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Abstract

Background: Emergency treatment of ischemic stroke
should ideally be mechanism specific, but acute subtype di-
agnosis is problematic. Since different subtypes often are
associated with specific patterns of neurological deficits, we
hypothesize that scores on baseline NIH stroke scale (NIHSS)
items may help emergently stratify patients by their proba-
bility of having a particular stroke subtype. Methods: We
performed multivariate polytomous logistic regression anal-
yses on 1,281 patients enrolled in the Trial of ORG 10172 in
Acute Stroke Treatment (TOAST). We tested the predictive
value of individual items to the baseline NIHSS exam, and
syndromic combinations of those items, in anticipating the
TOAST stroke subtype at 3 months adjusting for atrial fibril-
lation. We then used the most significant NIHSS items to con-
struct a predictive model. Results: The NIHSS items that dis-
criminate between stroke subtypes are language, neglect,
visual field and brachial predominance of weakness. Among
patients without atrial fibrillation, a normal score for these 4
variables conveys a 46% chance of lacunar stroke, 12% of
atherothrombotic stroke and 10% of cardioembolism. This

pattern gradually reverses with increased numbers of abnor-
mal responses. Those with abnormalities in all 4 items have
a 0.1% chance of lacunar stroke, 50% of atherothrombotic
stroke and 39% of cardioembolism. Conclusions: Language,
neglect, visual fields and brachial predominance of weak-
ness in the baseline NIHSS help discriminate between sub-
types, particularly between lacunar and nonlacunar strokes.
Clinical trials testing interventions aimed to particular stroke
mechanisms may use these NIHSS items to emergently strat-
ify patients based on their probability of having a particular

stroke subtype. Copyright © 2008 S. Karger AG, Basel

Background

There is an interest in focusing acute interventions on
the stroke subtypes that are most likely to benefit [1, 2].
Such an approach would require a reliable clinical diag-
nosis of stroke subtype in the emergency department.
Unfortunately, acute subtype diagnosis remains prob-
lematic because the clinical estimate alone is often inac-
curate [3]. The required diagnostic ancillary tests [4] may
be time-consuming or not available on an emergent basis
[5]. As a result, acute stroke trials are struggling to reli-
ably stratify patients by subtype using clinical means [6].
Therefore, a system that applies scores from early clinical
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Table 1. Significant NTHSS variables that differentiate between stroke subtypes in 2 polytomous logistic regres-

sion models adjusted for atrial fibrillation

Including only patients with a defined stroke subtype
(lacunar, atherothrombotic, cardioembolic) (n = 812)

Including all patients in the TOAST database (lacunar, athero-
thrombotic, cardioembolic, ‘other’ and ‘undetermined’) (n = 1,281)

NIHSS variable p value NIHSS variable p value
Best language <0.0001 Best language <0.0001
Brachial predominance of weakness 0.01 Brachial predominance of weakness 0.04
Visual fields 0.02 Visual fields 0.02
Neglect NS Neglect 0.02

The first model was performed only in patients with a defined stroke subtype (lacunar, atherothrombotic
and cardioembolic). The second model was performed in the whole TOAST population (including ‘other’ and

‘undetermined’ strokes).

scales to select patients based on their probability of hav-
ing certain stroke subtypes [7] might permit selection of
subtype-specific acute interventions, particularly since
time is of the essence, and acute neuroimaging resources
are limited.

The NIH Stroke Scale (NIHSS), an instrument for the
neurological assessment of patients [8], is widely used in
the initial evaluation of patients with ischemic stroke by
a wide variety of professionals. It is already known that
the patterns of brain lesions [9], and corresponding neu-
rological impairments [10], differ between stroke mecha-
nisms. Therefore, it is expected that certain items of the
NIHSS may be associated with particular stroke subtypes
of the Trial of ORG 10172 in Acute Stroke Treatment
(TOAST). The aims of this study were (1) to determine
which NIHSS items independently discriminate between
stroke mechanisms and the strength of such association,
and (2) to generate a model probability for each particular
stroke subtype based on abnormal scores in those NTHSS
items.

Methods

Data collected from 1,281 patients enrolled in the double-
blinded placebo-controlled TOAST were examined. The design
of this trial has been reported elsewhere [11]. The data included
scoring of the baseline NTHSS of each patient performed by a lo-
cal investigator that had previously completed a certification pro-
cess [8]. A TOAST stroke subtype determination at 3 months was
performed by the principal investigator (H.P.A.) using standard-
ized criteria after reviewing the available records and tests [4].
Since the treatment allocation (danaparoid vs. placebo) would not
influence pretreatment baseline NIHSS or stroke subtype deter-
mination, data from both treatment arms of the trial were com-
bined as a prospective cohort.
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Twenty potential NIHSS predictors were analyzed. We consid-
ered 13 items of the NIHSS as dichotomous variables (0 = ‘nor-
mal’, >0 = ‘abnormal’). Right and left arm scores were combined
as ‘arm motor’, and right and left leg scores as ‘leg motor’. Items
graded as 9 (‘untestable’) were considered as ‘missing’ responses
for analysis. We also created 7 different combinations of NIHSS
responses that replicate clinical syndromes used in clinical prac-
tice that could be suggestive of certain stroke subtypes. These
syndromes included ‘pure motor syndrome’ (abnormal motor
arm and motor leg, with or without dysarthria or facial weakness,
with normal remaining NIHSS items), ‘pure sensory syndrome’
(abnormal sensory with normal remaining NIHSS items), ‘apha-
sia-hemiparesis’ (abnormal ipsilateral motor arm and leg, and ab-
normal language), ‘neglect-hemiparesis’ (abnormal ipsilateral
motor arm and leg, and neglect), ‘hemianopsia and hemiparesis’
(abnormal ipsilateral motor arm and leg, and abnormal vision),
‘lethargic hemiparesis’ (abnormal ipsilateral motor arm and leg,
and abnormal level of consciousness) and ‘brachial pattern of
weakness’ (motor arm score greater than ipsilateral motor leg
score). In addition, we considered the total NTHSS score as a co-
variate. We did not include the syndrome ataxia-hemiparesis be-
cause the NIHSS scoring of ataxia does not specify the side af-
fected. Univariate comparisons were performed using the x test
for discrete variables and ANOVA for continuous variables.

We performed 2 polytomous logistic regression analyses using
the nominal variable stroke subtype. Unlike logistic regression,
which applies dichotomous outcome variables, polytomous logis-
tic regression can analyze outcomes with >2 levels. One of these
polytomous analyses was conducted on all patients in TOAST,
and the nominal outcome variable ‘subtype” had 5 different levels
(atherothrombotic, cardioembolic, lacunar, ‘other’ and ‘undeter-
mined’). The other polytomous logistic regression analysis was
conducted only among the patients with a defined TOAST sub-
type (the outcome variable ‘subtype’ had only 3 possible levels:
atherothrombotic, cardioembolic and lacunar). The 20 NTHSS
covariates, total NIHSS score and atrial fibrillation were used as
covariates in both analyses. We established the significance level
at 5%, and used the significant variables and atrial fibrillation to
construct 3 more parsimonious logistic regression models of sub-
type prediction. These models were used to generate a table with
the probability of finding each of the stroke subtypes in patients
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with no atrial fibrillation based on the responses to those signifi-
cant NITHSS variables. The model’s predicted probabilities were
then compared with the actual percentage of patients in the
TOAST database for each of the possible combinations of NTHSS
predictors. All statistical analyses were performed using SAS ver-
sion 9.1 (SAS Institute Inc., Cary, N.C., USA).

Results

The 2 polytomous logistic regression analyses show
similar results, independently of whether they were ap-
plied to the whole TOAST population or a reduced sam-
ple with only ‘defined’ (lacunar, cardioembolic and ath-
erothrombotic) subtypes (table 1). Based on these results,
we choose the significant variables best language, visual
field, neglect and brachial predominance of weakness to
construct 3 independent parsimonious regression mod-
els that were used to create a table of probability for the 3
major stroke subtypes when atrial fibrillation is not pres-
ent (table 2).

The probability of lacunar stroke dramatically reduces
with gradual increases in abnormalities in those NTHSS
variables (best language, visual field, neglect and brachi-
al predominance of weakness). Similarly, the probability
of cardioembolic and atherothrombotic stroke progres-
sively increases with abnormal responses to those 4
NIHSS variables. For example, a patient with no atrial
fibrillation and a normal response to those 4 NTHSS pre-
dictors has a 46% probability of lacunar stroke, 12% of
atherothrombotic stroke and 10% of cardioembolism.
Those predicted figures nicely correlate with the actually
observed percentages in the database (45, 13 and 9%, re-
spectively). Conversely, a patient with abnormal values
for those 4 NIHSS items has a 0.1% probability of lacunar,
50% of atherothrombotic and 39% of cardioembolic
stroke.

Conclusions

A useful early clinical instrument to predict stroke
subtype should be simple, applicable and reliable. It
should be able to be determined without delays or the
need of alarge number of diagnostic tests. We have shown
that the scores for language, neglect, visual field items,
and the presence or absence of a brachial predominance
of weakness in the baseline NIHSS exam meet such cri-
teria. The acute responses to these 4 items discriminate
between subtypes, in particular between lacunar and
nonlacunar ones. This finding has obvious practical im-

NIH Stroke Scale Exam Predicts Stroke
Subtype

Table 2. Probability of finding different stroke subtypes based on
the presence or absence of aphasia, visual field abnormalities, ne-
glect and brachial predominance of weakness in a model includ-
ing all TOAST patients without atrial fibrillation (comparison be-
tween predicted and actual values in the TOAST database)

Predicted by Actual values, %
model, %
No aphasia
VF  Negl. BP A (12),C(10), A (13),C(9),
no no no (n=529) L (46) L (45)
BP A(19),C(14), A(19),C(14),
yes (n=118) L (33) L (33)
Negl. BP A (20),C(14), A(15),C(19),
yes no (n = 438) L(11) L(13)
BP A(29),C(19), A (20),C(29),
yes(n=35) L (7) L (6)
VF  Negl. BP A(12),C(12), A (23),C(106),
yes  no no (n =43) L(19) L(21)
BP A(19),C(17), A (14),C(14),
yes (n=7) L(12) L (0)
Negl. BP A(19),C(17), A (22),C(19),
yes no (n=73) L (3) L(1)
BP A(29),C(23), A (34),C(20),
yes(n=35) L(2) L (0)
Aphasia
VF  Negl. BP A (26),C(19), A(31),C(19),
no no no (n=140) L (4) L(4)
BP A (37),C(25), A(0),C(12),
yes (n = 8) L(2) L(12)
Negl. BP A (37),C(26), A(38),C(23),
yes no (n = 39) L (0.6) L(3)
BP A (50),C (34), A (60),C(0),
yes (n =5) L (0.3) L (0)
VF Negl. BP A (25),C(23), A (26),C(29),
yes  no no (n =70) L (1) L(1)
BP A (36),C(30), A(0),C(0),
yes (n = 3) L (0.6) L (0)
Negl. BP A (39),C(31), A (36),C(20),
yes no (n =74) L(0.2) L (1)
BP A (50),C(39), A(17),C(33),
yes (n = 6) L (0.1) L (0)

The subtype values do not add to 100% because those with
undefined subtype are not shown. VF = Visual field deficit;
Negl. = neglect; BP = brachial predominance; L = lacunar; A =
atherothrombotic; C = cardioembolic.

plications for stroke research and practice. Clinical trials
are criticized for potentially diluting the benefit of the
intervention by enrolling stroke patients who are unlike-
ly to benefit from it [12]. Since standard subtype diagno-
sis with ancillary tests imposes an unacceptable delay for
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anacute stroke intervention, the most feasible strategy for
clinical trials is to stratify patients by likely subtype based
on the already available NIHSS clinical data. Addition-
ally, these 4 NIHSS items could help stratify patients for
subsequent ancillary studies for cardioembolism or ath-
erothrombotic stroke depending on the likelihood of
tinding such subtypes when resources are limited. These
findings add to the practical applications of the NIHSS,
an instrument already used worldwide in the initial eval-
uation of stroke because of its reproducible results across
avariety of health professionals [13] and that has the abil-
ity to predict the functional outcome at 3 months [14].

We recognize that a limitation of this study is the fact
that the predictor variables are partially incorporated in
the definition of the outcome variable, which could un-
derstandably raise concerns of a self-fulfilling prophecy.
It should be stressed, however, that the importance of
these data is not that such association exits but the fact
that for the first time we have quantified its degree inde-
pendently of the other variables. In addition, while the
NIHSS exams were performed by local investigators, the
outcome variable (subtype determination) was done by a
central investigator (H.P.A.) blinded to the NIHSS data
and with no direct contact to the patient. We realize that
another limitation is the use of the original standard
TOAST subtype classification. Modifications to the sub-
type classification are expected with progress in ancillary
diagnostic tests [15], which might affect the observed re-
lationship between baseline NIHSS variables and sub-
type.

There have been previous attempts to stratify acute
stroke patients by likely subtype based on clinical presen-
tation. Patients with classical lacunar syndromes [16] or
very low NIHSS scores [17, 18] have been excluded from
clinical trials primarily targeted at non-lacunar strokes.
Tonietal. [6, 19] previously questioned the predictive val-
ue of 2 specific stroke syndromes, pure motor hemipare-
sisand sensorimotor stroke, for screeninglacunar strokes.
However, a recent secondary analysis from the Glycine
Antagonist in Neuroprotection Americas trial has re-
vived the value of an emergent impression of lacunar syn-
drome to screen for small vessel disease. Using the Ox-
fordshire Community Stroke Project criteria [20], the in-
vestigator’s initial impression of a ‘lacunar syndrome’
coincided 76% of the time with a lacunar stroke subtype
determination at 7 days using the TOAST classification
[21]. This finding is not surprising, since having a ‘lacu-
nar syndrome’ is part of the TOAST criteria for making
a determination of a small vessel stroke. However, since
the initial impression using the Oxfordshire Community
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Stroke Project and the 7-day TOAST subtype were done
by the same local investigator, an initial clinical impres-
sion of lacunar syndrome could have potentially influ-
enced a subsequent lacunar TOAST classification. An-
other limitation is that such an initial impression of lacu-
nar syndrome occurred in only 14% of the population
studied. In fact, for the majority of patients with a nonla-
cunar initial impression according to the Oxfordshire
Community Stroke Project, no reliable inference about
the TOAST subtype could be done.

In this study we have analyzed individual NTHSS items
and combinations of these items using a novel clinimetric
approach to standardize clinical syndromes using pat-
terns of responses in the NTHSS. We believe this approach
is better than using a phenomenological scale based on a
general impression. For example, an impression of ‘lacu-
nar syndrome’ is complex and could be influenced by
variables other than the neurological exam, such as the
history and ‘ecology’ of the patient. By using a logistic
regression approach we were able to determine the true
strength of the association between NIHSS item stroke
subtypes independently of other covariates on the scale
and potential confounding factors (such as atrial fibrilla-
tion). Other strengths of our study include the use of a
large cohort of patients carefully evaluated in a standard-
ized manner. By adjusting our analysis to the patients
with known atrial fibrillation at the time of the NIHSS
evaluation, our research becomes relevant to clinical
practice by replicating a common situation in the deci-
sion-making with acute stroke patients.

We conclude that the language, neglect and visual
field items of the baseline NIHSS and the presence of a
brachial predominance of weakness are helpful to predict
the probability of finding lacunar and nonlacunar stroke,
and could be used for emergent stratification of patients
for subtype-specific acute therapies.
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