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OBJECTIVES: To evaluate to what extent delirium
experts agree on the diagnosis of delirium when indepen-
dently assessing exactly the same information and to eval-
uate the sensitivity of delirium screening tools in routine
daily practice of clinical nurses.

DESIGN: Prospective observational longitudinal study.

SETTING: Three medical centers in the Netherlands.

PARTICIPANTS: Elderly postoperative adults (n = 167).

MEASUREMENTS: A researcher examined participants
daily (Postoperative Day 1–3) for delirium using a standard-
ized cognitive assessment and interview including the Delir-
ium Rating Scale Revised-98 as global impression without
any cut-off values that was recorded on video. Two delirium
experts independently evaluated the videos and clinical
information from the last 24 hours in the participants’
record and classified each assessment as delirious, possibly
delirious, or not delirious. Interrater agreement between the
delirium experts was determined using weighted Cohen’s
kappa. When there was no consensus, a third expert was
consulted. Final classification was based on median score
and compared with the results of the Confusion Assessment
Method for Intensive Care Unit and Delirium Observation
Scale that clinical nurses administered.

RESULTS: Four hundred twenty-four postoperative assess-
ments of 167 participants were included. The overall kappa
was 0.61 (95% confidence interval = 0.53–0.68). There was
no agreement between the experts for 89 (21.0%) assess-
ments and a third delirium expert was needed for the final

classification. Delirium screening that nurses performed
detected 32% of the assessments that the experts diagnosed
as (possibly) delirious.

CONCLUSION: There was considerable disagreement in
classification of delirium by experts who independently
assessed exactly the same information, showing the diffi-
culty of delirium diagnosis. Furthermore, the sensitivity of
daily delirium screening by clinical nurses was poor.
Future research should focus on development of objective
instruments to diagnose delirium. J Am Geriatr Soc 2017.
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Delirium is characterized by an acute disturbance of
attention and awareness, with additional changes in

cognition that tend to fluctuate over time.1 The incidence
of delirium during hospital stay is high, especially in
elderly postoperative and critically ill adults.2–4 Conse-
quences of delirium are longer intensive care unit (ICU)
and hospital stays,5–7 higher healthcare costs,2,8,9 and dete-
rioration of long-term cognitive function.4,7,8,10 Therefore,
delirium is a serious healthcare problem.

The reference standard for diagnosing delirium is
assessment by a delirium expert (geriatrician, psychiatrist,
neurologist), usually using the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5) crite-
ria.1 Delirium diagnosis may be based on one or a combi-
nation of clinical impression, cognitive testing, clinical
notes, physical examination, and laboratory results, which
has been found to be differ greatly for the reference stan-
dard.11 The consistency of the diagnosis of delirium is
unclear, because to what extent delirium experts agree on
a delirium diagnosis when independently assessing the
same information has never been studied.

In clinical practice, it is infeasible for delirium experts
to examine all patients. Therefore, delirium screening tools
have been developed, and several organizations, including
the American Geriatrics Society12 and the Society of Critical
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Care Medicine,13 recommend routine delirium screening.
The feasibility and interrater reliability of delirium instru-
ments have been investigated in several studies,14–18 but
almost all of these studies were performed in a research set-
ting, where dedicated researchers performed the assess-
ments, and almost all were performed in the centers where
the screening tools were developed. However, the sensitivity
of delirium screening in routine, clinical practice by clinical
nurses in ICU patients has been found to be low (overall
47% using the Confusion Assessment Method for the ICU
(CAM-ICU)),19 as well as in patients not in the ICU when
using the CAM (25%).20

The aim of this study was to determine agreement in
diagnosing delirium of delirium experts when indepen-
dently confronted with the same clinical information and
to determine the sensitivity of delirium screening tools in
routine daily practice by clinical nurses.

METHODS

Design, Setting, and Study Population

This prospective, multicenter observational study was per-
formed in three centers: University Medical Center Utrecht
(UMCU); Radboud University Medical Center Nijmegen;
and Isala Klinieken Zwolle, a nonacademic teaching hospi-
tal (clinicaltrials.gov identifier NCT02404181). The cur-
rent study was performed in the context of the validation
of an electroencephalogram (EEG)-based delirium monitor
that the medical ethical board of UMCU approved (proto-
col number 13–643).

Individuals scheduled for major surgery (expected hos-
pital stay of ≥2 days) aged 60 and older and considered to
be at risk of delirium were informed about the study and
provided written informed consent. Patients were consid-
ered to be at risk of delirium if they were aged 75 and
older or had a history of transient ischemic attack (TIA)
stroke, alcohol abuse, depression, dementia, delirium, or
cognitive problems, severe cardiac or respiratory disease.2

Exclusion criteria were inability to speak Dutch or English,
deafness, neurological surgery, and inability to perform
EEG-based delirium monitor recording.

Reference Standard Delirium Diagnosis

Trained researchers examined participants preoperatively
(T-1) and during the first three consecutive days after sur-
gery (T1, T2, T3). Participants were interviewed using
the 13 severity items of the Delirium Rating Scale
Revised 1998 Edition (DRS-R-98)21,22 and the CAM-
ICU.15 The DRS-R-98 is designed for psychiatrists or
other professionals with substantial training in mental
health assessment (Appendix S2). Items were rated
between 0 and 3, yielding a total DRS-R-98 score rang-
ing from 0 to 39, with higher scores indicating more-
severe delirium symptoms. No predefined cut-off values
were used to ensure unbiased delirium diagnosis by the
experts. Interviews took approximately 10 to 15 minutes,
and all interviews including a cognitive assessment were
recorded on video. When participants refused to partici-
pate on a specific recording day, no video assessment was

performed, and no formal expert diagnosis was available
for that day.

Delirium experts from academic and nonacademic hos-
pitals in the Netherlands evaluated the videos. The experts
were 17 psychiatrists, 15 geriatricians, four neurologists,
one neuropsychologist, and one nurse–scientist; had a med-
ian of 11.5 years (interquartile range (IQR) 6.3–19.0 years)
of experience; and saw an estimated median of 15 individu-
als with delirium monthly (IQR 10–25). All experts received
written instruction about the evaluation procedure. The
experts evaluated all video recordings, read participants’
medical and nursing record information for the last
24 hours, and filled in the DRS-R-98. In different combina-
tions, two delirium experts evaluated the patients. The
delirium experts were blinded to each others evaluations.

Two classifications had to be made: one based solely
on the cognitive testing recorded on video and one based
on all information from the last 24 hours, including the
description in the medical and nursing files and the video.
Both classifications were based on DSM-5 criteria. For
each classification, a likelihood of the participant having
delirium had to be reported on a numeric rating scale
(NRS: 0 = definite no delirium, 10 = definite delirium), as
well as a final diagnosis: no delirium, possible delirium, or
delirium. When the participant was classified as having
(possible) delirium, the motor subtype (hypoactive, hyper-
active, mixed) was reported.

Classifications of the two delirium experts were com-
pared. If there was no consensus on the video recording
or all information from the last 24 hours including the
video recording, a third expert was consulted. The third
expert was blinded to the classification of the first two
experts but knew that he or she was consulted because
of disagreement. Final classification and motor subtype
were based on the median score of the three experts. The
final NRS and DRS-R-98 scores of the two or three
(when a third expert was consulted) delirium experts
were averaged.

Delirium Screening by the Clinical Nurse

In the participating hospitals, the CAM-ICU and Delirium
Observation Screening (DOS) scale were used in daily
practice for delirium assessment two or three times daily,
in the ICU and general wards, respectively. The DOS scale
consists of 13 items (Appendix S2).17,23 Participants’
records were reviewed for available documentation of
CAM-ICU or DOS score for the 24 hours before the video
recording. In participants transferred from the ICU to the
general ward, both scores could have been administered in
the last 24 hours. The highest DOS score per day was
used; when positive and negative CAM-ICU scores were
documented, the positive score was used. A combined clin-
ical nurse score was calculated and defined positive when
one or both CAM-ICU and DOS scores were positive.
Clinical nurses and physicians were blinded to the classifi-
cation of the delirium experts.

Other Data Collection

The following baseline characteristics were recorded: age,
sex, alcohol consumption (0, 1–14, >14 alcohol units per
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week), transient ischemic attack (TIA) or stroke in the
medical history, preexisting psychiatric disease, and previ-
ous cognitive problems (according to preoperative Mini-
Mental State Examination (MMSE) score). Furthermore,
characteristics of the surgical procedure were documented,
including type and duration of surgery.

Statistical Analysis

Linear weighted Cohen’s kappa statistic was used sepa-
rately for the classification based on cognitive testing on
video only and for the classification based on all infor-
mation over the last 24 hours including cognitive testing
on video to assess interrater agreement between the two
experts for all postoperative assessments. To assess relia-
bility, the intraclass correlation coefficient was calcu-
lated, based on a two-way random single measures
model, between the ratings of the two delirium experts
for the likelihood (NRS) and severity (DRS-R-98) scores.

Furthermore, variability in NRS and DRS-R-98 scores
between the two delirium experts was evaluated for the
motor subtypes by calculating the average and absolute
difference of the NRS and DRS-R-98 scores between the
initial two experts. These scores were compared between
the different motor subtypes using the Mann-Whitney test.

Sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) of the CAM-ICU,
DOS, and the combined clinical nurse score were calcu-
lated using the classification of delirium experts based on
all information over the last 24 hours including cognitive
testing as reference. For these calculations, possible delir-
ium and delirium were combined and compared with no
delirium. To assess the effect of including possible delirium
in the delirium group, a sensitivity analysis was performed
in which possible delirium was included in the group with-
out delirium.

All postoperative assessments were included as inde-
pendent observations. To assess the influence of repeated
measures, the diagnostic values of the CAM-ICU scored by
clinical nurses based on T1 only were recalculated.
P < .05 was assumed to be statistically significant. Statisti-
cal analyses were performed in SPSS version 21 (IBM
Corp., Armonk, NY).

RESULTS

Of 196 individuals from whom informed consent was
obtained, 29 (14.8%) were excluded for logistical reasons.
The remaining study population consisted of 167 partici-
pants, in whom 424 postoperative delirium assessments
were performed. Of the 501 potential postoperative assess-
ments, 31 (6.2%) were excluded because the individual
refused participation on that day and 46 (9.2%) for logis-
tical reasons, for example discharge. No participant was
intubated at the time of cognitive testing.

Population Characteristics

Baseline characteristics of the study population are pre-
sented in Table 1. One hundred forty-seven participants
(88.6%) underwent cardiothoracic surgery. The median
preoperative MMSE score was 28 (range 14–30); 10

participants had an MMSE score of less than 24. Assess-
ments were performed in the ICU (n = 71, 16.7%), med-
ium care or coronary care-unit (n = 93, 21.9%), and
general ward (n = 260, 61.3%).

Table 1. Baseline Characteristics of Study Population
(N = 167)

Characteristic Value

Age, mean � standard deviation 76.8 (6.4)
Male, n (%) 113 (67.7)
Alcohol consumption, drinks/wk, n (%)
0 64 (38.3)
1–14 73 (43.7)
>14 26 (15.6)

Medical history, n (%)
Transient ischemic attack or stroke 47 (28.1)
Psychiatric illness 11 (6.6)

MMSE score, median (range) 28 (14–30)
Surgery type, n (%)
Cardiothoracic or vascular 147 (88.6)
Orthopedic 12 (7.2)
Othera 7 (4.2)

Duration of surgery, minutes, median (range) 169 (20–401)

Data were missing for alcohol consumption (n = 4, 2.4%), Mini-Mental

State Examination (MMSE) score (n = 43, 25.7%), duration of surgery

(n = 4, 4.2%).
aOtorhinolaryngological (n = 3), gastrointestinal or general (n = 3), uro-

logical (n = 1).

Table 2. Interrater Variability of Classification of
Delirium According to Delirium Experts

A

Expert X

Classification:

cognitive tests

only (422

assessments*)
No

delirium

Possible

delirium Delirium

Expert
Y

No delirium 313 (74.2%) – –
Possible delirium 45 (10.7%) 19 (4.5%) –
Delirium 9 (2.1%) 24 (5.7%) 12 (2.8%)

B

Expert X

Classification: all

information in

last 24 hours (424

assessments) No delirium

Possible

delirium Delirium

Expert
Y

No delirium 286 (67.5%) – –
Possible delirium 49 (11.6%) 16 (3.8%) –
Delirium 11 (2.6%) 29 (6.8%) 33 (7.8%)

In each patient the two initial experts classified each participant as having

no delirium, possible delirium, or delirium based on cognitive tests

recorded on video (weighted kappa = 0.53, 95% confidence interval

(CI) = 0.44–0.62) and on all information in the last 24 hours, including

the cognitive testing recorded on video (weighted kappa = 0.61, 95%

CI = 0.53–0.68). The videos of two postoperative assessments were

incomplete and therefore not included in this comparison.
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Interrater Reliability of Diagnosis of Delirium

Of the 424 assessments, both experts classified 344
(81.5%) similar based on cognitive testing only (Table 2);
two observations were excluded because of an incomplete
video. In 78 (18.5%) assessments, there was disagreement
between the experts on the classification of video-recorded
cognitive testing (K = 0.53, 95% confidence interval
(CI) = 0.44–0.62).

The extent of agreement between experts classifying
delirium based on all information over the last 24 hours
including cognitive testing resulted in an inter-rater agree-
ment of K = 0.61, (95% CI = 0.53–0.68) (Table 2). In the
89 (21.0%) assessments with disagreement based on all
information, a third expert was consulted to obtain final
classification.

Based on all information including cognitive testing
recorded on video, 50 (11.8%) postoperative assessments
were classified as delirious and 50 (11.8%) as possibly
delirious, which were combined as 100 (23.6%) positive
delirious assessments. The other 324 (76.4%) assessments
were classified as not delirious. This corresponded with 31
(18.6%) participants classified as delirious and 30 (18.0%)
as possibly delirious in the first three postoperative days.
Median DRS-R-98 score was 3.0 (IQR 2.0–4.0) partici-
pants without delirium, 7.7 (IQR 6.3–12.7) for those with
possible delirium, and 12.7 (IQR 9.6–17.5) for those with
delirium. Futher analyses were performed using the final
delirium expert classification based on all information over
the last 24 hours.

Variability of Likelihood and Severity of Delirium

The intraclass correlation coefficient between the NRS and
DRS-R-98 scores of the first two delirium experts was
0.73 (95% CI = 0.68–0.77) for NRS and 0.76 (95%
CI = 0.72–0.80) for DRS-R-98 (Figure 1). The median
absolute difference between both experts was 1 for NRS
(IQR 0–2) and 1 for DRS-R-98 (IQR 1–3) scores. Agree-
ment between the first two experts on the individual DRS-
R-98 items is shown in Table S1.

The NRS scores that the experts assigned for the likeli-
hood of the individuals having delirium did not differ
between the hypoactive (median 6.3, IQR 4.4–7.2), mixed
(median 6.2, IQR 4.6–9.0), and hyperactive (median 7.0,
IQR 5.5–9.0) (P = .18) subtypes of delirium. The DRS-R-

98 that the experts assigned for severity of delirium did not
differ between the three motor subtypes either (hypoactive:
median 10.0, IQR 7.8–13.3; mixed: median 9.7, IQR 6.9–
12.2; hyperactive: median 13.0, IQR 6.5–20.3) (P = .33).

There was more disagreement between the experts on
the likelihood of the individuals having delirium in individ-
uals with hypoactive delirium than in those with the other
types of delirium; the absolute difference in NRS score
between the initial two experts was significantly higher
with the hypoactive subtype than with mixed (P = .01) or
hyperactive (P = .03) subtype. No differences in assigned
DRS-R-98 scores were found between individuals with dif-
ferent delirium subtypes (P = .45).

Clinical Use of Delirium Screening Tools

Of the 424 included assessments, only the CAM-ICU was
performed in 117 (27.6%), only the DOS was performed in
87 (20.5%), both the CAM-ICU and DOS were performed
in 14 (3.3%), and no clinical screening was documented in
206 (48.6%). The combined score (CAM-ICU and/or DOS)
was performed in 218 (51.4%) delirium assessments). In 32
of the 100 delirium assessments that the experts classified
as (possible) delirium, the CAM-ICU or DOS was positive.
Screening by clinical nurses was performed in 44.4% of
those without delirium, 60.0% of those with possible delir-
ium, and 82.0% of those with delirium.

The CAM-ICU was performed in 44 assessments with
(possible) delirium classification by delirium experts, and was
positive in 11 (25.0%) of these assessments. The DOS was
documented in 37 (possible) delirium assessments and was
positive in 23 (62.2%) of the assessments (Table 4). Combin-
ing the two delirium screening tools resulted in sensitivity of
43.2% (95% CI = 31.6–55.2%) and specificity of 97.2%
(95% CI = 92.5–99.1%). The diagnostic performance of the
clinical nurses with screening improved slightly when possible
delirium was grouped with no delirium (sensitivity 55.8%,
specificity 93.1%, PPV 66.7%, NPV 89.6%).

Finally, calculating the diagnostic performance of the
CAM-ICU for T1 only, to exclude effects of repeated mea-
surements, resulted in sensitivity of 21.9% (95%
CI = 9.9–40.4%), specificity of 95.7% (95% CI = 87.2–
98.9%), PPV of 70.0% (95% CI=35.4–91.9%), and NPV
of 72.8% (95% CI = 62.4–81.3%), which indicated no
major differences from the main analysis over all postoper-
ative days.

Table 3. Absolute Difference in Likelihood and Severity of Delirium Between Two Initial Experts

Absolute Difference

Hypoactive (29

Assessments)

Mixed (58

Assessments)

Hyperactive (13

Assessments)

P-

Value

Likelihood of delirium (Numeric Rating Scale)a 3.0 (1.5–5.0) 2.0 (1.0–3.3) 1.0 (0–3.5) .01c,d

Severity of delirium (Delirium Rating Scale
Revised)b

3.0 (1.0–8.0) 3.0 (1.8–5.3) 2.0 (0.5–5.0) .45

Motor subtype classification based on two (or majority vote of three) delirium experts based on all available information over last 24 hours, including cog-

nitive testing recorded on video. The likelihood and severity of delirium were assessed using the Kruskal Wallis test.
aAverage score between 0 and 10 for likelihood of an individual having delirium.
bAverage score between 0 and 39 for severity of delirium.
cSignificant difference between hypoactive and mixed type delirium (post-hoc Mann-Whitney U test).
dSignificant difference between hypoactive and hyperactive delirium (post-hoc Mann-Whitney U test).
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DISCUSSION

This study found a considerable amount of disagreement
in the classification of delirium by experts who indepen-
dently assessed the same information. Variability between
experts in the likelihood of patients having delirium was
highest in those with the hypoactive motor subtype.
Recognition of delirium by clinical nurses using screening
tools appeared to be insufficient, with not more than 32%
of the postoperative cases identified.

Recognition of Delirium in Clinical Practice

The CAM-ICU and DOS have been validated in research
settings with good diagnostical properties,15,17,24,25 but not
all subsequent studies were able to reproduce these high
diagnostic values.14,19,26 The current study had a sensitivity
of 25.0% for CAM-ICU and 62.2% for DOS, indicating
underdetection of delirium in clinical practice. Cautious
interpretation is needed, because cases were included only

when the results of delirium screening by clinical nurses
was documented in the medical record, which were present
in half of the study population. Underlying reasons of the
relative low number of documented screening results were
not investigated. It is not clear how this might have influ-
enced the diagnostic values. Another explanation for the
poor diagnostic performance is the included ‘possible delir-
ium’ assessments, which might not fullfil all criteria and
therefore result in false-negative scores. Repeating the anal-
ysis with possible delirium as a negative assessment
resulted in a slightly higher sensitivity (55.8%), although
that is still not sufficient for clinical practice.

Strengths and Limitations

Strengths of this study are the prospective, multicenter set-
ting in academic and nonacademic hospitals and the large
sample size. The first assessment was performed before
surgery, facilitating the delirium expert in the classification
of delirium. Cognitive testing was extensive and

Figure 1. Scores of two delirium experts of the likelihood of delirium (numeric rating scale (NRS, left) and the severity of delir-
ium (Delirium Rating Scale Revised 1998 Edition (DRS-R-98), right) and likelihood of delirium (numeric rating scale (NRS,
right) based on all information within the last 24 hours including cognitive testing as recorded on video. Expert X had the high-
est NRS or DRS-R-98 score of the two experts, Expert Y had the lowest NRS or DRS-R-98 score of the two experts. The size of
the circles indicates the number of postoperative assessments with these scores.

Table 4. Evaluation of Clinical Nurse Delirium Screening in Clinical Practice

Screen

Sensitivity Specificity

Positive Predictive

Value

Negative Predictive

Value

% (95% Confidence Interval)

CAM-ICU (131 assessments, 33.6% (possibly) deliriousa) 25.0 (13.7–40.6) 96.6 (89.5–99.1) 78.6 (48.8–99.1) 71.8 (62.6–79.5)
DOS (101 assessments, 36.6% (possibly) deliriousa) 62.2 (44.8–77.1) 98.4 (90.4–99.9) 95.8 (90.4–99.9) 81.8 (71.0–89.4)
Combined CAM-ICU and DOS (218 assessments, 34.4%
(possibly) deliriousa)

43.2 (31.6–55.2) 97.2 (92.5–99.1) 88.9 (73.0–96.4) 76.9 (70.0–82.7)

aPercentage of assessments classified as possibly delirious or delirious according to the final classification based on all information in the last 24 hours,

including cognitive testing stored on video. In 14 assessments, Confusion Assessment Method for the Intensive Care Unit (CAM-ICU) and Delirium Obser-

vation Screening (DOS) were documented, which are included in all three groups. DOS score ≥3 was used as the threshold for delirium detection. For

combined CAM-ICU and DOS, the highest score (positive for CAM-ICU or DOS ≥ 3) documented in the last 24 hours.
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standardized. Because these assessments were recorded on
video, there was a unique opportunity to investigate to
what extent there is agreement on a diagnosis of delirium
between different delirium experts truly independent of
each other. The reference standard was robust, because it
was based on all available information compatible with
usual clinical practice and not on a DRS-R-98 cut-off
score. Moreover, consensus of two delirium experts was
required and, in the case of disagreement, a third expert
was consulted. To account for the fluctuating nature of
delirium, experts had access to the medical and nursing
files in addition to the videos with the interview including
cognitive assessment.

Some potential limitations need to be addressed. First,
the possible delirium may have been difficult to interpret
and may have influenced interrater agreement. Second,
each postoperative assessment was analyzed as an individ-
ual case, and therefore the effect of repeated measures
within participants was not taken into account, but sensi-
tivity analyses evaluating the diagnostic values of the
CAM-ICU based on one measure of each participant (T1)
showed similar results. Third, 31 (6.2%) formal assess-
ments could not be performed because the patient refused
to participate, which may have led to underdetection of
delirium, although the authors do not recall cases that
showed signs of delirium based on clinical impression of
the visiting researcher or the medical record. Finally,
agreement between the experts and detection rates by clini-
cal nurses might have been higher when the included indi-
viduals had more-severe delirium.

Recommendations for Future Studies

There is a clear need for an easy-to-use, reliable method of
detecting delirium in clinical practice. Most of the current
tools are based on observation, simple tests,27 or a combi-
nation of both approaches.15 Several cognitive tests have
been described and validated in the literature, such as the
abbreviated cognitive test for delirium,28 Edinburgh Delir-
ium test box,29,30 or smartphone application.31 These tools
showed good performance, but interpretation by the per-
former is needed, and interaction with patients is essential
but is not possible in all individuals, for example because of
low levels of consciousness. Therefore, an objective tool is
needed that is applicable in every individual and unambigu-
ous to interpret. Bipolar EEG may be a candidate for objec-
tive delirium detection.32 One-minute recording without
artifacts was shown to be sufficient to distinguish individu-
als with delirium from those without,32 although that study
was performed in individuals who definitely had delirium
or did not, so findings should be confirmed in an indepen-
dent study population. It is not clear whether this approach
could replace assessment of all aspects of delirium or
whether some features (e.g., hallucinations or distress)
would still require interaction.

CONCLUSION

This study showed a considerable amount of disagreement
in the classification of delirium by experts who indepen-
dently assessed the same information, indicating the diffi-
culty of delirium diagnosis. Moreover, delirium

recognition in clinical practice by clinical nurses was poor,
and many cases of delirium were unrecognized despite the
use of delirium screening tools. An objective and reliable
screening tool may improve detection of delirium.
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