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Abstract

Background—The Endovascular Therapy Following Imaging Evaluation for Ischemic Stroke
3 (DEFUSE 3) clinical trial assessed the use of endovascular thrombectomy (EVT) during the
period 6-16 hours after last normal in selected patients. This is a secondary cohort analysis of the
DEFUSE 3 data assessing potential predictive variables for mortality in the EVT-treated patients.

Methods—The primary outcome was death within 90 days. Patients who died and those who did
not were compared statistically. We developed a predictive score using preprocedural variables that
were statistically predictive of death in univariate regression analysis (P<0.1).

Results—Of the 182 patients in the DEFUSE 3 study, 92 (mean age 69 years; 50% male) met
our inclusion criteria, and 15.2% of these patients met the primary outcome. Patient age, baseline
National Institutes of Health Stroke Scale (NIHSS) score, wake-up stroke, statin use, and history
of diabetes were statistically associated with death. Statin use did not improve the prediction score
so was excluded. Thus, our model included four predictors, with one point each given for age >75
years, NIHSS =20, wake-up stroke, and diabetes, yielding low (0-1), moderate (2), and high (3-4)
risk of death. In the low-risk, moderate-risk, and high-risk categories, 2/52 (3.9%), 3/23 (13.0%),
and 9/17 (52.9%) of patients died, respectively (P<0.001).
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Conclusions—Despite selective inclusion criteria and overwhelming benefit for EVT, a
substantial number of EVT patients in DEFUSE 3 died. The preprocedural variables age, NIHSS,
wake-up stroke, and diabetes may predict this risk. Our predictive score provides a basis for future
research to determine which factors influence lethal outcome after EVT.

INTRODUCTION

Endovascular thrombectomy (EVT) has revolutionized the management of acute ischemic
stroke in patients with large-vessel occlusion (LVO) in recent years. Several randomized
controlled trials have shown the substantial clinical outcome benefit of EVT over

medical therapy in patients presenting up to 6 hours after onset of symptoms.1= Patient
characteristics and selection have been thoroughly scrutinized to obtain maximum benefits
from this type of therapy.® By focusing on optimal patient selection, two recent trials have
expanded the time window for EVT treatment, demonstrating benefits of EVT up to 24
hours after symptom onset.8” Some data have suggested that EVT beyond 24 hours is also
superior to medical therapy alone.8

The Endovascular Therapy Following Imaging Evaluation for Ischemic Stroke 3 (DEFUSE
3) study was a randomized controlled trial that compared EVT plus medical therapy with
medical therapy alone administered from 6 to 16 hours after the patient was last known
well.” The DEFUSE 3 trial showed a favorable shift in the distribution of functional
outcomes on the modified Rankin Scale (mRS) score at 90 days (odds ratio (OR) for

EVT treatment 2.77, P<0.001) and a higher percentage of EVT-treated patients who were
functionally independent, defined as a mRS score of 0 to 2 (45% vs 17%, P<0.001) as well
as a reduction in death (14% vs 26%, P=0.05).8 The data from DEFUSE 3 have added
significantly to the options for acute stroke management by extending the treatment window,
but the benefits remain limited to selected patients. Furthermore, despite selective inclusion
criteria, a substantial number of patients in DEFUSE 3 died despite EVT. We aimed to
assess the mortality in these patients and analyze variables that may predict this undesired
outcome with data available before EVT.

METHODS

Cohort

This was a secondary analysis of the DEFUSE 3 trial using

publicly available data obtained from the National Institute of Neurologic

Disorders and Stroke (https://www.ninds.nih.gov/Current-Research/Research-Funded-
NINDS/Clinical-Research/Archived-Clinical-Research-Datasets). As such, no institutional
review board approval was necessary. DEFUSE 3 supported the hypothesis that ischemic
stroke patients with salvageable brain tissue on perfusion imaging would benefit from
EVT, as opposed to medical therapy alone, 6 to 16 hours after last known well. All
DEFUSE 3 patients had occlusion of the cervical or intracranial internal carotid artery or
the proximal middle cerebral artery on computed tomography (CT) or magnetic resonance
(MR) angiography. We only included DEFUSE 3 patients who were randomized to EVT
and had available primary outcome data. Other DEFUSE 3 inclusion criteria were age 18-90
years, baseline National Institutes of Health Stroke Scale (NIHSS) score =6, mRS score <2
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before stroke, initial infarct volume <70 mL, ratio of ischemic tissue volume to initial infarct
volume of =1.8, and an absolute potentially reversible ischemia volume =15 mL.

Predictors and primary outcome

The primary predictors were baseline patient characteristics present before EVT. We
included baseline medical comorbidities, demographics, and neuroimaging data. The
neuroimaging data included perfusion imaging, which was performed with both CT and
MR perfusion imaging but processed using standardized algorithms on the RAPID software
(IschemaView; Menlo Park, California, USA). The primary outcome was death within 90
days of enrollment in DEFUSE 3.

Statistical analysis

Categorical data are presented as proportions, normally distributed continuous data as mean
with SD, and non-normally distributed continuous data as median with IQR. We tested for
intergroup differences between patients who died and those who survived by using Student’s
t-test for continuous variables, the chi-squared test for binary variables, and the Wilcoxon
rank-sum test for ordinal variables. We identified candidate variables from the preprocedural
variables that had a P<0.1 association with the outcome of death, which included patient
age, NIHSS, wake-up stroke, diabetes, and premorbid statin use. Statin use met the criterion
of P<0.1, but was associated with diabetes (P=0.007) and did not improve the model’s
predictive ability or Bayesian information criterion,® so we left it out of the final model.
There was no collinearity between the remaining candidate variables of patient age, NIHSS,
wake-up stroke, and diabetes, which resulted in a mean variance inflation factor of 1.46,
indicating very low multicollinearity. We report the area under the receiver operating curve
(AUC) with 95% confidence intervals to measure the ability of the models to discriminate
between patients who died versus those who survived. After identification of optimal cutoffs
for variables, we created the extended death risk (EDR) categories of low, moderate, and
high risk and report the calibration by defining the predicted and observed probability for
the outcome of death for individual EDR categories. As a sensitivity analysis, we applied
the EDR score to the entire DEFUSE 3 cohort, including the EVT and medically treated
patients.

RESULTS

Of the 182 patients in the DEFUSE 3 study, we identified 92 patients who met our inclusion
criteria. The mean+SD age of these patients was 68.8+£13.5 years and 46 (50%) were male.
Additional baseline demographics and perfusion imaging data are shown in table 1. Fourteen
patients (15.2%) met our primary outcome of death within 90 days. Of the preprocedural
variables that had a univariate P<0.1 association with death (table 1), we included patient
age, baseline NIHSS score, wake-up stroke, and history of diabetes in our final model.

If we include patient age and NIHSS as continuous variables with wake-up stroke and
diabetes, the AUC was 0.829 (95% CI 0.696 to 0.962) (figure 1A). The optimal cutpoints
for patient age and NIHSS were >75 years and =20, respectively. In the model including

all four predictors as binary variables, the AUC was 0.859 (95% CI 0.753 to 0.964) (figure
1B). We confirmed that the addition of statin use in the model, which was excluded due to
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collinearity with diabetes, did not improve the AUC or Bayesian information criterion. With
statin use in the model, the AUC was nearly identical to the model without it (0.860, 95% ClI
0.752 to 0.968) and the Bayesian information criterion was 4.5 points higher (82.9 vs 78.4),

indicating an inferior model.

One point each was given for age >75 years, NIHSS =20, wake-up stroke, and diabetes,

for a possible range of 0—4. Because raw scores 0 and 1 and also 3 and 4 had similar
performance characteristics, we collapsed the raw scores into three final EDR categories:
low risk of death (raw score=0-1), moderate risk of death (raw score=2), and high risk of
death (raw score=3-4). There were 52 patients (56.5%) in the low-risk, 23 (25.0%) in the
moderate-risk, and 17 (18.5%) in the high-risk EDR categories. The AUC for EDR was
0.821 (95% CI1 0.696 to 0.946) (figure 1C). In the low-risk EDR category, 2/52 (3.9%)
patients died, in the moderate-risk category 3/23 (13.0%) patients died, and in the high-risk
category 9/17 (52.9%) patients died (P<0.001) (table 2). In the sensitivity analysis of all
patients in DEFUSE 3 (n=182), the AUC for EDR was 0.759 (95% CI 0.674 to 0.843) and in
the low-risk EDR category, 9/105 (8.6%) patients died, in the moderate-risk category 12/45
(26.7%) patients died, and in the high-risk category 18/32 (56.3%) patients died (P<0.001).

DISCUSSION

We present an analysis of preprocedural factors associated with a fatal outcome in patients
treated with EVT in the DEFUSE 3 study. In our study, 14/92 (15.2%) patients met our
primary outcome of death within 90 days. Of the variables that had a univariate P<0.1
association with death, we found that patient age, baseline NIHSS score, wake-up stroke,
and history of diabetes were statistically significantly correlated with risk of death. These
findings appear to further elucidate the poorly understood question of why patients die
despite a successful thrombectomy in such a highly selected group of patients as in
DEFUSE 3. Our goal was to improve our understanding of mortality risk, not only to better
select patients who will benefit from EVT, but also to deepen our biological understanding
of the disease and the interventional revascularization process.10

To assist in this, we developed a preliminary predictive score for death among these

patients. Our modelling showed that preprocedural predictors of mortality in the EVT-
treated DEFUSE 3 population were age >75 years, NIHSS =20, presence of wake-up stroke,
and diabetes. Other potential preprocedural variables, such as ischemic core volume and
time to groin puncture, were not associated with a fatal outcome. We did not find that
postprocedural recanalization (Thrombolysis in Cerebral Infarction (TICI) score >2b) was
associated with death, whereas symptomatic intracranial hemorrhage within 36 hours and
lesion volume at 24 hours were highly associated and could have improved predictive ability,
but they are postprocedural and thus not eligible for inclusion. Our EDR categories of low,
moderate, and high risk describe the predicted and observed probability for the outcome

of death for individual EDR categories. Patients in the low-risk category exhibited a 3.9%
mortality rate, patients in the moderate risk category had a 13% mortality rate, and patients
in the high-risk category showed a 52.9% mortality rate. The score had a similar, but slightly
inferior, performance when applied to the entire DEFUSE 3 cohort.
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When comparing these results with general death rates in other stroke trials such as the
DAWN and even the ‘Beyond DAWN’ analyses, both of which demonstrated mortality as
high as 19%,%8 it is clear that mortality should be analyzed in separate groups based on
predictive variables, given the disparity in the rates between our low-, moderate-, and high-
risk categories. Death rates in the initial EVT trials with narrower windows of treatment
also showed similar mortality: REVASCAT 18%, ESCAPE 10.4%, MR CLEAN 18.9%, and
EXTEND-IA 9%.14 It is important to highlight that these trials, apart perhaps from MR
CLEAN, had very selective inclusion criteria, which is reflected in the dramatic benefit they
showed and low number needed to treat. Even with a selected sample, mortality was still not
trivial in these studies. When including only patients from DEFUSE 3 that would have been
excluded from DAWN, which was even more selective, the mortality rate was 22%.11

As the indications for EVT in patients with LVO rapidly expand, the question appears

to shift from “who will benefit’ to ‘who will not benefit’ from an EVT, even in the

setting of a highly selected patient population with a small ischemic core and a large
penumbra, such as the study population in DEFUSE 3. Our analysis suggests a statistically
significant association of death after thrombectomy in our patient population with increasing
age, NIHSS score, wake-up stroke, and diabetes. Not surprisingly, both age and clinical
severity have long been associated with being independent predictors of poor outcome

in acute neurological disease and a negative effect of these factors is seen not only in

stroke survivall2 but also in trauma patients1314 and patients experiencing aneurysmal
subarachnoid hemorrhage.1®

Stroke severity as an important predictor of poor outcome may be an indicator of the extent
of hypoperfusion and collateral flow to the ischemic area, predisposing the brain to a larger
ischemic volume despite a successful EVT.2617 Although the association of increasing age,
stroke severity, and fatal outcome after EVT is poorly understood, it may point towards more
complex cellular pathways indicating a poor response from the brain to an initial insult in
this setting.

Diabetes and wake-up stroke have previously been shown to be associated with poor
outcome in stroke patients.18 The link between poor outcome and diabetes is well-
documented not only in stroke patients but also in patients who have coronary ischemia

and peripheral vascular disease. The pathophysiology of diabetes and vascular disease is
complex and affects abnormalities of the endothelium, vascular smooth muscle cell, and
platelet function as well as an inflammatory state affecting small and large vessels even after
successful revascularization.1920 Finally, about one in five patients stroke patients experience
symptoms after waking up from their sleep (‘wake-up stroke’).2! These patients traditionally
pose a treatment dilemma in the absence of modern perfusion studies because they typically
present outside of classical treatment windows for thrombolysis or EVT. Additionally, some
studies indicate that wake-up strokes tend to be more severe and show poorer outcome,

but the pathophysiology of wake-up strokes is still poorly understood.2223 Most likely,
wake-up strokes may be related to circadian changes in coagulability, serum catecholamine
levels, autonomic tone, and overnight paroxysmal atrial fibrillation.2425 Some studies

have suggested benefit of EVT in patients with wake-up stroke when carefully selected

with modern advanced perfusion imaging. In our study, this factor was an independent
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predictor of death, but it is apparent that more studies are needed to better understand the
pathophysiology, natural history, and treatment options of this patient population.2627

Our current lack of complete understanding of factors affecting poor outcome after EVT
adds to the rationale that mortality needs further assessment to better understand the impact
of EVT in different patients. With an expansion of the time window, an indication of EVT
predictors of outcome will help us better select patients at low, medium, and high risk of
fatal outcome. Although we see our current score modeling as preliminary, the importance
of predicting outcome, particularly poor outcome, becomes even more essential as stroke
become a more interventional disease, and patients and families should be counseled in
regard to possible or likely outcomes. Similar scores to the one we propose exist in

general trauma and brain trauma and intracerebral hemorrhage. Their purpose is not only

in selecting patients who may or may not benefit from an intervention, but they also

create an academic framework and set of references by which different populations can be
successfully compared in terms of outcome and success of intervention.28-30 Future research
will be needed to further define the remaining factors that influence whether patients may
have a lethal outcome despite a small core infarct and a large penumbra.

This study’s limitations include being a retrospective assessment of publicly available data
of the DEFUSE 3 trial, where death assessment as well as its associated variables were

not the primary endpoint. Our analysis was limited to the variables collected in the trial.
As previously stated, DEFUSE 3 can be considered a selective trial, and the patient sample
might not accurately reflect the general stroke intervention patients in a real-world setting.
Our study is hypothesis-generating and not meant to exclude patients from thrombectomy,
although like any intervention or surgery, correct patient selection is critical. Rather, our
analysis is aimed at understanding which patients may have a poor outcome despite EVT
and thus better defining what factors may contribute to both successful and fatal outcomes
after EVT.

CONCLUSIONS

Our analysis of deaths in the DEFUSE 3 patient population showed a statistically significant
correlation with preprocedural age >75 years, NIHSS =20, presence of wake-up stroke, and
history of diabetes. Other preprocedural factors, such as ischemic core volume and time
from last known normal to groin puncture, were not associated with a fatal outcome. We
developed a preliminary risk model based on these variables stratifying probability of death
based on low, moderate, and high risk.
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Figurel.
Receiver operating curve for models fit to the outcome of death. (A) Patient age

(continuous), National Institutes of Health Stroke Scale (NIHSS) score (continuous), wake-
up stroke, and diabetes (area under the curve (AUC)=0.829); (B) patient age >75 years,
NIHSS =20, wake-up stroke, and diabetes (AUC=0.859); (C) extended death risk (EDR)
categories (AUC=0.821).
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Table 2

Probability of death with 95% confidence intervals for the extended death risk categories

Raw score EDR category  Probability of true positive (95% CI)  Count of true positive (n)

0/1 Low risk 0.04 (—0.01 to 0.09) 2/52
2 Moderate risk ~ 0.13 (-0.01 to 0.27) 3/23
3/4 High risk 0.53 (0.29 t0 0.77) 9/17

EDR, extended death risk.
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