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BACKGROUND: Because of the overwhelming benefit of thrombectomy for highly
selected trial patients with large vessel occlusion (LVO), some trial-ineligible patients are
being treated in practice.
OBJECTIVE: To determine the safety and efficacy of thrombectomy in DAWN/DEFUSE-3-
ineligible patients.
METHODS: Using a multicenter prospective observational study of consecutive patients
with anterior circulation LVO who underwent late thrombectomy, we compared
symptomatic intracerebral hemorrhage (sICH) and good outcome (90-d mRS 0-2)
among DAWN/DEFUSE-3-ineligible patients to trial-eligible patients and to untreated
DAWN/DEFUSE-3 controls.
RESULTS: Ninety-eight patients had perfusion imaging and underwent thrombectomy
>6 h; 46 (47%) were trial ineligible (41% M2 occlusions, 39% mild deficits, 28% ASPECTS
<6). In multivariable regression, the odds of a good outcome (aOR 0.76, 95% CI 0.49-1.19)
and sICH (aOR 3.33, 95% CI 0.42-26.12) were not different among trial-ineligible vs eligible
patients. Patients withmild deficits weremore likely to achieve a good outcome (aOR 3.62,
95% CI 1.48-8.86) and less sICH (0% vs 10%, P = .16), whereas patients with ASPECTS <6
had poorer outcomes (aOR 0.14, 95% CI 0.05-0.44) and more sICH (aOR 24, 95% CI 5.7-103).
Compared to untreated DAWN/DEFUSE-3 controls, trial-ineligible patients had more sICH
(13%BEST vs 3%DAWN [P = .02] vs 4%DEFUSE [P = .05]), but were more likely to achieve a good
outcome at 90 d (36%BEST vs 13%DAWN [P < .01] vs 17%DEFUSE [P = .01]).
CONCLUSION: Thrombectomy is used in practice for some patients ineligible for the
DAWN/DEFUSE-3 trials with potentially favorable outcomes. Additional trials are needed
to confirm the safety and efficacy of thrombectomy in broader populations, such as large
core infarction and M2 occlusions.
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T he American Heart Association/American
Stroke Association recommends endovas-
cular thrombectomy for patients with

acute ischemic stroke because of a large vessel

ABBREVIATIONS: BEST, Blood pressure for
endovascular stroke treatment; CI, confidence
interval; CT, computed tomography; ICH, intrac-
erebral hemorrhage; LVO, large vessel occlusion;
LKN, last known normal; rCBF, relative cerebral
blood flow; sICH, symptomatic intracerebral hemor-
rhage
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occlusion (LVO) with favorable unenhanced
computed tomography (CT) imaging if they
present within 6 h of symptom onset.1 After 6 h,
perfusion imaging is recommended to select
candidates for endovascular intervention if an
LVO is present.
Using RAPID automated software

(iSchemaView, Redwood, California), 2
randomized clinical trials have proven a robust
benefit of thrombectomy in patients with
proximal LVO (ICA-terminus or M1) who
present within 24 h after the time last known
normal (LKN).2,3 Given the robust benefit seen
in the late thrombectomy trials, some centers
are treating patients who would not have been
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THROMBECTOMY IN TRIAL-INELIGIBLE PATIENTS

eligible for these reasons in clinical practice. In the present
subgroup analysis of the Blood Pressure for Endovascular Stroke
Treatment (BEST) Study, we sought to determine if DAWN or
DEFUSE-3 trial ineligibility was associated with poorer outcomes
compared to patients who were trial eligible. We also compared
the DAWN and DEFUSE-3 ineligible patients in our cohort to
untreated controls from the DAWN and DEFUSE-3 trials.

METHODS

Patient Selection
A prospective, multicenter, observational cohort of consecutive

patients over 18 yr of age with acute LVO treated with thrombectomy
in routine clinical practice was used in this analysis.4 The primary
purpose of the BEST study was to evaluate the impact of periprocedural
blood pressure changes on clinical outcomes in patients with anterior
LVO who undergo thrombectomy. To briefly summarize the BEST
study methodology, consecutive patients with anterior circulation
LVO (including ICA, M1, and M2) who underwent endovascular
thrombectomy at 12 Comprehensive Stroke Centers in the United
States (11/2017-09/2018) were prospectively enrolled and followed for
3 mo in this observational study. Patients were ineligible for inclusion if
they had (1) premorbid modified Rankin Scale (mRS) score >2, (2) left
ventricular assist device, (3) stroke in an inpatient or preoperative setting,
or (4) terminal medical diagnosis. Patient characteristics, neuroimaging
features, discharge disposition, and modified Rankin score (mRS) at
90 d were collected by local investigators using a centrally monitored,
HIPAA-compliant, online platform.5 Blood pressure targets before,
during, and following thrombectomy were selected at the discretion
of the treating clinician at local sites and were recorded serially as
part of this observational study. Ninety-day mRS scores were collected
by investigators during routinely scheduled clinic visits or telephone
encounters.

In this post hoc analysis, patients were included if they underwent
CTP >6 h from LKN, and those with unknown LKN were
excluded.
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Imaging
Perfusion CT images were acquired along with CT angiography of the

head and neck and were postprocessed using RAPID software to generate
automated, operator-independent, motion-corrected, deconvolution-
basedmaps of the ischemic core and hypoperfusion regions, as in recently
published clinical trials.2,3,6,7 Relative cerebral blood flow (rCBF) and
time-to-maximum of the tissue residue function (Tmax) were calculated
automatically, based on consensus recommendations.8

Assessment of Trial Eligibility
Patients were classified as “trial eligible” or “trial ineligible” according

to the inclusion and exclusion criteria of the recent DAWN3 and
DEFUSE-32 clinical trials. See online Text, Supplemental Digital
Content 1 for details. In the present study, patients who did not meet
inclusion criteria for either trial were considered “trial ineligible,” whereas
those who met criteria for one or both trials were considered “trial
eligible.” Patients could have met more than 1 trial exclusion criterion.

Statistical Analysis
The primary outcome was a good functional outcome at 90 d, defined

by a modified Rankin Scale (mRS) of 0 to 2. The primary safety
outcome was symptomatic intracerebral hemorrhage (sICH), defined by
a worsening in NIHSS of ≥4 points within 24 h of thrombectomy along
with any intracerebral hemorrhage (ICH) within 72 h of thrombectomy
(based on available data collected in BEST). Secondary outcomes
included mTICI 2b/3 score (>50% reperfusion of the occluded target
artery), 24-h NIHSS, change in NIHSS by 24 h, any ICH within 72 h
of stroke onset, favorable discharge disposition (to home or rehab), shift
in mRS at 90 d, and death by 90 d. Outcomes were only assessed for
patients with available outcome data (missing data not imputed).

Descriptive statistics were used to compare variables of interest.
Between-group comparisons were made using Chi-square or Fisher’s
exact test for categorical variables, or the Wilcoxon rank-sum test, where
appropriate. Logistic regression was performed to estimate the association
between independent variables and outcomes of interest, and these were
adjusted for age, baseline NIHSS, ASPECTS, thrombolysis, and time
to recanalization and was clustered by site. Ordinal logistic regression
was used to estimate the association between trial eligibility and the 90-d
mRS. This was adjusted for age, baseline NIHSS, ASPECTS, throm-
bolysis, and time to recanalization and clustered by site.

We further explored the following patient subgroups according to
reasons for DAWN/DEFUSE-3 ineligibility: (1)M2 occlusions; (2) mild
deficits (NIHSS <6 from 6-16 h, or <10 from 16-24 h); (3) ASPECTS
<6; (4) large core (≥70 cc from 6-16 h or ≥51 cc from 16-24 h);
and (5) unfavorable mismatch (defined by the DAWN clinical-imaging
mismatch criteria or DEFUSE-3 target mismatch criteria, inclusive of
large core volume and NIHSS criteria). Because of the anticipated small
sample sizes in these subgroups, we only performed statistical testing
among subgroups representing ≥20% of all trial-ineligible patients (M2
occlusions, mild deficits, ASPECTS <6, and unfavorable mismatch). In
addition, we explored differences between BEST trial-ineligible patients
with ICA or M1 occlusions and DAWN/DEFUSE-3 untreated controls
in a sensitivity analysis. Here, the proportions of patients who experi-
enced sICH or a good functional outcome was compared between
patients who met each trial ineligibility criterion against all trial-eligible
patients. We also describe outcomes for the subgroup of trial-ineligible
patients with ICA or M1 occlusions and non-low NIHSS (NIHSS >6).
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Multivariable logistic regression was used to estimate the odds of
sICH among patients who met each ineligibility criterion against those
who did not meet that criterion. Ordinal logistic regression was used to
estimate the shift in 90-d mRS. Regression models were adjusted for age,
baseline NIHSS (except for the subgroup of patients with mild deficits),
ASPECTS (except for the subgroup with ASPECTS <6), thrombolysis,
and time to recanalization and were clustered by site. No adjustments
were made for multiple comparisons as all analyses were exploratory. All
tests were performed at the two-sided level using STATA 15.0 (College
Station, Texas). P values are provided for descriptive purposes and should
be interpreted with caution.

This study was approved by the local Institutional Review Board with
waiver of informed consent because of the observational nature of this
study.

RESULTS

Of the 485 patients from the BEST cohort, 294 (61%)
were excluded because of thrombectomy within 6 h of LKN
and 2 (<1%) for missing LKN. Of the 191 who underwent
thrombectomy >6 h after LKN, 93 (49%) were excluded
because automated perfusion imaging was not performed. Of
the remaining 98 (20%) included patients, the median age was
69 (IQR 57-81), 44 (45%) were female, and the median NIHSS
was 16 (IQR 10-20).
Forty-six patients (47%) were trial-ineligible, 19 (41%)

of whom had M2 occlusions, 18 (39%) had mild deficits
(9 [20%] had both M2 occlusions and mild deficits), 13 (28%)
had ASPECTS <6, 10 (22%) failed to meet DAWN clinical-
imaging mismatch or DEFUSE-3 target mismatch criteria,
4 (9%) were treated beyond 24 h, and 3 (7%) had a core
>70 cc. Compared to trial-eligible patients, trial-ineligible
patients hadmilder baseline deficits, but also had nonsignificantly
poorer baseline ASPECTS, larger core volumes, and less favorable
mismatch ratios (Table 1). There were no significant differences
in the overall time to recanalization or thrombolysis between the
2 groups.

BEST Trial-Eligible vs Trial-Ineligible Patients
There was no difference in rates of successful recanalization

(mTICI 2b/3) between trial-ineligible or trial-eligible patients
(87% vs 85%, P = .74; Table 2). Ninety-day mRS scores were
available for 45 trial-ineligible patients (98%) and 47 trial-eligible
patients (90%). A similar proportion of trial-ineligible patients
achieved the primary outcome of a good functional outcome at
90 d when compared to trial-eligible patients (36% vs 30%, P
= .56). In the fully adjusted regression model incorporating age,
baseline NIHSS, ASPECTS, thrombolysis, and time to recanal-
ization, the odds of a good functional outcome remained similar
among trial-ineligible patients (adjusted OR 0.76, 95% CI
0.49-1.19, P = .24). There was also no significant shift in the
90-d mRS among patients who were trial-ineligible (aOR 0.65,
95% CI 0.37-1.16, P = .15; Figure 1). In that fully adjusted
model, only younger age (OR 1.05 per year, 95% CI 1.04-1.06,

P < .01) and lower baseline NIHSS (OR 1.11 per NIHSS point,
95% CI 1.01-1.22, P = .02) were independently associated with
better 90-d mRS.
There was a nonsignificantly greater proportion of trial-

ineligible patients who experienced sICH when compared to
trial-eligible patients (13% vs 4%, P = .14), but no difference
in the proportion of patients who experienced any ICH (33%
vs 33%, P = .99). After multivariable adjustment, there was no
significant increase in the odds of sICH (aOR 3.33, 95% CI
0.42-26.12, P = .25), any ICH (aOR 0.74, 95% CI 0.36-1.51,
P = .40), or death at 90 d (aOR 2.29, 95% CI 0.33-16.06, P =
.40) among trial-ineligible patients.
Ninety-day mRS were available for 92 patients (94% of those

included) and are stratified by trial ineligibility criteria in Figure
2. Compared to patients with ICA or M1 occlusions, those
with M2 occlusions had similar absolute 90-d mRS in the fully
adjusted regression model (aOR for favorable 1-point shift 1.36,
95% CI 0.83-2.23, P = .23) and similar rates of sICH (aOR
1.70, 95% CI 0.35-8.36, P = .51). Compared to those without
mild deficits, patients with mild deficits also had a better shift in
the 90-d mRS (aOR 3.62, 95% CI 1.48-8.86, P < .01). None
of the patients with mild deficits experienced sICH (0% vs 10%,
P = .16). When compared to patients with good ASPECTS
(6-10), those with poor ASPECTS (<6) had a poorer 90-d mRS
(aOR 0.14, 95% CI 0.05-0.44, P < .01) in ordinal logistic
regression, and greater odds of sICH (aOR 24.32, 95% CI 5.71-
103.51, P < .01). Patients who failed to meet either DAWN
clinical-imaging mismatch, or DEFUSE-3 target mismatch, had
a similar 90-d mRS (aOR 0.43, 95% CI 0.11-1.66, P = .22)
and a nonsignificantly greater odds of sICH (aOR 3.42, 95% CI
0.83-14.14, P = .09).

BEST Trial-Ineligible Patients vs DAWN/DEFUSE-3
Controls
In comparing BEST trial-ineligible patients to untreated

controls from prior trials, a larger proportion of BEST trial-
ineligible patients experienced sICH (13%) than untreated
DAWN (3%, P = .02) and DEFUSE-3 (4%, P = .05) controls.
Despite this increase in risk, the rate of death by 90 d was similar
between BEST trial-ineligible patients (18%) and untreated
DAWN (18%, P = 1.00) and DEFUSE-3 (26%, P = .30)
controls. A larger proportion of BEST trial-ineligible patients
who underwent thrombectomy experienced a good functional
outcome by 90 d (36% vs 13% [DAWN] vs 17% [DEFUSE-3],
P < .05 for both).

Sensitivity Analysis
In a sensitivity analysis, comparing trial-ineligible BEST

patients with ICA or M1 occlusions (n = 27) to untreated
DAWN/DEFUSE-3 controls (Table, Supplemental Digital
Content 2), there remained a nonsignificantly higher rate of
good functional outcome by 90 d (27% vs 13% [DAWN],
P = .08; 17% [DEFUSE-3], P = .25; Table, Supplemental
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TABLE 1. Patient Characteristics

BEST: TI
n= 46

BEST: TE
n= 52

P value
(BEST-TE vs
BEST-TI)

DAWN
(untreated)
n= 99

DEFUSE-3
(untreated)
n= 90

P value
(BEST-TI
vs DAWN)

P value
(BEST-TI vs
DEFUSE-3)

Age, mean (SD) or median
(IQR)

66 (58-77) 71 (53-82) .69 70.7 (13.2) 71 (59-80) – –

No. female (%) 19 (41%) 25 (48%) 50 48 (48%) 46 (51%) .43 .27
Race, no. (%) .08 n/a –
Black 7 (15%) 12 (23%) NR 5 (6%)
Caucasian 25 (54%) 22 (42%) NR 80 (89%)
Asian 2 (4%) 0 (0%) NR 3 (3%)
Other/unknown 12 (26%) 18 (35%) NR 2 (2%)

Time from last seen normal
to EVT, median min (IQR)

733
(550-990)

725
(595-973)

.90 NR NR n/a n/a

Baseline NIHSS, median (IQR) 12 (7-18) 18 (13-21) <.01 17 (14-21) 16 (12-21)
LVO location – –
ICA-T 12 (26%) 16 (31%) .61 19 (19%) 36 (40%) .34 .11
M1 15 (33%) 41 (79%) <.01 78 (77%) 54 (60%) <.01 <.01
M2 19 (41%) 0 (0%) <.01 3 (3%) 0 (0%) <.01 <.01

ASPECTS, median (IQR) 7 (5-9) 8 (7-9) .06 NR 8 (7-9) n/a –
Volume of ischemic core,
median rCBF <30%mL (IQR)

15 (0-49) 6 (0-20) .07 8.9
(3.0-18.1)

10.1
(2.1-24.3)

Volume of perfusion deficit,
median Tmax >6 s mL (IQR)

101 (55-167) 121 (66-157) .57 NR 116.1
(73.4-158.2)

n/a –

Treatment with IV tPA 4 (9%) 4 (8%) 1.00 13 (13%) 8 (9%) .49 1.00

NR, TI, trial-ineligible; TE, trial-eligible; SD, standard deviation; IQR, interquartile range; EVT, endovascular thrombectomy; NIHSS, National Institutes of Health Stroke Scale; LVO, large
vessel occlusion; ICA-T, internal carotid artery terminus; ASPECTS, Alberta Stroke Program Early Computed Tomography Score; IV tPA, intravenous tissue plasminogen activator.

Digital Content 3). However, the rate of sICH was significantly
greater among BEST trial-ineligible patients than these untreated
controls (15% vs 3% [DAWN] or 4% [DEFUSE-3], P < .05 for
both comparisons). Compared to DAWN/DEFUSE-3 controls,
BEST trial-ineligible patients with ICA or M1 occlusions and
NIHSS >6 (n = 21) had a nonsignificantly higher rate of good
functional outcome (25% vs 13% [DAWN], P = .17; vs 17%
[DEFUSE-3], P = .40), whereas the rate of sICH was signifi-
cantly greater among these BEST trial-ineligible patients (19% vs
3% [DAWN] or 4% [DEFUSE-3], P< .05 for both comparisons;
Table 3).
Compared to untreated DAWN and DEFUSE-3 controls, a

greater proportion of BEST patients with mild deficits (59%)
and M2 occlusions (47%) achieved a good functional outcome
at 90 d (P < .05 for both comparisons). There was no
difference in the incidence rate of a good outcome among
patients with unfavorable ASPECTS (15% vs 13% [DAWN]
and 17% [DEFUSE-3], P = ns; Figure 2). Because of the
small number of patients who failed to meet the remaining
eligibility criteria (clinical-imaging mismatch, treatment >24 h,
and large core infarct), no formal comparisons were made
between these patients and untreated DAWN/DEFUSE-3
patients.

DISCUSSION

The results from our multicenter, prospective, observational
study of patients treated with thrombectomy in routine clinical
practice suggest that select patients with acute anterior LVO
who present within the extended window but would not
have met strict trial criteria for endovascular intervention
may also derive benefit from intervention. This effect appears
to be driven by patients with milder symptoms and M2
occlusions; however, the effect remains significant even after
adjustment for symptom severity and other outcome predictors.
Furthermore, using an indirect comparison to untreated historic
controls, trial-ineligible patients from BEST have better long-
term functional outcomes. Although our data represent the
outcomes of routine clinical practice, and are subject to selection
bias and other unmeasured confounders, we have reason to be
optimistic that the robust benefit of mechanical thrombectomy
in acute LVO may extend beyond recommendations set forth by
the AHA.1
Categorically classifying a heterogeneous population of

patients as “trial-ineligible” is onemajor limitation of this analysis.
Because “milder” patients may have driven the treatment effect
observed among all trial-ineligible patients, we chose to evaluate
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TABLE 2. Outcomes

BEST: TI
n= 46

BEST: TE
n= 52

P value
(BEST-TE vs
BEST-TI)

DAWN
(untreated)
n= 99

DEFUSE-3
(untreated)
n= 90

P value
(BEST-TI
vs DAWN)

P value
(BEST-TI vs
DEFUSE-3)

Primary efficacy outcome
Good functional outcome∗
at 90 d

16/45
(36%)

14/47
(30%)

.56 13 (13%) 15 (17%) <.01 .01

Secondary efficacy outcomes
Successful recanalization (TICI
2b/3)

40 (87%) 44 (85%) .74 NR NR n/a n/a

NIHSS at 24 h, median (IQR) 11 (5-15) 12 (5-18) .66 NR NR n/a n/a
Change in NIHSS from 0 h to 24 h,
median (IQR)

−1 (−4 to
3)

−5 (−11 to
0)

<.01 NR NR n/a n/a

Favorable discharge disposition‡ 36 (78%) 44 (85%) .42 NR NR n/a n/a
mRS at 90 d, median (IQR) 3 (2-5) 3 (2-5) .74 NR 4 (3-6) n/a –

Safety outcomes
Symptomatic ICH§ within
72 h

6 (13%) 2 (4%) .14 3 (3%) 4 (4%) .02 .05

Any ICH|| 15 (33%) 17 (33%) .99 33 (33%) NR 1.00 n/a
Death by 90 d 8/45 (18%) 6/47 (13%) .50 18 (18%) 23 (26%) 1.00 .30

IQR, interquartile range; ICH, intracerebral hemorrhage; mRS, modified Rankin Scale score; NIHSS, National Institutes of Health Stroke Scale; NR, not reported; TI, trial-ineligible
∗Good functional outcome indicates a mRS score of 0 to 2.
‡Favorable discharge disposition indicates discharge to home or an acute inpatient rehabilitation facility.
§In BEST, “symptomatic ICH” indicated any ICH within 72 h with a worsening in NIHSS of≥4 points from 0 to 24 h. For DAWN, symptomatic ICHmeant any extravascular blood in the
cranium with a worsening in NIHSS of ≥4 points within 24 h. For DEFUSE-3, symptomatic ICH meant any ICH within 36 h with a worsening in NIHSS of ≥4 points by 36 h.
|| In BEST, “any ICH” indicated any ICH within 72 h. For DAWN, this window was limited to 24 h. Because of these differences in definitions, statistical comparisons were not made.

FIGURE 1. Ninety-day mRS according to DAWN and DEFUSE-3 eligibility. mRS denotes modified Rankin Scale. Ninety-day mRS
data unavailable for 1 trial-ineligible and 5 trial-eligible patients.

each subgroup of DAWN/DEFUSE-3 study criteria separately.
Furthermore, we performed sensitivity analyses of patients with
ICA or M1 occlusions, and ICA/M1 occlusions with NIHSS
>6. As expected, patients with mild presenting deficits or distal
occlusions were more likely to have a better 90-d mRS without
an increase in the odds of sICH.

Although patients with milder symptoms had better functional
outcome with intervention, patients with more established infarc-
tions and with clinical-imaging or target mismatch appeared to
drive the poor outcome measures. Patients with ASPECTS <6
were 24 times more likely to experience sICH and 7 times
more likely to have a more disabling mRS score at 90 d when
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FIGURE 2. Ninety-day mRS grouped by ineligibility criteria. Patients may have met >1 criterion for trial ineligibility. Ninety-day
mRS data were available for 45 of the 46 patients, with missing data for 1 patient who otherwise would have been included among
patients with mild deficits and clinical-imaging mismatch. mRS denotes modified Rankin Scale. Mild deficits indicate NIHSS <6
from 6 to 16 h after time last seen normal or<10 from 16 to 24 h. Poor ASPECTS (Alberta Stroke Program Early CT Score) indicates
a score <6. Clinical-imaging mismatch indicates the patient did not meet the DAWN clinical-imaging mismatch or DEFUSE-3
target mismatch imaging profile. Large core indicates >70 cc volume using a relative cerebral blood flow <30% threshold.

TABLE 3. Rate of Symptomatic ICH According to Trial Ineligibility
Subgroup

Rate of
symptomatic

ICH (%)

90-dmRS,
median
(IQR)

All trial-ineligible patients (n = 46) 6 (13%) 3 (2-5)
M2 occlusion (n = 19) 2 (11%) 3 (1-4)
Mild deficits (n = 18) 0 (0%) 2 (1-3) [n = 17]
Poor ASPECTS (n = 13) 5 (38%) 4 (4-6)
Clinical-imaging mismatch (n = 10) 2 (20%) 4 (3-5) [n = 9]
Thrombectomy >24 h (n = 4) 0 (0%) 4 (3-5)
Large core (n = 3) 1 (33%) 4 (2-6)

IQR, interquartile range; ICH, intracerebral hemorrhage; mRS, modified Rankin Scale
score.
As in Figure 2, patientsmay havemet>1 criterion for trial ineligibility. Symptomatic ICH
datawere available for all patients,whereasmRSdatawasmissing for 1 patientwhomet
both mild deficits and clinical-imaging mismatch criteria.
Mild deficits indicate NIHSS <6 from 6 to 16 h after time last seen normal, or <10 from
16 to 24 h. Poor ASPECTS (Alberta Stroke Program Early CT Score) indicates a score
<6. Clinical-imaging mismatch indicates the patient did not meet the DAWN clinical-
imaging mismatch or DEFUSE-3 target mismatch imaging profile. Large core indicates
>70 cc volume using a relative cerebral blood flow <30% threshold.

compared to patients with an ASPECTS of 6 to 10. Our findings
corroborate recent results from the HERMES collaborators who
showed a higher risk of sICH with established infarcts on head
CT.9 Unfortunately, our results are limited by a lack of adequate

control arm of untreated patients with anterior LVO derived
from the same observational cohort. Although we showed a
limited benefit to thrombectomy in the extended window for
patients with unfavorable ASPECTS in routine clinical practice
(only 2/13 patients had a 90-d mRS 0-2), the HERMES collab-
orators observed that thrombectomy was still associated with
a better 90-d functional outcome than medical management
if pursued within the early window (OR 2.00, 95% CI 1.16-
3.46, if ASPECTS was 3-5).9 In the extended window, other
observational data suggest potential efficacy of thrombectomy
in patients with LVO. One single-center study reported no
significant difference in the odds of functional independence
by 90 d with thrombectomy among patients with borderline
ASPECTS (<7) when compared to ASPECTS of 7 to 10 (37%
vs 46%, P = .852).10 Furthermore, the investigators found no
increase in the risk of sICH (9% vs 9%). Our results conflict
with these findings and could represent a more diverse clinical
practice with a less-selected patient population. In the absence of
clearer data, the risks and benefits of intervening in patients who
present beyond 6 h with an unfavorable noncontrast CT should
be seriously considered in future clinical trials and in clinical
practice as we implement these off-label strategies.
Although our cohort represents a population that is wholly

unique from DAWN/DEFUSE-3, our data also suggest that
even these suboptimal candidates may also derive some benefit
from thrombectomy although a comparison to patients with
similar demographic features who do not receive endovascular
thrombectomy is needed. Again, this benefit is largely derived by
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the cohort of patients with distal occlusions andmilder presenting
deficits. In the subgroup of patients with unfavorable baseline
ASPECTS, we observed no significant benefit to endovas-
cular intervention and a high mortality rate when compared
to unmatched DAWN/DEFUSE-3 controls; however, we do
not know what the mortality rate would have been without
thrombectomy for these patients, and the natural history of
patients with a low ASPECTS score is poor.11 It is possible that
these patients may either have been selected for thrombectomy on
the basis of excellent premorbid functional status or collaterals.
Regardless of the indication, the functional benefit for endovas-
cular recanalization in these patients is uncertain and may be
limited.
Our data are consistent with several recent observational

studies, suggesting safety and efficacy of thrombectomy in
patients who would not have otherwise met DAWN/DEFUSE-3
criteria. In one single-center registry of patients with an unknown
LKN, 38% of DAWN-ineligible patients (16/42) and 41% of
DEFUSE-3-ineligible patients (7/17) achieved a mRS of 0 to 2
by 90 d.12 Similarly, according to observational data regarding
21 patients at 3 sites who would have met DAWN criteria but
underwent thrombectomy 24 h after LKN, 5% of patients experi-
enced sICH, and 43% achieved a 90-d mRS 0 to 2.13 In a separate
study, investigators observed a 30% rate of good functional
outcome (90-d mRS 0-2) among 37 included DAWN/DEFUSE-
3-ineligible patients treated with off-label thrombectomy.14
Regarding the benefit of thrombectomy in patients with mild

deficits, one retrospective analysis found that thrombectomy in
patients with NIHSS <6 was associated with a favorable shift
in 3 to 6 mo functional outcome (P < .01).15 Furthermore,
after matching patients according to thrombectomy or medical
management, thrombectomy remained independently associated
with less long-term functional disability (P = .04). These data
conflict with a propensity-matched retrospective cohort of 62
paired patients by Sarraj et al,16 in which patients with mild
symptoms (NIHSS <6) and occlusion of the ICA, M1, or M2
were at similar odds of a good 90-d functional outcome (mRS 0-2)
if they underwent thrombectomy or medical management (aOR
1.17; 95% CI 0.54-2.52, P = .69). Future randomized studies
like ENDOLOW, SELECT, and IN EXTREMIS may eventually
answer the question of whether or not thrombectomy is safe and
effective in these patients.

Limitations
These data reflect the results of routine clinical practice at

12 Comprehensive Stroke Centers. This study is subject to
selection bias given that only patients who underwent attempted
thrombectomy were included. Participating sites in this study also
did not report the number or characteristics of patients who were
screened for, but did not undergo, thrombectomy, and reasons
for deferral of endovascular treatment, which also contributes to
this bias. Importantly, we found that more than half of patients
who went to angiography would not have qualified for DAWN

or DEFUSE-3 on the basis of clinical or imaging features. This
indicates a growing national trend to pursue this powerful inter-
vention in patients who do not meet strict trial criteria. In spite of
this selection bias that may have favored inclusion of better candi-
dates, we observed a lower rate of good functional outcome in
our cohort than in treated patients from DAWN or DEFUSE-3.
This may be due to unmeasured confounders or differences
in technical expertise among proceduralists. Our definition
of sICH was also not perfectly consistent with sICH defini-
tions used in prior studies of endovascular thrombectomy17
or in the DAWN3 and DEFUSE-32 trials, in which rates
of sICH were 3% to 5%. This may be explained by
our overly sensitive definition of sICH, which included any
hemorrhage up to 72 h after LKN as long as the patient
experienced a decline in 4 or more NIHSS points. Finally,
the lack of patient-level data from DAWN and DEFUSE-3
prohibited multivariable modeling for comparisons between
BEST and historic controls.

CONCLUSION

In clinical practice, about half of patients undergoing
thrombectomy would not have been formally eligible for the
major trials, yet we found that thrombectomy in some of these
highly selected patients was associated with comparable efficacy
and safety to trial-eligible patients. Importantly, our results may
have been driven by patients with milder symptoms and distal
occlusions. These preliminary results are limited by the small
sample size, heterogeneous population, and lack of an appropriate
control group for comparison, and future trials targeting specific
trial-ineligible candidates are required to confirm our findings.
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tivity analysis, including only trial-ineligible patients with ICA or M1 occlu-
sions. NR denotes “not reported,” TI trial-ineligible, TE trial-eligible, SD standard
deviation, IQR interquartile range, EVT endovascular thrombectomy, NIHSS
National Institutes of Health Stroke Scale, LVO large vessel occlusion, ICA-
T internal carotid artery terminus, ASPECTS Alberta Stroke Program Early
Computed Tomography Score, and IV tPA intravenous tissue plasminogen
activator.
Supplementary Digital Content 3. Table. Outcome measures from the sensi-
tivity analysis, including only trial-ineligible patients with ICA or M1 occlu-
sions. NR denotes “not reported,” TI trial-ineligible, NIHSSNational Institutes of
Health Stroke Scale, IQR interquartile range, mRS modified Rankin Scale, and
ICH intracerebral hemorrhage. ∗Good functional outcome at 90 days indicates
a mRS score of 0 to 2. ‡Favorable discharge disposition indicates discharge
to home or an acute inpatient rehabilitation facility. §In BEST, “symptomatic
ICH” indicates the presence of any intracerebral hemorrhage within 72 h, with a
worsening in NIHSS of 4 or more points from 0 to 24 h. For DAWN, this term
was defined as any extravascular blood in the cranium that was associated with a
worsening in NIHSS of 4 or more points within 24 h. For DEFUSE 3, this term
was defined as any intracerebral hemorrhage within 36 h that was associated with
a worsening in NIHSS of 4 or more points by 36 h. Despite minor differences,
statistical comparisons were made between the studies. ||In BEST, “any ICH”
indicates the presence of any intracerebral hemorrhage within 72 h. For DAWN,
these data were only available for cases of ICH within 24 h. Because of these

differences in definitions between studies, statistical comparisons were not
made.

COMMENTS

T his post-hoc analysis of the BEST patient cohort illustrates the
potential benefit of thrombectomy in patients presenting over

6 hours from last known well with M2 occlusions, mild deficits or
ASPECTS <6. These patients would be ineligible for enrollment in
DAWN/DEFUSE-3. Given the remarkable treatment effect illustrated
in both DAWN and DEFUSE-3 (numbers needed to treat for functional
independence of 2.8 and 3.6, respectively), it is highly likely that a
broader cohort of patients can benefit from thrombectomy over 6 hours
from last known well.

In this analysis, patients with mild deficits (NIHSS <6 from
6-16 hrs or <10 from 16-24 hours) had a better shift in 90-day mRS
and none experienced symptomatic ICH, promising results as we look
to results from the upcoming “low NIHSS” trials: ENDOLOW and
INEXTREMIS-MOSTE.

In our own institutional review of 2667 patients presenting with acute
ischemic stroke over the 2.5 year DAWN trial enrollment period, 30%
presented during the 6-24 hour time window. 22% met DAWN criteria
and 23% DEFUSE-3 criteria; however, the largest subgroup of patients
harbored cores too large for inclusion (greater than 70 ccs, 26%). Fortu-
nately, as suggested by this paper and a recent post-hoc analysis of the
HERMES data, a clinical benefit of thrombectomy may still be realized
in patients with large cores. This is soon to be evaluated formally in
the upcoming “large core” trials: IN EXTREMIS-LASTE, TESLA and
TENSION.

Bradley A. Gross
Pittsburgh, Pennsylvania

T he authors use a prospective, multicenter dataset from the BEST
trial to examine the rate of symptomatic intracranial hemorrhage

(SICH) and good 90-day outcome in patients stratified by potential eligi-
bility in theDAWNorDEFUSE-3 trials. In addition, they compare these
patients to untreated controls.

The important findings of this paper are that there are similar results in
trial eligible and ineligible patients in terms of good outcome and SICH.
They did find that compared to untreated controls, the trial ineligible
patients had better 90-day outcomes but also increased SICH.

The major limitation of the paper is that it is a quite heterogeneous
group with patients being excluded from the trials for a variety of reasons.
As expected, the low NIHSS and distal occlusions did well, and the
numbers in each group are quite small which limits statistical analysis.
In addition, 93 patients presenting after 6 hours were excluded for lack
of CTP info, which constitutes nearly half the potential patients.

Despite these limitations, this paper adds to the body of literature
on thrombectomy and adds some necessary, prospectively acquired real
world experience.

Jonathan Andrew Grossberg
Atlanta, Georgia
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