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Abstract

BACKGROUND—Prior studies have shown a correlation between the National Institutes of
Health Stroke Scale (NIHSS) and stroke volume on diffusion weighted imaging (DWI); data are
more limited in patients with minor stroke. We sought to determine the association between DWI
lesion(s) volume and the (1) total NIHSS score and (2) NIHSS component scores in patients with
minor stroke.

METHODS—We included all patients with minor stroke (NIHSS 0-5) enrolled in the Stroke
Warning Information and Faster Treatment study. We calculated lesion(s) volume (cm3) on the
DWI sequence using Medical Image Processing, Analysis, and Visualization (MIPAV, NIH,
Version 7.1.1). We used nonparametric tests to study the association between the primary
outcome, DWI lesion(s) volume, and the predictors (NIHSS score and its components).

RESULTS—We identified 894 patients with a discharge diagnosis of minor stroke; 709
underwent magnetic resonance imaging and 510 were DWI positive. There was a graded
relationship between the NIHSS score and median DW!I lesion volume in cm3: (NIHSS 0: 7.1,
NIHSS 1: 8.0, NIHSS 2: 17.1, NIHSS 3: 11.6, NIHSS 4: 19.0, and NIHSS 5: 23.6, P <.01). The
median lesion volume was significantly higher in patients with neglect (105.6 vs. 12.5, P=.025),
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language disorder (34.6 vs. 11.9, P <.001), and visual field impairment (185.6 vs. 11.6, P <.001).
Other components of the NIHSS were not associated with lesion volume.

CONCLUSION—In patients with minor stroke, the nature of deficit when used with the NIHSS
score can improve prediction of infarct volume. This may have clinical and therapeutic
implications.
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Minor stroke; ischemic stroke; neuroimaging; infarct volume; outcome; NIHSS

Introduction

Methods

Minor ischemic stroke constitutes approximately two thirds of ischemic stroke;! however,
treatment and functional outcome predictors of these patients remain controversial.?
Traditionally, the bedside neurological examination has been used to predict the degree of
long-term disability with reasonable success in patients with moderate-to-severe deficits at
stroke onset. Standardized neurological assessments, such as the National Institutes of
Health Stroke Scale (NIHSS) score, however, appear to have less predictive value in milder
stroke.3 Imaging parameters may potentially improve outcome prediction in patients with
ischemic stroke. While some studies show that infarct volume does not add to the NIHSS
score obtained on day 5 in predicting 3-month outcome,? other studies suggested that infarct
volume adds to the baseline NIHSS score in predicting outcome.>~" In addition, in case
series with a significant proportion of mild strokes, there is a strong association between
infarct growth and 3-month functional outcome,®9 and final infarct volume has been used as
a surrogate end-point in the most recently published endovascular acute stroke trials.10
Diffusion weighted imaging (DWI) is the gold standard imaging modality in the diagnosis of
acute ischemic stroke, although it is not widely available and can be time-consuming in the
acute therapeutic window.11-13 Computerized tomography (CT) therefore remains the
primary imaging modality used during the acute stroke evaluation in most centers.14 While
CT imaging is more readily available and less expensive than magnetic resonance imaging
(MRI), it is of limited use in predicting infarct volume in the acute setting.1! Previous
studies have shown a correlation between the NIHSS and infarct volume in patients with
acute ischemic stroke.1516 There have been fewer reports, however, on the ability of the
NIHSS to predict infarct volume in patients with mild deficits. The mild stroke patient
presents a unique clinical challenge given a wide variability in outcomes, and controversies
surrounding treatment.2 Better understanding of clinical predictors of large infarct volume in
patients with mild deficits may potentially have clinical and therapeutic implications. Our
aim was to determine the association between infarct volume on DWI and (1) NIHSS score
and (2) the NIHSS score components.

This study is a post-hoc analysis of the Stroke Warning Information and Faster Treatment
(SWIFT) trial that enrolled 1,635 patients with stroke or transient ischemic attack between
February 2006 and February 2010.17 Patients were evaluated by a vascular neurologist and
the NIHSS score was recorded by a certified vascular neurology fellow at our institution. In
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general, our primary neuroimaging modality was CT in the acute setting, and MRI was
usually performed within the first 24 hours after admission unless there was a
contraindication to MRI and after the NIHSS was obtained. The diagnosis of stroke was
based on clinical criteria, with MRI aiding in the diagnosis. For the purpose of this analysis,
we included patients with: (1) clinical diagnosis of ischemic stroke, (2) baseline NIHSS 0-5,
(3) and brain imaging evidence of infarction on DWI. We excluded patients who received
intravenous thrombolytic therapy due to a possible effect of thrombolytic therapy on infarct
volume. Each itemized NIHSS component on admission was dichotomized into two groups
(0 for no score and 1 for a score of 1 or more). For simplicity and due to the expected low
number of patients with minor stroke with deficits in level of consciousness,!8 items 1a, 1b,
and 1c were combined into one category. Brain MRI sequences were reviewed by the
research team (S.Y. and C.H.) (blinded to clinical data) for the presence of acute infarction
on DWI. We used Medical Image Processing, Analysis, and Visualization (MIPAV, NIH)
(Version 7.1.1) to calculate lesion volume (cm3). DWI b 1000 images were imported into
MIPAV from the GE database. Apparent diffusion coefficient less than 620x10-6 mm?2/
second was used to identify the infarct(s). Contouring for each slice was manually
performed with the Polygon VOI (Voxel of Interest) tool, and the VOI statistic then was
calculated. Using the pixel spacing (PS) and slice thickness (ST) variables from the Digital
Imaging and Communications in Medicine (DICOM) settings, we calculated the lesion
volume with the formula: Volume (cm3) = ((PS/10)2) x (# of voxels) x (ST/10). Our primary
predictors were total NIHSS score and the individual components of the NIHSS: level of
consciousness, best gaze, visual field, face, motor, ataxia, sensory, language, dysarthria, and
neglect.® The primary outcome was DW!I lesion volume in cm3. We used nonparametric
tests to study the association between the primary outcome, DWI1 lesion(s) volume, and the
predictors (NIHSS score and its components). Statistical analysis was performed using SPSS
version 18.0 (IBM, Chicago, IL, USA), and P <.05 was considered significant. The study
was approved by the institutional board review.

There were 894 patients with an NIHSS of 0-5 enrolled in SWIFT who had a discharge
diagnosis of ischemic stroke. There were a total of 709 (79%) participants who underwent
MRI, with those not completing it due to claustrophobia, weight, or ferromagnetic implants.
Among those undergoing MRI, 510 (72%) were DWI positive. Patients with and without
MRI did not differ in baseline characteristics. Figure 1 shows the study flow chart. In our
cohort, the mean age in years was 63.5 £ 15.1, and 49% were men. The median DWI lesion
volume in cm3 was 13.1 interquartile range (IQR) (5.0-59.5).

There was a graded relationship between the NIHSS score and median DWI1 lesion volume
in cm3 and IQR: (NIHSS 0: 7.1 [2.5-45.2], NIHSS 1: 8.0 [3.4-44.7], NIHSS 2: 17.1 [7.6-
51.4], NIHSS 3: 11.6 [5.1-61.2], NIHSS 4: 19.0 [6.4-69.6], and NIHSS 5: 23.6 [8-149.2]; P
<.01) (Fig 2).

Among the components of the NIHSS score, the median DWI lesion volume was
significantly higher in patients with deficits in: neglect (105.6 vs. 12.5, £=.025), language
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(34.6 vs. 11.9, P <.001), and visual field (185.6 vs. 11.6, P <.001). Other components of the
NIHSS were not associated with a DWI1 lesion volume (Table 1).

Discussion

Our study demonstrated that patients with mild stroke symptoms usually have relatively
small infarcts on neuroimaging. However, certain components of the NIHSS score when
present were significantly associated with larger infarct volumes on DWI. The NIHSS
components that were associated with larger infarct volumes in our study were neglect,
language, and visual deficits. The finding of neglect in our study was not surprising given
prior reports highlighting that patients with right hemispheric deficits can have relatively
large infarcts with relatively low NIHSS scores.20 Indeed, symptomatic intracerebral
hemorrhage after thrombolysis, which correlates with infarct size, may be more common in
nondominant hemisphere infarcts.2! There are, however, fewer reports on the association
between infarct size and language or visual field deficits. Therefore, when added to the
NIHSS score, the nature of deficits may improve prediction of larger infarcts and add value
when evaluating and treating patients with minor ischemic stroke. This is particularly useful
since acute care decision such as timing of initiation of anticoagulation therapy and risk of
post intravenous thrombolysis and mechanical thrombectomy intracerebral hemorrhage can
be influenced by infarct size.22 In addition, certain patients in our series who had
considerably large infarcts had a relatively low NIHSS scale on presentation. Clinical
deterioration may have occurred if their infarct is complicated by significant cytotoxic
edema.

While some studies have found a correlation between infarct volume and stroke severity, 1516
severity does not always correlate with infarct volume. For example, small subcortical
infarcts can produce a significant clinical deficit.23 Therefore, analyses of outcomes in
ischemic stroke trials included both stroke severity and infarct volume.10 In a recent study,
for example, investigators improved prediction of functional outcomes when stroke severity
scores and infarct volumes were combined rather than used separately.24 The three NIHSS
elements identified as correlating with the lesion volume represent important functional
syndromes, indicating that aphasia, neglect, and visual field cuts are underrepresented by the
NIHSS. Therefore, “mild” strokes that have these elements on presentation may not be mild
in terms of functional outcomes. Prior studies have shown that elements such as neglect!8
and aphasia2 in patients with minor stroke were predictors of poor functional outcome at 3
months; this may be partially due to the fact that the presence of such deficits indicates a
larger infarct volume. Therefore, in the hyperacute evaluation of patients with a mild stroke,
the type of deficits may help predict infarct size and therefore factor into the decision of
thrombolytic therapy which remains controversial in this patient population.

Our study has several limitations including its retrospective nature, lack of data on infarct
location, and nonstandardized MRI magnet used for every patient (3.0 T vs. 1.5 T). The
results of our study may also not be generalizable to the entire population of minor ischemic
strokes due to excluding patients unable to undergo an MRI and being DWI negative. On the
other hand, the proportion of patients who received an MRI during the diagnostic evaluation
in our study is similar to that reported in other studies,26 minimizing the likelihood of
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selection bias. In addition, our study lacks vascular imaging data which would have been
useful especially as studies show an increased odds of large vessel occlusion in patients with
aphasia or neglect.2” A major limitation of this study, however, was that the time from
symptom onset to MRI was not collected in the SWIFT trial. Since the DWI lesion volume
changes with time, not adjusting for time from ictus to MRI may affect the lesion volumes
calculated and therefore our findings need to be interpreted with caution. In addition, since
the time from onset to MRI is not available, neurologic deterioration from initial severity
may have contributed to the very large infarct volumes that were measured in patients with
initial visual field deficit and neglect.

Improving DWI volume prediction tools in patients with mild deficits can potentially have
therapeutic implications. This is useful especially since certain treatment decisions may rely
on infarct size, which can be particularly large in patients with mild stroke but presence of
deficits in neglect, language function, or visual fields as shown in our study. Future
prospective studies that adjust for time from symptom onset to MRI are needed to confirm
the findings of our study.
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N = 1635 Patients in Stroke Warning Information
and Faster Treatment clinical trial

——> 705 excluded with NIHSS > 5

v
N =930 Patients
18 Patients received alteplase

> 18 Patients without NIHSS scale components

L 33 Patients with transient ischemic attack

N =861 Patients

f——> 152 did not undergo MRI

v
N = 709 Patients

> 199 with negative diffusion weighted imaging

v
N =510 Patients

*NIHSS = National Institute of Health Stroke Scale

Fig. 1.
Flow chart of study sample.
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Fig. 2.

Association between National Institute of Health Stroke Scale (NIHSS) score and diffusion
weight imaging lesion volume. IQR = interquartile range.
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Table 1

Association between Diffusion Weighted Imaging Lesion Volume and Type of Deficit

Deficit Type Median DWI Lesion Volume with and without Deficit incm®  P-value
Level of consciousness (7= 7) 119.5 versus 12.9 1
Gaze (n=18) 8.8 versus 13.5 .09
Visual (n=39) 185.6 versus 11.6 <001
Facial (n=189) 13.1 versus 13.2 9
Motor (n=205) 14.5 versus 11.9 3
Sensory (7= 97) 11.2 versus 13.5 4
Ataxia (7=79) 13.5 versus 10.8 3
Language (7= 49) 34.6 versus 11.9 <001
Dysarthria (1= 85) 13.0 versus 13.1 9
Neglect (n=31) 105.6 versus 12.5 .03

DWI = diffusion weighted imaging.
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