sample size and perhaps with more streamlined exposures
(e.g., one or maybe even two psychoactive medication exposures) should retest the interrater
reliability and incorporate more detailed modeling to incorporate patient-related
comorbidities and risk factors for atypical EEG findings, such as metabolic disturbances and
plasma levels of the sedatives and analgesics present in ICU patients.

CONCLUSIONS

Our results demonstrate the presence of multiple atypical PSG findings (indeed 85% of
epochs were atypical) in MV, critically ill patients that limit the applicability of standard
sleep scoring criteria in this population. This led us to the development and preliminary
testing of a scoring system for the critically ill, which concomitantly tracks pathologic brain
states as well as sleep. These criteria should not be viewed as definitive but as a starting
point for further research and discussion. These criteria must be honed and validated in
future studies that include more explicit measures of level of consciousness, electrolyte, and
liver function abnormalities as well as drug levels. With the eventual development of a
reliable and valid method to measure sleep among patients in the ICU during the periods of
exposure to psychoactive medications, the impact of sleep deprivation on cognitive function
and clinical outcomes can be more clearly defined.
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Figure 1.

El?ectroencephalography (EEG) examples of the six proposed atypical sleep stages. Refer to
Table 1 for full written descriptions for each of the proposed atypical stages shown in this
figure. A1 (atypical stage 1), characterized by having at least 10% alpha and/or theta
activity (indicated by arrow) but may also include delta activity (indicated by circle). A2
(atypical stage 2), characterized by the presence of polymorphic delta but with the presence
of background beta, alpha, or theta activity (indicated by arrow). A;3 (atypical stage 3),
characterized by a polymorphic delta activity without the presence of background beta,
alpha, or theta activity. A4 (atypical stage 4), defined by a burst-suppression pattern,
intermittent EEG activity alternating with periods of isoelectric EEG activity. A5 (atypical
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stage 5), defined by a suppression pattern EEG, a very low-voltage EEG activity (< 20 pV

amplitude). A;6 (atypical stage 6), characterized by a complete lack of EEG/cortical activity
as shown.
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Figure?2.

Dissociation between observed wakefulness or level of consciousness and
electroencephalography (EEG) patterns. A, EEG demonstrating delta waves (indicated by
circle) suggestive of slow wave sleep in a patient with evidence of wakefulness by following
simple commands. This epoch would be scored as pathologic wakefulness by the proposed
scoring criteria. B, EEG demonstrating theta frequency EEG activity, normally seen in light
(stage N1) sleep, in a patient who was unresponsive. Short periods of isoelectric activity can
be seen (indicated by arrow) in this example, which can alert the polysomnography reader
that this is not normal stage N1. This epoch would be scored as A4 by the proposed scoring
criteria..
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Figure 3.

Variability in electroencephalography (EEG) characteristics in comatose patients. A,
Polysomnography (PSG) from a patient who had a Richmond Agitation-Sedation Scale
(RASS) score of -5 (unresponsive to verbal and physical stimulus) but with theta activity
resembling N1 sleep with frequent arousals. B, PSG from a patient who had a RASS score
of =5 demonstrating isoelectric EEG activity. This epoch would be scored as A6 by the
proposed scoring criteria..
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Figure4.

Examples of atypical electroencephalography (EEG) findings which if scored using standard
sleep staging criteria would cause misleading results. A, Polysomnography (PSG)
demonstrating burst suppression, which if standard scoring criteria were used, would be
misleadingly scored as stage N1 sleep. This epoch would be scored as stage A4 by the
proposed scoring criteria. B, PSG demonstrating EEG waveforms with lack of background
activity are only seen in pathologic states. This epoch would be scored as A3 by the
proposed criteria. C, PSG demonstrating onset of rhythmic delta activity after stimulations
of patient (suctioning), which would be misleadingly scored as stage N3 sleep if standard
scoring criteria were used. Using the proposed criteria, this epoch would be scored as A2.
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Sleep Stage

wake (9.4%)
NREM (4.8%)
m REM (0.3%)

W Atypical (85%)

Figure5.

Cumulative sleep stage analysis of all patient data. This pie chart demonstrates the
percentage of time that the population spent in each sleep stage as determined by the
analysis of 1,945.7 hr of polysomnographic data in all 37 patients. The majority of the
collected data (85%) was atypical in character and could not be scored using standard
scoring criteria. REM = rapid eye movement, NREM = non-REM.
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Figure6.
Proposed approach to scoring sleep in critically ill patients, which can be incorporated into
future investigations. EEG = electroencephalography.
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Table 1

Description of Proposed Sleep Stages in Critically Il Patients

Sleep Stage (Current-Standard)
Wake
N1 (NREM 1)
N2 (NREM 2)

N3 (NREM 3, slow wave sleep)
REM

EE G Waveform Description
Alpha activity (8-13 Hz); relatively low voltage, mixed frequency EEG
Relatively low voltage, mixed frequency EEG with >50% theta activity (4—7 Hz)

Sleep spindles (12-14 Hz [>0.5 s]) and K-complexes (negative sharp wave followed immediately by
slower positive component [>0.5 s]); on a background of relatively low voltage, mixed frequency EEG
activity

Delta activity, >20% high amplitude (>75 uV), slow frequency (0.5-2 Hz)

Relatively low voltage, mixed frequency with intermittent REMs

Additional Sleep Stages Proposed for Atypical Sleep

Sleep Stage (Proposed-Atypical)@
Pathologic wakefulness
Al (Atypical 1)

A2
A3

Ad
AS5
AB

EE G Waveform Description

Any EEG frequency other than alpha or beta with behavioral characteristics of wakefulness

Alpha and/or theta present on >10% of epoch, without sleep spindles or K-complexes in the preceding 3
min; may have polymorphic delta, FIRDA, or triphasic activity

Polymorphic delta, FIRDA, or triphasic activity with alpha or beta activity superimposed on delta waves,
without sleep spindles or K-complexes in the preceding 3 min

Polymorphic delta, FIRDA, or triphasic activity without alpha or beta activity superimposed on delta
waves

Burst-suppression pattern with EEG amplitude <5 pV for >0.5 s
Suppressed pattern with EEG amplitude <20 pVvV

Isoelectric activity (amplitude <5 pV) throughout epoch

EEG = electroencephalography, NREM = non-rapid eye movement, REM = rapid eye movement, A = atypical, FIRDA = frontal intermittent

rhythmic delta.

aEEG examples for each of the proposed-atypical stages are shown in Figure 1.

Crit Care Med. Author manuscript; available in PMC 2014 August 01.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Watson et al.

Table 2
Patient Baseline and Clinical Characteristics
n=237
Age, yr; median (IQR) 63 (49; 72)
Race, n (%)

White 27 (73)
Sex, n (%)

Female 18 (49)
APACHE 112, median (IQR) 24 (18; 30)
Admission diagnosis, n (%)

Sepsis/acute respiratory distress syndromeP 21(57)

Chronic obstructive pulmonary disease/asthma 4(11)

Pulmonary other 5(14)

Hepatic failure 1(3)

Renal failure 1(3)

Metabolic/endocrine 1(3)

Hemorrhage 2(5)

Neurologic disease 1(3)

Transplant 1(3)
Ever delirious 30 (81)
Days of delirium, median (IQR) 2(1;5)
Days of coma, median (IQR) 1(0;4)
Days of delirium/coma, median (IQR) 3(3;9)
First mental status in study, n (%)

Normal 8(22)

Delirious 12 (32)

Comatose 17 (46)
Medications, by patient day, median (IQR)

Benzodiazepines, mg (lorazepam equivalents) 4.7 (2.8;19.2)

Opiates, ug (fentanyl equivalent)

1,200 (562; 2,719)

Propofol, ug 2,980 (1,655; 3,883)
Days on ventilator, median (IQR) 6 (4;12)
ICU length of stay, median (IQR) 10 (6.1; 16.5)

Hospital length of stay, median (IQR)

14.2 (9.8; 20.5)

Alive at hospital discharge, n (%)

29 (78)
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IQR = interquartile range.

aAcute Physiology and Chronic Health Evaluation (APACHE) 11 (42) is a severity of illness scoring system, and these data were calculated using
the most abnormal variables during the first 24 hr following admission to the ICU. APACHE 11 scores range from 0 (best) to 71 (worst).

bThe diagnosis of sepsis was determined by the patients” medical team.
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Table 3

Descriptive Statistics of All Sleep Stages by Patient

Total polysomnographic data, min; median (IQR)

3,285 (2,400; 4,321)

Ever experienced wake, n (%) 22 (59)
Wake time, min; median (IQR) 246 (116; 653)
Wake time, overall %; median (IQR) 7 (2.2; 34.5)

Ever experienced normal sleep, n (%) 11 (30)
Normal sleep, min; median (IQR) 303 (135; 475)
Normal sleep, overall %; median (IQR) 8 (5; 28)

Ever experienced N1 sleep, n (%) 8(22)
Stage N1 sleep, min; median (IQR) 93 (32; 282)
N1 sleep, overall %; median (IQR) 55(1;9.2)

Ever experienced N2 sleep, n (%) 8(22)
Stage N2 sleep, min; median (IQR) 148 (27; 495)
N2 sleep, overall %; median (IQR) 4.5(1;29)

Ever experienced N3 sleep, n (%) 5 (14)
Stage N3 sleep, min; median (IQR) 101 (19; 126)
N3 sleep, overall %; median (IQR) 3(1;4)

Ever experienced REM sleep, n (%) 5(14)
Stage REM sleep, min; median (IQR) 19 (14, 58)
REM sleep, overall %; median (IQR) 0(0;2)

Experienced > 6% REM sleep any day, n (%) 1(3)

Ever experienced atypical sleep, n (%) 36 (97)

Atypical sleep, min; median (IQR) 2,943 (1,775; 3,709)
Atypical sleep, overall %; median (IQR) 96 (79; 100)

IQR = interquartile range, REM = rapid eye movement.
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