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ABSTRACT

BACKGROUND AND PURPOSE: Patient selection for endovascular therapy remains a great challenge in clinic practice. We sought to
determine the effect of baseline CT and angiography on outcomes in the Solitaire With the Intention for Thrombectomy as Primary
Endovascular Treatment for Acute Ischemic Stroke (SWIFT PRIME) trial and to identify patients who would benefit from endovascular
stroke therapy.

MATERIALS AND METHODS: The primary end point was a 90-day modified Rankin Scale score of 0—2. Subgroup and classification and
regression tree analysis was performed on baseline ASPECTS, site of occlusion, clot length, collateral status, and onset-to-treatment time.

RESULTS: Smaller baseline infarct (n = 145) (ASPECTS 8-10) was associated with better outcomes in patients treated with thrombectomy
versus IV tPA alone (66% versus 41%; rate ratio, 1.62) compared with patients with larger baseline infarcts (n = 44) (ASPECTS 6 —7) (42% versus
21%; rate ratio, 1.98). The benefit of thrombectomy over IV tPA alone did not differ significantly by ASPECTS. Stratification by occlusion
location also showed benefit with thrombectomy across all groups. Improved outcomes after thrombectomy occurred in patients with
clot lengths of =8 mm (71% versus 43%; rate ratio, 1.67). Outcomes stratified by collateral status had a benefit with thrombectomy across
all groups: none—fair collaterals (33% versus 0%), good collaterals (58% versus 44%), and excellent collaterals (82% versus 28%). Using a
3-level classification and regression tree analysis, we observed optimal outcomes in patients with favorable baseline ASPECTS, complete/
near-complete recanalization (TICI 2b/3), and early treatment (mean mRS, 1.35 versus 3.73), while univariate and multivariate logistic
regression showed significantly better results in patients with higher ASPECTS.

CONCLUSIONS: While benefit was seen with endovascular therapy across multiple subgroups, the greatest response was observed in

patients with a small baseline core infarct, excellent collaterals, and early treatment.

Patient selection for mechanical thrombectomy in acute isch-
emic strokes presents a major challenge in achieving good
outcomes. First-generation randomized controlled trials investi-
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of Stroke Clots Using Embolectomy (MR RESCUE) trial, the core
baseline infarct was 36 mL at enrollment with only 21% of pa-
tients achieving functional independence at 90 days (modified
Rankin Scale score, 0—2).”> To overcome these constraints, the
Solitaire With the Intention for Thrombectomy as Primary Endo-
vascular Treatment for Acute Ischemic Stroke (SWIFT PRIME)
trial limited enrollment to patients with small-moderate core in-
farcts as defined by head CT, CT angiography, and/or CT perfu-
sion. We have previously reported on the primary outcomes of
the SWIFT PRIME trial® and the secondary prespecified analysis
of baseline CT perfusion imaging and follow-up infarct volume
and outcomes.*” In this study, we describe the effect of the base-
line CT and CTA findings on clinical outcome.

MATERIALS AND METHODS

The study design of the SWIFT PRIME trial has been previously
described.>® Primary outcomes for all 196 patients have been pre-
viously reported,” while a subset of 151 patients has been evalu-
ated and presented for outcomes based specifically on perfusion
imaging.* In this article, we report, for the first time, the effects of
imaging parameters (including ASPECTS and collateral status),
substantial reperfusion, and time to treatment on clinical out-
comes. An independent core imaging lab evaluated all imaging.
Baseline head CT was available for review in 185 patients. CT
angiography was available for review in 88% of patients. The
ASPECTS is a 10-point semiquantitative topographic score for
assessing stroke burden in the middle cerebral artery distribution
on CT.” Enrollment (after the first 71 patients) was restricted to
patients with ASPECTS scores of >5. For the first 71 patients, the
inclusion criteria were based on a CT perfusion study as follows:
ischemic core lesion volume, =50 mL; time-to-maximum, >10
seconds; lesion volume, =100 mL; mismatch volume, =15 mL;
and mismatch ratio, >1.8. Ischemic core was defined as an area
with >70% reduction in CBF (relative CBF < 0.3) in comparison
with the mean CBF of normally perfused brain parenchyma. An
ischemic core lesion defined by CT perfusion corresponds to an
ASPECTS of >5.

For subgroup analysis according to ASPECTS, we made 2
comparisons of higher-versus-lower ASPECTS: ASPECTS 8-10
versus ASPECTS 6-7 and ASPECTS 9-10 versus ASPECTS 6-8.
The site of occlusion was defined by baseline head CTA: ICA
occlusion, proximal M1 occlusion, middle M1 occlusion, and dis-
tal M1/M2 occlusion. Clot length was measured on CTA or MRA
as the length of a vessel that was nonopacified/nonvisualized us-
ing 5-mm multiplanar MIP reformations. Contrast-enhanced
MRA was used whenever possible. In a subset of cases in which the
distal end of the clot could not be identified, CT perfusion source
images allowed visualization and measurement of the clot. The
earlier phases of CTP were used to determine the proximal end of
the clot, while the later phases were used to determine the distal
end of the clot. Prior studies have identified a thrombus length of
=8 mm in the middle cerebral artery as being refractory to recan-
alization from intravenous thrombolysis,® which can potentially
impact clinical outcomes. To understand the impact of clot length
on responsiveness to endovascular therapy, clinical outcomes
were compared in patients with =8 mm of thrombus.
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Collateral Scoring on CTA

Collateral assessment was defined on CTA as excellent, good,
fair, poor, minimal, or none.” Definitions were as follows: ex-
cellent, increased or normal prominence and extent of pial
vessels beyond the occluded artery within the symptomatic
hemisphere; good, slightly reduced prominence and extent of
pial vessels beyond the occluded artery within the symptomatic
hemisphere; fair, moderately reduced prominence and extent
of pial vessels beyond the occluded artery within the symptom-
atic hemisphere; poor, decreased prominence and extent and
regions with no vessels in some part of the occluded territory;
minimal, compared with the asymptomatic contralateral
hemisphere, just a few vessels visible in the occluded vascular
territory; and none, no vessels visible within the occluded vas-
cular territory.’

Statistical Analysis

All available data were used for analyses. Statistical tests for binary
variables were performed with the Fisher exact test, and for con-
tinuous variables, they were performed with the Student t test.
Univariate and multivariate logistic regressions were used to test
relationships between potential predictor variables and outcomes
defined by the modified Rankin Scale score of 0-2 at 90 days.
Classification and regression tree analysis were used to further
investigate relationships among study variables. All statistical tests
were 2-sided. with P values < .05 considered statistically signifi-
cant. All analyses were performed in R, Version 3.0 or above
(R Foundation for Statistical Computing; Vienna, Austria; http://
www.R-project.org).

RESULTS

Baseline CT ASPECTS

A higher baseline ASPECTS of 8 —10 was noted in 145 patients (74
in the IV tPA arm; 71 in the endovascular and IV tPA arm), of
whom 142 had mRS available at 90 days. Good outcomes (mRS
0-2) at 90 days were observed in 66% of patients in the treatment
arm compared with 41% of patients in the control arm (P = .004).
Lower baseline ASPECTS of 67 was noted in 44 patients (24 in
the IV tPA arm; 20 in the endovascular and IV tPA arm). Good
outcomes were observed in 42% of patients in the treatment arm
compared with 21% of patients in the control arm (P = .2; Fig 1).
In univariate and multivariate logistic regression analyses, a
higher baseline ASPECTS was associated with better outcomes,
particularly when dichotomized for ASPECTS of 9-10 versus =8
(Tables 1 and 2).

Site of Occlusion

Distribution of the site of occlusion was as follows: ICA (20 pa-
tients), proximal M1 (39 patients), middle M1 (55 patients), and
distal M1/M2 (49 patients). Treatment effect with endovascular
therapy was noted across all sites of occlusion (Fig 2), with the
greatest treatment effect in patients with a proximal M1 occlusion
(88% versus 14%, P < .0001). The site of occlusion was not sig-
nificantly associated with good outcome in the univariate analysis
(Table 1).


http://www.R-project.org
http://www.R-project.org

0

Solitaire + IV tPA (N=24) 13 a7/

IV tPA (N=19)

Solitaire + IV tPA (N=71)

IV tPA (N=71) il

1 m2 m3 m4 m5&6

s s
e e I

ASPECTS 6-7

o

ASPECTS 8-10

FIG1. Influence of baseline CT ASPECTS on outcome (90-day mRS), indicating better outcomes with higher ASPECTS and better outcome with

endovascular therapy irrespective of ASPECTS.

Table 1: Univariate predictors of functional independence (mRS 0-2) at 90 days, endovascular arm only®

Predictor No. Total No. Category Odds Ratio Lower CI Upper CI P Value
ASPECTS (per unit) 95 NA 153 109 215 015
ASPECTS 8-10 (vs 6-7) 95 71/24 2.74 1.06 7.08 .037
ASPECTS 9-10 (vs 6-8) 95 52/43 343 145 8.09 .005
M occlusion (vs non-M) 95 60/35 212 0.90 4.97 .085
Onset-to-groin puncture (per 60 min) 94 NA 0.68 0.48 0.98 .040
TICI 3 postprocedure (vs =<TICI 2b) 80 56/24 21 0.79 5.61 3
TICI 2b/3 postprocedure (vs <TICI 2a) 80 70/10 180 047 6.82 39
Collateral grade (per unit) 56 NA 277 113 6.82 026
Clot length (per mm) 50 NA 112 0.96 1.30 14
Clot length of =8 mm (vs <8 mm) 50 44/6 238 0.42 13.40 32
Clot length of =13 mm (vs <13 mm) 50 23/27 248 071 8.66 16

Note:—No. reflects the number of data points available for each variable; NA, not applicable.
? Univariate logistic regression analysis of patients undergoing endovascular therapy was performed with the following variables: ASPECTS (as scored on preprocedural head CT,
6—7 vs 8-10 and 6—8 vs 9-10), site of occlusion (M1 versus non-Ml), onset to groin puncture, quality of recanalization (TICl scale), collateral grade, and clot length (>8 mm versus

<8 mm).

Table 2: Multivariate predictors of functional independence (mRS 0-2) at 90 days,

endovascular arm only®

good outcome in the subgroup of pa-

tients treated with endovascular therapy

No. No. Odds Lower Upper P Table 1
Predictor Total Category Ratio cl cl Value (Table 1).
Ot oo pctre peréomin) 45 M 079 ods 14 4y  Quality of Collaterals
nset-to-groin puncture (per 60 min . . . . .
TICI 2b/3 postprocedure (vs <TICI 2a) 48 43/5 103 ol 846 o  Collateralstatusonbaseline head CTA
Collateral grade (per unit) 48 NA 285 090 908 076  Was available for review in 113 pa-

Note:—No. reflects the number of data points available for each variable; NA, not applicable.
@ Multivariate logistic regression analysis of patients undergoing endovascular therapy was performed with the follow-
ing variables: ASPECTS (as scored on preprocedural head CT), onset to groin puncture, quality of recanalization (TICI

scale), and collaterals.

Length of Clot

Clot length was available in 111 patients, of whom 89% had
=8-mm clot length. In this subgroup, 71% of patients having
undergone thrombectomy versus 43% of patients receiving IV
tPA alone had good outcomes (P = .005, Fig 3). Median clot
length was 13 mm. In 59 patients with a clot length greater than
the median, 79% of patients having undergone thrombectomy
versus 34% of patients with IV tPA alone had good outcomes (P =
.001). In univariate analysis, clot length was not associated with

tients. Poor collaterals (none-to-fair)
were noted in 19% of patients with a
median baseline ASPECTS of 8 and a
mean core infarct volume of 18.9 mL.
High-quality collaterals (good-to-ex-
cellent) were associated with a median
baseline ASPECTS of 9 and a mean core infarct volume of 7.4
mL. A beneficial effect of endovascular therapy was observed
over IV tPA alone across all levels of collateral flow, with the
greatest effect in patients with excellent collaterals (82% versus
28%, P = .008; Fig 4). In univariate and multivariate analysis,
a good collateral grade was associated with good outcome (sta-
tistically significant in univariate analysis and a trend toward
significance in multivariate analysis) (Tables I and 2).
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FIG 2. Influence of the site of occlusion on outcome (90-day mRS), indicating better outcome with endovascular therapy irrespective of site

and the greatest treatment effect in proximal M1 occlusions.

Solitaire + IV tPA (N=45) 20

IV tPA (N=54)

0 m1 m2 m3 m4 m5&6

FIG 3. Outcomes (90-day mRS) in patients with a clot length of =8 mm, indicating statistically superior outcomes with endovascular therapy in

these clots.

Classification and Regression Tree Analysis

Univariate analysis revealed that favorable ASPECTS, earlier
treatment, good collaterals, and complete recanalization are asso-
ciated with better outcomes (Table 1). With the classification and
regression tree algorithm, binary cut points affecting outcome
were identified as dichotomized ASPECTS (ASPECTS 9-10 ver-
sus ASPECTS 6-8), onset-to-puncture time (within 4 hours ver-
sus beyond 4 hours), and quality of recanalization (TICI 3 versus
TICI 2b or less). Of 98 patients undergoing thrombectomy, better
outcomes were observed in patients with favorable ASPECTS,
early treatment, and complete recanalization (Fig 5). In the pa-
tients undergoing thrombectomy, the average time from symp-
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tom onset to recanalization was 260 minutes and the rate of TICI
2b/3 recanalization was 88% (70/80).

DISCUSSION

While the primary results of the SWIFT PRIME study revealed a
benefit of endovascular therapy over intravenous thrombolysis
alone in patients with acute ischemic stroke, several questions
remain about understanding subsets of patients most likely to
benefit from intra-arterial therapy. In this report, we found that
the benefit of endovascular therapy persisted across multiple sub-
groups, with the highest likelihood of benefit noted in patients
with higher ASPECTS, early treatment, and favorable collaterals.
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FIG 4. Influence of baseline collateral status on outcome (90-day mRS), indicating better outcomes with better collaterals, better outcomes
with endovascular therapy irrespective of collateral quality, and the greatest treatment effect associated with excellent collaterals.
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FIG 5. Mean mRS in dichotomized subgroups identified by classification and regression tree
analysis indicating time to recanalization, initial ASPECTS, and TICl scores posttreatment as sub-
stantial predictors of outcome with the displayed cut-points for dichotomization.

Previous studies of endovascular therapy (Intra-arterial Prou-
rokinase for Acute Ischemic Stroke [PROACT II] and IMSI) demon-
strated a strong interaction between favorable ASPECTS (8-10)">"!
and outcome; however, a similar analysis of IMS III did not confirm
this relationship.' Failure to appreciate this relationship in IMS III
has been attributed to long onset-to-treatment times as well as the
low reperfusion rates in the treatment arm. In contrast, the SWIFT
PRIME trial had fast treatment times and high rates of reperfusion.
Furthermore, the baseline ASPECTSs in SWIFT PRIME were much
higher, with 72% of patients having an ASPECTS of 8—10 compared
with 58% of patients in IMS II1."' We found that patients with higher
ASPECTS had better clinical outcomes, particularly with endovascu-
lar therapy. This finding is in keeping with numerous other studies
demonstrating that baseline ASPECTS is an important predictor of
final outcome.

2
15
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0

M Onset to puncture 4+ hrs

In the SWIFT PRIME trial, patients
were selected for enrollment on the basis
of small core infarcts on presentation.
Accordingly, the current analysis is lim-
ited to patients with overall favorable
ASPECTS. The benefit of complete or
near-complete recanalization of patients
with poor ASPECTS (<5) remains un-
clear and may warrant further investiga-
tion,'” particularly in younger patients
in whom recanalization may limit fur-
ther infarct growth. Such a clinical result
may not be well-captured in a dichoto-
mized mRS outcome of 02 versus 3-6,

ASPECTS<8 & TICI<2b but it may spare a young patient hemi-
craniectomy, respiratory compromise,
or other stroke-related complications.
Furthermore, a population with a poor
ASPECTS may be well-suited for bridg-
ing neuroprotection therapies in which
recanalization along with adjunctive ther-
apy may result in acceptable outcomes.'”

ASPECTS alone is a single freeze-frame in the evolution of
necrosing brain tissue. Additional information about the speed
and extent of infarct burden can be inferred by clinical examina-
tion (a large deficit suggests large tissue at risk), perfusion imag-
ing, and collateral status. The presence of robust collateral blood
circulation indicates brain tissue that is more likely to be reper-
fused and, when reperfused, more likely to have a favorable re-
sponse.'* Additionally, patients with robust collaterals are likely
to have smaller core infarcts on presentation. Furthermore, pre-
vious studies have indicated that reperfusion therapies in patients
with poor baseline collateral circulation do not typically have a
favorable response, and this feature eventually results in a higher
likelihood of infarct growth."> Most interesting, we found trends
toward benefit in patients with poor baseline collateral status after

AINR Am J Neuroradiol @@ @ 2017  www.ajnr.org 5



endovascular therapy, though the overall numbers are small and
not statistically significant. This population will require further
examination because the natural history tends to be quite poor
and treatment options are limited. A caveat with collateral as-
sessment is that single-phase CTAs may mislabel patients with
moderate-to-good collaterals as poor in CTAs that are mis-
timed (acquired in the early arterial phase). Collateral assess-
ment with multiphase CTA is a potential solution.'® Arguably,
patients with poor collateral circulation presenting at early
time windows may continue to benefit from thrombectomy if
achieved in ultrarapid fashion. Given the quickly growing core
infarct in this population, there may be a role for additional
therapies designed to arrest stroke progression, such as neuro-
protective therapy'” or hypothermia.

The site of occlusion and thrombus burden is associated with
failure of TV tPA to recanalize large-vessel occlusion. Distal occlu-
sions such as M2 or distal M1 are particularly responsive to IV
tPA, whereas proximal occlusions such as ICA or proximal M1 are
more refractory to IV tPA.'®* While benefit was observed with
endovascular therapy across groups, the highest benefit was noted
in proximal M1 occlusions compared with distal M1 occlusions.
Similarly, IV tPA is less effective as thrombus burden increases. In
1 study of patients undergoing intravenous thrombolysis for
acute stroke, hardly any patients (<1%) with clot measuring =8
mm had successful recanalization.® One limitation of measuring
clotlength on CTA is that it does not accurately define the throm-
bus extent because the lack of distal contrast opacification may be
related to delayed distal filling rather than a true filling defect. In
univariate analysis, the site of occlusion and clot length did not
predict 90-day mRS 0-2 after endovascular therapy. It is possible
that the effectiveness of endovascular therapy to recanalize such
clots may mitigate the role of clot length in predicting good clin-
ical outcomes. A priori identification of IV tPA nonresponders
may ultimately guide future management strategies in which IV
thrombolysis may be bypassed in favor of a direct intra-arterial
therapy.'®

Limitations

There are important limitations to our study. First, the sample size
is relatively small, so further validation of our findings will require
analysis in a larger cohort of patients. Second, given the nature of
the study design and focus on patients re-presenting with small
core infarcts, very few patients in our analysis had large core in-
farcts on initial presentation. The extent of benefit in this larger
core population remains unanswered. Additionally, the partici-
pating clinical sites in the SWIFT PRIME trial were specifically
selected on the basis of clinical volume and expertise. The gener-
alizability of these results across additional centers remains un-
tested. Finally, this study included post hoc analysis, so additional
confirmation will require prospective studies of specific sub-
groups and patient features.

CONCLUSIONS

Overall, this report supports the selection of patients for intra-
arterial therapy on the basis of favorable patient characteristics
(small core, good collateral circulation) and low likelihood of re-
canalization with intravenous thrombolysis (large and proximal
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clot burden). Additional studies will be needed to further under-
stand the continued benefit of intra-arterial treatment for patients
with larger infarct burden or distal occlusions.
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