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Abstract

IMPORTANCE Clinical evidence of the potential treatment benefit of intravenous thrombolysis
preceding unsuccessful mechanical thrombectomy (MT) is scarce.

OBJECTIVE To determine whether intravenous thrombolysis (IVT) prior to unsuccessful MT
improves functional outcomes in patients with acute ischemic stroke.

DESIGN, SETTING, AND PARTICIPANTS Patients were enrolled in this retrospective cohort study
from the prospective, observational, multicenter German Stroke Registry-Endovascular Treatment
between May 1, 2015, and December 31, 2021. This study compared IVT plus MT vs MT alone in
patients with acute ischemic stroke due to anterior circulation large-vessel occlusion in whom
mechanical reperfusion was unsuccessful. Unsuccessful mechanical reperfusion was defined as failed
(final modified Thrombolysis in Cerebral Infarction grade of O or 1) or partial (grade 2a). Patients
meeting the inclusion criteria were matched by treatment group using 1:1 propensity score matching.

INTERVENTIONS Mechanical thrombectomy with or without IVT.

MAIN OUTCOMES AND MEASURES Primary outcome was functional independence at 90 days,
defined as a modified Rankin Scale score of O to 2. Safety outcomes were the occurrence of
symptomatic intracranial hemorrhage and death.

RESULTS After matching, 746 patients were compared by treatment arms (median age, 78 [IQR,
68-84] years; 438 women [58.7%]). The proportion of patients who were functionally independent
at 90 days was 68 of 373 (18.2%) in the IVT plus MT and 42 of 373 (11.3%) in the MT alone group
(adjusted odds ratio [AOR], 2.63 [95% Cl, 1.41-5.11]; P = .003). There was a shift toward better
functional outcomes on the modified Rankin Scale favoring IVT plus MT (adjusted common OR, 1.98
[95% Cl, 1.35-2.92]; P < .001). The treatment benefit of IVT was greater in patients with partial
reperfusion compared with failed reperfusion. There was no difference in symptomatic intracranial
hemorrhages between treatment groups (AOR, 0.71[95% Cl, 0.29-1.81]; P = .45), while the death
rate was lower after IVT plus MT (AOR, 0.54 [95% Cl, 0.34-0.86]; P = .01).

CONCLUSIONS AND RELEVANCE These findings suggest that prior IVT was safe and improved
functional outcomes at 90 days. Partial reperfusion was associated with a greater treatment benefit
of IVT, indicating a positive interaction between IVT and MT. These results support current guidelines
that all eligible patients with stroke should receive IVT before MT and add a new perspective to the
debate on noninferiority of combined stroke treatment.
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Key Points

Question Does intravenous
thrombolysis (IVT) prior to unsuccessful
thrombectomy improve functional
outcomes in patients with acute
ischemic stroke compared with
thrombectomy alone?

Findings In this multicenter cohort
study of 746 patients with acute
ischemic stroke, prior treatment with
IVT was associated with improved
functional outcomes on the modified
Rankin Scale at 90 days compared with
thrombectomy alone.

Meaning These findings suggest a new
perspective to the debate on
noninferiority of combined stroke
treatment; the subgroup of patients
with unsuccessful thrombectomy might
particularly benefit from prior IVT,
presumably driven by improvements of
cerebral macrocirculation and

microcirculation.
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Introduction

Since 1995, intravenous thrombolysis (IVT) has been the standard of care in patients with ischemic
stroke who present within 4.5 hours of symptom onset." In recent years, a paradigm shift occurred
with the broad use of endovascular mechanical thrombectomy (MT) for the treatment of acute
ischemic stroke due to large-vessel occlusion. Multiple randomized clinical trials have demonstrated
the substantial treatment effect of MT for large-vessel occlusions, whereby all eligible patients
received prior IVT.4™

There has been much debate whether MT alone is as effective as combined IVT plus MT with
respect to functional outcomes and periprocedural complications. While some studies found that
functional outcomes did not differ significantly between patients with acute ischemic stroke who
received and did not receive IVT before MT,*'2' others reported a clinical benefit of a combined
treatment.' Most recently, DIRECT-SAFE (DIRECT Endovascular Clot Retrieval Versus Standard
Bridging Thrombolysis With Endovascular Clot Retrieval)™® and SWIFT DIRECT (Solitaire With the
Intention for Thrombectomy Plus Intravenous t-PA Versus DIRECT Solitaire Stent-Retriever
Thrombectomy in Acute Anterior Circulation Stroke)'® did not show noninferiority of MT alone
compared with IVT plus MT in terms of functional outcomes. These important noninferiority trials
had very low failure rates of MT and therefore investigated the treatment effect of IVT primarily in
patients with successful mechanical flow restoration. However, international stroke registries and the
HERMES (Highly Effective Reperfusion Evaluated in Multiple Endovascular Stroke Trials)

“+17-21 raported unsuccessful mechanical reperfusion in up to 30% of patients, with
potentially detrimental consequences for functional outcomes.

To date, clinical evidence of the efficacy and safety of IVT prior to unsuccessful MT is scarce. In
this retrospective multicenter study, we aimed to investigate the potential treatment benefit of IVT
in patients with acute ischemic stroke due to large-vessel occlusion in whom successful mechanical
reperfusion was not achieved. We hypothesized that in this subgroup of patients, a combined
treatment of IVT plus MT was associated with improved functional outcomes compared with MT
alone. We further hypothesized that partial mechanical reperfusion might be associated with a
greater treatment benefit of preceding IVT.

meta-analysis

Methods

Study Design and Participating Centers

In this retrospective multicenter cohort study, we compared MT alone with IVT plus MT in patients
with acute ischemic stroke with unsuccessful endovascular recanalization. Patients were enrolled
from the German Stroke Registry-Endovascular Treatment (GSR-ET) study?? and treated between
May 1, 2015, and December 31, 2021. The GSR-ET is an ongoing, prospective, open-label, multicenter
registry including patients who received MT from 25 comprehensive stroke centers in Germany.2>2#
The GSR-ET was approved by the responsible ethics committee of the Ludwig Maximilian University,
Munich, Germany. In addition, the local ethics committee of each participating center gave approval
to contribute fully anonymized data to the GSR-ET. Informed consent for this study was waived after
review of the central ethics committee due to the retrospective design of the study. This study
followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline.?

Study Cohort

Inclusion criteria were defined as follows: (1) diagnosis of acute ischemic stroke in the anterior
circulation due to an isolated occlusion of the intracranial internal carotid artery or of the M1 or M2
segment of the middle cerebral artery; (2) treatment by MT with or without prior IVT; and (3)
unsuccessful endovascular reperfusion defined as a final modified Thrombolysis in Cerebral
Infarction (mTICI) grade of O, 1, or 2a. Time from symptom onset to hospital admission and unknown
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symptom onset were not used as exclusion criteria. eFigure 1in Supplement 1 provides a detailed
flowchart of the inclusion and exclusion criteria. No specific data on race and ethnicity were given
since this is outside the scope of the study and the hypothesis. Stroke is an entity that affects all
sexes, ethnicities, and races alike, thus we would not expect an uneven distribution between
these groups.

Clinical and Radiologic Assessment

Patient characteristics, radiological findings, and treatment outcomes were obtained from the
GSR-ET. Baseline imaging, digital subtraction angiograms, and follow-up imaging were reviewed by
local investigators at each participating center. The Alberta Stroke Program Early CT Score (ASPECTS)
was used to determine the extent of baseline infarct hypoattenuation on results of noncontrast
computed tomography of the head in 853 of 903 patients (94.5%) who met inclusion criteria.?®
Baseline ASPECTS was assessed in 50 patients (5.5%) on magnetic resonance imaging. Unsuccessful
reperfusion after MT was defined as a final mTICI grade of O, 1, or 2a on angiographic images. In
addition, unsuccessful reperfusion was subclassified into failed reperfusion (mTICl grade of O or 1)
and partial reperfusion (mTICI grade of 2a).2° Clinical assessments were performed at baseline and at
90 days using the National Institutes of Health Stroke Scale (NIHSS) and the modified Rankin

Scale (mRS).

Outcomes and Safety Measures

The primary outcome was a score of O to 2 on the mRS at 90 days, indicating functional
independence. Secondary outcomes included a score of O to 3 on the mRS, indicating independent
ambulation (at most moderate disability) and an ordinal shift across the mRS toward lower values
(better functional outcomes) at 90 days. Safety outcomes were the occurrence of symptomatic
intracranial hemorrhage within 24 hours and death within 90 days. Symptomatic intracranial
hemorrhage was defined according to the Second European-Australasian Acute Stroke Study (ECASS
1) as evidence of any intracranial hemorrhage within 24 hours and a corresponding neurological
deterioration (defined as an increase of =4 points on the NIHSS).%”

Statistical Analysis
Propensity score matching was performed to reduce the possible influence of selection bias and
confounders on the treatment outcomes. The propensity scores were estimated using a
multivariable logistic regression model in which the treatment status (administration of IVT) was
regressed on selected baseline covariates: age, sex, NIHSS score on admission, and baseline
ASPECTS. We conducted a 1:1 pair matching using nearest-neighbor matching without replacement
(for detailed information see eMethods and eFigure 2 in Supplement 1).

Univariable comparisons were performed between treatment groups (MT alone and IVT plus
MT) before and after propensity score matching. Categorical variables were reported as counts and
percentages. Continuous variables were reported as median and IQR. Categorical variables were
compared between treatment groups using the x? test. Continuous variables were compared
between treatment groups using the Mann-Whitney test after assessment for normal distribution.

Odds ratios (ORs) and risk differences of binary outcome and safety measures were estimated
before and after propensity score matching by means of univariable and multivariable logistic
regression (eTables 1-3 in Supplement 1). The adjusted common OR representing the shift in the
direction of lower values on the mRS (better functional outcomes) was estimated by multivariable
ordinal logistic regression. The proportional odds assumption was met (Brant test omnibus, P = .07).
Odds ratios and risk differences were adjusted for age, sex, interval from symptom onset to hospital
admission, NIHSS score on admission, extensive baseline infarction defined as ASPECTS of O to 5,
and final mTICI grade. Odds ratios and risk differences were reported with 95% Cl. Complete case
analysis was performed for all regression models. Patients with missing values are displayed in
eFigure 1in Supplement 1. We performed subgroup analyses of the primary and secondary outcomes
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to explore modifications to the value of IVT based on age, sex, interval from symptom onset to
hospital admission, NIHSS score on admission, site of arterial occlusion, baseline ASPECTS, etiology
of stroke, and final mTICI grade (eFigure 3 in Supplement 1).

A 2-tailed P < .05 was considered significant for all statistical tests. No adjustments for multiple
tests were made, and the analyses were considered explorative. All analyses were performed using
R statistical software, version 4.1.2 (R Project for Statistical Computing), RStudio statistical software,
version 2021.09.1 + 372 (RStudio), and Stata/MP statistical software, version 17.0 (StataCorp LLC).

Results

Patient Characteristics

Atotal of 13 082 patients from the GSR-ET were assessed for eligibility (eFigure 1in Supplement 1).
After 1:1 propensity score matching, 746 patients were included for further analysis. Of those
patients, 373 received MT alone and 373 received IVT plus MT. The median age of all patients was 78
(IQR, 68-84) years; 308 (41.3%) were men and 438 (58.7%) were women. The median NIHSS score
on admission was 15 (IQR, 9-18) and the median baseline ASPECTS was 9 (IQR, 7-10). Failed
mechanical reperfusion (mTICI grade O or 1) was observed in 481 patients (64.5%), while partial
reperfusion (mTICI grade 2a) was achieved in 265 (35.5%). Patients who received IVT plus MT
showed a lower frequency of atrial fibrillation (126 of 373 [33.8%] vs 179 of 373 [48.0%]; P < .001)
and a lower rate of premedication with anticoagulants (23 of 373 [6.2%] vs 71 of 373 [19.0%]:

P < .0071). All other baseline patient and imaging characteristics, workflow times, and treatment
characteristics were balanced between study groups after propensity score matching (Table 1).

Primary and Secondary Outcomes

The percentage of patients who achieved functional independence, defined as an mRS score of O to
2 at 90 days, was 68 of 373 (18.2%) in the IVT plus MT group and 42 of 373 (11.3%) in the MT alone
group (adjusted OR [AOR], 2.63 [95% Cl, 1.41-5.11]; P = .003). The adjusted risk difference in the
proportion of patients who were functionally independent was 6.6% in favor of the IVT plus MT
group (95% Cl, 4.7%-8.4%; P = .003) (Table 2).

As a secondary outcome, treatment with IVT plus MT was associated with higher odds of
achieving independent ambulation, defined as an mRS score of O to 3 at 90 days (AOR, 1.76 [95% Cl,
1.03-3.04]; P = .04). There was a shift in the distribution of 90-day mRS scores toward lower values
(better functional outcomes) in patients with IVT plus MT compared with MT alone (adjusted
common OR, 1.98 [95% Cl, 1.35-2.92]; P < .001). The direction of the shift was consistent for all levels
on the mRS (Figure 1).

Subgroup Analysis
Subgroup analyses for the primary outcome are shown in Figure 2. The odds of achieving functional
independence at 90 days were generally in the same direction favoring the treatment with IVT across
all predefined subgroups. Prior treatment with IVT remained associated with improved functional
outcomes in patients of different sex (women and men), older and younger patients (<70 and =70
years), those with higher and lower NIHSS scores on admission (=10 and >10 points), and those with
ASPECTS of 6 to 10, various sites of arterial occlusion (internal carotid artery and middle cerebral
artery), and stroke due to large-artery atherosclerosis. A treatment benefit was also observed in
patients who were admitted to the hospital within 4.5 hours after onset, but not in those who arrived
after 4.5 hours or with unknown onset.

Treatment with IVT was associated with higher odds of achieving functional independence at
90 days in the subgroup of patients with partial reperfusion (mTICI grade 2a), while no treatment
benefit of IVT was found in patients with failed reperfusion (mTICI grade O or 1). However, patients
with failed reperfusion who received IVT plus MT had a higher likelihood of achieving independent
ambulation at 90 days compared with patients who received MT alone (eFigure 3 in Supplement 1).
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Table 1. Baseline, Imaging, and Treatment Characteristics Compared Between Intravenous Thrombolysis Plus Thrombectomy and Thrombectomy Alone
Before and After Propensity Score Matching

Treatment group?®

Before propensity score matching After propensity score matching

All MT alone IVT plus MT All MT alone IVT plus MT
Characteristic (n=903) (n=513) (n =390) P value (n = 746) (n=373) (n=373) P value
Baseline characteristics
Age, median (IQR), y 78 (68-84) 78 (69-84) 77 (65-84) .08° 78 (68-84) 78 (68-84) 77 (67-84) .90°
Sex
Men 381/903 (42.2) 221/513 (43.1) 160/390 (41.0) o 308/746 (41.3) 157/373 (42.1) 151/373 (40.5) e
Women 522/903 (57.8)  292/513(56.9)  230/390 (59.0) 438/746 (58.7)  216/373(57.9)  222/373(59.5)
Prestroke mRS score 0-2¢ 729/885(82.4)  411/501(82.0) 318/384(82.8) .76¢ 600/732(82.0)  298/364(81.9)  302/368(82.1)  .95¢
Medical history
Atrial fibrillation 380/903 (42.1)  251/513(48.9) 129/390(33.1) <.001¢ 305/746 (40.9)  179/373(48.0)  126/373(33.8)  <.001°
Arterial hypertension 716/903 (79.3)  409/513(79.7)  307/390(78.7) .92¢ 594/746 (79.6)  297/373(79.6)  297/373(79.6)  .61°¢
Diabetes 197/903 (21.8)  128/513(25.0)  69/390 (17.7) .03¢ 158/746 (21.2)  90/373 (24.1) 68/373 (18.2) .13¢
Dyslipidemia 340/903 (37.7)  198/513(38.6)  142/390(36.4) .76¢ 285/746 (38.2)  147/373(39.4)  138/373 (37.0)  .73¢
Anticoagulant treatment 123/903 (13.6)  100/513 (19.5)  23/390 (5.9) <.001°¢ 94/746 (12.6) 71/373 (19.0) 23/373(6.2) <.001°¢
Etiology of stroke
Large-artery atherosclerosis  196/903 (21.7)  102/513(19.9)  94/390 (24.1) 165/746 (22.1)  75/373(20.1) 90/373 (24.1)
Cardioembolism 461/903 (51.1)  283/513(55.2)  178/390 (45.6) 373/746 (50.0)  201/373(53.9) 172/373(46.1)
Dissection 10/903 (1.1) 4/513 (0.8) 6/390 (1.5) . 6/746 (0.8) 2/373(0.5) 4/373 (1.1)
Stroke of other determined 51/903 (5.6) 31/513 (6.0) 20/390(5.1) 03 39/746 (5.2) 22/373 (5.9) 17/373 (4.6) 15
etiology
Stroke of undetermined 185/903 (20.5)  93/513(18.1) 92/390 (23.6) 163/746 (21.8)  73/373(19.6) 90/373 (24.1)
etiology
Admission NIHSS score,® 15 (10-19) 15 (10-19) 15 (9-18) .41° 15 (9-18) 15 (9-19) 15 (9-18) .95°
median (IQR)
Imaging characteristics
Occlusion site
ICA 170/903 (18.8)  89/513(17.3) 81/390 (20.8) 143/746 (19.2)  65/373(17.4) 78/373 (20.9)
MCA M1 451/903(49.9) 262/513(51.1)  189/390 (48.5) 42¢ 358/746 (48.0)  181/373(48.5)  177/373(47.5)  .46°
MCA M2 282/903(31.2)  162/513(31.6)  120/390 (30.8) 245/746(32.8)  127/373(34.0)  118/373 (31.6)
Baseline ASPECTS,f 8(7-10) 8(7-10) 9(7-10) <.001°>  9(7-10) 9(7-10) 9(7-10) .55°
median (IQR)
Workflow times
Stroke onset to admission, 122 (57-210) 117 (57-240) 129 (56-197) 27° 122 (57-206) 107 (57-223) 130 (57-198) 79°
median (IQR), min
Missing data, No. 413 304 109 NA 323 217 106 NA
Stroke onset to groin, 210(148-282) 210 (145-320) 210 (150-275) 75° 210 (150-282) 200 (145-314) 214 (152-276) 84°
median (IQR), min
Missing data, No. 430 311 119 NA 337 222 115 NA
Treatment characteristics
Administration of IVT 390/903 (43.2) 0/513 390/390(100.0) NA 373/746 (50.0)  0/373 373/373(100.0) NA
General anesthesia 592/903 (65.6)  349/513(68.0)  243/390(62.3) .07¢ 487/746 (65.3)  252/373(67.6)  235/373(63.0)  .19¢
Final mTICI grade?
0 471/903(52.2)  274/513(53.4)  197/390 (50.5) 384/746 (51.5)  194/373(52.0)  190/373(50.9)
1 117/903 (13.0)  67/513(13.1) 50/390 (12.8) 61¢ 97/746 (13.0) 49/373 (13.1) 48/373 (12.9) 93¢
2a 315/903 (34.9)  172/513(33.5)  143/390 (36.7) 265/746 (35.5)  130/373 (34.9)  135/373(36.2)

Abbreviations: ASPECTS, Alberta Stroke Program Early CT Score; ICA, internal carotid
artery; IVT, intravenous thrombolysis; MCA, middle cerebral artery; mRS, modified
Rankin Scale; MT, mechanical thrombectomy; mTICI, modified Thrombolysis in Cerebral

¢ Compared between MT and IVT plus MT groups using x? test for categorical variables.

d Scores range from O to 6, with higher scores indicating greater disability.

Infarction; NA, not applicable; NIHSS, National Institutes of Health Stroke Scale.

@ Unless otherwise indicated, data are expressed as No./total No. (%) of patients.
Percentages have been rounded and may not total 100.

b Compared between MT and IVT plus MT groups using Mann-Whitney test for
continuous variables.

€ Scores range from O to 42, with higher scores indicating worse neurologic deficits.
f Scores range from O to 10, with lower scores indicating larger infarction.

8 Scores range from O to 3, with higher grades indicating increased reperfusion.
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Safety Outcomes

The rate of symptomatic intracranial hemorrhage was 22 of 367 (6.0%) in the IVT plus MT group and
22 of 370 (5.9%) in the MT group (P = .98). There was no difference in symptomatic intracranial
hemorrhage between the treatment groups (AOR, 0.71[95% Cl, 0.29-1.81]; P = .45). Death within 90
days was less frequent in patients who received IVT plus MT compared with patients who received
MT alone (165 of 373 [44.2%] vs 201 of 373 [53.9%]; P = .008; AOR, 0.54 [95% Cl, 0.34-0.86];

P = .01) (Table 2 and Figure 3).

Discussion

This retrospective multicenter cohort study investigated the potential treatment benefit of IVT
preceding unsuccessful mechanical reperfusion in patients with acute ischemic stroke due to large-
vessel occlusion in the anterior circulation. Our findings suggest that a combined treatment with IVT
plus MT was associated with improved functional outcomes at 90 days compared with MT alone in
patients with unsuccessful reperfusion. The treatment benefit of IVT was greater in patients in whom
partial reperfusion (mTICI grade 2a) was achieved during MT compared with those with failed

Table 2. Functional Outcomes and Safety Measures After Propensity Score Matching

Treatment group after propensity score matching®

All MT alone IVT plus MT Adjusted risk difference  Unadjusted OR Adjusted OR
Outcome (n =746) (n=373) (n=373) Pvalue  (95%Cl), %° (95% CI) (95% CI)® P value
Primary
90-d mRS score 0-2¢ 110 (14.7) 42/373(11.3) 68/373(18.2) .007¢ 6.6 (4.7 t0 8.4) 1.76 (1.17 t0 2.68) 2.63(1.41to5.11) .003
Secondary
90-d mRS score 0-3° 173 (23.2) 74/373(19.8) 99/373(26.5)  .03¢ 6.7 (1.8t011.6) 1.46 (1.04 t0 2.06) 1.76 (1.03t0 3.04) .04
90-d mRS score,* 5(4to6) 6(4to6) 5(3to6) .002¢ NA 1.51(1.16t01.98)" 1.98(1.35t02.92)" <.001
median (IQR)
Safety measures
Symptozn;ahtic ICH 44/737 (6.0) 22/370(5.9) 22/367 (6.0) .98 0.0(-3.4t03.4) 1.00 (0.54t01.84)  0.71(0.29t01.81) .45
within
Death within 90 d 366/746 (49.1) 201/373(53.9) 165/373 (44.2) .008Y -11.2(-19.2t0-3.2) 0.68 (0.51t00.91) 0.54(0.34t00.86) .01

Abbreviations: ICH, intracranial hemorrhage; IVT, intravenous thrombolysis; mRS,
modified Rankin Scale; MT, mechanical thrombectomy; NA, not applicable; OR,
odds ratio.

@ Unless otherwise indicated, data are expressed as No./total No. (%) of patients.

b Results were adjusted for age, sex, interval from symptom onset to hospital admission,
National Institutes of Health Stroke Scale, Alberta Stroke Program Early CT Score, and
final modified Thrombolysis in Cerebral Infarction grade.

¢ Scores range from O to 6, with higher scores indicating greater disability.

d Compared between MT and IVT plus MT groups using a x? test for categorical variables.

€ Compared between MT and IVT plus MT groups using Mann-Whitney test for
continuous variables.

f Common OR was derived from ordinal logistic regression analysis. Values greater than

lindicate a shift in the distribution of 90-day mRS scores toward lower values (better
functional outcomes) favoring IVT plus MT compared with MT alone.

Figure 1. Distribution of Modified Rankin Scale (mRS) Scores at 90 Days After Stroke Stratified

by Administration of Intravenous Thrombolysis
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reperfusion (mTICI grade O or 1). The rate of symptomatic intracranial hemorrhage was not higher in
patients who received IVT prior to MT, while mortality at 90 days was lower in the IVT plus MT group.
This study provides novel insights into patients with acute ischemic stroke when successful
endovascular recanalization cannot be achieved and adds a new perspective to the recent debate
whether MT alone is equally as effective as IVT plus MT in large-vessel occlusions.

Reliable data on IVT prior to unsuccessful thrombectomy are scarce. In 6 major randomized
noninferiority trials, consistently less than 20% of patients had a final mTICI grade of 2b or lower, and
even 10% or less in SWIFT DIRECT and DIRECT-SAFE trials.™'6-28-30 This very low failure rate might
be explained by the conservative and strict selection of patients and the high standard of care of
participating centers. However, international stroke registries suggest higher rates of patients with
unsuccessful reperfusion during MT."-2"3" Consequently, patients without mechanical flow
restoration might be underrepresented in the latest noninferiority trials compared with clinical data,
although this subgroup might particularly benefit from additional IVT.

In this study, treatment with IVT preceding unsuccessful MT was associated with higher rates of
functional independence and a shift toward better functional outcomes on the mRS at 90 days. At
the macrocirculatory level, the treatment benefit of IVT may be explained by delayed reperfusion
after MT has been discontinued with failed or only partial recanalization of the large-vessel occlusion.
Arecent study? described the phenomenon of delayed reperfusion in patients with stroke who
underwent incomplete mechanical recanalization, largely due to persisting distal occlusions, and its
favorable association with both tissue outcome and functional independence. To date, empirical
evidence of delayed reperfusion and its clinical benefit in patients with unsuccessful MT is missing.
This hypothesis requires further investigation, for example, by studies using multimodal computed
tomography as follow-up imaging.

Figure 2. Subgroup Analyses for Functional Independence

Patients, %

Patients, MT IVT+MT
Subgroup No. therapy  therapy  AOR (95% Cl) Favors : Favors
Age, y MT ; IVT+MT
270 533 7.8 12.9 2.20(1.15-4.31) e
<70 213 20.4 30.9 2.63(1.25-5.79) I
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Male 308 16.6 25.8 2.72(1.39-5.48) e
Female 438 7.4 13.1 2.04(1.01-4.27) =
Onset to admission, min
<270 369 11.2 21.7 3.17 (1.57-6.81) P
>270 or unknown 377 11.3 11.6 1.52 (0.69-3.35) i
NIHSS score?
>10 522 35 9.4 2.70(1.24-6.39) P
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Occlusion site
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ASPECTSP
6-10 693 11.8 18.8 2.22(1.37-3.67) =
0-5 53 39 11.1 3.12(0.37-65.62)b t
TOAST classification
Large-artery atherosclerosis 165 133 233 4.34(1.51-14.43) I e —
Cardioembolism 373 10.0 16.3 1.82(0.91-3.74) | e—
Stroke of undetermined etiology 163 9.6 16.7 2.70(0.92-8.83) e —
Final mTICI grade
0/1 (failed reperfusion) 481 8.6 13.4 1.17 (0.89-3.35) [
2a (partial reperfusion) 275 16.1 26.7 3.15(1.55-6.74)  E—
0123456780910
AOR (95% Cl)

The forest plot demonstrates that the odds of
achieving functional independence at 90 days
(defined as modified Rankin Scale sores of O to 2)
favored the intravenous thrombolysis plus mechanical
thrombectomy (IVT plus MT) group across all
predefined subgroups. Arrows indicate that the limits
of the 95% Cl are not fully shown. AOR indicates
adjusted odds ratio; ASPECTS, Alberta Stroke Program
Early CT Score; ICA, internal carotid artery; IVT,
intravenous thrombolysis; MCA, middle cerebral
artery; MT, mechanical thrombectomy; mTICI,
modified Thrombolysis in Cerebral Infarction; NIHSS,
National Institutes of Health Stroke Scale; TOAST, Trial
of ORG 10172 in Acute Stroke Treatment.**

2 Scores ranges from O to 42, with higher scores
indicating worse neurologic deficits.

b Scores range from O to 10, with lower scores
indicating larger infarction.
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Recently, the CHOICE (Intraarterial Alteplase Versus Placebo After Mechanical Thrombectomy)
trial and observational studies suggested a clinical benefit of adjunct intra-arterial thrombolysis after
both successful and unsuccessful mechanical reperfusion, hypothetically driven by improved
perfusion at the microcirculatory level.333> Whether this pathophysiological concept can be applied
to patients who received IVT prior to successful or even unsuccessful MT remains unclear. Our
findings point to potential improvements in functional outcomes by preceding IVT, despite the
persistence of a large-vessel occlusion, which might also result from improved capillary perfusion in
ischemic brain tissue due to removal of microemboli.3® In this context, better pial arterial collateral
flow and cerebral tissue microperfusion could mediate a wider distribution and higher effectiveness
of thrombolytic agents in the microcirculation, as proposed by prior studies.>6-38 Future studies are
warranted to investigate the interaction of IVT with the collateral status and elucidate the use of
adjunct intra-arterial thrombolysis in patients with unsuccessful reperfusion in more detail.

Our subgroup analyses suggest that prior treatment with IVT was associated with greater odds
of achieving functional independence in patients with partial reperfusion (mTICI grade 2a) compared
with those with failed reperfusion (mTICl grade O or 1). Partial flow restoration might result in a better
distribution and higher effectiveness of thrombolytic agents across the affected hemisphere. In
addition, partial reperfusion itself was associated with higher odds of achieving functional
independence at 90 days. The potential synergy of these effects underlines the importance of
achieving the highest possible degree of reperfusion on the mTICl scale, even among patients with
technically unsuccessful MT. Notably, our data also point to a potential treatment benefit of IVT in
patients with failed reperfusion (mTICI grade O or 1) reflected by the higher rates of independent
ambulation at 90 days defined as mRS scores of O to 3. The subgroup of patients with failed
reperfusion might profit from IVT, as the thrombolytic effects could improve cerebral
microperfusion, even after MT has been discontinued.3¢->°

Our findings support the safety of IVT preceding unsuccessful mechanical reperfusion. The rate of
symptomatic intracranial hemorrhage did not differ between the 2 treatment groups, which isinline
with prior studies on combined treatment.'>%294C The risk of death at 90 days decreased from 53.9%
t044.2% in patients who received IVT plus MT compared with MT alone. Accordingly, a large meta-
analysis showed a significant reduction in death for administration of IVT in the framework of best
medical treatment.*' In combination with MT, the MR CLEAN-NO IV (Endovascular Treatment for Acute

Figure 3. Safety Outcomes Stratified by Administration
of Intravenous Thrombolysis (IVT)
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There was no difference in symptomatic intracranial hemorrhage (ICH) between
IVT plus mechanical thrombectomy (MT) and MT alone (22 of 367 [6.0%] vs 22
of 370 [5.9%]; P = .98). However, death within 90 days decreased in patients
who received IVT plus MT compared with MT alone (164 of 373 [44.2%] vs 201
of 373 [53.9%]; P = .008). RR indicates relative risk.
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Ischemic Stroke in the Netherlands) trial reported a strong trend toward lower rates of death in the IVT
group, but none of the noninferiority trials found a significant treatment effect on mortality.'>'6-2940
The reduction of death rates should be treated with caution until further evidence becomes available.

Limitations

This study has certain limitations. First, the retrospective and nonrandomized study design might
introduce selection bias and reduce the generalizability of the main findings. We performed
propensity score matching to create balanced distributions of baseline characteristics between the
treatment groups. However, unmeasured confounders, such as medical contraindications for IVT,
might lead to a higher prestroke morbidity in the MT alone group, which could worsen functional
outcomes in this treatment group. A subanalysis of IRIS (Improving Reperfusion Strategies in
Ischemic Stroke), a meta-analysis of 6 randomized noninferiority trials,*? could further elucidate the
value of IVT prior to MT in the subgroup of patients with unsuccessful reperfusion. Second, no
adjustments for multiple tests were made and the analyses should therefore be considered
explorative. Third, the subgroup analysis implies that the clinical benefit of IVT is time dependent as
shown in prior studies.*® However, the exact starting time of IVT was not collected by the GSR-ET
and precluded a more detailed analysis on the temporal dependency. Fourth, imaging information,
such as the final mTICI grades, were determined by local investigators at each study center without
standardized assessment by an independent core laboratory. Fifth, while the study results are based
on a White population, future studies should validate our findings in different ethnic groups.

Conclusion

The findings of this multicenter cohort study suggest that IVT preceding unsuccessful mechanical
reperfusion is safe and improves functional outcomes at 90 days. Partial mechanical reperfusion was
associated with a greater treatment benefit of IVT, indicating a positive synergy between IVT and MT.
Patients with prior IVT and failed mechanical reperfusion still achieved higher rates of independent
ambulation compared with those treated by MT alone. Hence, the subgroup of patients with
unsuccessful MT might particularly benefit from prior IVT, presumably due to improvements in
cerebral macrocirculation and microcirculation. Our study adds a new perspective to the debate on
the latest noninferiority trials, in which patients with unsuccessful mechanical reperfusion might be
underrepresented compared with clinical data.
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