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ELIRIUM IS A DISTURBANCE OF
consciousness character-
ized by an acute onset and
fluctuating course of im-
paired cognitive functioning so that a pa-
tient’s ability to receive, process, store,
and recall information is strikingly im-
paired. It is associated with poor out-
comes in hospitalized patients, includ-
ing increased length of stay, the need for
subsequent institutionalization, and
higher mortality rates." Although the
frequency of delirium varies from 15%
to 50% among general medical or sur-
gical patients,"'®!! these rates apply to
patients who are not in the intensive care
unit (ICU), and few data exist concern-
ing delirium in the ICU.'*1°
Mechanically ventilated ICU pa-
tients are at high risk for the develop-
ment of delirilum due to multisystem
acute illnesses, comorbidities, medica-
tions, and numerous other risk fac-
tors.""1620 In this population, cogni-
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Context Delirium is a common problem in the intensive care unit (ICU). Accurate
diagnosis is limited by the difficulty of communicating with mechanically ventilated
patients and by lack of a validated delirium instrument for use in the ICU.

Objectives To validate a delirium assessment instrument that uses standardized non-
verbal assessments for mechanically ventilated patients and to determine the occur-
rence rate of delirium in such patients.

Design and Setting Prospective cohort study testing the Confusion Assessment
Method for ICU Patients (CAM-ICU) in the adult medical and coronary ICUs of a US
university-based medical center.

Participants A total of 111 consecutive patients who were mechanically ventilated
were enrolled from February 1, 2000, to July 15, 2000, of whom 96 (86.5%) were
evaluable for the development of delirium and 15 (13.5%) were excluded because
they remained comatose throughout the investigation.

Main Outcome Measures Occurrence rate of delirium and sensitivity, specificity,
and interrater reliability of delirium assessments using the CAM-ICU, made daily by 2
critical care study nurses, compared with assessments by delirium experts using Di-
agnostic and Statistical Manual of Mental Disorders, Fourth Edition, criteria.

Results A total of 471 daily paired evaluations were completed. Compared with the
reference standard for diagnosing delirium, 2 study nurses using the CAM-ICU had sen-
sitivities of 100% and 93 %, specificities of 98 % and 100%, and high interrater reliability
(k=0.96; 95% confidence interval, 0.92-0.99). Interrater reliability measures across sub-
group comparisons showed « values of 0.92 for those aged 65 years or older, 0.99 for
those with suspected dementia, or 0.94 for those with Acute Physiology and Chronic Health
Evaluation Il scores at or above the median value of 23 (all P<.001). Comparing sensi-
tivity and specificity between patient subgroups according to age, suspected dementia,
or severity of iliness showed no significant differences. The mean (SD) CAM-ICU admin-
istration time was 2 (1) minutes. Reference standard diagnoses of delirium, stupor, and
coma occurred in 25.2%, 21.3%, and 28.5% of all observations, respectively. Delirium
occurred in 80 (83.3 %) patients during their ICU stay for a mean (SD) of 2.4 (1.6) days.
Delirium was even present in 39.5% of alert or easily aroused patient observations by
the reference standard and persisted in 10.4% of patients at hospital discharge.

Conclusions Delirium, a complication not currently monitored in the ICU setting, is
extremely common in mechanically ventilated patients. The CAM-ICU appears to be
rapid, valid, and reliable for diagnosing delirium in the ICU setting and may be a use-
ful instrument for both clinical and research purposes.
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L]
Figure. Flow Diagram of Confusion
Assessment Method for the ICU (CAM-ICU)

Feature 1
Acute Onset of Changes or
Fluctuations in the Course of Mental Status

AND
Feature 2
Inattention
AND EITHER
Feature 3 Feature 4
Disorganized OR Altered Level
Thinking of Consciousness

Delirium

The diagnosis of delirium requires the presence of acute
onset of changes or fluctuations in the course of men-
tal status, and inattention, and either disorganized
thinking or an altered level of consciousness.

tive impairment has been reported to
negatively effect key outcome indica-
tors such as liberation from the venti-
lator, the development of nosocomial
pneumonia, and length of stay.'*> How-
ever, the incidence and implications of
cognitive impairment manifesting as de-
lirium in critically ill ICU patients have
been poorly studied, in part because of
the lack of a validated instrument to re-
liably diagnose delirium in mechani-
cally ventilated patients.

Major limitations exist in current
methods to identify delirium in the ICU.
Standard delirium assessment instru-
ments either require special psychiat-
ric training or have not been validated
for use by health care professionals for
use in nonverbal patients who are me-
chanically ventilated.?*>! In fact, such
patients have been excluded from most
studies of delirium to date because of
the inability to carry out cognitive as-
sessment, which usually required ver-
bal communication.!1011:17:18.29.31.32

The Confusion Assessment Method
(CAM)?! is the most widely used instru-
ment for diagnosing delirium by inter-
nists and other nonpsychiatrists'®!"!8
and has been found to have the best
combination of ease, speed, reliability,
and validity.>> CAM provides a stan-
dardized rating of delirium, which was

2704 JAMA, December 5, 2001—Vol 286, No. 21 (Reprinted)

validated against expert opinion and Di-
agnostic and Statistical Manual of Men-
tal Disorders, Revised Third Edition (DSM-
III-R) definitions of the American
Psychiatric Association. The instru-
ment was originally developed for use
by nonpsychiatrically trained clini-
cians to identify delirium in patients able
to communicate verbally.®! After review-
ing the literature and consulting with nu-
merous experts, we chose to adapt the
CAM for use in nonverbal, mechani-
cally ventilated patients. The develop-
ment phase of this investigation led to
a small pilot study of the CAM for ICU
patients (CAM-ICU)** that included 22
mechanically ventilated patients. Based
on this work, the CAM-ICU was fur-
ther refined to standardize all ele-
ments.” In keeping with the original in-
tent of the CAM, the adapted CAM-
ICU tested in this investigation was
designed for use by ICU personnel who
have no formal psychiatric training. The
purposes of this investigation were to
carry out a validation study of the CAM-
ICU, to incorporate the improvements
from the pilot study, and to determine
the occurrence rate of delirium in me-
chanically ventilated patients.

METHODS
Patients

The study population, none of whom
have been included in previous inves-
tigations, included mechanically venti-
lated adult medical and coronary ICU
patients admitted to Vanderbilt Univer-
sity’s 641-bed academic medical center
with 96 adult ICU beds. The institu-
tional review board approved this study,
and informed consent was obtained from
the patient or surrogate. The study in-
terval was from February 1, 2000, to July
15, 2000. During this time, 158 me-
chanically ventilated patients were ad-
mitted to the ICU, of whom 111 (70.3%)
were enrolled and 47 (29.7%) met ex-
clusion criteria. A priori exclusion cri-
teria included a history of psychosis or
neurologic disease (eg, cerebrovascu-
lar accident) that would confound the
diagnosis of delirium (n=16), inability
to communicate with assessors (ie, did
not speak or understand English or was

deal) (n=5), admitted to the ICU but ex-
tubated before study nurses’ assess-
ments (n=10), previously enrolled in the
study (n=5), patient or family refusal to
participate (n=6), or died before study
nurses’ assessments (n=5). In addi-
tion, 15 (13.5%) of the 111 enrolled pa-
tients remained comatose throughout
the investigation and were excluded
from further analysis. The final sample
size was 96.

Structure of Validation
Study Procedures

Two critical care study nurses en-
rolled patients and performed daily, in-
dependent CAM-ICU ratings during the
patients’ ICU stay. The reference stan-
dard evaluations were performed in-
dependently by the delirium experts
(described below), who applied DSM-IV
criteria for delirium. The delirium ex-
perts demonstrated excellent reliabil-
ity (k=0.97) using standardized meth-
ods to complete the DSM-IV ratings
during prestudy training period. All
cognitive assessments by the nurses and
delirium experts were conducted in-
dependently in a blinded fashion in the
ICU between 1 and 5 PM. None of the
raters had access to any of the other’s
evaluations or ratings. From these rat-
ings, reliability and validity measures
were calculated as described below.

Development and Validation
Phases of Study Design

Delirium, as defined by the CAM,* has
4 features: (1) an acute onset of changes
or fluctuations in the course of mental
status, (2) inattention, (3) disorganized
thinking, and (4) an altered level of con-
sciousness (ie, other than alert). The pa-
tient is determined to be delirious (ie,
CAM positive) if he/she manifests both
features 1 and 2, plus either feature 3 or
4 (FIGURE). The development of the
CAM-ICU began by adapting the pa-
tient assessment (without modifying the
actual CAM instrument) using nonver-
bal, objective tests derived through a
comprehensive literature review and con-
sultation with numerous delirium ex-
perts. This resulted in a pilot investiga-
tion that yielded promising results.**

©2001 American Medical Association. All rights reserved.
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Based on the pilot study, the CAM-ICU
wasrefined to improve face validity and
further standardize the evaluation, as de-
scribed below.

Standardized Assessment
to Rate the CAM-ICU

The CAM-ICU was completed by the
study nurses as described in TABLE 1. To
aid in the assessment of acute onset or
fluctuation of mental status changes,
patients were followed up daily with the
Glasgow Coma Scale®® and an agitation/
sedation scale called the Richmond Agi-
tation Sedation Scale (RASS) (See Table
1 footnotes).*”*® Any fluctuation during
the prior 24-hour period in the patient’s
Glasgow Coma Scale or RASS scores was
used by the study nurse to indicate a posi-
tive mental status, and as such these scales
became a standardized part of the rating
of the CAM-ICU by the nurses.

To aid the assessment of inatten-
tion, we used an Attention Screening
Examination (ASE), which included a
visual recognition component and an
auditory recognition component. The
ASE visual was validated previously by
Hart et al*** in the Cognitive Test for
Delirium and the ASE auditory was vali-
dated as the Vigilance A random letter
test.’**! Both of these tools are pre-
sented in the pilot publication of the
CAM-1CU,* but during refinement it
was decided to administer both visual
and auditory components of the ASE
and limit the number of letters in the
sequence of auditory testing to only 10
letters. Data from the pilot study®* were
used to establish the cut point for pres-
ence of inattention, which was rated as
present if the patient scored less than
8 correct answers on either the visual
or auditory components of the ASE.

Assessment of disorganized think-
ing was refined after the pilot study by
adding the standardized questions and
commands included in Table 1. Disor-
ganized thought was said to be pres-
ent if the patient was unable to answer
at least 3 of the 4 questions correctly
and could not complete commands
such as those described in Table 1. An
altered level of consciousness, was rated
as being vigilant or lethargic or in a stu-

©2001 American Medical Association. All rights reserved.
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por or coma using the standardized
definitions in Table 1.

pert (J.F.),** a board certified geriat-
ric consult-liaison psychiatrist (R.M.), or

a neuropsychologist (S.G.). The de-
lirium experts, basing evaluation on in-
terviews with family members, the pa-
tient’s nurse, and chart review for lab data

Reference Standard Evaluations

Reference standard evaluations were per-
formed by a geriatrician delirium ex-

]
Table 1. The Confusion Assessment Method for the Intensive Care Unit (CAM-ICU)

Absent

Features and Descriptions Present

I. Acute onset or fluctuating course*

A. Is there evidence of an acute change in mental status from the baseline?

B. Or, did the (abnormal) behavior fluctuate during the past 24 hours, that is, tend to come
and go or increase and decrease in severity as evidenced by fluctuations on the Richmond
Agitation Sedation Scale (RASS) or the Glasgow Coma Scale?

1l. Inattentiont | |

Did the patient have difficulty focusing attention as evidenced by a score of less
than 8 correct answers on either the visual or auditory components of the Attention
Screening Examination (ASE)?

Disorganized thinking | |

Is there evidence of disorganized or incoherent thinking as evidenced by incorrect answers
to 3 or more of the 4 questions and inability to follow the commands?
Questions
1. Will a stone float on water?
2. Are there fish in the sea?
3. Does 1 pound weigh more than 2 pounds?
4. Can you use a hammer to pound a nail?
Commands
1. Are you having unclear thinking?
2. Hold up this many fingers. (Examiner holds 2 fingers in front of the patient.)
3. Now do the same thing with the other hand (without holding the 2 fingers in front
of the patient).
(If the patient is already extubated from the ventilator, determine whether the patient’s
thinking is disorganized or incoherent, such as rambling or irrelevant conversation,
unclear or illogical flow of ideas, or unpredictable switching from subject to subject.)

IV. Altered level of consciousness

Is the patient’s level of consciousness anything other than alert, such as being vigilant or
lethargic or in a stupor, or coma?

Alert: spontaneously fully aware of environment and interacts appropriately

Vigilant:  hyperalert

Lethargic: drowsy but easily aroused, unaware of some elements in the environment or not
spontaneously interacting with the interviewer; becomes fully aware and
appropriately interactive when prodded minimally

difficult to arouse, unaware of some or all elements in the environment or not
spontaneously interacting with the interviewer; becomes incompletely aware when
prodded strongly; can be aroused only by vigorous and repeated stimuli and

as soon as the stimulus ceases, stuporous subject lapses back into unresponsive
state

unarousable, unaware of all elements in the environment with no spontaneous
interaction or awareness of the interviewer so that the interview is impossible even
with maximal prodding

Overall CAM-ICU Assessment (Features 1 and 2 and either Feature 3or4): Yes_ _ No___

*The scores included in the 10-point RASS range from a high of 4 (combative) to a low of -5 (deeply comatose and
unresponsive). Under the RASS system, patients who were spontaneously alert, calm, and not agitated were scored
at O (neutral zone). Anxious or agitated patients received a range of scores depending on their level of anxiety: 1 for
anxious, 2 for agitated (fighting ventilator), 3 for very agitated (pulling on or removing catheters), or 4 for combative
(violent and a danger to staff). The scores —1 to -5 were assigned for patients with varying degrees of sedation
based on their ability to maintain eye contact: —1 for more than 10 seconds, -2 for less than 10 seconds, and -3 for
eye opening but no eye contact. If physical stimulation was required, then the patients were scored as either —4 for
eye opening or movement with physical or painful stimulation or -5 for no response to physical or painful stimulation.
The RASS has excellent interrater reliability and intraclass correlation coefficients of 0.95 and 0.97, respectively, and
has been validated against visual analog scale and geropsychiatric diagnoses in 2 ICU studies.®"*®

tIn completing the visual ASE, the patients were shown 5 simple pictures (previously published®) at 3-second intervals
and asked to remember them. They were then immediately shown 10 subsequent pictures and asked to nod “yes”
or “no” to indicate whether they had or had not just seen each of the pictures. Since 5 pictures had been shown to
them already, for which the correct response was to nod “yes,” and 5 others were new, for which the correct re-
sponse was to shake their heads “no,” patients scored perfectly if they achieved 10 correct responses. Scoring ac-
counted for either errors of omission (indicating “no” for a previously shown picture) or for errors of commission (in-
dicating “yes” for a picture not previously shown). In completing the auditory ASE, patients were asked to squeeze
the rater’s hand whenever they heard the letter A during the recitation of a series of 10 letters. The rater then read 10
letters from the following list in @ normal tone at a rate of 1 letter per second: S, A, H, E, V, A, A, R, A, T. A scoring
method similar to that of the visual ASE was used for the auditory ASE testing.

This table may be reproduced without permission for clinical use only (Ely EW et al. JAMA. 2001;286:2707-2710).

Stupor:

Coma:
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and nursing notes, standardized their ap-
proach to DSM-1V delirium ratings dur-
ing the pilot study.** Patients were rated
as either normal, delirious, stuporous, or
comatose using the DSM-IV criteria for
delirium or standardized definitions for
stupor and coma.** These experts also
rated the patient for the presence or ab-
sence of dementia using standard
DSM-1V criteria. To increase our sensi-
tivity for detection of dementia, the ex-
perts could rate a patient as demented if
at any time during his/her course it be-
came clear (eg, through interviews with
the patient, family members, the pa-
tient’s nurse, or chart review) that the pa-
tient’s baseline cognitive state met
DSM-1V criteria. For cases in which the
experts rated their own confidence level
of DSM-1V ratings for either dementia or
delirium as low or intermediate rather
than high, 2 raters would form a con-
sensus opinion that day about the rat-
ing in question.

Criterion Validity and
Interrater Reliability

Criterion validity was determined by
comparing the 2 CAM-ICU raters to the
delirium expert rating of delirium us-
ing the DSM-IV criterion as the refer-
ence standard. Interrater reliability was
determined by comparing the CAM-
ICU ratings of nurse 1 with those of nurse
2 using the k coefficient. To determine
validity and reliability, we used the first
alert or lethargic evaluation of each pa-
tient (as rated by the reference standard
delirium expert) for the comparison
evaluation. This allowed us to avoid re-
peat observer bias since patients had vari-
able numbers of evaluations. For these
evaluations the patient had to be aroused
with verbal stimulation, demonstrate eye
contact, and follow some commands.*®
The a priori decision to include this level
of consciousness as the first compari-
son for validation and reliability testing
was made to include only interactive pa-
tient evaluations, avoiding comatose
and stuporous evaluations because they
lack characteristic delirium features and
their relative ease of rating might falsely
elevate the test characteristics of the
CAM-ICU.

2706 JAMA, December 5, 2001—Vol 286, No. 21 (Reprinted)

Subgroup Analyses

Subgroup analyses were conducted for
patients who would likely pose the great-
est challenge in delirium assessment:
those 65 years or older, those with pos-
sible dementia, and those with more se-
vere illness (an Acute Physiology and
Chronic Health Evaluation Il [APACHE
11]* score above the median). The first
2 subgroups (older age and possible de-
mentia) were prospectively deter-
mined while the subgroup based on
higher level of illness severity was not.

Ease of Use

Some training is required for optimal
use of the CAM-ICU. As an indicator
of ease of use, we measured time for
completion of the CAM-ICU testing and
rating, and completion rates in pa-
tients with and without delirium.

Sample Size Calculations

In the pilot study of the CAM-ICU,* the
test sensitivity of mechanically venti-
lated patients was 95% averaging across
raters and test specificity was 88%. A
group of 12 intensivists agreed a priori
that the instrument’s sensitivity was the
critical feature so as not to miss the di-
agnosis, stating that it would be impor-
tant to confirm the lower limit of the 95%
confidence interval (CI) to be 85% or
higher while an acceptable specificity
would be 75% or higher. Sample size was
calculated to ensure the appropriate
number of patients necessary to achieve
the expected lower limit of the 95% CI
for the CAM-ICU test sensitivity and
specificity in alert or lethargic patients.
Assuming an incidence of delirium of
50%, it would require 50 mechanically
ventilated patients to ensure that the
lower range of the CI for sensitivity in
the entire study population was 85% and
another 45 patients to ensure that speci-
ficity was at least 75%. Thus, the planned
total sample size for the investigation was
95 patients. The study was not pow-
ered for subgroup analyses.

Study Variables

Patient demographics and the severity of
illness measurement using the APACHE
11" were collected at time of enroll-

ment.'"" Baseline visual or auditory defi-
cits were recorded if patients wore cor-
rective lenses (glasses, bifocals, or
contacts) or had a hearing aid, as well as
if the family reported that the patient had
any documented impairment in vision
or hearing. The modified Blessed De-
mentia Rating scale (mBDRS),* origi-
nally validated against brain pathologi-
cal specimens, was used to screen for
dementia using family interviews (an ad-
ditional surrogate question asked them
to rate on a 5-point scale whether they
believed the patient was demented). Be-
cause baseline dementia could serve as
a confounder in rating the CAM-ICU, we
chose to increase our sensitivity for de-
tecting dementia by defining patients as
having suspected dementia if they met
any of the following 3 criteria: (1) de-
lirium expert rated them as having de-
mentia, (2) modified Blessed Dementia
Rating scale score of atleast 3, or (3) rat-
ing by the surrogate of at least 3 out of 5
as possibly having dementia. At the time
of hospital discharge, the patients com-
pleted a Folstein Mini-Mental State Ex-
amination (MMSE)* and CAM-ICU rat-
ing. The MMSE is a standard method of
screening for dementia or related cog-
nitive impairment with a scale ranging
from 0 to 30 points. Scores below 24 in-
dicate cognitive impairment.

Statistical Analysis

To compare demographic variables and
other baseline characteristics between
enrolled and excluded patients, the t test
was used. To compare proportions and
rates, x* tests were used when sample
sizes were large and Fisher exact tests
when appropriate.”® The performance
test characteristics for the CAM-ICU
were calculated using standard defini-
tions: sensitivity, specificity, predictive
values, overall accuracy (true positives
+true negatives/true positives+false
positives + true negatives), and likeli-
hood ratios (sensitivity/1 -specificity)
were estimated from simple 2 X 2 tables.
Exact 95% Cls for these test character-
istics were calculated using SAS soft-
ware version 8.02 (SAS Institute Inc,
Cary, NC). The ClIs for the likelihood
ratios were calculated using the boot-
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strapping technique using STATA 7.0
(STATA Corp, College Station, Tex). All
statistical tests were 2 sided, and a P
value of <.05 was considered statisti-
cally significant.

RESULTS
Patient Characteristics

The reference standard delirium ex-
perts and 2 critical care study nurses
completed evaluations in 111 patients.
Comparison of the demographic vari-
ables of the 111 enrolled patients with
the 47 patients excluded based on crite-
ria designated a priori showed no sig-
nificant differences in age, sex, race, se-
verity of illness, or other baseline
characteristics (all P>.25). After exclud-
ing 15 enrolled patients because they re-
mained comatose throughout the inves-
tigation, 96 (86.5%) of 111 enrolled
patients remained and comprised the fi-
nal study population. Characteristics of
these 96 patients at the time of enroll-
ment are presented in TABLE 2. The mean
(SD) age of the study population was
55.3 (17.4) years (range, 18-92 years).
The study patients, all of whom were me-
chanically ventilated, had high severity
of illness with mean (SD) APACHE II
scores of 22.9 (7.2) (median, 23; inter-
quartile range [IQR], 18-29], and a wide
spectrum of illnesses. The presence of vi-
sual or auditory deficits were reported at
baseline in 61.5% of patients, support-
ing the need to have both visual and au-
ditory means to assess cognitive func-
tion as part of the CAM-ICU.

Criterion Validity of the CAM-ICU

Patients were evaluated during their en-
tire hospital stay and had a total 0of 471
paired observations between the nurses
and delirium experts. Using the first
alert (n=91) or lethargic (n=93) paired
evaluation of each patient, the test per-
formance of the CAM-ICU was deter-
mined (TABLE 3). The 2 nurses’ sensi-
tivities using the CAM-ICU compared
with the reference standard were 100%
for nurse 1 and 93.5% for nurse 2. Their
specificities were 97.8% and 100%, re-
spectively. The likelihood ratios for the
CAM-ICU for the 2 nurses were 50 and
greater than 100, respectively, and the

©2001 American Medical Association. All rights reserved.
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accuracy of the CAM-ICU was 98.4%
(95% CI, 92%-100%; P<.001).

In reviewing the 2 misclassified CAM-
ICU ratings by the nurses (of which
there was 1 false-positive and 1 false-
negative), the 2 best explanations for
these discordant ratings were: (1) a dose
of sedative or analgesic drug had been
given between the CAM-ICU rating and
the reference standard rating, and (2) a
lapse of more than 3 hours between
ratings.

Interrater Reliability
of the CAM-ICU

In the 84-paired assessments of the first
alert or lethargic evaluation for each pa-
tient, the CAM-ICU was completed
with excellent interrater reliability be-
tween nurse 1 and nurse 2 (k=0.96,
95% CI, 0.92-0.99).

Subgroup Performance
of the CAM-ICU

We conducted 3 subgroup analyses
(TABLE 4) to evaluate the perfor-
mance of the CAM-ICU in patient
groups that could pose particular chal-
lenges in delirium assessment: (1) those
65 years or older, (2) those with sus-
pected dementia as defined in the
“Methods” section, and (3) those with
higher severity of illness. Interrater re-
liability measures across comparisons
showed high agreement with k values:
0.92 for those 65 or older, 0.99 for those
with suspected dementia, and 0.94 for
those with APACHE 1I scores at or
above the median value of 23 (all
P<.001). Comparing sensitivity and
specificity between patient subgroups
according to age, suspected dementia,
and severity of illness showed no sig-
nificant differences (all P>.56).

Ease of Use of the CAM-ICU

The CAM-ICU instrument and rating
were completed in a mean (SD) of 2 (1)
minutes, demonstrating the relative ease
with which it could be incorporated into
nurses’ daily routine. When patients
were either alert or lethargic, they were
able to complete the visual ASE in 167
(69.6%) of 240 cases and able to com-
plete the auditory ASE in 176 (73.3%)

(Reprinted) JAMA, December 5, 2001—Vol 286, No. 21

]
Table 2. Patient Characteristics
at Enrollment*

Frequency,
No. (%)
Characteristics (N =96)
Age, mean (SD), y 55.3(17.4)
Men 46 (47.9)
Race
White 76 (79.2)
Black 19 (19.8)
Hispanic 1(1)
APACHE Il score, mean (SD)t 22.9(7.2)
Glasgow Coma Scale, 7.6 (4.6)
mean (SD)f
Vision or hearing deficits§ 59 (61.5)
Blessed Dementia Rating 0.25 (0.67)
Scale, mean (SD)
ICU admission diagnosis
Acute respiratory distress 34 (35.4)
syndrome
Myocardial infarction 8(8.5)
or arrhythmia
Congestive heart failure 6 (6.9)
Hepatic or renal failure 9(9.4)
Chronic obstructive 6 (6.9)
pulmonary disease
Gastrointestinal tract 5(5.2)
bleeding
Malignancy 14 (14.6)
Drug overdose 3(3.1)
Other 11 (11.5)

*Data are presented as number (percentage) unless oth-
erwise indicated. ICU indicates intensive care unit.

TFor the Acute and Chronic Health Evaluation Il (APACHE
Il) score,“ an assessment of severity of illness, the me-
dian value with interquartile range (IQR) at enrollment
was 23.0 (18.2-29.4).

fFor the Glasgow Coma Scale, the median IQR was 7 (3-
11

§For the modified Blessed Dementia Rating Scale, the me-
dian IRQ value was 0 (0-0). The modified blessed de-
mentia rating scale measures the presence of demen-
tia through surrogate interviews,“® with scores ranging
from O to 17. Scores of 4 or more indicate that demen-
tia is likely.

of 240 cases. Delirious patients were un-
able to complete both ASE tests and
were considered nonresponsive in 82%
of cases while nondelirious patients
could complete both ASE tests in 91%
of testing attempts.

Cognitive Reference

Standard Findings

Delirium occurred in 80 patients
(83.3%) during their ICU stay for a mean
(SD) duration of 2.4 (1.6) days (me-
dian, 2; IQR, 1-3 days). Of 471 daily
evaluations completed during this study,
a diagnosis by the reference standard of
delirium was made in 25.2%, stupor in
21.3%, and coma in 28.5% of all obser-
vations (with the remaining 25.0% rated
as normal). The level of confidence of
the delirium experts was recorded for
each evaluation. Overall, the level of con-
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]
Table 3. Validity of the Confusion Assessment Method for the Intensive Care Unit (CAM-ICU) for Delirium Using the First Alert or Lethargic

Evaluation for Each Patient®

No. of Positive Predictive Negative Predictive Likelihood
Rater Patients Sensitivity (95% CI) Specificity (95% ClI) Value (95% CI) Value (95% ClI) Ratio (95% Cl)
Nurse 1 91 100 (90 to 100) 98 (91 to 100) 92 (77 to 99) 100 (93 to 100) 50 (20 to77)
Nurse 2 92 93 (82 to 99) 100 (93 to 100) 100 (79 to 100) 98 (90 to 99) >100 (21 to >100)

*After excluding stuporous and comatose evaluations, CAM-ICU comparisons were made to reference standard evaluations by delirium experts using Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition, criteria. Interrater reliability measures across 84 paired comparison showed k of 0.96 (95% confidence interval [Cl], 0.92-0.99; P<.001).

]
Table 4. Subgroup Analyses of the Confusion Assessment Method for the Intensive Care

Unit (CAM-ICU)*

Sensitivity Specificity
(95% Confidence Interval) (95% Confidence Interval)
No. of I 1T I

Subgroup Patients Nurse 1 Nurse 2 Nurse 1 Nurse 2
Age,y

<65 68 97 (82-99) 100 (88-100) 100 (66-100) 100 (66-100)

=65 28 100 (86-100) 100 (85-100) 100 (16-100) 83 (16-100)
Dementia

Suspected 12 100 (66-100) 100 (63-100) 100 (3-100) 100 (40-100)

Not suspected 84 98 (88-99) 100 (92-100) 100 (69-100) 91 (69-100)
APACHE Il, score

<Median 45 100 (72-100) 100 (72-100) 100 (40-100) 100 (16-100)

=Median 51 92 (64-100) 100 (75-100) 100 (29-100) 100 (40-100)

*After excluding stuporous and comatose evaluations, CAM-ICU comparisons were made to reference standard evalu-
ation by delirium experts using Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, criteria.

Interrater reliability measures across comparisons showed k values of 0.92 for those aged 65 years or older, 0.99 for
those with suspected dementia, and 0.94 for those with Acute and Chronic Health Evaluation Il (APACHE Il) scores
at or above the median value of 23 (P<.001). Comparing sensitivity and specificity among patient subgroups by age,
suspected dementia and severity of illness showed no significant difference (all, P>.50). Patients were defined as
having suspected dementia if they met any of the following 3 criteria: if a delirium expert rated them as having de-
mentia, if they had a modified Blessed Dementia Rating Scale score of at least 3, or if they had a surrogate rating of

at least 3 out of 5 as possibly having dementia.

fidence was scored as high in 414 ob-
servations, moderate in 54, and low in
3. Each of these 57 observations of mod-
erate-to-low confidence was reviewed by
2 delirium experts, who rendered a con-
sensus opinion using DSM-IV criteria.
Although the exact duration of the ref-
erence standard evaluations was not re-
corded, a review of notes taken by the
delirium experts during the study
showed that their delirium evaluations
frequently lasted 30 to 45 minutes.
When patients were alert or easily
aroused, able to make eye contact, and
able to follow commands (as mea-
sured objectively using RASS*"®), they
were still found to be delirious in 39.5%
of observations as rated by the refer-
ence standard and in 42.5% of obser-
vations as rated using the CAM-ICU.

Clinical Outcomes

The mean (SD) length of stay for the pa-
tients in the ICU was 8.3 (6.9) days (me-
dian, 6; IQR, 4-11 days) and in the hos-
pital was 17.9 (15.6) days (median, 8;
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IQR, 8-23 days). In-hospital mortality
was 30.2% (29/96) and 6-month mor-
tality was 47.7% (43/90), with 6 of the
patients lost to follow-up after hospital
discharge. Of the 67 patients (69.8%)
surviving to hospital discharge, dispo-
sition was as follows: 36 (53.7%) went
home, 17 (25.4%) went to a subacute fa-
cility, 9 (13.4%) were transferred to an-
other hospital, and 5 (7.5%) went to a
nursing home.

At the time of hospital discharge, the
mean (SD) MMSE score was 22.2 (7.8).
The discharge MMSE was abnormal (a
score of <24 out of possible 30 points)
in 33 (49.3%) of 67 survivors. Even af-
ter excluding 3 patients with sus-
pected dementia at baseline, 44.8% were
rated as cognitively impaired by the
MMSE at hospital discharge. In addi-
tion, the CAM-ICU performed by the
study nurses fulfilled full delirium cri-
teria in 10.4% of patients and partial de-
lirium criteria in 20.5% at the time of
hospital discharge. Among patients ful-
filling at least partial delirium criteria

at discharge, 70.3% were judged to re-
quire a level of care other than home.

COMMENT

In this investigation, we have vali-
dated the CAM-ICU, a 2-minute as-
sessment instrument, which demon-
strated a sensitivity of 93% to 100%, a
specificity of 98% to 100%, and high in-
terrater reliability (k=0.96) in the de-
tection of delirium. In 96 consecutive
mechanically ventilated patients, de-
lirium occurred in 83.3% while they
were in the ICU. In the 3 subgroups ex-
pected to pose the greatest challenges
for the CAM-ICU (ie, those 65 years or
older, those with suspected dementia,
and those with the highest severity of
illness), the instrument retained excel-
lent sensitivity, specificity, and inter-
rater reliability.

We simultaneously assessed ICU pa-
tients for level of sedation and de-
lirium, finding that 40% of patients who
were at a neutral level (neither agi-
tated nor overly sedated) were deliri-
ous by both the reference standards’
(DSM-1V) and nurses’ evaluations
(CAM-ICU). Notably, 10% of patients
met full delirium criteria, 20% met par-
tial delirium criteria, and nearly 50%
demonstrated substantial cognitive im-
pairment (MMSE score, <24) at the
time of hospital discharge.

The strengths of this study include
the challenging study population of
medically diverse but severely ill me-
chanically ventilated patients, the large
number of patient evaluations, and the
use of recognized delirium experts for
the reference standard ratings. An-
other important strength of the study
design was the use of a standardized,
easily performed nursing assessment,
which should allow the CAM-ICU to
be readily implemented in both aca-
demic and community hospitals.

©2001 American Medical Association. All rights reserved.
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Limitations of this investigation war-
rant comment. In developing the CAM-
ICU, we sought to develop a tool for
detecting delirium, not dementia.” How-
ever, it is commonplace for mildly de-
mented patients to be cared for in the
ICU setting. Because such patients could
pose a challenge for the CAM-ICU, we
used liberal inclusion of patients with
suspected dementia in our subgroup
analysis to verify performance of the
CAM-ICU in patients with dementia. The
findings of 100% sensitivity and speci-
ficity in this group are based on a small
number of patients but are consistent
with our data in another cohort.** This
investigation also represents a selected
population at a single site, and future
studies will need to evaluate the gener-
alizability of performance across other
patient populations including those with
a lower prevalence of delirium.

The validation of a delirium instru-
ment for the ICU opens a new frontier
for investigation: to evaluate the impact
of this important problem in the ICU, es-
pecially as it relates to the outcomes of
older, mechanically ventilated pa-
tients.”>>? Important areas for future in-
vestigation include determination of risk
factors for delirium in the ICU* and the
impact of delirium in mechanically ven-
tilated patients on clinical outcomes such
as reintubation, nosocomial pneumo-
nia, as well as broader outcomes such as
quality of life.”>>" Although the use of
psychoactive medications such as seda-
tives and analgesics in mechanically ven-
tilated patients is intended to relieve anxi-
ety and suffering, recent studies have
suggested that these medications may be
prescribed overzealously.”®®! Interven-
tional trials designed to reduce overuse
of these medications and their atten-
dant contributions to delirium and long-
term cognitive deficits are greatly needed.

Cognitive impairment in the ICU may
be independently related to prolonged
neuropsychological deficits,”>%*% but
studies specifically analyzing the inter-
actions between delirium in the ICU and
long-term neurocognitive function are
lacking. A significant percentage of in-
dividuals developing delirium in the hos-
pital continue to demonstrate symp-

©2001 American Medical Association. All rights reserved.
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toms of delirium after discharge.!' Such
patients demonstrate decreased cere-
bral activity and increased cognitive de-
terioration® and are more likely to de-
velop dementia than patients without
delirium.®® Finally, patients who de-
velop delirium have a greater rate of de-
cline on cognitive tests than nondeliri-
ous patients.” Importantly, future studies
are needed to determine the prognostic
significance of delirium in the ICU on
long-term cognitive outcomes.

In conclusion, delirium occurred in
more than 8 of 10 mechanically venti-
lated adult medical ICU patients in this
cohort, and it was present in 4 of 10 alert
or easily aroused patients who are usu-
ally assumed to be cognitively intact by
ICU personnel. Unfortunately, de-
lirium is often not recognized by clini-
cians'?*%; when it is noted in the ICU,
it is often considered an “expected” oc-
currence attributed to ICU psycho-
sis."*™7° The most common type of de-
lirium, hypoactive or quiet delirium, may
be associated with a worse prognosis than
hyperactive or agitated delirium. >*#808
We documented that bedside nurses in
the ICU with no formal psychiatric train-
ing can reliably detect delirium in me-
chanically ventilated patients with a high
degree of sensitivity and specificity us-
ing the CAM-ICU. Requiring only amod-
est degree of training, this instrument is
rapid and easy to use. Incorporation of
the CAM-ICU into clinical practice and
future investigations may lead to a more
precise understanding of the incidence,
predictors, and consequences of de-
lirilum among critically ill patients.
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