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Rationale: Delirium is often unrecognized in ICU patients and associated with poor outcome. Screening for ICU delirium is recommended by several medical organizations to improve early diagnosis and
treatment. The Confusion Assessment Method for the ICU (CAMICU) has high sensitivity and specificity for delirium when administered by research nurses. However, test characteristics of the
CAM-ICU as performed in routine practice are unclear.
Objectives: To investigate the diagnostic value of the CAM-ICU in
daily practice.
Methods: Teams of three delirium experts including psychiatrists,
geriatricians, and neurologists visited 10 ICUs twice. Based on cognitive examination, inspection of medical files, and Diagnostic and
Statistic Manual of Mental Disorders, 4th edition, Text Revision criteria for delirium, the expert teams classified patients as awake and
not delirious, delirious, or comatose. This served as a gold standard
to which the CAM-ICU as performed by the bedside ICU-nurses was
compared. Assessors were unaware of each other’s conclusions.
Measurements and Main Results: Fifteen delirium experts assessed
282 patients of whom 101 (36%) were comatose and excluded. In
the remaining 181 (64%) patients, the CAM-ICU had a sensitivity of
47% (95% confidence interval [CI], 35%–58%); specificity of 98%
(95% CI, 93%–100%); positive predictive value of 95% (95% CI,
80%–99%); and negative predictive value of 72% (95% CI, 64%–
79%). The positive likelihood ratio was 24.7 (95% CI, 6.1–100) and
the negative likelihood ratio was 0.5 (95% CI, 0.4–0.8).
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AT A GLANCE COMMENTARY
Scientific Knowledge on the Subject

The Confusion Assessment Method for the ICU is a frequently used method to screen for delirium.
What This Study Adds to the Field

Half of the patients with delirium are not detected by the
Confusion Assessment Method for the ICU as performed
in daily practice. This hampers the clinical use of this
instrument.

Conclusions: Specificity of the CAM-ICU as performed in routine
practice seems to be high but sensitivity is low. This hampers early
detection of delirium by the CAM-ICU.
Keywords: CAM-ICU; delirium; intensive care unit; diagnostic characteristics

Delirium is characterized by an acute disturbance of consciousness and attention with cognitive or perceptual changes
and often a fluctuating course (1). It is common in ICU
patients, with an incidence during ICU stay ranging up to
89% (2–8). In patients in the ICU, delirium is associated
with poor outcome, including increased mortality, increased
ICU and hospital length of stay, more cognitive impairment
after hospital discharge, and higher healthcare-related costs
(4, 9–11).
Despite its frequency and impact, delirium in the ICU often
goes unrecognized, which hampers early treatment (12). The
clinical impression of ICU physicians and nurses whether or
not an ICU patient was delirious had a sensitivity of 29% and
35%, respectively, compared with the conclusion of delirium
experts (13, 14). To improve early recognition of delirium,
several easy-to-use screening methods have been developed
(15), such as the Confusion Assessment Method adopted for
the ICU (CAM-ICU) (16) and the Intensive Care Delirium
Screening Checklist (ICDSC) (17). Of these, the CAM-ICU
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had higher sensitivity (64%; specificity 88%) than the ICDSC
(sensitivity 43%; specificity 95%) within the same population
of mixed ICU patients (13), and is therefore the most frequently used delirium detection tool (18).
Several medical organizations, including the Society of Critical Care Medicine and the American Psychiatric Association,
advise standard screening for delirium in critically ill patients
(12, 19). The CAM-ICU showed high sensitivity (range, 97%–
100%) and specificity (range, 89%–100%) in several validation
studies (16, 20–22). It should, however, be noted that all these
investigations were performed in research settings (16, 20–22),
which may differ from day-to-day critical care (23). Test characteristics of the CAM-ICU as performed by bedside ICU
nurses are unknown. The aim of this study was to investigate
the diagnostic value of the CAM-ICU when performed by bedside ICU nurses in routine daily practice. Some of the results of
this study have been previously reported in the form of an
abstract (24–26).

METHODS
Design and Setting
This prospective multicenter study was performed in 10 ICUs of university, teaching, and rural hospitals in The Netherlands, which were selected based on a previous nation-wide survey on the use of delirium
monitoring (18). The study population consisted of mixed medical
and surgical ICU patients who were admitted to one of the participating ICUs during visits of delirium experts, as described later. Patients
who were unable to speak Dutch or English and those who could not
be examined because of logistic reasons were excluded. This study was
approved by the institutional review board of the University Medical
Center Utrecht, Utrecht, The Netherlands, and a waiver for informed
consent was obtained.
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a mixed-type of delirium. The expert groups remained masked for
the CAM-ICU as scored by the nurses throughout the visit.
The bedside nurses assessed all patients using the Dutch version of
the CAM-ICU (21) within 3 hours of the expert assessment, without
extra training for this study. We further registered the CAM-ICU
scores on the day before and the day after the experts visits. The
ICU nurses were masked for the assessment by the expert groups
and received no notice before the study visits were made.

Other Data Collection
Local investigators supplied data on age; sex; Acute Physiology and
Chronic Health Evaluation (APACHE) II score; admitting discipline;
and the ability to verbally communicate (e.g., intubation or tracheotomy) at the moment of assessment. The timing of the administration
of psychoactive medication (e.g., antipsychotics, opiates, or benzodiazepines) and the timing of assessment by the expert group and the bedside
nurse were also noted by the local investigator.

Statistical Analyses
After exclusion of patients who were nonassessable by either the expert
groups or the nurses, we calculated the sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV) for the
CAM-ICU, based on 2 3 2 tables, with the classification of the expert
groups as reference. Furthermore, because delirium may vary in time,
we analyzed test characteristics using the Richmond Agitation and
Sedation Score (RASS) and CAM-ICU results from the day before
and the day after the experts’ visits, based on the following classification: always RASS less than 23 during this 48-hour period, or never
a positive CAM-ICU during this 48-hour period, or a positive CAMICU at one or more moments during this 48-hour period, and the
reference described previously. Prespecified stratified analyses were
performed on type of delirium (hypoactive-, hyperactive-, or mixedtype); study center; and ability of verbal communication. Agreement
between the CAM-ICU results and the expert groups was computed
with Cohen’s kappa coefficient (k).

Implementation of the CAM-ICU
Investigators in each participating center completed a questionnaire
concerning the implementation of the CAM-ICU at their ICU. They
registered whether lectures had been given to nurses preceding implementation in the daily routine of that specific ICU, and whether written
information was provided explaining the use of the CAM-ICU. Furthermore, local investigators were asked if individual bedside training had
been given to the nurses and whether the ICU physicians always or
regularly used the CAM-ICU results at their daily rounds. Lastly, the
local investigators registered compliance rate of the CAM-ICU in daily
practice.

Delirium Assessment
During visits to the participating centers, a group of three experts made
rounds along all admitted ICU patients at that time. One of these
experts was either a research-physician (MMvE) or a nurse-scientist
(MvdB), who guaranteed that all assessments and study-procedures
were performed uniformly. The other two experts were, in different
combinations guaranteeing a multidisciplinary team, psychiatrists (n ¼
5), geriatricians (n ¼ 4), or neurologists (n ¼ 4), who had on average 16
years (SD 5) clinical experience after their medical specialist registration and who saw an estimated 20 (mean SD 8) delirious patients
monthly. To guarantee masking for CAM-ICU scores of preceding
days, experts were not allowed to evaluate patients in their own center.
The expert groups assessed the patients using the Diagnostic and Statistical Manual of Mental Disorders, 4th edition, Text Revision (1) criteria for delirium, based on clinical assessment for cognitive
dysfunction and a review of the medical charts, but remained masked
to reported CAM-ICU scores. The group of experts classified each
patient as (1) awake and not delirious; (2) delirious; or (3) comatose
(i.e., not assessable because of a low level of consciousness). If they
diagnosed a patient as delirious they had to classify whether they
thought the patient suffered from a hypoactive-, a hyperactive-, or

RESULTS
Between April 2009 and April 2010 all 10 participating centers
were attended twice. The expert groups visited 306 different
patients of whom 282 (92%) were assessable as either awake
and not delirious, or delirious or comatose. We excluded 14
patients (5%) who could not speak Dutch or English. Ten
patients (3%) could not be assessed because they underwent an
examination or a procedure when the expert group made their
round. The average age in the included patients was 59 years
(SD 18) and the average APACHE II score was 18.6 (SD 7.5)
(Table 1).
The participating centers admitted on average 1,545 patients
a year (SD 500) and had on average 25 beds (SD 12) all with
capability for mechanical ventilation (Table 2). All ICUs
worked according to closed format formula with on average
nine (SD 3) intensivists. Concerning the implementation of
the CAM-ICU, all participating ICUs reported to have provided lectures and written information to their nurses before
its introduction. Most centers (60%) offered individual bedside
teaching before or during the introduction of the CAM-ICU. In
3 out of 10 participating centers, CAM-ICU test results as performed by the ICU nurse were always part of the standard
evaluation by the attending intensivist. In the other centers,
CAM-ICU results were regularly used. The average time from
implementation of the CAM-ICU to participation in this study
was 2 years (SD 0.5).
The expert groups reached consensus in all 282 cases, who
were classified as awake and not-delirious (n ¼ 106; 38%), delirious (n ¼ 80; 28%), or comatose (n ¼ 96; 34%) (Table 3). Of
these 282 patients, 159 (56%) patients were scored CAM-ICU
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TABLE 1. CHARACTERISTICS OF THE STUDY POPULATION
Characteristic
Age (years), mean (SD)
Gender, male, n (%)
APACHE-II score, mean (SD)
Admitting discipline, n (%)
Internal medicine
General surgery
Cardiology and cardiothoracic surgery
Neurology and neurosurgery
Able to communicate verbally, n (%)

Total (n ¼ 282)

Delirium* (n ¼ 80)

No Delirium* (n ¼ 106)

Coma* (n ¼ 96)

59 (18)
172 (61)
18.6 (7.5)

62 (15)
54 (68)
20.1 (7)

59 (16)
64 (60)
16.2 (6.9)

57 (21)
54 (56)
20.2 (7.8)

96
90
62
34
107

(34)
(32)
(22)
(12)
(38)

29
23
21
7
36

(36)
(29)
(25)
(10)
(45)

37
29
24
16
71

(36)
(26)
(22)
(16)
(67)

30
38
17
11
0

(31)
(40)
(17)
(12)
(0)

Definition of abbreviation: APACHE ¼ Acute Physiology and Chronic Health Evaluation.
* As defined by Diagnostic and Statistical Manual of Mental Disorders, 4th ed., Text Revision criteria and assessed by experts.

(n ¼ 87) the evaluation of the experts preceded the assessment
of the nurses; in 69% of patients (n ¼ 195) the assessment of the
nurses preceded the visit of the experts. When we compared test
characteristics between these two groups, no substantial differences in sensitivity, specificity, PPV, and NPV were found (data
not shown).
All analyses were repeated after exclusion of 46 patients
(25%) who had received psychoactive medication between both
assessments, which did not differ from the previously described
overall results: sensitivity 43% (95% CI, 30%–58%); specificity
99% (95% CI, 93%–100%); PPV 96% (95% CI, 76%–100%);
and NPV 74% (95% CI, 64%–82%).
After stratification according to type of delirium, sensitivity of
the CAM-ICU was lowest in the hypoactive subgroup (31%;
95% CI, 17%–48%); highest in the hyperactive delirious
patients (100%; 95% CI, 56%–100%); and intermediate in the
mixed-type patients (53%; 95% CI, 35%–74%). As further
shown in Table 4, the CAM-ICU showed particularly poor test
characteristics in neurocritical care patients (sensitivity 17%;
95% CI, 1%–64%). Centers always using the CAM-ICU result
to adapt clinical practice on a daily base showed better test
characteristics than centers in which the CAM-ICU was regularly used, especially with regard to sensitivity (range, 50%–
71%; respectively, 29%–80%).

negative by the bedside nurses; 44 subjects (16%) as CAM-ICU
positive; and 79 patients (28%) as RASS less than 23 (not
assessable). In total, 101 patients were identified as comatose,
either by the expert groups or by the bedside nurses, and excluded to calculate sensitivity, specificity, and predictive values
of the CAM-ICU. The kappa score for agreement between
CAM-ICU results and expert conclusions was k ¼ 0.63.
As shown in Table 4, delirium was detected in 75 out of 181
remaining patients by the experts. The CAM-ICU as administered by the bedside nurses was positive in 35 of these 75 subjects. This yielded an overall sensitivity of 47% (95% confidence
interval [CI], 35%–58%) and a specificity of 98% (95% CI,
93%–100%). The overall PPV and NPV were 95% (95% CI,
80%–99%) and 72% (95% CI, 64%–79%), respectively. The
positive likelihood ratio was 24.7 (95% CI, 6.1–100) and the
negative likelihood ratio was 0.5 (95% CI, 0.4–0.8) (see Table
E1 in the online supplement). When this analysis was based on
the RASS and CAM-ICU scores the day before, the day of, and
the day after the expert assessment, we found the sensitivity to
be 53% (95% CI, 41%–65%); the specificity 86% (95% CI,
77%–92%); the PPV 73% (95% CI, 60%–83%); and the NPV
72% (95% CI, 64%–79%).
The median duration between evaluation by the expert group
and assessment with the CAM-ICU was 86 minutes (interquartile range, 41–168 min). Based on this interval, data were divided into quartiles and analyses were repeated. No substantial
differences were found between the lowest quartile (interval
,41 min: sensitivity 36% [95% CI, 14%–64%]; specificity
100% [95% CI, 86%–100%]; PPV 100% [95% CI, 46%–
100%]; and NPV 78% [95% CI, 61%–89%]) and the highest
quartile (interval .168 min: sensitivity 43% [95% CI, 24%–65];
specificity 95% [95% CI, 74%–99%]; PPV 90% [95% CI, 57%–
99%]; and NPV 61% [95% CI, 42%–77%]). In 31% of patients

DISCUSSION
In this multicenter evaluation of daily practice, the CAM-ICU
was found to have a sensitivity and specificity of 47% and
98%, respectively, and PPV and NPV of 95% and 72%, respectively. Sensitivity was particularly poor in neurocritical care
patients, in patients with hypoactive delirium, and in centers
where the test results were not always part of the standard

TABLE 2. CHARACTERISTICS OF PATRTICIPATING ICUS
Characteristics
Beds per center, n
Intensivists (full-time equivalents) per center, n
Annual admissions per center, n
Time from implementation CAM-ICU
to participation in study, mo
Lectures given
Written information available
Individual bedside training
Duration of individual training, min
Use of dedicated training nurses
Standard use of CAM-ICU in daily decision making
Trained nurses, %
Compliance to the daily CAM-ICU, %
Frequency of CAM-ICU per day

Center A

Center B

Center C

Center D

Center E

Center F

Center G

Center H

Center I

Center J

33
20
2,250
36

10
4
600
48

32
11
2,500
36

12
5
640
24

10
4
800
12

24
7
1,456
36

50
19
1,952
12

32
11
2,000
12

30
10
2,000
24

10
4
713
12

Y
Y
Y
20
Y
A
95
93
3

Y
Y
Y
30
Y
A
95
95
3

Y
Y
Y
10
N
R
80
90
3

Y
Y
N
N/A
Y
A
N/A
70
3

Y
Y
N
N/A
N
R
N/A
90
2

Y
Y
Y
20
N
R
90
80
2

Y
Y
N
N/A
Y
R
N/A
95
2

Y
Y
N
N/A
N
R
N/A
80
2

Y
Y
Y
20
N
R
80
85
3

Y
Y
Y
10
N
R
90
95
2

Definition of abbreviations: A ¼ always; CAM-ICU ¼ Confusion Assessment Method for the Intensive Care Unit; N ¼ no; N/A ¼ not applicable; R ¼ regularly; Y ¼ yes.
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TABLE 3. OVERALL CLASSIFICATION OF THE STUDY POPULATION

CAM-ICU positive
CAM-ICU negative
RASS less than 23
Total

Delirium*

No Delirium*

Coma*

Total

35
40
5
80

2
104
0
106

7
15
74
96

44
159
79
282

Definition of abbreviations: CAM-ICU ¼ Confusion Assessment Method for the
Intensive Care Unit administered by the bedside nurse; RASS ¼ Richmond Agitation and Sedation score.
* According to the delirium experts and Diagnostic and Statistical Manual of
Mental Disorders, 4th ed., Text Revision criteria.

evaluation by the attending intensivist. The sensitivity remained
low when CAM-ICU results from a 48-hour period were considered.
The CAM-ICU in daily practice showed thus not quite as
good test characteristics as presented in the original validation
studies (16, 20–22), where a limited number of specially trained
research nurses performed the test and some categories of ICU
patients were excluded (e.g., patients with a neurologic disorder).
The discrepancy in findings may also be caused by inadequate
training or by incomplete implementation of the CAM-ICU in
daily routine. Because training was comprehensive and did not
essentially differ between centers, a possible explanation for our
results may be that bedside nurses lack motivation to perform
the CAM-ICU correctly if it is not standard to always evaluate
the result in the treatment of their patients. However, even in
centers where the test results were always part of the standard
evaluation by the intensivist, sensitivity was still substantially
lower (50%–71%) than in the original validation studies
(97%–100%) (16, 20–22).
Strengths of this study include the sample size. This study is
the largest study on this topic, with 181 included noncomatose
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patients from 10 different ICUs. Earlier CAM-ICU validation
studies (16, 20–22) included fewer patients (range, 30–129)
and all had a single-center design, potentially hampering external validity. Most importantly, in all previous studies, assessments were performed by a limited number of research
nurses, whereas our investigation is an evaluation of daily life.
The gold standard classification was made by multidisciplinary
expert groups comprising physicians from other centers with
significant expertise and experience in assessing patients with
delirium. Furthermore, it was ensured that the assessments and
study procedures by the expert groups were always performed
similarly. Because the expert groups were unaware of the
CAM-ICU as registered by the bedside nurses, and bedside
nurses were blinded to the examinations and conclusions of
the expert groups, our findings are not subject to bias.
This study has also some limitations. The classification of the
type of delirium by the experts may have lacked accuracy because it was based on an assessment at a given moment in time,
whereas delirium symptoms tend to fluctuate over the day.
Second, expert assessment and the CAM-ICU could not always be performed immediately after each other. Because delirium tends to fluctuate during the course of the day, discrepancies
between the two assessments might result from differences in
clinical presentation over time. However, our results were not
related to the time interval in between assessments, did not
change when we excluded patients who had received psychoactive medication in between evaluations, and were essentially similar when we stratified on the order of the assessments. Therefore
our findings seem not to be subject to bias. Moreover, time between assessments was comparable with the original validation
studies (16, 20).
Third, we stratified our results according to study center and
related these findings to differences in training and implementation. These observations should, however, be interpreted with

TABLE 4. TEST CHARACTERISTICS OF THE CONFFUSION ASSESSMENT METHOD FOR THE INTENSIVE CARE UNIT
Subpopulation (n)
Total population (n ¼ 181)
Psychoactive medication between assessments
Yes (n ¼ 46)
No (n ¼ 135)
Delirium subtypes*
Hypoactive (delirious n ¼ 36; not delirious n ¼ 106)
Hyperactive (delirious n ¼ 7; not delirious n ¼ 106)
Mixed-type (delirious n ¼ 32; not delirious n ¼ 106)
Admitting discipline
Internal medicine (n ¼ 52)
General surgery (n ¼ 64)
Cardiology and cardiothoracic surgery (n ¼ 43)
Neurology and neurosurgery (n ¼ 22)
Communication ability
Verbal communication possible (n ¼ 109)
Verbal communication not possible (n ¼ 72)
Center (number of included patients)
A (n ¼ 26)
B (n ¼ 9)
C (n ¼ 34)
D (n ¼ 20)
E (n ¼ 10)
F (n ¼ 15)
G (n ¼ 26)
H (n ¼ 14)
I (n ¼ 20)
J (n ¼ 7)

Sensitivity (95% CI)

Specificity (95% CI)

PPV (95% CI)

NPV (95% CI)

47% (35%–58%)

98% (93%–100%)

95% (80%–99%)

72% (64%–79%)

54% (33%–74%)
43% (30%–58%)

95% (75%–99%)
99% (93%–100%)

93% (64%–99%)
96% (76%–100%)

65% (47%–81%)
74% (64%–82%)

31% (17%–48%)
100% (56%–100%)
53% (35%–74%)

98% (92%–99%)
98% (93%–100%)
98% (93%–100%)

85% (54%–97%)
78% (40%–96%)
90% (65%–98%)

81% (72%–87%)
100% (95%–100%)
87% (80%–93%)

54%
38%
58%
17%

(33%–73%)
(21%–59%)
(34%–79%)
(1%–64%)

42% (26%–61%)
50% (34%–66%)
71%
50%
29%
60%
33%

(42%–90%)
(4%–91%)
(10%–58%)
(17%–93%)
(2%–87%)
N/A
44% (21%–69%)
80% (30%–99%)
44% (15%–77%)
N/A

96%
97%
100%
100%

(78%–100%)
(85%–100%)
(83%–100%)
(76%–100%)

99% (91%–100%)
97% (82%–100%)
92%
100%
100%
93%
100%
100%
100%
100%
100%
100%

(60%–100%)
(46%–100%)
(80%–100%)
(66%–100%)
(56%–100%)
(31%–100%)
(66%–100%)
(63%–100%)
(68%–100%)
(46%–100%)

93%
91%
100%
100%

(64%–100%)
(57%–100%)
(68%–100%)
(1%–100%)

93% (66%–99%)
95% (74%–100%)
91%
100%
100%
75%
100%

(57%–100%)
(20%–100%)
(40%–100%)
(22%–99%)
(5%–100%)
N/A
100% (56%–100%)
100% (40%–100%)
100% (39%–100%)
N/A

69%
70%
75%
76%

(52%–83%)
(55%–81%)
(56%–88%)
(52%–91%)

79% (68%–86%)
61% (46%–74%)
73%
71%
67%
88%
78%
20%
53%
90%
69%
71%

(45%–91%)
(30%–95%)
(47%–82%)
(60%–98%)
(40%–96%)
(5%–49%)
(29%–75%)
(54%–99%)
(41%–88%)
(30%–95%)

Definition of abbreviations: CAM-ICU ¼ Confusion Assessment Method for the Intensive Care Unit; CI ¼ confidence interval; N/A ¼ not applicable (no delirious patient
identified); NPV ¼ negative predictive value; PPV ¼ positive predictive value.
* According to the expert groups.
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caution because the number of patients per center was small and
the exact process of training and implementation was difficult to
objectify.
Fourth, a possible concern is the generalizability of our findings. The participating centers were selected from all Dutch
ICUs based on a previous survey on routine delirium monitoring
(18). Because these centers represent the ICUs where delirium
monitoring was implemented earliest, these centers most likely
are the most active sites with regard to delirium care. It seems
unlikely that our selection of study centers has negatively influenced test characteristics of the CAM-ICU.
High sensitivity is an essential feature for a screening instrument, because screening is about identifying all patients with the
disease. In our study, sensitivity of the CAM-ICU was overall
47% and 31% for hypoactive delirium, the delirium subtype
most difficult to recognize for ICU physicians (13). This low
sensitivity of the CAM-ICU hampers its use as a screening instrument for delirium in critically ill patients. The specificity and
the PPV were, however, high. The higher sensitivity of the
CAM-ICU found in centers always using the CAM-ICU results
in daily care suggests that this may be a necessary condition for
achieving adequate implementation in daily practice. Furthermore, sensitivity may be increased by combining CAM-ICU
results with observations described in nursing files (27). Results
from clinical efficacy trials often contradict results from “realworld” analyses (23). In this study we have shown that this may
also apply for screening instruments.
In conclusion, in this multicenter study, specificity of the
CAM-ICU as performed in daily critical care seems to be high
but sensitivity is low. The low sensitivity of the CAM-ICU in routine practice hampers early detection of delirium.
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