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Catarinense, Laboratório de Fisiopatologia Experimental and Instituto Nacional de Ciência e Tecnologia Translacional em Medicina (INCT-TM),
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OBJECTIVES: The objectives of this study are to compare the sensitivity and specificity of three diagnostic tools for
delirium (the Intensive Care Delirium Screening Checklist, the Confusion Assessment Method for Intensive Care Units
and the Confusion Assessment Method for Intensive Care Units Flowsheet) in a mixed population of critically ill
patients, and to validate the Brazilian Portuguese Confusion Assessment Method for Intensive Care Units.
METHODS: The study was conducted in four intensive care units in Brazil. Patients were screened for delirium by a
psychiatrist or neurologist using the Diagnostic and Statistical Manual of Mental Disorders. Patients were
subsequently screened by an intensivist using Portuguese translations of the three tools.
RESULTS: One hundred and nineteen patients were evaluated and 38.6% were diagnosed with delirium by the
reference rater. The Confusion Assessment Method for Intensive Care Units had a sensitivity of 72.5% and a specificity
of 96.2%; the Confusion Assessment Method for Intensive Care Units Flowsheet had a sensitivity of 72.5% and a
specificity of 96.2%; the Intensive Care Delirium Screening Checklist had a sensitivity of 96.0% and a specificity of
72.4%. There was strong agreement between the Confusion Assessment Method for Intensive Care Units and the
Confusion Assessment Method for Intensive Care Units Flowsheet (kappa coefficient = 0.96).
CONCLUSION: All three instruments are effective diagnostic tools in critically ill intensive care unit patients. In
addition, the Brazilian Portuguese version of the Confusion Assessment Method for Intensive Care Units is a valid
and reliable instrument for the assessment of delirium among critically ill patients.
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intensive care units (ICU) and is associated with increased
mortality, longer hospital stays, and long-term cognitive
impairment.1-4
Despite its high prevalence and its negative impact on
outcomes, the epidemiology and clinical management of
delirium have long been compromised by the lack of uniform
terminology and validated instruments for detecting and
monitoring at-risk patients. Recently, an international effort
culminated in a uniform definition and terminology for
delirium.5 The need for a specialized professional to evaluate
patients according to the Diagnostic and Statistical Manual of

INTRODUCTION
Delirium is an acute and fluctuating disturbance of the
consciousness that occurs in up to 80% of patients in
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The ICDSC and the CAM-ICU were previously translated
into Portuguese using the recommendations of the International
Society of Pharmacoeconomics and Outcomes Research
(ISPOR)14 by Salluh and Dal-Pizzol (www.icudelirium.com).
Thirty minutes after the intensivist’s initial evaluation based on
the CAM-ICU, a psychiatrist or neurologist applied the DSM-IV
criteria as a reference standard. Subsequently, the patient was
evaluated by the same intensivist using the CAM-ICU
Flowsheet15 and the ICDSC. The items evaluated by the
ICDSC included the following: changes in the level of
consciousness, inattention, disorientation, hallucinations, delusions, psychosis, psychomotor agitation or retardation, speech
or inappropriate mood, sleep/wake cycle disturbance, and
symptom fluctuations.16 Patients were considered to have
delirium if the ICDSC was equal to or greater than 4. Scores
between 1 and 3 indicated subsyndromal delirium. The CAMICU Flowsheet was developed from the CAM-ICU and
involves switching the original numbering of features 3 and 4,
as most ICU patients with delirium are given positive scores in
the order of the Flowsheet; switching the numbering allows the
CAM-ICU Flowsheet to be completed with only three features
and the fourth feature is only necessary in a minority of
patients.
The intensivists who performed the CAM-ICU and
ICDSC were kept unaware of the clinical diagnoses made
by the psychiatrist or neurologist.
Patients diagnosed with delirium on any scale were
classified into one of three groups: hypoactive, hyperactive,
or mixed.17 Delirium subtypes were classified into motoric
subtype groupings according to the Richmond Agitation
Sedation Scale (RASS). Patients were considered to have
hypoactive delirium if their RASS ratings were between 23
and 0, and were considered to have hyperactive delirium if
their RASS ratings were between 1 and 4; mixed-type delirium
was defined as alternating between these two ranges.
Demographic and clinical characteristics were collected in
addition to the APACHE II score. Patients were followed for
up to 28 days, and the following outcomes were recorded:
the ICU length of stay, the duration of mechanical
ventilation, and 28-day mortality.

Mental Disorders (DSM-IV) and the dependence on clinical
evaluations rather than validated diagnostic tools frequently
leads to the underdiagnosis of delirium.6,7 In 2001, an
adapted Confusion Assessment Method (CAM) was validated in a cohort of critically ill patients.8,9 Since then, the
CAM-ICU and other tools, such as the Intensive Care
Delirium Screening Checklist (ICDSC), have been tested in
various ICU populations.10 Compared to the delirium
checklist (ICDSC), the CAM-ICU demonstrated good agreement with delirium detection for critical care surgical
subjects.11 In a large prospective evaluation, Pun et al.
showed that the CAM-ICU demonstrated good compliance
and excellent interrater reliability when implemented on a
large scale by nursing staff.12 Recently, the CAM-ICU
Flowsheet derived from the CAM-ICU was developed to
reduce the time required for patient assessment.13
Although a Brazilian national survey of ICU physicians
showed that the Brazilian Portuguese version of the CAMICU is the most widely used diagnostic tool for delirium
diagnosis in critically ill patients, no validation of this tool
had been performed prior to the present study.7
The main objectives of the present study were to compare
the sensitivity and specificity of three diagnostic tools for
delirium (the ICDSC, the CAM-ICU and the CAM-ICU
Flowsheet) in critically ill patients and to validate the CAMICU in Brazilian Portuguese.

MATERIALS AND METHODS
The study was conducted in four medical-surgical intensive care units (two general ICUs in university hospitals, one
medical-surgical ICU in a tertiary hospital and one medicalsurgical ICU in a comprehensive cancer center) in three cities
in diverse regions of Brazil (Salvador/Bahia in the Northeast,
Rio de Janeiro/RJ in the Southeast, and Criciúma/Santa
Catarina in the South). Each institution recruited a different
number of patients. Two units in Salvador (one general ICU
in a university hospital and one in a tertiary hospital)
enrolled a total of 30 patients, one center in Rio de Janeiro
(medical-surgical ICU) recruited 25 patients, and one center
in Criciúma (general ICU) recruited 64 patients.
Data collection was conducted between July and November
2010. The local ethics committees approved the study.
Non-consecutive patients over 18 years of age and
hospitalized in the ICU for more than 48 hours were
included. This convenience sample was obtained with two
evaluations every week according to the availability of
participating neurologists and psychiatrists to perform
evaluations using DSM-IV criteria. All patients had to be
arousable (with a score of greater than or equal to -3
according to the Richmond Agitation Sedation Scale) for the
evaluation. To prevent the effects of withdrawal, patients
were excluded if they had a history of alcohol or narcotic
abuse. Those who were unable to communicate (i.e.,
because of hearing and/or visual impairment) or who did
not understand Portuguese were also excluded.
Only one intensivist in each unit was responsible for the
application of delirium scales. All intensivists who applied
the CAM-ICU and CAM-ICU Flowsheet were trained and
had expertise in the use of the tools. With the exception of
one center that used two psychiatrists to simultaneously
rate the patients, the DSM-IV evaluation was conducted by
only one neurologist or psychiatrist.

Statistical Analysis
Standard descriptive statistics were applied. Using 2x2
tables, the diagnostic values of the CAM-ICU, the CAM-ICU
Flowsheet and the ICDSC were described with regard to
sensitivity (true positive/[true-positive + false-negative]),
specificity (true-negative/[false-positive + true-negative]),
positive predictive value (true-positive/[true-positive + falsepositive]), and negative predictive value (true-negative/[falsenegative + true-negative]). The kappa test was used to verify
the reproducibility between instruments, and the chi-square
test was used to detect differences in the diagnoses based on
the instruments. A receiver operating characteristic (ROC)
curve was used to evaluate the performance of the ICDSC in
classifying delirium.
Statistical analyses were performed with the statistical
software package STATA (version 10.0) using a significance
level of 5%.

RESULTS
The characteristics of the 119 patients who met the
inclusion criteria are presented in Table 1.
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The ICDSC classified delirium adequately when compared with the DSM-IV (area under the ROC curve = 0.91).
The ROC curve is displayed in Figure 1. A diagnostic cutoff
value of 5 or more for the ICDSC total score provided 67.5%
sensitivity and 96.2% specificity for diagnosing delirium.
With this cutoff, delirium was correctly classified in 86.5%
of cases.

Table 1 - The primary patient characteristics.
Gender
Male
Female
Age (mean ¡ SD)
Apache II (mean ¡ SD)
Ventilation
Spontaneous
Mechanical
Non-invasive
Type of patient
Medical
Surgical
Main reason for ICU admission
Cardiovascular
Sepsis
Respiratory failure
Neurologic
Trauma
Abdominal surgery
Renal failure*
Other
Delirium diagnosed according to
DSM-IV
28-day mortality

70 (58.3%)
49 (42.7%)
57¡16
15¡6
50 (41.6%)
58 (49.1%)
11 (9.3%)

DISCUSSION
The aim of this study was to validate the Brazilian
Portuguese version of the CAM-ICU according to DSM-IV
criteria. The scale showed an overall sensitivity of 72.5%
(95% CI: 55.9% – 84.9%) and specificity of 96.2% (95% CI:
88.5% – 99%). Moreover, the scale demonstrated high
positive (90.6%; 95% CI: 73.8% – 97.5%) and negative
(87.4%; 95% CI: 78.1% – 93.2%) predictive values, which
suggests that very few cases of delirium remain unidentified
when the scale is used systematically. Thus, our data
demonstrate that the CAM-ICU is valid in Brazilian
Portuguese. In addition, there is high accuracy for delirium
diagnosis among the three tools (CAM-ICU, CAM-ICU
Flowsheet, and ICDSC), and the CAM-ICU and CAM-ICU
Flowsheet can be used interchangeably.
The development and validation of diagnostic tools is
important to a thorough understanding of clinical disorders.
Unfortunately, studies have demonstrated that a clinical
impression is insufficient for delirium diagnosis.18 Recently,
a Dutch group observed a low sensitivity for delirium
diagnosis with only clinical observation (45%),19 making it
necessary to develop and validate diagnostic tools. In 1990,
using DSM-III-R criteria, Inouye20 created and validated the
Confusion Assessment Method (CAM), an algorithmic
technique that uses only four of the DSM-III-R criteria for
delirium. In the intensive care environment, the CAM has
been adapted as the CAM-ICU because many patients are
unable to speak after being intubated and ventilated.
The first validation study of the CAM-ICU included only
38 patients.21 Two nurses and two intensivists compared the
CAM-ICU method with the standard DSM-IV. In addition
to a high specificity and sensitivity, an excellent interrater
correlation was observed. The same investigators published
a second study that included 111 patients who were on
mechanical ventilation; in addition to confirming a high
interrater correlation (kappa coefficient: 0.99, 95% CI: 0.92 –
0.99), they reported a sensitivity and specificity of approximately 100%.22
Our study differs in some respects from the studies by
Ely et al. described above.21,22 First, we did not observe as
high a sensitivity for the CAM-ICU, which varied in Ely et
al. from 93% to 100%. In our study, the sensitivity of the
CAM-ICU was 72.5%. Although there is not a clear
explanation, the difference is not likely related to the
implementation of the CAM-ICU in Portuguese, as similar

66 (55.4%)
53 (44.6%)
27 (22.8%)
11 (9.3%)
17 (14%)
08 (6.7%)
03 (2.5%)
20 (16.9%)
03 (2.5%)
29 (24.5%)
46 (38.6%)
20 (17%)

*chronic renal failure (requiring dialysis). DSM-IV: Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition.

As demonstrated by their severity-of-illness scores
(APACHE II scores of 15¡6), the sample of patients was
determined to be critically ill. The patients represented a
mixed ICU population.
Using standard evaluation technique (DSM-IV), delirium
was observed in 38.6% (46/119) of the patients. The types of
delirium observed in these patients included hypoactive
(69.5%), hyperactive (19.5%), and mixed (11%) delirium.
Most patients (76.4%) were easily arousable at the time of
their evaluation (RASS-0 or RASS-1).
The CAM-ICU identified 26.8% of the delirious patients
and showed an overall sensitivity of 72.5% and specificity of
96.2%. The CAM-ICU Flowsheet showed similar accuracy.
The ICDSC identified 25.2% of the patients as delirious and
had a sensitivity of 96% and a specificity of 72.4% (Table 2).
The kappa coefficient was used to detect the correlation
between the diagnostic tools. We observed a concordance of
98.32% with a kappa of 0.96 between the CAM-ICU
Flowsheet and the CAM-ICU (Table 3). The McNemar test
(p = 1.00) suggested that there were no significant differences between the two instruments.
To assess the correlation between the ICDSC and the
CAM-ICU, it was necessary to exclude patients with a
diagnosis of subsyndromal delirium that was diagnosed
based only on the ICDSC (27 patients). We found a kappa of
0.59 (Table 4). As expected, similar findings were observed
when comparing the CAM-ICU Flowsheet and the ICDSC.

Table 2 - The sensitivity and specificity of the CAM-ICU, CAM-ICU Flowsheet and ICDSC in 119 critically ill patients.

CAM-ICU
CAM-ICU Flowsheet
ICDSC

Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

72.5 (55.9 – 84.9)
72.5 (55.9 – 84.9)
96.0 (81.5 – 99.8)

96.2 (88.5 – 99.0)
96.2 (88.5 – 99.0)
72.4 (58.6 – 83.0)

90.6 (73.8–97.5)
90.6 (73.8–97.5)
65.0 (49.7–78.2)

87.4 (78.1–93.2)
87.4 (78.1–93.2)
97.7 (86.2–99.9)

PPV: positive predictive value; NPV: negative predictive value.
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The ICDSC checklist is an eight-item screening tool (one
point for each item) that is based on DSM criteria and
applied to data that can be collected through medical
records or on information obtained from a multidisciplinary
team. Bergeron et al. observed a high sensitivity (99%) when
a cutoff of 4 was used, but a moderate specificity was
observed (64%).16 Similarly, our study found a high
sensitivity (96%) and a moderate specificity (72.4%). Other
studies have reported a low sensitivity for the ICDSC (43%)
compared with the standard method of diagnosis (DSMIV).31 In the mixed population of patients in this earlier
study, the CAM-ICU showed a higher sensitivity (64%) but
a lower specificity. More recently, the German version of the
ICDSC was compared with the CAM-ICU in a population of
surgical patients with a close correlation (kappa coefficient:
0.8; 95% CI: 0.78 – 0.84; p,0.001).13 In our study, we
observed a low correlation between the CAM-ICU and the
ICDSC (kappa coefficient: 0.59). A change in the cutoff
would likely change the correlation between these diagnostic tools. A cutoff of 5 correctly identified 86.5% of cases,
whereas a cutoff of 4 correctly identified 80.6% of cases. For
this analysis, it was necessary to exclude cases that were
considered to be subsyndromal delirium (a cutoff of 3).
Evaluating all 119 cases, we observed a high degree of
accuracy with this tool and the DSM-IV, with an area under
the ROC curve of 0.91. Because the CAM-ICU and CAMICU Flowsheet responses are dichotomous (yes or no), it
was not possible to draw an ROC curve.
We found the CAM-ICU and the CAM-ICU Flowsheet to
be similar and to be highly accurate for delirium diagnosis,
which suggests that these are appropriate tools for developing a diagnostic profile. However, because of its high
specificity and only moderate sensitivity, the ICDSC may be
more useful in stratifying patients with delirium. Recently,
Tomasi et al. suggested that the CAM-ICU is a better
predictor of outcomes than the ICDSC, which is probably
because of the high rate of false positives with the ICDSC.32
Our study has some notable limitations. First, as the study
was performed in different regions, the tools evaluated
(CAM-ICU, CAM-ICU Flowsheet, and ICDSC) were applied
by different intensivists in different ICUs. Thus, we could
not perform an interrater correlation with the tools that
were applied. However, we believe that the evidence is
strong enough to demonstrate a close correlation between
the raters because the tool is simple and easily applied. We
measured the performance of the scales against the DSM-IV,
which is considered to be the standard technique for clinical
assessment. Therefore, the application of the CAM-ICU and
the CAM-ICU Flowsheet by the same investigator does not
imply an evaluation bias.
Our study also has several strengths. Not only was our
study the first to validate the CAM-ICU and the CAM-ICU
Flowsheet for Brazilian Portuguese, but it was performed as a
multicenter evaluation in three different and representative
regions of Brazil. The study evaluated a mixed population of
critically ill patients, including ventilated and non-ventilated
patients. These methodological characteristics increase the
external validity of the results.
The present data demonstrate that the CAM-ICU and the
ICDSC are valid tools that can be used in Brazilian
Portuguese with a high degree of accuracy. The CAM-ICU
Flowsheet has an excellent agreement with the CAM-ICU
(kappa coefficient = 0.96) and can be employed as a fast,

Table 3 - A comparison of the CAM-ICU and the CAM-ICU
Flowsheet.
CAM-ICU

CAM-ICU
Flowsheet

Positive

Negative

Total

Positive

31

1

32

Negative
Total

1
32

86
87

87
119

Kappa coefficient: 0.96.

results have been observed in other languages, including
Spanish.23 One possible explanation is a change in the
sensitivity of the CAM-ICU when it is used in a cohort of
mechanically ventilated and sedated patients. We observed
that most patients had a RASS score of zero (60.5%), which
may not only represent the lower degree of severity in our
cohort but may also represent a current trend toward less
sedation in ICU patients.24 When comparing diagnostic
instruments for delirium, Luetz et al. demonstrated that the
sensitivity of the CAM-ICU is higher in patients with a
RASS score of higher than 0.25 However, a common feature
of every published study is the high specificity of the
CAM-ICU.
The CAM-ICU has been translated and validated in many
languages 26,27 and has become the most frequently
employed tool for diagnosing delirium in ICU patients.7,28
A distinct advantage of this tool is that it does not require
the patient to speak, which can be useful in patients who are
on mechanical ventilation. In our study, we observed no
difference in the accuracy of the CAM-ICU between the
patients who were ventilated and those who were not. We
also observed different scales in patients undergoing
noninvasive ventilation (NIV). Eleven patients were
observed with NIV (three of whom presented with
delirium), and there was a 100% correlation among the
CAM-ICU Flowsheet, the CAM-ICU and the ICDSC.
The CAM-ICU Flowsheet was developed to decrease the
time required for the evaluation of patients with suspected
delirium. However, to the best of our knowledge, only a
single study has evaluated its performance.29 In our study,
we observed an excellent correlation between the CAM-ICU
and the CAM-ICU Flowsheet, with a kappa of 0.96.
Guenther et al. evaluated the CAM-ICU Flowsheet in
German (with a duration of application that did not exceed
2 minutes) and noted a sensitivity of 88% to 92% and a
specificity of 100% with close interobserver correlation.30 In
our study, the sensitivity was 72.5%, and the specificity was
96.2%. In some cases, less than one minute was necessary for
completion of the instrument.
Table 4 - A Comparison of the CAM-ICU/CAM-ICU
Flowsheet and the ICDSC.
ICDSC

CAM-ICU
Flowsheet
CAM-ICU

Positive

Negative

Total

Positive

30

0

30

Negative
Total

19
49

43
43

62
92

Kappa coefficient: 0.59.
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Figure 1 - Receiver operating characteristic curve based on the total score (0-8) obtained on the ICDSC.

practical and reliable tool. Finally, the ICDSC has a high
sensitivity for diagnosing delirium but a moderate specificity and a poor correlation with the CAM-ICU and CAMICU Flowsheet.
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