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Validity of the Barrow Neurological Institute (BNI) Screen
for Higher Cerebral Functions in Stroke Patients with
Good Functional Outcome

Hileen Boosman1, Johanna M. A. Visser-Meily1, Marcel W. M.
Post1, Annelien Duits2, and Caroline M. van Heugten2,3
1Rudolf Magnus Institute of Neuroscience and Center of Excellence for Rehabilitation
Medicine, University Medical Center Utrecht and De Hoogstraat Rehabilitation, Utrecht, The
Netherlands
2Maastricht University Medical Center (MUMC), Department of Psychiatry and Psychology,
School for Mental Health and Neuroscience, Maastricht, The Netherlands
3Maastricht University, Department of Neuropsychology and Psychopharmacology, Maastricht,
The Netherlands

Cognitive impairments are often under diagnosed in stroke patients with good functional
outcome. There is a need for a cognitive screening instrument that is sufficiently sensitive to
cognitive impairments in these stroke patients. For this goal, we tested the feasibility and
validity of the Barrow Neurological Institute Screen for Higher Cerebral Functions (BNIS).
Stroke patients with good functional outcome (Barthel Index 19/20) within 1 year poststroke
were administered the BNIS and a brief neuropsychological assessment (NPA) including tests
for perception, language, memory, attention, reasoning, and executive functioning. We
compared the BNIS with the NPA to investigate its feasibility, internal consistency, floor and
ceiling effects, concurrent validity, sensitivity and specificity. Fifty-four stroke patients were
included. It took significantly less time to administer the BNIS (median = 16 minutes) than the
NPA (median = 32.7 minutes). The BNIS showed good internal consistency (alpha = .82) and
no floor or ceiling effects. The recommended cutoff values yielded good sensitivity and low to
good specificity, depending on age. Except for perception (Spearman correlation .33), BNIS
domain scores were significantly (0.44–0.55) associated with matching neuropsychological
tests. This study provides promising results for the BNIS as a measure to detect cognitive
impairments in stroke patients with good functional outcome.

Keywords: Stroke; Cognition disorders; Neuropsychological tests; Validity.

INTRODUCTION

Stroke patients with good functional outcome—those who show no immediate
significant motor, sensory, or linguistic symptoms—are often discharged home within
days and are usually not referred to a rehabilitation program (Planton et al., 2012).
Although there might be moments of poststroke monitoring, these patients are
presumed to continue their social, family, and professional life as it was before their
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stroke (Planton et al., 2012). Although it was long thought that these patients have no
cognitive impairments, recent studies have suggested otherwise (Carlsson, Möller, &
Blomstrand, 2003; Planton et al., 2012; Schweizer, Al-Khindi, & Macdonald, 2012).

A recent study reported that ischemic stroke patients with good recovery (i.e., no
sensorymotor, language, or neglect deficit) showed impairments in executive function-
ing, attention, and memory (Planton et al., 2012). Another study reported that 42% of
aneurysmal subarachnoid hemorrhage (aSAH) patients, who had good outcome on the
Glasgow Outcome Scale, showed cognitive impairments over 2 years after aSAH
(Schweizer et al., 2012). These studies indicate the need of standard assessment of
cognitive functioning even in stroke patients with good functional outcome to trace
cognitive impairments timely. Comprehensive neuropsychological assessment (NPA) is
the most sensitive method to assess cognitive functioning but can take hours to
complete (Hachinski et al., 2006). Screening procedures would be helpful to assess all
stroke patients, but these need to be sufficiently sensitive to trace the often subtle
impairments in, for example, memory, executive functioning, or reasoning.

A well known screening instrument is the Mini-Mental State Examination
(MMSE; Folstein, Folstein, & McHugh, 1975). The MMSE was developed for patients
with dementia, but is commonly used to screen for cognitive impairments in patients
with stroke. However, the MMSE has a predominance of language and memory items
(Aggarwal & Kean, 2010) and appears insensitive to right hemisphere lesions (Dick
et al., 1994; Grace et al., 1995), minor cognitive impairments (Toglia, Fitzgerald,
O’Dell, Mastrogiovanni, & Lin, 2011; Schweizer et al., 2012), and subcortical
cognitive functions (de Koning, van Kooten, & Koudstaal, 1998). The MMSE also
proved to be insensitive to impairments in abstract reasoning, executive functions, and
visual perception and construction (Nys et al., 2005a).

A more recently developed cognitive screening instrument that was developed
to overcome the shortcomings of the MMSE, is the Montreal Cognitive Assessment
(MoCA; Nasreddine et al., 2005). A previous study reported that more than half of
patients with stroke or transient ischemic attack with an adequate MMSE score
showed impaired performance on the MoCA (Pendlebury, Cuthbertson, Welch,
Mehta, & Rothwell, 2010). Recent studies have, however, also indicated that the
MoCA is not superior to the MMSE regarding the prediction of a 3-month func-
tional outcome after aSAH (Wong et al., 2012), and that the MoCA is relatively
insensitive to nonmemory domain impairments (Pendlebury, Mariz, Bull, Mehta, &
Rothwell, 2012). Furthermore, the MoCA includes only few items for each cognitive
domain and may therefore not fully capture the subtle cognitive consequences of
stroke patients with good functional outcome. We therefore considered the Barrow
Neurological Institute Screen for Higher Cerebral Functions (BNIS; Prigatano, 1991;
Prigatano, Amin, & Rosenstein, 1995), a more comprehensive cognitive screening
instrument. The BNIS was originally developed for patients with brain injury. The
BNIS is unique in its measurement of the patient’s awareness of basic memory func-
tions, and evaluation of affect expression and perception. Compared to the MoCA,
the BNIS covers more items within each cognitive domain which increases the
chance of finding a cognitive impairment when present. For example, within the per-
ception domain the BNIS quickly assesses a multitude of items (object and pattern
recognition, constructional praxis, scanning, sequencing, copying), whereas the
MoCA only includes clock drawing and cube copying.
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Previous studies have reported good psychometric properties for the BNIS in
patients with brain injury. The BNIS has adequate sensitivity (83–96%) and specificity
(46–87%) for detecting cognitive impairments (Denvall, Elmståhl, & Prigatano, 2002;
Hofgren, Esbjörnsson, Aniansson, & Sunnerhagen, 2007; Prigatano, 1991; Prigatano,
Amin, & Rosenstein, 1992, Prigatano et al., 1995). In addition, previous studies
reported significant associations between the BNIS and various neuropsychological
measures, supporting its concurrent validity (Prigatano & Palencia, 2000; Prigatano,
2004; see also Lai & Prigatano, 2004). A next step would be to examine the use of
the BNIS in stroke patients with good functional outcome. Therefore, the objective of
the current study was to assess the feasibility and validity of the BNIS in stroke
patients with good functional outcome.

METHOD

Participants and procedure

Data were used from patients who visited the outpatient clinics of the University
Medical Center Utrecht (UMCU) and the Maastricht University Medical Center

Table 1. Characteristics of the stroke sample

Gender, female 35.2%
Mean age in years (SD)a 53.8 (12.3)
Age range 19–77

High educationb 33.3%
Living with partner 83.3%
Current employment status
Student 1.9%
Fulltime/Parttime 33.4%
Housemaker 3.7%
Sick leave 33.4%
Retired 24.1%
Unknown 3.7%

Handedness
Left 11.1%
Right 88.9%

Type of stroke and location
Ischemic 46.3%
Left hemisphere 44.0%
Right hemisphere 44.0%
Left and right hemisphere 8.0%
Unknown location 4.0%

Hemorrhagic 11.1%
Left hemisphere 50.0%
Right hemisphere 33.3%
Left and right hemisphere 16.7%

Subarachnoid hemorrhage 42.6%
Anterior circulation aneurysm 47.8%
Posterior circulation aneurysm 30.4%
Nonaneurysmal 21.7%

Mean time poststroke in weeks (SD)a,c 15.0 (12.8)

aSD = standard deviation.
bHigh education P finished high school; Low education < finished high school.
cN = 52.

COGNITIVE SCREENING AFTER STROKE 669



(MUMC), or the inpatient clinic of De Hoogstraat Rehabilitation, Utrecht, The Nether-
lands, between August 2009 and May 2011. Stroke patients were included who had
suffered from stroke recently (<12 months), who had sufficient command of the Dutch
language, and who had good functional outcome in terms of a Barthel Index (Wade &
Collin, 1988) score P19 points.

A total of 54 patients were included in this study. Of this group, 46.3% (n = 25)
of patients had an ischemic stroke, 11.1% (n = 6) a hemorrhagic stroke, and 42.6%
(n = 23) a subarachnoid hemorrhage. The mean time between diagnosis and assess-
ment was 15.0 weeks (SD = 12.8). Table 1 presents the sample characteristics. All
patients completed the BNIS and the brief NPA in the same session with half of all
patients starting with the NPA and the other half starting with the BNIS. The time
needed to administer the NPA and the BNIS was recorded. The study was conducted
according to the Code of Conduct for Medical Research of the Council of the Dutch
Federation of Medical Scientific Societies. At these clinics, all patients are informed
that their files can be used anonymously for research purposes, unless they object. A
review procedure by a medical ethics committee is not needed for use of anonymous
routinely collected data.

Materials

Barthel Index. The Barthel Index contains 10 items about basic self-care and
mobility (e.g., washing, transfers). Its total score has a 0–20 range (Wade & Collin
1988). In accordance with other studies, we used P19 points as a cutoff value for physi-
cal independence (Hankey & Langhorne, 2006; Schiemanck, Kwakkel, Post, Kappelle,
& Prevo, 2006).

Barrow Neurological Institute Screen for Higher Cerebral Functions
(BNIS). The BNIS (Prigatano et al., 1995) includes a prescreening of arousal–alertness,
basic language abilities, and cooperation on a 3-point rating scale. The prescreening is
based on observations by the experimenter. For each item a score of at least 2 is required
to administer the BNIS. These three prescreening items contribute to the BNIS total
score. The BNIS further contains 27 items in seven domains: language, orientation,
attention and concentration, visuospatial problem solving, memory, awareness, and
affect. The affect control item is rated by the experimenter based on observations made
during assessment. The awareness versus performance item is based on evaluation by
the patient. The remaining items are based on actual performance by the patient (e.g.,
digit span forward and backward, and digit symbol test). Items are summed to obtain
domain scores and a total BNIS score. The total BNIS score has a 0–50 range. The total
BNIS score has a 0–50 range. Higher scores indicate better functioning. Interpretation of
impaired cognitive performance is based on a cutoff value of <47 for patients �55 years
and <43 for patients >55 years (Prigatano et al., 1995).

The BNIS has been translated and validated into several languages, among
which Swedish (Denvall et al., 2004), German (Momtazi, 2004), Cantonese (Lai &
Prigatano, 2004), and French (Truelle, Marinescu, & Rusina, 2004). The BNIS was
translated into Dutch using a forward–backward translation procedure to ensure
equivalence to the original English BNIS. The linguistic properties of the translated
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items were reviewed by three clinical neuropsychologists of whom two are also
involved in the present study (C. v. H. and A. D.) and are all specialized in cogni-
tive functioning after acquired brain injury. Five items in the language or the mem-
ory domain were adapted to retain the linguistic properties of these items. For
example, for the spelling item, instead of the word “diamond” we used a Dutch
word “doperwten” in which the “w” is not pronounced, just like the “a” is not pro-
nounced in “diamond”. Retaining the intended measurement properties was consid-
ered most important. Other properties (e.g., comparison of difficulty to spell
“diamond” and “doperwten”) were not taken into account.

Neuropsychological assessment (NPA). A brief NPA was used as a gold
standard. The brief NPA consisted of a core battery that was administered to all
patients. Since the cognitive screening was part of standard care additional neuropsy-
chological tests varied depending on, for instance, cognitive complaints reported by
the patient. The core battery consisted of six conventional neuropsychological tests
covering six major cognitive domains: perception, language, memory, attention, rea-
soning, and executive functioning. For the perception domain, the Star Cancellation
Test (SCT; Wilson, Cockburn, & Halligan, 1987) was used. The SCT screens for
unilateral spatial neglect. The patient is presented with a sheet of paper that contains
small stars, large stars, letters, and short words. The patient is required to cancel out
all the small stars. The total number of cancelled stars was noted (score range
0–54). A cutoff value of <51 was used to indicate possible unilateral spatial neglect.
Language performance was assessed with the Boston Naming Test (BNT; Kaplan,
Goodglass, & Weintraub, 1978) short form. The BNT short form measures object
naming from 15 line drawings. The Rey Auditory Verbal Learning Test (RAVLT;
Rey, 1958) was used to assess the memory domain. The RAVLT is a verbal memory
task that determines immediate recall on five consecutive learning trials (range 0–
75), delayed recall (range 0–15), and delayed recognition (range 0–30). For this
study, we used only one test score for each cognitive domain and therefore we only
included the test score for immediate recall. We chose immediate recall because the
majority of BNIS memory items (4 out of 7) focus on immediate recall. For the
attention domain the Trail Making Test Part A (TMT-A; Reitan, 1956) was used.
The TMT-A is a reaction time measure of psychomotor speed. The patient is
required to connect numbers in consecutive order (1, 2, 3, etc.). Abstract reasoning
was determined with Raven’s Advanced Progressive Matrices (RAPM; Raven, 1994)
(short form). The patient is presented with 12 different patterns, each with a missing
component. The patient is asked to select the missing component from eight alterna-
tives. The RAPM was added to the NPA because impaired abstract reasoning early
after stroke is a predictor of long-term cognitive impairment (Nys et al., 2005b). For
the executive domain, the Stroop Color and Word Test (Stroop, 1935) was used. The
Stroop is a measure of speed of information processing and response inhibition.
The Stroop test consists of three parts: (1) reading color words printed in black ink;
(2) naming colors; and (3) reading color words printed in incongruent colors. For
the current study the variable of interest was the Stroop interference score. The
neuropsychological tests are described in more detail elsewhere (Lezak, Howieson, &
Loring, 2004). Dutch norms were used when available. Scores below the 5th percen-
tile or within the first decile were considered impaired. Performance on the total
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NPA was considered impaired when there was impaired performance on at least one
neuropsychological test.

Statistical analysis

Nonparametric statistics (Mann–Whitney U-test, Spearman correlation,
Kruskall–Wallis test) were used to examine associations between age, gender,
education, and type of stroke, and the BNIS total score. Feasibility of the BNIS was
investigated by comparing the time needed for assessment of the BNIS with the
NPA. We hypothesized that younger patients would need less time to complete the
BNIS and would obtain higher BNIS scores than older patients. Internal consistency
of the BNIS total score was assessed with Cronbach’s alpha for which a coefficient
of at least .70 is required (Terwee et al., 2006). Floor and ceiling effects were consid-
ered present if more than 15% of patients obtained the lowest or highest possible
score (Terwee et al., 2006).

Concurrent validity was assessed by examining the degree to which BNIS
domain scores were related to scores on matching neuropsychological tests. Spearman
correlation coefficients between .30 and .49 were considered as moderate and correla-
tions P.50 strong as strong (Cohen, 1988). We expected strong correlations between
the BNIS domains and matching neuropsychological tests.

The BNIS was compared to the gold standard, the brief NPA, to investigate its use-
fulness as a screen for cognitive impairment. For the two age groups, cross-tabulation
was used to investigate sensitivity, specificity, false positives, false negatives and hit
rate (true positives + true negatives) of various cutoff values. The 95% confidence
intervals (CI) for sensitivity and specificity were calculated using the Wilson method
(Physiotherapy evidence database, 2012). A cognitive screening instrument should have
good sensitivity (>80%) and acceptable specificity (>60%) (Blake, McKinney, Treece,
Lee, & Lincoln, 2002). Data were analyzed using SPSS version 18.0.

RESULTS

Performance on the BNIS

All patients passed the BNIS prescreening. Scores on the BNIS and the NPA
are displayed in Table 2. The median BNIS total score was 43.0 on a 0–50 scale
(interquartile range 38.0–46.3). Using the recommended BNIS cutoff values, 35
patients (64.8%) were classified as cognitively impaired. A higher BNIS total
score was significantly associated with higher education (Median 45 vs. 40;
U = 133.5, p = .000) and lower age (r = –.319, p = .019). The BNIS total score
was not significantly associated with gender (U = 313.5, p = .730) or type of stroke
(χ2 = .558, p = .757).

Feasibility, internal consistency and floor and ceiling eects of the
BNIS

For 33 patients the time to administer the NPA and the BNIS was recorded. It
took significantly less time to administer the BNIS (median = 16.0 minutes) than the

672 HILEEN BOOSMAN ET AL.



T
ab

le
2.

D
es
cr
ip
tiv

e
st
at
is
tic
s
of

th
e
B
ar
ro
w

N
eu
ro
lo
gi
ca
l
In
st
itu

te
S
cr
ee
n
(B
N
IS
)
fo
r
H
ig
he
r
C
er
eb
ra
l
F
un
ct
io
ns

an
d
ne
ur
op
sy
ch
ol
og
ic
al

te
st
s
in

st
ro
ke

pa
tie
nt
s
w
ith

go
od

fu
nc
tio

na
l
ou

tc
om

e

R
aw

sc
or
e

%
Im

pa
ir
ed

(n
)b

M
ea
su
re
s

S
co
re

ra
ng

e
M
in
–M

ax
M
ed
ia
n
IQ

R
a

B
N
IS

do
m
ai
n

L
an
gu
ag
e

F
lu
en
cy
,
pa
ra
ph
as
ia
,
dy
sa
rt
hr
ia
,
co
m
pr
eh
en
si
on
,
na
m
in
g,

re
pe
tit
io
n,

re
ad
in
g,

w
ri
tin

g,
sp
el
lin

g,
ar
ith

m
et
ic

(a
le
xi
a,

dy
sc
al
cu
lia
)

0–
15

8–
15

14
.0

2.
0

–

A
tte
nt
io
n

A
ri
th
m
et
ic

(m
em

or
y,

co
nc
en
tr
at
io
n)
,
di
gi
ts
(f
or
w
ar
d,

ba
ck
w
ar
d)

0–
3

0–
3

2.
0

2.
0

–
P
er
ce
pt
io
n

V
is
ua
l
ob
je
ct

re
co
gn
iti
on
,
co
ns
tr
uc
tio

na
l
pr
ax
is
,
vi
su
al

sc
an
ni
ng
,
vi
su
al

se
qu

en
ci
ng
,
pa
tte
rn

co
py

in
g,

pa
tte
rn

re
co
gn
iti
on

0–
8

3–
8

7.
0

1.
0

–

M
em

or
y

nu
m
be
r–
sy
m
bo
l,
de
la
ye
d
re
ca
ll

0–
7

0–
7

4.
5

3.
0

–
A
ff
ec
t

E
xp
re
ss
io
n,

pe
rc
ep
tio

n,
co
nt
ro
l,
sp
on
ta
ne
ou
s

0–
4

0–
4

4.
0

1.
0

–
A
w
ar
en
es
s

A
w
ar
en
es
s
ve
rs
us

pe
rf
or
m
an
ce

0–
1

0–
1

0.
5

1.
0

–
O
ri
en
ta
tio

n
R
ig
ht
–l
ef
t,
to

pl
ac
e,

to
da
te

0–
3

1–
3

3.
0

0.
3

–
B
N
IS

to
ta
l
sc
or
e

0–
50

c
28
–5

0
43

.0
8.
3

64
.8
%

(3
5)

C
og

ni
tiv
e
te
st
:

B
os
to
n
N
am

in
g
Te
st

E
xp

re
ss
iv
e
la
ng
ua
ge
,
ob

je
ct

re
co
gn
iti
on

0–
90

26
–9

0
82

.0
13

.3
16

.7
%

(9
)

T
ra
il
M
ak
in
g
Te
st
P
ar
t
A
d

S
el
ec
tiv

e
at
te
nt
io
n

R
T
a

20
–2

51
37

.5
22

.5
14

.8
%

(8
)

S
ta
r
C
an
ce
lla
tio

n
Te
st

V
is
ua
l
in
at
te
nt
io
n

0–
54

45
–5

4
54

.0
1.
0

7.
4%

(4
)

R
ey

A
ud

ito
ry

V
er
ba
l

L
ea
rn
in
g
Te
st

V
er
ba
l
m
em

or
y
(i
m
m
ed
ia
te

re
ca
ll)

0–
75

17
–7

0
38

.0
13

.8
29

.6
%

(1
6)

R
av
en

A
dv
an
ce
d
P
ro
gr
es
si
ve

M
at
ri
ce
s

A
bs
tr
ac
t
re
as
on
in
g

0–
12

1–
11

8.
0

3.
3

9.
3%

(5
)

S
tr
oo

p
C
ol
or

an
d
W
or
d
Te
st
d
,e

R
es
po

ns
e
in
hi
bi
tio

n
R
T
a

13
–1
82

.5
45

.5
24

.8
3.
8%

(2
)

a I
Q
R
=
In
te
rq
ua
rt
ile

ra
ng
e;

R
T
=
R
ea
ct
io
n
T
im

e.
b
Im

pa
ir
ed

pe
rf
or
m
an
ce
:
<
B
N
I
cu
to
ff
va
lu
e;

�5
th
pe
rc
en
til
e;

1s
t
de
ci
le
;
S
ta
r
C
an
ce
lla
tio

n
Te
st
cu
to
ff
va
lu
e
<
51
.

c T
he

pr
es
cr
ee
ni
ng

ha
s
a
0–
9
ra
ng
e.

d
H
ig
he
r
sc
or
e
re
fl
ec
ts
w
or
se

pe
rf
or
m
an
ce
.

e O
ne

pa
tie
nt

di
d
no
t
co
m
pl
et
e
th
is
te
st
du
e
to

re
ad
in
g
pr
ob
le
m
s.

COGNITIVE SCREENING AFTER STROKE 673



NPA (median = 32.7 minutes; z = –4.83, p < .01). Internal consistency of the total
BNIS total score was good (α = .82). No floor or ceiling effects were observed for the
total BNIS score. None of the patients obtained the lowest possible score and 3.7%
(n = 2) obtained the highest possible score.

Concurrent validity of the BNIS

The BNIS total score was significantly associated with all neuropsychological
tests (Table 3); strongly with the Rey Auditory Verbal Learning Test and the Raven
Advanced Progressive Matrices, and moderately with the Boston Naming Test, the
Trail Making Test Part A, and the Stroop Color and Word Test. Table 3 shows that the
BNIS language domain was strongly associated with the Boston Naming Test short
form. The BNIS attention domain was moderately associated with the Trail Making
Test Part A, the Raven Advanced Progressive Matrices short form, and the Stroop
Color and Word Test. The BNIS perception domain was strongly associated with the
Raven Advanced Progressive Matrices short form and moderately associated with the
Boston Naming Test short form, the Trail Making Test Part A, the Rey Auditory Ver-
bal Learning Test, and the Stroop Color and Word Test. No significant associations
were found between the BNIS affect domain and the seven neuropsychological tests.
For the BNIS orientation domain a strong association was found with the Rey
Auditory Verbal Learning Test and a moderate association with the Raven Advanced
Progressive Matrices and the Trail Making Test Part A.

Table 3. Spearman correlations between the Barrow Neurological Institute Screen (BNIS) for Higher
Cerebral Functions domain scores and raw neuropsychological test scores

BNIS domaina

Language Attention Perception Memory Affect Orientation Total

Boston Naming Test 0.538
(0.000)⁄

0.325
(0.016)

0.382
(0.004)⁄

0.379
(0.005)⁄

0.181
(0.191)

0.310
(0.023)

0.489
(0.000)⁄

Trail Making Test – Part Ab –0.227
(0.099)

–0.435
(0.001)⁄

–0.381
(0.004)⁄

–0.318
(0.019)

–0.307
(0.024)

–0.382
(0.004)⁄

–0.498
(0.000)⁄

Star Cancellation Testc 0.224
(0.103)

0.271
(0.047)

0.326
(0.016)

0.260
(0.057)

0.185
(0.181)

0.262
(0.056)

0.346
(0.010)

Rey Auditory Verbal Learning Test 0.165
(0.233)

0.190
(0.168)

0.418
(0.002)⁄

0.548
(0.000)⁄

0.094
(0.501)

0.543
(0.000)⁄

0.516
(0.000)⁄

Raven Advanced Progressive Matrices 0.290
(0.033)

0.482
(0.000)⁄

0.519
(0.000)⁄

0.407
(0.002)⁄

0.237
(0.084)

0.384
(0.004)⁄

0.561
(0.000)⁄

Stroop Color and Word Testb,d,e –0.173
(0.215)

–0.398
(0.003)⁄

–0.437
(0.001)⁄

–0.381
(0.005)⁄

–0.181
(0.195)

–0.312
(0.023)

–0.464
(0.000)⁄

aNo correlations were calculated for the awareness domain since this domain consists of only one item.
bHigher score reflects worse performance.
cThe total number of cancelled stars.
dOne patient did not complete this test due to reading problems.
eInterference score (card 3 – ((card 1 + card 2)/2)).
⁄p � .008.

674 HILEEN BOOSMAN ET AL.



T
ab

le
4.

S
en
si
tiv

ity
an
d
sp
ec
ifi
ci
ty

of
th
e
B
ar
ro
w

N
eu
ro
lo
gi
ca
l
In
st
itu

te
S
cr
ee
n

(B
N
IS
)
fo
r
H
ig
he
r
C
er
eb
ra
l
F
un
ct
io
ns

w
ith

va
ri
ou
s
cu
to
ff
va
lu
es

C
ut
of
f

va
lu
e

P
at
ie
nt
s
�

55
ye
ar
s
(n

=
28

)a
P
at
ie
nt
s
>
55

ye
ar
s
(n

=
26

)a

S
en
si
tiv

ity
(9
5%

C
I)
b

S
pe
ci
fi
ci
ty

(9
5%

C
I)
b

F
al
se

po
si
tiv

e
F
al
se

ne
ga
tiv

e
H
it

ra
te

S
en
si
tiv

ity
(9
5%

C
I)
b

S
pe
ci
fi
ci
ty

(9
5%

C
I)
b

F
al
se

po
si
tiv

e
F
al
se

ne
ga
tiv

e
H
it

ra
te

<
40

30
.0

(1
0.
8–
60

.3
)

94
.4

(7
4.
2–
99

.0
)

3.
6

25
.0

71
.4

76
.9

(4
9.
7–
91

.8
)

92
.3

(6
6.
7–

98
.6
)

3.
8

11
.5

84
.6

<
41

30
.0

(1
0.
8–
60

.3
)

88
.9

(6
7.
2–
96

.9
)

7.
1

25
.0

67
.9

92
.3

(6
6.
7–
98

.6
)

84
.6

(5
7.
7–

95
.7
)

7.
7

3.
8

88
.5

<
42

40
.0

(1
6.
8–
68

.7
)

88
.9

(6
7.
2–
96

.9
)

7.
1

21
.4

71
.4

92
.3

(6
6.
7–
98

.6
)

69
.2

(4
2.
4–

87
.3
)

15
.4

3.
8

80
.8

<
43

50
.0

(2
3.
6–
76

.3
)

83
.3

(6
0.
8–
94

.2
)

10
.7

17
.9

71
.4

92
.3

(6
6.
7–
98

.6
)

61
.5

(3
5.
5–

82
.2
)

19
.2

3.
8

76
.9

<
44

50
.0

(2
3.
7–
76

.3
)

61
.1

(3
8.
6–
79

.7
)

25
.0

17
.9

57
.1

92
.3

(6
6.
7–
98

.6
)

61
.5

(3
5.
5–

82
.3
)

19
.2

3.
8

76
.9

<
45

50
.0

(2
3.
7–
76

.3
)

55
.6

(3
3.
7–
75

.4
)

28
.6

17
.9

53
.6

92
.3

(6
6.
7–
98

.6
)

30
.8

(1
2.
7–

57
.6
)

34
.6

3.
8

61
.5

<
46

70
.0

(3
9.
7–
89

.2
)

38
.9

(2
0.
3–
61

.4
)

39
.3

10
.7

50
.0

10
0
(7
7.
2–
10

0)
30

.8
(1
2.
7–

57
.6
)

34
.6

0
65

.4
<
47

80
.0

(4
9.
0–
94

.3
)

38
.9

(2
0.
3–
61

.4
)

39
.3

7.
1

53
.6

10
0
(7
7.
2–
10

0)
30

.8
(1
2.
7–

57
.6
)

34
.6

0
65

.4
<
48

10
0
(7
2.
2–
10

0)
16

.7
(5
.8
–3
9.
2)

53
.6

0
46

.4
10

0
(7
7.
2–
10

0)
7.
7
(1
.4
–3
3.
3)

46
.2

0
53

.8
<
49

10
0
(7
2.
2–
10

0)
16

.7
(5
.8
–3
9.
2)

53
.6

0
46

.4
10

0
(7
7.
2–
10

0)
0
(0
–2
2.
8)

50
.0

0
50

.0
<
50

10
0
(7
2.
2–
10

0)
11
.1

(3
.1
–3
2.
8)

57
.1

0
42

.9
10

0
(7
7.
2 –
10

0)
0
(0
–2
2.
8)

50
.0

0
50

.0

a A
ll
va
lu
es

ar
e
pe
rc
en
ta
ge
s
un

le
ss

st
at
ed

ot
he
rw

is
e.

b
C
I
=
C
on
fi
de
nc
e
in
te
rv
al
.

COGNITIVE SCREENING AFTER STROKE 675



Sensitivity and specificity of the BNIS

Table 4 presents the sensitivity and specificity of the BNIS using various cutoff
values for the two age groups. For patients �55 years, the recommended cutoff value
is <47. In our sample this yielded a good sensitivity (80%) and a low specificity
(38.9%). There was a false negative for two patients. Both patients were impaired on
the Rey Auditory Verbal Learning Test total immediate recall score and one patient
was also impaired on the Stroop test. No other cutoff value showed a better sensitiv-
ity/specificity balance. For patients >55 years, the recommended cutoff value is <43.
In our sample, this cutoff value yielded high sensitivity (92.3%) whilst maintaining
acceptable specificity (61.5%). The optimum cutoff value for these patients was <41
which yielded high sensitivity (92.3%) and specificity (84.6%). There was a false
negative for one patient who had impaired performance on the Boston Naming Test
(short form).

DISCUSSION

This study investigated the usefulness of the BNIS for cognitive screening in
stroke patients with good functional outcome. Our results showed high internal consis-
tency, no floor or ceiling effects and adequate concurrent validity. The BNIS was less
time consuming than the standard NPA and leads to one score, which is obtained
immediately without the extra paper work of comparing the scores of the patient to the
norms. As such, the BNIS is a feasible and valid instrument for cognitive screening in
stroke patients with good functional outcome.

Stroke patients with good functional outcome are often discharged home within
days after stroke without further rehabilitation services. Therefore, it is essential to
minimize the risk of under diagnosing cognitive impairments. When using the recom-
mended cutoff values, the BNIS has good to excellent sensitivity indicating that the
large majority of patients with a cognitive impairment were identified. The specificity
was, however, lower. For patients over 55 years of age, lowering the cutoff value to
<41 yielded a substantial improvement in specificity while retaining excellent sensitiv-
ity. Previous studies have reported similar percentages for the sensitivity (83–96%),
specificity (46–87%), false positives (22–48%), and false negatives (12–20%) of the
BNIS (Prigatano, 1991; Prigatano et al., 1992; Prigatano et al., 1995; Denvall et al.,
2002; Hofgren et al., 2007). A possible explanation for the lower specificity is that
some of the BNIS items are relatively difficult (Truelle et al., 2004). Another possible
explanation for the low specificity is that, in contrary to most neuropsychological tests,
the BNIS does not yet include a correction for educational level which increases the
risk of classifying low educated patients as cognitively impaired.

In total, only 6% of patients showed impairments on the NPA but were unim-
paired on the BNIS. In contrast, approximately 40% of patients �55 years of age and
19% of patients over 55 years of age, had a false positive score. It is important to note
that in a screening situation, false negatives will not get further attention but false
positives will. Hence, for screening purposes a low percentage of false negatives is
paramount. The higher number of false positives indicates that a low score on the
BNIS needs confirmation by a comprehensive NPA to diagnose cognitive impairment.
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Further studies with larger samples are needed to determine the optimum cutoff value
for the two age groups.

The BNIS total score showed moderate to strong correlations with most neuropsy-
chological tests which indicates that the BNIS is a valid measure of cognition. This is
in accordance with previous studies that also reported significant associations between
the BNIS and various neuropsychological measures (Prigatano, 2004; Prigatano &
Palencia, 2000; see also Lai & Prigatano, 2004). The BNIS does not include the
cognitive domains executive functioning and reasoning while stroke patients frequently
experience impairments within these domains (Nys et al., 2005b; Planton et al., 2012).
However, the BNIS total score was significantly associated with scores on neuropsycho-
logical tests assessing reasoning and executive functioning, which indicates that the
BNIS partly covers aspects of these cognitive domains.

Some limitations of the current study should be noted. We included a small, con-
venience sample of relatively young stroke patients with heterogeneous diagnoses.
Although small, a sample size of at least 50 patients is considered adequate in evaluat-
ing psychometric properties (Terwee et al., 2007). Our heterogeneous sample reflects
daily clinical practice. Future studies with larger samples are needed to confirm our
results and to assess possible differences between types of stroke.

Furthermore, the brief NPA we employed as a gold standard for establishing
cognitive impairments included a core battery that was administered to all patients and
additional neuropsychological tests that varied between patients. Due to this, the Trail
Making Test Part B was available for only a limited number of patients and no
measure of visuoconstructional ability was included.

Finally, the Dutch BNIS was not evaluated in unimpaired individuals for direct
psychometric comparison with the original BNIS and we only compared the BNIS
with the NPA and not with other screening instruments such as the MoCA or MMSE.
Therefore, it remains unclear which screening instrument is the most useful in stroke
patients with good functional outcome. Previous studies that compared the BNIS with
the MMSE reported that the BNIS had better discriminative ability (Hofgren, 2009)
and better accuracy regarding positive and negative predictive value (Truelle et al.,
2004).To our knowledge, the BNIS has not yet been compared to the MoCA or other
cognitive screening instruments. More research with larger samples is needed to
compare the BNIS with other screening instruments and the original BNIS.

In conclusion, this study provides promising results for the BNIS as a measure
to detect possible cognitive impairments in stroke patients with good functional
outcome and to assess whether comprehensive neuropsychological testing is indicated.
In addition, standard use of the BNIS may decrease the risk of under diagnosing
cognitive impairments in those with good functional outcome.
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