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Abstract
OBJECTIVES—The aim of this study was to describe the reliability and sustainability of
delirium and sedation measurements by bedside intensive care unit (ICU) nurses.

DESIGN—Prospective cohort study.

SETTING—A tertiary care academic medical center.

PARTICIPANTS—510 ICU patients from 2007 to 2010. 627 bedside nurses.

MEASUREMENTS—Delirium and sedation levels were independently measured in routine care
by bedside nurses and well-trained reference-rater research nurses. Bedside nurses were instructed
to use the Confusion Assessment Method for the Intensive Care Unit (CAM-ICU) every 12 hours
and the Richmond Agitation-Sedation Scale (RASS) every 4 hours to measure delirium and
sedation, respectively. CAM-ICU and RASS assessment agreement were computed using
weighted kappa statistics across the entire population and subgroups (e.g., ICU type). Sensitivity
and specificity of bedside nurse identification of delirium were calculated to understand sources of
discordance.

RESULTS—6198 CAM-ICU and 6880 RASS measurement pairs obtained on 3846 patient-days.
For CAM-ICU measurements, agreement between bedside and research nurses was substantial
(weighted kappa = 0.67, 95% CI 0.66 to 0.70) and stable over 3 years of data collection. RASS
measures also demonstrated substantial agreement (weighted kappa = 0.66, 95% CI 0.64 to 0.68),
which was stable across all years of data collection. The sensitivity and specificity of delirium
nurse assessments was 0.81 (95% CI 0.78 to 0.83) and 0.81 (95% CI 0.78 to 0.85), respectively.

CONCLUSION—Bedside nurse measurements of delirium and sedation are sustainable and
reliable sources of information. These measures can be used for clinical decision making, quality
improvement and measurement activities.

Keywords
Delirium; Sedation; Measurement; Critical Care; Nursing

INTRODUCTION
Acute brain dysfunction in the form of delirium or coma affects up to 80% of critically ill
patients and is extremely hazardous to the affected patient.1–4 Those suffering from delirium
experience longer hospitalizations,5;6 three-fold increase in mortality that persists up to one
year after discharge,7–9 and long-term brain dysfunction.10–12

As the body of evidence demonstrating the harmful effects of acute brain dysfunction has
increased, so has awareness among providers.13 Moreover, the ability to measure acute brain
dysfunction in the ICU has substantially improved with the development of instruments that
accurately and reliably measure delirium2;3;14;15 and sedation.16–19 Routine use of these
tools is recommended in authoritative guidelines,20 is a central component to structured
approaches for delirium prevention,21–23 and is necessary to uncover delirium that would
otherwise go undetected in up to 72% of patients without the use of a validated
instrument.24;25 The dangers of potent sedative drugs26;27 demand that providers monitor
patients for acute brain dysfunction.
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Despite this, concerns about the time and expertise needed to use validated delirium and
sedation assessments and the perceived usefulness of information remain barriers to
adoption.28;29 In order to improve adoption of validated measurement instruments,29–32 it is
important to demonstrate both the feasibility and reliability of implementing these tools in
clinical practice. To date, studies have demonstrated short-term feasibility and reliability of
implementing delirium and sedation instruments. Devlin et al.,33;34 for example,
demonstrated improvements in detection of delirium and sedation following a scenario-
based educational intervention for providers. Three additional studies showed high
compliance (at least 92%) in achieving at least one bedside Confusion Assessment Method
for the Intensive Care Unit (CAM-ICU) measure per nursing shift in the 2-months following
implementation.35–37 One of these also reported outstanding reliability of bedside measures
(kappa range 0.78 to 0.89).37 Finally, Pun et al., performed 6- and 12-month implementation
trials at two institutions.28 At 3-month intervals, compliance and reliability of delirium and
sedation measures was outstanding.

Initial implementation efforts demonstrated short-term feasibility and reliability of delirium
and sedation monitoring. Importantly, there are no data to indicate how these measures
perform outside the context of an active implementation campaign and over prolonged
periods of time. This information is critical since implementation campaigns bring increased
resources, attention, and leadership. It is important to understand measure performance
under “usual care,” where this information may be used for clinical decisions, quality
improvement, and surveillance of acute brain dysfunction.

The primary aim of this study was to examine the recognition of delirium and sedation by
ICU bedside nurses using validated tools during routine clinical care compared with
concurrent measurements made by well-trained research personnel over a three year period.

METHODS
Patients

This study includes critically ill patients admitted to the 34-bed medical ICU (MICU), 27-
bed cardiovascular ICU (CVICU), or 34-bed surgical ICU (SICU) between March 2007 and
May 2010 at Vanderbilt University Medical Center (VUMC), a 900-bed teaching hospital.
Patients with states preventing administration of the English version CAM-ICU were
excluded: severe baseline cognitive impairment, anoxic brain injury, moribund state, and
inability to understand English. Patients for whom follow-up (done for a separate study) was
anticipated to be low or impossible were also excluded: lack of informed consent, blindness,
active substance abuse, psychotic disorder, or recent suicidal gesture. The institutional
review board at VUMC approved the study.

Delirium and Sedation Monitoring Instruments
All ICUs at VUMC included in this study have implemented monitoring for delirium
(CAM-ICU2;3) and sedation (RASS16) as part of routine care. The CAM-ICU is a valid
delirium assessment tool designed for bedside health care providers.2;3 CAM-ICU results
are documented as positive, negative, or unable to assess (i.e., coma). The RASS is a ten-
level sedation scale ranging from −5 (unarousable) to +4 (combative).16 These tools were
chosen for use at VUMC over alternate instruments because of feasibility, excellent testing
characteristics, reproducibility, and local expertise.

Education and Training in Delirium and Sedation Monitoring Instruments
Routine use of the CAM-ICU and RASS was implemented in the MICU at VUMC in Jan
2002 as part of a one year implementation project.28 SICUs implemented use of the same
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tools more recently, in 2006. The CVICU has used validated measures of delirium and
sedation since prior to 2007, but did not undergo a formal intensive educational intervention
until 2010. Since 2007, graduate nurses and those with <1 year of experience in nursing are
hired into Vanderbilt’s Nurse Residency Program, in which there is a lecture dedicated to
ICU delirium and its identification. Specifically, nurses are provided with instruction for
performing the CAM-ICU and RASS assessments. In addition, all newly hired MICU and
SICU nurses receive training in CAM-ICU and RASS assessments, followed by competency
assessment. SICU nurses additionally complete an online educational module covering pain,
anxiety, and delirium that incorporate the use of CAM-ICU and RASS tools. Assessments of
CAM-ICU and RASS competency and reliability are not routinely performed across all
units. Repeat training and competency assessments occur if deficiencies are identified by
those charged with competency assessment and are continued until competency is achieved.
VUMC bedside nurses are instructed to assess for delirium once every 12 hours and for
sedation every 4 hours, though nurses are able to document additional assessments when
performed. Results are entered into the electronic medical record nursing flowsheet every 4
hours, or sooner for more frequent assessments.

Research personnel (N = 6) received thorough training from the CAM-ICU and RASS
creators, including training manual review, videos, role playing, and a manual of standard
operating procedures. These personnel are now all trainers who educate others in the
administration of the tools.

Patient Demographics and Monitoring of Reliability
Demographic data including APACHE II severity of illness score,38 admission diagnoses,
type of ICU admission (medical vs. surgical) and pre-existing comorbidities39 including
depression and cognitive impairment40 were recorded at admission by research personnel.
The bedside nurse’s documentation of the CAM-ICU and the RASS was obtained from the
patients’ electronic medical record. Research personnel assessed CAM-ICU and RASS
twice per day for each day during a patient’s ICU stay.

Statistical Analysis
Patients’ demographic and clinical variables are presented using means and standard
deviations (SD) or medians and interquartile ranges (IQR) for continuous variables, and
proportions for categorical variables. Assessment frequency was calculated as the total
number and mean number of clinical CAM-ICU or RASS assessments for each patient day.
To determine agreement between bedside and research nurses’ assessments of the CAM-
ICU and RASS, we paired assessments that were no more than 4 hours apart and calculated
weighted kappa statistics.41;42 When multiple bedside assessments were available within the
given time frame, we examined the beside nurse assessment carried out closest to the time of
the research assessment. Because patients could be assessed multiple times over their ICU
stay by both clinical bedside nurses and research personnel, we used bootstrapped
confidence intervals to account for the correlation between these repeated measurements.
Specifically, the kappa statistics obtained from original data were used as the point estimates
of each comparison. We then used random sampling with replacement to select a new cohort
from the original cohort and recalculated the kappa statistic for that set of patients. This
process of resampling was repeated 1,000 times, each one generating another kappa statistic;
the 2.5th and 97.5th percentiles of these 1,000 kappa statistics were considered the lower
and upper confidence limits, respectively. In keeping with widely accepted standards,
interpretation of kappa statistics were as follows: values < 0 indicate no agreement, 0 to 0.20
as slight, 0.21 to 0.40 as fair, 0.41 to 0.60 as moderate, 0.61 to 0.80 as substantial, and 0.81
to 1.0 as almost perfect agreement.43
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Whereas agreement quantifies the inter-rater reliability, after correcting for chance
agreement, this metric does not describe the details of disagreement. The kappa statistic
provides no “directionality” of the disagreements, i.e., whether bedside nurses under-
diagnose (false negatives) or over-diagnose (false positives) delirium when compared to
research nurses (when used as reference standards). To describe the nature of disagreement,
we calculated sensitivity and specificity of bedside nurse assessments of delirium as
compared with the research nurse assessments, which we considered as a reference standard.
As with analyses of agreement, we paired assessments that were no more than 4 hours apart.
For all analyses, MICU and CVICU delirium and sedation measurements are reported
together and are grouped under “Medical.” All statistical analyses were performed with R
version 2.12 (www.r-project.org).

RESULTS
Patient Characteristics

A total of 510 patients were included in this investigation. Their median age was 58 (IQR,
47 to 67), 12% had cognitive impairment prior to ICU admission, a large percentage (91%)
were mechanically ventilated, and the median APACHE II score at enrollment was 27 (IQR,
21 to 33), indicating a high severity of illness (Table 1).

Frequency and Sustainability of Assessments
There were 627 unique nurses that practiced within the MICU, CVICU, and SICU during
the study period. Bedside nurses assessed individual patients for delirium (CAM-ICU) an
average of 7.4 (SD = 2.9) times per patient-day, ranging from 7 (SD 3) to 7.8 (SD 3) over
the study period. This corresponds to a bedside delirium measurement about every 3.2
hours. Bedside nurses assessed patient’s level of sedation (RASS) an average of 8.6 (SD =
2.8) times per patient-day, ranging from 7.7 (SD 2.4) to 9.1 (SD 3) over the study period.
This corresponds to a bedside sedation measurement about every 2.8 hours.

Beside Nurse-Research Nurse Agreement
Among 510 patients, there were 6198 CAM-ICU and 6880 RASS measurement pairs within
four hours on 3846 patient-days; 98% of these paired assessments occurred ≤ 2 hours apart.
Tables 2 and 3 display the inter-rater reliability of the independent CAM-ICU and RASS
measures performed within 2 hours of each other. Across the entire population there was
substantial agreement between bedside and research nurses on measures done within 2 hours
of each other (CAM-ICU weighted kappa = 0.67, [95% CI 0.66 to 0.70] and RASS weighted
kappa = 0.66, [95% CI 0.64 to 0.68]). Comparable agreement was seen for measures within
4 hours. Agreement was stable regardless of severity of illness, preexisting cognitive
impairment, and study year. Agreement was slightly lower, but still substantial, in the
surgical compared with the medical units, mechanically ventilated patients, and among
patients 65 years and older compared with those < 65 years old.

Sensitivity and Specificity of Bedside Nurse Identification of Delirium
Among 3856 paired assessments for delirium (excluding comatose patients) within 2 hours,
bedside nurse identified delirium with a sensitivity of 0.81 (95% CI 0.78 to 0.83) and a
specificity of 0.81 (95% CI 0.78 to 0.85), compared to the research nurse reference standard
(Table 4). These results correspond to a positive and negative likelihood ratio of 4.3 (95%
CI 3.6, 5.2) and 0.2 (95% CI 0.2, 0.3), respectively. Specificity was highest for bed side
nurse assessments in the medical ICU. Sensitivity was lowest for the least severely ill
patients. Sensitivity was stable by age and year of data collection. There were fewer false
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positives among younger patients as indicated by increased specificity. Results were
unchanged for assessments compared up to 4 hours apart.

DISCUSSION
The main finding of this investigation is that delirium and sedation assessments in the ICU
using validated instruments are reliable and sustainable in usual clinical practice. Despite
prolonged lapses in time from initial implementation efforts, medical and surgical ICU
nurses demonstrated substantial and stable agreement with research personnel in the
assessment of both delirium (CAM-ICU weighted kappa = 0.67) and sedation (RASS
weighted kappa = 0.66). Sensitivity and specificity of bedside delirium diagnosis were 0.81
and 0.81, suggesting balanced false positive and negative assessments. Critical care
providers can confidently use bedside nurse measurements of delirium and sedation to assist
with the diagnosis, timely medical decisions (e.g., sedation adjustments), and quality or
research monitoring.

This study builds upon prior implementation efforts. First, Pun et al. demonstrated
successful implementation of CAM-ICU and RASS tools across two medical ICUs (one of
which was VUMC).28 Following 6 to 12 months of staged training, nurses achieved
outstanding measurement compliance (>95% for CAM-ICU and RASS) and agreement
between bedside and reference rater nurses (CAM-ICU kappa 0.75 to 0.92, RASS kappa
0.77 to 0.89). Second, following brief education and training, Devlin et al. demonstrated
substantial agreement in the diagnosis of delirium between practicing physicians and
reference judges, with a post-training kappa of 0.6.34 The agreement observed in these prior
studies is generally equal to or higher than what we observed. This difference is not
unexpected since the studies compared measurements between clinicians and trained
researchers during or immediately after implementation efforts, which included
implementation champions, visible marketing campaigns, and individualized detailing to
drive change.

This study reflects a more common scenario of delirium and sedation training, which occurs
as just two of many tasks and responsibilities ICU nurses must learn and prioritize as part of
their regular clinical duties. The measurements in the MICU occurred a full 5 years after the
initial implementation project, and 1 year following the SICU introduction, both
representing a significant “wash-out” period between initial educational interventions at
time of implementation. The CVICU had not had a formal implementation phase until after
study completion. This study demonstrates that measures of delirium and sedation can be
reliably performed in an environment where monitoring with validated tools is integrated
into the usual course of clinical care. The overall compliance and sustainability of
measurement was outstanding with more than seven delirium and sedation measurements
per patient-day, more than was expected of nurses. Moreover, frequency of measurement
and measure agreement remained stable over more than three years of the study period. It is
remarkable to the extent that measurement was performed beyond that which was required.
The dedication to frequent measurement may be explained by the clinical value that is
perceived by nurses. As the first detectors of such an important clinical change, nurses may
feel increased autonomy as well as advocacy for their patients in detecting brain dysfunction
that may otherwise be missed without their assessment.

In addition to stability over time, delirium and sedation measurements appear to be robust
across key subgroups. The CAM-ICU was originally developed as a tool that would assist in
the evaluation of critically ill patients who frequently require mechanical ventilation, an
impediment to verbal communication.2;3 In line with developer goals, there did not appear
to be any significant changes in the reliability of either CAM-ICU or RASS measurements
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across increasing severity of illness and remained substantial among mechanically ventilated
patients. These findings are highly encouraging, and support the value of these tools in the
critical care setting. In addition to illness severity, we examined assessments according to
evidence of pre-ICU cognitive impairment and depression, two conditions that may
hypothetically complicate diagnosis of delirium. Even among these two groups there were
minimal clinically important differences. Of note, agreement and specificity of delirium
appeared lower in older patients and specifically in those older than 65 years of age. This is
an interesting finding since we did not detect significant difference according to presence of
depression and cognitive impairment as one might have expected. Nonetheless, these data
suggest health care providers should be more careful when assessing elderly patients for
delirium since there may be increased potential for falsely over-diagnosing acute brain
dysfunction in this group. Likewise, agreement and specificity appeared to be lower in the
surgical units. A higher number of false positives in the surgical population may be
explained by differences in training between units and/or patient differences (e.g., higher
levels of pain, more limitations in mobility) that may be falsely identified as delirium or
limit assessment.

There are several aspects of this study that strengthen the findings. First, the quality and
consistency of the independent rater measurements for delirium and sedation allow for
reliable comparisons over time. In addition, the large sample size and examination of
important subgroups that may affect delirium and sedation measurement (e.g., mechanical
ventilation status, premorbid cognitive status) demonstrated patient generalizability. This
study is the first of its kind to examine bedside nursing measurements with validated
instruments outside of the scope of an implementation trial and therefore represents
effectiveness rather than efficacy. Finally, our ability to examine the measurements over
more than three years provides substantial evidence of sustainability and validity of the
assessments in a clinical setting where results can be relied upon for clinical decision-
making, quality improvement, and surveillance over extended periods.

Several important limitations deserve attention as well. First, this study was performed at a
large academic teaching hospital, and therefore findings may not generalize to all settings.
Centers with lower nurse turnover or more intense ongoing training and audit procedures
may see improved agreement. This single institution, however, represents a broad
population of patients, across hundreds of individual nursing observation, and includes both
medical and surgical ICUs. Second, measures were performed in the ICU and may not
generalize to a ward setting. We believe this is still encouraging data, and further
exploration among medical and surgical ward patients is warranted. An additional limitation
is that patients with severe dementia or primary neurologic disease that would confound
diagnosis of delirium were excluded, and results may not apply to these patients. Agreement
may be decreased, in fact, in centers that care for large proportions of patients with baseline
neurologic illness. Patients with mild or moderate dementia and pre-existing depression
were, however, included in this study, providing important information on this subset of
population. In addition, after initial training, educational procedures for clinical nurses are
not standardized and somewhat heterogeneous. Once again, this reflects “real-world”
limitations in an environment with multiple priorities and constrained resources. It is
conceivable that with more intensive continuing education and training with standardized
auditing procedures, agreement may increase to a level seen immediately following the
implementation effort. Finally, paired measurements were not performed at the exact same
time. As mental status may change quickly during critical illness, these results may
underestimate the level of agreement that would be seen if measures were simultaneous.

In conclusion, the use of potent sedative agents26;27 in the ICU, combined with evidence of
poor mortality7;8 and cognitive12 outcomes among patients with delirium, demand that
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critical care providers monitor brain function with equal attention to other vital signs. The
ability of ICU nurses to monitor delirium and sedation with validated instruments has been a
significant advance toward meeting this goal, and central to future prevention strategies.21;22

We demonstrate that with commitment to their use, validated delirium and sedation
measurement tools can be reliably and sustainably employed in the usual course of clinical
care. By increasing confidence in the reliability and sustainability of such measures, we may
further eliminate the barriers to more widespread adoption of delirium and sedation
monitoring worldwide. Without the ability to monitor for acute brain dysfunction, treatment
strategies cannot be appropriately targeted, evaluation of the effectiveness of prevention
programs will not be possible, and measurement for quality improvement hindered. Future
studies need to examine the effect of ongoing education and audit strategies to further
maximize reliability and understand how we can best utilize this source of information to
guide clinical decisions, monitor quality, and improve patient outcomes.
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Table 1

Baseline and Hospital Stay Characteristics, Patients with Clinical Assessments

Patient Characteristic All Patients (n=510)

Age at enrollment, mean ± SD* 56 (±15)

Age group at enrollment, N (%)

 < 65 350 (69)

 ≥ 65 160 (31)

Sex, N (%)

 Female 246 (48)

 Male 264 (52)

Race, N (%)

 White 448 (88)

 Non-white 62 (12)

ICU† type, N (%)

 Medical 307 (60)

 Surgical 203 (40)

APACHE‡ II at enrollment, mean ± SD 27 (± 9)

Charlson comorbidity index39 at enrollment, median (IQR§) 2.0 (1.0 to 4.0)

Mechanical ventilation, N (%)

 Never on ventilator 45 (9)

 Spent some time on ventilator 465 (91)

History of depression, N (%) 170 (33%)

Preexisting cognitive impairment, N (%)

 No cognitive impairment (IQCODE||40 ≤ 3.3) 447 (88)

 Some cognitive impairment (IQCODE||40 > 3.3) 63 (12)

*
SD – standard deviation,

†
ICU - intensive care unit,

‡
APACHE II - Acute Physiology and Chronic Health Evaluation II,

§
IQR – Interquartile Range,

|
IQCODE - Informant Questionnaire on Cognitive Decline in the Elderly
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Table 2

Agreement between Research Nurse Measurement and Bedside Nurse Measurement of Delirium Within Two
Hours of Each Other

Patient Characteristic N Weighted Kappa (95% CI)

All Matched Assessments 6062 0.67 (0.66, 0.70)

Unit-Specific Assessments

 Medical 3182 0.73 (0.70, 0.75)

 Surgical 2880 0.60 (0.57, 0.63)

Medical Subgroups

 Patient is Mechanically Ventilated 4346 0.60 (0.57, 0.62)

 Cognitively Impaired at Baseline* 764 0.70 (0.66, 0.76)

 History of Depression 2346 0.66 (0.62, 0.70)

 APACHE† Acute Physiology Score, Quintile (Score)

  Quartile 1 (<12) 1178 0.68 (0.61, 0.73)

  Quartile 2 (12–15) 1178 0.68 (0.61, 0.73)

  Quartile 3 (16–20) 1720 0.66 (0.63, 0.70)

  Quartile 4 (21 or greater) 1837 0.68 (0.64, 0.71)

Age Groups

 < 65 4031 0.71 (0.68, 0.73)

 ≥ 65 2031 0.59 (0.55, 0.63)

Year of Data Collection

 2007 1656 0.65 (0.60, 0.68)

 2008 1640 0.70 (0.66, 0.74)

 2009 2014 0.67 (0.62, 0.71)

 2010 752 0.67 (0.60, 0.73)

*
Cognitively impaired is defined as an IQCODE score of > 3.3

†
APACHE: Acute Physiology and Chronic Health Evaluation
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Table 3

Agreement between Research Measurement and Bedside Nurse Measurement of the Richmond Agitation-
Sedation Scale (RASS) Within Two Hours of Each Other

Patient Characteristic N Weighted Kappa (95% CI)

All Matched Assessments 6731 0.66 (0.64, 0.68)

Unit-Specific Assessments

 Medical 3612 0.71 (0.67, 0.75)

 Surgical 3119 0.60 (0.55, 0.63)

Medical Subgroups

 Patients Mechanically Ventilated 4747 0.60 (0.56, 0.62)

 Cognitively Impaired at Baseline* 850 0.70 (0.66, 0.77)

 History of Depression 2611 0.65 (0.61, 0.70)

 APACHE† Acute Physiology Score, Quintile (Score)

  Quartile 1 (<12) 1295 0.64 (0.57, 0.68)

  Quartile 2 (12–15) 1295 0.64 (0.57, 0.68)

  Quartile 3 (16–20) 1891 0.64 (0.60, 0.68)

  Quartile 4 (21 or greater) 2052 0.69 (0.65, 0.73)

Age Groups

 < 65 4450 0.69 (0.66, 0.72)

 ≥ 65 2281 0.58 (0.54, 0.63)

Year of Data Collection

 2007 1733 0.67 (0.61, 0.71)

 2008 1903 0.65 (0.59, 0.70)

 2009 2240 0.65 (0.61, 0.68)

 2010 855 0.66 (0.60, 0.71)

*
Cognitively impaired is defined as an IQCODE score of > 3.3

†
APACHE: Acute Physiology and Chronic Health Evaluation
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Table 4

Sensitivity and Specificity of Bedside Nurse Assessment of Delirium when Compared with Research Nurse
Assessment Within Two Hours of Each Other

Patient Characteristic N Sensitivity (95% CI) Specificity (95% CI)

All Matched Assessments 3856 0.81 (0.78, 0.83) 0.81 (0.78, 0.85)

Unit-Specific Assessments

 Medical 2044 0.80 (0.75, 0.84) 0.90 (0.87, 0.92)

 Surgical 1812 0.82 (0.78, 0.85) 0.69 (0.63, 0.74)

Medical Subgroups

 Patients Mechanically Ventilated 2279 0.82 (0.79, 0.85) 0.77 (0.71, 0.82)

 Cognitively Impaired at 453 0.85 (0.78, 0.90) 0.78 (0.67, 0.86)

 Enrollment*

 History of Depression 1554 0.82 (0.78, 0.85) 0.80 (0.75, 0.85)

 APACHE† Acute Physiology

 Score, Quintile (Score)

  Quartile 1 (<12) 845 0.75 (0.68, 0.81) 0.85 (0.78, 0.90)

  Quartile 2 (12–15) 733 0.83 (0.75, 0.88) 0.84 (0.75, 0.91)

  Quartile 3 (16–20) 1109 0.82 (0.75, 0.87) 0.80 (0.74, 0.86)

  Quartile 4 (21 or greater) 1102 0.81 (0.77, 0.85) 0.78 (0.71, 0.84)

Age Groups

 < 65 2551 0.80 (0.76, 0.83) 0.84 (0.81, 0.88)

 ≥ 65 1305 0.82 (0.77, 0.86) 0.73 (0.64, 0.80)

Year of Data Collection

 2007 1016 0.80 (0.74, 0.84) 0.77 (0.68, 0.84)

 2008 1095 0.78 (0.72, 0.84) 0.84 (0.78, 0.88)

 2009 1290 0.84 (0.79, 0.88) 0.82 (0.75, 0.87)

 2010 455 0.80 (0.73, 0.85) 0.83 (0.73, 0.89)

*
Cognitively impaired is defined as an IQCODE score of > 3.3

†
APACHE: Acute Physiology and Chronic Health Evaluation
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