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Diagnostic accuracy of different diagnostic sys-
tems in estimating the incidence of delirium
among surgery patients has not been investigated
to date. Therefore, the authors evaluated the fre-
quency of delirium according to DSM-IV and
ICD-10 criteria and the cutoff values of the
Memorial Delirium Assessment Scale (MDAS)
and Delirium Index in 563 patients undergoing
cardiac surgery. DSM-IV criteria were found as
more inclusive, while ICD-10 criteria were more
restrictive in establishing a diagnosis of postoper-
ative delirium. The cutoff scores of 10 on the
MDAS and 7 on the Delirium Index were opti-
mal to the presence or absence of delirium.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2010; 22:426–432)

Delirium observed among hospitalized patients, as
well as individuals after major surgery, results in

higher morbidity and mortality rates, prolongs hospi-
talization, and increases the risk of patients’ institution-
alization.1–3 The incidence of delirium following cardiac
operations estimated in the review of studies from 1963
to 1994 ranges from 3% to 47%.4 Similarly, the range of
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delirium incidence reported in studies published after
1994 is wide (3%–50%).2,5,6 The putative reasons for
such outcome discrepancy are retrospective design of
some studies,5 a modest number of participants in nu-
merous prospective reports,7 and various diagnostic
criteria and scales used in the studies.

In clinical trials a diagnosis of delirium is made on
the basis of DSM-IV,8 DSM-III-R,9 and ICD-1010 or dif-
ferent psychometric scales such as the Confusion As-
sessment Method, the Memorial Delirium Assessment
Scale (MDAS), or the Delirium Index.11–14

Although delirium prevalence varies in number de-
pending on the diagnostic tools and criteria adminis-
tered, the sensitivity and specificity of DSM-IV and
ICD-10 criteria for delirium were previously evaluated
in only 1 study of a population of elderly hospitalized
patients.15 In another study, Laurila et al.16,17 assessed
the impact of different diagnostic criteria on the prev-
alence rates and prognosis of delirium diagnosed
among elderly inpatients and nursing home residents.

However, diagnostic accuracy of different diagnostic
systems in estimating the incidence of delirium among
surgery patients has not been investigated to date.

The MDAS—one of the diagnostic instruments used
in the present study—is a clinician-rated scale reflecting
the diagnostic criteria for delirium in DSM-IV as well as
DSM-III-R and ICD-9.12 Although the MDAS was ini-
tially designed to measure the severity of delirium, the
validation study by Breitbart et al.12 in a group of 33
mixed cancer and AIDS patients established a diagnos-
tic cutoff score to be 13. Nonetheless, the accuracy of the
MDAS in evaluating the incidence of delirium among
patients after cardiac surgery was not previously as-
sessed.

The Delirium Index was adopted from the Confusion
Assessment Method and intended as a measure of the
severity of delirium for use in delirium research.13

However, the optimal diagnostic cutoff value of this
measure was not investigated in any previous studies.

Therefore, we would like to present the analysis of
data collected in the Incidence and Predictors of Delir-
ium After Cardiac Surgery Study (IPDACS Study). One
of the objectives of this research was to establish the
frequency of delirium diagnosed on the basis of
DSM-IV and ICD-10 criteria. Moreover, the optimal cut-
off scores of the MDAS and Delirium Index in estimat-
ing the incidence of delirium after cardiac surgery have
been investigated. Furthermore, present results have
been compared to the findings of our preliminary study

conducted in a less considerable group of participants
(n�260).18–20

METHODS

Patient Population
After the Ethics Committee of the Medical University of
Lodz approval had been obtained, 846 patients consec-
utively admitted to the Department of Cardiac Surgery
in Lodz for a heart operation with cardiopulmonary
bypass between November 2004 and April 2007 were
asked to join the study. We excluded from the study 283
patients for the following reasons: 152 individuals de-
clined to participate, 55 underwent urgent surgery, 53
were in poor general condition that precluded the par-
ticipation (e.g., severe circulatory failure, cardiogenic
shock), 12 died during the first 6 days after surgery
(period of postoperative assessment), 10 had preopera-
tively diagnosed dementia, and one was illiterate. Indi-
viduals with dementia were excluded from the study
since one of the study objectives (not presented in the
current analysis) was to determine whether cognitive
impairment other than dementia independently predis-
poses to postoperative delirium. The other 563 subjects
gave their informed consent and were enrolled and
completed the study.

Preoperative Assessment
The studied population was examined the day prior to
the scheduled operation with the use of the Mini-Men-
tal State Examination (MMSE) to screen for possible
cognitive impairment (MMSE score �24) by two psy-
chiatrists (JK, MK).21 For individuals with dementia di-
agnosed or suspected on the basis of data from the
patients’ history, the MMSE assessment and a regular
psychiatric examination were excluded from the study
(n�10). None of the participants had preoperative de-
lirium while being assessed according to DSM-IV crite-
ria.

Postoperative Assessment
Following surgical intervention, DSM-IV and ICD-10
criteria, as well as the MDAS (cutoff point �13), were
used to diagnose delirium. All the patients were also
evaluated with the use of the Delirium Index. The as-
sessment of each individual was done once a day post-
operatively with the use of all above diagnostic criteria
and tools, within 2 to 6 days after surgery, by one of the
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two psychiatrists involved in the study. Each instru-
ment was administered independently of another dur-
ing the single evaluation. First, the assessment with the
use of the scales was performed without counting the
total score achieved by the patients. Next, the diagnos-
tic criteria were used to establish delirium diagnosis.
Participants were also screened for delirium twice a
day, within 2–6 days after surgery, with the use of the
MDAS by one of the three physicians (MB, PO, AB)
involved in their daily care. Individuals who scored 8 or
more points on the MDAS were additionally inter-
viewed by a psychiatrist.

The psychiatrists and other physicians were equally
trained by the senior author (TS) in applying the scales
and criteria used in this research. The interobserver
reliability of investigators, calculated in the random
sample of 40 paired assessments, was ��1.0 for
DSM-IV criteria, 0.98 for ICD-10 criteria, and 0.96 for
the MDAS.

Measures
The MDAS is a 10-item, four-point clinician-rated scale
(possible range: 0–30) initially designed to measure the
severity of delirium in medically ill patients.12 How-
ever, a validation study by Breitbart et al.12 in a group
of 33 mixed cancer and AIDS patients established a
diagnostic cutoff score of this measure to be 13. The
MDAS reflects the diagnostic criteria for delirium in
DSM-IV, as well as symptoms of delirium from earlier
classification systems (DSM-III, DSM-III-R, ICD-9). Un-
like existing measures of delirium, the MDAS can be
administered repeatedly within the same day and mon-
itors changes in delirium severity.

The Delirium Index is a seven-item, four-point clini-
cian-rated scale (possible range: 0–21) intended as a
measure of the severity of delirium for use in delirium
research.13 The Delirium Index was adopted from the
Confusion Assessment Method and is based on the ob-
servation of the patient without additional information
from the family members, nursing staff, or the patient’s
medical chart.

Statistical Analysis
Central tendency and dispersion measures of variables
and their subsets were assessed using descriptive sta-
tistics depending on distribution. Continuous variables
are shown as means, standard deviations (SD) and
ranges or medians and interquartile ranges (IQR). In
order to establish the agreement in classification of pa-

tients according to DSM-IV and ICD-10 criteria, an “in-
terscale” analysis was performed. A McNemar’s test
was used to contrast the number of patients with delir-
ium diagnosis according to different measures. A re-
ceiver operating characteristic (ROC) curve was plotted
to show the sensitivity and specificity for various scores
of the MDAS and Delirium Index in comparison with
DSM-IV criteria of delirium. Statistical analysis was
performed using the STATISTICA package (StatSoft,
Tulsa, Oklahoma).

RESULTS

Of the 563 patients, 395 (70%) were men. Their mean
age was 62 years old (range�25–81 [SD�9.0]). Signifi-
cant differences of mean age were observed between
delirious and nondelirious patients (mean�68.5
[SD�7.6] compared with mean�61.0 [SD�8.9] years,
respectively; p�0.001).

For all participants, the incidence of delirium diag-
nosed in accordance with DSM-IV, ICD-10 criteria, and
the MDAS was 16.3% (95% confidence interval
[CI]�13.5%–19.6%), 14.2% (95% CI�11.4%–17.2%), and
11.7% (95% CI�9.5%–14.8%), respectively.

The onset of delirium was most frequently diagnosed
on the fourth postoperative day (IQR�3–5), both with
the use of DSM-IV and ICD-10 criteria and with the
MDAS. The mean score of the MDAS was 15 points
(IQR�12–20) for individuals with delirium established
on the basis of DSM-IV criteria and 5 points (IQR�3–7)
for patients without delirium (p�0.001). The mean
score of the Delirium Index was 12 points (IQR�8–15)
for individuals with delirium and 3 points (IQR�2–5)
for patients without delirium (p�0.001).

The “interscale” agreement kappa statistic between
DSM-IV and ICD-10 criteria equaled 0.91 (95%
CI�0.86–0.96), with a standard error (SE) of 0.025,
which is regarded as a very good agreement between
the two. However, chi-square McNemar testing showed
that ICD-10 criteria produced a greater number of de-
lirium diagnoses than MDAS (�2�4.65, df�1, p�0.03),
whereas DSM-IV criteria yielded more diagnoses of de-
lirium than ICD-10 (�2�11.08, df�1, p�0.0009) and the
MDAS (�2�23.0, df�1, p�0.0001).

The exact number of patients classified according to
both classification systems is shown in Table 1. The
symptoms observed among patients with DSM-IV-di-
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agnosed delirium who did not meet ICD-10 criteria
(n�13) are listed in Table 2.

The specificity and sensitivity for various values of
the MDAS and Delirium Index in comparison with
DSM-IV delirium criteria are presented in Figure 1 and
Figure 2. Areas under the curves were 0.997 (95%
CI�0.987–0.999 [SE�0.004]) for the MDAS and 0.985
(95% CI�0.972–0.994 [SE�0.009]) for the Delirium In-
dex. The cutoff values were established at a level of 10
or more points on the MDAS and 7 or more on the
Delirium Index.

DISCUSSION

According to the results of the present study, there are
differences in the incidence of postoperative delirium
depending on the measures used by the researcher.
Although the “interscale” correlation of 0.91 suggested
good agreement between DSM-IV and ICD-10 diagnos-
tic systems, DSM-IV criteria for delirium were found to
be more inclusive than those of ICD-10. Moreover, a
diagnostic score of 10 on the MDAS and 7 on the De-

lirium Index were established to be optimal in diagnos-
ing delirium among cardiac surgery patients, which is
consistent with our preliminary findings.20

The differences in delirium estimates revealed in
the current study were due to more restrictive criteria
used in ICD-10. Namely, ICD-10 criteria require all
symptoms of delirium to be present in each of the five
areas (disturbance of consciousness and attention,
cognition, psychomotor, emotional, and sleep-wake
cycle disturbances). DSM-IV criteria are less restric-
tive; thus, subjects who did not meet ICD-10 criteria
for delirium could fulfill criteria included in DSM-IV
(Table 2).

Cole et al.15 and Laurila et al.17 also showed a
discrepancy in the incidence of delirium depending
on the kind of criteria used (ICD-10, DSM-III, DSM-
III-R, DSM-IV).15,17 The study by Cole et al.15 re-
vealed that for elderly patients with or without de-
mentia, DSM-IV criteria for delirium were the most
inclusive followed by DSM-III and ICD-10, respec-
tively. The other study among geriatric hospital pa-
tients and nursing home residents confirmed this ob-
servation.17

TABLE 1. Classification as Delirium and Nondelirium Patients According to DSM-IV and ICD-10 Criteria and the MDAS

ICD-10 MDAS

Nondelirium Delirium Nondelirium Delirium

DSM-IV Nondelirium 471 0 471 0
Delirium 13 79 25 67

ICD-10 Nondelirium 477 7
Delirium 19 60

MDAS�Memorial Delirium Assessment Scale

TABLE 2. The Characteristic Symptoms Experienced By the Patients With DSM-IV-Diagnosed Delirium Who Did Not Meet ICD-10
Criteria (N�13)

Patients Who Did Not Meet ICD-10 Criteria For Delirium

DSM-IV criteria for
delirium

Patients without recent
memory impairment and

disorientationa (n�3)

Patients without recent
memory impairmenta

(n�2)
Patients without

disorientationa (n�2)

Patients without
psychomotor

disturbancesb (n�3)

Patients without sleep-
wake cycle disturbancesc

(n�3)

Criterion A. disturbance of
consciousness and
attention

slightly expressed moderate moderate moderate moderate

Criterion B. a change in
cognition

absent only disorientation only memory
impairment

present present

a change in perceptual
disturbance

present present present present present

Criterion Cd present present present present present
Criterion De present present present present present

aSymptoms of delirium included in Criterion B of ICD-10 criteria
bCriterion C of ICD-10 criteria for delirium
cCriterion D of ICD-10 criteria for delirium
dDelirium develops over a short period of time and tends to fluctuate
eDisturbance is caused by the direct physiologic consequences of a general medical condition
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It is interesting, however, that in the present research
the differences in delirium incidence were not only due
to patients without psychomotor or sleep-wake cycle
disturbances who were diagnosed as delirious accord-
ing to DSM-IV criteria (Table 2). There was also another
group of participants with only partly expressed
change in cognition who were diagnosed as delirious
according to DSM-IV but not ICD-10 criteria. This new
finding is a consequence of the different design of Cri-
terion B in DSM-IV and ICD-10 criteria. According to
the DSM-IV classification system, one of the two diag-
nostic features (change in cognition or perceptual dis-
turbances) is sufficient to fulfill Criterion B for delirium.
However, in ICD-10 criteria, change in cognition is al-
ways required for delirium diagnosis.

The Confusion Assessment Method is a diagnostic
scale that has been most frequently used in delirium
research to date.11 However, this instrument consists of
diagnostic criteria from DSM-III-R. As it is known from
available studies, problems have emerged with DSM-
III-R since some criteria were found to be difficult to
interpret.22 Thus, one of the aims of the present study
was to evaluate a diagnostic cutoff value of the
MDAS—a measure which reflects both DSM-IV and
DSM-III-R criteria for delirium.

In our present study the MDAS diagnostic cutoff

score of 10 produced optimal results in relation to the
presence or absence of delirium (with sensitivity of
97.8% and specificity of 97.0% in comparison to
DSM-IV criteria). Breitbart et al.12 revealed the opti-
mal diagnostic cutoff value to be 13 with high sensi-
tivity (93.7%), though markedly lower specificity
(70.6%). In their study, the MDAS with such a diag-
nostic cutoff value appropriately classified patients
with moderate and severe delirium; however, a diag-
nosis of mild delirium was inaccurate. On the other
hand, Lawlor et al.23 suggested an optimum MDAS
diagnostic score of 7 in the comparable population of
AIDS and cancer patients, whereas in the other
MDAS validation study in a population of hospital-
ized patients, the cutoff score of 10 was established to
be optimal.23,24

In our study, the individuals with delirium symp-
toms noticed during a psychiatric interview whose
score in the MDAS was slightly below 13 had a full-
blown, though usually less severely symptomatic, de-
lirium. The explanation for this, apart from the low
specificity of the cutoff value, may be the specific char-
acter of the intensive care unit, the cardiac surgery de-
partment, and the surgical procedures themselves
which create several limitations, previously noticed by
Liptzin et al.22 The individuals were examined during
the first 6 days after a painful and physically exhausting

FIGURE 1. ROC Analysis for the MDAS and DSM-IV Criteria
for Delirium

Cutoff value was established at �9 points with sensitivity of
97.8% and specificity of 97.0%.

MDAS�Memorial Delirium Assessment Scale; ROC�receiver
operating characteristic

FIGURE 2. ROC Analysis for the Delirium Index and DSM-IV
Criteria for Delirium

Se
ns

iti
vi

ty

100 – Specificity

100

0
0

80

60

40

20

10080604020

Cutoff value was established at �6 points with sensitivity of
94.6% and specificity of 94.9%.

ROC�receiver operating characteristic

DIAGNOSTIC CRITERIA FOR DELIRIUM AMONG CARDIAC SURGERY PATIENTS

430 http://neuro.psychiatryonline.org J Neuropsychiatry Clin Neurosci 22:4, Fall 2010



surgical procedure; hence, their psychomotor activity
was problematic to rate. Additionally, disorganized
thinking and insomnia were difficult to judge as the
patients spoke very little, were intubated, and were
given hypnotic drugs to help them sleep or their sleep
could have been disrupted by other patients, trouble
breathing, or nursing interventions. An inappropriate
assessment of the severity of those symptoms could
lower the total MDAS score and result in a misdiagno-
sis of mild delirium.

This is also the first study investigating the cutoff
values of the Delirium Index in establishing the di-
agnosis of delirium. In available studies the above
scale has been used only as a measure of the severity
of delirium. However, the Delirium Index with diag-
nostic scores evaluated in this series may be used in
future studies and clinical practice as a tool for sim-
ple and quick assessment of delirium incidence and
severity.

The strength of the present study is its prospective
design, the employment of qualified physicians, consis-
tent methodology, and the considerable total number of
participants and the number of patients with a diagno-
sis of delirium who were enrolled.

A potential limitation of this study is the use of the
simple MMSE questionnaire to assess cognitive func-
tion. However, it would not be feasible to use a wider
test battery because the patients were often unstable,
anxious, or immobilized; therefore, a prolonged inter-
view was not advisable.

The other potential drawback of this research is, as
mentioned above, the psychiatric assessment of indi-

viduals whose medical condition could mimic or mask
delirium. Therefore, some manifestations could be
falsely classified or unrecognized as symptoms of de-
lirium. Nevertheless, we believe that the involvement of
qualified and experienced physicians reduced the risk
of potential misdiagnoses.

CONCLUSION

The present study revealed DSM-IV criteria as more
inclusive, while ICD-10 criteria are more restrictive, in
establishing a diagnosis of delirium after cardiac sur-
gery. Thus, the use of DSM-IV criteria in clinical prac-
tice can result in a lower prevalence of false negative
results but could also lead to diagnosing as delirious
patients with vague and unspecified symptoms.

The two diagnostic features of DSM-IV criteria are
responsible for their more inclusive character. First,
DSM-IV includes subjects who do not show psychomo-
tor and sleep-wake cycle disturbances. Second, the pa-
tients without change in cognition are classified as de-
lirious if perceptual disturbances are present.
Furthermore, the cutoff scores of 10 on the MDAS and
7 on the Delirium Index are suggested to be optimal in
diagnosing delirium in the population of cardiac sur-
gery patients.

The authors of the manuscript declare that they have no
conflicts of interests that could influence (or bias) their deci-
sions, work, or manuscript. Clinical Trials Identifier:
NCT00784576.
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