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ABSTRACT

BACKGROUND AND PURPOSE: Age and stroke severity are inversely correlated with the odds of favorable outcome after ischemic
stroke. A previously proposed score for Stroke Prognostication Using Age and NIHSS Stroke Scale (SPAN) indicated that SPAN-100-positive
patients (ie, age � NIHSS score � 100 or more) do not benefit from IV-tPA. If this finding holds true for endovascular therapy, this score
can impact patient selection for such interventions. This study investigated whether a score combining age and NIHSS score can improve
patients’ selection for endovascular stroke therapy.

MATERIALS AND METHODS: The SPAN index was calculated for patients in the prospective Solitaire FR Thrombectomy for Acute
Revascularization study: an international single-arm multicenter cohort for anterior circulation stroke treatment by using the Solitaire FR.
The proportion with favorable outcome (90-day mRS score �2) was compared between SPAN-100-positive versus-negative patients.

RESULTS: Of the 202 patients enrolled, 196 had baseline NIHSS scores. Fifteen (7.7%) patients were SPAN-100-positive. There was no
difference in the rate of successful reperfusion (Thrombolysis In Cerebral Infarction 2b or 3) between SPAN-100-positive versus -negative
groups (93.3% versus 82.8%, respectively; P � .3). Stroke SPAN-100-positive patients had a significantly lower proportion of favorable
clinical outcomes (26.7% versus 60.8% in SPAN-100-negative, P � .01). In a multivariable analysis, SPAN-100-positive status was associated
with lower odds of favorable outcome (OR, 0.3; 95% CI, 0.1– 0.9; P � .04). A higher baseline Alberta Stroke Program Early CT Score and a
short onset to revascularization time also predicted favorable outcome in the multivariable analysis.

CONCLUSIONS: A significantly lower proportion of patients with a positive SPAN-100 achieved favorable outcome in this cohort.
SPAN-100 was an independent predictor of favorable outcome after adjusting for time to treatment and the extent of preintervention
tissue damage according to the Alberta Stroke Program Early CT Score.

ABBREVIATIONS: SPAN � Stroke Prognostication Using Age and NIH Stroke Scale; STAR � Solitaire FR Thrombectomy for Acute Revascularization study

Stroke-related disability remains high at nearly 2 decades since

the introduction of IV-tPA as an acute ischemic stroke ther-

apy.1 Three recent large randomized trials failed to demonstrate

the efficacy of endovascular therapies in improving the 90-day

functional outcomes over IV-tPA alone.2-4 These trials are criti-

cized for time delays in achieving reperfusion and for the use of

dated devices in most patients. Stent retrievers have proved effi-

cacy over the Merci retriever (Concentric Medical, Mountain

View, California),5,6 but they were used in �1% of patients in the

recent neutral trials. Therefore, at least 4 multicenter randomized

trials of acute stroke endovascular therapy by using stent retriev-

ers are currently recruiting, and other trials are launching soon.
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The importance of patient selection for endovascular therapy

of acute ischemic stroke cannot be overemphasized. While con-

troversy exists regarding the optimal imaging technique for pa-

tient selection for endovascular therapy, there are proved and

readily-available clinical indicators. Among the factors associated

with poor functional recovery, age and NIHSS score are most

relevant.7 This finding led to the derivation of the Stroke Prog-

nostication Using Age and NIHSS Stroke Scale (SPAN) index by

adding the patient age in years plus the baseline NIHSS score.

Investigators reported that patients in the National Institute of

Neurological Disorders and Stroke trial with a score of �100

(SPAN-100) did not benefit from IV-tPA therapy, with a higher

rate of symptomatic intracranial hemorrhage and poor functional

outcome compared with SPAN-100-negative patients.8 However,

these findings do not take into account the rate of successful re-

canalization that has been consistently shown to be one of the

strongest predictors of favorable stroke outcome.9 The National

Institute of Neurological Disorders and Stroke trial,10 conducted

between 1991 and 1994, does not reflect contemporary stroke

care; this feature limits its generalizability.

If the SPAN-100 index can identify patients who do not benefit

from endovascular therapy, this simple and readily available in-

dex will have implications for patient eligibility for these interven-

tions. We assessed the impact of the SPAN-100 index in the large

multicenter prospective study for mechanical thrombectomy in

acute ischemic stroke, Solitaire FR Thrombectomy for Acute Re-

vascularization (STAR).11

MATERIALS AND METHODS
The STAR registry was a single-arm prospective one conducted

in 12 centers in Europe, Canada, and Australia.11 Patients were

eligible for enrollment if they presented within 8 hours after

onset of an acute ischemic stroke due to a proximal intracranial

arterial occlusion in the anterior circulation. Key inclusion

criteria were the following: age (18 years of age and older and

younger than 85 years), NIHSS score of 8 –30, mRS score of

�2, and a documented occlusion of an intracranial artery on

conventional angiography.

Treatment Protocol and Outcomes
Patients arriving at the hospital within 4.5 hours were treated with

IV-tPA in the absence of contraindications, while the rest were

referred for primary mechanical thrombectomy. The Solitaire FR

(flow restoration) device (Covidien, Irvine, California) was the

primary stent retrievers used in the study. Successful revascular-

ization was defined as a TICI score of 2b or more of the target

territory with a maximum of 3 passes of the study device per

vessel. Rescue therapy was permitted if adequate revascularization

(TICI � 2b) had not been achieved.

The primary end point of the STAR registry was the revascu-

larization rate (TICI 2b or greater) of the occluded vessel after a

maximum of 3 passes of the study device as determined by an

independent core laboratory.

SPAN-100 Index
The SPAN index was calculated by adding age in years to the

baseline NIHSS score, as described previously.8 Scores were di-

chotomized as SPAN-100-positive if the index score was �100

and SPAN-100-negative if the index score was �100.

Statistical Analysis
Patients were stratified according to the SPAN-100 index and suc-

cessful revascularization status. The proportion of patients with

favorable clinical outcome (90-day mRS score �2) was compared

between SPAN-100-positive versus -negative. In addition, the

rates of symptomatic hemorrhage and procedure-related compli-

cations were compared between the 2 groups. A multivariable

logistic regression model was fitted for favorable clinical outcome,

adjusting for the SPAN-100 index, successful revascularization,

baseline ASPECTS, IV-tPA treatment, and time from symptom

onset to revascularization. Statistical analysis was performed in

SAS, Version 9.3 (SAS Institute, Cary, North Carolina). All tests

were 2-tailed with a prespecified P value of .05.

Role of the Funding Source
The STAR registry was designed by academic principal investiga-

tors and had an academic Steering Committee composed of experts

in vascular neurology and interventional neuroradiology. An inde-

pendent Clinical Events Committee was responsible for the review

and validation of all complications. The principal investigators and

the Steering Committee interpreted the results and wrote the final

report of the study. Study management and funding were provided

by Covidien Neurovascular. The STAR registry is registered with

ClinicalTrials.gov, number NCT01327989.

The current report is a post hoc analysis that is

investigator-driven.

RESULTS
Of the 202 patients enrolled, 196 had NIHSS scores at baseline.

Fifteen patients (7.7%) had a SPAN index of �100. The On-line

Table shows the baseline characteristics of the study groups.

As expected, the SPAN-100-positive group was relatively

older, with 60% being 80 years of age or older. This group also had

a higher prevalence of diabetes mellitus, hypertension, atrial fi-

brillation, and prior history of myocardial infarction compared

with SPAN-100-negative patients. There was no difference in the

median baseline ASPECTS or the location of arterial occlusions.

There were delays (45 minutes on average) in the time from

stroke-symptom onset to groin arterial access for the endovascu-

lar procedure in the SPAN-100-positive group.

Outcomes
Successful revascularization was achieved in 88% of patients in

the STAR registry (Table 1). This rate was similar in the SPAN-

100-positive versus -negative groups (93.3% versus 82.8%, re-

spectively; P � .3). Procedure-related complications were not dif-

ferent between the 2 groups. A significantly lower proportion of

patients in the SPAN-100-positive group achieved revasculariza-

tion within 4.5 hours from stroke-symptom onset compared with the

SPAN-100-negative group (20% versus 47%, respectively; P � .043).

There was no difference in the time interval from CT to TICI 2b or

3 or final angiographic run (mean time of 165.7 versus 141.5 min-

utes in SPAN-100-positive and -negative, respectively; P � .2).

While there was a suggestion of a higher incidence of any in-

tracranial hemorrhage in the SPAN-100-positive group (27% ver-
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sus 19% in the SPAN-100-negative group, P � .5), none of those

patients were symptomatic compared with only 2% symptomatic

intracranial hemorrhages in the SPAN-100-negative group.

None of the SPAN-100-positive patients achieved a 90-day

mRS score of zero, and only 1 patient (6.7%) achieved an mRS

score of 1 (Fig 1; P � .004 for the difference in the 90-day mRS of

�1 between SPAN-100-positive versus -negative). Similarly, a

significantly lower proportion of patients in the SPAN-100-posi-

tive group achieved a 90-day mRS score of �2 compared with the

SPAN-100-negative group (26.7% versus 60.8%, respectively;

P � .01).

In a univariable logistic regression for favorable clinical out-

come at 90 days (Table 2), significant predictors were the SPAN-

100-positive index (OR � 0.2; 95% CI, 0.1– 0.8; P � .02), baseline

ASPECTS (OR � 1.3; 95% CI, 1.1–1.6; P � .003), and time from

stroke onset to successful revascularization (OR � 0.7; 95% CI,

0.6 – 0.8; P � .001). When these predictors were analyzed in a

multivariable logistic regression model (Table 2), SPAN-100 re-

mained a significant predictor of favorable outcome (OR 0.3; 95%

CI, 0.1– 0.9; P � .04). In addition, the baseline ASPECTS (OR �

1.3; 95% CI, 1.04 –1.6; P � .02) and time from stroke onset to

successful revascularization (OR � 0.7; 95% CI, 0.6 – 0.8; P �

.001) were significant. There was no interaction between the

SPAN-100 index and time from stroke

onset to successful revascularization.

DISCUSSION
Patient selection for endovascular acute

ischemic stroke therapy remains a chal-

lenge. The relatively high rates of suc-

cessful revascularization are unable to

improve the number of patients with fa-

vorable clinical outcomes.12 This result

might be explained, at least in part, by

inappropriate patient selection for en-

dovascular interventions. The SPAN-

100 index is promising to provide a sim-

ple and readily available tool to enhance

the patient-selection process. In the

STAR registry, we found that patients

with a SPAN-100-positive index do not

benefit from endovascular therapy to

the same extent as patients who are SPAN-100-negative. This ef-

fect remains significant even after adjusting for those with a lim-

ited extent of ischemic change on baseline CT and a short onset to

successful revascularization time.

This is the first study to evaluate the SPAN-100 index in a

cohort of patients with acute stroke treated with the most recent

and effective endovascular devices, stent retrievers. This analysis

may have implications for patient selection for future endovascu-

lar randomized trials. The findings highlight the importance of

selecting appropriate patients for endovascular therapy and

achieving successful revascularization quickly to improve the out-

come of acute ischemic stroke. Although SPAN-100-positive pa-

tients may still achieve favorable outcome if revascularized

quickly, the size of the effect in this patient population is expected

to be smaller than that in SPAN-100-negative patients. While

there was no difference in the baseline ASPECTS for patients in

the SPAN-100-positive versus -negative groups, differences in the

extent of collateral circulation in those patients might be relevant.

The known association between poor collaterals and older age

may account for the lack of efficacy of endovascular therapy in this

patient population and indicates the importance of collateral assess-

ment in selecting patients for this therapy. Finally, trials for endovas-

cular therapy beyond 4.5 hours from stroke onset may consider ex-

FIG 1. Ninety-day modified Rankin Scale scores. The distribution of 90-day modified Rankin Scale
scores among patients according to the SPAN-100 index. The lines indicate the mRS category
(mRS 0 –2 and mRS 5– 6) between SPAN-100 groups. P value refers to the significance level of the
�2 test for proportion comparison.

Table 1: Outcome measures

Outcome
Entire Cohort

(N = 202)
SPAN-100-Positive

(n = 15)
SPAN-100-Negative

(n = 181)
Median time from stroke onset to groin puncture (min) (range) 238 (72–714) 280 (140–450) 235 (72–714)
Successful recanalization (after rescue therapy) as per core laba 88% (171/194) 93% (14/15) 87% (151/173)
Median time from stroke onset to TICI 2b or 3 (or final DSA run) (min) (range) 282 (100–800) 322 (188–483) 282 (100–800)
Stroke onset to successful revascularization categories

0–4.5 hr 46% (92/201) 20% (3/15) 47% (84/180)
4.5–8 hr 50% (101/201) 73% (11/15) 49% (89/180)
�8 hr 4% (8/201) 7% (1/15) 4% (7/180)

Device- or procedure-related serious adverse events 7% (15/202) 7% (1/15) 8% (14/181)
Any intracranial hemorrhage 19% (38/202) 27% (4/15) 19% (34/181)
Symptomatic intracranial hemorrhage 1% (3/202) 0% (0/15) 2% (3/181)
90-Day clinical outcomes

Death from any cause 7% (14/202) 27% (4/15) 6% (10/181)
Good functional recovery (modified Rankin Scale score 0–2) 58% (117/202) 27% (4/15) 61% (110/181)

a Core laboratory missed the primary end point data of 8 subjects.
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cluding SPAN-100-positive patients on the basis of the results of this

analysis.

The significant difference in functional outcome between the

SPAN-100 groups has implications for the outcome measures in

endovascular stroke trials. While patients in the SPAN-100-posi-

tive group were less likely to have mRS �2, the proportion of

patients in the intermediate disability categories (mRS 3 or 4) was

not different from that in the SPAN-100-negative group. In en-

dovascular trials with no upper age limit for enrollment, patients

with a SPAN-100-positive index are likely to be encountered and

may dilute any efficacy in the endovascular arm if a dichotomous

analysis of outcome is adopted. In these trials, alternative analytic

approaches that take into account the entire distribution of the

90-day mRS (eg, shift analysis)13 might help capture any treat-

ment effect compared with the traditional dichotomous outcome

analysis.

This study has limitations. It was based on the nonrandomized

STAR prospective registry. Therefore, the effect of endovascular

therapy compared with IV-tPA in SPAN-100-positive versus-

negative patients could not be assessed. Approximately 8% of the

STAR registry patients were SPAN-100-positive. This relatively

small number may limit the generalizability of the results. While

the multivariable logistic regression identified the SPAN-100 in-

dex as a predictor of favorable outcome, rapid revascularization of

patients with limited early ischemic changes on baseline imaging

may still be of benefit, even with SPAN-100-positive status.

CONCLUSIONS
A significantly lower proportion of patients with a positive SPAN-

100 index achieved a favorable outcome at 90 days in this cohort.

SPAN-100 was an independent predictor of favorable outcome

after adjusting for time to treatment and the extent of preinter-

vention tissue damage according to ASPECTS.
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