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Background: rt-PA for ischemic stroke in the unknown or extended time window beyond
the first 4. 5 h after symptom onset is safe and effective for certain patients after selection
by multimodal neuroimaging. However, the evidence for this approach comes mainly
from patients with anterior circulation stroke (ACS), while the data on posterior circulation
stroke (PCS) are scarce.

Methods: Ischemic stroke patients treated with IV-thrombolysis in the unknown or
extended time window between January 2011 and May 2019 were identified from
an institutional registry. The patients were categorized into PCS or ACS based on
clinico-radiological findings. We analyzed the hemorrhagic complications, clinical and
imaging efficacy outcomes, and mortality rates by comparing the PCS and ACS patient
groups. Adjusted outcome analyses were performed after propensity score matching for
the relevant factors.

Results: Of the 182 patients included, 38 (20.9%) had PCS and 144 (79.1%) had
ACS. Symptomatic acute large vessel occlusion (LVO) was present in 123 patients
on admission [27 (22.0%) PCS and 96 (78.0%) ACS]. The score on the National
Institutes of Health Stroke Scale (NIHSS), the time from last seen normal, and the
door-to-needle times were similar in PCS and ACS. In patients with LVO, the NIHSS
score was lower [8 (5-15) vs. 14 (9-18), p = 0.005], and infarction visible on
follow-up imaging was less common [70.4 vs. 87.5%; aRD, —18.9% (—39.8 to —2.2%)]
in the PCS patient group. There was a trend toward a lower risk for intracranial
hemorrhage (ICH) following intravenous thrombolysis in PCS vs. ACS, without reaching a
statistical significance [5.3 vs. 16.9%; aRD, —10.4% (—20.4 to 4.0%)]. The incidence of
symptomatic ICH [according to the ECASS lll criteria: 2.6 vs. 3.5%; aRD, —2.9% (—10.3
t0 9.2%)), efficacy outcomes, and mortality rates were similar in PCS and ACS patients.

Frontiers in Neurology | www.frontiersin.org

1 August 2021 | Volume 12 | Article 692067


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2021.692067
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2021.692067&domain=pdf&date_stamp=2021-08-27
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:bernd.kallmuenzer@uk-erlangen.de
https://doi.org/10.3389/fneur.2021.692067
https://www.frontiersin.org/articles/10.3389/fneur.2021.692067/full

Macha et al.

IV-Thrombolysis in Unknown Onset PCS

Conclusions:

In this real-world clinical cohort, the safety and the efficacy of rt-PA

for ischemic stroke in the unknown or extended time window did not show relevant
differences between PCS and ACS, with a trend toward less hemorrhagic complications
in PCS. The findings reconfirm the clinician in the usage of rt-PA beyond the first 4.5h
also in selected patients with PCS.

Keywords: wake-up stroke, extended time window, IV-thrombolysis, posterior circulation stroke, anterior

circulation stroke

INTRODUCTION

In up to 16% of acute ischemic strokes treated with IV-
thrombolysis, the territories of the posterior circulation,
including the vertebral, basilar, or posterior cerebral arteries, are
affected (1-4). In the subgroup of patients with severe ischemic
stroke, presenting with National Institutes of Health Stroke Scale
(NIHSS) scores >25, the proportion of PCS is increasing up
to 36% (5). IV-thrombolysis is the standard of care for acute
ischemic stroke within 4.5h from symptom onset irrespective of
the vascular territory affected (6, 7). In addition, several studies
could demonstrate the safety and the efficacy of IV-thrombolysis
for selected patients in the unknown or extended time window
beyond 4.5 h (8-10). Multimodal CT or MRI was used for patient
selection in these studies, and some of these approaches were
implemented in the latest international guidelines (6-10).

The proportion of PCS was low or not reported in most
randomized rt-PA trials with treatment within 4.5h from onset
and with treatment in the unknown or extended time window
(8,9, 11-14). Therefore, the transfer of the results to patients with
PCS might be inappropriate.

A meta-analysis including 10,313 patients (PCS 11.9%)
demonstrated a lower risk for symptomatic rt-PA-associated
intracranial hemorrhage and higher rates of good functional
outcome at 3 months in posterior circulation than in anterior
circulation stroke patients receiving treatment in the approved
time window of 4.5 h from onset (15).

The main objective of our study was to investigate these
differences in the risk of hemorrhagic complications between
PCS and ACS patients in the unknown or extended time window.
The secondary objectives were imaging and functional efficacy
outcomes and mortality rates.

MATERIALS AND METHODS

Study Population, Procedures, and

Analyzed Parameters

This retrospective cohort study is based on the data of
consecutive acute ischemic stroke patients treated with IV-
thrombolysis (rt-PA) in the unknown or extended time window
>4.5h in the period from January 2011 to May 2019 at our
tertiary university stroke center. The patients were eligible
for IV-thrombolysis using multimodal CT or MR imaging
according to our institutional treatment algorithm for the
management of ischemic stroke in the extended or unknown
time window as described previously (16). Accordingly,

IV-thrombolysis was performed after (1) the exclusion of
intracranial hemorrhage and (2) the exclusion of major
infarction on non-contrast CT or gradient echo and fluid-
attenuated inversion recovery sequences using MRI and (3)
evidence of salvageable tissue at risk on perfusion imaging
(mismatch between hypoperfusion vs. infarcted core on
perfusion CT or mismatch between perfusion-weighted and
diffusion-weighted imaging using MRIL; mismatch quotient
>1.4 for both modalities) (Figure 1). Follow-up imaging was
performed 24h after IV-thrombolysis or earlier in the case of
neurologic deterioration (NIHSS score increase of four points
or more). The modality of follow-up imaging (CT or MRI) was
to the discretion of the treating physician. We categorized all
patients according to clinical and/or radiological findings as
posterior circulation stroke or anterior circulation stroke patients
(full patient cohort—clinico-radiological categorization);
patients with simultaneous anterior and posterior circulation
stroke were excluded. In addition, we conducted a subgroup
analysis of patients with acute large vessel occlusion (LVO).
Patients with occlusion of the internal carotid and middle or
anterior cerebral artery were categorized as ACS patients, and
patients with occlusion of the vertebral, basilar, or posterior
cerebral artery were categorized as PCS patients. Patients with
complete fetal posterior cerebral artery were excluded from
the study.

We analyzed the clinical and imaging stroke characteristics,
risk factors, procedure times for IV-thrombolysis and
mechanical thrombectomy (if performed), clinical course
including intracranial hemorrhagic complications, evidence

of cerebral infarction on follow-up imaging, mortality
rates, and 90-day outcome. Demographic, clinical, and
radiologic data were collected during inpatient stay.

The assessment of day 90 follow-up was conducted via
telephone interview, outpatient visit, or medical reports by
trained raters.

Study Outcomes
The primary outcome was the incidence of hemorrhagic
complication [any intracranial hemorrhage (ICH), symptomatic
ICH according to different definitions—European Cooperative
Acute Stroke Study (ECASS) III criteria (13), ECASS II criteria
(11), and Safe Implementation of Thrombolysis in Stroke-
Monitoring Study (SITS-MOST) criteria (12)] on follow-up
imaging at 24 h after IV-thrombolysis.

The secondary outcomes were the rate of early major
neurologic improvement (defined as a reduction of the NIHSS
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FIGURE 1 | Acute multimodal CT and follow-up non-contrast CT imaging in posterior circulation stroke. (A) Perfusion CT analyzed with Rapid CTP. (B) Initial
non-contrast CT showing no infarction. (C) Follow-up non-contrast CT with a visible small infarction in the posterior cerebral artery territory (arrow).

infinite

score by at least eight points or a score of 0 or 1 after 24h),
evidence of cerebral infarction on follow-up imaging after 24 h,
mortality, and favorable functional outcome at day 90 using the
modified Rankin Scale (mRS). A favorable outcome was defined
as either a score on the mRS 0-2 or an improvement to the level
prior to stroke onset, respectively.

Statistics

Data were presented as absolute/relative numbers for categorical
variables and median/interquartile range (IQR) for continuous
variables. The significance of differences between patient
groups (PCS and ACS) was calculated using the Mann-
Whitney U-test, the x2 test, and the Fisher exact test as
appropriate. Statistical significance was set a priori at p-
value <0.05.

For the investigation of primary and secondary outcomes,
adjusted analyses after propensity score matching (estimation
algorithm: logistic regression, matching algorithm: nearest
neighbor approach, caliper 0.2, match 1:3) were performed. The
PCS and ACS patients were matched for age, female sex, arterial

hypertension, diabetes mellitus, atrial fibrillation, NIHSS on
admission, large vessel occlusion (in clinico-radiological cohort),
and mechanical thrombectomy (Supplementary Figures 1, 2).
We calculated absolute differences between PCS and ACS
patients in percentage (absolute risk difference, aRD) with
corresponding 95% confidence interval. Negative values
indicate a decrease of measurement from ACS patients
as reference.

Missing data of the 90-day follow-up were excluded from
the outcome analyses. Statistical analyses were performed using
IBM SPSS Statistics 21 software package (www.spss.com) and R
2.12.1 (www.r-project.org).

RESULTS

One hundred eighty-four acute ischemic stroke patients treated
with IV-thrombolysis in the unknown or extended time window
were identified. Two patients were excluded due to simultaneous
anterior and posterior circulation stroke, resulting in the final
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184 ischemic stroke patients treated with iv-thrombolysis in the unknown or extended time window

2 patients excluded due to simultaneous anterior and posterior circulation stroke

Complete study cohort —
clinico-radiological
categorization (n=182)

—

LVO patients subgroup (n=123)

Posterior
circulation
stroke (n=38)

Anterior
circulation
stroke (n=144)

Posterior
circulation
stroke (n=27)

Anterior
circulation
stroke (n=96)

Primary outcome:

Secondary outcomes:

any intracranial hemorrhage (ICH)
symptomatic ICH (ECASS IlI-, ECASS II-, SITS-MOST-criteria)

early major neurologic improvement

evidence of cerebral infarction on follow-up imaging
functional outcome at day 90

mortality during inpatient stay and at day 90

FIGURE 2 | Flow chart of the study cohort.

study cohort of 182 patients including 38 (20.9%) PCS and 144
(79.1%) ACS patients (Figure 2). Acute LVO was present in 123
patients (67.6%) and constituted the LVO patient subgroup.

Full Patient Cohort—Clinico-Radiological
Categorization

Patients with PCS were less commonly female (28.9 vs.
56.9%, p = 0.002) but similar regarding comorbidities and
concurrent medication (Table 1). The proportion of patients in
the confirmed time window >4.5 h was higher in the PCS group
(23.7 vs. 9.0%, p = 0.023), and the time from last seen normal
to treatment was similar in PCS and ACS patients [450 min
(362-719) vs. 558 min (354-819), p = 0.148]. Differences in
NIHSS scores on admission between PCS and ACS patients
[8 (5-14) vs. 11 (6-17), p = 0.068] did not reach statistical
significance. Door-to-needle times were similar in PCS and
ACS patients [56 min (42-91) vs. 59 min (41-76), p = 0.510].
Further clinical and imaging characteristics of stroke are shown
in Table 2.

There was a statistical trend for a lower incidence of any
intracranial hemorrhage post IV-thrombolysis in PCS than in
ACS patients (5.3 vs. 16.9%, p = 0.075). The proportion of
patients with symptomatic ICH following different definitions
(ECASS I criteria: 2.6 vs. 3.5%, p = 1.000) and fatal ICH
(0.0 vs. 1.4%, p = 1.000) was similar in PCS and ACS patients.
There was no significant difference in the rate of infarction
visible on follow-up imaging (65.8 vs. 77.5%, p = 0.140),
early neurologic improvement (15.8 vs. 18.1%, p = 1.000), or
functional outcome at day 90 (pre-mRS or mRS score 0-2: 33.3
vs. 39.3%, p = 0.532). The mortality rates during inpatient stay
and at day 90 were similar in PCS and ACS patients (13.2 vs.
11.8%, p = 0.784 and 23.5 vs. 26.8%, p = 0.827) (Figure 3).
Two patients in the ACS group died prior to follow-up imaging
(the suspected cause of death was lung embolism and circulatory
failure, respectively).

The analyses after propensity score matching included 124
patients (PCS, n = 35; ACS, n = 89) and did not lead to statistical
differences in the incidence of any ICH [aRD —10.4% (—20.4 to
4.0%)], symptomatic ICH, evidence of infarction on follow-up
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TABLE 1 | Baseline characteristics in the clinico-radiological patient cohort.

Posterior circulation stroke (n = 38) Anterior circulation stroke (n = 144) p-value
Female sex, n (%) 1(28.9) 82 (56.9) 0.002
Age in years, median (IQR) 77.5 (67.0-84.0) 80.0 (69.0-86.0) 0.268
Arterial hypertension, n (%) 32 (84.2) 124 (86.1) 0.796
Hyperlipidemia, n (%) 22 (57.9) 68 (47.2) 0.242
Diabetes mellitus, n (%) 12 (31.6) 37 (25.7) 0.467
History of stroke, n (%) 10 (26.3) (1 9.4) 0.354
Atrial fibrillation, n (%) 12 (31.6) 4 (44.4) 0.153
Antiplatelets, n (%) 15 (39.5) (34 0) 0.532
Oral anticoagulants, n (%) 1(2.6) 5(10.4) 0.199
Vitamin K antagonists, n (%) 1(2.6) 6(4.2) 1.000
Direct oral anticoagulants, n (%) 0(0.0) 9(6.3) 0.207
Pre-mRS score, median (IQR) 1(0-3) 1(0-3) 0.859
pre-mRS, pre-stroke modified Rankin scale.
TABLE 2 | Clinical and imaging characteristics of stroke in the clinico-radiological patient cohort.
Posterior Anterior p-value
circulation circulation
stroke (n = 38) stroke (n = 144)
Last seen normal to door—min, median (IQR) 382 (283-681) 479 (301-746) 0.098
Symptom recognition to door—min, median 74 (64-128) 74 (51-140) 0.511
(IQR)
Confirmed extended time window, n (%) 9(23.7) 13(9.0) 0.023
Symptom onset to door in patients in the 284 (245-382) 309 (265-495) 0.262
extended time window—min, median (IQR)
Patients transferred from external hospital for 2(5.3) 9(6.3) 1.000
treatment, n (%)
Multimodal CT imaging for thrombolysis, n (%) 23 (60.5) 76 (52.8) 0.394
NIHSS score on admission, median (IQR) 8 (5-14) 11 (6-17) 0.068
NIHSS score >25 on admission, n (%) 3(7.9 3(2.1) 0.106
Intubated on admission, n (%) 2(5.3) 5(3.5) 0.637
Wake-up stroke, n (%) 23 (60.5) 101 (70.1) 0.258
Infra- and supratentorial stroke, n (%) 3(34.2)
Large vessel occlusion, n (%) 27 (71.1) 96 (66.7) 0.607
Volume of irreversibly injured ischemic core 0.0 (0.0-0.0) 0.0 (0.0-10.5) 0.001
tissue at initial imaging®P-ml, median (IQR)
Perfusion lesion volume at initial imaging®°-m 36.0 (11.0-129.0) 45.0 (10.0-109.5) 0.916
median (IQR)
Mechanical thrombectomy, n (%) 13(34.2) 49 (34.0) 0.983
Additional intra-arterial thrombolysis, n (%) 3(7.9 3(2.1) 0.106
Door to needle—min, median (IQR) 56 (42-91) 59 (41-76) 0.510
Last seen normal to needle—min, median (IQR) 450 (362-719) 558 (354-819) 0.148
Symptom recognition to needle—min, median 143 (112-177) 145 (110-211) 0.675
(IQR)
Follow-up imaging MRI, n (%) 2.3 11(7.7) 1.000

NIHSS, NIH Stroke Scale; rtPa, recombinant tissue plasminogen activator. Two anterior circulation stroke patients died prior to follow-up imaging.
aThe volume of irreversibly injured ischemic core tissue was calculated with the use of a threshold for relative cerebral blood flow of less than 30% of that in normal brain tissue or with
the use of diffusion-weighted MRI (apparent diffusion coefficient).
bThe volumetric assessment of perfusion imaging was available in 27 posterior circulation stroke and 107 anterior circulation stroke patients.
¢To define the critically hypoperfused tissue, the perfusion lesion volume was calculated as the volume of tissue in which there had been a delayed arrival of an injected tracer agent

exceeding 6 s.
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FIGURE 3 | Study outcomes. (A) Incidence of any intracranial hemorrhage. (B) Incidence of symptomatic intracranial hemorrhage. (C) Functional outcome at day 90.
(D) Mortality at day 90. Symptomatic intracranial hemorrhage according to the ECASS Il criteria. Favorable outcome defined as pre-modified Rankin Scale (mRS) or
mRS score 0-2.

TABLE 3 | Outcomes in the clinico-radiological patient cohort.

Posterior Anterior p-value aRD? 95% CI
circulation circulation
stroke (n = 38) stroke (n = 144)

Any ICH, n (%) 2(5.3) 24 (16.9) 0.075 —10.4% —20.4 10 4.0%
Symptomatic ICH according to 1(2.6) 5(3.5) 1.000 —2.9% —10.3109.2%
ECASS IIl criteria®, n (%)
Symptomatic ICH according to 1(2.6) 6 (4.2) 1.000 —2.9% —-10.3t09.2%
ECASS |l criteria®, n (%)
Symptomatic ICH according to 0(0.0) 3(@2.1) 1.000 —3.4% —9.7t06.7%
SITS-MOST criteriad, n (%)
Fatal ICH, n (%) 0(0.0) 2(1.4) 1.000 -2.3% —-8.0t07.7%
ICH location remote®, n (%) 2(5.9) 7 (4.9 1.000 - -
Infarction on follow-up imaging, n (%) 25 (65.8) 110 (77.5) 0.140 —9.6% —27.710 6.6%
Early major neurologic improvement!, 6(15.8) 26 (18.1) 1.000 1.4% —11.831018.1%
n (%)
Mortality during inpatient stay, n (%) 5(18.2) 17 (11.8) 0.784 3.6% —6.6 t0 18.6%
Favorable outcome at day 90 11 (38.3) 46 (39.3) 0.532 —6.1% —24.4t014.7%
(pre-mRS or mRS score: 0-2)9, n (%)
90-day mortality™, n (%) 8 (23.5) 33 (26.8) 0.827 —2.6% —-17.41016.1%

aRD, adjusted risk difference; ICH, intracranial hemorrhage; mRS, modified Rankin scale; pre-mRS, pre-stroke modified Rankin scale. Two anterior circulation stroke patients died prior
to follow-up imaging.

aAdjusted for age, female sex, arterial hypertension, diabetes mellitus, atrial fibrillation, NIHSS on admission, large vessel occlusion, and mechanical thrombectomy using propensity
score matching; posterior circulation stroke (PCS), n = 35, anterior circulation stroke (ACS), n = 89.

bAny intracranial hemorrhage identified as a predominant cause of neurologic deterioration as indicated by a NIHSS score increase of four or more points from baseline or the lowest
score or any hemorrhage leading to death.

CAny intracranial hemorrhage with neurologic deterioration as indicated by a NIHSS score increase of four or more points from baseline or the lowest score or any hemorrhage leading
to death.

9 ocal or remote parenchymal hematoma type 2 and neurologic deterioration as indicated by a NIHSS score increase of four or more points from baseline or the lowest score or
hemorrhage leading to death.

€Two patients with remote ICH had an additional peri-ischemic hemorrhage (one PCS patient and one ACS patient).

"Early major neurologic improvement defined as a reduction of NIHSS score of at least eight points or a score of 0 or 1 at 24 h.

9The 90-day mRS was available in 150 patients (82.4%; 33 posterior circulation stroke patients and 117 anterior circulation stroke patients).

hvital status at day 90 was available in 157 patients (86.3%; 34 posterior circulation stroke patients and 123 anterior circulation stroke patients).
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TABLE 4 | Distribution of large vessel occlusion (LVO) in the LVO patient cohort.

Occlusion site PCS (n = 27) ACS (n = 96)
Internal carotid artery (ICA) - 14 (14.6%)°
Carotid-T - 7 (7.3%)°
M1 segment of middle cerebral artery (MCA) - 48 (50.0%)°
M2/M3 segment of MCA - 28 (29.2%)°
Anterior cerebral artery (ACA) - 2 (2.1%)°
Vertebral artery (VA) 8 (29.6%)? -
Basilar artery (BA) 11 (40.7%)? -
Posterior cerebral artery (PCA) 12 (44.4%) —

aThe PCA group included one patient with combined VA/PCA occlusion, two patients
with combined BA/PCA occlusion, and one patient with combined VA/BA occlusion.
bThe ACS group included two patients with combined ICA/M1 occlusion and one patient
with combined M1/M2 occlusion.

imaging, early neurologic improvement, functional outcome, or
mortality (Table 3).

LVO Patient Subgroup
Among a total of 123 patients with acute large vessel occlusion,
27 (22.0%) were PCS patients and 96 (78.0%) were ACS patients.
The distribution of occlusion sites in PCS and ACS patients is
given in Table 4. The PCS patients were less commonly female
(29.6 vs. 59.4%, p = 0.008). There were no significant differences
in comorbidities and concurrent medication (Table5). The
proportion of patients in the confirmed extended time window
beyond 4.5h was higher in PCS patients (22.2 vs. 6.3%,
p =0.023), and the time from symptom recognition to admission
was shorter in ACS patients [68 min (50-123) vs. 89 min (67-
153), p = 0.049]. The NIHSS scores on admission were higher in
ACS patients [14 (9-18) vs. 8 (5-15), p = 0.005]. The time from
last seen normal to the start of IV-thrombolysis did not differ
significantly between the PCS and ACS patients [457 min (368-
745) vs. 613 (385-843), p = 0.141]; mechanical thrombectomy
was equally performed in the PCS and ACS patient groups
(48.1 vs. 51.0%, p = 0.790). The door-to-needle times [55 min
(42-91) vs. 61 min (42-78), p = 0.886] and the door-to-groin
times [97 min (78-121) vs. 94 min (77-111), p = 0.621] were
similar in PCS and ACS patients. Further clinical and imaging
characteristics of stroke are shown in Table 6. The incidence of
any ICH (7.4 vs. 18.9%, p = 0.239), symptomatic ICH (ECASS
III criteria: 3.7 vs. 2.1%, p = 0.531), and fatal ICH (0.0 vs. 1.0%,
p = 1.000) was similar in PCS and ACS patients. Infarction on
follow-up imaging was significantly more often evident in ACS
patients than in PCS patients (87.5 vs. 70.4%, p = 0.034). Early
neurologic improvement (18.5 vs. 16.7%, p = 0.779), functional
outcome at day 90 (pre-mRS or mRS score 0-2: 21.7 vs. 28.9%,
p = 0.603), and mortality rates (inpatient stay: 18.5 vs. 14.6%,
p = 0.563; day 90: 29.2 vs. 30.7%, p = 1.000) were similar in
PCS and ACS patients. One ACS patient died prior to follow-up
imaging (the suspected cause of death was lung embolism).

In the analyses after propensity score matching (the total
included 80 patients: PCS, n = 23; ACS, n = 57), the lower rate
of infarction on follow-up imaging in PCS patients remained

statistically significant [aRD —18.9% (—39.5 to —2.2%)]. No
significant differences were detected regarding any ICH [aRD
—7.4% (—=20.7 to 12.2%)], symptomatic ICH, fatal ICH,
and early or late neurologic/functional outcome or mortality
rates (Table 7).

DISCUSSION

The major findings of our real-world clinical cohort study
investigating the treatment of acute ischemic stroke with
IV-thrombolysis in the unknown or extended time window
are as follows: (1) the rates of symptomatic ICH were low,
without a significant difference between PCS and ACS
patients, (2) there was a trend toward more hemorrhages
among ACS patients than in PCS patients, and (3) the
functional outcome and mortality rates at day 90 did
not differ.

The rates of symptomatic ICH in our study were similar
to the ones reported in the literature, without a difference
between PCS and ACS patients (2, 3). Controversially, a large
meta-analysis including 10,313 patients (1,224 PCS) reported
the risk for sSICH in PCS as half of that in ACS (15). However,
while the rate of symptomatic hemorrhages did not differ in
our cohort, the incidence of any ICH (including asymptomatic
ones) seemed slightly higher in ACS, without reaching statistical
significance. The higher volumes of ischemic core on initial
multimodal imaging may have contributed to the higher risk
for hemorrhagic complications in ACS patients, as infarct size
is an established risk factor for hemorrhagic transformation
(17, 18). These differences in ischemic core on initial imaging
might be responsible for the higher rates of cerebral infarction
visible on follow-up imaging in ACS patients of our LVO cohort.
In addition, cerebral infarction in the posterior circulation
including the brainstem might be more difficult to detect
compared to anterior circulation stroke infarction on follow-
up imaging (19). The rates of MRI for follow-up imaging,
improving the detection of infarction especially in the posterior
cranial fossa, were low and did not differ between PCS and
ACS patients.

The differences in infarction on follow-up imaging did not
translate into a functional outcome in PCS and ACS patients
in our LVO patient cohort. The absence of correlation between
the volume of infarcted tissue and the functional outcome
was reported earlier for LVO patients receiving recanalization
therapy (20).

Several studies demonstrated similar functional outcomes in
PCS and ACS patients (1-3, 15, 21). Consistently, we did not find
differences in outcome between patient groups in the analysis of
the full patient cohort.

The mortality rates in PCS and ACS are reported
inconsistently in the literature (2, 3, 15). This heterogeneity
may be attributed to differences in the proportion of severe
stroke patients between study cohorts in ACS and PCS patients.
In our study, the proportion of severe stroke patients presenting
with NIHSS score >25 on admission seemed higher in PCS
patients, without reaching statistical significance. Nevertheless,
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TABLE 5 | Baseline characteristics in the large vessel occlusion patient cohort.

Posterior circulation stroke (n = 27) Anterior circulation stroke (n = 96) p-value
Female sex, n (%) 8 (29.6) 57 (59.4) 0.008
Age in years, median (IQR) 77.0 (69.0-82.0) 80.0 (71.0-87.0) 0.179
Arterial hypertension, n (%) 23 (85.2) 85 (88.5) 0.739
Hyperlipidemia, n (%) 17 (68.0) 43 (44.8) 0.095
Diabetes mellitus, n (%) 12 (44.4) 26 (27.1) 0.085
History of stroke, n (%) 7(25.9) (1 8.8) 0.425
Atrial fibrillation, n (%) 9(33.3) 2 (54.2) 0.081
Antiplatelets, n (%) 10 (37.0) (32 3) 0.644
Oral anticoagulants, n (%) 1(3.7) 2(12.5) 0.294
Vitamin K antagonists, n (%) 3.7) (5.2) 1.000
Direct oral anticoagulants, n (%) (0.0) (7.3) 0.346
Pre-mRS score, median (IQR) 1(0-2) (0-3) 0.547
pre-mRS, pre-stroke modified Rankin scale.
TABLE 6 | Clinical and imaging characteristics of stroke in the large vessel occlusion patient cohort.
Posterior Anterior p-value
circulation circulation
stroke (n = 27) stroke (n = 96)
Last seen normal to door—min, median (IQR) 396 (318-693) 533 (320-804) 0.127
Symptom recognition to door—min, median (IQR) 89 (67-153) 68 (50-123) 0.049
Confirmed extended time window, n (%) 6 (22.2) 6 (6.3) 0.023
Symptom onset to door in patients in the extended time window —min, median (IQR) 349 (256-491) 398 (299-636) 0.485
Patients transferred from external hospital for treatment, n (%) 13.7) 7(7.3) 0.684
Multimodal CT imaging for thrombolysis, n (%) 17 (63.0) 47 (49.0) 0.198
NIHSS score on admission, median (IQR) 8 (5-15) 4 (9-18) 0.005
NIHSS score >25 on admission, n (%) 3(11.1) 3(3.1) 0.119
Intubated on admission, n (%) 2(7.4) 5(5.2) 0.648
Wake-up stroke, n (%) 16 (59.3) 72 (75.0) 0.109
Infra- and supratentorial stroke, n (%) 11 (40.7)
Volume of irreversibly injured ischemic core tissue at initial imaging®®-ml, median (IQR) 0.0 (0.0-0.0) 0.0 (0.0-18.0) 0.001
Perfusion lesion volume at initial imaging®°-ml, median (IQR) 46.0 (19.0-125.0) 87.0 (38.0-153.0) 0.132
Mechanical thrombectomy, n (%) 13 (48.1) 49 (51.0) 0.790
Additional intra-arterial thrombolysis, n (%) 3(11.1) 3(3.1) 0.119
Recanalization TICI 2b/3 in EVT patients 12/13 (92.3) 44/49 (89.8) 1.000
Recanalization after IVT prior to EVT 1/13 (2.0 2/49 (15.4) 0.109
Door to needle—min, median (IQR) 55 (42-91) 61 (42-78) 0.886
Last seen normal to needle—min, median (IQR) 457 (368-745) 613 (385-843) 0.141
Symptom recognition to needle—min, median (IQR) 145 (115-237) 133 (107-194) 0.264
Door to groind—min, median (IQR) 97 (78-121) 94 (77-111) 0.621
Last seen normal to recanalization®~min, median (IQR) 575 (521-958) 805 (525-970) 0.427
Symptom recognition to recanalization®~min, median (IQR) 260 (205-360) 265 (195-335) 0.929
Follow-up imaging MRI, n (%) 1(3.7) 4(4.2) 1.000

NIHSS, NIH Stroke Scale; rtPa, recombinant tissue plasminogen activator. One anterior circulation stroke patient died prior to follow-up imaging.
aThe volume of irreversibly injured ischemic core tissue was calculated with the use of a threshold for relative cerebral blood flow of less than 30% of that in normal brain tissue or with

the use of diffusion-weighted MRI (apparent diffusion coefficient).

bThe volumetric assessment of perfusion imaging was available in 20 posterior circulation stroke and 65 anterior circulation stroke patients.
¢To define the critically hypoperfused tissue, perfusion lesion volume was calculated as the volume of tissue in which there had been a delayed arrival of an injected tracer agent

exceeding 6 s.

9The time of groin puncture was available in 11 posterior circulation stroke (PCS) and 44 anterior circulation stroke (ACS) patients treated with additional mechanical thrombectomy.
©The time of recanalization was available in eight PCS patients and 39 ACS patients treated with additional mechanical thrombectomy.
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TABLE 7 | Outcomes in the large vessel occlusion patient cohort.

Posterior Anterior p-value aRD? 95% CI
circulation circulation
stroke (n =27)  stroke (n = 96)

Any ICH, n (%) 2(7.4) 18(18.9) 0.239 —7.4% —20.7 to 12.2%
Symptomatic ICH according to ECASS |l criteria®, n (%) 1@3.7) 2(2.1) 0.531 0.8% —-8.5t017.6%
Symptomatic ICH according to ECASS |l criteria®, n (%) 1@3.7) 3(3.2) 1.000 0.8% —-8.5t017.6%
Symptomatic ICH according to SITS-MOST criteriad, n (%) 0(0.0 2(2.1) 1.000 —3.6% —-12.11t0 11.0%
Fatal ICH, n (%) 0(0.0 1(1.0 1.000 —-1.8% —-9.4t012.6%
ICH location remote®, n (%) 2(7.4) 5(5.3) 0.650 - -
Infarction on follow-up imaging, n (%) 19 (70.4) 84 (87.5) 0.034 —-18.9% —39.81t0 —2.2%
Early major neurologic improvement, n (%) 5(18.5) 16 (16.7) 0.779 5.9% —10.810 27.4%
Mortality during inpatient stay, n (%) 5(18.5) 14 (14.6) 0.563 51% —10.0t0 25.8%
Favorable outcome at day 90 (pre-mRS or mRS score 0-2)9, n (%) 5(21.7) 24 (28.9) 0.603 —15.5% —-34.0t09.7%
90-day mortality”, n (%) 7 (29.2) 27 (30.7) 1.000 —1.9% —21.11022.2%

aRD, adjusted risk difference; ICH, intracranial hemorrhage; mRS, modified Rankin scale; pre-mRS, pre-stroke modified Rankin scale. One anterior circulation stroke patient died prior

to follow-up imaging.

aAdjusted for age, female sex, arterial hypertension, diabetes mellitus, atrial fibrillation, NIHSS on admission, and mechanical thrombectomy using propensity score matching; posterior

circulation stroke (PCS) n = 23, anterior circulation stroke (ACS) n = 57.

bAny intracranial hemorrhage identified as a predominant cause of neurologic deterioration as indicated by a NIHSS score increase of four or more points from baseline or the lowest

score or any hemorrhage leading to death.

CAny intracranial hemorrhage with neurologic deterioration as indicated by a NIHSS score increase of four or more points from baseline or the lowest score or any hemorrhage leading

to death.

9 ocal or remote parenchymal hematoma type 2 and neurologic deterioration as indicated by a NIHSS score increase of four or more points from baseline or the lowest score or

hemorrhage leading to death.

©Two patients with remote ICH had an additional peri-ischemic hemorrhage (one PCS patient and one ACS patient).

"Early major neurologic improvement defined as a reduction of NIHSS score of at least eight points or a score of 0 or 1 at 24 h.

9The 90-day mRS was available in 106 patients (86.2%; 23 posterior circulation stroke patients and 83 anterior circulation stroke patients).
hVital status at day 90 was available in 112 patients (91.1%; 24 posterior circulation stroke patients and 88 anterior circulation stroke patients).

we found no difference in mortality rates at day 90 between PCS
and ACS patients in our study.

The proportion of patients with PCS in our study was
slightly higher than the one reported in previous cohorts,
including patients within 4.5h from symptom onset (1-4, 15).
Considering the poor prognosis of severe posterior circulation
stroke without recanalizing therapies, the higher proportion
of PCS in our cohort might refer to the aggressive treatment
also beyond the first 4.5h after onset (5, 22). Furthermore, a
higher proportion of patients treated in the confirmed extended
time window >4.5h in PCS might have contributed to this
finding and leads to the higher proportion of PCS patients in
our cohort.

The higher proportion of female sex in ACS patients in
our study was consistent to previous findings, demonstrating
female sex as a known risk factor of ACS (15, 23). The
PCS patients presented with lower median NIHSS scores on
admission statistically significant in LVO patients confirming
a known underrepresentation of PCS symptoms in the
NIHSS (15, 21, 24).

As the symptoms of PCS can be clinically less noticeable,
this may have led to longer times from symptom recognition to
door in LVO patients of our study. Less noticeable symptoms
may have led to longer door-to-needle times reported for PCS
patients compared to ACS previously (25). In our study, the

procedure times did not differ significantly between PCS and
ACS patients despite the lower NIHSS scores on admission
in PCS patients. Similar procedure times in ACS and PCS
patients might be another evidence for an aggressive treatment
of PCS patients in our cohort. Overall, the times from last seen
normal to treatment were similar in PCS and ACS patients in
our study.

Our study has relevant limitations, mainly its small patient
number and monocentric design. The limited sample size might
be causal for missing statistical significance in the difference
of any ICH in our study. Furthermore, the classification
as posterior or anterior circulation stroke based on clinical
symptoms can be challenging in some patients presenting
without LVO and with no infarction visible on follow-up
imaging. This may have led to wrongly classifying some
patients in the clinico-radiological cohort. However, no clear
contradictory results between our clinico-radiological and LVO
patient cohorts regarding primary and secondary outcomes
were detected.

To conclude the main result of our study, the rates of
hemorrhagic complications were low in PCS patients treated
with IV-thrombolysis in the unknown or extended time
window. This will reaffirm the clinician in the use of rt-
PA for selected PCS patients beyond the established 4.5-h
time window.
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