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Abstract

Objectives—Many patients, due to a combination of illness and sedatives, spend a considerable
amount of time in a comatose state that can include time in burst suppression. We sought to
determine if burst suppression measured by processed electroencephalography (pEEG) during
coma in sedative-exposed patients is a predictor of post-coma delirium during critical illness.

Design—Observational convenience sample cohort
Setting—Medical and surgical ICUs in a tertiary care medical center
Patients—Cohort of 124 mechanically ventilated ICU patients

Measurements and Main Results—Depth of sedation was monitored twice daily using the
Richmond Agitation-Sedation Scale and continuously monitored by pEEG. When non-comatose,
patients were assessed for delirium twice daily using Confusion Assessment Method for the ICU
(CAM-ICU). Multiple logistic regression and Cox proportional hazards regression were used to
assess associations between time in burst suppression and both incidence and time to resolution of
delirium, respectively, adjusting for time in deep sedation and a principal component score
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consisting of APACHE 11 score and cumulative doses of sedatives while comatose. Of the 124
patients enrolled and monitored, 55 patients either never had coma or never emerged from coma
yielding 69 patients for whom we performed these analyses; 42 of these 69 (61%) had post-coma
delirium. Most patients had burst-suppression during coma, though often short-lived [ median
(intraquartile range) time in burst suppression, 6.4 (1-58) minutes]. After adjusting for covariates,
even this short time in burst suppression independently predicted a higher incidence of post-coma
delirium [odds ratio 4.16; 95% confidence interval (CI) 1.27-13.62; p=0.02] and a lower
likelihood (delayed) resolution of delirium (hazard ratio 0.78; 95% CI 0.53-0.98; p=0.04).

Conclusions—Time in burst suppression during coma, as measured by processed EEG, was an
independent predictor of incidence and time to resolution of post-coma/post-deep sedation
delirium. These findings of this single center investigation support lighter sedation strategies.
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“We lost her as she was gradually withdrawn from our life into the hands of nurses
and delirium and morphia...”” From C.S. Lewis's book Surprised by Joy, about his
mother's descent into deep sedation during the dying process

Introduction

Delirium, which occurs in 60% to 80% of critically ill, mechanically ventilated patients, is
independently associated with increases in hospital costs, hospital length of stay, 6- and 12-
month mortality, and cognitive impairment up to a year later [1-7]. Sedative exposure
represents a potentially modifiable delirium risk factor, since prior studies have shown that
both deep sedation and the use of specific sedative agents, primarily benzodiazepines, are
risk factors for delirium [8-10]. Other recent studies have disputed this relationship [11, 12].
Most recently it has been shown [13] that for the majority of patients, those in whom
delirium persists 2 hours or longer after stopping sedation, delirium is a predictor of a poor
prognosis. Expressed the other way around, there are a minority (about 1 in 10 in this study)
with rapidly reversible delirium who have a prognosis similar to those never demonstrating
symptoms of delirium [13]. Sedation and the methods for reducing exposure to them remain
points of ongoing study and intrigue for the critical care community [14, 15]. Despite
increasing knowledge of the harmful effects of deep sedation [16] and new approaches to
decrease over-sedation such as the ABCDE bundle [17-20], many patients still spend
considerable time in an often largely iatrogenic, unresponsive, comatose state [8, 9, 21-23].

Though bedside sedation scales, such as the Richmond Agitation-Sedation Scale (RASS) or
Sedation Agitation Scale (SAS) provide intensive care unit (ICU) teams with a reliable way
to assess and track level of consciousness and depth of sedation [24-26], a key limitation in
current practice is that physical exam-based sedation scales are not able to gauge subtle
changes in deep degrees of sedation. This limitation, at least for research purposes, can be
elucidated somewhat through the use of electroencephalographic (EEG) monitoring. The
EEG has been used in the ICU primarily to monitor patients with non-convulsive seizures
and in several neurocritical care applications [27-30]. Newer technologies are now available
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that process standard EEG waveforms and provide a bispectral index (i.e., the BIS, which is
a form of processed EEG or pEEG). BIS value ranges from 0 to 100, with 0 corresponding
to an isoelectric EEG, values below 60 generally corresponding to an anesthetic state with
amnesia, and a value of 90 to 100 expected for a fully awake and alert individual. BIS is a
reliable indicator of sedation depth [31, 32] and has also been used to assess brain function
[33]. Unlike clinical sedation scales, pEEG can identify the deepest levels of sedation, in the
form of burst suppression, a period of minimal or isoelectric EEG activity. Previous studies
have shown a high correlation between that the number of bursts/min as measured by
standard EEG compared with pBIS or the BIS suppression ratio [34, 35].

Whereas burst suppression is sometimes a therapeutic goal in the treatment of refractory
status epilepticus, burst suppression resulting from deep sedation or metabolic derangements
during critical illness is nearly always inadvertent and has been shown to be an independent
predictor of death [36, 37]. Thus, avoiding burst suppression via EEG monitoring may
improve outcomes for deeply sedated ICU patients. One adverse outcome that might be
avoided is delirium, which is thought to be the result of diffuse cortical dysfunction
characterized by a generalized slowing on EEG or pEEG, with a predominance of theta and
delta waves [38, 39].

Because benzodiazepines and other potent sedatives represent a common iatrogenic cause of
delirium and burst suppression [8, 10, 36, 40, 41], we hypothesized that ICU patients who
spend more time in burst suppression during coma would be at higher risk for post-coma or
post deep sedation delirium than patients who spend little or no time in burst suppression.
Furthermore, we hypothesized that greater time in burst suppression would be associated
with delayed resolution of post-coma or post deep sedation delirium.

Study Design and Patient Population

The institutional review board at VVanderbilt University Medical Center (Nashville, TN)
approved this prospective observational cohort study, which was nested within a larger long-
term cohort study[42]. Informed consent was obtained from each participant or an
authorized surrogate decision maker prior to enrollment. From March 2007 to April 2010,
all patients admitted to the medical, surgical, or cardiovascular ICU at VVanderbilt University
Medical Center were screened on a daily basis for enroliment into the parent study. Patients
who required at least 24 hours of mechanical ventilation or vasopressors for shock were
eligible for the parent study unless they met exclusion criteria, which included preexisting
severe cognitive or neurodegenerative disease, active substance abuse, or psychotic disorder;
inability to see, hear, or speak and understand English; ICU admission after
cardiopulmonary resuscitation or moribund status; significant time in an ICU during the 2
months prior to screening (not including the current ICU stay) or cardiac bypass surgery in
the 3 months prior to screening; onset of the current episode of respiratory failure or shock
more than 72 hours before enrollment or pending extubation on the day of screening;
homelessness, incarceration, or residence >200 miles from Nashville, TN; earlier
participation in the parent study or participation in another study that prevented co-
enrollment; or lack of informed consent due to refusal or absence of an authorized surrogate.
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Patients enrolled in a parent cohort study from June 2007 to February 2008 or March 2009
to February 2010, periods that corresponded with availability of study personnel and
equipment required for the current study, were eligible for inclusion in the current study
unless they met one of the following additional exclusion criteria: absence of respiratory
failure requiring mechanical ventilation at the time of planned BIS monitoring, Child-Pugh
class B or C cirrhosis, clinical indication for continuous EEG monitoring or participation in
another study preventing BIS monitoring, unavailability of equipment or study personnel, or
lack of informed consent due to refusal (since informed consent was obtained separately
from that obtained at enrollment into the parent study).

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 a validated sedation scale, the Richmond Agitation-
Sedation Score (RASS) [24, 25]. Daily awakening and breathing trials were performed at the
discretion of the ICU team per the unit's sedation protocol and was not mandated by study
protocol [43]. Data regarding the performance of these awakening trials was not tracked
during this study.

Bispectral EEG Monitoring, Burst Suppression, and Covariates

All BIS monitoring and daily data collection were conducted by Vanderbilt University
research staff. Immediately after enrollment, the skin was cleaned with isopropyl alcohol
and the 4-channel BIS sensor was applied to the forehead and connected to the portable BIS
Vista EEG monitor [44]. Bedside ICU nurses were trained to troubleshoot sensor positioning
when the signal quality was suboptimal. Research staff checked on the BIS monitors at least
twice per day to ensure data collection was continuing. Though the research personnel who
conducted clinical assessments of consciousness and delirium were not blinded to the BIS
numerical score at the time of each assessment, a partial cover was placed over the front of
the BIS monitor such that the research personnel were blinded to the presence/absence of
burst suppression, the primary predictor of interest in the current study. BIS monitoring
continued until the patient was extubated, expired, or for 7 days, whichever came first. BIS
scores were not used in the clinical management of patients.

The BIS software, which processes the EEG obtained by the bispectral EEG monitor,
determined and recorded the bispectral index and burst suppression ratio once per minute.
Time in burst suppression, our primary exposure variable, was defined as time in minutes
during which the patient's pEEG waveforms were either nearly or fully isoelectric. This was
determined by the BIS software, which first calculated a burst suppression ratio, which is the
percent of the previous 63-second epoch of pEEG that is isoelectric (flat line). The burst
suppression ratios were then averaged to give a total percent of coma time in burst
suppression, and this was multiplied by total time in coma to produce time in burst
suppression. The signal quality index was also recorded every minute; BIS values and
suppression ratios from minutes in which the signal quality index was low (<51) were not
included in the analysis; no adjustments of BIS values for EMG activity were made [44, 45].

Covariates, which were determined a priori based on previous research and clinical
judgment, included severity of illness and exposure to sedative medications. Severity of
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illness was measured at ICU admission using the Acute Physiology and Chronic Health
Evaluation (APACHE) Il score [46]. Sedative exposure was measured on a daily basis by
recording the total 24-hour doses of lorazepam, midazolam, fentanyl, morphine, and
propofol received according to the medical record.

Clinical Assessment of Consciousness and Delirium

Assessment of consciousness was performed by study staff using the Richmond Agitation-
Sedation Scale (RASS) twice a day for patients in the ICU and once per day for patients who
had been transferred to a general care area. The RASS is a standardized, reliable arousal
scale validated for use over time in critically ill patients [24, 25]. In this study, we
considered patients comatose when they were responsive to verbal stimulation with
movement or eye opening but without eye contact (RASS -3), unresponsive to verbal stimuli
but responsive to physical stimuli (RASS -4), or unresponsive to both verbal and physical
stimuli (RASS -5). Emergence from coma was defined as the transition from coma to a
RASS of -2 or higher (i.e., more awake) for 3 consecutive twice-daily assessments. The time
designated as emergence from coma was the first occasion of these 3 time points in which
the patient was a RASS -2 or higher. Though experts have varying opinions about what
RASS level defines coma [25, 47, 48], we chose the -2 cutoff for this study to be more
inclusive in order to increase power by enriching the population of patients whom we could
examine for post-coma delirium.

Patients who emerged from coma were assessed for delirium by study staff using the
Confusion Assessment Method for the ICU (CAM-ICU) twice a day for patients in the ICU
and once per day for patients moved to a general care area. The CAM-ICU is a delirium
assessment instrument that is sensitive, specific, valid and reliable in mechanically
ventilated and non-ventilated ICU patients [49, 50]. The CAM-ICU was used to assess for
delirium directly following RASS assessment if the patient was not comatose (i.e., not
RASS -3, -4, or -5). The date and time of resolution of delirium was defined by the first
CAM-ICU negative assessment that was followed by 3 or more CAM-ICU negative
assessments, i.e., a 48-hour period without coma or delirium was considered to indicate
resolution of brain dysfunction.

Statistical analysis

Descriptive data are presented using medians and interquartile ranges (IQRs) for continuous
variables and proportions for categorical variables. Sample size was determined by
availability of resources, including BIS equipment and staff familiar with lead placement.
To determine whether time in burst suppression, the primary exposure variable in our
models, was independently associated with post-coma delirium, we used multiple logistic
regression to assess the association between time in burst suppression and post-coma
delirium, as determined by the first CAM-ICU assessment done after emergence from coma
(the primary outcome variable). We also used multivariable Cox proportional hazards
regression to assess the association between time in burst suppression and the time to
resolution of delirium (i.e., the time between emergence from coma and the onset of a 48-
hour period of being continuously non-comatose and CAM-ICU negative). We adjusted in
both regression models for time spent under a BIS level of 40 (a measure widely considered
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deep sedation) and a principal component score consisting of APACHE 11 at ICU admission,
and cumulative doses of benzodiazepines, opiates and propofol received while comatose.
Each class of sedating medications, including benzodiazepines, opiates, and propofol, was
considered a separate covariate. Lorazepam and midazolam doses were summed after
conversion to midazolam equivalents, and fentanyl and morphine doses were summed after
conversion to fentanyl equivalents. By including both sedative doses and time spent under a
BIS level of 40—with the former being an intervention determined by the ICU team and the
latter representing the patient's response to this intervention—we sought to determine the
specific association between burst suppression and post-coma delirium that was independent
of both the amount of sedatives a patient was given and their general response as indicated
by depth of sedation. The principal component score was included as a data reduction
technique to allow for adjustment of key covariates while avoiding overfitting, which can
occur when more covariates are included in a multivariable regression model than can be
reliably fit, as determined by the number of outcome events.

During enrollment, 1,626 patients were screened for the parent BRAIN-ICU study[42], of
whom 252 were enrolled and thus candidates for this investigation (Figure 1); 124 of these
patients received BIS monitoring, of whom 55 were excluded from the current analyses
because they were either never in coma or they never emerged from coma. Thus, 69 patients
were monitored with BIS while comatose and subsequently emerged from their coma into
either delirium or a normal state of cognition. Patient characteristics are shown in Table 1.
No patient received neuromuscular blockade during the study. Eight patients included in the
analyses were defined as having coma based on the a priori definition of coma as RASS -3
or deeper; these 8 would not have met criteria for analyses if a cutoff of RASS -4 had been
used. Forty-two (61%) of 69 patients had post-coma delirium; only 22 (52%) of these had
resolution of delirium (i.e., were 48 hours free of delirium and coma) during the study
monitoring period.

After adjusting for covariates (time spent under a BIS level of 40 - as a measure widely
considered “deep sedation” - and a principal component score consisting of APACHE 11 at
ICU admission, and cumulative doses of benzodiazepines, opiates and propofol received
while comatose), greater time in burst suppression during coma was a significant
independent predictor of post-coma/post-deep sedation delirium [Odds ratio (95%
confidence interval) 4.16 (1.27-13.62), p=0.02] and delayed resolution of delirium [Hazard
Ratio (95% confidence interval) 0.78 (0.53-0.98), p=0.04], as shown in Table 2 and Figures
2 and 3. That is, multivariable analysis revealed that patients with approximately 1 hour of
burst suppression (the 75™ percentile for time in burst suppression in our population) had a
four times higher odds of post-coma delirium than those with only 1 minute of burst
suppression (the 25t percentile for time in burst suppression in our population). Similarly,
patients with approximately 1 hour of burst suppression had 22% lower likelihood of
resolution of delirium during the study period than those with 1 minute in burst suppression.
Thus, patients were more likely to stay delirious longer if they had spent more time burst
suppressed.
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Discussion

In this observational convenience sample investigation of sedative-exposed comatose ICU
patients, we found that time in BIS-detected burst suppression was an independent predictor
of the occurrence and duration of delirium. Compared with patients who had little or no
burst suppression, those with just one hour of burst suppression during their ICU stay had
four-fold increased odds of delirium upon emergence from coma and longer delays in
resolution of delirium. These findings suggest that reducing sedation exposure could be an
important intervention by which to improve patient outcomes, consistent with previous
randomized controlled trials studying spontaneous awakening trials and sedation
management without sedation [15, 43, 51].

Additionally, these findings suggest that EEG monitoring could be used in a complementary
fashion alongside sedation scales, especially when monitoring those ICU patients for whom
a time-limited period of deep sedation is clinically indicated. In these circumstances,
avoidance of burst suppression via use of pEEG monitoring might reduce the incidence and
duration of post-coma/post deep sedation delirium, a possibility that could be examined in
the context of a randomized clinical trial or used on a case-by-case basis (perhaps not as
routine but as felt clinically indicated). Non-comatose ICU patients can be directly assessed
for delirium using validated assessment tools, such as the CAM-ICU [49, 50] or the
Intensive Care Delirium Screening Checklist (ICDSC) [52], and it remains unclear whether
PEEG should be used in addition to these delirium assessment tools. Clinical delirium
assessment tools cannot be used during coma, however, so pEEG may be especially useful
during this period of ICU patient management. Even when burst suppression—which is
most likely due to sedation in this population but may also occur due to illness—cannot be
avoided, its detection via pEEG could provide important prognostic information and allow
patients at high risk for delirium to be identified early during their critical illness.

To our knowledge, our investigation is the first to measure burst suppression during coma in
the ICU with the explicit goal of examining burst suppression as a predictor of post-coma/
post deep sedation delirium, and the findings may speak to the still poorly understood
neuropathophysiology of brain dysfunction. This study builds on prior research which
painted an initial picture of the relationship between sedation and delirium. Plaschke and
colleagues found that ICU patients with lower BIS values (i.e., deeper levels of sedation)
were more likely to be delirious at the time of BIS assessment [53], but they did not examine
whether BIS monitoring during coma could predict delirium in the future. Additionally, an
earlier study found no association between BIS values and delirium in ICU patients when
the two were observed simultaneously, but it did not examine the relationship between burst
suppression and the coma-to-delirium transition [31]. Sieber and coworkers did consider
subsequent occurrence of delirium in light of preceding delirium and found that patients kept
at higher BIS levels during surgery were 50% less likely to develop delirium postoperatively
[9]. Chan et al. found that BIS guided operative anesthesia (BIS value 40-60) resulted in less
sedatives administered and less post operative delirium [54]. Our results are qualitatively in-
line with these findings and show that even relatively short periods of burst suppression
during critical illness are associated with subsequent delirium.
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Several recent clinical trials reported that protocols prioritizing light sedation significantly
improved multiple outcomes [43, 51, 55]. Whereas these trials clearly show that sedation
should be minimized in the ICU, they also reveal that an important minority of mechanically
ventilated ICU patients (e.g., 18% in the trial by Strom et al.) will require some period of
continuous sedation. For these patients, burst suppression might be avoided through the
combined use of a clinical sedation scales, pEEG, and protocols such as the ABCDE bundle.
The duration of deep sedation, as determined by the sedation scale, should be limited as
much as the clinical circumstances allow, and pEEG detection of burst suppression might
provide additional information to guide titration of sedatives and avoid over-use of the
medications when clinically-induced coma is required for life-support. In our study, delirium
was predicted by time in burst suppression even after controlling for duration of deep
sedation and cumulative doses of sedatives. Some ICU patients are likely to be more prone
than others—despite receiving the same doses of sedatives for the same duration—to
develop burst suppression in response to sedatives in combination with their critical illness,
and such patients are at higher risk for delirium. Both delirium (especially when persistent
for >2 hours after stopping sedatives and analgesics) and burst suppression during critical
illness have been shown to predict mortality [1-3, 13, 36], so identification of susceptible
patients using pEEG might lead to targeted risk factor modification and therapeutic
intervention.

Strengths of this study include continuous BIS monitoring over multiple days early in the
period of critical illness requiring mechanical ventilation, which yielded a large amount of
EEG data from a heterogeneous population of ICU patients, and prospective assessments of
delirium using a validated tool shown in numerous studies to be sensitive and specific when
administered by trained research staff, such as those who conducted this investigation [49,
56, 57].

The study also had several limitations. First, the relatively small sample size prevented us
from analyzing more complex relationships (e.g., a potential causal pathway involving
individual sedatives, burst suppression, and delirium) and did not allow us to adjust for
certain covariate for the same reasons (e.g., hypoxia, hypotension, sleep, admitting
diagnosis). Second, it was not logistically possible to begin pEEG monitoring as soon as
each patient became comatose, so burst suppression may have occurred in some patients
prior to onset of BIS monitoring. Such undetected burst suppression would likely bias our
results towards the null hypothesis, such that the true association between burst suppression
and post-coma delirium may be stronger than that reported. Third, due to limited resources
we restricted the duration of pEEG monitoring to 7 days at most, which led to truncated data
for some patients and may have biased results to underestimate the association between
burst suppression and time to resolution of delirium. Additionally, our use of pEEG to
monitor sedation levels is clearly a research tool and not part of routine clinical
management. Such pEEG monitoring was not recommended for use in comatose or
noncomatose patients by recently published practice guidelines [16]. However, these
guidelines did recommend objective measures of brain function (e.g., BIS or sedline) in
patients receiving neuromuscular blockade. A number of factors are known to affect the
reliability of the numerical BIS scale in critically ill patients [58, 59]. Muscle activity and
resulting electromyography (EMG) signals, for example, may cause pEEG artifact that can
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lead to spuriously high BIS values [60, 61]. Conversely, renal and hepatic encephalopathies
can be associated with a slowing of pEEG frequency (though not to the point of burst
suppression), which can lower the BIS values even in absence of sedation [62-64]. These
factors are less likely to affect the measurement of burst suppression, our primary predictor
of interest. Lastly, our observational study design did not allow for exploration of the
mechanisms underlying the observed association between burst suppression and post-coma
delirium.

Future interventional studies comparing different approaches to sedation may be able to
determine whether sedatives vs. patient-related factors — such as increased sensitivity to
sedatives, low cardiac output, hypotension, hypothermia, metabolic abnormalities, or an
interaction with severe sepsis — are the primary driver of burst suppression preceding
delirium in the ICU. Because this was a preliminary investigation, limited in size and scope,
no firm conclusions can be drawn until larger studies are performed to confirm these
findings.

Though many mechanically ventilated ICU patients can and should be managed with light or
no sedation whenever possible in accordance with the new SCCM guidelines [16], some
individuals must be sedated for a limited time to a depth at which clinical sedation scales
lose their utility and the ICU team is “blind” to aspects of the patient's neurological status. In
this exploratory study, we found that comatose ICU patients who spent more time in burst
suppression, as detected by pEEG, were most likely to have post-coma delirium and had
longer delays in resolution of delirium. Avoidance of burst suppression may be an important
safety goal for ICU teams managing patients undergoing iatrogenic, sedative-induced coma
in working towards decreasing delirium and its associated poor outcomes. Additional
research is needed to confirm these findings and to determine whether clinical use of pEEG
can improve the outcomes of ICU patients.
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1,626 patients

1,374 patients excluded from parent study

- 360 Lack of informed consent

- 221 Active psychiatric disorder

- 200 Significant recent ICU time

- 120 Preexisting cognitive disorder

- 99 Residence >200 miles from study site

- 90 Onset of respiratory failure or shock >72 hours ago
- 88 Moribund

- 76 Participation in another study

- 120 Other

252 enrolled in parent

study
128 patients not monitored with bispectral index
- 53 Not mechanically ventilated
- 38 Lack of informed consent
- 37 Other
A4

124 patients monitored
with bispectral index

55 patients never in coma or never were non-comatose

69 patients included in
analysis

Fig. 1. Study flowchart
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Fig. 2. Odds of Post-Coma Delirium by Time Burst Suppressed
Association between time in burst suppression and the probability of post-coma delirium

after adjustment for time at deep (BIS < 40) sedation, severity of illness, and total exposure
to benzodiazepines, propofol, and narcotics. A patient with 60 minutes of burst suppression
will have 4 times greater odds of emerging into delirium than a patient with 1 minute of
burst suppression. *Odds ratios are based on results from a logistic regression adjusting for a
fixed time at BIS less than 40 and the principal component comprised of the covariates listed
above as described in methods.
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Fig. 3. Likelihood (“hazard”) of resolution of delirium by Time Burst Suppressed
Association between time in burst suppression and the likelihood (“hazard”) of resolution of

delirium after adjustment for time at deep (BIS < 40) sedation, severity of illness, and total
exposure to benzodiazepines, propofol, and narcotics. Patients with 100 minutes of burst
suppression had a 35% lower likelihood of resolution of delirium compared to those with 1
minute of burst suppression. *Hazard ratios are based on results from a survival analysis
adjusting for a fixed time at BIS less than forty and the principal component score
comprised of the covariates listed above as described in methods.
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Demographics and clinical characteristics *

Table 1

Variable Cohort, n=69
Age 57 (46-68) &
Female (%, n/total) 48% (33/69)
Race (%, n/total)
Black/African American 14% (10/69)
White 86% (59/69)
APACHE Il

ICU admission diagnosis (%, n/total)
Sepsis/acute respiratory distress syndrome
Surgery
Airway protection/upper airway obstruction
Myocardial infarction/congestive heart failure
Gl bleed/hemorrhagic shock
Other

Total Lorazepam (mg)

Total Fentanyl (mcg)

Total Propofol (mg)

Time in burst suppression, minutes
Time under BIS of 40, minutes

Post-coma delirium, (%, n/total)

Time to resolution of delirium, hours

26.0 (20.2-32.0) &

35% (24/69)
29% (20/69)
13% (9/69)
9% (6/69)
4% (3/69)
10% (7/69)
7[0.8-64]
5375 [1150-12350]
0 [0-3291]
6.4 (1.0-58.0) @
67 (2-827) &
61% (42/69)

25 (0-71) &b

a . .o .
Median (interquartile range)

bResults for the 49 patients who had resolution of delirium during the study period (n=22) or were never delirious (n=27).
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*
Abbreviations: APACHE = Acute Physiology and Chronic Health Evaluation severity of illness score; BIS = Bispectral Index fronto-temporal
EEG monitor, Gl = gastrointestinal; ICU = Intensive Care Unit
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