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Keywords:
Introduction: Different scoring methods exist for the Month of the Year Backward Test (MBT), which is designed
to detect inattention, the core feature of delirium. When used as a part of the modified Confusion Assessment
Method for the EmergencyDepartment (mCAM-ED), each error in theMBT scores one point. Because this scoring
procedure is complex, we aimed to simplify the scoring method of the MBT.
Methods: This is a secondary analysis of a single center prospective validation study of the mCAM-ED comprising
a sample of Emergency Department (ED) patients aged 65 or older presenting to our ED.
Data collection: Research assistants (RAs) who were trained nurses conducted the MBT. Geriatricians conducted
the reference standard delirium assessment within 1 h of the RA.
Results: For the scoring method “number of errors”, optimal performance according the Youden index was
achieved when 8 or more errors were reached resulting in an overall sensitivity of 0.95 and overall specificity
of 0.94. The scoringmethod “number of errors in combinationwith time needed” resulted in a comparable result
with minimally lower positive likelihood ratios. For the scoring method “last month in correct order”, optimal
performance according the Youden indexwas achievedwith themonth of September resulting in an overall sen-
sitivity of 0.90 and an overall specificity of 0.89.
Discussion: We suggest omitting the factor time and using a more practical scoring method with good perfor-
mance: “last month in correct order” with the requirement to reach September to rule out delirium.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Delirium in the Emergency Department (ED) is associated with in-
creased hospital length of stay and 6-month-mortality [1,2]. As the
main feature of delirium is inattention, measuring inattention with the
Month of the Year Backwards Test (MBT) is a fastmethod to rule out de-
lirium [3]. TheMBTwas previously suggested to be the best single delir-
iumscreening item, particularly due to its relative brevity and simplicity
compared to other approaches [4,5]. However, difficulties in completing
the MBT may also indicate the presence of significant cognitive prob-
lems such as dementia [3,6].

We previously developed and validated the modified Confusion As-
sessment Method for the Emergency Department (mCAM-ED), a two-
step tool for delirium diagnosis in the emergency department (ED)
entMethod for the Emergency

mann).
[7,8]. In the first step, the Month of the Year Backwards Test (MBT) is
used to rule out delirium. Different scoring methods exist for the MBT
such as reciting the month backwards errorlessly to July or January
[3,9]. In our study, in which the MBT was one component of the
mCAM-ED, we used the scoring methods of counting the amount of er-
rors according to Stillman et al. [9]: Each error in the MBT, defined as
every pair of months that is not recited in the correct order, scores one
point, and if the patient needs longer than 30 s for this task, an addi-
tional point is added. Because this scoring procedure is complex, we
aimed to simplify the scoring method of the MBT and to determine
the best cut-off score for delirium screening in the ED.

2. Methods

2.1. Setting

This is a secondary analysis of a single center prospective validation
study of the mCAM-ED [8] comprising a sample of ED patients aged 65
or older presenting to our ED. The 24/7 consecutive data collection
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covered an 11-day period in November 2015. Patients were excluded if
theywere treated in the resuscitation bay, were unable to communicate
verbally (e.g. aphasia, coma) or had other communication problems
(e.g. severe hearing impairment, language barrier).

2.2. Measurements

2.2.1. Month of the year backwards test (MBT)
Patients were asked to recite themonths of the year in reverse order

beginning with December. In this study, we compared different scoring
methods:

1. “Number of errors”: the number of errors is counted. Errors are de-
fined as every pair of months that is not recited in the correct
order. (Range: 0–12 points)

2. “Number of errors in combination with time needed”: If a patient
needed more than 30 s to carry out the task, this was defined as an
additional error according to the approach of Stillman et al. [9].
(Range: 0–13 points)

3. “Last month in correct order”: The month until which a person was
able to recite in reverse order before an error occurs.

Patients who were not able to meaningfully engage with the task at
all (i.e. nomonthwasmentioned at all ormonthswere recited in an un-
usual order) were scored with the worst result or 12 error points. One
additional point was given if patients needed more than 30 s for the
task.

2.3. Definitions

2.3.1. Delirium
A delirium diagnosis was the primary endpoint. Reference diagnosis

of deliriumwas established by geriatricians based on criteria of the Text
Revision of the forth version of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-IV-TR). Accordingly, delirium was defined as
presentwhen therewas an acute change in consciousness and cognition
with fluctuating symptoms over the course of the day which were
caused by the direct physiological consequences of a general medical
condition [10]. The geriatricians used the first 10 questions of the
Swiss Minimental State Examination [11] as standardized approach
and let the patient recite the days of theweek backwards to avoid learn-
ing on thepart of thepatient. Acute changes in cognitionwere evaluated
using information by proxies and chart review.

2.3.2. Dementia
We defined patients as having dementia when a dementia diagnosis

was documented in the electronic health record.
Table 1
Highest vs. optimal cut-off for number of errors in the MBT.

Cut-off Highest

Healthy if b1 error

Population Overall Without dementia With dementia

Sensitivity 1.00 [0.84; 1.00] 1.00 [0.70; 1.00] 1.00 [0.74; 1.00]
Specificity 0.66 [0.60; 0.72] 0.71 [0.65; 0.77] 0.27 [0.14; 0.44]
PPV 0.18 [0.12; 0.26] 0.12 [0.06; 0.21] 0.33 [0.20; 0.50]
NPV 1.00 [0.98; 1.00] 1.00 [0.98; 1.00] 1.00 [0.68; 1.00]
LR+ 2.96 [2.50; 3.50] 3.47 [2.84; 4.24] 1.36 [1.10; 1.69]
LR- 0.00 [0.00; NaN] 0.00 [0.00; NaN] 0.00 [0.00; NaN]
TP 20 9 11
FP 90 68 22
TN 176 168 8
FN 0 0 0

Highest sensitivity was achieved with a cut-off b1 error and optimal ratio between sensitivity
PPV = positive predictive value; NPV = negative predictive value; LR+ = positive likelihood
negative; FN = false negative; NaN= not a number.
2.4. Data collection

Research assistants (RAs) who were trained nurses conducted the
MBT. On a 12-point scale, (depicting 12 months) patients' responses
were drawn as curves by the RA. Board certified geriatricians working
as attending physicians conducted the reference standard delirium as-
sessment within 1 h of the RA. Additionally, they conducted an in
depth delirium assessment. Geriatricians were blinded to the results
of the mCAM-ED.

2.5. Statistical analysis

Demographic data were calculated as frequencies and percentages.
Continuous variables were compared using a Mann-Whitney U test
and a chi-square-test was used for binary variables. For each result of
anMBT scoringmethod (“number of errors”, “number of errors in com-
binationwith time needed” and “lastmonth in correct order”) true pos-
itive (TP), false positive (FP), true negative (TN), false negative (FN)
results and a receiver operating characteristic (ROC) curve and the cor-
responding area under the curve (AUC) were calculated with their two-
sided 95% confidence intervals (CI). Sensitivity and specificity as well as
positive and negative predictive values (PPV and NPV) were calculated
and presented together with their two-sided 95% CI. These were com-
puted according to the method of Agresti & Coull [12]. In addition, the
positive and negative likelihood ratios (LR+ and LR−) were calculated
together with their two-sided 95% CIs and computed according to the
method of Zhou et al. [13]. The optimal cut-off, that is the best achiev-
able combination of sensitivity and specificity, was estimated with the
Youden index. Data were calculated separately for patients with and
without dementia.

2.6. Ethical considerations

The study was approved by the local ethics committee (identifier
EKNZ-2015-123) and registered with ClinicalTrials.gov (identifier
NCT02782143) [8].

3. Results

For this subanalysis 286 patients with a median age of 80.02 (Q1 =
72.15; Q3 = 86.76), and of which 168 (58.7%) were female, were in-
cluded. Dementia was documented in 41 (14.3%) out of 286 patients
in the electronic medical record. According to the reference standard,
20 patients (7.0%) had delirium. Of those, 11 had delirium
superimposed on dementia. Reciting the months backwards without
any error was possible for 168 out of 236 (71.2%) patients without cog-
nitive impairment, 8 out of 30 (26.7%) patientswith dementia, 0 out of 9
Optimal

Healthy if b8 errors

Overall Without dementia With dementia

0.95 [0.76; 0.99] 0.89 [0.57; 0.98] 1.00 [0.74; 1.00]
0.94 [0.91; 0.97] 0.96 [0.92; 0.98] 0.83 [0.66; 0.93]
0.56 [0.39; 0.71] 0.44 [0.25; 0.66] 0.69 [0.44; 0.86]
1.00 [0.98; 1.00] 1.00 [0.98; 1.00] 1.00 [0.87; 1.00]

16.85 [10.20; 27.82] 20.98 [10.96; 40.14] 6.00 [2.70; 13.36]
0.05 [0.01; 0.36] 0.12 [0.02; 0.74] 0.00 [0.00; NaN]

19 8 11
15 10 5
251 226 25
1 1 0

and specificity was achieved with b8 errors.
ratio; LR- = negative likelihood ratio; TP = true positive; FP = false positive; TN = true
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Fig. 1. ROC for number of errors in the MBT.
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(0%) patients with delirium and 0 out of 11 (0%) patients with delirium
superimposed on dementia. Two out of 236 patients (0.8%) without
cognitive impairment, 3 out of 30 patients (10.0%) with dementia, 2
out of 9 patients (22.2%) with delirium and 7 out of 11 patients
(63.6%) with delirium superimposed on dementia were not able to
meaningfully engage in the MBT.

For the scoringmethod “number of errors”, optimal performance ac-
cording the Youden index was achieved when 8 or more errors were
reached resulting in an overall sensitivity of 0.95 (95% CI = 0.76;
0.99) and overall specificity of 0.94 (95% CI = 0.91; 0.97) (Table 1).
We found a sensitivity of 1.00 (95% CI = 0.74; 1.00) and 0.89 (95% CI
= 0.57; 0.98) and a specificity of 0.83 (95% CI = 0.66; 0.93) and 0.96
(95% CI = 0.92; 0.98) in patients with and without dementia, respec-
tively. The overall AUC was 0.97 (Fig. 1).

The scoring method “number of errors in combination with time
needed” resulted in a slight decrease in positive likelihood ratios.

For the scoringmethod “lastmonth in correct order”, optimal perfor-
mance according the Youden index was achieved with the month of
September resulting in an overall sensitivity of 0.90 (95% CI = 0.70;
0.97) and an overall specificity of 0.89 (95% CI = 0.85; 0.92). We
found a sensitivity of 0.91 (95% CI = 0.62; 0.98) and 0.89 (95% CI =
0.57; 0.98) and a specificity of 0.73 (95% CI = 0.56; 0.86) and 0.91
(95% CI = 0.87; 0.94) in patients with and without dementia, respec-
tively (Table 2). The AUC in the overall ROC analysis was 0.96.
Table 2
Highest vs. optimal cut-off for last month in correct order in the MBT.

Cut-off Highest

Healthy if = January

Population Overall Without dementia With dementi

Sensitivity 1.00 [0.84; 1.00] 1.00 [0.70; 1.00] 1.00 [0.74; 1.0
Specificity 0.66 [0.60; 0.72] 0.71 [0.65; 0.77] 0.27 [0.14; 0.4
PPV 0.18 [0.12; 0.26] 0.12 [0.06; 0.21] 0.33 [0.20; 0.5
NPV 1.00 [0.98; 1.00] 1.00 [0.98; 1.00] 1.00 [0.68; 1.0
LR+ 2.96 [2.50; 3.50] 3.47 [2.84; 4.24] 1.36 [1.10; 1.6
LR- 0.00 [0.00; NaN] 0.00 [0.00; NaN] 0.00 [0.00; Na
TP 20 9 11
FP 90 68 22
TN 176 168 8
FN 0 0 0

Highest sensitivity was achieved with a cut-off of January and optimal ratio between sensitivit
PPV = positive predictive value; NPV = negative predictive value; LR+ = positive likelihood
negative; FN = false negative; NaN= not a number.
4. Discussion

4.1. Main discussion

In comparisonwith the current scoringmethod “number of errors in
combination with time needed”, in the scoring method “number of er-
rors” an optimal performance of the MBT to indicate delirium in ED pa-
tients was achieved with a cut-off of 8 errors or more. Although slightly
lower in performance, the scoringmethod “last month in correct order”
using the September cutoff is easier. Using time as a factor did not pro-
vide additional value in the “number of errors in combinationwith time
needed”.

Our approach of rating patientswho are not able tomeaningfully en-
gage with the MBT with the worst score seems adequate. This is sup-
ported by another study which found that these patients are often
delirious [14].

In our study, the MBT showed a better performance than in other
studies [5,15,16]. There are 3 possible explanations for these findings.
First, it may be the population studied (Switzerland versus US). Second,
a different reference standard was used (psychiatrists versus geriatri-
cians) [5,16]. Third, the case mix might be different between settings
(ED versus non-ED) and countries (Switzerland versus US). In our
study, geriatricians served as reference standard and assessed patients
within only 1 h after the RAs in the busy ED environment. This narrow
time frame limited the chance for acute changes between the assess-
ments. In another ED study investigating performance criteria of differ-
ent MBT cut-offs (July and January, respectively) performance was
lower [16].

The positive likelihood ratio was lower in patients with dementia
than in patients without dementia in both scoringmethods; i.e. number
of errors and last month in correct order. This was true when the scores
were maximized for sensitivity and even when optimized for the
Youden index. Thus, the MBT does not qualify to rule in delirium, but
its sensitivity is sufficient to rule out delirium.

Although for the scoring method “number of errors” the Youden
index provided the optimal cut-off of 8 errors or more to identify delir-
ium, in clinical practice the transcription of the patients' responses and
its evaluation require additional effort and time. We therefore suggest
omitting the factor time and using a more practical scoring method
with good performance: “last month in correct order”with the require-
ment to reach September to rule out delirium.
4.2. Strengths and limitations

Due to the relatively low delirium prevalence, and a lower sample
size as anticipated, some confidence intervals could not be calculated
Optimal

Healthy if ≥September

a Overall Without dementia With dementia

0] 0.90 [0.70; 0.97] 0.89 [0.57; 0.98] 0.91 [0.62; 0.98]
4] 0.89 [0.85; 0.92] 0.91 [0.87; 0.94] 0.73 [0.56; 0.86]
0] 0.38 [0.26; 0.53] 0.28 [0.15; 0.46] 0.56 [0.34; 0.75]
0] 0.99 [0.97; 1.00] 1.00 [0.97; 1.00] 0.96 [0.79; 0.99]
9] 8.26 [5.68; 11.99] 9.99 [6.25; 15.97] 3.41 [1.83; 6.35]
N] 0.11 [0.03; 0.42] 0.12 [0.02; 0.77] 0.12 [0.02; 0.81]

18 8 10
29 21 8
237 215 22
2 1 1

y and specificity was achieved with September.
ratio; LR- = negative likelihood ratio; TP = true positive; FP = false positive; TN = true
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with a high precision. However, our sample consisted of a consecutive
sample of ED patients and consequently minimizes selection bias.

4.3. Conclusion

In summary, the application of the mCAM-ED can be simplified by
scoring the MBT with the method “last month in correct order” where
to rule out delirium September has to be reached without an error.
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