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COGNITIVE SCREENING TOOL SUMMARY TABLE (STROKE)

		TOOL

		DESCRIPTION

		STRENGTHS

		LIMITATIONS



		ADDENBROOKE COGNITIVE EVALUATION III (ACE III)

		5 domain, 100 point screen of general cognition

		· Three alternate versions (good for repeated administration)

· Provides scores for specific domains as well as cumulative score.

· Remote version

· Multiple languages 

· Bridges the gap between a very brief screen and a full neuropsychological assessment.

· Particular focus on fronto-temporal dementia and non-Alzheimer’s Disease neurocognitive disorders.

		· Takes a bit longer (<20 minutes on average).

· Requires some skill to administer/score



		

		POPULATION

		

		· 



		

		Mild cognitive impairment and dementia.  

Validated in adults and older adults including early onset dementia, stroke, TIA & TBI.





		

		· 



		OXFORD COGNITIVE SCREEN (OCS)

		DESCRIPTION

		· Two alternate versions. 

· Good for clients with aphasia or neglect 



		· Takes a bit longer (20-25 minutes on average).

· Translated versions not available.



Does not provide a total score but does provide:

· A visual snapshot via the OCS report wheel

· A cognitive profile at a glance

· more items therefore takes longer to administer



		

		Stroke-specific cognitive screening tool that is aphasia and neglect friendly. 

		

		· 



		

		POPULATION

		

		· 



		

		Clients with stroke, particularly with communication or neglect concerns.





		

		· 



		TOOL

		DESCRIPTION

		STRENGTHS

		LIMITATIONS



		SAINT LOUIS UNIVERSITY MENTAL STATUS EXAM (SLUMS)

		11 item, 30 point screen appropriate for broad general screening 

It is very similar to the MoCA in terms of domains tested, time to administer and education cutoffs. 

		· Brief (˜15 min) 

· Cutoffs adjusted for level of education 

· Multiple languages





		· No alternate version for repeat testing

· Does not include executive function

· Overall score (cumulative score)





		

		POPULATION

		

		



		

		Mild Cognitive Impairment and Dementia.

Validated in ages 18+ including older adults in LTC, community and rehab.
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Abstract



Introduction: Cognitive deficit after stroke is common, and beginning cognitive rehabilitation 
as soon as possible is important to minimize the consequences of the impairment. The aim of 
this study was to use Addenbrooke’s Cognitive Examination to compare cognitive function in 
nondemented and nondepressed stroke patients, 3–6 months after the stroke, with sex- and 
age-matched controls. 



Materials and Methods: A total of 156 participants were included (72 controls: 19 men, mean 
age 64.5 ± 12.4 years; 84 patients after stroke: 54 men, mean age 62.2 ± 9.0 years). 



Results: Statistically significant differences were identified between controls and stroke 
patients in total Addenbrooke’s score (stroke patients, 86.2 points vs controls, 91.2 points; 
p<0.01), Verbal Production domain (stroke patients, 9.8 points vs controls, 11.5 points; 
p<0.01), and Memory domain (stroke patients, 19.5 points vs controls, 21.7 points; p<0.01). 
The difference was also statistically significant between subgroups of stroke patients and 
controls: patients with a right-sided brain lesion differed from controls in total scores (88.3 
vs 91.3 points, respectively; p<0.05) and Verbal Production domain scores (9.9 vs 11.5 points, 
p<0.01), as did patients with left-sided brain lesions in total score (83.9 vs 91.3 points; p<0.01) 
and Memory (18.6 vs 21.7 points; p<0.01) and Verbal Production (9.6 vs 11.5 points; p<0.01) 
domains. 



Conclusion: This study shows the usability of Addenbrooke’s Cognitive Examination 3–6 
months after a stroke to detect mild cognitive decline, providing a basis for initiating cognitive 
rehabilitation as soon as possible. 



Keywords



Stroke, Cognitive functions, Cognitive deficit, Addenbrooke’s cognitive examination



Introduction



A stroke can involve both physical and 
cognitive impairments, although few studies 
have focused on cognitive deficits. The effect 
on cognitive abilities can be observed in every 
area: memory, attention, executive functions 



(i.e., decision making, organization, problem 
solving), visuospatial abilities, speech, thought, 
and symbolic functions [1,2]. Impairment of 
cognitive functions following stroke is very 
common but depends on stroke extent and region 
[2-5]. Some authors report the development of 
cognitive deficit within 3 months following a 
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cognitive decline in AD was confirmed in further 
studies [13].



A newly developed version of the ACE, known as 
ACE-III, is ready for use [14], but unfortunately 
a Czech version is not available. The maximum 
score for the ACE-III is 100 points, and items 
related to the Mini Mental State Exam (MMSE) 
have been excluded. Some remaining items have 
been modified, as well. In the domain Attention 
and Orientation, for example, it is not possible 
to substitute subtracting 7 sequentially from 100 
with spelling words backwards. In the Language 
domain, for the item “Writing the sentence,” 
the participant is asked to write two or more 
sentences about a single topic. Two sayings 
now replace the phrase repetition items. For 
item naming, “pencil” and “watch” have been 
replaced by more familiar objects: “spoon” and 
“book.” In the Visuospatial Functions domain, 
overlapping infinity loops have replaced the 
intersecting pentagons. This new version of ACE-
III is available for free at the website, (http://
dementiaroadmap.info/southgloucestershire/
resources/addenbrookes-cognitive-examination-
iii/#.WFJbnPnhBPb) [14].



The aim of this study was to use ACE-R as 
a screening test to monitor and compare 
the level of cognitive function between a 
group of nondemented and nondepressed 
patients at 3-6 months following  
a stroke, and a group of age and sex-matched 
controls. Furthermore, we also compared 
subgroups of stroke patients (internal carotid 
artery right/left lesion with mild neurological 
deficit) and controls to see if stroke features 
such as region influence cognitive deficit. 
We hypothesized that the ACE-R can be a 
useful screening test for the rapid inclusion of 
patients 3–6 months after a stroke in cognitive 
rehabilitation [15].



Materials and Methods



 � Patients



Patients were selected at the University Hospital 
in Ostrava from 2012–2015. Sex- and age-
matched participants without a history of brain 
injury who were hospitalized in the Department 
of Neurology were selected as the control group. 



Inclusion criteria were as follows: MMSE score 
≥ 25 points; self-sufficiency (modified Rankin 
score (mRS) ≤ 2 points); no problem in self-
sufficiency in activities based on the Activities 
of Daily Living (ADL) and Instrumental ADL 



stroke, but it may develop even after this period. 
In patients evaluated 3 months after a stroke, 
impairment of executive function and attention 
have been confirmed, and those with problems 
in orientation, memory, and expressive language 
have a higher risk of progressing to dementia [6]. 



To describe mild cognitive deficit, some authors 
use the term ‘vascular mild cognitive impairment’, 
which may be understood as equivalent to the 
term ‘mild cognitive impairment’ (MCI) used in 
patients with neurodegenerative conditions such 
as Alzheimer’s disease (AD) [7]. The group of 
cognitive deficits with a vascular basis includes 
all types caused by cerebrovascular impairment, 
with variable severity of the deficit from mild 
trouble with cognitive functions (MCI) to 
dementia. Thus, vascular MCI is a syndrome 
associated with a vascular impairment of the 
brain that affects at least one cognitive domain 
[7]. 



The Addenbrooke’s Cognitive Examination 
(ACE)–Revised (ACE-R) is a screening tool 
used for detection of cognitive deficit in acute 
and chronic cerebral lesions [4]. The ACE-R 
allows for scoring in the domains of visuospatial 
skills, memory, attention, and executive 
function [8]. ACE-R is less time consuming 
than neuropsychological investigation and 
less burdensome for patients. Its application 
can speed up the diagnostic process of mild 
cognitive deficit and consequent treatment 
(pharmacological and non-pharmacological) 
intervention, such as cognitive rehabilitation [9].



Many studies have focused on cognitive deficit/
dementia in neurodegenerative disease, such a 
progressive supranuclear palsy (PSP), multiple 
system atrophy (MSA), AD, and Parkinson’s 
disease (PD), confirming the cognitive decline in 
these diseases. Krishnan, Mathuranath, Sarma, 
and Kishore [10] compared cognitive functions 
in patients with PD, MSA, and PSP and found 
the worst declines in PD patients, followed by 
those with PSP, and the least decline among 
those with MSA. The ACE-R Verbal Fluency 
domain distinguishes between PSP and PD with 
high sensitivity (0.92) and high specificity (0.87), 
and the total ACE-R score have specificity 0.87 
and sensitivity 0.7 and visuospatial subscore have 
a specificity 0.84 and sensitivity 0.73 [11]. The 
sensitivity of ACE-R for detection of cognitive 
decline in PD was confirmed in another study 
that showed a performance difference on the 
ACE-R total score between PD and healthy 
controls [12]. The ability of ACE-R to detect 
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(iADL) scales; and signed, informed consent. 
Exclusion criteria were Beck Depression 
Inventory score suggesting depression; seriously 
impaired vision or hearing; known central 
nervous system disease, including brain injury, 
neuroinfection, dementia, and unconsciousness 
longer than 2 hours; known psychiatric disorder 
including depression; substance abuse (alcohol or 
psychoactive substances); aphasia; and terminal 
stage of any disease. Stroke patients were divided 
into two subgroups according to the side of the 
ischemic lesion.



The study was conducted in accordance with the 
Helsinki Declaration of 1964 and was approved 
by the local Ethics Committee of University 
Hospital in Ostrava. All participants signed 
informed consent. 



 � Tests



The Czech version of ACE-R [16], ADL, 
iADL, and Beck Depression Inventory II were 
administered to all participants. The test battery 
included MMSE, a global score for ACE-R (100 
points), and scores for the individual cognitive 
domains (Attention and Orientation, total score 
18 points; Memory, 26 points; Verbal Fluency, 
14 points; Language, 26 points; and Visuospatial 
Abilities, 16 points) [9]. 



Within the domain Attention and Orientation, 
the participant was asked for information about 
day of the week, age, date, month, year, season, 
town, state, region, where they live, the name 
of the hospital, and the floor for the outpatient 
department. The domain Memory covers tasks 
related to short-term memory and the ability to 
recall new information. First, the patient has to 
repeat after the examiner three words that they 
are to recall for the moment. This test is followed 
by deducting 7 from the number 100 as an 
overlay for the newly stored memory traces (the 
deduction is repeated 5 times until the result is 
65). After this task, the patient is asked to repeat 
the previously presented three words. 



Following a memory task of learning an address, 
which is presented three times, after each 
reading, the patient is prompted to repeat the 
addresses, observing whether their performance 
improves with each new attempt (each attempt 
should demonstrate better patient performance). 
Patients also choose this address from three 
options at the end of the test to determine 
whether and to what extent the new information 
was stored in the short-term memory. This part 
is followed by tasks for long-term memory, in 



which the participant is asked about information 
such as the name of the prime minister, the first 
president of their country, the current president 
of their country, etc. 



In the domain Verbal Fluency, the participant 
has to say as many words as possible with the 
letter “p” in one minute, which cannot include 
capitalized words or phrases with the same root 
(paint–painter, etc.) (semantic Verbal Fluency). 
The second part of the domain Verbal Fluency 
is to say as many animals as possible (categorical 
Verbal Fluency). In the domain Language, the 
participant names the pictures, repeats the words 
and sentences, and performs simple tasks to 
establish understanding and speech expression. 
Within the domain Visuospatial Functions, the 
participant draws pictures according to the draft 
(a cube, two overlapping pentagons), completes 
the Clock Test, counts dots without pointing a 
finger, and reads “imperfectly” printed letters. 



 � Statistics



For comparison of monitored parameters 
(MMSE, ACE-R and its individual domains) in 
both groups (controls vs patients), parametric and 
non-parametric methods were used, and normal 
distributions were tested. The cutoff scores for 
sensitivity and specificity in the statistically 
significant domain score were established using 
receiver operating characteristic analysis. Sample 
size was determined by power analysis: to achieve 
adequate statistical power (0.8) with a 5% type I 
error rate and expected effect size d=0.5 required 
a minimum sample size of 63. 



The Kolmogorov–Smirnov test showed that 
all variables were non-normally distributed. 
Therefore, the Kruskal–Wallis tests, followed 
by a series of Mann–Whitney U tests, were 
conducted for all comparisons. For statistical 
analysis, descriptive statistics were used (mean, 
standard deviation, frequency; Table 1), and 
significance was assumed at 0.05 All analyses 
were completed using the Statistical Package for 
the Social Sciences (IMB SPSS 23.0).



Results



A total of 156 patients without dementia were 
enrolled in our study, of whom 84 were patients 
who had experienced a stroke 3–6 months 
previously (54 men, 30 women; mean age 62.2 ± 
12.4 years; 44 patients with right lesions and 40 
patients with left lesions) and 72 were previously 
healthy controls (19 men, 54 women; mean 
age 64.5 ± 9.0 years) (Table 1). Risk factors 
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for stroke patients were arterial hypertension 
(63%), diabetes mellitus (18%), hyperlipidemia 
(48%), arrhythmia (13%), thrombophilia (5%), 
smoking (48%), and alcohol use (31%). Control 
participants with these risk factors for stroke were 
excluded from the study. Table 2 lists the clinical 
neurological condition of the participants, and 
Table 3 provides an overall clinical assessment 
as the mRS. All patients experienced only one 
episode of stroke. Localization of brain lesions 
was performed using computed tomography. 
All patients were right-handed, and they 
suffered from visual impairment, severe motor 
impairment, or aphasia.



We used parametric and non-parametric 
statistical methods to cross-check results  
(Table 4). Based on the Kolmogorov–Smirnov 
test and inspection of histograms, almost all 
variables exhibited abnormal distribution. 
T-tests for independent samples demonstrated 
a statistically significant difference between the 
groups in the total score of ACE-R (patient score, 
86.2 points vs controls, 91.2 points; p<0.01), 
Verbal Production domain (patients, 9.8 points 
vs controls, 11.5 points; p<0.01), and Memory 
domain (patients, 19.5 points vs controls, 21.7 
points; p<0.01). A difference between stroke 
patient subgroups for left lesion (SPL) and right 
lesion (SPR) was not statistically significant. A 
statistically significant difference was identified, 
however, between the SPR and control groups in 
total ACE-R score (SPR, 88.3 vs controls, 91.3 
points; p<0.05) and Verbal Production (SPR, 
9.9 points vs controls, 11.5 points; p<0.01) 
domains. The SPL and control groups also 
differed in ACE-R global score (83.9 vs. 91.3 
points, respectively; p<0.01) and for the Memory 
(18.6 vs 21.7 points, respectively; p<0.01) and 
Verbal Fluency (9.6 vs 11.5 points, respectively; 
p<0.01) domains (Table 4). The SPR group was 
not affected in the Memory domain; only in the 
Verbal Production domain.



Subsequent pairwise comparison of the three 
groups (two stroke patient subgroups and one 
control group) using the Mann–Whitney U 
test (with Bonferroni correction) revealed no 



significant differences among those with right or 
left ischemic stroke. Stroke patients and controls 
differed based on Mann–Whitney U test results. 
As Table 4 shows, patients with ischemic 
stroke had significantly lower overall ACE-R 
global, Memory, and Verbal Fluency scores. 
In a comparison of the three groups using the 
Kruskal–Wallis test, they differed significantly in 
terms of ACE-R overall score and Memory and 
Verbal Production domain scores (Table 4).



The cutoff scores and sensitivity and specificity 
for total ACE-R score and the Verbal Fluency 
and Memory domains were established using 
receiver operating characteristic analysis  
(Figures 1-3). Cutoffs for total ACE-R score 
and subtests to distinguish controls from stroke 
patients were set where the cumulated sensitivity 
and specificity reached their maximum. For the 
total ACE-R score, this value was 86.5 points 
(sensitivity 0.82, specificity 0.46; area under 
the curve, 0.66). For the Memory domain, 
the cutoff was 17.5 points (sensitivity 0.90, 
specificity 0.36; area under the curve, 0.64); for 
the Verbal Fluency subtest, it was 10.5 points 
(sensitivity 0.74, specificity 0.52; area under the 
curve, 0.69). 



In comparing ACE-R and MMSE (Table 5), 
it was clear that ACE-R gave far more detailed 
information on cognitive decline than MMSE.



Discussion



Increasingly younger patients are affected by 
stroke [17], and long-term outcomes are a 
considerable concern. Death and permanent 
disability risks persist in the 4 years following 
the stroke, which also are associated with higher 
institutionalization rates [1]. Some of these 
patients suffer post-stroke dementia, but others 
without dementia still experience cognitive 
deficit. Because neuropsychological testing 
is time consuming and can lead to delays in 
accessing rehabilitation, a less intensive way 
to evaluate cognition is needed. With timely 
application, patients could be enrolled in 
cognitive rehabilitation programs within a 
reasonable period after a stroke to eliminate 
the progression of a cognitive deficit into 
dementia. ACE-R is a fast test of cognitive 
profile and deficits that takes approximately 
15 minutes [18] and is less burdensome than 
a detailed neuropsychological assessment [19]. 
It has previously been shown to have good 
sensitivity and specificity for diagnosing MCI 
in vascular cognitive impairment [20] and can 



Table 1: Demographic characteristics.
All Male Female Age (mean) Education (y)



Stroke patients 84 54 30 62.1 ± 12.4 13.2 ± 2.3
Right-sided lesion 44 26 18 62.4 ± 11.6 13.1 ± 2.1 
Left-sided lesion 40 28 12 61.2 ± 13.6 13.5 ± 2.5
Controls 72 19 53 64.5 ± 8.9 13.3 ± 2.5
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detect cognitive deficit that will manifest in 
the domain of cognitive functions, attention, 
and impairment of visuospatial abilities [8] in 
patients following a stroke. 



In our study, we identified a statistically significant 
difference between controls and stroke patients 
in total ACE-R score and Verbal Production and 
Memory domain scores. A difference based on 
affected region was not found, but statistically 
significant differences in in total ACE-R test 
scores were observed between the SPL group 
and healthy controls. A statistically significant 
difference was also demonstrated between SPL 
and control groups, with higher scores among 
controls for global ACE-R and the Memory and 
Verbal Fluency domains. 



Similar to our study, the statistically significant 
difference between controls and stroke patients in 



global ACE-R score may explain the lower scores 
for the Verbal Fluency and Memory domains, 
both of which are associated with impairment in 
executive function [21,22]. These impairments 
occur after a stroke in up to 75% of cases [23]. 



Morris conducted a study with a design similar 
to ours, but tested patients with acute stroke and 
found impairment in visuospatial, attention, and 
executive functions [8]. In contrast, our study 
tested patients at 3–6 months after ischemic 
stroke, and we used different tests. 



The brain exhibits functional plasticity [24], and 
patients after a stroke enrolled in neuroimaging 
studies show changes in brain synapses, which 
points towards some functional reorganization 
following the insult. This reorganization may be 
the basis for restoration of damaged functions 
after a stroke, but we do not know the limits of 



Table 2: Clinical neurological condition of stroke patients.



  Upper limb paresis Lower extremity 
paresis



Hypoesthesia of the 
upper limb 



Hypoesthesia of the lower 
extremity



Central paresis of n. 
Facialis



Left 32 27 15 16 26
Right 24 20 9 7 13
Speech disorders



Type of speech disorder Dysarthria  Expressive phatic 
disorder  Perception phatic disorder  Mixed phatic disorder  



Number of patients with 
speech disorder 22  9  1  5  



Table 3: Self-sufficiency in stroke patients.
Modified Rankin score %



0 80
I 9
II 5
III 2
IV 3
V 0



Table 4: Differences between controls and stroke patients in ACE-R global and domain scores.
Kruskal–Wallis T tests Mann–Whitney test



 



Patients 



(n=84)



Controls 



(n=72) p



Right-sided 



stroke 



(n=44)



Left-sided 



stroke



(n=40)



p



Right-sided 



stroke



(n=44)



Controls



(n=72)
p



Left-



sided 



stroke



(n=40)



Controls



(n=72)
p Patients Controls P



M SD M SD M SD M SD M SD M SD M SD M SD Median Median



MMSE ≤0.242 28.54 1.46 28.82 1.25 ≤0.272 28.75 1.31 28.30 1.59 ≤0.215 28.75 1.31 28.82 1.25 ≤0.820 28.30 1.59 28.82 1.25 ≤0.114 29 29 ≤0.141



ACE-R ≤0.001 86.19 9.88 91.26 5.28 ≤0.001 88.27 7.36 83.90 11.74 ≤0.080 88.27 7.36 91.26 5.28 ≤0.046 83.90 11.74 91.26 5.28 ≤0.001 88 92 ≤0.001



AO ≤0.504 17.40 1.03 17.43 0.85 ≤0.610 17.52 0.90 17.28 1.15 ≤0.306 17.52 0.90 17.43 0.85 ≤0.305 17.28 1.15 17.43 0.85 ≤0.853 18 18 ≤0.31



M ≤0.004 19.48 4.59 21.68 3.12 ≤0.003 20.30 4.14 18.58 4.93 ≤0.149 20.30 4.14 21.68 3.12 ≤0.100 18.58 4.93 21.68 3.12 ≤0.002 20 23 ≤0.001



VF ≤0.001 9.75 2.85 11.53 1.84 ≤0.001 9.93 2.76 9.55 2.97 ≤0.576 9.93 2.76 11.53 1.84 ≤0.001 9.55 2.97 11.53 1.84 ≤0.001 10 12 ≤0.001



L ≤0.469 25.32 1.21 25.21 1.34 ≤0.495 25.45 1.04 25.18 1.38 ≤0.307 25.45 1.04 25.21 1.34 ≤0.247 25.18 1.38 25.21 1.34 ≤0.974 26 26 ≤0.249



VA ≤0.566 14.88 1.79 15.40 0.85 ≤0.400 15.02 1.64 14.73 1.95 ≤0.544 15.02 1.64 15.40 0.85 ≤0.738 14.73 1.95 15.40 0.85 ≤0.312 29 29 ≤0.22



MMSE: Mini Mental State Examination; ACE-R: Addenbrooke’s Cognitive Examination–Revised; AO: Domain Attention and Orientation in ACE-R; M: Domain Memory in ACE-R; VF: Domain Verbal production in 



ACE-R; L: Domain Language in ACE-R; VA: Domain Visuospatial Abilities in ACE-R
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Figure 1: ROC curve for total score of ACE-R.
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Figure 2: ROC curve for subtest Memory of ACE-R.



these changes and what areas they may influence 
[25]. The time of 3–6 months after a stroke 
seems to be the best for evaluation of cognitive 
functions in patients and simultaneously the time 



to start cognitive rehabilitation (after spontaneous 
healing) [26]. For this reason, we studied patients 
at 3–6 months post stroke, when the functional 
reorganization process could be stabilized [27].
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Figure 3: ROC curve for subtest Verbal Fluency of ACE-R.



The global score differences in stroke patients and 
controls in our study suggest MCI in the former. 
A cutoff score of 88 points on the global ACE-R 
has been reported for the Czech population, with 
100% sensitivity, or a cutoff of 83 points for 
96.6% sensitivity [16]. A statistically significant 
difference associated with left- versus right-sided 
stroke was not demonstrated, likely because 
ACE-R is not sensitive enough to detect any 
small discrepancies between cognitive functions 
compared to detailed neuropsychological 
investigation [8,25].



ACE-R could help, however, for easier and faster 
inclusion of patients in cognitive rehabilitation 
programs because it allows for fast selection of 
patients and acquisition of a profile of cognitive 
deficit. It is not possible to compare ACE-R 
with the more detailed neuropsychological 
investigation, but ACE-R is sufficiently sensitive 



to screen for cognitive deficit 3–6 months after 
a stroke. 



Conclusion



Mild cognitive deficit is frequently observed 
at 3–6 months after a stroke, and ACE-R can 
be used to detect MCI. Although ACE-R is 
not suitable for localizing lesions in stroke 
patients, it provides useful information about 
cognitive functions and cognitive deficits in 
patients without dementia after a stroke. Using 
ACE-R scores as a basis, we can begin cognitive 
rehabilitation for impaired functions as soon as 
possible and promote a higher quality of life for 
the patient. 



It would be enriching to correlate ACE-R and 
its domains with specific neuropsychological 
tests to identify the sensitivity and specificity of 



Table 5: Comparison of ACE-R and MMSE in subtests/domain and their representation.



Subtest/domain in ACE-R ACE-R score; maximum number of points in 
individual domain 



MMSE score; maximum number of points (evaluating ACE-R) 
compared to MMSE 



Attention and orientation 18 Yes; 18 of 18
Memory 26 Yes; 3 of 26
Verbal fluency 14 No
Language 26 Yes; 8 of 26
Visuospatial abilities 16 Yes; 1 of 14
Total score 100 30











Neuropsychiatry (London)   (2018) 8(2)512



Research Hana Zakopcanova Srovnalova



References
1. Haring HP. Cognitive impairment after 



stroke. Curr. Opin. Neurol 15(1), 79-84 
(2002).



2. Gottesman RF, Hillis AE. Predictors and 
assessment of cognitive dysfunction 
resulting from ischaemic stroke. Lancet 
Neurol 9(9), 895-905 (2010). 



3. Eskes GA, Barrett AM. Neuropsychological 
rehabilitation. Neurovascular. Neuropsychol, 
281-305(2009). 



4. Tatemichi TK, Desmond DW, Stern Y, et 
al. Cognitive impairment after stroke: 
frequency, patterns and relationship to 
functional abilities. J. Neurol. Neurosurg. 
Psychiatry 57, 202-207 (1994). 



5. Draper K, Ponsford J. Cognitive functioning 
ten years following traumatic brain injury 
and rehabilitation. Neuropsychol 22, 618–
625 (2008). 



6. Stephens S, Kenny RA, Rowan E, et al. 
Neuropsychological characteristic of 
mild vascular cognitive impairment 
and dementia after stroke. Int. J. Geriatr. 
Psychiatry 11, 1053-1057 (2004).



7. Correia S, Lee SY, Voom T, et al. Quantitative 
tractography metrics of white matter 
integrity in diffusion-tensor MRI. 
Neuroimage 42, 568-81(2008). 



8. Morris KJ. The validity of the Addenbrooke’s 
Cognitive Examination-Revised (ACE-R) in 
acute stroke. University of Lincoln School of 
Health, Life and Social Sciences. Submitted 
in part fulfillment of the requirements for 
the Doctorate in Clinical Psychology (2004).



9. Amaral-Carvalho V, Caramelli P. Normative 
Data for Healthy Middle-Aged and Elderly 
Performance on the Addenbrooke’s 
Cognitive Examination-Revised. Cogn. 



Behav. Neurol 25(2), 72-76 (2012). 



10. Kirshman S, Mathuranath PS, Sarma S, 
et al. Neuropsychological functions in 
progressive supranuclear palsy, multiple 
system atrophy and Parkinson’s disease. 
Neurol. India 54(3), 268-272 (2006). 



11. Ritman T, Ghosh, BC, McColgan P, et al. The 
Addenbrooke’s Cognitive Examination for 
the differential diagnosis and longitudinal 
assessment of patients with parkinsonian 
disorders. J. Neurol. Neurosurg. Psychiatry 
84, 544-551(2013). 



12. Chade A, Roca M, Torralva T, et al. Detecting 
cognitive impairment in patients with 
Parkinson’s disease using a brief cognitive 
screening tool: Addenbrooke’s Cognitive 
Examination (ACE). Dement. Neuropsychol 
2(3), 197-200 (2008).



13. Davies RR, Dawson K, Mioshi E, et al. 
Differentioation of semantic dementia 
and Alzheimer’s disease using the 
Addenbrooke’s Cognitive Examination 
(ACE). Int. J. Geriatr. Psychiatry 23(4), 370-
375 (2008).



14. Hsieh S, Schubert S, Hoon C, et al. 
Validation of the Addenbrooke’s Cognitive 
Examination III in Frontotemporal 
Dementia and Alzheimer’s Disease. Dement. 
Geriatr. Cogn 36(3-4), 242-250 (2013).



15. Terpening Z, Cordato ZJ, Hepner IJ. 
Utility of the Addenbrookes’ Cognitive 
Examination-Revised for the diagnosis of 
dementia syndromes. Aust. J. Ageing 30(3), 
113-118 (2010). 



16. Hummelová-Fanfrdlová Z, Rektorová I, 
Sheardová K, et al. Czech adaptation of the 
Addenbrook Cognitive Test. Czechoslovak. 
Psychol 3(4), 376 (2010).



17. Bar M, Chmelová I. Caring for a patient after 
a stroke. Postgrad. Med 1(1), 12 (2011).



18. Bak TH, Mioshi E. A cognitive bedside 
assessment beyond the MMSE: The 
Addenbrooke’s Cognitive Examination. 
Pact. Neurol 7(4), 245-249 (2007).



19. Beránková D, Krulová P, Mračková M, et 
al. Addenbrook Cognitive Test - Indicative 
Standards for the Czech Population. Cesk. 
Slov. Neurol. N 111(3), 300-305 (2015).



20. Pendlebury ST, Mariz J, Bull L, et al. MoCA, 
ACE-R, and MMSE Versus the National 
Institute of Neurological Disorders and 
Stroke–Canadian Stroke Network Vascular 
Cognitive Impairment Harmonization 
Standards Neuropsychological Battery After 
TIA and Stroke. Stroke 43(1), 464-469 (2012). 



21. Habib R, Nyberg L, Tulving E. Hemispheric 
asymmetries of memory: the HERA model 
revisited. Trends. Cogn. Sci 7(6), 241-245 
(2003). 



22. Corballis M. Human laterality. New York, 
Academic Press (1983).



23. Chung CSY, Pollock A, Campbell T, et al. 
Cognitive rehabilitation for executive 
dysfunction in adults with stroke or other 
adult non-progressive acquired brain 
damage. Cochrane. Database. Syst. Rev 4(1), 
77-78 (2013).



24. Pulsifer MB, Brandt J, Salorio, CF, et al. The 
Cognitive Outcome of Hemispherectomy in 
71 Children. Epilepsy 45(3), 243-254 (2004).



25. Johnson SC, Saykin AJ, Flashman LA, et 
al. Brain activation on fMRI and verbal 
memory ability: Functional neuroanatomic 
correlates of CVLT performance. J. Int. 
Neuropsychol. Soc 7(1), 55–62 (2001).



26. Cappa SF, Benke T, Clarke S. EFNS 
guidelines 12(1), 665-680 (2005).



27. Hallett M. Plasticity of the Human motor 
cortex and recovery from stroke. Brain. Res. 
Rev 36(2-3), 169-174 (2001).



ACE-R for different cognitive deficits in patients 
after stroke. Validation of the Czech version of 
ACE-III is an important step and is currently in 
the planning stages.



Acknowledgements



This work was supported by the Institutional 
support, University Hospital Ostrava. NO. 1 



RVO-FNOs/2012 1.7.2012 - 1.7.2015. 



Conflict of Interests and Sources of 
Funding



The authors report no conflict of interests or 
sources of funding or personal relationships 
with other people or organizations that could 
inappropriately influence or bias their work. 





c







image2.emf

2015_OCS_Stroke.pdf




2015_OCS_Stroke.pdf




ORIGINAL COMMUNICATION



Domain-specific versus generalized cognitive screening in acute
stroke



Nele Demeyere1 • M. J. Riddoch1 • E. D. Slavkova1 • K. Jones2 • I. Reckless2 •



P. Mathieson2 • G. W. Humphreys1



Received: 19 June 2015 / Revised: 7 October 2015 /Accepted: 8 October 2015 / Published online: 20 November 2015



� The Author(s) 2015. This article is published with open access at Springerlink.com



Abstract Cognitive assessments after stroke are typically



short form tests developed for dementia that generates



pass/fail classifications (e.g. the MoCA). The Oxford



Cognitive Screen (OCS) provides a domain-specific cog-



nitive profile designed for stroke survivors. This study



compared the use of the MoCA and the OCS in acute



stroke with respect to symptom specificity and aspects of



clinical utility. A cross-sectional study with a consecutive



sample of 200 stroke patients within 3 weeks of stroke



completing MoCA and OCS. Demographic data, lesion



side and Barthel scores were recorded. Inclusivity was



assessed in terms of completion rates and reasons for non-



completion were evaluated. The incidence of cognitive



impairments on both the MoCA and OCS sub-domains was



calculated and differences in stroke specificity, cognitive



profiles and independence of the measures were addressed.



The incidence of acute cognitive impairment was high:



76 % of patients were impaired on MoCA, and 86 %



demonstrated at least one impairment on the cognitive



domains assessed in the OCS. OCS was more sensitive



than MoCA overall (87 vs 78 % sensitivity) and OCS alone



provided domain-specific information on prevalent post-



stroke cognitive impairments (neglect, apraxia and reading/



writing ability). Unlike the MOCA, the OCS was not



dominated by left hemisphere impairments but gave dif-



ferentiated profiles across the contrasting domains. The



OCS detects important cognitive deficits after stroke not



assessed in the MoCA, it is inclusive for patients with



aphasia and neglect and it is less confounded by co-oc-



curring difficulties in these domains.



Keywords Cognition � Stroke � Cognitive assessment �
Neuropsychology



Introduction



Following stroke, cognitive deficits are frequent [1–4],



predictive of recovery [5–12] and interfere with rehabili-



tation (e.g. due to poor comprehension or spatial attention).



Cognitive deficits after stroke are also associated with a



reduced quality of life [13–15] and depression [8]. Due to



their prevalence and importance, early detection is required



to facilitate rehabilitation.



To facilitate early detection, short generalized cognitive



screening tools are increasingly adopted. The Montreal



Cognitive Assessment (MoCA) [16, 17] is one tool which



is freely available and easy to administer, returning a



pass/fail generalized cognition score. Though developed



for dementia, the MoCA has been shown to have better



sensitivity in detecting post-stroke cognitive impairments



than the traditionally used Mini-Mental Status Examination



(MMSE) [18–21]. However, neither the MMSE nor the



MOCA assesses common post-stroke domain-specific



impairments including aphasia, visual loss, visuo-spatial



inattention (neglect), apraxia and reading/writing prob-



lems. Furthermore, performance on the tests that are
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included can be confounded by co-occurring problems. For



example, arguably all of the MoCA subtests require sub-



stantial verbal abilities and aphasic patients will fail tests of



non-language domains (e.g. memory) because of language



impairments. Similarly, patients can fail subtests because



they neglect one side of the page (e.g. in the trail making



test).



Clinical guidelines emphasize the need to assess per-



formance across different domains of cognition after stroke



(e.g. ‘‘attention, memory, spatial awareness, apraxia, per-



ception’’—UK National Institute for Clinical Excellence



guideline for stroke care, 2013), highlighting the need for



domain-specific cognitive assessments. Detailed neu-



ropsychological examinations can detect specific cognitive



impairments [2, 22]. Not surprisingly, when comparing a



short MoCA screen to a detailed battery of neuropsycho-



logical assessments, the detection rate of cognitive prob-



lems was demonstrably lower in the MOCA [23].



However, detailed batteries are often impractical (not



designed for acute stroke and very time consuming) and



need trained examiners for administration, who cannot



routinely see all patients.



A recent review and meta-analysis of test accuracy of



cognitive screening tests concluded that there was no



clearly superior screening test (comparing MoCA, ACE-R,



MMSE and CAMCOG). It should be noted, however, that



none of the screens were stroke-specific and the studies that



were included focussed on generalized impairments,



equating cognitive impairments to dementia. In addition,



only 11 of the 35 included studies were conducted in acute



stroke [24].



The Oxford Cognitive Screen—OCS [25] was specifi-



cally developed to measure domain-specific cognitive



deficits in acute stroke. It provides a short cognitive screen



covering five cognitive domains, including the assessment



of important and commonly found stroke-specific cognitive



problems, such as unilateral neglect, aphasia and apraxia.



The reporting structure emphasizes the domain specificity



of problems going beyond an overall pass/fail outcome. It



also goes beyond other measures by being designed to



avoid confounding effects within the separate cognitive



domains providing ‘aphasia and neglect friendly’ measures



of performance.



In this study, we compared domain-specific cognitive



screening (OCS) with generalized screening provided



through the MoCA, in an acute stroke population. We



examined (1) how well the tools detected stroke-



specific cognitive impairments, and (2) their clinical



utility in terms of patient inclusion and generating



accurate cognitive profiles for patients with co-occur-



ring deficits.



Methods



Materials



The Oxford Cognitive Screen (OCS) is a recently devel-



oped stroke-specific cognitive screen (see [20] for norma-



tive data, validation and reliability and sensitivity measures



of the OCS). The OCS is structured around five domains:



(1) attention and executive function, (2) language, (3)



memory, (4) number processing and (5) praxis. The tests



were designed to be inclusive and uncontaminated by



aphasia and neglect, when (respectively) language and



spatial attention are not assessed. The test is freely avail-



able for clinical use and licensed through the University of



Oxford’s technology transfer office (http://www.ocs-test.



org). The OCS, as a domain-specific assessment, provides a



‘visual snapshot’ of a patient’s cognitive profile, for easy



domain level (see [25]).



The MoCA is also freely available for clinical use and



consists of a single A4 page. Though the MoCA contains



some subsections, they are typically not separately marked



(there are no sub-domain cut-offs). As a domain-general



cognitive screen, the MoCA ultimately returns a pass/fail



judgement, based on a single overall score. Permission was



received from the MoCA team for its use in this research.



Both the OCS and MoCA are paper-and-pen-based



assessments administered within 25 min., making them



time-efficient and suitable for acute post-stroke assessment.



In addition, both screening tools can be delivered at the



bedside, are easy to administer and score, and can be filed



into the patients’ clinical notes.



Participants



A consecutive sample of 200 stroke patients was



recruited from the acute stroke unit at the John Radcliffe



Hospital, Oxford and the University Hospital Coventry



and Warwickshire. Inclusion criteria were: patients (1)



were within 3 weeks of a confirmed ischaemic or



haemorrhagic stroke diagnosis by clinicians, (2) were



able to concentrate for 15 min (as judged by the multi-



disciplinary care team) and (3) were able to give



informed consent (which could be witnessed in case of



language difficulties or motor difficulties with signing



the consent forms).



The mean age of the patient sample was 70.5



(SD = 14.7) years, and the average time of assessment was



6.1 days post-stroke (SD = 4.4). Further sample charac-



teristics with regard to gender, handedness and lesion



aetiology and lateralisations are given in Table 1. Lesion



lateralisations for the sample were: 78 unilateral left
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hemisphere, 98 unilateral right hemisphere, 18 bilateral and



6 unclear from scan (classifications taken from the medical



notes and confirmed by CT scan).



Procedure



Once informed consent was given, participants completed



the two cognitive screens with a trained researcher, using a



randomised ordering of the tests. There was a maximum of



5 days between assessments, with 90 % of patients asses-



sed on both screens within 24 h (average 1 days,



SD = 1.3).



Two patients were excluded from the analysis as they



had a further serious medical event before the second



cognitive assessment could be completed.



Standard protocol approvals, registrations,



and patient consents



This study was approved by the National Research Ethics



Service (Ref: 11/WM/0299; Protocol RP-DG-0610-



10,046). Written or witnessed informed consent was



obtained from all participants.



Results



Inclusivity



Table 2 reports the inclusion rates and reasons for non-



completion separately for the OCS and MoCA sub sections.



The reasons for non-completion varied from poor vision to



difficulties with understanding instructions and practical



problems such as interruptions and running out of time. In the



MoCA, all but the initial section (‘‘visuospatial/execu-



tive’’—5 points of the total 30), requires expressive speech.



From Table 2, we note that in our sample, 14 patients (7 %)



were severely aphasic (either expressive or global aphasia)



resulting in a complete loss of speech and therefore an



inability to complete all but the three initial MoCA subtests



(amounting to a maximum score of 5/30). Note that all the



included patients were able to give informed consent, and



therefore the acute sample presented here excludes patients



with severe global aphasia.



Importantly, not only could the aphasic patients be



included when tested using the OCS, they returned scores



in the different domain subsections outside of language



production. For the memory domain, all of these patients



returned scores for orientation and verbal recognition



memory, with 50 % (N = 7) demonstrating perfect scores



on the orientation questions with forced-choice testing, and



only two patients scoring 1 or 0/4. Similarly, for the OCS



domain of praxis, all the patients excluded on the majority



of MoCA were able to complete the task and returned



scores, with 36 % (N = 5) not demonstrating any praxic



impairment.1 In the number domain, again all the patients



excluded on the MoCA produced scores, and although all



Table 1 Patient sample



characteristics for the



consecutive sample of 200 acute



stroke patients, for whom



cognition was assessed after an



average of 6.1 days (SD = 4.4)



Sample characteristic Category Proportion of patients (N = 200)



Gender Male 0.55



Female 0.45



Handedness Left 0.07



Right 0.92



Ambidextrous 0.01



Aetiology Haemorrhage 0.10



Ischaemia 0.90



Vascular territory affected Lacunar infarcts 0.24



ACA 0.15



LSA 0.13



MCA 0.26



PCA 0.15



PICA 0.05



Unclear 0.03



Lesion lateralisation Unilateral left hemisphere 0.39



Unilateral right hemisphere 0.49



Bilateral 0.09



Unclear from scan 0.03



1 Note that there is a long known link between aphasia and apraxia



[26]; our findings concur with previous findings that most patients



who demonstrate praxis problems will also have a dysphasia, though



not necessarily the other way around.
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bar 1 patient failed the number writing task, 6 (43 %)



passed the multiple choice calculation test. In the attention



domain, 71 % (10) of the excluded patients generated a



spatial attention score on the OCS (four failed to do so due



to complex instruction comprehension problems). Of these



ten, four demonstrated no impairment, four presented with



right egocentric neglect, one with right allocentric neglect



and one with both ego- and allocentric neglect. Thus, the



OCS can be used to detect neglect in aphasic patients. For



the test of executive function, 8 (57 %) of the excluded



patients returned scores, and 50 % (4) were not impaired



on the executive score.



Domain specificity



MoCA is a domain-general cognitive screen, summing up



the different sections of the task into a single score. In



contrast, the OCS is divided into separate cognitive



domains, each with associated normative data. Here, we



examined the differences between MoCA and OCS with



respect to domain specificity in common post-stroke



impairments.



The OCS provides domain-specific information on



common post-stroke cognitive impairments including



neglect, apraxia, number and reading/writing ability—none



of which are evaluated in the MoCA. Language compre-



hension is assessed in the semantics task of the OCS,



reading in the sentence-reading task. Writing to dictation is



assessed in the number writing task. Neglect is assessed in



detail in the Broken Hearts task, with measures given for



both egocentric and allocentric neglect. Apraxia is assessed



through the imitation of meaningless gestures. The high



incidences of these specific impairments are demonstrated



in Table 3.



Table 2 Inclusion and reasons for not testing on all subtests of the OCS and MoCA



Measure Inclusion



rate (%)



Completed: not completed due to problems with:



N Speech Comprehension Vision Motor Time Fatigue Illiterate Examiner



error



OCS vs MoCA



Language Picture naming 99 196 1 1



Semantics 99 196 1 1



Sentence reading 93 184 9 1 3 1



Memory Orientation 99 197 1



Recall and recog 99 197 1



Number Number writing 97 193 2 2 1



Calculation 99 196 2



Perception Visual field 98 195 3



Spatial attention Hearts



cancellation



91 181 9 6 1 1



Praxis Imitation 98 195 2 1



Controlled



attention



Executive task 95 188 5 3 1 1



MOCA



Visuo-Spatial Trails 94 186 8 31 (optic ataxia)



Cube 94 187 6 3 2



Clock 95 188 6 21 (optic ataxia) 1



Naming Picture naming 94 186 11 1 (blind)



Memory Word encoding 93 185 11 1 1



Attention Digits 93 184 11 3



Tap to A 93 185 13



Serial 7s 93 184 11 3



Language Repetition 93 184 11 3



Fluency 93 184 11 3



Abstraction Abstraction 93 184 11 3



Delayed recall Delayed recall 93 184 11 3



Orientation Orientation 93 184 11 3
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In addition to overall incidences, we calculated the



levels of impairment on the different subtasks for patients



with unilateral left or unilateral right hemisphere lesions



(Table 3). Low scores on MoCA were more common in



left hemisphere patients (Fisher’s exact p\ 0.001). In



contrast, the OCS presented a profile more differentiated



according to the nature of the cognitive domain being



tested. While the language, number and verbal memory



were more commonly impaired after left hemisphere



damage, this was not the case for the praxis, spatial, and



executive attention domains.



Cognitive profiles



Using the proposed single value cut-off of 26 for the



MoCA, 76.3 % of our sample of patients were impaired. Of



the 47 patients scoring above 26 on MoCA, 80.9 %



(N = 38) demonstrated at least one domain impairment on



the OCS. Overall, just 14.1 % of the total sample of



patients demonstrated no impairments on any of the five



cognitive domains assessed in the OCS. Of these 28



patients, 64.3 % scored below the MoCA cut-off (N = 18).



This gives the OCS (in comparison with the MoCA) a



sensitivity of 87.7 %, in contrast, when comparing the



MoCA with the OCS, the sensitivity of the MoCA is



78.2 %.2



However, pass/fail rates per se carry little information



about the nature of the impairment in a given patient.



Instead, for a comparison of a domain general with a



domain-specific screen, it is of more interest to determine



which cognitive domains are failed in the OCS, despite



being ‘passed’ in the MoCA, and vice versa. Of the 47



patients who passed the MoCA, 27.7 % (N = 13) demon-



strated an impairment on just one task in the OCS and



51.1 % (N = 24) failed more than one subtask (10 were



impaired in two subtasks, 10 in 3, and 4 in 4 or more).



Table 4 demonstrates which OCS subtests were failed



despite the patient passing on the MoCA. Of note is that



these patients had deficits in abilities not evaluated on the



MoCA, with 50 % showing spatial neglect, as well as large



proportions demonstrating difficulties with reading, writing



and executive tasks (see Table 4).



Of the 18 patients who failed the MoCA, but had no



impairments on OCS, 66.7 % (N = 12) scored in a range



between 23 and 25 on the MoCA and thus were close to the



‘pass’ level and would be considered to have a mild deficit.



The OCS provides a cognitive profile. Within this pro-



file, the co-occurrence of impairments is common [26],



though domains also dissociate. In our sample, 85 % of the



patients were impaired on at least one cognitive domain in



the OCS; 25 % were affected in only one sub-domain,



24 % in two, 14 % in three, 14 % in four, and 8 % in five



sub-domains.



To further investigate associations of performance



across all subtasks in a consistent manner, all outcomes



Table 3 Incidence of



impairments in a consecutive



sample of acute stroke patients,



for the overall sample, and for



left hemisphere damage (LHD)



and right hemisphere damage



(RHD) separately



Screen Domain Measure Overall (%) LHD (%) RHD (%) Fisher’s exact



OCS Language Picture naming 29.7 36.0 26.0 0.18



Semantics 7.1 9.1 7.3 0.78



Sentence reading 26.0 38.4 17.7 \0.01**



Memory Orientation 16.2 18.2 15.4 0.68



Recall and recog 26.4 40.8 13.4 \0.01**



Number Number writing 31.1 42.5 22.9 \0.01**



Calculation 14.2 22.4 6.2 \0.01**



Perception Visual field 15.9 13.3 19.6 0.31



Spatial attention Spatial neglect 39.8 30.0 47.8 0.024*



Object neglect 23.2 18.6 31.1 0.15



Praxis Imitation 27.6 29.0 25.8 0.73



Controlled attention Executive task 48.9 47.2 51.6 0.86



MoCA Overall score Cut-off = 26 76.26 77.92 73.20 0.49



\20 38.89 44.16 30.93 0.08



\15 25.17 41.67 12.67 \0.001**



In bold: areas in OCS not unambiguously assessed in MoCA



Fisher’s exact tests comparing frequencies of impaired vs not impaired in LHD and RHD groups



* Significant at 0.05 two-tailed criterion



** Significant 0.01 two-tailed criterion



2 We note that a ‘standard of truth’ does not exist for assessments of



cognition. Here, we simply assess the sensitivity of the OCS relative



to a current gold standard of clinical practice, the MOCA.
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were transformed to a categorical outcome (pass or fail



depending on the task-specific cut-off values). Table 5



presents Cramer’s V (phi) values denoting the strength of



association between each pairing of subtasks based on the



categorical data. High strengths of association were noted



between the language, number, praxis and memory



domains. In addition, an association was found between the



controlled and spatial attention tasks, which did not asso-



ciate strongly with the other three domains.



Confounds



Aside from the inclusion of severely aphasia patients,



milder language impairments commonly found after left



hemisphere stroke (e.g. anomia, language apraxia, and



reading and writing impairments) may impact on a par-



ticipant’s performance on a generalized cognitive screen



such as the MoCA. Indeed, as we have noted, patients with



left hemisphere damage scored lower on the MoCA (even



with globally aphasic patients excluded; see Table 3)



which may reflect these other language impairments.



To consider a group of moderate language impairment



patients, we took patients who failed3 both language tasks



on the MoCA (sentence repetition and fluency, N = 60)



and at least one of the two language tasks in OCS (picture



naming and sentence reading) (N = 43/60). The OCS cri-



terion was added because failing the two MoCA language



tasks may arguably be due to non-linguistic impairments



(e.g. sentence repetition requires working memory [27];



fluency tasks demand working memory too along with



cognitive inhibition to refrain from repeating words [28,



29].4



The performance of this group of moderate language



impaired patients (N = 43) in the non-language domains is



given in Table 6. With the exception of the visual fields



test, all patients with a moderate language impairment



(operationally defined), performed worse than those



patients who had perfect scores on all language tasks in the



OCS and MoCA (all Fisher’s exact comparisons p\ 0.01).



This may either reflect a generalized cognitive impairment



profile in this group, or a language contribution aspect in



the understanding of the non-language tasks in both the



OCS and MoCA.



However, the purpose of this subgroup analysis was to



compare the performance on similar measures within OCS



and MoCA for patients with a language impairment, to



establish whether the OCS is less confounded by language



demands (as it was designed to be). For example, the ori-



entation task is arguably similar in content in both the OCS



and MoCA; however, the OCS allows multiple choice



pointing responses to reduce the language demands. In the



mild aphasic patients, this led to higher pass rates for the



OCS orientation test compared to the equivalent subtest in



the MoCA (42 vs 65 % impaired, one-tailed Fisher’s exact



probability, p 0.026). Comparisons of the OCS trail making



test (which uses non-verbal shapes) with the MoCA



equivalent (which uses letters and numbers) again reveal a



significantly better performance in the OCS (51 vs 78 %



impaired, one-tailed Fisher’s exact p = 0.038). To



demonstrate that these differences reflect the added lan-



guage requirements rather than the overall difficulty of the



tests, we reviewed the patients in the sample who scored



perfectly on all the language domain subtests (MoCA and



OCS —N = 47). Here, no differences in performance on



the two comparable orientation tasks were found (2 %



impaired in both OCS and MoCA), nor were any difference



in impairment rates on the OCS vs MoCA trail making



subtests noted (Fisher’s exact p = 0.22). Other tasks, such



as the verbal memory and calculation tasks also have



equivalents in MoCA, but these have significantly higher



pass rates for both the subgroup of patients with and



without language impairments (multiple choice calculation



in OCS vs serial subtraction of 7 s in MoCA, Fisher’s exact



p\ 0.01 in both groups and verbal memory free recall in



MoCA vs MCQ recognition in OCS, Fisher’s exact



p\ 0.01 in both groups). This simply demonstrates that



Table 4 OCS task impairment incidences of patients with



MoCA[ 25 (N = 36)



Domain Task N % impaired



Language Picture naming 1 2.78



Semantics 0 0.00



Sentence
reading



6 16.67



Memory Orientation 1 2.78



Recall and recog 1 2.78



Number Number writing 6 16.67



Calculation 1 2.78



Perception Visual field 5 13.89



Spatial attention Spatial neglect 18 50.00



Object neglect 10 27.78



Praxis Imitation 6 16.67



Controlled
attention



Executive task 12 33.33



Tasks and domains in bold denote areas of cognitive impairments hat



are not assessed in MoCA



3 Although MoCA sentence repetition does not have task-specific cut



offs, we defined failing the task if the participant made errors on at



least one of the two sentence repetitions.



4 Fluency tasks are often used as part of assessment of organisational



strategy within executive functioning (e.g. in DKEFS [29] see also the



Addenbrooke’s Cognitive Examination [30].
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these MoCA subtasks are arguably more demanding out-



side of language demands.



In sum, the performance on equivalent trail making and



orientation tasks indicates that mild language impairments



are more likely to impact on these similar tests in the



MoCA than the OCS, confirming the successful attempt by



the OCS to maximise the inclusion of patients with lan-



guage impairments through reducing language demands on



the cognitive domain subtests not assessing language. The



results also further highlight the confounding effects of



language impairments on the MoCA tasks and its return of



a single overall score.



We conclude that failures on the putative non-language



tests in the MoCA can reflect impaired language rather than



a true deficit in these other domains.



In addition to the confounding effects of language, test



performance can also be modulated by the presence of



unilateral neglect. Consider the trails test. The MoCA let-



ter/number alternating trails task is positioned in the top



left corner of the page—a location that may be prone to left



neglect (neglect being more likely in right than left hemi-



sphere patients; e.g. [11]). In contrast, the OCS trail mak-



ing task has baseline and switching tests using centrally



positioned shapes (triangles and circles). In OCS, perfor-



mance in the baseline is subtracted from that in the switch



condition to reduce contamination from neglect and motor



slowing. 180 patients completed both of these trails tasks.



To have a range of scores for comparison, the MoCA test



was re-scored by giving a point per correct connection



(range 0–7, rather than the simple pass–fail as used clini-



cally). 51 patients failed the MoCA trails and passed the



OCS trails. Of those, 73 % failed to make a mark towards



the most left elements on the MoCA trail, and 61 %



demonstrated neglect on the OCS Broken Hearts test,



suggesting at least partial contamination on the MoCA



trails by visual neglect.



Discussion



We compared the use of the OCS and the MoCA as neu-



ropsychological screening tools for acute stroke patients.



The data showed that, overall, the OCS had higher sensi-



tivity than the MoCA in detecting cognitive impairments



(88 vs 78 %). The OCS also detected significant numbers



of patients with deficits in neglect, apraxia, reading, writing



and number processing that went undetected using the



MoCA. Previous work has shown that these cognitive



impairments (e.g. in neglect or apraxia) are important



predictors of outcome after stroke, highlighting the



Table 6 Patients with language



impairments: performance on



non-language domains



Moderate lang impairment group No language impairment group



N (pass) % N (pass) %



Total 43 47



OCS subtasks



OCS comprehension 34 79.1 47 100.00



OCS orientation 25 58.1 46 97.87



OCS vis field 32 74.4 40 85.11



OCS number write 15 34.9 42 89.36



OCS calculation 28 65.1 47 100.00



OCS hearts 13 30.2 28 59.57



OCS praxis 21 48.8 38 80.85



OCS VerbalMemory 18 41.9 44 93.62



OCS TaskSwitching 21 48.8 39 82.98



MoCA



Overall score ([26 cut-off) 0 0.0 20 42.55



Overall score ([20 cut-off) 5 11.6 43 91.49



MoCA orientation (min 5/6) 15 34.9 46 97.87



MoCA trails 12 27.9 33 70.21



MoCA word memory (min 4/5) 1 2.3 20 42.55



MoCA serial 7 subtraction 5 11.6 37 78.72



Moderate language impairment group assigned if failing the MoCA language subsection (sentence repe-



tition and fluency) as well as at least one of the OCS language tasks (sentence reading and picture naming)



No language impairment group assigned if passing all language tasks in MoCA and OCS
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importance of being able to detect the presence of these



deficits early [12, 26, 30]. These stroke-specific deficits can



be screened efficiently and briefly using the OCS, even in



acute stroke settings.



In addition to this, many patients who were excluded



from the vast majority of tests on the MoCA due to poor



spoken output could return scores on the sub-domains of



the OCS, and in some instances the patients did not present



with deficits under the aphasia-friendly test conditions (e.g.



when measuring memory or executive functions). This



means that the OCS can return a higher inclusion rate on



the testing of acute stroke patients and the OCS can also



highlight areas of strength in a patient, which would not



otherwise be measured (e.g. when a patient has spared



memory despite a language problem). As well as being less



confounded by severe aphasia, our analysis also indicates



that putatively non-language tests on the MoCA (e.g. the



orientation and executive function trails tests) were more



likely to be disrupted by milder language impairments than



the equivalent assessments on the OCS. Again, the design



properties of the OCS (forced-choice testing, using non-



linguistic material) helped to reduce the confounding



effects of language impairment.



In addition to the confounding effects of language, test



performance after stroke can also be modulated by unilat-



eral neglect (which was present in 40 % of our sample).



Our analysis of the trails test in the MOCA indicated that a



substantial proportion of patients failed this due to left



neglect while being able to pass the equivalent test in the



OCS. We attribute this to the OCS using a central array of



stimuli (rather than placing stimuli on the left side of



space) and emphasizing the contrast between switch and



baseline conditions, which can subtract out effects of



neglect.



One final crucial contrast between the two cognitive



screening tools is that the MoCA is typically used to pro-



vide a pass or fail classification. In contrast to this, the OCS



has a domain-specific reporting system with a visual



reporting procedure that facilitates easy interpretation of



impairments at the domain level. Given that the domain-



level deficits in stroke patients are targeted by distinct



therapies, (e.g. speech therapy for language impairments,



occupational therapy for problems such as apraxia and



neglect), domain-level reporting is likely to be important



for rapid referral into the appropriate rehabilitation stream.



In addition, the domain-specific assessment meets the



guidelines for stroke screening as proposed by the UK



National Institute for Clinical Excellence (NICE) [31].



Practical issues



Our study has demonstrated that the OCS performs well



against the MOCA, providing a better coverage of



cognitive problems frequently encountered in stroke sur-



vivors, having increased sensitivity and reduced contami-



nation by aphasia and neglect. To assess the practical



application of the OCS, we surveyed 38 clinical profes-



sionals regularly using the OCS in NHS settings. We found



that all experienced users completed the test within 25 min.



Practitioners typically trained by reading the manual and



practicing the test on a colleague and 55 % also watched



the 15 min online demonstration video (http://www.ocs-



test.org). Unlike the MOCA, the OCS does use several



pages for the stimuli and test instructions, which help to



clarify the tests for administrators and patients and which



enable the OCS to de-confound effects of neglect. All



surveyed users reported that the OCS was practical to use.



Conclusion



In conclusion, the results indicate the OCS is a practical



and sensitive tool for detecting and reporting important



domain-specific cognitive problems after stroke. It max-



imises inclusion by being designed to reduce effects of



aphasia and neglect. In these aspects, the OCS goes beyond



measures derived from short dementia screens.
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