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OBJECTIVES: Evaluation of sleep quality in critically ill patients is difficult using 
conventional scoring criteria. The aim of this study was to examine sleep in criti-
cally ill patients with and without light sedation using the odds ratio product, a vali-
dated continuous metric of sleep depth (0 = deep sleep; 2.5 = full wakefulness) 
that does not rely on the features needed for conventional staging.

DESIGN: Retrospective study.

SETTINGS: A 16-bed medical-surgical ICU.

PATIENTS: Twenty-three mechanically ventilated patients who had previously 
undergone two nocturnal sleep studies, one without and one with sedation (pro-
pofol, n = 12; dexmedetomidine, n = 11).

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Sleep architecture was evaluated 
with odds ratio product analysis by the distribution of 30-second epochs with 
different odds ratio product values. Electroencephalogram spectral patterns and 
frequency of wake intrusions (3-s odds ratio product > 1.75) were measured 
at different odds ratio product levels. Thirty-seven normal sleepers were used 
as controls. Compared with normal sleepers, unsedated critically ill patients 
spent little time in stable sleep (percent odds ratio product < 1.0: 31% vs 63%;  
p < 0.001), whereas most of the time were either in stage wake (odds ratio 
product > 1.75) or in a transitional state (odds ratio product 1.0–1.75), character-
ized by frequent wake intrusions. Propofol and dexmedetomidine had comparable 
effects on sleep. Sedation resulted in significant shift in odds ratio product distri-
bution toward normal; percent odds ratio product less than 1.0 increased by 54%  
(p = 0.006), and percent odds ratio product greater than 1.75 decreased by 48%  
(p = 0.013). In six patients (26%), sedation failed to improve sleep.

CONCLUSIONS: In stable critically ill unsedated patients, sleep quality is poor 
with frequent wake intrusions and little stable sleep. Light sedation with propo-
fol or dexmedetomidine resulted in a shift in sleep architecture toward normal in 
most, but not all, patients.
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Assessment of sleep quality in critically ill patients is of major importance 
(1) in view of accumulated evidence that sleep in such patients is of 
poor quality and quantity (2–5) and of extensive research showing that 

poor sleep adversely affects the function of several organ systems (6–15). Direct 
support for the importance of normal sleep in these patients was recently pro-
vided in two studies in which patients who displayed abnormal sleep were less 
likely to pass a weaning trial (15) and stayed longer on the ventilator (16).

Assessment of sleep quality in critically ill patients is, however, not easy. 
Recent studies have shown that conventional scoring criteria for evaluation of 
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sleep and wakefulness are difficult to apply in critically 
ill patients (17, 18).

Although a widely held belief is that sedation in crit-
ically ill patients promotes sleep and thus reduces the 
detrimental consequences of poor sleep quality (19), 
the effects of sedatives on sleep are controversial (20–
23). A Cochrane systematic review found insufficient 
evidence to determine whether administration of pro-
pofol would improve the quality and quantity of sleep 
in critically ill patients (24). The discrepancy between 
studies might be partly due to difficulties in evaluating 
sleep in these patients using conventional criteria.

The odds ratio product (ORP) is a continuous 
index of sleep depth measured in 3-second intervals 
(25). It is derived from powers in different electroen-
cephalogram (EEG) frequencies relative to each other 
and ranges between 0 (very deep sleep) and 2.5 (full 
wakefulness). Considerable evidence supports ORP 
as a measure of sleep depth and arousability (25–29). 
Recently, ORP was measured in critically ill patients in 
the weaning phase (15). Patients who failed the wean-
ing trial had markedly reduced time (< 2% of recording 
time) in full wakefulness (ORP > 2.0).

By measuring sleep depth over short intervals, ORP 
may reveal subtle effects of sedatives on sleep in crit-
ically ill patients. Furthermore, ORP does not rely on 
spindles or duration of delta waves to determine sleep 
depth (25) making it insensitive to the technical issues 
that complicate conventional scoring in these patients 
(17, 18). In this study, ORP was used to reevaluate 
sleep and effects of dexmedetomidine and propofol on 
sleep quality in critically ill patients using data from 
two previous studies (20, 21).

METHODS

Subjects and Conventional Measurements

Twenty-five critically ill patients from two previous 
studies (20, 21) who were assigned to receive ei-
ther propofol (n = 12) or dexmedetomidine (n = 13) 
during the night were reanalyzed (Supplemental 
Digital Content, http://links.lww.com/CCX/A747). 
The Ethics Committee of the University Hospital of 
Heraklion had approved the conduct of these studies 
(11868-16/10/09, 7244-20/06/2011). The results were 
compared with those obtained from 38 normal sleep-
ers (30).

Patients’ selection criteria were similar in the two 
studies (20, 21). All patients were on mechanical ven-
tilation for greater than 48 hours, hemodynamically 
stable, and ventilated on assisted modes. Patients char-
acteristics are shown in Table S1 (http://links.lww.com/
CCX/A744). In both studies, patients were monitored 
during two consecutive nights, with or without se-
dation. Noise, nursing, and other interventions were 
minimized during the nights of the study. In addition, 
during the nights, light was decreased to a minimum 
level that did not interfere with patients’ assessment. 
Care was taken to ensure similar environmental condi-
tions among the two study nights. The doses of seda-
tives were adjusted to maintain either level 3 on the 
Ramsay Scale (with propofol) or –1 to –2 on Richmond 
Agitation-Sedation Scale (RASS, with dexmedetomi-
dine) (Table S1, http://links.lww.com/CCX/A744).

Sleep data, obtained with a commercial system 
(Alice; Respironics, Pittsburgh, PA), were scored 
manually using standard criteria (31). Digital analysis 
was performed using Michele Sleep Scoring System 
(Cerebra, Winnipeg, MB, Canada). ORP was calcu-
lated from the EEG recorded between 10 pm and 7 
am in the propofol study and 9 pm to 6 am in dexme-
detomidine study. ORP analysis was performed by an 
author (M.Y.), who was blinded to patient and seda-
tion status.

ORP Analysis

ORP Calculation. The method of calculating ORP 
was described in detail previously (25) (Supplemental 
Digital Content, http://links.lww.com/CCX/A747). 
Briefly, fast Fourier transform was applied to consec-
utive nonoverlapping 3-second epochs of EEG (C3/
A2 and C4/A1) throughout each recording. For each 
3-second epoch, sum of powers was calculated in four 
different EEG frequency ranges: 0.33–2.33 Hz (slow 
delta), 2.67–6.33 Hz (range-2), 7.0–14.0 Hz (alpha-
sigma), and 14.3–35.0 Hz (beta). ORP in each 3-second 
epoch is derived from the relationship of powers of these 
frequency ranges to each other and varies from 0 (very 
deep sleep) to 2.5 (full wakefulness). ORP less than 
1.0 predicts sleep, and ORP greater than 1.75 predicts 
wakefulness, with greater than 90% accuracy. The range 
between 1.0 and 1.75 represents unstable sleep with 
considerable interrater variability in scoring (Fig. S1,  
http://links.lww.com/CCX/A743) (25).
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Sleep Architecture, Assessed by ORP, and Effects of 
Sedatives Thereon. Each 30-second epoch was char-
acterized by an average ORP (average ORP of 10 3-s 
epochs). The number of 30-second epochs with average 
ORP within each of 10 ORP deciles covering the entire 
ORP range (0.0–2.5) was calculated and expressed as 
percent of total recording time. The effects of sedation 
on sleep architecture were further characterized by the 
change in percent of epochs with ORP less than 1.0 
(corresponding to stable sleep characterized by min-
imal wake intrusions and high agreement between 
scorers) (Fig. S1, http://links.lww.com/CCX/A743), 
between 1.0 and 1.75 (unstable sleep characterized 
by frequent wake intrusions), and greater than 1.75 
(wakefulness). A sedation-induced increase greater 
than 5% in the percentage of epochs with ORP less 
than 1.0 was considered as sleep quality improvement.

EEG Spectral Patterns at Different ORP Levels. 
Changes in sleep depth are normally associated with 
paradoxical changes in high- and low-frequency pow-
ers (25, 32–35). To determine if the same pattern 
applies in critically ill patients and whether sedatives 
alter this pattern, average ORP and average log power 
in different frequency ranges were calculated for all 
3-second epochs within each ORP decile. Significant 
correlations and their slope (falling, rising, or no sig-
nificant trend) between log power and ORP were cal-
culated, and the number of patients with negative, 
positive, and no significant slope was determined for 
each frequency.

Number of Wake Intrusions in Epochs With 
Different 30-Second ORP Values. Three-second ORP 
values vary within the same 30-second epochs staged 
as sleep and may reach values seen during stage wake 
(wake intrusions, defined as ORP > 1.75) (25). We meas-
ured the number of such intrusions in each 30-second 
epochs in each subject/condition. Frequency of wake 
intrusions was averaged for all 30-second epochs 
within each of the 10 ORP deciles.

Spindle Density. Spindles were identified digit-
ally using a validated algorithm within Michele Sleep 
Scoring (36, 37). Their density is reported as number/
min in non-rapid eye movement sleep.

Statistical Analysis

Continuous variables are reported as means and 
sd. Normality of distribution was assessed visually 
by means of normal probability plots. Categorical 

variables were compared using chi-square or Fisher 
exact test and continuous variables by one-way analysis 
of variance and paired and unpaired t tests, as appro-
priate. For each frequency range, Pearson correlation 
was used to determine the relation between ORP and 
log power as ORP increased. A two-tailed p value of 
less than 0.05 was considered significant.

RESULTS

ORP analysis was not feasible in two patients from dex-
medetomidine study because the EEG signals during 
the night without sedation were corrupt throughout 
the files with artifacts. In one normal subject, the re-
cord was 11 hours long with the last 4 hours having 
very little sleep. Accordingly, we could not determine 
his values during the proper duration of the study. 
Therefore, 23 patients (Table S1, http://links.lww.com/
CCX/A744) (12 with and without propofol and 11 
with and without dexmedetomidine) and 37 normal 
sleepers were analyzed. Table S2 (http://links.lww.
com/CCX/A745) shows conventional sleep scoring.

There were no significant differences in ORP archi-
tecture between the two studies at baseline or in the 
effect of the two drugs (Supplemental Digital Content, 
http://links.lww.com/CCX/A747; Figs. S2–S5, http://
links.lww.com/CCX/A743; and Table S3, http://links.
lww.com/CCX/A746). Accordingly, in the main ar-
ticle, results of both studies were combined and com-
pared with normal sleepers.

Sleep Architecture as Measured by 30-Second 
ORP Values

Total recording time did not differ between normal 
sleepers (451 ± 49 min) and patients (Table S2, http://
links.lww.com/CCX/A745). Compared with normal 
sleepers, unsedated critically ill patient spent little time 
in stable or deep sleep (ORP < 1.0), whereas most of the 
time were either awake or in a transitional state char-
acterized by frequent wake intrusions (Figs. 1 and 2) 
(individual data in Fig. S6, http://links.lww.com/CCX/
A743). Sedation caused a significant leftward shift, to-
ward normal, in frequency distribution (Figs. 1 and 2).  
However, even with sedation, frequency of epochs in 
deciles that characterize deep sleep (ORP 0.0–0.5) was 
significantly lower than in normal sleepers (12% vs 
28%; p < 0.001). In 17 of 23 patients (74%), sedation 
improved sleep quality by increasing (at least > 5%) the 
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percentage of epochs with ORP less than 1.0 (Table 1). 
In four unsedated patients, sleep efficiency was re-
ported as zero, but ORP showed varying number of 
epochs with ORP consistent with sleep (Fig. S7, http://
links.lww.com/CCX/A743).

Without sedation, ORP-determined sleep ar-
chitecture differed substantially among patients, 
particularly in the highest decile (ORP > 2.25), 
where percent of epochs ranged from 0% to 67% 
(Fig. S6, http://links.lww.com/CCX/A743). Since 
the effects of sedation might depend on EEG pat-
tern off sedation, patients were divided into 
two groups, based on median value of percent 
ORP (%ORP) greater than 2.25 (median, 3.05%) 
(Supplemental Digital Content, http://links.lww.
com/CCX/A747). The distribution of patients into 
high and low %ORP greater than 2.25 did not dif-
fer between propofol and dexmedetomidine studies  

Figure 1. Mean ± sd distribution of 30-s epochs with different odds ratio product (ORP) in normal sleepers and patients with and 
without sedation. The probability of such epochs being scored wake or sleep by conventional criteria is shown in the upper inset with 
black (wake) and white (sleep) zones indicating agreement between two scorers, whereas gray zones indicate a split decision. Note that 
agreement between scorers is very high when ORP is less than 1.0 or greater than 1.75, whereas in the range 1.0–1.75, disagreement 
between scorers is common. Note the leftward shift in ORP distribution with sedation. *Significantly different from normal sleepers 
(unpaired t test with Bonferroni correction). #Significantly different from patients without sedation (paired t test).

Figure 2. Mean ± sd distribution of 30-s epochs in stable 
sleep (odds ratio product [ORP] < 1.0), intermediate state 
(ORP 1.0–1.75), and wake (ORP > 1.75) in normal sleepers 
and patients with and without sedation. *Significantly different 
from normal sleepers (unpaired t test with Bonferroni 
correction). #Significantly different from patients without 
sedation (paired t test).
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(p > 0.05, Fisher exact test). The effect of sedation 
varied significantly between these two groups (Figs. 
S8 and S9, http://links.lww.com/CCX/A743), being 
more prominent in the patients with little time in 
full wakefulness (low %ORP > 2.25 group).

Power Spectral Patterns at Different ORP 
Levels

As expected (25, 32–35), in normal sleepers, range-2 
power (2.67–6.3 Hz) decreased, whereas beta powers 
increased as ORP increased (Fig. 3 and Table 2). Trends 
in the other frequencies were variable. Independent on 
sedation status, distribution of trajectories of beta and 
gamma powers in patients did not differ from those in 
normal sleepers. There was a minor but significant differ-
ence in distribution of trajectories of alpha-sigma between 
sedated and normal sleepers. By contrast to normal sleep-
ers, slow delta power in most patients did not change or 
increased as ORP increased. Although range-2 behaved 
normally in most patients, with power decreasing as ORP 
increased, in a substantial minority (9/23), the trend was 
insignificant or positive due to a paradoxical increase in 
range-2 power when ORP was greater than 1.75 (Fig. 3) 
(Fig. S10, http://links.lww.com/CCX/A743). There was 
no difference in the relation between ORP and power 
spectral patterns with and without sedation.

Number of Wake Intrusions in Epochs With 
Different 30-Second ORP

In normal sleepers, frequency of wake intrusions was 
very low when ORP was less than 0.75 and increased pro-
gressively as ORP increased further (Table 2). The same 
pattern was observed in patients independent of seda-
tion status. Although at the same ORP frequency of wake 
intrusions in patients was lower than in normal sleepers 
(Table 2), these differences were quantitatively small.

Spindle Density

In patients, spindle density was extremely low relative 
to normal sleepers (Table  2). Sedation did not affect 
spindle density.

DISCUSSION

In this study, we used ORP to evaluate sleep and 
effects of commonly used sedatives thereon in stable 
critically ill patients. The main findings are as fol-
lows: 1) Compared with normal sleepers, almost all 
unsedated critically ill patients spent most of the time 
awake (ORP > 1.75) or in a transitional state (ORP 
1.0–1.75) characterized by frequent wake intrusions. 
2) Propofol and dexmedetomidine had comparable 

TABLE 1. 
Individual Change in Percent of 30-Second 
Epochs Due to Sedation in Three Odds 
Ratio Product Ranges. 

Change in  
Percent Odds 
Ratio Producta < 1.0 1.0–1.75 > 1.75

Propofol

 1 40.1 –2.1 –37.9

 2 7.8 –1.2 –6.6

 3 35.0 –31.1 –66.1

 4b –26.7 47.8 –21.0

 5 44.6 –13.9 –30.7

 6 34.4 32 –66.3

 7 52.8 –42.4 –10.5

 8 13.4 2.1 –15.5

 9b –52.4 16.1 36.3

 10b –1.2 0.9 0.3

 11 27.2 –21.4 –5.9

 12 27.2 –40.7 13.5

Dexmedetomidine

 13 27.3 4.0 –31.3

 14 24.6 1.2 –25.8

 15b –7.0 16.8 –9.8

 16 25.6 39.1 –64.7

 17 74.0 –1.1 –72.9

 18 37.1 13.5 –50.5

 19b –2.8 2.8 0.0

 20 39.7 –39.9 0.1

 21b –28.9 –12.2 41.1

 22 12.2 –22.2 10.0

 23 9.6 –13.6 4.0

Mean ± sd 18.0 ± 28.7 –0.14 ± 24.4 –17.8 ± 31.5

aNegative value in change in percent odds ratio product (%ΔORP) 
indicates that sedation decreases the percentage of odds ratio 
product in this range, whereas positive value an increase.
bSedation did not improve sleep quality in these patients (< 5% 
increase in %ΔORP < 1.0).
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effects on sleep architecture. Both sedatives at doses 
titrated to achieve light sedation, resulted in a shift 
in sleep architecture toward normal. 3) Independent 
of sedation, there was a tendency for range-2 power 
(theta and fast delta) to increase concurrently with 
the increase in beta power at ORP greater than 1.75 
in some patients, a pattern that was not observed in 
normal sleepers. 4) Spindle density was very low on 
or off sedation. 5) In ≈25% of patients, sedation failed 
to improve sleep.

In critically ill patients, conventional scoring crite-
ria for evaluation of sleep and wakefulness are difficult 
to apply due to presence of atypical sleep and/or patho-
logic wakefulness (15, 17, 18). Given the difficulty of 
distinguishing conventional stages in critically ill 
patients, we evaluated the effects of sedation on sleep 
architecture by the distribution of time among 10 ORP 
ranges, thus, largely overcoming the shortcomings of 
conventional sleep scoring (virtual absence of spindles 
and presence of delta/theta waves during wakefulness). 
Indeed, the inability of conventional scoring to capture 
sleep depth is highlighted in four unsedated patients 
in whom sleep was absent by conventional criteria, 
but ORP demonstrated considerable sleep depth var-
iability. In three of these four patients, changes in ORP 

distribution and sleep efficiency with sedation pointed 
to different conclusions (Fig. S7, http://links.lww.com/
CCX/A743).

Except for higher delta/theta power during wake 
periods in some patients (Fig. S10, http://links.lww.
com/CCX/A743), we observed that changes in EEG 
power spectrum and frequency of wake intrusion as 
ORP increased were comparable with the changes 
observed in these EEG variables in ambulatory 
normal sleepers (Fig.  3). This suggests that the rela-
tion between ORP and arousability established in am-
bulatory subjects (25, 29) applies equally in critically 
ill patients. Furthermore, the similar effects of the two 
sedatives on ORP distribution, power spectrum, and 
wake intrusion (Figs. S2–S5, http://links.lww.com/
CCX/A743 and Table S3, http://links.lww.com/CCX/
A746) are consistent with recent findings suggesting a 
common pathway for the action of various sedatives/
anesthetics (38).

Sleep pattern varied among unsedated patients. Based 
on the amount of time in full wakefulness (ORP > 2.25), 
two distinct groups were identified, low and high %ORP 
greater than 2.25 groups. Patients with low %ORP greater 
than 2.25 spent most of the time in an intermediate state 
between sleep and wakefulness (ORP 1.0–1.75). Although 

Figure 3. Mean changes in log power in different electroencephalogram frequency ranges (inset) as odds ratio product (ORP) 
increased from deep sleep (ORP near zero) to full wakefulness (ORP near 2.5). sd was omitted for clarity of presentation.
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sedatives caused a favorable leftward shift in both groups, 
the correction was less pronounced in the high %ORP 
greater than 2.25, who spent excessive time in full wake-
fulness. Whether the latter patients would achieve better 
sleep with higher doses remains to be determined.

The reason why some unsedated patients had vir-
tually no time with full wakefulness while others had 
excessive wake time is unclear. There was no differ-
ence between the two groups in terms of age, Acute 
Physiology and Chronic Health Evaluation II, and 
length of ICU stay. Factors that might contribute 

include extent of stress encountered by the two groups 
and susceptibility to sleep deprivation. Different  
occurrence rate of pathologic wakefulness between 
groups may also be a factor (15). Further investiga-
tions are needed to address this issue.

Some patients displayed excessive fast delta and 
theta activity when ORP was in the full wakefulness 
range. In these patients, 30-second ORP values greater 
than 2.0 need not reflect full wakefulness. Such combi-
nation might represent an impaired state of conscious-
ness or pathologic wakefulness (15). It is well known 

TABLE 2. 
Sleep Variables as Measured With Odds Ratio Product Analysis in Normal Sleepers  
and Patients Off and on Sedation

 
Normal  

Sleepers
Patients Off  

Sedation
Patients on  

Sedation

Number of studies 37 23 23

Number/direction of significant slopes of log spectral power vs ORPa

 Slow delta: n–, n0, n+ 31, 6, 0 5, 13, 5c 4, 16, 3c

 Range 2: n–, n0, n+ 37, 0, 0 14, 8, 1c 14, 9, 0c

 Alpha: n–, n0, n+ 4, 25, 8 2, 9, 12 0, 9, 14c

 Beta 1: n–, n0, n+ 0, 0, 37 0, 1, 22 0, 0, 23

 Beta 2: n–, n0, n+ 0, 0, 37 0, 4, 19 0, 1, 22

 Gamma: n–, n0, n+ 0, 8, 29 0, 5, 18 0, 2, 21

3-s epochs with ORP > 1.75 per 30-s epoch at different  
average ORP valuesb

Average of 30-s ORP, mean ± sd

 0.00–0.25 0.0 0± 0.01 0.00 ± 0.00 0.00 ± 0.00

 0.25–0.50 0.16 ± 0.05 0.07 ± 0.10c 0.08 ± 0.07c

 0.50–0.75 0.55 ± 0.10 0.38 ± 0.34 0.43 ± 0.19

 0.75–1.00 1.28 ± 0.20 1.01 ± 0.55 0.94 ± 0.25c

 1.00–1.25 2.27 ± 0.21 1.74 ± 0.56c 1.73 ± 0.39c

 1.25–1.50 3.55 ± 0.24 3.01 ± 0.62c 2.88 ± 0.49c

 1.50–1.75 5.03 ± 0.26 4.62 ± 0.60c 4.48 ± 0.60c

 1.75–2.00 6.69 ± 0.31 6.47 ± 0.48 6.23 ± 0.38c

 2.00–2.25 8.33 ± 0.30 8.32 ± 0.29 8.10 ± 0.30c

 2.25–2.50 9.77 ± 0.10 9.65 ± 0.20 9.64 ± 0.20

Spindle densityb, mean ± sd

 Per minute 2.30 ± 1.2 0.16 ± 0.21c 0.27± 0.36c

n–, n0, n+ = number of significant negative, nonsignificant, and significant positive slopes of log spectral power vs odds ratio product, 
respectively, ORP = odds ratio product.
aComparisons were made by Fisher exact test with Bonferroni correction for multiple comparisons.
bComparisons between normal sleepers and unsedated and sedated patients were made by unpaired t test with Bonferroni correction 
and between patients off and on sedation by paired t test.
cSignificantly different from normal sleepers.
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that during sleep deprivation, theta power increases 
during wakefulness, and this correlates with the associ-
ated cognitive impairment (39–41). This phenomenon 
is therefore likely related to existing sleep deprivation 
in these patients. The inability of sedation to modify 
this pattern further supports this hypothesis, since it 
is highly unlikely that light sedation for one night can 
reverse the effect of long-standing sleep deprivation on 
theta power.

The current study confirmed previous findings  
(2, 15, 17) regarding the virtual absence of spindles 
in these patients. We have shown here that number 
of spindles was not affected by sedation. However, 
absence of spindles does not necessarily reflect on 
depth of sleep. Spindles are sporadic events that are 
important in learning and memory consolidation 
(42). Although they have historically been used to dis-
tinguish N2 from N1 sleep, thereby implying deeper 
sleep in their presence, there is no evidence that they 
are markers of deep sleep. In fact, there is consider-
able evidence to the contrary. For example, spindle 
density decreases after sleep deprivation, when sleep 
becomes deeper, and there is an inverse relation be-
tween spindle density and delta power (43). Thus, the 
low spindle density is consistent with sleep depriva-
tion, and their failure to increase with sedation does 
not indicate that sleep did not improve.

Compared with normal sleepers, unsedated 
patients spent little time in stable sleep (31% vs 63% 
with ORP < 1.0). Light sedation improved ORP dis-
tribution. However, time in deep sleep (ORP < 0.5) 
was still considerably lower in patients. In addition, 
in six of 23 patients (26%), sedation did not im-
prove sleep at the current doses (Table 1). Thus, ti-
tration of sedation with widely used sedation scales 
(Ramsay or RASS) does not guarantee normal sleep. 
Although it is likely that higher doses may result 
in better sleep in those who did not respond, indi-
vidual adjustment of dosage necessitates real-time 
monitoring of sleep depth. No such methods are 
currently available. Measuring ORP is much sim-
pler than full polysomnography (only one frontal 
electrode is adequate), and the results can be ana-
lyzed and displayed in real time (44). Whether this 
approach is practical to titrate sedation in these 
patients remains to be determined.

Our study has some limitations. First, titration of 
sedation in the two studies was performed using two 

different sedation scales. Both scales are used exten-
sively in ICUs and have excellent interrater reliability, 
and there is a strong correlation between them (45, 
46). Second, as recommended (47), both sedatives 
were administered to achieve light sedation. Thus, it is 
not known if different doses may change the observed 
sleep pattern response. Third, stable critically ill 
patients not requiring sedation were studied several 
days after ICU admission, and care was taken to en-
sure environmental conditions that facilitate sleep. 
Therefore, the results of this study should be applied 
with caution in a general population of critically ill 
patients. Finally, sleep was evaluated only during the 
night, and it is well known that critically ill patients 
exhibit abnormal sleep/awake state over 24 hours due 
to pronounced temporal disorganization or distur-
bances in melatonin secretion (2, 48).

CONCLUSIONS

In conclusion, the current study found that stable crit-
ically ill patients spend little time in stable or deep 
sleep, whereas most of the time are either awake or in a 
transitional state characterized by frequent wake intru-
sions. This study also showed that in most patients, 
light sedation has a favorable effect on sleep quality. 
These findings point to an approach to normalizing 
sleep and avoiding the complications of sleep depriva-
tion in these vulnerable patients.
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