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Ozet

GiRIiS ve AMAG: AMAC: Ulusal inme Saglik Olgegi Skalasi (NIHSS)
akut iskemik inmenin siddetini belirlemede kullanilir. Ancak dil
fonksiyonu gibi sol hemisfer fonksiyonlarinin, ihmal gibi sag
hemisfer fonksiyonlarina gore daha yliksek NIHSS skoru teskil ettigi
bilinmektedir. Bu durum sag hemisfer inmeli disik NIHSS skorlu
hastalarin tedaviden dislanmasina sebep olabilir. Yiksek NIHSS
skoru genellikle intrakranyal arter okluzyonu ile iliskilidir, ancak
tutulan hemisferin (Sag ya da sol hemisfer inmesi) damar
okluzyonunu 6n gordiren NIHSS skoruna etkisi bilinmemektedir.
Calismamizda inmenin ilk 12 saatinde basvuran hastalarin NIHSS
skoru ve arteriyel okluzyon varligi degerlendirildi. Bu ¢alismanin
amacl akut intrakranyal MR anjiografi ile belirlenen damar
okluzyonunun, NIHSS skoru ile iliskisinin sag ve sol tarafli inmeli
hastalar arasinda farkh olup olmadiginin  arastirmaktir.
YONTEM ve GEREGLER: Bu calisma, 2006-2009 yillari arasinda
Florence Nigtingale inme Merkezi'ne inme baslangicindan 12 saat
icinde basvuran ve DWI MR ve intrakranyal MR anjiografi yapiimis
olan 139 hastanin verilerinden retrospektif olarak yapildi. NIHSS
skoru gorintilemenin hemen &ncesinde bir Noroloji hekimi
tarafindan kaydedildi. intrakranyal MR anjiografi incelemeleri
hastalarin klinik verilerinden habersiz bir Nérolog ve Nororadyolog
tarafindan yapildi.
BULGULAR: Mean (+ SD) NIHSS skoru 9,7 + 6,7 idi. ROC Egrisi ile
arter tikanikhgini 6n gordiiren NIHSS Cut-Off degeri sag ve sol
tarafll inme arasinda hastalarda benzerdi. Sol taraf inmeli
hastalarda damar okluzyonunu 6n gordiren Cut-off noktasi 8
(duyarhlik % 83, ozglllik % 84) idi. Sag taraf inmeli hastalarda
damar okluzyonunu 6n gordiren Cutoff noktasi 9 (Duyarhhk % 72,
ozgullik % 72) idi.

TARTISMA ve SONUC: SONUG: Arter tikanikligini 6n gordiirmede
NIHSS skorunun Cut-Off degeri sag ve sol tarafli (Sag 9, Sol 8) inme
arasinda hastalarda benzerdi. Tum grup goz 6nine alindiginda
arteriyel okluzyonu 6n gordiren NIHSS skoru 8 diizeyinde saptandi.

Anahtar Kelimeler: Ulusal inme Saglk Olgegi Skalasi
(NIHSS), Akut iskemik inme

Abstract

INTRODUCTION: The NIH Stroke Scale (NIHSS) is used to assess
acute ischemic stroke severity and outcome, however, it can
award more points for tests of presumed left-hemisphere
function, such as language, than for tests of right-hemisphere
function, such as neglect. This difference may be important if a
low NIHSS score is used to exclude patients with right-
hemisphere stroke from clinical trials or established treatments.
High NIHSS scores are usually associated with arterial occlusion
but it is unknown what the effect of side of stroke lesion to
clinical evaluation in this association is. We tested the NIHSS
scores as an instrument to determine arterial occlusion within
12 hours of stroke onset. The aim of this study was to
investigate whether the relationship between acute NIHSS score
and arteral occlusion as determined by acute MR angiography
differs between right- and left-sided stroke.
METHODS: This was a retrospective study of 139 patients with
acute stroke seen at Florence Nightingale Stroke Center who
underwent an MRI examination and NIHSS within 12 hours of
stroke onset. NIHSS score was recorded prospectively by the
admitting stroke fellow at the time of acute presentation,
immediately preceding imaging. Computerized volumetric
analysis of the MRI lesions, intracranial MR anjiography
evaluation was performed by investigators blinded to clinical
data.

RESULTS: Mean (+SD) NIHSS score was 9,7 + 6,7 Receiver
operating characteristic curves showed that the validity of
NIHSS in predicting arterial occlusion was smilar in patients
between left and right-sided stroke. The best cut-off point in
patients evaluated with left-sided stroke was an NIHSS of 8 (83
% sensitivity, specificity 84 %), while in patients evaluated after
with right-sided stroke best cut-off point was 9 (sensitivity 72 %,
specificity 72 %).

DISCUSSION AND CONCLUSION: The validity of NIHSS in
predicting arterial occlusion was smilar in patients between left
and right-sided (Right 9, Left 8) stroke. S in predicting arterial
occlusion was smilar in patients between left and right-sided
(Right 9, Left 8) stroke. An NIHSS score of 8 seems to represent
the cut-off for discriminating between patients with arterial
occlusion and patients without.

Keywords: National Institues of Health Stroke
Scale Scores (NIHSS), Acute Ischemic Stroke

INTRODUCTION

The NIHSS (The National Institute of
Health Stroke Scale) is one of the most
widely used and approved measurement
tool for assessing the clinical severity of
acute ischemic stroke. The NIHSS is
strongly related to both functional

outcome and determining suitable
candidates for thrombolytic therapy in
patients with acute ischemic stroke. (1)
The NIHSS has a potential weakness that it
has a greater emphasis on deficits
associated with left-hemisphere lesions
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than those associated with right-
hemisphere stroke. (2)

The NIHSS may be less sensitive to right-
hemisphere than left-hemisphere stroke.
Presumably, it is based on the testing of
cognitive deficits associated with right-
hemisphere stroke is more difficult than
testing aphasia. The NIHSS score is not
more favorable in determining the
ultimate functional outcome of patients
with right-hemisphere stroke than for left-
hemisphere stroke. (3)

The NIHSS score may cause a bias against
patients with a right-hemisphere stroke
when it is used to determine the
enrolment in clinical trials or in clinical
decision-making protocols. The volume of
right-hemisphere strokes as determined
by a chronic CT scan has been shown to be
larger than the volume of left-hemisphere
strokes for a given NIHSS score; however,
the clinical implications of these findings
remain uncertain.

Differences between hemispheres in
relation to an NIHSS score and imaging
parameters during the hyperacute phase
of a stroke might play a greater role in
clinical decision making. (4)

The aim of this study is to determine
whether the relationship between an
acute NIHSS score and the artery occlusion
found through an acute MR angiography
could indicate the differences between
right- and left-sided strokes.

SUBIJECTS AND METHODS

In this study, we made use of the data
on the patients that were recorded
prospectively and consecutively in the
acute stroke database, between 2006
and 2009, at the Florence Nightingale
Stroke Center. Among those registered
in this database, the patients who were
eligible to be included in this study is
based using the following criteria: The
patients with middle cerebral artery
stroke; the patients who underwent an
MRI (DWI and MRA) examination and
NIHSS within 12 hours of stroke onset

whereas patients with bilateral multiple
infarction (simultaneously anterior and
posterior circulation infarcts;
hemispheric infarcts, chronic infarcts,
the ultimate diagnose was transient
ischemic attack (TIA); hemorrhagic
transformation in initial MRI imaging)
were excluded from the study. The
data, demographics, stroke risk factors,
time of stroke onset (determined as the
time of onset of symptoms or in
patients with wake-up stroke (the time
of last seen healthy), the NIHSS score
recorded by a neurologist, the type and
the time of imaging, the anatomic
localization of the stroke and also
including the predicted mechanism of
stroke (TOAST classification was used to
classify the etiology of the stroke) were
recorded prospectively for each patient.
The study was performed in accordance
with the local ethics committee,
informed consent for data collection
was obtained from all participants and
we adhered to the Declaration of
Helsinki.

Imaging Protocol

Images of patients were acquired using
Siemens Sonata 1.5 Tesla (T) and GE-HD
3-T MRI device echo-planar system from
the Radiology Department at the
Florence Nightingale Stroke Center. All
lesions were classified by including an
arterial territory; anterior circulation:
anterior cerebral artery, middle cerebra
artery (proximal, distal and
lentriculostriate), single  penetrant
artery in profound white matter,
anterior choroidal artery territory and
border zone territories; posterior
circulation: posterior cerebral artery,
basilar artery, cerebellar arteries
(superior, anterior inferior and posterior
inferior) and cerebellar border zone
territories. In addition, patients with
multiple infarction in cortical and/or
internal border zone were verified.

Abant Med J 2016;5(1):8-15
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Determining the Artery Occlusion and
Artery Stenosis

Intracranial MR angiography studies were
performed on a 3D TOF sequence.
Reformatted images were interpreted
visually and the percentage of vascular
stenosis was determined. (Figure-1) A
presence of >50% artery stenosis or
arterial occlusion in the right and left
anterior circulation on the intracranial MR
angiography were recorded, respectively.
The anterior circulation artery segments
were determined as ICA distal, ICA
supraclinoid, MCA M1 proximal or mid-
striate, MCA M1 distal striate, MCA M2
superior and MCA M2 inferior, MCA distal,
ACA A1, ACA A2. The posterior circulation
artery segments were determined to be
proximal of PICA right and left vertebral
artery, distal of PICA, V3, proximal of AICA
basilar, mid-basilar, and distal of AICA
basilar, right and left PCA P1. The
percentage of arterial stenosis were

recorded as symptomatic 50 —69%, 70 —
99% and total occlusion, respectively. The
study cases were separated into two
groups: as patients with symptomatic
stenosis and

artery those without

stenosis.

and non-parametric data, and the
Wilcoxon  rank-sum test wused for
comparison. The ROC (receiver operating
characteristic) curve was used to
determine the cut-off NIHSS score
predicting the artery occlusion. The
significance of the power of the cut-off
NIHSS scores for both hemisphere
determined by the ROC curve were
contrasted with a z-test (MedCalc®
statistical software was used).

RESULTS

Among the 289 acute stroke patients,
admitted to our clinic between 2006 and
2009, 141 of them were excluded from
the study owing to following reasons: the
ultimate clinical diagnosis of 14 of them
was TIA; in 14 of them cranial MR imaging
could not be performed (presence of
cardiac pacemaker; early period of valve
replacement operation history; vital
instability; etc.), posterior circulation
infarction in 53 of them, chronic infarction
in 31 of them, multiple infarcts in 20 of
them, isolated ACA infarction in nine of
them. The intracranial MR angiographies
of nine of the remaining 148 patients with
isolated, unilateral MCA infarction could
not be evaluated. In total, in accordance
with including criteria, 139 patients were

Figure-1: A) 70 —99% stenosis in distal of left
MCA M1 B) Occlusion in inferior division of left
MCA

Statistical Analysis

The SPSS 18.0 software (SPSS Inc.,
Chicago, lllinois, USA) was used for the
statistical analysis of the study. Student’s
t-test was used for continuous variables

enrolled in the study. (Distribution and
comparisons according to the involvement
of right and left side of the patients
included in the study are shown in Tables
2 and 3) Seventy-four (53,2%) of the
patients were women and 65 (46,8%) of
them were men. The age range was
between 20 to 96 and the mean age was
calculated as 69,3. In 59 patients (42,4%),
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the right hemisphere was involved and in
80 patients (57,6%) the left hemisphere
was involved. The mean NIHSS score was
9,7 (for the right hemisphere: 9,3 and for
the left hemisphere 10). There was no
statistically significant difference between
the patients with stroke in two
hemisphere, in terms of this baseline
characteristics and distribution. There was
a symptomatic artery occlusion in 77
(55,4%) of the patients in the entire
group; 33 (55,9%) of the patients had a
right hemisphere stroke; 44 (55%) of the
patients had a left hemisphere stroke.
There was no significant difference
between the two hemispheres in terms of
symptomatic artery occlusion (p=0,913).
There was a symptomatic artery stenosis
of over 50% in 92 (66,1%) of the patients
in the entire group; 40 (67,8%) of the
patients that had a right hemisphere
stroke; 52 (65%) of the patients that had a
right hemisphere stroke. There was no
significant difference between the two
hemispheres in terms of symptomatic
artery stenosis of over 50% (p=0,967).
(Table 1)

Table 1: Comparing patients with right-
and left-hemisphere strokes in terms of
presentation features.

There were no significant differences
between the patient groups in both types
of hemispheric stroke in terms of the
distribution of symptomatic artery

occlusion and symptomatic artery stenosis
of over 50%.

The Cut-off NIHSS Score Predicting Artery
Occlusion

The ROC curves were carried out to
investigate the cut-off NIHSS score that
predicted artery occlusion in the patients
with right- and left-hemisphere strokes.
(Figure 2)
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Figure 2: The ROC curve of the cut-off
NIHSS scores predicting artery occlusion
in patients in the entire group (A),
patients with right-hemisphere stroke (B)
and patients with left-hemisphere stroke

(C).

Whole Group ight Hemisphere eft Hemisphere
Gender Male 74 (53.2 %) 29 (492 %) _ 45 (56.2 %)
Female 65 (46.8 %) _ 30 (50.8 %) _ 35 (43 8 %) 0.409

Mean Age (Range) 69.3 (20-90) 132 67.7 (20-92) 14.6 70.4 (29-96) 12.04 0.23

Time from symptom onset to imaging 268.1 198.3 239.6 161.8 282.06 2201 0.15

(hour) Mean
Mean NIHSS score 9.7 6.7 9.3 5.6 10.1 7.5 0.762
Presence of artery occhision (N} 77 (55.3 %&) 33(55.9 %) 44 (55 %) 0.913
Presence of Artery stenosis > 50 % (N) 92 (66.1 %) 40.(578.%4) 52 (65.0 %) 0.967
Large Vessel Occlusion 24 (17.2 %) - 9(15.2 %6) 15 (18.7 %) - 0.591
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Range of 25 %%
Hemsiphere Area Under Cofdence Cut-Off WIHSS Sensitivity Specivity | Standart Error
The Curve =
aberval
Right 0,752 0,621-0,883 o 0,72 0,72 0.067
Left 0.891 0.816-0.966 8 0.83 084 0.038
[ Whale Group 0,841 0.773-0.909 8 0.31 0,77 0,035

Table 2: The cut-off NIHSS score, the area
under the curve (AUC), sensitivity,
specificity and 95% confidence interval of
the entire group, and patients with right-
and left-hemisphere stroke.

The AUC (area under the curve) in the
ROC curve was detected as >0.50 for both
hemispheres. The cut-off NIHSS score
predicting artery occlusion (patients with
total occlusion in ICA distal, ICA
supraclinoid, MCA M1 proximal and
distal, MCA M2 superior and inferior
division) was eight (sensitivity: 0,81 and
specificity: 0,77 (At the same time the
NIHSS score of the maximum specificity
and sensitivity values was eight)). The
cut-off NIHSS score of the left hemisphere
was eight (sensitivity: 0,83 and specificity:
0,84). The cut-off NIHSS score of right
hemisphere was detected as nine
(sensitivity: 0,72 and specificity: 0,72).
Using standard error and the AUC these
two cut-off values were compared with a
z-test (MedCalc® statistical software was
used). The Z value was 7=1,805 (<1.96)
and the P value was P=0.07 (>0.05), thus
there was no statistically significant
difference between the strength of the
correlation of the cut-off NIHSS scores of
the two hemispheres. Based on these
findings it can be said that there was no
statistically significant difference between
the reliability of the cut-off NIHSS score
for the two hemispheres in predicting an
artery occlusion. (Table 2)

The Cut-off NIHSS Score Predicting
Symptomatic Artery Stenosis

The patients were separated into two

groups with respect to intracranial MR
angiography scanning in patients with
symptomatic  artery occlusion and
without. The ROC curves were carried out
in order to learn whether there is a
significant difference between the right
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and left hemispheres in terms of cut-off
NIHSS score predicting symptomatic artery
stenosis of over 50%. (Figure 3—4)

A) B) C)
Figure 3: The ROC curve of the cut-off NIHSS scores
symptomatic artery stenosis of over 50% in
patients in the entire overall group (A), patients
with right-hemisphere stroke (B) and patients with
left-hemisphere stroke (C).

Table-3: Cut-off NIHSS score, the area
under the curve (AUC), sensitivity,
specificity and 95% confidence interval in
whole group, patients with right- and left-
hemisphere stroke.

The AUC in the ROC curve was >0.50 for
both hemispheres. The cut-off NIHSS score
predicting symptomatic artery stenosis of
over 50% (ICA distal, ICA supraclinoid,
MCA M1 proximal and distal, MCA M2
superior and inferior division) was eight
(sensitivity: 0,75 and specificity: 0,82 (At
the same time the NIHSS score of the
maximum  specificity and  sensitivity
values was eight)). The cut-off NIHSS score

Range of 95 %
Hemsiphere AreaUnder | o o4 Cut-Off NIHSS | Sensitivity | Specivity | Standart Esror
The Curve : Score
interval
Faght 0,694 0.546-0.842 3 0,70 0.70 0.076
| Lek 0,882 0,808-0,957 8 0,78 0,90 0,038
[ *Whele Group 0,818 0,746-0,890 8 0.75 0,82 0,037
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of right hemisphere was eight (sensitivity:
0,78 and specificity: 0,90). Using standard
error and the AUC of these two cut-off
values were compared with a z-test
(MedCalc® statistical software was used).
The Z value was 7=2,24 (>1.96) and the P
value was P=0.026 (<0.05), thus there was
a statistically significant difference
between the strength of the correlation of
cut-off NIHSS scores between the two
hemispheres. Based on these findings it
can be assumed that the cut-off NIHSS
score for the two hemispheres predicting
symptomatic artery stenosis at over 50% is
eight and it can be said that in the left
hemisphere the reliability of this value is
higher than in the right hemisphere.
DISCUSSION

The NIHSS is an important tool for clinical
stroke studies and is a routine part of
clinical practice for many neurologists who
treat acute stroke patients. (5) It has been
shown that the NIHSS score is a good
predictor of a poor outcome following a
stroke; (6) is superior to other simpler
clinical stroke scales; (7) and is a powerful
measure of the effectiveness of stroke
treatment. Analysis of the essential
structure of the NIHSS has shown that it
closely represents the four primary clinical
factors of right and left motor function
plus right and left cortical function. (8)
However, as mentioned in previous
studies, the seven points of a possible
maximum NIHSS score, 42 points, are
directly related to language function
(orientation questions = 2 points;
commands = 2 points; aphasia = 3 points)
and only two points related to neglect. (9)
The lower the number of points for right
cortical dysfunction is likely to relate to
larger lesion volumes seen in patients with
low NIHSS scores. Some studies have used
an NIHSS score of <4 or <5 to exclude
patients from treatment. (10) Based on
these criteria, some patients with large
right-hemisphere lesion volumes and with
significant neurologic deficit could not be

assessed by the NIHSS and may be
excluded from the treatment resulting in
poor functional outcomes.

This study indicated that:

1. There was no significant difference
between the two hemispheres in terms of
the cut-off NIHSS score predicting
symptomatic artery occlusion.

2. The detected value of the cut-off

NIHSS score is more reliable for the left
hemisphere in terms of predicting
symptomatic artery stenosis of over 50%.
In our study, we detected the cut-off
NIHSS score predicting artery stenosis as
nine for the right hemisphere and as eight
for the left hemisphere (also for the whole
group). There was no statistically
significant  difference  between the
reliability of the cut-off NIHSS score of the
two hemispheres predicting artery
occlusion. The cut-off NIHSS predicting
symptomatic artery stenosis of over 50%
was eight for both hemispheres. It was
determined that the value of the cut-off
NIHSS score is more reliable for left
hemisphere in terms of predicting
symptomatic artery stenosis of over 50%.
Urs Fischer et al. investigated in a study
whether the NIHSS score is associated
with the findings of arteriography
performed within the first hours after
ischemic stroke. The basilar artery, ICA
and MCA were evaluated by DSA. They
indicated that an NIHSS score 210 a vessel
occlusion will likely be seen on the
arteriography, and with a score 212 it will
most probably be centrally located. (11)
In a study carried out by Nakajima et al.,
43 patients were evaluated by DSA within
12 hours of ischemic stroke onset and the
cut-off NIHSS score predicting artery
occlusion was 10. In this study, ICA and
MCA were evaluated by DSA. A total of
96.9% of patients with NIHSS scores =10
displayed arterial occlusion and 63.6% of
patients with NIHSS scores <10 displayed
no arterial occlusion. (12)

Abant Med J 2016;5(1):8-15
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In a study conducted by Maas et al,
patients were evaluated by CT
angiography within 12 hours of ischemic
stroke onset. Patients with ACA and MCA
were determined. The cut-off NIHSS score
predicting artery occlusion was 10.
However, in the case of an NIHSS score
>10, the positive predictive value for
artery occlusion was 81% but only 48%
sensitivity for the majority of subjects with
artery occlusion presenting with lower
NIHSS scores. (13)

In our study, the patients with an isolated
MCA stroke admitted within 12 hours
after stroke onset were evaluated by MR
angiography. The cut-off NIHSS score
predicting artery occlusion for the entire
study group (the patients with total
occlusion in ICA distal, ICA supraclinoid,
MCA M1 proximal and distal, MCA M2
superior and inferior division) was eight
(sensitivity: 0,81 and specificity: 0,77).
The cut-off NIHSS score in patients
evaluated with left-sided stroke was an
NIHSS of eight (83% sensitivity, specificity
84%), while in patients evaluated after
with right-sided stroke cut-off NIHSS score
was nine (sensitivity 72%, specificity 72%).
Based on these findings, it can be said that
there was no statistically significant
difference between the reliability of the
cut-off NIHSS score of the two
hemispheres predicting artery occlusion.
DSA is considered as the gold standard for
evaluating cerebral artery occlusions. (20)
Therefore, the reliability of determining
artery occlusion and cut-off NIHSS score
with studies performed using DSA should
be higher than those our study that used
MR angiography.

In addition to the abovementioned
studies, in our study, the patients with
symptomatic artery stenosis of over 50%
were determined and the cut-off NIHSS
score predicting this stenosis percentage
was investigated. The cut-off NIHSS score
of the two hemispheres predicting
symptomatic artery stenosis of over 50%

was eight. It was confirmed that the value
of the cut-off NIHSS score is more reliable
for left hemisphere in terms of predicting
symptomatic artery stenosis of over 50%.
It was not investigated in previous studies
that included researching the cut-off
NIHSS score whether there was a
difference between the right and left
hemisphere in terms of these cut-off
scores. Our study was the first to
investigate if there was a difference
between the cut-off NIHSS of the two
hemispheres.

CONCLUSION

In this study; DWI MRI and intracranial MR
angiography were performed on the 139
patients diagnosed with an ischemic
stroke with isolated MCA infarction who
were admitted to our hospital within 12
hours after stroke onset and the NIHSS
scores were recorded during the acute
period.

The patients were separated into two
groups with respect to intracranial MR
angiography scanning for patients with
symptomatic artery stenosis and without.
It was studied if there is a significant
difference between the right and left
hemispheres in terms of cut-off NIHSS
score predicting symptomatic artery
stenosis of over 50% and the following
results were obtained:

The cut-off NIHSS score predicting artery
stenosis was nine for the right hemisphere
and eight for the left hemisphere. The cut-
off NIHSS predicting symptomatic artery
stenosis of over 50% was eight for both
hemispheres. It was determined that the
value of the cut-off NIHSS score is more
reliable for the left hemisphere in terms of
predicting symptomatic artery stenosis of
over 50%.

These detected cut-off NIHSS scores can
be used as a supportive finding, owing to
predicting artery occlusion and artery
stenosis of over 50% and to allow the
patients  to receive thrombolytic

Abant Med J 2016;5(1):8-15
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treatment in centers where arterial
imaging cannot be performed.
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