
11. Stolk RF, van der Poll T, Angus DC, van der Hoeven JG, Pickkers P,
Kox M. Potentially inadvertent immunomodulation: norepinephrine
use in sepsis. Am J Respir Crit Care Med 2016;194:550–558.

12. Nakada TA, Russell JA, Boyd JH, Aguirre-Hernandez R, Thain KR,
Thair SA, et al. Beta2-adrenergic receptor gene polymorphism is
associated with mortality in septic shock. Am J Respir Crit Care Med
2010;181:143–149.

13. Gordon AC, Mason AJ, Thirunavukkarasu N, Perkins GD, Cecconi M,
Cepkova M, et al.; VANISH Investigators. Effect of early vasopressin vs
norepinephrine on kidney failure in patients with septic shock: the
VANISH randomized clinical trial. JAMA 2016;316:509–518.

14. Myburgh JA, Higgins A, Jovanovska A, Lipman J, Ramakrishnan N,
Santamaria J; CAT Study Investigators. A comparison of epinephrine
and norepinephrine in critically ill patients. Intensive Care Med 2008;
34:2226–2234.

15. De Backer D, Biston P, Devriendt J, Madl C, Chochrad D, Aldecoa C,
et al.; SOAP II Investigators. Comparison of dopamine and

norepinephrine in the treatment of shock. N Engl J Med 2010;362:
779–789.

16. Russell JA, Walley KR, Singer J, Gordon AC, Hébert PC, Cooper DJ,
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Sleep and Wakefulness Evaluation in Critically Ill Patients
One Step Forward

Over the last two decades, there has been a growing interest in
sleep abnormalities of critically ill patients. Early studies using
standard EEG criteria (1) have shown that these patients exhibit a
reduction in REM and N3 stages of sleep and excessive sleep
fragmentation, whereas the normal circadian rhythm is lost (2, 3).
Thus, although the total sleep time may be normal, the quality
of sleep is poor, and these patients could be considered as
sleep deprived (4, 5). Sleep disturbances remain mostly
undiagnosed, mainly owing to a lack of easily applicable
diagnostic tools.

Recent studies have shown that in critically ill patients, the
conventional EEG criteria for evaluation of sleep and wakefulness
are difficult to apply (6, 7). In these patients, the K complexes and
sleep spindles, used to identify N2 stage, are often absent
(atypical sleep), whereas EEG during behaviorally confirmed
wakefulness may be abnormal, characterized by an increase in
slow-wave activity and a decrease in high-frequency activity
(pathological wakefulness). These EEG patterns have been
observed in 30–50% of critically ill patients and usually coexist
(6, 8). It is important to realize that EEG during pathological
wakefulness may be similar to non-REM sleep, and therefore the
diagnosis necessitates behavioral criteria. It follows that sleep
assessment offline is unable to distinguish pathological
wakefulness from sleep.

Recently, Younes and colleagues described and validated a
continuous index, the odds ratio product (ORP), for the evaluation
of sleep depth in ambulatory patients, using EEG power spectrum
analysis (9). The ORP is an index of sleep depth derived from the
relationship of powers of different EEG frequencies in 3-second

epochs, and it ranges between 0 (very deep sleep) and 2.5 (full
wakefulness). An ORP value less than 1.0 predicts sleep, and an
ORP value greater than 2.0 wakefulness with 95% accuracy,
whereas the range between 1.0 and 2.0 represents unstable sleep.
An ORP value greater than 2.2 predicts wakefulness with almost
100% accuracy (9).

In this issue of the Journal, Dres and colleagues (pp. 1106–
1115) report, for the first time, ORP in mechanically ventilated
critically ill patients during a 15-hour period preceding a
spontaneous breathing trial (SBT) (10). The aim was to
investigate if ORP and polysomnographic indices indicating
atypical sleep and pathological wakefulness are associated with
SBT outcome. Among 44 eligible patients, 37 had an acceptable
quality of EEG recordings and were included in the study. ORP
analysis was possible in 31 of them (84%). During the total
recording period, the average ORP, the percentages of total
recording time with ORP greater than 1.5, greater than 2.0, and
greater than 2.2, and intraclass correlation coefficient between
ORP in the right and left hemispheres (R/L ORP) were calculated.
In the general population, the latter index averages 0.87
(0.76–0.95; 10th–90th percentile range) and is rarely less
than 0.7 during the night (M. Younes, M.D., Ph.D., written
communication, February 3, 2019), indicating that sleep depth
changes in parallel in both hemispheres. Nineteen patients (51%)
successfully passed the SBT, whereas 18 (49%) failed. Among the
success group, 11 were extubated, and 8 were considered unready
for extubation for various reasons. Pathological wakefulness or
atypical sleep was highly prevalent, occurring in 14 (38%) and 17
(46%) patients, respectively, whereas conventional scoring of
sleep was feasible only in 19 patients (51%). Neither atypical
sleep/pathological wakefulness nor sleep architecture was
associated with SBT outcome.

These results contrast with those of Thille and colleagues (8),
who observed that in difficult-to-wean patients, atypical sleep was
associated with longer weaning time. The difference is likely due
to the patients studied because Thille and colleagues studied
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patients who had already failed SBT (8). Interestingly, Dres
and colleagues (10) showed that the average ORP, the proportion
of time with ORP greater than 2.2, and R/L ORP were
significantly higher in patients who were extubated. Furthermore,
low R/L ORP (,0.7), indicating different sleep depth between
hemispheres, was strongly associated with SBT failure.
Notwithstanding the small number of patients included, these
results indicate that continuous sleep depth assessment and
hemispheric EEG correlation in critically ill patients is feasible
and may identify patients not ready to be weaned from the
ventilator. Provided that EEG is acceptable for ORP analysis, this
index may overcome the limitation of applying conventional sleep
scoring criteria and the obstacles in pathological wakefulness
diagnosis. Furthermore, ORP measurement is less demanding
than full polysomnography (use of only frontal or central
electrodes may be adequate) (9), whereas the results can be
presented in real time. Therefore, the state of vigilance could be
continuously monitored. The extent to which this approach can
be applied in critically ill patients should be prospectively studied.
Importantly, Dres and colleagues reported that the analysis of
ORP was feasible in 70% of eligible patients (31 of 44) (10),
showing again that the technical issues of EEG data acquisition in
critically ill patients remain a challenge.

Dres and colleagues (10) found that the vast majority of
studied patients exhibited some degree of obtundation or
pathological or incomplete wakefulness (ORP, .1 to ,2) and
assumed that this pattern is likely due to sleep deprivation (2, 11).
However, brain dysfunction linked to critical illness could be a
possibility, despite the fact that the patients were deemed ready for
termination of ventilation. Critical illness (particularly sepsis) may
cause long-term central nervous system dysfunction (12). Impaired
memory and executive function are common findings in ICU
survivors, whereas sleep abnormalities have been observed even
6 months after hospital discharge (13, 14). Could ORP-derived
indices be used as a monitoring tool during the acute and
long-term recovery phases of critical illness? Studies are urgently
needed to better clarify the pathophysiology of abnormal EEG
patterns in the critically ill.

The incidental finding of different sleep depth between
hemispheres in patients failing the SBT (R/L ORP, 0.546 0.26
[mean6 SD]) is very interesting, although its clinical significance is
unknown. This pattern presents many similarities to unihemispheric
sleep, which is widely used by birds and cetacean mammals for
the purpose of avoiding predators or allowing the simultaneous
sleeping and surfacing to breathe (15). Dres and colleagues (10) have
postulated that the observed regional difference in sleep might be
due to the reactivation of a primitive adaptive mechanism during
conditions in which natural sleep is considered unsafe. However,
regional brain damage, similar to regional damage observed in other
organs (i.e., inhomogeneous lung damage in patients with acute
respiratory distress syndrome) (16) could also be possible. Follow-up
of R/L ORP may shed light on the pathophysiology and clinical
significance of this regional difference in brain activity. Research in
this fascinating area has just begun! n

Author disclosures are available with the text of this article at
www.atsjournals.org.

Dimitris Georgopoulos, M.D., Ph.D.
Katerina Vaporidi, M.D., Ph.D.
University Hospital of Heraklion
University of Crete
Heraklion, Crete, Greece

ORCID IDs: 0000-0003-3689-9014 (D.G.); 0000-0002-7766-8688 (K.V.).

References

1. Kales A, Rechtschaffen A, editors. A manual of standardized
terminology, techniques and scoring system for sleep stages of
human subjects. Bethesda, MD: National Institute of Neurological
Diseases and Blindness, Neurological Information Network; 1968.

2. Cooper AB, Thornley KS, Young GB, Slutsky AS, Stewart TE, Hanly PJ.
Sleep in critically ill patients requiring mechanical ventilation. Chest
2000;117:809–818.

3. Freedman NS, Gazendam J, Levan L, Pack AI, Schwab RJ. Abnormal
sleep/wake cycles and the effect of environmental noise on sleep
disruption in the intensive care unit. Am J Respir Crit Care Med 2001;
163:451–457.

4. Parthasarathy S, Tobin MJ. Sleep in the intensive care unit. Intensive
Care Med 2004;30:197–206.

5. Pisani MA, Friese RS, Gehlbach BK, Schwab RJ, Weinhouse GL, Jones
SF. Sleep in the intensive care unit. Am J Respir Crit Care Med 2015;
191:731–738.

6. Drouot X, Roche-Campo F, Thille AW, Cabello B, Galia F, Margarit L,
et al. A new classification for sleep analysis in critically ill patients.
Sleep Med 2012;13:7–14.

7. Watson PL, Pandharipande P, Gehlbach BK, Thompson JL, Shintani AK,
Dittus BS, et al. Atypical sleep in ventilated patients: empirical
electroencephalography findings and the path toward revised ICU
sleep scoring criteria. Crit Care Med 2013;41:1958–1967.

8. Thille AW, Reynaud F, Marie D, Barrau S, Rousseau L, Rault C, et al.
Impact of sleep alterations on weaning duration in mechanically
ventilated patients: a prospective study. Eur Respir J 2018;51:
1702465.

9. Younes M, Ostrowski M, Soiferman M, Younes H, Younes M, Raneri J,
et al. Odds ratio product of sleep EEG as a continuous measure of
sleep state. Sleep 2015;38:641–654.

10. Dres M, Younes M, Rittayamai N, Kendzerska T, Telias I, Grieco DL,
et al. Sleep and pathological wakefulness at the time of liberation
from mechanical ventilation (SLEEWE): a prospective multicenter
physiological study. Am J Respir Crit Care Med 2019;199:
1106–1115.

11. Bonnet MH. Acute sleep deprivation. In: Kryger MH, Roth T, Dement
WC, editors. Principles and practice of sleep medicine in the child.
Philadelphia, PA: Elsevier Saunders; 2005.

12. Jackson JC, Pandharipande PP, Girard TD, Brummel NE, Thompson
JL, Hughes CG, et al.; Bringing to light the Risk Factors And
Incidence of Neuropsychological dysfunction in ICU survivors
(BRAIN-ICU) Study Investigators. Depression, post-traumatic stress
disorder, and functional disability in survivors of critical illness in the
BRAIN-ICU study: a longitudinal cohort study. Lancet Respir Med
2014;2:369–379.

13. Alexopoulou C, Bolaki M, Akoumianaki E, Erimaki S, Kondili E, Mitsias P,
et al. Sleep quality in survivors of critical illness. Sleep Breath [online
ahead of print] 20 Jul 2018; DOI: 10.1007/s11325-018-1701-z.

14. Altman MT, Knauert MP, Pisani MA. Sleep disturbance after
hospitalization and critical illness: a systematic review. Ann Am
Thorac Soc 2017;14:1457–1468.

15. Rattenborg NC, Lima SL, Amlaner CJ. Half-awake to the risk of
predation. Nature 1999;397:397–398.

16. Laffey JG, Kavanagh BP. Fifty years of research in ARDS: insight into
acute respiratory distress syndrome. From models to patients. Am J
Respir Crit Care Med 2017;196:18–28.

Copyright © 2019 by the American Thoracic Society

EDITORIALS

1052 American Journal of Respiratory and Critical Care Medicine Volume 199 Number 9 | May 1 2019

http://www.atsjournals.org/doi/suppl/10.1164/rccm.201902-0275ED/suppl_file/disclosures.pdf
http://www.atsjournals.org
http://orcid.org/0000-0003-3689-9014
http://orcid.org/0000-0002-7766-8688

