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Abstract

Background and Purpose—The DEFUSE 2 study has shown that the clinical response to

endovascular reperfusion differs between patients with and without perfusion-diffusion (PWI-

DWI) mismatch: patients with mismatch have a favorable clinical response to reperfusion whereas

patients without mismatch do not. This study examined if alternative mismatch criteria can also

differentiate patients according to their response to reperfusion.

Methods—Patients from the DEFUSE 2 study were categorized according to vessel occlusion on

MRA and DWI lesion volume criteria (MRA-DWI mismatch) and symptom severity and DWI

criteria (clinical-DWI mismatch). Favorable clinical response was defined as an improvement of

≥8 points on the National Institutes of Health Stroke Scale (NIHSS) by day 30 or an NIHSS score
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of ≤1 at day 30. We assessed, for each set of criteria, if the association between reperfusion and

favorable clinical response differed according to mismatch status.

Results—A differential response to reperfusion was observed between patients with and without

MRA-DWI mismatch defined as an ICA or M1 occlusion and a DWI lesion <50 mL. Reperfusion

was associated with good functional outcome in patients who met these MRA-DWI mismatch

criteria (OR 8.5; 95% CI 2.3–31.3), whereas no association was observed in patients who did not

meet these criteria (OR 0.5; 95% CI 0.08–3.1) (p for difference between the odds = 0.01). No

differential response to reperfusion was observed with other variations of the MRA-DWI or

clinical-DWI mismatch criteria.

Conclusions—The MRA-DWI mismatch is a promising alternative to DEFUSE 2's PWI-DWI

mismatch for patient selection in endovascular stroke trials.

INTRODUCTION

The goal of acute stroke therapy is to restore perfusion to the ischemic penumbra.1, 2

Without timely reperfusion, the penumbra undergoes irreversible injury.2 The rate at which

this occurs is variable.3–5 In some patients, the neuronal loss occurs rapidly whereas in

others the penumbra survives for hours.3–5 Because of this variability, symptom duration

does not closely correlate with the presence of penumbral tissue.5 An assessment of

penumbral presence could be used to identify patients who are outside the established time-

window for acute stroke treatment but may still benefit from reperfusion therapy.6

Various imaging methods exist to assess the presence of penumbral tissue. The MRI

perfusion-diffusion (PWI-DWI) mismatch is one such method.7 It is promising for patient

selection based on results of cohort studies, which showed an association between

reperfusion and good outcome in patients with a substantial PWI-DWI mismatch, but not in

patients without a PWI-DWI mismatch.8–10 However, the few randomized-controlled stroke

trials that selected patients based on PWI-DWI mismatch have been negative.11–13 The

MRA-DWI mismatch and the clinical-diffusion mismatch are two alternative selection

strategies.14, 15 The MRA-DWI mismatch model uses the presence of a vessel occlusion as a

surrogate for the volume of the perfusion lesion.11 The clinical-DWI mismatch model uses

the severity of a patient’s stroke symptoms as a surrogate for the volume of the perfusion

lesion.12 Contemporary clinical trials such as SWIFT-PRIME often use combinations of

clinical, angiographic, perfusion, and diffusion criteria for patient selection.16

The aim of this post-hoc analysis of the DEFUSE 2 study is to determine the optimal

strategy to select patients for acute stroke trials. We compared the PWI-DWI mismatch

model to a variety of alternative mismatch models and assessed which mismatch model most

effectively differentiates patients who have a favorable clinical response with reperfusion

from patients who do not have a favorable clinical response with reperfusion.
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METHODS

Patients

The eligibility criteria for the Diffusion and Perfusion Imaging Evaluation for

Understanding Stroke Evolution 2 (DEFUSE 2) study were intention to start endovascular

stroke therapy within 12 hours of symptom onset, age ≥18 years, baseline NIHSS of ≥5,

non-pregnant state, mRS ≤2, and no contraindication for MRI.10 All patients underwent

serial MR imaging before and after the endovascular procedure.10 The baseline MRI (GRE,

MRA, DWI and PWI sequences) was obtained within 90 minutes prior to the start of the

endovascular procedure, the early follow-up scan (GRE, MRA, DWI and PWI) within 12

hours of the end of the endovascular procedure, and the late follow-up MRI (GRE, DWI and

FLAIR) on day 5 or at discharge from the hospital, whichever occurred first.10 Patients

enrolled in the DEFUSE 2 study were eligible for this sub-study if alternative mismatch

status (MRA-DWI mismatch and clinical DWI mismatch) and reperfusion status could be

determined.10

Definitions

PWI-DWI Mismatch criteria—In the DEFUSE 2 study, RAPID software was used to

post-process the perfusion and diffusion data.10 Segmentation of the DWI lesion was based

on an apparent diffusion coefficient (ADC) threshold of <600 s/mm2 and the PWI lesion

was segmented based on a Tmax threshold of >6 s.10, 17–19 The PWI-DWI mismatch was

defined as a PWI-DWI ratio ≥1.8, an absolute difference between the PWI and DWI lesions

of ≥15 mL, an ischemic core volume <70 mL, and <100 mL of tissue with a severe bolus

delay (Tmax>10 s). This combination of criteria was termed the Target Mismatch Profile.10

Alternative Mismatch Criteria—MRA-DWI mismatch was primarily defined according

to previously reported criteria: an occlusion of the internal carotid artery or the first segment

of the middle cerebral artery (M1 segment) and a DWI lesion volume <25 ml; an M2

occlusion with a DWI lesion volume <15 ml; or a non-occlusive narrowing of any

intracranial vessel with a DWI lesion volume <15 ml.11 We also examined alternative

definitions of the MRA-DWI mismatch.11 The clinical-DWI mismatch was defined

according to previously proposed criteria: NIHSS ≥8 and DWI lesion volume <25 ml.12

Reperfusion and Clinical Outcome—Definitions for reperfusion and favorable clinical

response (FCR) were adopted from the parent study.10 Reperfusion was defined as a >50%

reduction in the volume of the PWI (Tmax >6s) lesion between the baseline and the early

follow-up MRI. If the follow-up PWI was not obtained or if it was of insufficient quality,

reperfusion was assessed based on dual plane digital subtraction angiography and defined as

restoration of blood flow at the completion of the angiographic procedure in >50% of the

territory (i.e. TICI 2B) that showed impaired perfusion on the first angiographic run.10 The

primary outcome measure was favorable clinical response (FCR) defined as an improvement

on the NIHSS of 8 points or more between day 0 and day 30, or an NIHSS score of ≤1 at

day 30.
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Statistical Analyses

The association between reperfusion and favorable clinical response was compared between

patients with and without mismatch. Adjusted odds ratios for favorable clinical response

with reperfusion were calculated using multivariate logistic regression models. Variables

that were associated with favorable clinical response at an alpha of 0.1 in univariable

analyses were included in the multivariable model. Variables that were significant at an

alpha of 0.1 in the multivariable analysis were retained in the model. We evaluated the

difference in the response to reperfusion between patients with and without mismatch using

regression models that included the significant covariates and the interaction between

reperfusion and mismatch status as independent variables:

covariate I, where C is a constant, R is the presence

of reperfusion, and M is the presence of mismatch. All analyses were conducted with SAS

9.3 and Stats Direct (UK).

RESULTS

MRA-DWI mismatch criteria

Data on PWI-DWI mismatch status were available for 99 patients from the DEFUSE 2

cohort. Five of these patients did not have an MRA or their MRA was of insufficient quality

to assess vessel status. Table 1 shows the baseline characteristics of the 94 patients who had

sufficient quality MRAs to assess MRA-DWI mismatch status. 58 (61.7%) of the 94 patients

met MRA-DWI mismatch criteria compared to 76 (80.9%) who met PWI-DWI criteria.

Agreement between the MRA-DWI and PWI-DWI mismatch models was fair (κ=0.35,

95%CI 0.17–0.54). Twenty-two out of seventy-six patients with a PWI-DWI mismatch did

not meet MRA-DWI mismatch criteria. The reperfused (N=14) and non-reperfused (n=8)

patients in this subgroup had similar baseline characteristics. The odds ratio for favorable

clinical response with reperfusion in this subgroup was 6.8 (95%CI 0.7–70.1).There was no

differential response to reperfusion in patients categorized according to the primary MRA-

DWI mismatch model (p=0.5). (Table 2) Among the alternative MRA-DWI mismatch

models tested (Table 2), only the model with MRA-DWI mismatch defined as an ICA or

MCA-M1 occlusion and DWI volume <50 ml (version 3; figure 1), had a differential

response to reperfusion (P=0.01). For this model, the agreement with the PWI-DWI

mismatch model was good (κ=0.68, 95%CI 0.50–0.86).

Clinical-DWI mismatch criteria

The correlation between PWI lesion volumes (Tmax >6 s) and the NIHSS scores was fair

(r2= 0.18, 95%CI 0.06–0.32, p<0.0001). Data on clinical-DWI mismatch status were

available for all 99 patients from the DEFUSE 2 cohort. Table 1 lists the baseline

characteristics for patients with and without the clinical-DWI mismatch. Sixty (61%) of the

99 patients met clinical-DWI mismatch criteria compared to 81 (82%) who met PWI-DWI

criteria. Agreement between the clinical-DWI and PWI-DWI mismatch models was fair

(kappa=0.23, 95%CI 0.05–0.41). Twenty-seven out of the eighty-one patients with PWI-

DWI mismatch did not meet the clinical-DWI mismatch criteria; twenty patients did not
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have a DWI volume <25, four did not have an NIHSS ≥8, and three had neither. For

patients, who met PWI-DWI mismatch criteria but did not meet clinical-DWI mismatch

criteria, the odds ratio for favorable clinical response with reperfusion was 9.6 (95%CI 1.2–

77.6). There was no differential response to reperfusion in patients categorized according to

the clinical-DWI mismatch model (p for the reperfusion × mismatch interaction term = 0.9).

(Table 2)

DISCUSSION

This study suggests that the MRA-DWI mismatch, defined as the presence of an ICA or

MCA-M1 occlusion and a DWI lesion volume <50 ml at baseline, differentiates patients

according to their response to reperfusion. Differentiating patients based on these MRA-

DWI mismatch criteria appears to be comparable to differentiating patients based on PWI-

DWI mismatch criteria.10, 20 Other MRA-DWI mismatch criteria and Clinical-DWI

mismatch criteria did not differentiate patients according to their response to reperfusion.

The failure of the Clinical-DWI mismatch model to differentiate patients according to their

response to reperfusion is explained by the limited agreement in patient selection between

this model and the PWI-DWI mismatch criteria from the DEFUSE 2 study. One-third of the

patients who met these PWI-DWI mismatch criteria did not meet the Clinical-DWI

mismatch criteria; these patients had an increased likelihood of favorable clinical response

with reperfusion (OR 9.6) thus obscuring a differential response to reperfusion between

patients with and without Clinical-DWI mismatch. For similar reasons the primary MRA-

DWI mismatch criteria did not differentiate patients according to their response to

reperfusion.

We explored alternatives to the primary MRA-DWI mismatch criteria. Selection based on

stricter angiographic criteria that limit inclusion to patients with ICA or M1 occlusions

(Table 2) improves the specificity for identifying patients in whom reperfusion is associated

with a favorable clinical response. For example, patients who meet strict MRA-DWI

mismatch criteria (i.e. ICA or M1 occlusions and a DWI volume <25mL) show a very strong

association between reperfusion and favorable clinical outcome (OR 12.9). Randomized

controlled trials that use such strict MRA-DWI criteria to select patients are thus most likely

to demonstrate benefit of acute stroke treatments aimed at restoring perfusion. However, this

comes at a cost of reducing the proportion of patients with mismatch from approximately

80% with the PWI-DWI criteria from the DEFUSE 2 study to 50% with strict MRA-DWI

criteria. This leads to the exclusion of some patients who may benefit from reperfusion such

as patients with DWI lesion volumes in the 25–50 ml range.

Less strict MRA-DWI mismatch selection criteria, defined as the presence of an ICA or

MCA-M1 branch occlusion and a DWI lesion volume <50 ml select approximately 75% of

the population, agree more closely with selection based on the PWI-DWI mismatch criteria

from the DEFUSE 2 study, and were associated with a differential response to reperfusion.

Given the good agreement between this MRA-DWI mismatch model and the PWI-DWI

mismatch criteria from DEFUSE 2, and given the previously reported DEFUSE 2 results

showing a differential response to reperfusion according to PWI-DWI mismatch criteria, it is
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not surprising that these MRA-DWI mismatch criteria are also associated with a differential

response to reperfusion. These MRA-DWI mismatch criteria therefore present a suitable

alternative to the PWI-DWI mismatch.

The post-hoc nature of the analyses is a limitation of this study. The results therefore require

validation in independent cohorts. Another limitation is that despite the positive association

between reperfusion and favorable outcome in patients with mismatch shown in this study

and in previous cohort studies,10, 21 patient selection based on perfusion imaging is not

supported by results from randomized controlled trials (RCTs). DIAS II, an RCT of

intravenous desmoteplase, selected patients based on a visual, qualitative assessment of

mismatch on CTP or PWI-DWI maps and failed to show a benefit from treatment in this

population.12 Recently, the MR Rescue trial failed to show a benefit from endovascular

therapy in patients with a “penumbral profile” based on MR or CT perfusion imaging.11

Several factors may have contributed to the negative results of these studies. This includes

the introduction of heterogeneity in the patient population because both CT perfusion and

MRI-based criteria were used, limited effectiveness of the intervention, and inclusion of

patients who may not benefit from reperfusion. Patients who do not benefit from reperfusion

may include those with mild deficits due to distal MCA branch occlusions22, patients with

large stroke cores who have a poor prognosis regardless of treatment23, and patients who

have no or little penumbral tissue because the volume of critically hypoperfused tissue is

overestimated.24 Ultimate proof of the utility of image-based patient selection therefore will

need to come from randomized controlled trials that demonstrate a benefit of treatment in

patients with mismatch and no benefit in patients without mismatch.

In conclusion, the response to reperfusion varies markedly among patients. The PWI-DWI

mismatch criteria of the DEFUSE 2 study and MRA-DWI mismatch criteria that require an

ICA or MCA-M1 occlusion and a DWI lesion volume under 50 ml show good agreement in

terms of patient selection and perform optimally in terms of differentiating patients

according to their response to reperfusion. Randomized controlled trials that use these

criteria to select patients are therefore warranted.
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Figure 1.
Distribution of 30-day modified Rankin Scale scores amongst patients with and without MRA-DWI mismatch defined as ICA or

M1 occlusion and DWI volume <50 ml (v3).
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