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Abstract
Objectives Cognitive dysfunction (CD) is a common
finding in geriatric patients presenting to the emergency
department (ED). Our primary objective was to determine
the diagnostic accuracy of the Ottawa 3DY (O3DY) and
Short Blessed Test (SBT) as screening tools for the
detection of CD in the ED. Our secondary objective was to
estimate the inter-rater reliability of these instruments.
Methods We conducted a prospective cross-sectional
comparative study at an inner-city academic medical
centre (annual ED visit census 86 000). Patients aged
75 years or greater were evaluated for inclusion, 163
were screened, 150 were deemed eligible and 117 were
enrolled. The research team completed the O3DY, SBT
and Mini-Mental State Exam (MMSE) for each participant.
Descriptive statistics were calculated. Sensitivity and
specificity of the O3DY and SBT were calculated in STATA
V.11.2 using the MMSE as our criterion standard.
Results We enrolled 117 patients from June to November
2016. The median ED length of stay at the time of
completion of all tests was 1:40 (IQR 1:34–1:46). The
sensitivity of the O3DY was 71.4% (95% CI 47.8 to 95.1),
and specificity was 56.3% (46.7–65.9). Sensitivity of the
SBT was 85.7% (67.4–99.9) and specificity was 58.3%
(48.7–67.8). The receiver operating characteristic area
under the curve was calculated for the O3DY (0.51; 95% CI
0.42 to 0.61) and SBT (0.52; 95% CI 0.43 to 0.61) relative
to the MMSE. Inter-rater reliability for the O3DY (k=0.64)
and SBT (k=0.63) were good.
Conclusion In a cohort of geriatric patients presenting
to an inner-city academic ED, the O3DY and SBT tools
demonstrate moderate sensitivity and specificity for the
detection of CD. Inter-rater reliability for the O3DY and SBT
were good. Future research on this topic should attempt
to derive and validate ED-specific screening tools, which
will hopefully result in more robust likelihood ratios for the
screening of CD in ED geriatric patients.

Introduction
Background
Population ageing is happening throughout
the world with more people living to advanced
old age. By 2030, the geriatric population (65
years and older) is expected to reach 24%,
20.3% and 21.5% of the total population in

Strengths and limitations of this study
►► This study used rigorous, prospective data collection

to test the sensitivity and specificity of the Ottawa
3DY (O3DY) and Short Blessed Test (SBT) tools for
screening for cognitive dysfunction in geriatric
emergency department patients.
►► This is the first study to examine the inter-rater reliability of the O3DY and SBT tools in geriatric emergency department patients.
►► This study used research assistants to administer the O3DY, SBT and Mini-Mental State Exam,
not geriatric nurses. In suburban, community and
rural hospitals, which often do not have access to
geriatric nurses, the results of our study may more
accurately reflect the diagnostic accuracy of these
screening tests for busy clinicians and those not as
comfortable caring for the geriatric patient.
►► The single-centre nature of this study may limit the
generalisability of our results.

Canada, the USA and Europe, respectively.1–3
In Canada, an estimated 16.9% of Canadians are aged 65 years or older. Geriatric
patients are increasingly frequent visitors to
the emergency department (ED) due to their
complex and multiple comorbidities, limited
same-day access to primary care or requisite
diagnostic resources, caregiver stress and
limited transportation to physician offices.4–8
Age-related changes manifest as geriatric
syndromes like cognitive dysfunction (CD)
which further complicate timely evaluation of
acute complaints in the busy ED. Most elderly
individuals presenting to the ED with CD live
at home and have not been previously diagnosed with CD.9
CD is not a specific diagnosis, rather it is
a group of symptoms which includes cognitive impairment, delirium and various stages
of dementia.10 Changes in mental status
can be attributed to electrolyte abnormalities,11 cerebral hemisphere pathologies and
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neurological abnormalities, hypoxic/anoxic states, polypharmacy and medication interactions12 and cardiovascular pathologies.13
CD is a common diagnostic challenge faced by clinicians in the ED, with delirium and dementia present in
10%–40% of ED geriatric patients.14–16 The true prevalence of CD among these populations is unclear since
CD includes an array of symptoms such as memory loss,
disorientation and so on. Therefore, clinicians may face
difficulty in collecting an accurate history.14 These delays
likely will adversely impact ED performance measures
such as length of stay (LOS) and adverse events experienced by individual patients.17 CD is also negatively associated with repeat visits to the ED,18hospitalisation and
death.17 19 20
CD in this population can be difficult for ED clinicians to recognise and is infrequently assessed by ED
providers.21 Consequently, geriatric competencies for
emergency medicine residents have been developed that
include core aspects of identifying and treating CD in the
ED.22 In addition, geriatric ED guidelines which include
the formal assessment of CD have been developed and
endorsed by emergency medicine associations in the
USA and Canada23 as well as ED-specific, field-tested
quality indicators for process and structural design in
Australia.24 25
The unpredictability of the ED setting presents notable
challenges to the assessment of CD. Multiple barriers to
accurately identifying CI in the ED include the absence
of privacy, excessive noise, clinicians’ time constraints
and a lack of validated screening tools.26 ED clinicians
are poor detectors of CD in the elderly, failing to identify up to 80% of cases.7 21 27 Reducing error in this type
of assessment is critical. Patients with CD and dementia
experience frequent transitions of care,28 and an objective, quantifiable screen for CD or dementia would allow
ED providers to review current cognitive test performance with the patients’ primary care provider via telephone or the electronic medical record. Further, when
CD is undetected by ED clinicians, such diagnostic omissions may continue to admitting physicians who may also
fail to detect CD.29 There is no evidence that post-ED
dementia screening interventions can improve patient
outcomes, but there is ample data implying an opportunity to improve outcomes. Seventy to eighty per cent of
ED patients with dementia had no history of dementia,
so ED clinicians, hospitalists and geriatricians cannot rely
on patient history or reporting.30 Inpatient physicians
under-recognise dementia31 and lack confidence in the
management of persons with dementia.32 As a result,
the failure to detect CD, combined with relationships
between CD and poor patient outcomes, highlights the
need to improve methods to screen for CD in geriatric
populations presenting to the ED.15 27 33

Participant characteristics and sampling
Over a 5-month span (June to November 2016) research
assistants systematically screened patients for participation in this study if they met the inclusion criteria of being
aged 75 or older and presented to the ED on Monday to
Friday between 9 am and 4 pm. Our exclusion criteria
were similar to the study by Wilding et al in an effort to
identify and enrol a similar patient population.37 We
excluded patients who were: triaged as Canadian Emergency Department Triage and Acuity Scale level 1 (resuscitation), if their condition was deemed too critical for
evaluation, patients requiring emergent ED administration of medications which might negatively affect their
neurological and/or executive function (eg, opioids,
benzodiazepines), patients with significant communication barriers affecting evaluation (eg, visual, verbal
or auditory impairments), patients with overt hallucinations, agitation or confusion, patients who did not speak
English, patients from nursing homes or long-term care
facilities, patients with a previous diagnosis of cognitive
impairment (eg, patients with dementia), patients already
enrolled in the study and patients unable to provide full,
written, informed consent in English. No incentives for
participation were offered.

Goals of this investigation
Over 40 screening tools exist to screen for CD.22 30 33
Many of these instruments have been critiqued for not

Sample size
Prior work has demonstrated prevalence rates of 13.4%–
37% for geriatric patients with CD presenting to the
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being conducive for use in the ED due to their length,
complexity of scoring or lack of integration into electronic medical records or have never been evaluated in
the ED setting.35 Two recently studied short assessments
are the Ottawa 3DY (O3DY) and Short Blessed Test (SBT).
Little evidence exist to estimate the extent to which these
measures are fit for purpose to measure CD in a Canadian
ED setting. As a result, the primary objective of this study
was to determine the diagnostic accuracy of the O3DY
and SBT as screening tools for the detection of CD in
an ED setting. Additionally, our secondary objective was
to estimate the inter-rater reliability of the instruments
to understand how robust they stand as unambiguous
measurement tools for ED clinicians.

Methods
Study setting and design
This prospective, cross-sectional, convenience sampling
study was performed over 5 months in 2016 at an urban,
inner-city academic ED with an annual census of 86 600
visits, of which an estimated 16.7% of patients are older
than 65 years. Ethical approval for this study was granted
by the Research Ethics Board of the Providence Healthcare Research Institute. This study adhered to the Standards for Reporting of Diagnostic Accuracy (STARD)
reporting guidelines for the conduct of diagnostic test
accuracy studies (see online supplementary appendix
1).36
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ED.16 37 38 To detect a screening tool sensitivity of 98.0%,
with a 30% prevalence rate for CD in our study population and an alpha of 0.05, we required a minimum sample
size of 101 patients in this study.39
Training and reliability of data collectors
The study protocol was executed by research assistants
who were trained by an experienced staff emergency
physician (DB). Physicians and other test administrators
were familiar with the tools, their administration and the
non-physician test administrators were familiarised with
the process thoroughly by the Principal Investigator (PI).
Preparation of the research assistants was ensured by
institutional research methods and ethics training under
a faculty advisor supervisor. This included 4 hours of in
person, then observed administration of the study tools
and weekly quality assurance communication. Research
assistants had formal training in the ethical conduct of
research as mandated by our local institutional review
board and in the procedures outlined below.
Data collection methods and management
All data were immediately entered into an Excel spreadsheet (Microsoft) at the bedside on portable tablet devices
(iPad Air, Apple). All data were stored in a secure offline
database accessible to the primary investigator and to the
research assistants.
Screening instruments
The O3DY was derived from the Canadian Study of
Health and Aging, and subjects with severe dementia,
non-English speakers and those with vision or hearing
impairment were excluded. The criterion standard for
dementia was a consensus of neuropsychologist, nurse
and physician using bedside screening instruments,
historical information, physical examination and normative data for the population. Variables for the O3DY were
abstracted from the modified Mini-Mental State Exam
(MMSE).16 The O3DY (day, date, dlrow (‘world’ spelled
backward), year) is a four-question instrument designed
to assess attention and orientation.40 If patients do not
correctly answer all four questions, it is considered to be a
positive test for CD (see online supplementary appendix
2) The O3DY is advantageous for ED use because it takes
minimal time to perform and is easy to remember and
score. It does not require pen or paper, and we assume
that physicians are able to remember four short phrases
of an assessment. Therefore, we did not perform an additional assessment of physician recall.
The SBT originated from the Blessed Mental Status
Test and was validated by Katzman et al in geriatric
community care settings, with further implementation
in ED settings.38 The SBT is a weighted six-item instrument to evaluate orientation, registration and attention16
(see online supplementary appendix 2). The SBT was
originally validated on patients in a skilled nursing facility
and with active community-dwelling elderly. The SBT has
demonstrated excellent reliability.16 A weighted error
Barbic D, et al. BMJ Open 2018;8:e019652. doi:10.1136/bmjopen-2017-019652

score of more than four constitutes an abnormal result.
The SBT is advantageous for ED use because it takes less
than 2 min to complete.33 37 Despite this, the complicated
scoring mechanism for the SBT limits its clinical feasibility in the ED.37 For the SBT, we used a cut-off of >4
out of a maximum weighted error score of 28 to indicate
CD. Scores >4 on the SBT have previously been found to
correlate with questionable impairment.41
Similar to prior studies on this topic, the MMSE42
was our criterion standard against which we tested the
O3DY and SBT (see online supplementary appendix
2).37 42 The MMSE assesses five areas of cognitive function: orientation, memory, language, attention and visuospatial. Similar to prior work,37 42 a score of ≤24 out of
30 was designated as indicative of CI. The MMSE is not
regularly used by ED clinicians to screen for CD since it
requires too much time, it requires patients to have their
glasses, writing materials and a free arm (unobstructed
by intravenous infusions) to write with.43 44 Furthermore,
the MMSE is now copyrighted and requires a fee for its
use.35 The MMSE was chosen over the Montreal Cognitive
Assesment (MoCA) due to a limited number of studies
assessing cognition in the ED with the MoCA and none
involving the O3DY and SBT.45
Procedures
For all patients enrolled in this study, research assistants
administered the O3DY first, followed by the SBT and
MMSE (see online supplementary appendix 3). For a
subset of 10% of patients, two research assistants administered the tests twice within 1 hour to calculate interrater reliability. All test administration occurred in the
ED during the enrolment periods previously described.
All the patients screened received routine care in the
ED. Treating emergency physicians and nurses were
blinded to the results of our study. Clinical information
and reference standard results were not available to the
performers/readers of the index test; clinical information and index test results were not available to the assessors of the reference standard.
Statistical analyses
Descriptive statistics using counts, medians, means and
IQR were calculated to describe the cohort. Sensitivities, specificities, likelihood ratios, predictive values and
per cent agreement for the O3DY and SBT compared
with the MMSE were calculated in STATA V.11.2. Interrater reliability was calculated using Cohen’s Kappa
method for the O3DY and SBT.46

Results
Between June and November 2016, we approached 164
patients who met our inclusion criteria (figure 1), and
117 were enrolled. Table 1 shows the demographics
of enrolled participants. The median age was 81.9
years (IQR 77–85), and 44.8% were female. The most
common presenting complaint and comorbidity were
3

Downloaded from http://bmjopen.bmj.com/ on April 17, 2018 - Published by group.bmj.com

Open Access

Figure 1

STARD flow diagram of patients in the study.

cardiac (13.8%) and hypertension (57.8%), respectively. The median length of stay in the ED at the time
of testing completion was 1:40 (IQR 1:34–1:46). The
characteristics of participants who were eligible, yet
who declined to participate, were similar to the study
population.
The prevalence of CD among enrolled participants
based on an MMSE <24 was 12.0% (95% CI 6.1% to
17.9%). The O3DY and MMSE agreed in 58.1% of cases.
The sensitivity and specificity of the O3DY was 71.4%
(95% CI 47.8% to 95.1%) and 56.3% (95% CI 46.7% to
65.9%), respectively. The SBT agreed with the MMSE in
61.5% of cases. The SBT had a sensitivity of 85.7% (95%
CI 67.8% to 100%) and a specificity of 58.3% (95% CI
48.7% to 67.8%) (table 2).
The receiver operating characterisitc area under the
curve was calculated for the O3DY (0.51; 95% CI 0.42 to
0.61) and SBT (0.52; 95% CI 0.43 to 0.61) relative to the
MMSE (figure 2).
Inter-rater reliability for the O3DY and SBT were calculated for a subset of 9.4% of participants (n=11). Cohen’s
Kappa for the interpretation of ‘normal versus abnormal’
of the O3DY test was k=0.64 (95% CI 0.18 to 1.00) and
k=0.63 (95% CI 0.15 to 1.00) for the SBT were good
(table 3).
4

Conclusions
In this prospective sample of geriatric patients presenting
to a Canadian inner-city academic ED, we measured the
diagnostic accuracies of the O3DY and SBT tests for rapid
screening for CD compared with the criterion standard of
the MMSE. The O3DY and SBT both displayed moderate
sensitivity and specificity for detecting CD, but the SBT
performed superiorly to the O3DY. Our study is the first
Canadian ED study to assess the diagnostic accuracy of
these tests when administered by research assistants and
not geriatrics nurses. Our study is also notable since it is
the first prospective ED study to report the inter-rater reliability of the O3DY and SBT for screening for CD in the
ED, for which we report good agreement between assessors.47 The results of our study provide further evidence
that these tests lack sufficient sensitivity and specificity to
screen for CD in geriatric patients presenting to the ED.
The O3DY and SBT tests have been previously studied
in geriatric patients in the ED. In a study of patients aged
75 years or older at two Canadian academic EDs, the
O3DY demonstrated a sensitivity of 93.8% and specificity
of 72.8%.37 In a similar study of patients aged 65 years
or older from an academic ED in the USA, the O3DY
demonstrated a sensitivity of 95% and specificity of 51%;
the sensitivity and specificity of the SBT was 95% and
65%, respectively.16 The results from our study show lower
Barbic D, et al. BMJ Open 2018;8:e019652. doi:10.1136/bmjopen-2017-019652
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Table 1 Patient characteristics

Characteristic

Enrolled
patients
(n=117)

Female gender (%)
Mean age (SD)

52 (44.8)
81.9 (5.7)

Median age (IQR)

81 (8)

Presenting complaint (%)
 Cardiac

16 (13.8)

 Minor injuries

15 (12.9)

 GI

13 (11.2)

 Pain

9 (7.8)

 Minor ailments

9 (7.8)

 Undifferentiated chest pain

8 (6.9)

 Respiratory

8 (6.9)

 Swelling

8 (6.9)

 Dizziness/vertigo

7 (6.0)

 Urinary

7 (6.0)

 Miscellaneous

6 (5.2)

 Weakness

5 (4.3)

 Other

5 (4.3)

Pre-existing conditions (%)
 Hypertension

67 (57.8)

 Diabetes

18 (15.5)

 CHF

6 (5.2)

 Pacemaker

8 (6.9)

 Coronary artery disease/MI

31 (26.7)

 Stroke/CVA

6 (5.2)

 Cancer

10 (8.6)

 COPD
Mean length of stay at time of study

12 (10.3)
1:40

CHF, congestive heart failure; COPD, chronic obstructive
pulmonary disease; CVA, cerebrovascular accident; GI,
gastrointestinal; MI, myocardial infarction.

sensitivity and specificity for the O3DY and SBT compared
with the MMSE as a criterion standard. One possible
explanation for this discrepancy is both prior studies16 37
integrated the O3DY and the MMSE and administered
them as one test. While this avoids the problem of recall
bias, it may cause incorporation bias which can falsely
increase the test’s sensitivity.48 We administered the
O3DY, SBT and MMSE consecutively, which could have

Figure 2 ROC curve of O3DY and SBT compared with
MMSE. MMSE, Mini-Mental State Exam; O3DY, Ottawa 3DY;
ROC, receiver operating characteristic; SBT, Short Blessed
Test.

resulted in response fatigue due to a carry-over effect.49
This may have lowered scores on the MMSE. However,
consecutive testing may also have introduced recall bias,
leading to practice effects and improved MMSE scores.50
Another potential explanation for the different results of
the three studies is the different rates of CD, as defined by
MMSE, across the three studies (our study 12%, Wilding
et al 13.4%, Carpenter et al 37%).16 37 The patient populations included in the three studies also differed. A further
explanation is that the ages of enrolment (65 vs 75 years)
and the cut-off score for the definition of CD with the
MMSE differed between the three studies. It is difficult to
determine the direction or magnitude of effect these two
differences may have on the final results of each study.
Another key difference that might explain our study
results is the median ED LOS for patients included in
our study was 1 hour and 40 min, notably less than the
9 hours and 54 min observed in the study by Wilding et
al. This raises the possibility that the study by Wilding et
al detected both incident and prevalent CD in their study
population.
A notable difference between the three studies is
that our study and the study by Carpenter et al used
trained research assistants to enrol patients, perform the
screening tests and collect data.16 In the study by Wilding
et al, ED geriatric nurses completed these tasks.37 ED geriatric nurses receive extensive training on caring for the

Table 2 Diagnostic statistics of the O3DY and SBT
Test

Sensitivity
(95% CI)

Specificity
(95% CI)

Positive likelihood ratio

Negative likelihood ratio

O3DY
SBT

71 (0.48 to 0.95)
86 (0.67 to 1.00)

56 (0.47 to 0.66)
58 (0.49 to 0.68)

1.63 (1.10–2.43)
2.05 (1.50–2.81)

0.51 (0.22–1.18)
0.25 (0.07–0.89)

O3DY, Ottawa 3DY; SBT, Short Blessed Test.
Barbic D, et al. BMJ Open 2018;8:e019652. doi:10.1136/bmjopen-2017-019652
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Table 3 Inter-rater reliability of the O3DY and SBT
Test

Perc ent
agreement

Kappa (95% CI)

O3DY
SBT

83.3
83.3

0.64 (0.18 to 1.00)
0.63 (0.15 to 1.00)

O3DY, Ottawa 3DY; SBT, Short Blessed Test.

elderly and screening for CD. The difference observed
in our study suggests that in academic EDs where geriatric nurses are more common, the diagnostic accuracy
of these two cognitive screening tests may be enhanced.
In suburban, community and rural hospitals, which often
do not have access to geriatric nurses, the results of our
study and those of Carpenter et al may more reflect the
diagnostic accuracy of these screening tests for busy clinicians and those not as comfortable caring for the geriatric
patient.16
Our study only included patients able to provide
full, written informed consent in English, and this was
supported by the Research Ethics Board approval at our
institution. However, this raises the important challenge
that those patients identified as displaying CD through the
screening tests in our study may have only been capable
of providing informed assent—a key ethical distinction.51 The systematic exclusion of patients with CD may
contribute to the dearth of evidence for this vulnerable
population and make the provision of evidence-based
care by emergency clinicians even more challenging.52
These screening tests (O3DY and SBT) cannot determine the aetiology of CD which is required to appropriately manage these patients, yet the role of an initial
screening test is to highlight an abnormality. The definitive aetiology of the underlying problem causing this
result can be identified through focused physical examination, laboratory and radiological testing.14 29 Our study
did not assess whether the ED management of patients or
their outcomes would change with the application of these
cognitive screening tests. Prior work has demonstrated
that ED management does not change when CD is identified in research settings,53 so developing accurate and
reliability CD screening instruments is only the first step
towards improving outcomes for these potentially vulnerable patients. The failure to adapt ED care when CD was
identified was noted in a single-centre study almost two
decades ago and may have been due to a quality of care
issue in which physicians did not realise that CD was a
potentially serious and ED relevant medical problem, or
physicians in this study may not have trusted the validity of
the screening tests. However, the move to develop a more
patient-centric approach to ED geriatric patients and the
evaluation of CD in the ED have evolved rapidly in the last
15 years.22 23 Screening for CD in ED geriatric patients has
until recently been subject to the trade-off between tool
validity and applicability in the ED setting. The priority
for future research on this topic is to derive and validate
ED specific screening tools using modern psychometric
6

techniques and an iterative process which will hopefully
result in more robust likelihood ratios for the screening
of CD in ED geriatric patients. Modern psychometric
methods are now commonly used across health sectors
to evaluate the extent to which screening tools are fit
for purpose for the context of use.54–57 Unlike classical
psychometric methods, these new methods provide critical information to describe the extent to which (a) the
full construct is captured, (b) the items target the population under investigation, (c) is unidimensional (measures
only one construct) and (d) produces a total score that is
robust and clinically meaningful.
There are important limitations to our study. First,
our study lacked a gold criterion standard. Ideally, a
comprehensive interview with short functional screening
testing would have been possible.58 Due to a limited study
budget, this was not feasible for our study. As well, the
busy ED environment would make such a comprehensive
assessment nearly impossible. Consequently, we used the
MMSE as our criterion standard.59 As a result, our study
may be subject to imperfect gold standard bias, which may
have resulted in artificial estimates of the diagnostic accuracy of the screening tools tested in this study.48 60 We also
recognise that despite the MMSE being widely accepted
in the ED, the lack of a criterion standard may have led
to misclassification bias.60 In addition, there is evidence
that the MMSE displays high rates of false positive results
for CD in elderly patients with low education achievement and different ethnic backgrounds.61–65 A further
limitation is that we enrolled a convenience sample of
patients when research assistants were available. Due to
time restrictions, data collection was limited to 7 hours
per day on weekdays. This may have increased the risk
that our study is subject to selection bias.60 66 Another
possible limitation is that we did not specifically power
this study for the determination of inter-rater reliability
of the study tools being tested.67 Consequently, our estimates of inter-rater reliability are likely under powered.
Finally, another possible limitation of our study was that
the application of the three tests to each participant was
not randomised. This may have introduced the possibility
of practice effects due to repeat testing.50 However, the
direction and magnitude of this potential bias is difficult
to determine since a recent meta-analysis of the neuropsychological assessment literature demonstrated older
test subjects, those with longer retest intervals and those
in clinical settings (compared with those in non-clinical
settings) demonstrated the least benefit of practice effects
on repeat test scores.68
In a prospective cohort of geriatric patients presenting
to an inner-city academic ED, our study demonstrates
that the O3DY and SBT have moderate sensitivity and
specificity compared with the MMSE, and the internal
inter-rater reliability of these two screening tools was
moderate. The results of our study provide further
evidence that these tests lack sufficient sensitivity
and specificity to screen for CD in geriatric patients
presenting to the ED .
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