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Abstract

Background and Aims—The Houston Intra-Arterial Therapy score predicts poor functional

outcome following endovascular treatment for acute ischemic stroke based on clinical variables.
The present study sought to (a) create a predictive scoring system that included a neuroimaging

variable and (b) determine if the scoring systems predict the clinical response to reperfusion.

Methods—Separate datasets were used to derive (n = 110 from the Diffusion and Perfusion
Imaging Evaluation for Understanding Stroke Evolution 2 study) and validate (n = 125 from
Massachusetts General Hospital) scoring systems that predict poor functional outcome, defined as
a modified Rankin Scale score of 4-6 at 90 days.

Results—Age (P < 0:001; p = 0-087) and diffusion-weighted imaging volume (P = 0-023; =
0-025) were the independent predictors of poor functional outcome. The Stanford Age and
Diffusion-Weighted Imaging score was created based on the patient’s age (0-3 points) and
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diffusion-weighted imaging lesion volume (0-1 points). The percentage of patients with a poor
functional outcome increased significantly with the number of points on the Stanford Age and
Diffusion-Weighted Imaging score (P < 0-01 for trend). The area under the receiver operating
characteristic curve for the Stanford Age and Diffusion-Weighted Imaging score was 0-82 in the
derivation dataset. In the validation cohort, the area under the receiver operating characteristic
curve was 0-69 for the Stanford Age and Diffusion-Weighted Imaging score and 0:66 for the
Houston Intra-Arterial Therapy score (P = 0-45 for the difference). Reperfusion, but not the
interactions between the prediction scores and reperfusion, were predictors of outcome (P > 0-5).

Conclusions—The Stanford Age and Diffusion-Weighted Imaging and Houston Intra-Arterial
Therapy scores can be used to predict poor functional outcome following endovascular therapy
with good accuracy. However, these scores do not predict the clinical response to reperfusion.
This limits their utility as tools to select patients for acute stroke interventions.
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Introduction

Despite high rates of arterial recanalization, a large proportion of acute stroke patients who
undergo endovascular therapy have poor clinical outcomes (1-3). The ability to predict a
poor outcome from information available prior to intervention could be informative for
patients and their family members. To this end, the Houston Intra-Arterial Therapy (HIAT)
score was developed as a prognostic scoring system to predict poor outcome (4). It awards
points for three baseline clinical variables: age, National Institutes of Health Stroke Scale
(NIHSS) score, and blood glucose level. Initial studies have shown that the HIAT score can
predict poor functional outcome, defined as a modified Rankin Scale (mRS) score of 4-6,
with good accuracy. The aims of this study were twofold. First, we sought to determine if a
clinical prediction tool that includes baseline neuroimaging variables as well as clinical
variables has better predictive accuracy. Accordingly, we derived a new scoring system that
included magnetic resonance imaging (MRI) diffusion-weighted imaging (DWI1) lesion
volume based on the Diffusion and Perfusion Imaging Evaluation for Understanding Stroke
Evolution 2 (DEFUSE 2) dataset. We validated the new scoring system and compared it
with the HIAT score in an independent cohort. Second, to determine the suitability of the
scoring systems as tools to select patients for acute stroke interventions, we assessed if the
scoring systems predicted patients’ clinical response to reperfusion.

Methods

The derivation cohort consisted of patients from the DEFUSE 2 multicenter prospective
cohort study, which examined clinical and neuroimaging outcomes in acute ischemic stroke
patients treated with endovascular therapies (5). Briefly, patients were eligible to participate
in the study if endovascular treatment occurred within 12 hours of symptom onset, they had
an NIHSS score of =5, were =18 years old, and had a baseline MRI prior to treatment.
Patients with persistent large vessel occlusions following treatment with intravenous tissue
plasminogen activator (IV tPA) were eligible to participate in the study. Baseline MRI scans
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were performed within 90 minutes prior to the start of the endovascular procedure. DWI
lesion volumes were calculated with image reconstruction software (RAPID) (6).
Reperfusion was defined according to the criteria used in the primary DEFUSE 2 analysis
(5). Functional outcome was assessed by the mRS at days 30 and 90. Poor functional
outcome was defined as a mRS score of 4-6 at day 90 in order to be consistent with the
HIAT score. Clinical outcomes were determined blinded to the patients’ baseline clinical
and neuroimaging data. Comorbidities (hypertension, atrial fibrillation, myocardial
infarction, diabetes, history of stroke or transient ischemic attacks, and smoking history)
were determined from patient interview and/or assessment of each patient’s medical record.
Laboratory values, including blood glucose levels, were obtained as part of a standard work-

up.

The validation cohort consisted of consecutive anterior circulation ischemic stroke patients
who underwent pretreatment MRI with DWI and subsequent endovascular therapy at the
Massachusetts General Hospital (MGH). Thirteen out of 138 patients who satisfied these
criteria were excluded; 11 patients had artifacts that precluded DWI lesion volume
measurements, in one patient, the 90-day mRS score was unavailable, and one patient also
had a recent basilar stroke requiring endovascular therapy. In general, endovascular
treatment at MGH is offered to anterior circulation stroke patients who have a proximal
occlusion (i.e. internal carotid artery (ICA) terminus, middle cerebral artery (MCA) M1, or
M2 segment) causing a significant neurologic deficit (NIHSS score =8), who do not have
extensive infarction (i.e. DWI lesion volume >70-100 ml), and who can be treated within
eight hours of onset.

A systematic review of the literature was conducted to identify scoring systems that
predicted poor outcome following endovascular therapy for acute ischemic stroke. The
HIAT score was the only clinical prediction scoring system that fulfilled these criteria.

Statistical analysis

Statistical analysis was performed with IBM SPSS Statistics (version 19.0, IBM, Armonk,
NY, USA). Differences in baseline demographic, clinical and neuroimaging variables were
assessed between the group with poor functional outcome (MRS 4-6) and the group without
(mRS 0-3). Mann-Whitney U-tests were used for continuous variables and Fisher exact or
%2 tests for categorical variables. Variables with a P < 0-2 in the univariate comparisons
were entered into a step-wise multivariate logistic regression analysis. In a secondary
multivariate analysis, reperfusion was added to the model to adjust the beta values of the
independent predictors for reperfusion. Variables that were independent predictors of poor
outcome (P < 0-05) in the multivariate model were used to create a scoring system. Beta
values for each of the significant independent predictors were used to determine the relative
weight of each predictor in the clinical scoring system, the Stanford Age and DWI (SAD)
score. To determine if there was a differential effect of reperfusion according to SAD score,
the interaction between SAD score and reperfusion was tested in a logistic regression model
with poor outcome as the dependent variable. The SAD score was derived using data from
the DEFUSE 2 cohort. It was validated and compared with the HIAT score in the MGH
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cohort. Scoring systems were evaluated using area under the receiver operator characteristic
curve (AUC).

Derivation dataset

Differences in baseline demographic, clinical and neuroimaging variables between the group
with poor functional outcome and the group without poor functional outcome are shown in
Table 1. Age (P < 0:001; p = 0-087) and DWI volume (P = 0:023; 8 = 0-025) were the
independent predictors of poor functional outcome at 90 days in multivariate analyses. They
remained significant predictors after controlling for reperfusion (age, P = 0-882; § = 0-094;
DWI1 volume, P = 0-415; B = 0:025). Based on these beta values, the median for DWI
volume and quartiles for age were used as cut points for the new scoring system. This
yielded the SAD scale, a 5-point scale with a maximum of three points awarded for the
patient’s age and one point for DWI lesion volume (see text box). The number of patients in
each score category is listed in Fig. 1a. The percentage of patients with a poor functional
outcome (defined as MRS 4-6) increased significantly with the number of points awarded on
the SAD score (P < 0-01 for trend; Fig. 1a). Sensitivity, specificity, positive predictive
value, and negative predictive value for poor outcome for each score on the SAD scale are
listed in Table 2. The AUC for the SAD score was 0-82. The percentage of patients who
reperfused did not differ according to SAD score (x2 =, P > 0-05). The interaction between
SAD score and reperfusion for predicting poor functional outcome was not significant (P =
0-81; Fig. 2a). Likewise, the interaction between HIAT score and reperfusion for predicting
poor outcome was not significant (P = 0-51; Fig. 2b).

Text box

Stanford Age and DWI (SAD) Score

DWI Volume

<15 cc = 0 points

> 15 cc = 1 point

Age

<55 years = 0 points
56—69 years = 1 point
70-79 years = 2 points

> 80 years = 3 points

Validation dataset

The SAD score was validated and compared with the HIAT score in the MGH cohort. The
AUC for the SAD score was 0-69 compared with an AUC of 0-66 for the HIAT score. The
difference between these values was not significant (P = 0-45).
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Discussion

This study demonstrates that a simple scoring system based on age and DWI volume
performs well in predicting poor functional outcomes following endovascular treatment for
acute ischemic stroke. Age and DWI lesion volume remained as significant predictors of
poor functional outcome even after controlling for the effect of reperfusion. When the new
scoring system was compared with the HIAT score, a scoring system based entirely on
clinical variables, its predictive accuracy was, however, comparable.

Previous studies have shown that infarct volume is highly associated with clinical outcome
following endovascular treatment of acute ischemic stroke (7,8). Not surprisingly, larger
DWI1 volumes are associated with poorer outcomes. For example, a final infarct volume of
90 ml has been shown to be a highly specific cutoff value for identifying patients with a
poor outcome (MRS 3-6) (8). In the present study, the goal was to derive a tool that predicts
the chance of poor outcome over a range from low to high risk. Age was a stronger predictor
of poor outcome than DWI lesion volume. In order to distribute patients evenly among the
risk categories, age quartiles and the median DWI volume (15 ml) were considered the
optimal cutoffs for the prediction tool. A higher threshold for the DWI lesion volume would
have made the prediction tool more specific at its upper range but would have reduced
predictive accuracy over the full range of potential scores. Sub-dividing DWI lesion volume
into multiple subcategories did not add significantly to the predictive accuracy of the SAD
score.

Reperfusion was a significant predictor of clinical outcome in the dataset. This is consistent
with previously reported studies (9,10). There was no interaction between the SAD score
and reperfusion or between the HIAT score and reperfusion in predicting outcome. This
suggests that these scores do not discriminate patients who are likely to benefit from
reperfusion from those who are unlikely to benefit or may be harmed by reperfusion. The
main utility of these scores is therefore as a prognostic marker and not as a selection
criterion for interventions aimed at restoring perfusion.

In contrast to the HIAT score (4), which found that age, NIHSS score, and blood glucose
level were significant predictors of poor outcome, the present study identified age as the
single clinical predictor of poor functional outcome. This difference is likely explained by
the correlation between DW!I lesion volume and NIHSS. In univariate analysis, NIHSS score
was a significant predictor of poor outcome and serum glucose level was borderline
significant. However, in the multivariate model that also included DWI lesion volume,
NIHSS and glucose did not remain significant.

The results of the present study are in contrast to the NAV (NIHSS, age, and decreased
blood volume) scale (11), which included NIHSS score as an independent predictor of good
outcome. Differences in the definition of clinical outcome might have contributed to
discrepancies in predictor variables between the studies. The NAV score identified
predictors of good clinical outcome defined as mRS 0-2, whereas the present study
identified predictors of poor functional outcome, defined as mRS 4-6. It is notable that both
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the SAD score and NAV scale found evidence that neuroimaging variables indicative of
ischemic brain injury are predictors of clinical outcome.

The new scoring system had only a slightly better predictive accuracy than the HIAT score
in the validation cohort, as evidenced by a comparison of the areas under the ROC curves
(AUC for SAD = 0-69; HIAT = 0-66). At best, this result suggests that addition of
neuroimaging variables to a clinical prediction scoring system marginally enhances the
ability to predict poor functional outcome following endovascular treatment. However,
neither model seems suitable for making individual patient decisions given their modest
AUC values.

Strengths of this study include the validation of the scoring systems in an independent
dataset, comparison of the SAD score to an established scoring system (the HIAT score) in
the validation cohort, and the assessment of the effect of reperfusion according to SAD and
HIAT scores. However, there are also some limitations. First, the number of patients in the
derivation and validation cohorts was moderate. Consequently, there was limited power to
identify predictor variables with smaller effect sizes. Also, it precludes our ability to draw a
firm conclusion regarding the interactions between reperfusion and the prediction scores on
outcome. Second, the derivation and validation cohorts were skewed toward smaller lesions.
The added value of DWI to outcome prediction may be greater among patients with a wider
range of infarct volumes.

In summary, a prediction model based on age and DWI predicted poor outcome following
endovascular therapy with good accuracy. However, similar accuracy was achieved with a
prediction tool based on clinical and demographic variables alone. Thus, in a population
selected for relatively smaller infarcts, it might be sufficient to predict poor functional
outcome with a clinical scoring system comprised entirely of baseline demographic and
clinical variables. Because neither scoring system predicts the response to reperfusion, they
do not appear to be effective tools for patient selection in acute stroke trials.
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dataset and black bars correspond to the MGH validation dataset. The proportion of patients
with poor outcome is shown above each bar. SAD Score = Stanford Age and DWI score;
HIAT score, Houston IAT score.

Int J Stroke. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Liggins et al.

a
100%

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Fig. 2.

12115

9/13

417

Page 9

5/5

7120 39
2/16
09 07
SAD O SAD 1 SAD 2 SAD 3 SAD 4
12/15
8/13
8/15
11/23
4115

2/24

0/0
HIAT 0 HIAT 1 HIAT 2 HIAT 3

[OReperfusion ®No Reperfusion

Percentage of patients with poor outcome, defined as mRS score of 4-6 at 90 days as a
function of (a) SAD score and (b) HIAT score. The proportion of patients with poor
outcome is shown above each bar. SAD score, Stanford Age and DWI score; HIAT score,

Houston IAT score.

Int J Stroke. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Liggins et al.

Table 1
Predictors of Poor Outcome in the DEFUSE 2 Cohort

Page 10

Not poor outcome Day 90 (MRS 0-
Poor outcome Day 90 (MRS 4-6) 3)

n=145 n=65 P value
Median age (years; IQR) 78:0 (67:5-82:0) 60-0 (50:0-73:5) <0:001
Women (%) 29/45 (64%) 24/65 (37%) 0-005
History of stroke or TIA (%) 14/44 (32%) 12/65 (18%) 0-108
Hypertension (%) 38/44 (86%) 37/65 (57%) 0-001
Atrial fibrillation (%) 18/44 (41%) 20/65 (31%) 0-276
Diabetes (%) 11/44 (25%) 11/65 (17%) 0-303
Hyperlipidemia (%) 26/44 (59%) 29/65 (45%) 0-138
Median baseline NIHSS score (IQR) 18:0 (13:0-20-5) 14.0 (9:0-19-0) 0-049
Median baseline DWI volume (IQR) 225 (8:0-43.0) 12.0 (5:0-27'5) 0-007
Median volumetric mismatch (IQR) 49.5 (22:5-80-3) 54.7 (17:1-79-4) 0-698
Median glucose value (IQR) 131.0 (105:0-150:0) 115.0 (102:5-141.0) 0-121
Target mismatch (%) 34/43 (79%) 44161 (72%) 0-421
Median symptom onset to catheterization time 5.7 (3:5) 58 (3:8) 0-874
(hours; IQR)
Reperfusion (%) 21/45 (47%) 41/60 (68%) 0-025

Poor outcome was defined as mRS 4-6 at 90 days. Univariate comparisons were made with Mann-Whitney U tests for continuous variables and

Chi-Square tests for categorical variables. DWI = Diffusion-Weighted Imaging; IQR = inter-quartile range.
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Test Characteristics of the SAD Score for Predicting Poor Outcome in the DEFUSE 2 cohort

Table 2

SAD score  Sensitivity  Specificity  Positive predictive value  Negative predictive value
0 100-0 0-0 409 00
1 100-0 246 479 100-0
2 86-7 52.3 557 85-0
3 64-4 877 784 781
4 178 985 889 63-4

Poor outcome was defined as mRS 4-6 at 90 days. SAD Score = Stanford Age and DWI Score.
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