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Abstract

Purpose: There is little data on the safety and efficacy of endovascular treatment (EVT) in comparison with intravenous
thrombolysis (IVT) in acute ischemic stroke due to isolated posterior cerebral artery occlusion (IPCAQO). We aimed to
investigate the functional and safety outcomes of stroke patients with acute IPCAO treated with EVT (with or without
prior bridging IVT) compared to IVT alone.

Methods: We did a multicenter retrospective analysis of data from the Swiss Stroke Registry. The primary endpoint
was overall functional outcome at 3 months in patients undergoing EVT alone or as part of bridging, compared with IVT
alone (shift analysis). Safety endpoints were mortality and symptomatic intracranial hemorrhage. EVT and IVT patients
were matched I:| using propensity scores. Differences in outcomes were examined using ordinal and logistic regression
models.
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Findings: Out of 17,968 patients, 268 met the inclusion criteria and 136 were matched by propensity scores. The
overall functional outcome at 3 months was comparable between the two groups (EVT vs IVT as reference category:
OR=1.42 for higher mRS, 95% Cl=0.78-2.57, p=0.254). The proportion of patients independent at 3 months was
63.2% in EVT and 72.1% in IVT (OR=0.67, 95% Cl=0.32—-1.37, p=0.272). Symptomatic intracranial hemorrhages were
overall rare and present only in the IVT group (IVT=5.9% vs EVT =0%). Mortality at 3 months was also similar between
the two groups (IVT =0% vs EVT =1.5%).

Conclusion: In this multicenter nested analysis, EVT and IVT in patients with acute ischemic stroke due to IPCAO were

associated with similar overall good functional outcome and safety. Randomized studies are warranted.
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Introduction

Acute ischemic strokes (AISs) due to isolated posterior cer-
ebral artery occlusion (IPCAO) are less common than ante-
rior circulation strokes,' but can lead to severe clinical
deficits>* and unfavorable outcomes.® Reperfusion thera-
pies appear safe and effective in posterior cerebral artery
strokes, but available data are driven by non-randomized
small-sample observational studies, susceptible to selection
bias and often limited to intravenous thrombolysis (IVT)® or
intra-arterial thrombolysis.” Recent studies have also inves-
tigated the outcome of endovascular treatment (EVT) in
patients with IPCAO,*'* but without a direct comparison
between EVT, bridging therapy (i.e. IVT followed by EVT)
and IVT alone. Moreover, patients with IPCAO were
excluded from anterior-circulation large-vessel thrombec-
tomy trials.'* As a result, current guidelines concerning EVT
of IPCAOQ are based on class IIb (weak) strength of recom-
mendation and on “expert opinion” level of evidence. '

In this study, we aimed to investigate the functional and
safety outcomes at 90 days in patients with AIS due to doc-
umented IPCAOQ, and treated with EVT or bridging therapy,
compared to IVT alone, using a propensity score (PS)
matching approach.

Methods
Study population

We performed a multicenter retrospective analysis of rou-
tinely collected data in the Swiss Stroke Registry in the
period 2014-2020.'%!7 We extracted the following varia-
bles: age, sex, cardiovascular risk factors (hypertension,
diabetes, hyperlipidemia, smoking), anticoagulation prior
to stroke, time of symptoms onset and arrival to hospital,
clinical and disability scales on admission and at 90 days
(National Institutes of Health stroke scale [NIHSS], modi-
fied Rankin scale [mRS]), type and timing of reperfusion
therapy (IVT, EVT, or bridging), occlusion site (P1 or P2),
recanalization rate (modified thrombolysis in cerebral
infarction [mTICI] score in EVT patients), and in-hospital

complications (symptomatic hemorrhage, angioedema, sei-
zures, cranial decompression, death). Implausible values
were set as missing.

Inclusion and exclusion criteria

Patients fulfilling the following criteria were included: (1)
age =18 years; (2) diagnosis of AIS; (3) presence of [IPCAO
in either P1 or P2 on acute cerebral angiographic-imaging
(CT-angiography or MR-angiography); (4) Treatment with
EVT and/or IVT; (5) pre-stroke mRS=<2. All patients
included were treated in Stroke Units or Comprehensive
Stroke Centers, where reperfusion treatments are routinely
performed. We excluded patients with additional intracra-
nial occlusion other than PCA, as well as (1) ipsilateral
carotid occlusion (in the case of fetal posterior cerebral
artery variant), (2) concomitant vertebral or basilar artery
occlusion.

Outcomes

The primary outcome of the study was the overall func-
tional outcome at 3months in patients undergoing EVT
alone, or as part of bridging therapy, compared to IVT alone
(shift analysis, see below). Secondary outcomes were: (1)
the proportion of functionally independent patients at
3months (mRS=0-2); (2) differences between EVT and
IVT in overall functional and independence outcomes after
stratifying for occlusion site, that is, P1 segment versus P2
segment; (3) differences in overall functional and inde-
pendence outcomes in IVT versus EVT alone, and in IVT
versus bridging. Safety endpoints were mortality at
3 months, and occurrence of symptomatic intracranial hem-
orrhage (defined as =4-points NIHSS worsening associ-
ated with brain hemorrhage).

Statistical analysis

Categorical variables were described by counts and percent-
ages, continuous and ordinal variables by median and
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Table I. Demographic and clinical characteristics of stroke patients included in the study before and after propensity score (PS)
matching (based on age, sex, pre-stroke mRS, type of stroke onset, time to treatment, admission NIHSS, occlusion site, and pre-
stroke anticoagulation). Categorical variable are reported as counts (percentage), continuous and ordinal variables as median (IQR).
p values are calculated using chi-square (for categorical variables) and Mann-Whitney (for continuous and ordinal variables).

Before matching

After PS matching

Baseline variables EVT (n=119) IVT (n=149) p EVT (n=68) IVT (n=68) p
Age Years 72.2 (62.1-80.0)  75.7 (66.5-83.6) 0.022 71.5(61.9-79.7)  75.9 (62.3-82.9) 0.150
Sex Males 77 (64.7) 81 (54.4) 0.113 41 (60.3) 43 (63.2) 0.859
Pre-stroke mRS 0 90 (75.6) 109 (73.2) 0.075 52 (76.5) 51 (76.5) 0.972
I 15 (12.6) 31 (20.8) 10 (14.7) I (16.2)
2 14 (11.8) 9 (6.0) 6 (8.8) 6 (8.8)
Time stroke onset ~ Known 85 (71.4) 129 (86.6) 0.007 53 (77.9) 53 (77.9) 1.000
Wake-up 16 (13.4) I (7.4) 8 (11.8) 8 (11.8)
Unknown 18 (15.1) 9 (6.0) 7 (10.3) 7 (10.3)
Time to treatment  Minutes 182 (120-291) 145 (100-200)  <0.001 175 (120-262) 148 (100-229)  0.166
Admission NIHSS ~ Score 7 (5-13) 5(3-8) <0.001 7 (49 7 (4-10) 0.743
Occlusion site Pl 68 (57.1) 39 (26.2) <0.001 26 (38.2) 30 (44.1) 0.601
P2 51 (42.9) 110 (73.8) 42 (61.8) 38 (55.9)
Anticoagulation Yes 15 (12.6) 6 (4.0 0.018 7 (10.3) 4 (5.9) 0.529

interquartile range (IQR). After selection of patients based
on inclusion criteria, EVT (alone or as part of bridging) and
IVT alone patients were matched 1:1 using PS matching to
limit imbalances in relevant baseline variables (age, sex,
baseline NIHSS score, pre-stroke mRS, pre-stroke antico-
agulation, time of stroke onset, time between stroke and
treatment initiation and PCA occlusion site [P1 vs P2 seg-
ment], with caliper width of 0.1 standard deviations of the
PS logit). We compared overall functional outcome at
3 months between groups using ordinal regression models
(shift analysis) and binary outcomes using logistic models,
with type of treatment as independent variable (EVT vs IVT
as reference category). Analyses were performed using R
(https://www.r-project.org/) and the R package “match-it.”

Ethics

The registry and the present study were both approved by
the responsible ethics committee (CE Req-2020-01042).
This study complies with the Declaration of Helsinki.

Results

Patient selection and baseline characteristics

Out of 17,968 AIS patients admitted between January 1,
2014 and February 29, 2020, 268 met the inclusion criteria.
Of these, 119 were treated with EVT (n=50 with EVT alone,
n=069 with bridging) and 149 with IVT only (Table 1). The
most prominent differences between EVT and IVT were the
occlusion site (IVT: PI1=26.2%, P2=73.8%; EVT:
P1=57.1%; P2=42.9%; p<0.001) and onset-to-treatment
time (IVT: 145 [100-200]min; EVT: 182 [120-291] min;
p<<0.001). There were also significant differences between

the two groups in terms of age, pre-anticoagulation treat-
ment, and NIHSS at admission. There were no differences
between the two groups regarding sex or pre-stroke func-
tional status (mRS). Pre-stroke antiplatelet therapy and vas-
cular risk factors were also comparable between the two
groups (not shown). Among EVT patients, 70.6% (84/119)
reached successful reperfusion (defined as Modified treat-
ment in cerebral ischemia [mTICI] score of 2b or 3).

After PS matching, 68 patients in each group were avail-
able for analysis. Baseline differences between the two
groups were greatly reduced and not statistically signifi-
cant. In this matched EVT-treated population, 66.2% of
patients (45/68) reached successful reperfusion.

Primary and secondary outcomes

The overall functional outcome at 3months (Figure 1)
(insertfigl) was comparable between the two groups (EVT
vs IVT as reference category: OR=1.42 for higher mRS,
95% CI=0.78-2.57, p=0.254). The proportion of patients
who were independent at 3 months was 63.2% in EVT and
72.1% in IVT (OR=0.67, 95% CI=0.32-1.37, p=0.272).

To further investigate whether results were influenced by
proximal versus distal occlusions, which may imply differ-
ent clinical severity and technical requirements, we strati-
fied patients by occlusion site (P1 vs P2). No significant
differences emerged in terms of overall functional outcome
and independence between EVT and IVT in either P1 or P2
occlusions (Table 2). Similarly, despite a greater proportion
of patients with mRS =3 at 3months in EVT alone (41.7%)
as compared to bridging (34.1%), differences in functional
outcomes were not significant in either PS-matched IVT
versus EVT alone or IVT versus bridging.
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mRS at 3 months after stroke in EVT alone / bridging vs IVT alone

n=68

EVT alone / bridging

Treatment
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Figure |. Distribution of Modified Rankin Scale Scores at 90 days. A modified Rankin scale score of 0 indicates no disability, I, no
clinically-significant disability, 2, slight disability, 3, moderate disability but able to walk unassisted, 4, moderately severe disability, 5,

severe disability and 6, death.

Table 2. mRS at 3 months after stroke (percentage) and results of ordinal and logistic regression models testing overall functional
outcome and independence between treatment groups in all patients and after stratifying by site of occlusion (P1 vs P2).

Occlusion  Treatment mRS at 3 months after stroke (%) Favorable shift analysis Independence

e 0 | 2 3 4 5 6 OR (95% Cl) p OR (95% Cl) p

Pland P2 IVT (n=68) 176 265 279 132 103 29 1.5 - - - -
EVT alone/bridging 118 279 235 162 103 29 74 071(0.38-1.28) 0.253 0.67 (0.32-1.38)  0.272
(n=68)

Pl IVT (n=30) 133 267 333 100 133 00 33 - - - -
EVT alone/bridging 192 308 154 115 11,5 00 115 1.06(0.42-2.74) 0.891 0.9 (0.22-2.15) 0519
(n=26)

P2 IVT (n=38) 21.1 263 237 158 79 53 00 - - - -
EVT alone/bridging 7.0 262 286 190 95 48 48 0.54(0.24-1.19) 0.124  0.66 (0.26-1.69)  0.389
(n=42)

Pland P2 IVT (n=44) 227 318 205 114 9.1 45 00 - - - -
Bridging (n=44) 114 386 159 159 114 23 45 0.66(0.31-1.40) 0.281 0.64 (0.25-1.62)  0.351

Pl and P2 IVT (n=24) 83 167 417 167 125 00 42 - - - -
EVT alone (n=24) 125 83 375 167 83 42 125 0.71 (0.25-1.97) 0.509 0.70 (0.22-2.26)  0.552

Safety outcomes

Symptomatic intracranial hemorrhages were uncommon
and present only in the IVT group (IVT=4 [5.9%] vs
EVT=0 [0%]). Mortality at 3 months was similar between
the two groups (IVT=0 [0%] vs EVT=1 [1.5%]).
Regression analyses were not performed because of the
small number of safety events.

Discussion

In this nested multicenter analysis, we found that EVT and
IVT are similarly effective in terms of overall functional
outcome and safety at 90 days after stroke. In particular, a
substantial proportion (i.e. more than 60%) of IPCAO

patients who underwent EVT were independent at 3 months,
in line with two other studies of smaller sample size (in
which 60% and 59% of EVT patients, respectively remained
independent).!®'® Symptomatic hemorrhages were uncom-
mon in both groups. In terms of angiographic outcomes, the
successful recanalization rate in our matched EVT-treated
population (66% of patients reached mTICI 2b or 3) was
also consistent with the study of Strambo et al.!® and Cunha
et al.’* (both 68%). Analyses were performed to address if
the occlusion site might influence outcomes of reperfusion
therapies, but no differences emerged when comparing
EVT versus IVT in either P1 or P2 segment occlusions.
Two studies suggested that posterior strokes might par-
ticularly benefit from EVT alone as compared to IVT or
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best medical treatment.'®'? We did not confirm an apparent
superiority of EVT in our cohort, probably because of the
different inclusion criteria and matching procedures. We
found that patients undergoing EVT alone had a greater
mRS at 3 months after stroke than those undergoing bridg-
ing, without differences when compared to PS-matched
IVT patients. This suggests additional non-measurable fac-
tors influencing treatment choices (e.g. unknown time of
onset, contraindication to IVT); themselves, intrinsically
associated with worse outcomes.

Our study has methodological strengths. We identified a
large number of individuals from a prospectively generated
national registry (SSR), which independently enrolls a
homogenous cohort of consecutive patients from tertiary
academic, non-academic centers and regional stroke units.
More than 90% of patients were treated between 2015 and
2020, when all participating centers were using the latest
EVT devices and techniques. We used PS matching to rec-
tify for imbalances in several baseline factors that might
influence outcomes. We also excluded patients with PCA
occlusion from vertebral or carotid artery occlusion and
from basilar artery occlusions.

There are, however, limitations to this study, the most
important being the retrospective, observational, non-rand-
omized design of the study, which is susceptible to selec-
tion bias and confounding (despite PS matching). Clinical
outcomes and angiographic results were measured indepen-
dently in each center, leading to potential data heterogene-
ity. Another limitation is that the scales traditionally used to
quantify neurological and functional consequences of
strokes (i.e. NIHSS and mRS), do not adequately describe
the extent of clinical deficit and functional impact in PCA
strokes. Furthermore, the relatively small sample size limits
the statistical power to detect significant differences, espe-
cially in subgroup analyses in which a non-significant trend
favoring IVT was present. Finally, we had no data regard-
ing vessel recanalization in IVT patients since follow-up
vessel imaging was not routinely performed after IVT.

To conclude, 3-month functional outcomes from IPCAO
were comparable after EVT alone or with bridging versus
IVT alone, but confidence limits were wide. While provid-
ing important information regarding the safety of EVT in
PCA strokes, these results do not allow general treatment
recommendations. This highlights the need of randomized
clinical trials comparing EVT versus IVT in IPCAO,
including visual fields and neuropsychological tests among
the outcomes.
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