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ABSTRACT

Background The benefit of best medical treatment
including intravenous alteplase (IVT) before mechanical
thrombectomy (MT) in patients with acute ischemic
stroke and extensive early ischemic changes on baseline
CT remains uncertain. The purpose of this study was

to evaluate the benefit of IVT for patients with low
ASPECTS (Alberta Stroke Programme Early CT Score)
compared with patients with or without MT.

Methods This multicenter study pooled consecutive
patients with anterior circulation acute stroke and
ASPECTS<5 to analyze the impact of IVT on functional
outcome, and to compare bridging IVT with direct MT.
Functional endpoints were the rates of good (modified
Rankin Scale (mRS) score <2) and very poor (mRS =5)
outcome at day 90. Safety endpoint was the occurrence
of symptomatic intracranial hemorrhage (sICH).
Results 429 patients were included. 290 (68%)
received VT and 168 (39%) underwent MT. The rate of
good functional outcome was 14.4% (95% Cl 7.1%

to 21.8%) for patients who received bridging IVT

and 24.4% (95% Cl 16.5% to 32.2%) for those who
underwent direct MT. The rate of sICH was significantly
higher in patients with bridging IVT compared with direct
MT (17.8% vs 6.4%, p=0.004). In multivariable logistic
regression analysis, IVT was significantly associated
with very poor outcome (OR 2.22, 95% ClI 1.05 to 4.73,
p=0.04) and sICH (OR 3.44, 95% Cl 1.18 to 10.07,
p=0.02). Successful recanalization, age, and ASPECTS
were associated with good functional outcome.
Conclusions Bridging IVT in patients with low ASPECTS
was associated with very poor functional outcome and
an increased risk of sICH. The benefit of this treatment
should therefore be carefully weighed in such scenarios.
Further randomized controlled trials are required to
validate our findings.
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INTRODUCTION

The application of intravenous alteplase is a standard
of care for patients with acute ischemic stroke (AIS)
presenting within 4.5 hours of symptom onset, as well
as for patients with only subtle signs of lesion progres-
sion on baseline imaging.'™ The clinical benefit of
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intravenous thrombolysis with alteplase (IVT) has
been demonstrated in previous landmark trials.’ ©
However, the effect of IVT on outcome in patients
with large baseline ischemic cores who also undergo
thrombectomy has not yet been thoroughly investi-
gated. Current guidelines from the American Heart
Association (AHA) specifically state that the applica-
tion of alteplase is recommended in the setting of mild
to moderately extensive early ischemic changes on
CT, but should not be administered to patients whose
CT brain imaging exhibits extensive regions of clear
hypoattenuation.” This recommendation is partly due
to insufficient evidence for patients with extensive
regions of clear hypoattenuation, making it difficult
to define a specific threshold of acute hypoattenuation
on non-enhanced CT (NECT) imaging for safe IVT
administration, especially in the endovascular era.’
A potential harm or benefit of IVT may be of partic-
ular importance in bridging strategies considering
the increasing number of patients with large isch-
emic cores (ie, low Alberta Stroke Programme Early
CT Score—ASPECTS) that are currently enrolled
in randomized trials (eg, TENSION,® TESLA,” IN
EXTREMIS-LASTE," ' SELECT IL"* RESCUE-
LIMIT (NCT03702413)). Therefore, the difficulty
in differentiating between moderate and obvious
hypoattenuation without the help of a validated
threshold, together with the poor interrater reliability
of ASPECTS rating," could result in varying policies
for IVT administration in patients with low ASPECTS
in the clinical routine, with a subsequent unknown
impact on safety and functional outcomes.

The aim of this multicenter study was to investigate
the impact of IVT in patients with an ASPECTS of
0-5 in clinical practice, that is, outside of random-
ized trials, and to compare the outcomes of patients
receiving bridging IVT with those directly under-
going mechanical thrombectomy (MT). We hypoth-
esized that bridging IVT before MT is associated
with an improved functional outcome at the 90-day
follow-up evaluation, with no associated significant
increase in symptomatic intracranial hemorrhage
(sICH).
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Ischemic stroke

METHODS

Study cohort

Patients enrolled in the German Stroke Registry—Endovas-
cular Treatment trial (GSR-ET; ClinicalTrials.gov identifier:
NCT03356392) treated between July 2015 and April 2018 were
screened. The GSR-ET is an ongoing, open-label, prospective,
multicenter registry of consecutively recruited patients who have
undergone MT at 25 sites in Germany. A detailed description*
and the major outcome findings of the GSR-ET study design
have been previously published.”® Additionally, three further
tertiary stroke centers contributed patients receiving IVT and/
or MT fulfilling the study inclusion criteria because the GSR-ET
only includes patients with MT. A flow chart of patient inclusion
can be found in the online supplemental material.

The a priori defined inclusion criteria for this study were
(1) AIS due to anterior circulation large vessel occlusion, (2)
CT-based diagnosis and treatment decision-making, (3) baseline
ASPECTS of 0-5 assessed on NECT scan by a board certified
neuroradiologist, (4) complete clinical baseline and outcome
parameters, including the National Institute of Health Stroke
Scale (NIHSS) and modified Rankin Scale (mRS) score at day
90, (5) absence of intracranial hemorrhage and preexisting terri-
torial thromboembolic infarctions on admission NECT. Baseline
patient characteristics were retrieved from the medical records.

The study was conducted in accordance with the ethical
guidelines of the local ethics committee and the Declaration of
Helsinki. The leading ethic committee approved the GSR-ET.
Additionally, approval from local ethics committees of the partic-
ipating hospitals was obtained. Only anonymized data were
analyzed. The requirement of informed consent was waived by
ethics committees.

All patients who received IVT were compared with those who
underwent direct MT without previous IVT with regard to func-
tional outcomes and complications at the 90-day follow-up. A
further outcome analysis was performed after stratification by
the degree of recanalization following MT. Patients who received
IVT before MT according to established guidelines were assem-
bled into the bridging IVT group, while direct MT required
the absence of IVI. The modified Thrombolysis in Cerebral
Infarction (mTICI) scale was used to assess the degree of revas-
cularization, with mTICI 2b-3 defined as successful recanaliza-
tion. Good and very poor functional outcomes were defined as
mRS 0-2 and mRS 5-6, respectively.!®** The mRS was eval-
uated at the 90-day follow-up by a physician or a trained and
certified mRS nurse. sSICH was defined according to the second
European-Australasian Acute Stroke Study (ECASS 1II) as pres-
ence of intracerebral hemorrhage and a four-point neurological
deterioration on the NIHSS.?!

Statistical analyses

Standard descriptive statistics were used for all presented data.
For group comparison, Student t-tests (normal distribution)
including ClIs or SD and Mann-Whitney U tests (non-normal
distribution) with interquartile range (IQR) were performed
(table 1). The occurrence of sICH was analyzed and compared
using y* tests.

To determine the treatment effect of IVT on functional
outcome and the occurrence of sICH, we used inverse proba-
bility weighted regression adjustments using logit outcome and
treatment models adjusted for baseline and treatment variables
(age, sex, NIHSS, ASPECTS, atrial fibrillation, time from onset to
imaging, mTICI in a stepwise approach, and number of passes).
Multivariable logistic regression models were generated using
the same aforementioned independent variables. Subsequently,

Table 1 Patients’ baseline, procedural and outcome characteristics
Intravenous No
treatment with intravenous
Baseline, procedural and  alteplase, treatment,
outcome characteristics n=290 n=139 P values
Median age, years (IQR) 72 (60-79) 75 (66-81) 0.02*

Female sex, n (%) 161 (56) 81 (58) 0.31

Median admission NIHSS 19 (16-22) 18 (15-21) 0.36
(IQR)
Median ASPECTS (IQR) 4 (3-5) 4 (3-5) 0.64

Median time from onset to
imaging, minutes (IQR)

119 (78-156) 139 (98-165) 0.32

MT, n (%) 90 (31) 78 (56) <0.001
mTICI 2b-3, n (%) 68 (76) 53 (68) 0.36
sICH, n (%) 37(13) 5(4) 0.004*

Median mRS at 90 days, (IQR) 5 (4-6) 5 (4-6) 0.06
mRS 0-2, n (%) 43 (15) 21 (15) 0.91
mRS 5-6, n (%) 168 (58) 88 (63) 0.41

Mortality, n (%) 99 (34) 65 (47) 0.069

*Indicates significance.

ASPECTS, Alberta Stroke Programme Early CT Score; mRS, modified Rankin Scale;
MT, mechanical thrombectomy; mTICI, modified Thrombolysis in Cerebral Infarction;
NIHSS, National Institutes of Health Stroke Scale; sICH, symptomatic intracranial
hemorrhage.

inverse probability weighted regression adjustments (IPWAs)
and multivariable logistic regression were repeated excluding
MT related variables: number of retrievals, and mTICI (replaced
by MT) acknowledging that the implementation of mTICI and
number of retrievals results in an exclusion of patients without
MT (online supplemental material, online supplemental tables
3 and 4).

Good functional outcome (mRS 0-2), very poor functional
outcome (mRS 5-6), and sICH served as the dependent variables.

Subsequently, we investigated the impact of vessel recanali-
zation status and number of retrieval attempts on functional
outcome separately for patients with and without IVT. A
subgroup analysis of patients with ASPECTS 0—4 was performed.
Finally, a subgroup analysis including patients with ASPECTS
3-5 was performed to investigate the impact of bridging IVT
versus direct MT on outcome in an effort to reduce a possible
selection bias regarding patients initially presenting with exten-
sive signs of ischemia (ASPECTS 0-2) and for comparability with
the protocols of ongoing trials** (online supplemental material).

The significance level was set at p<0.03. Statistical analyses
were carried out using Medcalc (version 11.5.1.0; Mariakerke,
Belgium) and Stata/SE 13.0 (StataCorp, College Station, TX,
USA)

Data availability statement

The data that support the findings of this study are available on
reasonable request after approval of the ethics committee and all
participating centers.

RESULTS

Study cohort

A total of 429 patients fulfilled the inclusion criteria. Patient
characteristics are displayed in table 1. A flow chart diagram
of patient inclusion can be found in the supplemental material
(online supplemental figure 2).
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Figure 1  Proportion of patients with sICH (symptomatic intracerebral
hemorrhage; left) according to treatment with intravenous
thrombectomy with alteplase (IVT) and mechanical thrombectomy (MT),
and proportion of patients with good functional outcome, defined as a
modified Rankin Scale score (mRS) 0-2 at day 90 (right). Points/brackets
indicate means and 95% confidence intervals.

The median ASPECTS was 4 (IQR 3-5), the median time from
symptom onset to imaging was 119 min (IQR 79-157 min), and
the median NIHSS was 18 (IQR 15-22). A total of 290 patients
(68%) received IVT and 168 patients (39%) underwent MT.
Of these, 90 (21%) received IVT before MT, while 78 (18%)
underwent direct MT. Sixty-one patients (14%) received neither
IVT nor MT and 200 patients (47%) received IVT only. Sixty-
four patients showed good functional outcome at day 90 (15%),
112 patients had a 3-month mRS score of 3—-4 (26%), and 253
patients were assigned an mRS score of 5-6 (59%). A total of 164
patients died (38%) and 42 had sICH (9.8%). Online supple-
mental figure 1 shows the impact of IVT on functional outcome
according to MT success, and online supplemental table 1 shows
the proportion of patients with good functional outcome and
sICH stratified by IVT and MT. Online supplemental table 2
shows functional outcome with regards to treatment.

Impact of IVT and MT on functional outcome and sICH
Patients who received IVT (n=290, 68%) and those who did
not (n=139, 32%) showed similar median times from symptom
onset to imaging (119 vs 139 min, p=0.32) and a similar median
ASPECTS of 4 (IQR 3-5). There were no significant differ-
ences in sex (p=0.31) or NIHSS (median 19 vs 18, p=0.36).
Patients who received IVT were slightly younger (72 vs 75
years, p=0.02) and underwent MT less frequently (31% vs
56%, p<0.001). The proportion of patients in whom MT was
successful (mTICI 2b-3) was similar between the groups (76% vs
68%, p=0.36). Looking at the entire cohort, the rate of sSICH
was higher in patients who received IVT (13% vs 4%, p=0.004).
These patients in turn exhibited a significantly worse mRS score
at day 90 (median mRS 6, IQR 5-6 vs 5, IQR 4-6, p=0.0005)
(table 1, figure 1). Patients with direct MT showed a lower mRS
score at day 90 compared with those who received bridging IVT;
however, this was not significant (4.2, 95% CI 3.8 to 4.6 vs 4.6,
95% CI 4.2 to 4.9). The rate of good functional outcome was
14.4% (95% CI 7.1% to 21.8%) for patients with bridging IVT
and 24.4% (95% CI 16.5% to 32.2%) for patients with direct
MT. Patients without either IVT or MT had a mean mRS score at
day 90 of 5.2 (95% CI 4.8 to 5.7). The rate of sSICH was higher
in patients with bridging IVT compared with those undergoing
direct MT (17.8% vs 6.4%). No cases of SICH were observed in
untreated patients, while the rate of sSICH for IVT-only patients
was 10.4% (95% CI 6.4% to 14.4%).

Following IPWA, the average treatment effect of IVT on
functional independence was —16.8 (95% CI —27.4 to —6.2,
p=0.002). IVT significantly increased the risk of sICH after

regression adjustment, with a mean effect coefficient of 16.9%
(95% CI19.6% to 19.4%, p<0.0001). Online supplemental table
3 compares the effect coefficients of the present analyses with a
comparable model including all patients of the study cohort after
disintegration of the variable ‘number of passes” and replacing
‘mTICI with ‘MT".

Multivariable logistic regression analysis

A multivariable logistic regression analysis with good func-
tional outcome (mRS 0-2) as the dependent outcome and age,
sex, NTHSS, ASPECTS, atrial fibrillation, time from onset to
imaging, mTICI in a stepwise approach, and number of passes
as independent variables was performed. Age (OR 0.92, 95%
CI 0.89 to 0.96, p<0.001), mTICI (OR 1.93, 95% CI 1.11
to 3.35, p=0.02), and number of attempts (OR 0.59, 95% CI
0.39 to 0.91, p=0.02) were all significant independent predic-
tors of good functional outcome. IVT was also associated with a
reduced likelihood of good outcome (OR 0.38, 95% CI 0.14 to
1.02), with a borderline significance value of p=0.05.

In a multivariable logistic regression analysis including patients
undergoing MT with very poor functional outcome as the
dependent variable, IVT was found to be significantly and inde-
pendently associated (OR 2.22, 95% CI 1.05 to 4.72, p=0.04).
Further significant and independent predictors of very poor
outcome were age (OR 1.09, 95% CI 1.05 to 1.12, p<0.001;
figure 2) and mTICI (OR 0.63, 95% CI 0.43 to 0.89, p=0.01;
figure 3). Table 2 shows the logistic regression model compared
with a model including all patients. IVT was significantly asso-
ciated with sICH (OR 4.89, 95% CI 1.84 to 13.03, p=0.001),
while the degree of reperfusion was not significantly associated
with sICH. Figure 4 illustrates the impact of IVT and MT on
functional outcome.

Online supplemental table 4 compares the OR and 95% CI of
these analyses with a comparable model including all patients of
the study cohort after disintegration of the variable ‘number of
passes’ and replacing ‘mTICI” with ‘MT".

Impact of recanalization success and number of passes

The impact of IVT on functional outcome according to reca-
nalization success and the number of passes was analyzed. The
highest rates of functional outcome were observed in patients
with direct MT and first pass mTICI 2b-3 (mean mRS 3.1, 95%
CI 2.3 to 3.9). Patients with bridging IVT and first pass mTICI
2b-3 had a correspondingly worse mRS score (mean 4.4, 95%
CI 3.8 to 5.0) at day 90. The rate of sSICH was higher in patients
with bridging IVT with mTICI =2b-MT compared with direct
MT (14.7% vs 3.7%). Conversely, in patients without successful
recanalization, IVT application resulted in similar outcomes
(mean mRS 4.9; 95% CI 4.1 to 5.6) compared with patients
without IVT (mean mRS 4.8; 95% CI 4.1 to 5.6). A detailed
presentation of the subanalysis can be found in the supplemental
material (online supplemental table 1).

Subanalysis including patients with ASPECTS 0-4

A total of 268 patients (63%) evidenced an ASPECTS of 04
on baseline CT. In this patient cohort, IVT was independently
associated with sICH in multivariable logistic regression anal-
ysis utilizing the aforementioned model (adjusted OR (aOR)
4.57, 95% CI 1.29 to 16.09, p=0.02). In contrast, a higher
degree of reperfusion was associated with lower probability for
sICH (aOR per mTICI 0.49, 95% CI 0.28 to 0.87, p=0.02).
Regarding functional outcome (ie, mRS 0-2), IVT was no signif-
icant predictor (aOR 0.65, 95% CI 0.16 to 2.64, p=0.55), while
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Figure 2 Multivariable logistic regression analysis displaying the
impact of age (x axis) according to the application of intravenous
alteplase (IVT; blue/red) on functional outcome with 95% Cls including
all patients. mRS, modified Rankin Scale.

a higher degree of reperfusion was independently associated
with better outcomes (aOR 2.88,95% CI 1.09 to 7.61, p=0.03).
Further predictors of functional outcome were age (aOR 0.87,
959% CI 0.79 to 0.95, p=0.002) and NIHSS (aOR 0.87, 95%
CI 0.78 to 0.98, p=0.02). A subanalysis only including patients
with an ASPECTS of 3-5 is shown in the supplemental material.

DISCUSSION
This international, real-world observational multicenter study
investigating the impact of IVT on patients with AIS and low
ASPECTS revealed the following main findings: (1) bridging IVT
was independently associated with the occurrence of sICH and
(2) very poor functional outcome at day 90 (figure 3); (3) in
patients with successful reperfusion after MT, higher frequen-
cies of sSICH and lower rates of good functional outcome were
observed in patients with bridging IVT, (4) the best functional
outcome rates were observed in patients who underwent direct
MT with a successful first pass mTICI 2b-3 reperfusion.

This multicenter study aimed to investigate the impact of
IVT in patients with low ASPECTS in the context of MT by

Predictive margins of IVT with 95% Cls

Pr(sICH)

—e—
—e—i

l
—

o
- t
g

ASPECTS

|—e— NolvT —e— IvT|

Figure 3 Multivariable logistic regression analysis displaying the
impact of IVT (intravenous thrombolysis; blue/red) and ASPECTS (Alberta
Stroke Programme Early CT Score; x axis) on the probability of sICH
(symptomatic intracranial hemorrhage; y axis) including all patients.

comparing the functional outcomes of patients with direct MT
veruss those with bridging IVT, only including patients with CT
as the primary imaging modality. The choice of imaging modality
in the evaluation of treatment effects in extensive baseline stroke
may be of high importance considering that in the HERMES
meta-analysis, a benefit of MT in pateints with low ASPECTS
was only observed after MRI-based inclusion.® ** In contrast, no
treatment effect for CT-selected cases was observed, which also
highlights that CT-based versus MRI-DWI-based ASPECTS have
a poor inter-modality agreement,” which explains substantial
differences in outcome prediction.'® 2%’

Although numerous studies investigating the relationship
between signs of early ischemia and response to IVT exist, these
data are mainly derived from the pre-thrombectomy era.”*° In
addition, the study protocols of previous IVT landmark trials
were heterogenous with regard to the treatment of early ischemic
changes and often excluded patients who showed early exten-
sive signs of ischemia. For example, the ECASS trial specifically
excluded patients with signs of ischemia in more than a third
of the MCA territory, which can be translated to an ASPECTS
of =7.53" A post hoc analysis of the ECASS study showed that
the extent of hypoattenuation on the initial CT is predictive of
the response to IVT.>*** The authors of the IST-3 trial concluded
that their study might not have had enough statistical power
to ascertain whether alteplase treatment in patients with an
ASPECTS of 0-7 was of clinical benefit, although early ischemic
changes were observed to be associated with reduced functional
independence at 6 months and an increased risk of symptomatic
hemorrhage. This relationship between early ischemic changes
and the occurrence of secondary hemorrhage has been corrob-
orated by other IVT studies.*® Accordingly, we observed lower
rates of sICH in patients with direct MT (6.4%) compared with
those treated either with IVT only (10.4%) or bridging IVT
(17.8%). The lowest rates of sICH (3.7%) were found in the
subgroup of direct successful MT, significantly lower compared
with successful MT with bridging IVT (14.7%). Because the
occurrence of sICH after stroke is strongly correlated with
very poor outcome, these findings suggest that IVT may carry a
substantial harmful treatment effect in the subgroup of patients
with low ASPECTS, especially if administered before MT.**

The majority of patients included in the thrombectomy land-
mark trials received IVT, ranging from 72% to 100%.%” Recently,
the DIRECT-MT study, the first of several ongoing direct to MT
randomized controlled trials, reported non-inferiority of direct
MT compared with MT preceded by IVT within 4.5 hours after
stroke onset, despite the formal non-inferiority margin being
relatively high at 209%.% Similarly, direct MT met the predefined
thresholds for non-inferiority for the outcome at 90 days in
the SKIP and DEVT trial,*® *” with similar rates of reperfusion
(mTICI 2b-3: 88.5% vs 87.2% after bridging)’” and similar
mRS scores (mRS 0-2: 54.3% vs 46.6% after bridging).”” More
lately, a meta-analysis of randomized controlled trials indicated a
non-inferiority of direct MT with a 4% margin of confidence.*®
However, there is still a lack of data on direct MT versus bridging
IVT in patients with lower ASPECTS. The SKIP trial specif-
ically excluded patients with ASPECTS 0-5, while the study
protocol of DIRECT-MT does not include ASPECTS as a selec-
tion variable. However, the IQR in both patient groups in the
DIRECT-MT cohort was 7-10, strongly indicating the ASPECTS
distribution of the included subjects. The DEVT trial also consid-
ered patients with all ASPECTS, but the median ASPECTS was
8 (IQR 7-9) in both groups, also indicating the lack of patients
with low ASPECTS.”” SWIFT DIRECT (NCT03192332) specif-
ically excluded patients with an ASPECTS 0-3, and is hence also
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Table 2 Multivariable logistic regression analysis for independent predictors of very poor outcome (modified Rankin Scale (MRS) 5-6) at 90-day

follow-up

All patients MT patients
Characteristics aOR 95% Cl P Value aOR 95% Cl P Value
Age (years) 1.07 1.04 t0 1.09 <0.001* 1.09 1.05t0 1.12 <0.001*
Sex (male) 0.82 0.49 to 1.38 0.46 0.75 0.33t0 1.65 0.47
Atrial fibrillation 1.11 0.66 to 1.85 0.69 0.87 0.37 to 2.02 0.75
NIHSS on admission 1.02 0.98 to 1.07 0.37 1.04 0.98to 1.10 0.17
ASPECTS on admission 0.78 0.63 t0 0.98 0.03* 0.88 0.58 t0 1.32 0.53
Intravenous thrombolysis 1.68 0.85t03.32 0.13 2.22 1.05t04.73 0.037*
mTICl score after thrombectomyt X X 0.63 0.43 t0 0.89 0.01*
Number of passagest X X 1.21 0.98 to 1.50 0.08

*Indicates significance.
tExcluded variables to incorporate all patients.

ASPECTS, Alberta Stroke Programme Early CT Score; mRS, modified Rankin Scale; MT, mechanical thrombectomy ; mTICI, modified Thrombolysis In Cerebral Infarction; NIHSS,

National Institutes of Health Stroke Scale.

expected to represent mainly cases with higher ASPECTS. A
recent retrospective study observed that bridging IVT was associ-
ated with increased risk of sSICH, but this study included patients
mainly based on MRI as the primary imaging modality; this is
an important limitation in contrast to the present study, which
only includes patients with CT imaging at baseline.*”In line with
this study, we also observed a trend towards improved functional
outcomes in this subgroup of patients. Highlighting the possible
effectiveness of MT in patients with large baseline infarcts (ie,
low ASPECTS), we observed the most favorable results for the
subgroup who underwent successful mTICI =2b-MT without
previous IVT (mean mRS 3.9, 95% CI 3.4 to 4.4). This was espe-
cially present in cases with fewer retrieval attempts (OR 0.62,
95% CI 0.41 to 0.92, p=0.02) or first pass mTICI 2b-3 (mean
mRS 3.1, 95% CI 2.3 to 3.9). IVT, however, was a significant
predictor of very poor outcome, together with advanced age, as
previously reported.*

MT TICI 28/3 FPE

DIRECT MT

BRIDGING IVT + MT

BMT WITH IVT

BMT WITHOUT IVT

0% 20% 40% 60% 80% 100%
amRs 0 omRS 1 amRS 2 mmRS 3 wmRS 4 amRS § amRS 6

Figure 4 Bar graph showing the distribution of modified Rankin Scale
(MRS) scores at 90 days according to the application of intravenous
alteplase (IVT) and mechanical thrombectomy (MT). The upper bar
graphs show outcome for patients with endovascular treatment (EVT)
vs without treatment (BMT). The lower bar graphs show functional
outcome for patients with successful MT after the first pass (mTICI
2b-3) for all direct MT patients, MT patients who received bridging IVT,
BMT patients with and without IVT, respectively.

According to the current AHA guidelines, the application
of alteplase is recommended ‘in the setting of early ischemic
changes on CT of mild to moderate extent’. However, IVT is
not recommended in patients with extensive regions of ‘clear
hypoattenuation’.*! This highlights a twofold problem: (1) how
can early hypoattenuation of moderate extent be safely distin-
guished from clear hypoattenuation in the absence of any objec-
tifiable threshold, (2) how high is the impact of the known poor
inter-rater reliability of early ischemic changes and does this in
turn lead to substantial differences in the decision-making for
or against IVT in patients with low ASPECTS in daily clinical
practice?'® ** More importantly, the uncertain impact of IVT
in patients with low ASPECTS may affect outcomes of the
currently ongoing trials on MT in patients with low ASPECTS,
to the extent of potentially even causing failure of these trials.
Therefore, the standardized application of IVT in patients with
low ASPECTS should be further evaluated, in particular in light
of the availability of better treatment selection tools.* First, the
scoring of ASPECTS could be improved by the use of standard-
ized automated tools that are already available and are known
to be precise in their prediction of the true final infarct volume
compared with subjective ASPECTS reading.**™*® Second, objec-
tive quantitative parameters could complement ASPECTS, such
as quantitative lesion water uptake.*’* Indeed, it is important
to note that the ASPECTS rating itself is based on binary subjec-
tive rating criteria (hypoattenuation yes/no). Therefore, it does
not further quantify the degree of hypoattenuation. Early infarct
of brain tissue is defined by net water uptake which, in turn,
is directly related to lesion hypodensity and volume increase
(ie, extracellular edema). The physics behind the decrease of
CT attenuation of ischemic tissue requires a net influx of water
(ie, edema), which has been illustrated in previous in vitro and
in vivo experiments.*’ Therefore, such an additional quantita-
tive parameter could improve the interpretation of the current
guidelines in the more accurate differentiation of early ischemic
hypoattenuation from frank hypodensity to better select patients
with low ASPECTS for IVT administration. Furthermore, the
specific degree of hypoattenuation could be predictive of the
response to IVT in patients with low ASPECTS or could be used
as a tool for early risk estimation of sSICH.*”°

Limitations
Based on the retrospective design and the absence of random-
ization, several sources of potential bias have to be considered.
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The decision of whether to apply IVT or not was left to the
discretion of the treating physician. The present study did not
analyze center-specific differences in IVT application, which
might constitute a bias with regards to different institutional
guidelines. Even in the absence of significant differences between
the different cohorts in our analysis, we cannot rule out smaller
differences that may have been obscured by the limited sample
size. Moreover, without randomization, unknown risk factors
for a poor outcome are not accounted for. Furthermore, no
follow-up vessel imaging was available to compare the impact of
reperfusion in the best medical treatment cohort.

CONCLUSION

The application of IVT before MT in patients with low
ASPECTS was associated with an increased risk of sSICH and a
higher likelihood for very poor functional outcome. Therefore,
IVT in extensive baseline infarctions should be considered with
caution until evidence from randomized trials is available to
support (or discredit) the application of IVT in this particular
subgroup. Future research is necessary to identify objective selec-
tion criteria for IVT in patients with low ASPECTS.
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Supplemental Figure 1: Impact of IVT according to thrombectomy success, stratified by
functional outcome.
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! ] ! | 5 | ) | ! | ! |
0 1 2 3 4 5 6

Modified Rankin Scale score day 90

MT, Mechanical Thrombectomy, mTICI, modified Thrombolysis in Cerebral Infarction, IVT,
Intravenous Thrombolysis (i.e. with alteplase). Points indicate mean and brackets indicate
95% confidence intervals.

Supplemental Table 1
Modified Rankin Scale 95% confidence interval
score at day 90
Direct MT + first pass mTICI 2b-3 3.1 23-40
Direct MT, mTICI >2b 4.0 27-54
Bridging IVT + first pass mTICI 2b-3 4.4 3.8-5.0
Direct MT + mTICI 0-2a 4.4 3.8-5.1
Bridging IVT + mTICI>2b 4.5 40-5.1
Bridging IVT + mTICI 0-2a 5.0 42-59

Overview of treatment and functional outcome (mRS at day 90) corresponding to
supplemental Figure 1
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Supplemental Table 2

Proportion of patients
with mRS 0-2, %

Proportion of patients with
sICH, %

Direct MT 24.4(16.5-32.2) 6.4 (-0.001 — 12.9)
IVT only 15.1 (10.1-20.0) 104 (6.3 — 14.4)

Bridging IVT 14.4 (7.1-21.8) 17.8 (11.7 - 23.8)
No IVT / no MT 3.2(0- 12.0) 0.0 (-0.07 — 0.07)

*means in % and 95% confidence intervals

Supplemental Methods - Revascularization protocol

IVT was administered to patients applying established laboratory and conventional clinical

inclusion and exclusion criteria, as deemed appropriate by the treating physician 72122,

MT was performed via a femoral artery approach under general anesthesia or conscious

sedation. Endovascular procedures using approved devices (i.e. stent retriever and/or aspiration

catheters) were performed according to the standards of the participating centers. The choice of

thrombectomy device was left to the discretion of the attending neurointerventionalist.

Supplemental Results — Treatment effect including all patients versus MT patients only

Supplemental Table 3: Inverse-probability weighted regression adjustment (IPWA) analyzing

the effect of IVT on all patients versus MT patients only.

Endpoint Effect coefficient IVT

-MT patients-

-All patients-

Effect coefficient IVT

mRS 0-2, % | -16.8 (-27.4 —-6.2, p=0.002)

5.5(-1.0-12.0, p=0.1)

sICH, % 19.4 (9.6 — 16.9, p<0.0001)

12.2 (6.7 - 17.7, p<0.0001)

Proportion of patients in % with 95% confidence intervals
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Supplemental Table 4: Multivariable logistic regression analysis (for model details see

manuscript) analyzing the effect of IVT on all patients versus MT patients only.

Endpoint 0dds ratio for IVT 0dds ratio for IVT

-MT patients- -All patients-
mRS 0-2 0.38 (0.14 — 1.02, p=0.05) 5.5(-1.0-12.0, p=0.1)
mRS 5-6 2.22 (1.05 - 4.72, p=0.04) 1.77 (0.97 — 3.27, p=0.06)
sICH 4.89 (1.84 — 13.03, p=0.001) 3.06 (1.05 — 8.85, p=0.04)

0dds ratio with 95% confidence intervals

Supplemental Results - Sub-group analysis of patients with ASPECTS 3-5

336 patients presented with an ASPECTS of 3-5 (78%), while 93 had an ASPECTS of 0-2
(22%). There were no significant differences in age (median 73 versus 74 years, p=0.34) or
time from onset to imaging (median 120 minutes to 118 minutes, p=0.32) between these patient
groups. The median NIHSS, however, was higher in patients with an ASPECTS 0-2 (20 versus

18, p<0.001).

The rate of SICH was 6.7% (95%CI: 0-13.7%) in patients with direct MT, compared to 19.5%
(95%CI: 12.9-26.1%) in patients with bridging IVT (p=0.03).

In a multivariable logistic regression analysis with good functional outcome as the dependent
variable, age, sex, NIHSS, ASPECTS, IVT, mTICI, and number of passages were tested as
independent variables for all patients with ASPECTS 3-5. IVT was by trend associated with a
reduced likelihood for good outcome (OR: 0.38, 95%CI: 0.13-1.07, p=0.06). Higher degree of
reperfusion (OR: 1.89, p=0.03), fewer retrieval attempts (OR: 0.63, p=0.03), and younger age

(OR: 0.92, p<0.001) were significant predictors of good functional outcome.
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A further multivariable logistic regression analysis with very poor outcome as the dependent
variable was also performed, using with the same independent variables as above. Here, IVT
was significantly and independently associated with an increased likelihood for very poor
outcome (OR: 2.23, 95%CI: 1.04-4.84, p=0.04). In a final step, a multivariable logistic
regression model with sICH as the dependent variable was performed. IVT was observed to be
a significant predictor of sICH (OR: 3.67, 95%CI: 1.22-10.99, p=0.02), as were ASPECTS

(OR: 0.54, p=0.04) and, by trend, higher degree of reperfusion (OR: 0.71, p=0.06).
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Supplemental Figure 2: Flow chart patient selection
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| Secondary endpoint: frequency of symptomatic intracerebral hemorrhage

| |

| Primary endpoint: functional outcome at 90-days follow-up
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