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ABSTRACT

BACKGROUND AND PURPOSE: The optimal patient sedation during mechanical thrombectomy for ischemic stroke in the extended time
window is unknown. The purpose of this study was to assess the impact of patient sedation on outcome in patients undergoing
thrombectomy 616 hours from stroke onset.

MATERIALS AND METHODS: Endovascular Therapy Following Imaging Evaluation for Ischemic Stroke 3 (DEFUSE 3) was a multicenter,
randomized, open-label trial of thrombectomy for ICA and M1 occlusions in patients 616 hours from stroke onset. Subjects underwent
thrombectomy with either general anesthesia or conscious sedation at the discretion of the treating institution.

RESULTS: Of the 92 patients who were randomized to intervention, 26 (28%) underwent thrombectomy with general anesthesia and 66
(72%) underwent thrombectomy with conscious sedation. Baseline clinical and imaging characteristics were similar among all groups.
Functional independence at 90 days was 23% for general anesthesia, 53% for conscious sedation, and 17% for medical management (P =
.009 for general anesthesia versus conscious sedation). Conscious sedation was associated with a shorter time from arrival in the angiosuite
to femoral puncture (median, 14 versus 18 minutes; P = 0.05) and a shorter time from femoral puncture to reperfusion (median, 36 versus
48 minutes; P = .004). Sixty-six patients were treated at sites that exclusively used general anesthesia (n = 14) or conscious sedation (n =
52). For these patients, functional independence at 90 days was significantly higher in the conscious sedation subgroup (58%) compared
with the general anesthesia subgroup (21%) (P = .03).

CONCLUSIONS: Patients who underwent thrombectomy with conscious sedation in the extended time window experienced a higher
likelihood of functional independence at 90 days, a lower NIHSS score at 24 hours, and a shorter time from femoral puncture to
reperfusion compared with those who had general anesthesia. This effect remained robust in institutions that only treated patients with

a single anesthesia technique.

ABBREVIATIONS: CS = conscious sedation; GA = general anesthesia; IQR = interquartile range

here is controversy regarding optimal anesthesia manage-
ment during thrombectomy. Currently studied options in-
clude general anesthesia (GA), conscious sedation (CS), or local
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anesthetic only. In their meta-analysis of 22 studies (3 random-
ized controlled trials and 19 observational studies) including 4716
patients, Brinjikji et al' reported higher odds of death and respi-
ratory complications and lower odds of good functional out-
comes after thrombectomy for patients who had GA. In contrast,
3 small randomized studies have not shown a difference in out-
comes between GA and conscious sedation, though all these stud-
ies were performed using thrombectomy within the early time
window (<6 hours).?* The 2018 American Heart Association
Guidelines for the early management of ischemic stroke recom-
mend the selection of GA or conscious sedation based on in-
dividual patient risk factors, technical aspects of the proce-
dure, and other clinical characteristics.” These guidelines are
also based solely on studies of endovascular therapy in the early
time window.

The Endovascular Therapy Following Imaging Evaluation for
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Ischemic Stroke 3 (DEFUSE 3) study showed that mechanical
thrombectomy for ischemic stroke, between 6 and 16 hours
from last known well, plus standard medical therapy resulted in
better functional outcome than medical therapy alone for patients
with internal carotid artery or proximal middle cerebral artery
(M1) occlusion and a target mismatch profile on perfusion imag-
ing.® The use of general anesthesia as opposed to conscious seda-
tion during mechanical thrombectomy was at the discretion of
the treating interventionalist.

In this substudy of the DEFUSE 3 trial, we explored the impact
of anesthesia management on patient outcome after mechanical
thrombectomy in the extended time window.

MATERIALS AND METHODS

DEFUSE 3 was a multicenter, randomized, open-label, blinded
end point trial of thrombectomy for ICA and M1 occlusions in
patients who could be treated during an extended time window,
6—16 hours after they were last known well, and who had a favor-
able ratio between penumbra and core infarct. The local institu-
tional review boards at each site approved the study, and in-
formed consent was obtained from each patient’s legal next of kin.
Patients were eligible if they had an infarct volume of <70 mL, a
ratio of volume of ischemic tissue to initial infarct volume of
=1.8, and an absolute volume of potentially reversible ischemia of
=15 mL. Furthermore, patients had an occlusion of the cervical
or intracranial internal carotid artery or the proximal middle ce-
rebral artery on noninvasive vascular imaging. Patients with basi-
lar artery occlusions were not included in this study. Ninety-two
patients were randomized to the endovascular therapy group, and
90, to the medical therapy group.

The use of GA as opposed to CS during thrombectomy was at
the discretion of the treating providers. The treating center re-
corded whether GA or CS was used and the reasons for choosing
the method of sedation on the primary case report forms. The
reasons for choosing GA over CS included routine preference for
GA during thrombectomy, interventionalist preference, inability
of patients to protect their airways, and excessive patient motion.
Assignment of anesthesia choice was based on what was actually
performed, not intention-to-treat.

The primary outcome in this analysis of the DEFUSE 3 study
was functional independence (mRS score of 0-2) at 90 days, com-
paring GA with CS. Other outcomes included the odds ratio of
functional independence at 90 days, median mRS scores at 90
days, NTHSS score at 24 hours and discharge, revascularization
efficacy (TICI score), and procedural measures, including me-
dian times from symptom onset to imaging, imaging to arrival
in the angiosuite, arrival to femoral puncture, and puncture to
reperfusion.

Statistical Analysis

Continuous variables were compared using the Mann-Whitney U
test for 2 groups or the Kruskal-Wallis test for 3 groups. We com-
pared frequencies using the x> test. Exact statistics were used
when expected cell frequencies in a 2 X 2 table were <5. We used
logistic regression or ordinal logistic regression for the multivari-
able analysis with binary or ordinal outcome measures. Results of
the ordinal logistic regression analyses were accepted only if the
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proportionality test result was not significant. Significance was
defined at o < .05, and all tests were 2-sided. The multivariable
regression analysis was adjusted for age, NTHSS score, serum glu-
cose level, and time from last known well to randomization. Sta-
tistical analysis was performed with the SAS 9.4 (SAS Institute,
Cary, North Carolina).

RESULTS

Ninety-two patients were randomized to intervention, with 26
(28%) undergoing thrombectomy using GA and 66 (72%) under-
going thrombectomy with CS. There were only 4 patients with CS
before GA (15% of 26 GA cases). Their rate of mRS 0—2 was not
different from that in other patients with GA: 1/4 (25%) versus
5/22 (23%) (P = 1.0). If we had assigned them to the CS group,
then the rates of mRS 0-2 for CS versus pure GA would be 36/70
(51%) versus 5/22 (23%) (P = .02). This is not meaningfully
different compared with the rates of good outcome based on what
was actually performed (53% versus 23%),).

There were no significant differences among the GA, CS, and
medical management (90 patients) groups in age, sex, median
NIHSS score, affected hemisphere, or treatment with intravenous
tPA (On-line Table). There were also no significant differences
among the 3 groups in the imaging characteristics, including vol-
ume of ischemic core, volume of hypoperfusion lesion, occlusion
site, or ASPECTS score on baseline CT (On-line Table). There
were no differences in rates of good collaterals using the Modified
Tan scale for the 131 patients who underwent CTA. There were no
differences in the first blood pressures on arrival.

Additionally, there were no differences between the GA and
CS groups in the history of atrial fibrillation, diabetes mellitus,
hypercholesterolemia, myocardial infarction, or prior stroke
(On-line Table). There was no difference in the baseline mRS 0-2
among these groups either (On-line Table).

The primary outcome of functional independence, defined as
mRS 0-2 at 90 days, was 23% for GA, 53% for CS, and 17% for
medical management (Table). The adjusted common odds ratio
of functional independence based on multivariable regression
analysis comparing GA versus CS was 0.27 (95% Confidence
Interval = 0.09-0.75) (P = .01). The median mRS score at 90
days was 3.5 (interquartile range [IQR] = 3-5) for thrombec-
tomy with GA, 2 (IQR = 1-4) for thrombectomy with CS, and
4 (IQR = 3-6) with medical management (P < .001 compar-
ing all 3 groups; P = .05 for GA versus CS; and P = .22 for GA
versus medical management) (Table and Figure). Additionally,
the NTHSS score at 24 hours (median, 15.5 versus 8; P = .03)
and at discharge (median, 8 versus 4; P = .13) was lower with
CS than with GA, though the latter difference was not signifi-
cant. In addition, the length of stay for patients treated with CS
was shorter than for those treated with GA (mean, 5.93 versus
8.02 days; P = .03), though there were no differences in dis-
charge destination.

Sixty-six patients were enrolled by sites that performed >1
thrombectomy and exclusively used GA (n = 14) or CS (n = 52).
While there was no difference in the ordinal mRS scores at 90 days
for these patients, functional independence was significantly
higher in the CS subgroup (58%) than in the GA subgroup (21%)
(P = .033).



Table: Outcome measures for patients in DEFUSE 3
Thrombectomy  Thrombectomy Med Therapy PGA PGA PCS

Outcome Measures with GA (n=26)  with CS (n = 66) (n=90) vsCS vsMed vsMed
Primary outcome: functional independence 6(23) 35(53) 15 (17) .01 .56 <.001
at 90 days (No.) (%)
Median score on modified Rankin Scale at 3.5(3-5) 2(1-4) 4 (3-6) .047 22 <.001
90 days (IQR)
NIHSS score at 24 hr (IQR) 15.5 (6-20) 8 (4-13) 16 (11-21) 03 3 <.001
NIHSS score at discharge or at days 5-7 (IQR) 8(4-12) 4(2-1) 15(7-21) 13 .01 <.001
Safety outcomes (No.) (%)
Death at 90 days 5(19) 8(12) 23(26) .51 51 .04
Symptomatic intracranial hemorrhage 1(4) 5(8) 4(4) 67 1.0 5
Early neurologic deterioration 2(8) 6(9) 12(13) 1.0 .52 41
Parenchymal hematoma type 2 3(12) 5(8) 3(3) .68 13 28
Imaging outcomes
Median infarct volume at 24 hr (IQR) (mL) 39.6 (211-132.3) 33.6(13.8-71.3) 41.0(254-106.2) .37 .83 12
Median infarct growth at 24 hr (IQR) (mL) 26.9 (12.9-104.8) 22.3(7.5-55.6) 32.8(18.3-74.8) 35 75 .04
Reperfusion >90% at 24 hr (No.)/(total 16/21(76) 43/54(80) 12/68(18) 76 <001  <.001
No.) (%)
Complete recanalization at 24 hr (No.)/ 17/23(74) 48/60 (80) 14/77 (18) .56 <.001 <.001
(total No.) (%)
Reperfusion >90% and/or complete 17/24 (7) 48/61(79) 14/80 (18) 44 <.001 <.001
recanalization at 24 hr (No.)/(total No.) (%)
TICI score of 2b or 3 (No.)/(total No.) (%) 18/26 (69) 52/66(79) NA 33 NA NA
Length of stay at enrolling hospital (days) 8.02(5.35-12.18) 5.93(3.31-8.85)  8.94(6.17-14.03) .03 33 <.001
Discharge destination 36 .83 48
Home 3(12) 13(20) 14 (16) 39 76 53
Acute care facility 2(8) 6(9) 4(4)
Skilled nursing facility 7(27) 1(17) 18 (20)
Acute rehab unit 10 (38) 26 (39) 35(39)
Death 3(12) 23) 9(10)
Other 1(4) 8(12) o)

Note:—Med indicates medical management; rehab, rehabilitation.

90-day mRS distribution stratified by medical alone, GA, and CS
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medical alone
(n=90)
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FIGURE. Ninety-day modified Rankin Scale scores for patients in DEFUSE 3 stratified by endovascular therapy (EVT) with conscious sedation,
EVT with general anesthesia, and medical therapy alone.
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There were no significant differences in the time from onset of
symptoms to qualifying imaging among the 3 groups (On-line
Table). For the patients who underwent thrombectomy, there
were no significant differences between GA and CS for time to
arrival in the angiosuite or from femoral puncture to the first clot
removal attempt. However, CS was associated with a shorter time
from arrival in the angiosuite to femoral puncture (median, 14
versus 18 minutes; P = .05) and a shorter time from femoral
puncture to reperfusion (TICI 2b or 3 as assessed by the core lab)
(median, 35 versus 42 minutes; P = .03).

There were no significant differences in symptomatic intracra-
nial hemorrhage, early neurologic deterioration, or type 2 paren-
chymal hematoma among the 3 groups (Table). While there was
no difference in the death rates at 90 days between GA and CS,
there was a significantly lower mortality in CS versus medical
management, with an odds ratio of 0.40 (95% CI, 0.17-0.97; P =
.04), but not when comparing GA with medical management
(OR = 0.69;95% CI, 0.23-2.1; P = .54). There were no differences
in infarct volume or infarct growth at 24 hours among the 3
groups. Both GA and CS were associated with higher reperfusion
rates compared with medical therapy, without significant differ-
ences between the 2 thrombectomy groups.

Regarding relevant serious adverse events, patients under-
going GA had 1 episode of aspiration pneumonia, 1 episode of
respiratory arrest, and 1 episode of respiratory failure. Patients
undergoing CS had 1 episode of pneumonia and 1 episode of
respiratory failure.

DISCUSSION
In this analysis of the DEFUSE 3 study, the benefit of mechanical
thrombectomy performed during the extended time window, be-
tween 6 and 16 hours from last known well, for patients with ICA
or M1 occlusions and a target mismatch profile on perfusion im-
aging was apparent in patients who underwent CS but not in those
who underwent GA. Specifically, functional independence at 90
days was observed in 53% of patients treated with CS, but in only
23% of those treated with GA and 17% treated by medical man-
agement. CS was associated with a slightly shorter time from ar-
rival in the angiosuite to femoral puncture and from femoral
puncture to reperfusion. Patients undergoing CS were also noted
to have an improved NTHSS score at 24 hours and to some extent
on discharge, which could have contributed to the shorter length
of stay. Of note, while the median initial NTHSS score was 3 points
higher in the GA group, this was not statistically significant.
Because GA versus CS was not randomized, it is possible that
patients who underwent thrombectomy with GA were more clin-
ically unstable than those with CS and thus more likely to have a
poor outcome. To address this potential bias, we performed an
adjusted analysis to account for differences in baseline predictors
of clinical outcome. In addition, we noted that many sites typi-
cally chose to use either GA or CS as a matter of institutional
preference. For sites that routinely used GA, presumably there
would be no tendency for less stable patients to receive GA. There-
fore, we also analyzed the patients treated at sites that appeared to
exclusively use GA or CS. For these 66 patients, the functional
outcome was significantly higher in the CS subgroup (58%) than
the GA subgroup (21%), indicating that this difference is not sin-
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gularly attributable to a selection bias in which patients with more
comorbidities, higher stroke burden, and worsened overall med-
ical status received GA rather than CS.

These results are consistent with post hoc analyses of other
thrombectomy trials. Analysis of the Interventional Management
of Stroke IIT (IMS III) trial showed worsened neurologic out-
comes and increased mortality after thrombectomy for patients
who underwent GA.” Post hoc analysis of the Multicenter Ran-
domized Clinical Trial of Endovascular Treatment for Acute Isch-
emic Stroke in the Netherlands (MR CLEAN) study showed im-
proved neurologic outcome at 3 months after thrombectomy for
patients who did not undergo GA.® Because these were both post
hoc analyses, it remains unclear whether these results were due to
a patient selection bias.

The DEFUSE 3 results contrast with results from randomized,
single-center trials. The Sedation Versus General Anesthesia for
Endovascular Therapy in Acute Stroke—Impact on Neurological
Outcome (AnStroke) study randomized 90 patients to CS or GA
and found no difference in neurologic outcome after 3 months or
any differences in blood pressure decline, blood glucose level,
PaCO.,, time intervals, degree of recanalization, NITHSS score at 24
hours, infarct volume, or hospital mortali'[y.2 In The Sedation vs
Intubation for Endovascular Stroke TreAtment Trial (SIESTA),
150 patients were randomized to CS or GA, and more patients
were functionally independent after 3 months if they had under-
gone GA, but there was no change in mortality.” The General Or
Local Anaestesia in Intra Arterial THerapy (GOLIATH) study
randomized 128 patients to CS or GA and showed no difference in
infarct growth, with a trend toward better clinical outcome in the
GA arm, though this could have been due to the significant dif-
ference in successful reperfusion in the GA arm compared with
the CS arm (76.9% versus 60.3%, P = .04).* All 3 of these pro-
spective randomized studies were limited by a small number of
patients.

There are a number of potential mechanisms through which
GA may contribute to worse outcomes following mechanical
thrombectomy. GA requires orotracheal intubation, and this ad-
ditional step may result in a delay in the therapeutic intervention
of mechanical thrombectomy. Hypotension and hyperventilation
during GA may result in the loss of pial collaterals maintaining the
ischemic penumbra. In addition, orotracheal intubation may
place the patient at risk for aspiration. Proponents of GA during
mechanical thrombectomy cite the decreased patient motion that
allows better imaging quality and a lower risk of device-related
complications such as vessel perforation, dissection, or subarach-
noid hemorrhage. However, it is unclear that better imaging is
important for ICA or M1 occlusion, where the anatomy is more
consistent compared with other vessels such as the distal middle
cerebral artery. Complications such as perforation and subarach-
noid hemorrhage have not been significantly different between
patients undergoing GA and CS in prior studies™” or in this study.
As a post hoc analysis, the results of this study are limited by the
potential for unrecognized selection bias. Specifically, the inter-
ventionalist may have chosen GA over CS for patients who
seemed more clinically unstable and therefore were more likely to
have a worse outcome. We attempted to address this limitation by
performing adjusted analyses and analyzing patients who were



treated at sites that used only GA or CS for their thrombectomy
cases, and the observed difference remained robust in this patient
cohort as well. There remains a need for further research on the
topic of GA versus CS in the extended time window for mechan-
ical thrombectomy. It will be important that future studies con-
trol for the duration of the procedure because this may be longer
with GA and confound the results.

CONCLUSIONS

Patients who underwent thrombectomy with conscious sedation
in the extended time window experienced a higher likelihood of
functional independence at 90 days, a lower NIHSS score at 24
hours, and a shorter time from femoral puncture to reperfusion
compared with those who had general anesthesia. This effect re-
mains robust in institutions that only treated patients with a single
anesthesia technique.
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