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Mechanical Thrombectomy Versus Best Medical
Treatment in the Late Time Window in Non-DEFUSE-
Non-DAWN Patients: A Multicenter Cohort Study

Tolga D. Dittrich®@, MD*; Peter B. Sporns®, MD, MHBA®; Lilian F. Kriemler, MD; Salome Rudin, MD; Anh Nguyen, MD;
Annaelle Zietz®, MD; Alexandros A. Polymeris‘®, MD, PhD; Christopher Tranka, MD; Sebastian Thilemann, MD, BSc;
Benjamin Wagner(, MD; Valerian L. Altersberger®, MD; Ines Piot®, MD; Filip Barinka®, MD; Susanne Miller®, PhD;
Martin Hansel®, MD; Henrik Gensicke, MD; Stefan T. Engelter, MD; Philippe A. Lyrer(, MD; Raoul Sutter®, MD;
Christian H. Nickel, MD; Mira Katan, MD, MSc; Nils Peters, MD; Zsolt Kulcsar(, MD; Grzegorz M. Karwacki®, MD;
Marco Pileggi®®, MD; Carlo Cereda, MD; Susanne Wegener(, MD; Leo H. Bonati, MD; Urs Fischer®, MD;

Marios Psychogios®, MDt; Gian Marco De Marchis®, MD, MSct

BACKGROUND: We assessed the efficacy and safety of mechanical thrombectomy (MT) in adult stroke patients with anterior
circulation large vessel occlusion presenting in the late time window not fulfilling the DEFUSE-3 (Thrombectomy for Stroke
at 6 to 16 Hours With Selection by Perfusion Imaging trial) and DAWN (Thrombectomy 6 to 24 Hours After Stroke With a
Mismatch Between Deficit and Infarct trial) inclusion criteria.

METHODS: Cohort study of adults with anterior circulation large vessel occlusion admitted between 6 and 24 hours after last-
seen-well at b participating Swiss stroke centers between 2014 and 2021. Mismatch was assessed by computer tomography or
magnetic resonance imaging perfusion with automated software (RAPID or OLEA). We excluded patients meeting DEFUSE-3
and DAWN inclusion criteria and compared those who underwent MT with those receiving best medical treatment alone by
inverse probability of treatment weighting using the propensity score. The primary efficacy end point was a favorable functional
outcome at 90 days, defined as a modified Rankin Scale score shift toward lower categories. The primary safety end point was
symptomatic intracranial hemorrhage within 7 days of stroke onset; the secondary was all-cause mortality within 90 days.

RESULTS: Among 278 patients with anterior circulation large vessel occlusion presenting in the late time window, 190 (68%)
did not meet the DEFUSE-3 and DAWN inclusion criteria and thus were included in the analyses. Of those, 102 (54%)
received MT. In the inverse probability of treatment weighting analysis, patients in the MT group had higher odds of favorable
outcomes compared with the best medical treatment alone group (modified Rankin Scale shift: acOR, 1.46 [1.02-2.10];
P=0.04) and lower odds of all-cause mortality within 90 days (aOR, 0.59 [0.37-0.93]; A=0.02). There were no significant
differences in symptomatic intracranial hemorrhage (MT versus best medical treatment alone: 5% versus 2%, P=0.63).

CONCLUSIONS: Two out of 3 patients with anterior circulation large vessel occlusion presenting in the late time window did
not meet the DEFUSE-3 and DAWN inclusion criteria. In these patients, MT was associated with higher odds of favorable
functional outcomes without increased rates of symptomatic intracranial hemorrhage. These findings support the enroliment
of patients into ongoing randomized trials on MT in the late window with more permissive inclusion criteria.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Nonstandard Abbreviations and Acronyms

BMT best medical treatment alone
CT computed tomography

DAWN Thrombectomy 6 to 24 Hours After
Stroke With a Mismatch Between Defi-
cit and Infarct

DEFUSE-3 Thrombectomy for Stroke at 6 to 16
Hours With Selection by Perfusion
Imaging

IQR interquartile range

Lvo anterior circulation large vessel
occlusion

MRI magnetic resonance imaging

mRS modified Rankin Scale

MT mechanical thrombectomy

NDND Non-DEFUSE-Non-DAWN patients

NIHSS National Institutes of Health Stroke
Scale

sICH symptomatic intracranial hemorrhage

(LVO) account for a substantial proportion of isch-

emic stroke cases.! They are associated with poor
functional outcomes in the absence of fast reperfusion.
Mechanical thrombectomy (MT) has become the stan-
dard of care for LVO patients within the first 6 hours
after symptom onset®" The time window for MT has
been extended up to 24 hours after the randomized tri-
als DEFUSE-3 (Thrombectomy for Stroke at 6 to 16
Hours With Selection by Perfusion Imaging) and DAWN
(Thrombectomy 6 to 24 Hours After Stroke With a Mis-
match Between Deficit and Infarct) were published.®®
This has contributed to the increased use of MT, but evi-
dence for patients with LVO not satisfying DEFUSE-3
and DAWN criteria is limited.'o'

I arge vessel occlusions of the anterior circulation

See related article, p 731

The inclusion criteria of both trials were strict. In
DEFUSE-3, patients were selected based on results of per-
fusion imaging between 6 and 16 hours after last-known-
well. The DAWN trial enrolled patients up to 24 hours after
symptom onset. A mismatch between clinical severity and
volume of ischemic core was required to participate in the
study. Exclusion criteria in both trials were mild clinical
severity (defined as a National Institutes of Health Stroke
Scale [NIHSS] <6 points in DEFUSE-3 or as a NIHSS
<10 points in DAWN), isolated occlusion of the M2 seg-
ment of the middle cerebral artery and large infarct cores
on baseline perfusion imaging. Reflecting these selective
enroliment criteria, recent retrospective studies showed

Stroke. 2023;54:722-730. DOI: 10.1161/STROKEAHA.122.039793

Thrombectomy vs Best Treatment in NDND Patients

that a relevant proportion of patients with LVO presenting
in the late time window did not meet DEFUSE-3 or DAWN
inclusion criteria (Non-DEFUSE-Non-DAWN  patients
[NDND patients]), underlining that a large part of our
patients in every day clinical practice are not represented
in these recent clinical trials.'?'? Little is known about the
safety and benefit of MT in NDND patients.

In our analyses of adult patients with LVO present-
ing between 6 and 24 hours, we sought to: (i) deter-
mine the proportion of NDND patients, (i) compare the
efficacy of MT with best medical treatment alone (BMT),
and (jii) assess the treatment safety for both procedures
(ie, symptomatic intracranial hemorrhage [sICH] within 7
days of stroke onset; and all-cause mortality within 90
days).

METHODS

The Ethics Committee of North-Western Switzerland approved
this study (EKNZ No. 2020-00552). Anonymized data may
be provided by the corresponding authors upon reasonable
request.

Study Design, Patients, and Data Collection
This multicenter cohort study was performed using data from
5 certified Swiss stroke centers capable of MT from the pro-
spective Swiss Stroke Registry (EKNZ UBE 15/30). Outcome
measures are prospectively recorded by qualified personnel.
Inclusion criteria were a LVO diagnosis confirmed by computer
tomography (CT) or magnetic resonance imaging (MRI) angi-
ography (ie, internal carotid artery, M1 or M2 segment of the
middle cerebral artery), admission between 6 and 24 hours
after last-seen-well, and availability of perfusion imaging source
data (CT or MRI). We excluded patients who had no available
perfusion imaging and those with withdrawn research consent.
We assessed demographic (eg, age), clinical (eg, modified
Rankin Scale [mRS] score before the event, NIHSS score on
admission, prior medication, medical history), laboratory (eg,
international normalized ratio), treatment (eg, intravenous tis-
sue-type plasminogen activator, endovascular treatment), and
outcome data (eg, mRS at 90 days) of all consecutive adult
patients (ie, age >18 years) admitted between January 2014
and June 2021. Follow-up assessment at 90 days was rou-
tinely performed using different approaches (either in-person
at the clinic, by telephone, or through medical records), with the
choice left to each participating center.

Baseline Imaging Evaluation

LVO was verified in the acute phase by a neuroradiologist at the
participating site. We then evaluated following imaging param-
eters: (i) Two experienced neuroradiologists visually assessed
the Alberta Stroke Program Early CT Score (ASPECTS) based
on non-contrast CT. The evaluators were blinded to clinical out-
comes and medical history; (i) Broadly used automated software
detected mismatches on CT or MRI perfusion (for CT perfusion:
RAPID [iSchemaView Inc, Menlo Park, CAJ; for MRI perfusion:
Olea [Olea Medical Solutions, La Ciotat, France])."*'® For detailed
baseline imaging evaluation, see the Supplemental Material.'®-2°
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DEFUSE-3 and DAWN Ineligibility

We assessed ineligibility for both trials based on the original
published in- and exclusion criteria.8®

Mechanical Thrombectomy

The MT group included patients who underwent mechanical
endovascular treatment either by stent retriever and/or aspira-
tion technique at the discretion of the treating interventional-
ist. The treating physician determined the reperfusion status
according to the modified Treatment in Cerebral Ischemia
(mTICI) classification based on the angiographic images after
the intervention.

Best Medical Treatment

BMT included intravenous administration of intravenous tissue-
type plasminogen activator as indicated by the treating team,
following current guidelines.'?'?2 For the BMT group, modified
Treatment in Cerebral Ischemia status was unavailable.

Outcome Measures

Efficacy outcomes were defined as a shift in the mRS score
toward lower categories (primary efficacy end point) and mRS
score of 0-2 points (secondary efficacy end point) at 90 days.
Safety outcomes included the rates of symptomatic intracranial
hemorrhage (primary safety end point; defined as confirmed by
CT or MRI and occurring within 7 days of acute ischemic stroke
and associated with a NIHSS worsening of 24 points) and all-
cause mortality (secondary safety end point) within 90 days.?324

Statistical Analyses

Only NDND patients with LVO were included in our analyses.
Univariable comparisons of the MT and BMT groups regard-
ing clinical characteristics and outcome parameters were per-
formed using the %2 and Mann-Whitney U test for categorical
and continuous variables, respectively. The results are pre-
sented as medians (interquartile ranges [IQR]) or numbers
(%).

We performed inverse probability of treatment weighting
using the propensity score to assess the primary and second-
ary end points, controlling for confounding factors described
in the literature as influencing functional outcome (see text
section $S2).34?5-31 These variables are: age, hypertension, dia-
betes, atrial fibrillation, occlusion site, NIHSS score at admis-
sion, premorbid mRS score, intravenous thrombolysis, time
from onset to admission, blood glucose level at admission,
systolic and diastolic blood pressure, ischemic core volume,
and hypoperfusion lesion volume. In contrast to propensity
score matching, inverse probability of treatment weighting
does not lead to sample size loss, and yields valid results even
with small sample sizes.®? The diagnostic plots used to test
the underlying assumptions of logistic regression for pro-
pensity score estimation were added as Figure STA-C. An
overview of the distribution of standardized mean differences
before and after the introduction of weights is given in Figure
S2A-C.

Only cases with complete information for the predefined
covariable set were used. Imputations were omitted due to: (i)
the presumed missingness at random, since all missing data
concerned routinely determined variables (eg, serum glucose

724 March 2023
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at admission), and (i) the limited number of cases with missing
values (N=18).

There is evidence that the RAPID and Olea packages may
provide different results.®® Therefore, we performed additional
sensitivity analyses considering only patients with CT perfusion
evaluated with RAPID.

<0.05 were considered significant. We report 95% Cls.
The statistical software used was RStudio, version 1.4.1106 (R
Foundation for Statistical Computing, Vienna, Austria)®*

RESULTS

Baseline Characteristics

Between January 2014 and June 2021, 278 patients
with LVO presented 6 to 24 hours after last-seen-well at
1 of the b participating Swiss stroke centers (Figure 1 and
Figure S3). Of these, 190 (68%) were NDND patients
and were thus included in the analysis. Detailed reasons
for ineligibility for DEFUSE-3 and DAWN are presented
in Figure 1 for the MT and BMT groups separately.

Among the NDND patients, 102 (54%) received
MT. Within the MT group, successful reperfusion (ie,
modified Treatment in Cerebral Ischemia score of 2b
or 3) was achieved in 82 (80%), and incomplete reper-
fusion in 20 (20%) cases. Compared with the BMT
group, the MT group had: higher NIHSS on admission
(12 [IQR, B5-19] versus 10 [6—-18], ~=0.22), shorter
times from admission to imaging (min; 25 [16-33]
versus 32 [24-47], P=0.01) and from admission to
bolus (in the case of pretreatment with intravenous
tissue-type plasminogen activator; 45 [33-60] versus
59 [49-95], P=0.04), more often proximal LVO (M1
occlusion: 53% versus 40%, P=0.10), larger hypoper-
fusion volume (81 mL [IQR, 52-127] versus 52 mL
[IQR, 26-118], P=0.01), and larger core-to-perfusion
mismatch volume (69 mL [IOR, 43—100] versus 29
mL [IQR, 14-55], P<0.001). All baseline characteris-
tics are reported in Table 1.

Efficacy Outcomes

In the univariable analysis, favorable functional outcome
at 90 days was numerically more frequent in the MT
than BMT group without reaching statistical significance
(MRS 0-2: 40% versus 36%, £P=0.70; Table 2 and Fig-
ure 2, Table S1).

Unweighted multivariable regression analysis revealed
no statistically significant difference in efficacy measures
(Table 3). Inverse probability of treatment weighting anal-
ysis using ordinal regression showed that patients receiv-
ing MT had 46% higher adjusted odds for a lower mRS
category (acOR, 1.46 [1.02-2.10]; £=0.04) (Table 4). In
binary regression, MT was associated with higher odds
for functional independence (ie, MRS 0-2) at 90 days,
although not reaching statistical significance (aOR, 1.40
[091-2.17]; P=0.12).

Stroke. 2023;54:722-730. DOI: 10.1161/STROKEAHA.122.039793
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278 patients with LVO presenting during 6 to 24 hours
after symptom onset to one of five certified Swiss Stroke
Centers from 01/01/2014 to 31/05/2021

—————————————————————— » - Fulfilled DEFUSE-3 inclusion criteria (N=59) ;

: 88 excluded cases (not mutually exclusive):

h - Fulfilled DAWN inclusion criteria (N=63)

190 patients ineligible for DEFUSE-3 and DAWN (Non-
DEFUSE-Non-DAWN)

/\

MECHANICAL THROMBECTOMY (102 patients)

DEFUSE-3" ineligible, and thus included in this analysis, because:
Age > 90 yrs (N=9)

Baseline NIHSS < 6 pts (N=27)

Presentation between 16 and 24 hrs after stroke onset (N=13)
Pre mRS > 2 pts (N=23)

Treated with tPA > 4.5 hrs after last known well (N=23)
Isolated M2 occlusion (N=34)

Ischemic core 2 70 mL (N=9)

Mismatch ratio < 1.8 (N=7)

Mismatch volume < 15 mL (N=7)

DAWN? ineligible, and thus included in this analysis, b

+ Baseline NIHSS < 10 pts (N=39)
* Pre mRS > 1 pts (N=35)

Isolated M2 occlusion (N=34)
No clinical imaging mismatch* (N=62)

BEST MEDICAL TREATMENT ALONE (88 patients)

DEFUSE-3" ineligible, and thus included in this analysis, because:
Age > 90 yrs (N=6)

Baseline NIHSS < 6 pts (N=30)

Presentation between 16 and 24 hrs after stroke onset (N=23)
Pre mRS > 2 pts (N=16)

Treated with tPA > 4.5 hrs after last known well (N=20)
Isolated M2 occlusion (N=39)

Ischemic core 2 70 mL (N=15)

Mismatch ratio < 1.8 (N=27)

Mismatch volume < 15 mL (N=23)

DAWN? ineligible, and thus included in this analysis, because:
« Baseline NIHSS < 10 pts (N=45)

* Pre mRS > 1 pts (N=31)

« Isolated M2 occlusion (N=39)

* No clinical imaging mismatch* (N=75)

A

82 successfull reperfusion 20 incomplete reperfusion
(i.e., mTICI 2b or 3) (i.e., mTICI 0 to 2a)

TfDEFUSE-3 and DAWN exclusion criteria are not mutually exclusive

*0-20 mL ischemic core, NIHSS 2 10 pts (and age 2 80 yrs) / 0-30 mL ischemic core, NIHSS 2 10 pts (and age < 80 yrs) / 31-50 mL ischemic core, NIHSS 2 20 pts (and age < 80 yrs)

Figure 1. Flowchart of included patients with large-vessel occlusion in the anterior circulation in the 6- to 24-h time window.
DEFUSE-3 indicates Thrombectomy for Stroke at 6 to 16 Hours With Selection by Perfusion Imaging trial; DAWN, Thrombectomy 6 to 24 Hours
After Stroke With a Mismatch Between Deficit and Infarct trial; LVO, large vessel occlusion of the anterior circulation; mTICI, modified Treatment in
Cerebral Ischemia classification (ranges from O to 3, with successful recanalization indicated by grade 2b or higher); mRS, modified Rankin Scale
(mRS), 0 to 6 points, with higher scores indicating more severe neurological disability; NIHSS, National Institutes of Health Stroke Scale, O to 42
points, with higher scores indicating more severe deficits; and tPA, tissue-type plasminogen activator.

Safety Outcomes

software in our cohort (RAPID for CT perfusion; Olea
for MRI perfusion). Of the 190 NDND patients, 13%

The rates of sICH within 7 days and all-cause mortality at
90 days were comparable between MT and BMT groups
(sICH: 5% versus 2%, P=0.63; all-cause mortality: 28%
versus 31%, P=0.86, respectively; Table 2). For sICH,
regression models were not used due to low case num-
bers across both treatment groups. For all-cause mortal-
ity at 90 days, unweighted binary regression showed no
difference between groups, whereas inverse probability
of treatment weighting analysis demonstrated lower
odds for all-cause mortality for the MT group (aOR, 0.59
[0.37-0.93]; P=0.02; Tables 3 and 4).

Sensitivity Analysis

In DEFUSE-3 and DAWN, the RAPID software was used
to determine the mismatch and core volume, respec-
tively. Due to technical constraints, CT and MRI perfu-
sion images were evaluated using different automated

Stroke. 2023;54:722-730. DOI: 10.1161/STROKEAHA.122.039793

received MRI perfusion. Thus, we performed a sensitiv-
ity analysis in which we adjusted for the type of perfu-
sion imaging in the regression models. Our analysis
provided findings consistent with the main ones (MRS
shift toward lower categories for the MT group: acOR,
1.45 [1.00-2.13]; P=0.049; mRS 0-2 points: aOR, 1.43
[0.93-2.21]; P=0.11; all-cause mortality: acOR, 0.58
[0.37-0.92]; P=0.02).

DISCUSSION

Our 3 main findings are: (i) most adult patients pre-
senting with LVO in the late time window do not meet
DEFUSE-3 or DAWN inclusion criteria, (i) approxi-
mately half of the NDND patients nevertheless receive
MT in clinical practice, (i) in NDND patients, after
adjustment for confounders, MT was associated with
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Table 1. Conventional Group Comparisons of Admission Characteristics of Non-DEFUSE-Non-DAWN Patients Pre-
senting 6 to 24 Hours After Symptom Onset

All patients
(N=190) MT (N=102) BMT (N=88) P value
Clinical characteristics
Age (y), median [IQR] 78 [68-85] 77 [68-84] 79 [69-85] 0.59
Age >80 (y), n (%) 87 (46) 45 (44) 492 (48) 0.73
Male sex, n (%) 85 (45) 42 (41) 43 (49) 0.36
Atrial fibrillation, n (%) 78 (41) 43 (42) 35 (40) 0.85
Diabetes, n (%) 34 (18) 14 (14) 20 (28) 0.15
Hypertension, n (%) 135 (71) 72 (71) 63 (72) 1.00
Previous ischemic stroke or transient ischemic attack, n (%) 40 (21) 21 (21) 19 (22) 0.39
Premorbid mRS 0-2, n (%) 142 (79) 74 (76) 68 (81) 0.56
NIHSS score at admission, median [IQR] 12 [6-18] 12 [56-19] 10 [6-18] 0.22
Stroke onset known, n (%)
Yes 32(17) 12 (12) 20 (23) 0.06
No
On awakening 81 (43) 42 (41) 39 (44)
Unwitnessed during wakefulness 77 (41) 48 (47) 29 (33)
Imaging characteristics*
Onset to imaging time (min), median [IQR] 702 [538-897] 665 [533-804] 745 [547-1006] 0.06
Door to imaging time (min), median [IQR] 28 [20-38] 25 [16-33] 32 [24-47] 0.01
ASPECTS, median [IQR] 8 [7-10] 8 [7-10] 8[6-10] 0.26
Perfusion imaging type, n (%)
CT 166 (87) 89 (87) 77 (87) 1.00
MRI 24 (13) 13 (13) 11 (13) 1.00
Infarct core volume (mL), median [IQR] 8 [0-28] 7 [0-25] 10 [0-40] 0.50
Perfusion lesion volume (mL), median [IQR] 67 [36-124] 81 [62-127] 52 [25-118] 0.01
Mismatch volume (mL), median [IQR] 53 [24-88] 69 [43-100] 29 [14-55] <0.001
Occlusion site, n (%)
Internal carotid artery 45 (24) 22 (22) 23 (26) 0.57
M1 89 (47) 54 (53) 35 (40) 0.10
M2 75 (40) 35 (34) 40 (46) 0.16
Al 5 (3) 2(2) 3(3) 0.87
Treatment characteristics
Treatment with intravenous tPA, n (%) 43 (23) 23 (23) 20 (23) 1.00
Onset to bolus time (min), median [IQR] 790 [673-956] 775 [644-876] 823 [707-1046] 0.27
Door to bolus time (min), median [IQR] 52 [36-76] 45 [33-60] 59 [49-95] 0.04
Onset to groin puncture time (min), median [IQR] 852 [662-1069] 852 [662-1069] NA NA
Door to groin puncture time (min), median [IQR] 111 [79-151] 111 [79-151] NA NA
mTICI 2b or 3, n (%) 82 (43) 82 (80) NA NA

ASPECTS indicates Alberta Stroke Program Early CT Score (a 10-point scale that quantifies the extent of early ischemic changes on noncontrast CT imag-
ing); BMT, best medical therapy alone; CT, computed tomography; IQR, interquartile range; MRI, magnetic resonance imaging; mRS, modified Rankin Scale
(0-6 points, with higher scores indicating more severe neurological disability); MT, mechanical thrombectomy; mTICI, modified Treatment in Cerebral Ischemia
classification (range from 0-3, successful recanalization with grade 2b or higher); NIHSS, National Institutes of Health Stroke Scale (042 points, with higher
scores indicating more severe deficits); and tPA, intravenous tissue-type plasminogen activator.

*ASPECTS were available for 145/190 (76%) patients. Occlusion sites were not mutually exclusive. Mismatch was assessed with automated software
(RAPID for CT-based, OLEA for MRI-based perfusion imaging).

higher odds for favorable functional outcome and Both DEFUSE-3 and DAWN ftrials had very restrictive
lower odds for all-cause mortality at 90 days without  inclusion criteria. In our MT group, the main reasons for
an increased rate of sICH as compared to patients with DEFUSE-3 ineligibility were distal occlusion site (ie, iso-
BMT. lated occlusion of the M2 segment), low baseline NIHSS

726 ~ March 2023 Stroke. 2023;54:722-730. DOI: 10.1161/STROKEAHA.122.039793
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Modified Rankin Scale Score at 3 Months

00 01 m2 m3 m4 m5 W6

MT
(N=102) 13 113 13 4 28
BMT
(N=88) 11 15 16 13 5 31
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 2. Functional outcome at 90 d in Non-DEFUSE-Non-DAWN patients receiving mechanical thrombectomy vs best medical

treatment alone.

BMT indicates best medical treatment alone; and MT, mechanical thrombectomy.

score (ie, <6 points), premorbid functional disability (ie,
mRS score >2 points), and treatment with intravenous
tissue-type plasminogen activator >4.5 hours after last-
known-well. Main reasons for DAWN ineligibility were
the absence of clinical-imaging-mismatch, low baseline
NIHSS score (e, <10 points), and premorbid functional
disability (ie, mRS score >1 point). Comparing the exclu-
sion criteria between the MT and BMT groups, there
were differences in the frequency of exclusion based on
noncompliance with perfusion imaging criteria (ie, core
volume, mismatch volume, and mismatch ratio). In the MT
group, 20 patients (20%) were ineligible because of non-
compliance with imaging criteria, whereas 43 patients
(49%) were ineligible in the BMT group.

Only a few studies have examined the efficacy and
safety of MT in DEFUSE-3 and/or DAWN ineligible
patients.>™® A recent study looked at patients who would
have been excluded from DAWN but were DEFUSE-3
eligible.” Here, patients with ischemic infarct core vol-
umes between 50 and 70 mL (ie, too large for inclusion
in DAWN but small enough for DEFUSE-3) still had a
clinical benefit related to MT without demonstrating an
excess of sICH, as compared with patients with BMT.
However, the cohort was small (N=33), and these
patients were clinically severely affected (median NIHSS
score 18 points). Desai et al investigated NDND patients.
In their cohort, about 70% were NDND patients, which
is consistent with the finding of our study. However, their
NDND patients (N=37) were clinically more severely
affected (median NIHSS score 18 points) than those in
our present study. The authors concluded that MT can be
safely offered to trial ineligible patients, particularly those
with an ischemic core volume of <70 mL, baseline mRS
of 0-2, and age <80 years.

Stroke. 2023;54:722-730. DOI: 10.1161/STROKEAHA.122.039793

Our third main finding was that, despite no significant
difference in functional outcomes between MT and BMT
in the univariable comparisons, MT was associated with
better functional outcomes and lower all-cause mortality
after considering baseline variables likely to have influ-
enced the decision in favor of MT. While this indicates
a selection bias (for which patients with M1 occlusion,
higher NIHSS and larger core-to-perfusion mismatch
volume were more likely to be treated with MT), this find-
ing also suggests that a substantial proportion of NDND
patients in the 6-24 hour window benefit of MT. Regard-
ing mortality, our results are in line with those of a recent
case series.® This showed that even patients with mini-
mal penumbra (ie, relative mismatch <20%) on perfusion
imaging may still benefit from MT in terms of reduced
90-day mortality. The selection criteria of the DEFUSE-3
and DAWN trials were chosen to prove the concept of
MT in a later time window but might be too restrictive in

Table 2. Conventional Group Comparisons of Efficacy and
Safety Outcomes in Non-DEFUSE-Non-DAWN Patients Pre-
senting 6 to 24 Hours After Symptom Onset

MT (N, BMT (N, P
«=102) «=88) value
Efficacy outcome measures
mRS 0-2 at 90 d, n (%) 41 (40) 32 (36) 0.70
Safety outcome measures
sICH within 7 d, n (%) 3 (5) 1(2) 0.63
All-cause mortality at 90 d, n (%) 29 (28) 27 (31) 0.86

%2 (X?) test was performed for comparison. MT indicates mechanical throm-
bectomy; BMT, best medical therapy alone; mRS, modified Rankin Scale (0-6
points with higher scores indicating more severe neurological disability); and
sICH, symptomatic intracranial hemorrhage (occurring within 7 d of acute isch-
emic stroke and associated with >4 points worsening in National Institutes of
Health Stroke Scale).
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Table 3. Unweighted Multivariable Regression Analysis of
Efficacy and Safety Outcomes of Non-DEFUSE-Non-DAWN
Patients Presenting 6 to 24 Hours After Symptom Onset

Ordinal logistic regression*
acOR ‘ 95% ClI ‘ P value
Efficacy outcome measures (MT vs BMT)
Lower mRS at 90 d 1.65 ‘ 0.90-3.06 ‘ 0.10
Binary logistic regression*
aOR ‘ 95% CI ‘ P value
Efficacy outcome measures (MT vs BMT)
mRS 0-2 at 90 d ‘ 1.74 ‘ 0.63-4.89 ‘ 0.29
Safety outcome measures (MT vs BMT)
All-cause mortality at 90 d ‘ 0.56 ‘ 0.21-1.43 ‘ 0.23

BMT indicates best medical therapy alone; mRS, modified Rankin Scale (0-6
points, with higher scores indicating more severe neurological disability); and MT,
mechanical thrombectomy.

“Adjusted odds ratios (aOR; binary regression) and adjusted common odds
ratios (acOR; ordinal regression) are reported. We state 95% Cls. Covariables:
age, hypertension, diabetes, atrial fibrillation, occlusion site, National Institutes of
Health Stroke Scale score at admission, premorbid mRS score, tPA (tissue-type
plasminogen activator) treatment, mechanical thrombectomy, time from onset to
admission, blood glucose level at admission, systolic and diastolic blood pressure,
ischemic core volume, and hypoperfusion lesion volume. Cases with missing data

for 1 or more covariable (N=18) were excluded from the analyses (N =172).

clinical practice. Also, while the selection bias would have
argued, a priori, toward a worse outcome in the MT arm,
the opposite was true, further underscoring the poten-
tial therapeutic benefit of MT. In this cohort, acute treat-
ment decisions for MT based on the ensemble of clinical
and radiological characteristics seem to have improved
functional outcomes compared with BMT. This was con-
sistent with the sensitivity analysis results. However, it
remains unclear whether some of the patients with BMT
would have benefited more from MT.

In our study, 40% of the patients in the MT group
achieved a 90-day mRS of 0-2, a lower proportion than
in DEFUSE-3 (45%) and DAWN (49%).8° The reason
for this discrepancy most likely is that we did not exclude
the one-fifth of our study population with premorbid dis-
ability (ie, MRS 3-b) that would have been excluded from
DEFUSE-3 and DAWN. Other possible explanations for
the relatively high proportion of functional independence
observed in our NDND cohort are the low ischemic
core volumes at admission and the high recanalization
rates. The recanalization rate of 80% was in between
that achieved in DEFUSE-3 (76%) and DAWN (849%).8°
Remarkably, the overall sICH rate was low in our cohort
(MT versus BMT: 5% versus 2%). It was slightly lower
than those in DEFUSE-3 (MT versus BMT: 7% versus
4%) and DAWN (MT versus BMT: 6% versus 3%).8°

Notably, 38% of patients in our cohort had isolated
M2 occlusions of the middle cerebral artery. This is inter-
esting since these patients are ineligible for MT according
to DEFUSE-3 and DAWN criteria. In line with our find-
ings, current evidence supports that these patients ben-
efit from MT within 12 hours® The ongoing DISTAL trial
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Table 4. IPTW Analysis of Efficacy and Safety Outcomes of
Non-DEFUSE-Non-DAWN Patients Presenting 6 to 24 Hours
After Symptom Onset

IPTW analysis using ordinal logistic

regression*
acOR 95% CI ‘ P value

Efficacy outcome measures (MT vs BMT)

Lower mRS at 90 d 1.46 ‘ 1.02-2.10 ‘ 0.04
IPTW analysis using binary logistic
regression*
aOR 95% Cl | Pvalue

Efficacy outcome measures (MT vs BMT)

mRS 0-2 at 90 d ‘ 1.40 ‘ 0.91-2.17 ‘ 0.12

Safety outcome measures (MT vs BMT)

All-cause mortality at 90 d ‘ 0.59 ‘ 0.37-0.93 ‘ 0.02

BMT indicates best medical therapy alone; IPTW, inverse probability of treat-
ment weighting; mRS, modified Rankin Scale (0-6 points, with higher scores
indicating more severe neurological disability); MT, mechanical thrombectomy;
and sICH, symptomatic intracranial hemorrhage (occurring within 7 days of acute
ischemic stroke and associated with >4 points worsening in National Institutes of
Health Stroke Scale [NIHSS]).

*Adjusted odds ratios (aOR; binary regression) and adjusted common odds
ratios (acOR; ordinal regression) are reported. We state 95% Cls. The following
covariables were used for propensity score estimation and as adjustments in the
IPTW models: age, hypertension, diabetes, atrial fibrillation, occlusion site, NIHSS
score at admission, premorbid mRS score, tPA treatment, time from onset to
admission, blood glucose level at admission, systolic and diastolic blood pressure,
ischemic core volume, and hypoperfusion lesion volume. Cases with missing data
for 1 or more covariable (N=18) were excluded from the analyses (N, =172).

total

(NCT05029414) has now extended the comparison of MT
versus BMT to more distal occlusion sites of the anterior
(ie, M2-4 of the middle cerebral artery, A1-3 of the anterior
cerebral artery) and posterior circulation (ie, P1-2 of the pos-
terior cerebral artery) for up to 24 hours after last-seen-well.

In our view, these real-life—derived data provide evi-
dence that the interdisciplinary collaboration of acute neu-
rological teams and experienced interventionalists can be
associated with favorable functional outcomes in trial-inel-
igible patients. However, the restrictive inclusion criteria
that most patients in clinical practice do not fulfill, together
with safety concemns (ie, increased sICH rates), might still
lead to ambiguity regarding appropriate patient selec-
tion and emphasize the urgent need for further research
in this field.3"~*2 Several randomized trials with more per-
missive inclusion criteria regarding the infarct core size
at admission are currently being performed (TESLA
[NCT03805308], TENSION [NCT03094715], SELECT
2 [NCT03876457], IN EXTREMIS [Large Stroke Ther-
apy Evaluation]/LASTE [NCT03811769], MR CLEAN-
LATE [ISRCTN19922220]) and will hopefully expand our
knowledge. The recent RESCUE-Japan LIMIT study has
demonstrated that patients with large ischemic cores indi-
cated by low ASPECTS values (mainly evaluated on the
basis of MRIs) had better functional outcomes at 90 days
with MT compared to BMT.*® Regardless of the pending
study results, our study contributes important complemen-
tary findings as the pending trials focus on patients with
ASPECTS <5 and in our NDND cohort 89% of patients
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had an ASPECTS >b. Thus, our findings will be of rele-
vance even after the publication of these trials.

Strengths and Limitations

Our study has several strengths: (i) it is based on large, pro-
spectively curated data of consecutive patients from several
Swiss stroke centers who received either MT or BMT in
clinical practice without predefined inclusion criteria, (i) the
centralized reevaluation of initial perfusion imaging ensures
reader-independent comparability, (iii) the application of
propensity score based weighting corrects for observed
confounders and accounts for potential selection bias.

We acknowledge limitations: (i) the lack of randomiza-
tion. Although we adjusted for the most important known
confounders for outcome, there is still a risk of residual
confounding (by unobserved or unmeasured confounders)
and by the fact that outcome assessment was not blinded.
In addition, although weighting resulted in a substantial
improvement in the balance between treatment groups,
ischemic core and hypoperfusion volumes were marginally
outside the targeted standardized mean difference range
of =0.10 to 0.10 (Figure S2A), (ii) we used naive variance
estimators instead of robust or bootstrap-based estima-
tors due to the previously reported potential overestima-
tion of variance, (iii) the high proportion of isolated distal
occlusions. The site of vessel occlusion impacts the func-
tional outcome, with patients with distal occlusions having
higher rates of favorable outcomes.** However, we tried to
address this issue by including the site of occlusion in the
propensity score estimation and the weighted models, (iv)
the rare occurrence of sICH prevents conclusive safety
comparisons between the MT and BMT groups.

Conclusions

Two out of 3 adult patients with LVO presenting in the
6—24 hours window did not meet the DEFUSE-3 and
DAWN inclusion criteria. Yet, MT was associated with
higher odds of 90-day favorable functional outcomes
without increased rates of sICH. These findings support
the enrollment of patients into ongoing randomized tri-
als on MT in the late time window with more permissive
inclusion criteria.
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