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Poor sleep is a frequent occurrence in the
intensive care unit (ICU) setting, and despite
decades of research describing poor sleep,
relatively few gains in the care of ICU
patients have beenmade in improving sleep
in the ICU. Inertia to change clinical practice
may be impeded by a lack of research
regarding the efficacy of sleep-promoting
interventions in the ICU; however, sleep and
circadian disruption (SCD) appears to be an
important potential target for improving
important patient outcomes, such as
delirium. Determining the impact of sleep-
promoting interventions is challenging both
in the feasibility of measure performance
as well as in its interpretation, because
of seemingly unavoidable confounders.
Although multicomponent ICU SCD
interventions have hadmixed successes in
decreasing environmental disturbance for
ICU patients, the heterogenous nature of
these studies and variable incorporation of
objective measures of sleep or circadian
function limit any firm conclusions (1).

Sleep measurement in critically ill
patients remains an important barrier to
large studies on ICU SCD. Interpretation
of polysomnography, the gold standard,
is difficult because commonly used
medications, complex illness such as

sepsis, various organ failures (e.g.,
hepatic encephalopathy), etc. in the
ICU are associated with altered
electroencephalography patterns (2, 3).
Although advances in portable, wearable
devices have improved measures of sleep
and circadian function in the ICU,
numerous challenges remain (4, 5). To be
of utility at the bedside, sleep and circadian
measures must have acceptable cost,
feasibility, tolerance, and interpretability
for longitudinal and around-the-clock
monitoring without influencing the
provision of patient care. Such advances,
however, would facilitate meaningful ICU
SCD definitions, guide the timing of
interventions, and support rigorous
outcome evaluation (1).

In this issue of theAnnalsATS,
Georgopoulos and colleagues (pp. 1624–1632)
use the automated electroencephalography
odds ratio product (ORP), an automated
means of measuring 10 different deciles of
differing stages of alertness from deep sleep
(decile 1–2) to full wakefulness (decile 10)
in addition to spindle density over time (6).
The ORP seems to be a feasible and
tolerable measure that affords the
possibility for longitudinal monitoring,
although it has been criticized for having
limited accuracy identifying sleep and sleep
stages. The authors have used an
established dataset from a multicenter
longitudinal cohort from the National
Heart, Lung, and Blood Institute that
examined the cardiovascular consequences
of sleep-disordered breathing in
community dwelling adults as control
subjects (7). A key strength of this study is
that it compares the frequency of common
ORP types that are associated with clinical
phenotypes, furthering our understanding
of underlying mechanisms of poor sleep in
the ICU and in a limited number of ICU
survivors through inference.

Results of this study show amarked
difference, albeit not surprising, between
sleep in ICU patients and community-
dwelling adults. All ICU patients experienced

one of four ORP types, characterized by low
depth of sleep and variable (low to high)
full wakefulness (types 1,1; 1,2; and 1,3;
respectively) or average sleep depth with little
time spent in full wakefulness (2,1). This is
compared with the most commonORP
architecture types in community-dwelling
adults: high sleep depth with variable levels
of full wakefulness (types 3,1; 3,2; and 3,3;
respectively) and average sleep depth with
either moderate or high full wakefulness
(types 2,2 and 2,3). What is interesting is that
these clinical phenotypes seen commonly in
ICU patients, such as type 1,1, are akin to
community-dwelling adults with very severe
obstructive sleep apnea; arousal occurs upon
falling asleep, and the individual fails to
progress to deep sleep secondary to likely
environmental stimuli or perceived need for
hypervigilance (i.e., fear of injury if sleeping)
(8). Furthermore, type 1,3 is seen most in
community-dwelling adults with insomnia, as
they experience low sleep pressure, as is seen
with circadian dysrhythmia or hyperarousal
states where sleep might occur at any time
over a 24-hour cycle. Interestingly, in patients
with 24-hour recordings, similarities existed
between day and night recordings suggesting
limited time needed. Over time, little deep
sleep continued to dominate in an ICU
survivor population.

Although those findings confirm
the preexisting knowledge that sleep
disturbances are common in critically ill
patients and provides some evidence
for phenotypes, there are important
methodological limitations that should
be considered. First, the ICU cohort is
composed of a very specific population
(ventilated patients, not sedated, with a
Glasgow Coma Scale of 11 or greater, no
delirium, etc.) that was culled from four
previous cohorts. Those specific patient
features do not represent most critically ill
patients, warranting caution for generalizing
of results. The high duration of mechanical
ventilation in this population suggests that it
was mostly composed of patients who would
fulfill criteria for chronic critical illness,

This article is open access and distributed
under the terms of the Creative Commons
Attribution Non-Commercial No Derivatives
License 4.0. For commercial usage and
reprints, please e-mail Diane Gern.

DOI: 10.1513/AnnalsATS.202308-699ED

1558 AnnalsATS Volume 20 Number 11 | November 2023

EDITORIALS

http://orcid.org/0000-0001-9315-6386
http://orcid.org/0000-0003-0331-5182
https://dx.doi.org/10.1513/AnnalsATS.202301-038OC
http://crossmark.crossref.org/dialog/?doi=10.1513/AnnalsATS.202308-699ED&domain=pdf&date_stamp=2023-10-18
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:dgern@thoracic.org
https://doi.org/10.1513/AnnalsATS.202308-699ED


which is especially true for patients who
require tracheostomy (.65%). The ICU
survivor cohort (which is not fully contained
in the ICU group) also has specific features
that may not represent most ICU survivors;
specifically, they represent a subgroup of ICU
survivors who are fit enough to return for
ambulatory testing, which represents an
important source of selection bias. Finally,
age and sex matching were not performed
using robust techniques such as exact
matching, as it appears that males and the
eldest females were arbitrarily selected; this
type of matching also ignores other

important features, in particular
comorbidities, which may hamper the
conclusions.

Understanding the complex interplay
between sleep in the ICU, survivors’ sleep,
and post-ICU syndrome is no easy task, and
causal inference models from broad
populations of critically ill patients with
sequential measurements are necessary.
Many causal assumptions are still unclear.
Does poor sleep in the ICU cause short-
term complications, such as prolonged
hospitalization or death? Does poor sleep
in the ICU contribute to post–intensive care

syndrome? Is poor sleep quality after ICU
discharge a result of poor sleep in the
ICU? These issues are graphically discussed
in Figure 1.

In conclusion, the paper by
Georgopoulos and colleagues highlights the
urgent need for more research on a broad
population of critically ill patients to better
understand the complex pathways and causal
effects of poor sleep and outcomes in the
ICU population.�
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