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Background and Purpose Posterior cerebral artery occlusion (PCAo) can cause long-term disability, 
yet randomized controlled trials to guide optimal reperfusion strategy are lacking. We compared 
the outcomes of PCAo patients treated with endovascular thrombectomy (EVT) with or without 
intravenous thrombolysis (IVT) to patients treated with IVT alone. 
Methods From the multicenter retrospective Posterior cerebraL ArTery Occlusion (PLATO) registry, 
we included patients with isolated PCAo treated with reperfusion therapy within 24 hours of onset 
between January 2015 and August 2022. The primary outcome was the distribution of the modified 
Rankin Scale (mRS) at 3 months. Other outcomes comprised 3-month excellent (mRS 0–1) and 
independent outcome (mRS 0–2), early neurological improvement (ENI), mortality, and symptomatic 
intracranial hemorrhage (sICH). The treatments were compared using inverse probability weighted 
regression adjustment. 
Results Among 724 patients, 400 received EVT+/-IVT and 324 IVT alone (median age 74 years, 
57.7% men). The median National Institutes of Health Stroke Scale score on admission was 7, and 
the occluded segment was P1 (43.9%), P2 (48.3%), P3–P4 (6.1%), bilateral (1.0%), or fetal posterior 
cerebral artery (0.7%). Compared to IVT alone, EVT+/-IVT was not associated with improved 
functional outcome (adjusted common odds ratio [OR] 1.07, 95% confidence interval [CI] 0.79–
1.43). EVT increased the odds for ENI (adjusted OR [aOR] 1.49, 95% CI 1.05–2.12), sICH (aOR 2.87, 
95% CI 1.23–6.72), and mortality (aOR 1.77, 95% CI 1.07–2.95).
Conclusion Despite higher odds for early improvement, EVT+/-IVT did not affect functional 
outcome compared to IVT alone after PCAo. This may be driven by the increased risk of sICH and 
mortality after EVT.

Keywords Endovascular thrombectomy; Intravenous thrombolysis; Posterior cerebral artery; 
Posterior circulation stroke
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Introduction

Endovascular thrombectomy (EVT) has become the standard of 
care for patients with large vessel occlusion (LVO) of the proxi-
mal anterior and posterior circulations in recent years.1-3 How-
ever, there are no data from randomized controlled trials (RCTs) 
on EVT for patients with medium or distal vessel occlusion. Pa-
tients with posterior cerebral artery occlusion (PCAo) may pres-
ent with severe neurological symptoms and harbor significant 
long-term disability, especially in more proximal occlusions.4,5 
Observational studies comparing EVT and best medical manage-
ment (BMM) have not found a difference in 3-month functional 
outcome, yet their sample sizes have been mostly modest.6-10 

Our previous report from the international multicenter Poste-
rior cerebraL ArTery Occlusion (PLATO) study comprising 1,023 
patients with acute isolated PCAo revealed that patients treat-
ed with EVT experienced more often early neurological improve-
ment (ENI) and excellent 3-month functional outcome compared 
to BMM despite an increased risk of symptomatic intracranial 
hemorrhage (sICH) and mortality.11 However, BMM included in-
travenous thrombolysis (IVT) in only 45.5% of the patients, even 
though IVT is the guideline-based treatment in this indication.12,13 
A study from the Swiss Stroke Registry (n=136 in the propensity 
score matched cohort) compared EVT with or without bridging to 
IVT alone and observed no significant difference in functional 
outcome, sICH, or mortality but did not have data on ENI.14 In re-
cent meta-analyses, patients undergoing EVT for isolated PCAo 
had higher odds for ENI, but other clinical or safety outcomes did 
not differ significantly from patients treated with IVT, even though 
there was a trend for excellent functional outcome after EVT.15,16

Due to the inconclusive results, our aim was to further inves-
tigate the clinical outcomes and safety of EVT versus IVT in acute 
PCAo. We compared the outcomes of patients treated with EVT 
+/- bridging IVT to those of patients treated with IVT alone from 
the updated multicenter PLATO cohort of isolated PCAo patients. 
We hypothesized that the functional recovery at 3 months would 
not differ based on reperfusion strategy.

Methods

Ethics
All centers obtained ethics committee or local institutional re-
view board approval. Patient written informed consent was not 
required due to the study’s retrospective and anonymized design. 
The study was reported according to the STROBE (Strengthening 
the Reporting of Observational Studies in Epidemiology) guide-
line. Anonymized data are available upon reasonable request to 
the corresponding author following national legislation.

Study population
The PLATO study (NCT05291637) is an international, multicenter, 
retrospective cohort study of consecutive patients aged ≥18 years 
with acute PCAo treated between January 2015 and August 
2022. Since the primary report,11 there was an expansion to 31 
centers and 9 countries in Europe, North America, and Asia. Only 
patients with an isolated verified occlusion of the P1, P2, P3, or 
P4 segment, fetal posterior cerebral artery (PCA), or bilateral 
PCAs who were treated with EVT and/or IVT within 24 hours of 
symptom onset were included. The choice of reperfusion therapy 
was made at the discretion of the treating physician according 
to local standards. Patients with no reperfusion therapy or pre-
stroke modified Rankin Scale (mRS) >3 were excluded, as were 
patients with incomplete covariate data.

Baseline characteristics, clinical presentation, imaging results, 
and outcome variables were collected from each site to a data 
sheet that included definitions of all collected variables. The de-
tails of data collection have been described previously.11

Outcomes
The primary outcome was the distribution of the mRS (ordinal 
shift) at 3 months. The 3-month mRS was prospectively collected 
at each site by investigators who were not systematically blinded 
to the treatment. The secondary outcomes comprised 3-month 
independent outcome (mRS 0–2), 3-month excellent outcome 
(mRS 0–1), ENI defined as a decrease of at least 2 points in Na-
tional Institutes of Health Stroke Scale (NIHSS) at 24 hours or 
discharge, and visual field recovery. Visual field recovery was 
judged based on change either in confrontation perimetry or 
standard perimetry at 1 to 3 months after stroke and categorized 
as complete, partial, none, or worse.11 

The safety outcomes were 3-month all-cause mortality and 
sICH. sICH was defined as local or remote parenchymal hemor-
rhage type 2, subarachnoid hemorrhage, or intraventricular hem-
orrhage, causing neurological deterioration of ≥4 NIHSS points 
from baseline or death.

Statistical analyses
Baseline categorical variables between the treatment groups were 
compared with the χ2 test, or Fisher exact test when appropri-
ate, and continuous variables with the Mann-Whitney U test. The 
latter were presented as medians and interquartile ranges (IQR). 

We obtained crude odds ratios (ORs) and 95% confidence in-
tervals (CIs) with univariable logistic regression analyses using the 
generalized estimating equation (GEE) model. An independence 
covariance matrix was used to account for within-site cluster-
ing of patients. GEE is robust to the specification of the working 
correlation structure and allows for the proper estimation of 
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standard errors through robust sandwich estimators. The model 
specifications included a cumulative logit link function and mul-
tinomial distribution for the ordinal outcome (1-point shift to-
wards the lower value in mRS) and a logit link function and bi-
nomial distribution for the binary outcomes (other outcomes).

To acquire adjusted ORs, we combined propensity score-based 
weighting and outcome regression by using doubly robust inverse 
probability weighted regression adjustment (IPWRA) models.17 
In this approach, stabilized weights were applied for treatment 
weighting by inverse probability18 and the doubly robust effect 
of treatment on the outcome was estimated by utilizing a logis-
tic regression exposure model (EVT+/-IVT vs. IVT) and an out-
come logistic regression model (3-month mRS). We used the 
multinomial logistic regression model for the ordinal primary out-
come (mRS shift) and the binomial logistic regression model for 
the binary outcomes, using similar model specifications as in the 
unadjusted analyses. The exposure and outcome models were 
adjusted with a priori chosen variables of age, sex, hypertension, 
diabetes, atrial fibrillation, NIHSS score at baseline, the level of 
occlusion,10 the posterior circulation Acute Stroke Prognosis Early 
CT Score (pc-ASPECTS)19 at baseline, and the year of treatment. 

We tested the interaction of the treatment with onset-to-
treatment time ≤4.5 hours, P1 occlusion, and baseline NIHSS as 
an ordinal or categorical (NIHSS<10) variable. In addition, we per-
formed sensitivity analyses with onset-to-treatment time ≤4.5 
hours as an additional covariate, excluding patients with miss-
ing data (n=59) on that variable. Finally, to further analyze the 
difference between the reperfusion strategies, we compared the 
outcomes of patients treated with direct EVT and EVT+/-IVT us-
ing similar IPWRA models described above. We performed the 
analyses with SPSS Statistics, Version 28 (IBM Corp., Armonk, NY, 
USA). Patients with missing covariates were excluded and miss-
ing data were not imputed.

Results

Baseline characteristics
The PLATO cohort included altogether 1,357 patients. After ex-
cluding patients treated with medical management only (n=557), 
other exclusion criteria (n=54), or missing covariate data (n=22), 
the final cohort comprised 724 patients (Figure 1): 400 patients 
treated with EVT with or without IVT and 324 patients treated 
with IVT alone.

In the overall cohort, the median (IQR) age was 74 (64–82) 
years, and 57.7% were men (Table 1). The occlusion site was the 
P1 segment in 43.9%, P2 in 48.3%, P3 or P4 in 6.1%, posterior 
communicating artery in 0.7%, and bilateral PCA in 1.0%. The 
median baseline NIHSS score was 7 (4–11), and 449 of 641 pa-

tients (70.0%) had a visual field deficit on admission. The me-
dian onset-to-treatment time was 2.9 (1.8–4.7) hours. The pa-
tients treated with EVT were more often on oral anticoagulation 
before stroke (16.8% vs. 7.2%, P<0.01), had a higher baseline 
median (IQR) NIHSS score (8 [5–12] vs. 6 [3–10], P<0.01), were 
less frequently imaged with computed tomography, had more 
proximal occlusions (P1: 54.3% vs. 31.2%, P<0.01), lower base-
line pc-ASPECTS, and different etiological distribution (more large 
artery atherosclerosis and less cardioembolic strokes) (Table 1). 
In addition, they had longer median (IQR) onset-to-treatment 
times (3.8 [2.4–7.2] h vs. 2.3 [1.5–3.3] h, P<0.01) and more of-
ten wake-up stroke.

During EVT, the most frequently used first-pass technique was 
contact aspiration (51.4%), followed by combined aspiration and 
stent retriever use (32.9%) and stent retriever alone (12.7%). The 
median number of passes was 1 (IQR 1–2), and 79.6% achieved 
TICI 2b-3 recanalization. Of patients treated with EVT, 41.0% re-
ceived bridging IVT.

Outcomes
The primary outcome data were available for 655 patients (90.5%). 
Median 3-month mRS was 2 (1–4) in the EVT+/-IVT group and 
2 (1–3) in the IVT-alone group (P=0.27) (Figure 2). Excellent out-
come was observed in 31.8% of the EVT+/-IVT and 28.4% of the 

Figure 1. Flowchart of the study cohort. PCA, posterior cerebral artery; IVT, 
intravenous thrombolysis; EVT, endovascular thrombectomy; mRS, modified 
Rankin Scale; pc-ASPECTS, posterior circulation Acute Stroke Prognosis 
Early CT Score; ENI, early neurological improvement; sICH, symptomatic in-
tracranial hemorrhage.

Patients assessed for eligibility (n=1,357)

Cohort after exclusions (n=746)

Cohort with covariate data (n=724)

Outcomes:
- mRS at 90 days (n=655)
- Mortality (n=655)
- ENI (n=673)
- sICH (n=720)

Exclusions (n=611)
- Age <18 (n=1)
- No documented PCA occlusion (n=1)
- Multiple vessel occlusions (n=8)
- No IVT or EVT (n=557)
- Pre-stroke mRS >3 or missing (n=41)
- Other (n=3)

Missing covariates (n=22)
- Hypertension (n=1)
- Atrial fibrillation (n=1)
- pc-ASPECTS (n=20)
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Table 1. Baseline characteristics, metrics, and outcomes of patients with PCA occlusion treated with EVT with or without IVT versus IVT alone

All (n=724) EVT+/-IVT (n=400) IVT (n=324) P Missing data

Baseline characteristics

Age (yr) 74 (64–82) 74 (64–82) 75 (65–82) 0.23 0/0/0

Male sex 418 (57.7) 228 (57.0) 190 (58.6) 0.71 0/0/0

Pre-stroke mRS 0 (0–1) 0 (0–1) 0 (0–1) 0.39 0/0/0

0 458 (63.3) 257 (64.3) 201 (62.0) 0.40 0/0/0

1 132 (18.2) 76 (19.0) 56 (17.3) - -

2 72 (9.9) 39 (9.8) 33 (10.2) - -

3 62 (8.6) 28 (7.0) 34 (10.5) - -

Hypertension 539 (74.4) 305 (76.3) 234 (72.2) 0.23 0/0/0

Diabetes 166 (22.9) 92 (23.0) 74 (22.8) 1.00 0/0/0

Hyperlipidemia 330 (45.7) 171 (42.9) 159 (49.2) 0.10 2/1/1

Atrial fibrillation 219 (30.2) 131 (32.8) 88 (27.2) 0.11 0/0/0

Current smoker 104 (16.1) 51 (15.0) 53 (17.3) 0.46 78/61/17

Prior stroke 106 (14.9) 50 (12.9) 56 (17.3) 0.11 13/12/1

Coronary heart disease 122 (17.3) 64 (16.7) 58 (17.9) 0.69 17/17/0

Peripheral artery disease 39 (6.2) 18 (5.5) 21 (6.9) 0.51 90/72/18

Dialysis 27 (4.2) 16 (4.8) 11 (3.5) 0.44 75/68/7

Oral anticoagulation 87 (12.4) 64 (16.8) 23 (7.2) <0.01* 23/18/5

Statin 232 (34.6) 117 (33.0) 115 (36.4) 0.37 53/45/8

NIHSS on admission 7 (4–11) 8 (5–12) 6 (3–10) <0.01* 0/0/0

Baseline visual field defect 449 (70.0) 228 (69.3) 221 (70.8) 0.73 83/71/12

SBP (mm Hg) 158 (140–176) 159 (138–175) 157 (141–176) 0.80 92/73/19

DBP (mm Hg) 85 (75–97) 84 (74–97) 86 (75–98) 0.31 97/77/20

Baseline imaging

Imaging modality

CT 656 (92.0) 349 (89.7) 307 (94.8) 0.02* 11/11/0

MRI 106 (14.9) 53 (13.6) 53 (16.4) 0.34 11/11/0

Perfusion 437 (61.3) 230 (59.1) 207 (63.9) 0.22 11/11/0

pc-ASPECTS 10 (9–10) 10 (9–10) 10 (9–10) 0.04*† 0/0/0

Clot location <0.01* 0/0/0

P1 318 (43.9) 217 (54.3) 101 (31.2) - -

P2 350 (48.3) 159 (39.8) 191 (59.0) - -

P3 or P4 44 (6.1) 13 (3.3) 31 (9.6) - -

PCom 5 (0.7) 4 (1.0) 1 (0.3) - -

Bilateral 7 (1.0) 7 (1.8) 0 - -

Perfusion mismatch >20% 317 (91.6) 161 (94.2) 156 (89.1) 0.12 378/229/149

Treatment factors

IVT 488 (67.4) 164 (41.0) 324 (100) <0.01* 0/0/0

Onset-to-treatment time (h) 2.9 (1.8–4.7) 3.8 (2.4–7.2) 2.3 (1.5–3.3) <0.01* 59/54/5

Time to treatment ≤4.5 h 488 (73.4) 206 (59.5) 282 (88.4) <0.01* 59/54/5

Wake-up stroke 138 (19.9) 106 (27.3) 32 (10.4) <0.01* 29/12/17

First-pass EVT technique 54

SR - 44 (12.7) - - -

Aspiration - 178 (51.4) - - -

Combined SR and aspiration - 114 (32.9) - - -

Intra-arterial thrombolysis - 5 (1.4) - - -

Other - 5 (1.4) - - -
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IVT-alone group (P=0.39) and independent outcome in 50.4% 
and 55.7% (P=0.18), respectively. ENI occurred more often af-
ter EVT+/-IVT than after IVT alone (64.7% vs. 53.2%, P<0.01) 
(Table 2). Data on visual fields at 1 to 3 months were available 
for 162 of the 449 patients (36.1%) with visual field defect at 
baseline; there was no difference in the vision field recovery 
between the groups (Table 1). Mortality at 3 months was higher 
in the EVT+/-IVT group than in the IVT group (16.2% vs. 10.1%, 
P=0.03), as was the sICH rate (6.1% vs. 2.5%, P=0.03).

According to the IPWRA analyses, there was no difference in 
the distribution of 3-month functional outcome (adjusted com-
mon OR 1.07 [95% CI 0.79–1.43]) between the treatment groups 
(Table 2). The patients treated with EVT+/-IVT were more likely 
to achieve ENI (adjusted OR 1.49 [95% CI 1.05–2.12]) compared 

to those receiving only IVT but had higher odds for mortality 
(adjusted OR 1.77 [95% CI 1.07–2.95]) and sICH (adjusted OR 
2.87 [95% CI 1.23–6.72]). There was a trend for more frequent 
excellent 3-month functional outcome after EVT+/-IVT (adjust-
ed OR 1.39 [95% CI 0.96–2.02]), but odds for independent out-
come did not differ between the treatments (adjusted OR 1.07 
[95% CI 0.73–1.58]). 

There was no interaction between the treatment group and 
onset-to-treatment time ≤4.5 hours (P=0.48), occlusion of the 
P1 segment (P=0.13), or baseline NIHSS as a binary (NIHSS<10) 
(P=0.52) or ordinal variable (P=0.34) in the primary outcome 
model. In the sensitivity analysis adjusted for onset-to-treatment 
time, the results on the primary outcome remained unchanged 
(Supplementary Table 1). However, unlike in the main analysis 
including the whole cohort, the EVT+/-IVT group had significant-
ly higher odds for excellent outcome (adjusted OR 1.66 [95% CI 
1.10–2.50]), and mortality no longer differed between the groups 
(adjusted OR 1.33 [95% CI 0.75–2.35]). 

The distribution of 3-month mRS of the patients treated with 
EVT only, IVT+EVT, and IVT alone are presented in Supplemen-
tary Figure 1. The patients treated with direct EVT had lower 
odds for a 1-point shift towards more favorable mRS (adjusted 
OR 0.65 [95% CI 0.44–0.96], for mRS 0–1 (adjusted OR 0.60 
[95% CI 0.37–0.98]), and mRS 0–2 (adjusted OR 0.55 [95% CI 
0.34–0.89]) compared to the patients receiving EVT+/-IVT, where-
as the safety outcomes and ENI did not differ between these 

Table 1. Continued

All (n=724) EVT+/-IVT (n=400) IVT (n=324) P Missing data

No. of passes - 1 (1–2) - - 18

Recanalization 3

TICI 0-2a - 81 (20.4) - - -

TICI 2b-3 - 316 (79.6) - - -

Etiology 0.04* 0/0/0

Large artery atherosclerosis 126 (17.4) 83 (20.8) 43 (13.3) - -

Cardioembolism 285 (39.4) 148 (37.0) 137 (42.3) - -

Small vessel disease 19 (2.6) 7 (1.8) 12 (3.7) - -

Other 54 (7.5) 28 (7.0) 26 (8.0) - -

Undetermined 240 (33.1) 134 (33.5) 106 (32.7) - -

Visual field recovery‡ 0.62 287/156/131‡

Complete  96 (59.3) 46 (63.9) 50 (55.6) - -

Partial  12 (7.4) 5 (6.9) 7 (7.8) - -

None 35 (21.6) 15 (20.8) 20 (22.2) - -

Worse 19 (11.7) 6 (8.3) 13 (14.4) - -

Values are presented as median (interquartile range) or n (%).
PCA, posterior cerebral artery; EVT, endovascular thrombectomy; IVT, intravenous thrombolysis; mRS, modified Rankin Scale; NIHSS, National Institutes of 
Health Stroke Scale; SBP, systolic blood pressure; DBP, diastolic blood pressure; CT, computed tomography; MRI, magnetic resonance imaging; pc-ASPECTS, 
posterior circulation Acute Stroke Prognosis Early CT Score; PCom, posterior communicating artery; SR, stent retriever; TICI, Thrombolysis In Cerebral Infarction.
*P<0.05; †The distribution was higher in the IVT group; ‡Of the 449 patients with visual field defect on the baseline.

Figure 2. Distribution of the 3-month modified Rankin Scale (mRS) in pa-
tients with isolated posterior cerebral artery occlusion by endovascular 
therapy (EVT) with or without intravenous thrombolysis (IVT) versus IVT 
alone.
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groups (Supplementary Table 2). Of note, when we compared 
the safety outcomes of EVT and IVT alone, EVT alone had higher 
mortality (adjusted OR 2.06 [95% CI 1.18–3.61]) and a trend for 
an increased sICH rate (adjusted OR 2.43 [95% CI 0.97–6.09]) 
compared to IVT alone. 

Discussion

In this multicenter cohort of 724 patients with isolated PCAo, 
there was no difference in the 3-month functional outcome ac-
cording to treatment either with EVT with or without bridging 
IVT or with IVT alone. EVT increased the odds for early improve-
ment in the NIHSS score to the detriment of an increased risk 
of sICH and mortality. There was also a trend for more frequent 
excellent 3-month functional outcome after EVT.

Several prior observational studies have implied that EVT may 
promote ENI,7,11 vision recovery,8,11 and recanalization8 in patients 
with isolated PCAo in comparison to BMM. Yet they have not 
shown a robust effect on functional recovery,6-8,10,14 the only ex-
ception being the more frequent excellent functional outcome 
(mRS 0–1) after EVT in the previous analysis from our registry.11 
Some studies have also observed an increased risk of sICH,6,11 mor-
tality,11 or early neurological deterioration6 after EVT. However, 
BMM in the previous studies has included either IVT or no reper-
fusion therapy. As IVT is the guideline-recommended treatment 
for acute ischemic stroke within 4.5 hours irrespective of the 
occlusion location,12 we focused on the question of whether EVT 
improves the outcome in addition to or in lieu of this standard 
of care. 

Two previous observational studies compared EVT+/-IVT to 
IVT alone and found no difference in functional outcome, ENI, 
mortality, or sICH—potentially due to small sample sizes.9,14 A sub-
group analysis of the earlier PLATO cohort (n=613) did not de-

tect a significant difference in ENI or mortality between patients 
receiving EVT+/-IVT versus IVT only, even though there were higher 
odds for excellent functional outcome and sICH in the EVT group.11 
On the other hand, a meta-analysis combining the previous ob-
servational data reported more frequent ENI after EVT, whereas 
other outcomes did not differ between the treatments.15 How-
ever, the analysis was heavily driven by the previous results from 
the PLATO cohort and used unadjusted data with significant 
baseline imbalances, including higher baseline NIHSS in the EVT 
group. Thus, the results are susceptible to confounding. 

Taken together, our results are largely in line with prior reports, 
strengthening the notion that EVT could increase the odds for 
early and excellent recovery at the potential cost of an increased 
risk of bleeding complications and mortality, neutralizing the 
effect on the distribution of mRS at 3 months. Our findings are 
also compatible with outcomes reported for PCAo patients who 
did not receive reperfusion therapy. As 43% of conservatively 
treated patients (IVT rate 3.8%) with isolated PCA stroke achieve 
mRS 0–1 and 69% mRS 0–3 at 1 month,4 there is less potential 
for a significant mRS shift with EVT compared to patients with 
anterior circulation LVO1 or basilar artery occlusion.20,21 Moreover, 
early recanalization after IVT is more likely with smaller vessel 
size, narrowing the gap of possible benefit of EVT in addition to 
IVT.22 The same applies to the low mortality (0% to 8%) of PCA 
stroke patients at 1 month.4,23,24 Therefore, it is important to weigh 
the bleeding risk against the potential benefit and consider EVT 
primarily for patients with reasonable probability for significant 
recovery, e.g., patients presenting with high severity of NIHSS. 

The current data also suggest that if EVT is opted for PCAo, 
optimizing procedural safety is of uttermost importance. The sICH 
rate of 6.1% in the EVT+/-IVT group of our study was slightly 
higher than in the anterior circulation LVO1 and approximately 
equal to reports in basilar artery occlusion;20,21,25,26 however, dif-

Table 2. Univariable logistic regression and doubly robust regression analyses of outcomes according to treatment (EVT+/-IVT vs. IVT alone)

EVT+/-IVT (n=400) IVT (n=324) P OR (95% CI)† aOR (95% CI)‡ Missing data

mRS at 3 months 2 (1–4) 2 (1–3) 0.27 0.86 (0.66–1.12)§ 1.07 (0.79–1.43)§ 41/28

mRS 0–1 at 3 months 114 (31.8) 84 (28.4) 0.39 1.17 (0.84–1.64) 1.39 (0.96–2.02)ǁ 41/28

mRS 0–2 at 3 months 181 (50.4) 165 (55.7) 0.18 0.81 (0.59–1.10) 1.07 (0.73–1.58) 41/28

ENI 236 (64.7) 164 (53.2) <0.01* 1.61 (1.18–2.19)* 1.49 (1.05–2.12)* 35/16

Mortality 58 (16.2) 30 (10.1) 0.03* 1.71 (1.07–2.74)* 1.77 (1.07–2.95)*ǁ 41/28

sICH 24 (6.1) 8 (2.5) 0.03* 2.55 (1.13–7.75)* 2.87 (1.23–6.72)*ǁ 4/0

Values are presented as median (interquartile range) or n (%) unless otherwise indicated. 
EVT, endovascular thrombectomy; IVT, intravenous thrombolysis; OR, odds ratio; CI, confidence interval; aOR, adjusted OR; mRS, modified Rankin Scale; ENI, 
early neurological improvement; sICH, symptomatic intracerebral hemorrhage.
*P<0.05; †Univariable generalized estimating equation analysis using multinomial distribution and cumulative logit link function (mRS shift) or binomial dis-
tribution and logit link function (other outcomes); ‡Doubly robust regression model (inverse probability weighted regression adjustment model) including 
treatment group (EVT+/-IVT vs. IVT alone), age, sex, hypertension, diabetes, atrial fibrillation, NIHSS score at baseline, posterior circulation Acute Stroke Prog-
nosis Early CT Score (pc-ASPECTS) at baseline, level of occlusion, and year of treatment; §Common OR; ǁThe model did not converge with the level of occlu-
sion, so it was excluded. 
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ferent sICH definitions across studies hinder direct comparisons. 
Smaller vessel diameter, thinner vessel wall, and more distal and 
tortuous access to medium- or distal-vessel occlusions might in-
crease the risk of complications, including perforation, dissection, 
and vasospasm.27,28 However, a study on distal PCAo (P2 and P3 
segments) observed an overall low frequency of procedural com-
plications after EVT and no difference in the frequency of sICH or 
mortality compared to BMM.10 Regardless, targeting increas-
ingly distal and small arteries challenges interventionalists and 
device manufacturers to realize the potential benefit of EVT.

Interestingly, when we examined the patients treated with EVT 
according to whether they received bridging IVT or not, the poor-
est outcome was discovered after direct EVT. This contrasts the 
previous analysis from the Swiss stroke registry, where the out-
comes did not differ depending on the bridging IVT,14 but is in line 
with the observational data on reperfusion treatment of basilar 
artery occlusion.29 Although our data do not reveal the reasons 
for withholding IVT, some of which may be associated with poorer 
outcomes, this observation underlines the benefits of IVT as the 
first-line treatment for eligible patients undergoing EVT with 
isolated PCAo–similar to the current guideline recommendations 
for EVT in anterior circulation LVO.30 Furthermore, there was no 
significant difference in the sICH rate between patients who re-
ceived bridging IVT and those who received EVT alone.

Our large multicenter cohort builds upon the previous obser-
vational data on reperfusion therapies in isolated PCAo, as there 
are yet no available RCTs on the topic. The cohort is composed 
of patients treated after 2015, so it represents the era of EVT as 
the routine stroke treatment with modern catheter technology. 
The baseline pc-ASPECTS of both treatment groups was high, 
reflecting little established ischemic changes within the poste-
rior circulation that could have affected the outcome despite 
successful recanalization. 

However, there were some limitations. As the study design was 
non-randomized, the treatment decisions were based on the 
treating physician’s discretion, which resulted in patients with 
more severe symptoms and proximal occlusions being treated 
with EVT more frequently. We used the robust IPWRA method 
to account for the baseline differences but acknowledge the risk 
of remaining confounding. Due to missing time metric data, we 
did not adjust the analyses for time in the overall cohort. How-
ever, there was no interaction of treatment strategy and onset-
to-treatment time within 4.5 hours. Our primary outcome mea-
sure, mRS, is not ideal to assess non-motor disability that often 
dominates after PCA stroke.31 Indeed, a previous study found bet-
ter cognitive outcome after EVT in PCAo, even though there was 
no difference in mRS.8 The assessment of radiological data was 
not centralized but performed in each participating center fol-

lowing instructions in the data collection sheet. Furthermore, 
visual field recovery was available only for a minority of patients 
and was assessed with variable methods, including contrast pe-
rimetry that may miss smaller defects.32 Finally, there were 19 
(2.6%) patients whose stroke etiology was recorded as small 
vessel disease, potentially reflecting concomitant stroke mech-
anisms in the same patient. However, we acknowledge this clas-
sification may be a limitation.

Conclusions

In our large, observational multicenter cohort, there was no dif-
ference in functional outcome at 3 months as measured by the 
distribution of mRS scores in patients treated with either EVT+/-
IVT or IVT alone for isolated PCAo. EVT increased the likelihood 
of ENI but at the cost of an increased risk of sICH and mortali-
ty. Ongoing RCTs on medium- and distal-vessel occlusion may 
shed light on the best treatment strategy for these patients in 
the future.33-35 
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Supplementary Table 1. Doubly robust regression analyses of outcomes 
according to treatment (EVT+/-IVT vs. IVT alone) in a sensitivity cohort ex-
cluding patients with missing data on onset-to-treatment time

EVT+/-IVT 
(n=346)

IVT 
(n=319)

Adj. OR 
(95% CI)*

Missing 
data

mRS at 3 months 2 (1–4) 2 (1–3) 1.28 (0.92–1.79)† 36/28

mRS 0–1 at 3 months 103 (33.2) 84 (28.9) 1.66 (1.10–2.50)‡ 36/28

mRS 0–2 at 3 months 161 (51.9) 164 (56.4) 1.21 (0.79–1.87) 36/28

ENI 205 (65.1) 163 (53.8) 1.67 (1.11–2.50) 31/16

Mortality 50 (16.1) 29 (10.0) 1.33 (0.75–2.35)‡ 36/28

sICH 22 (6.4) 8 (2.5) 2.50 (0.92–6.82)‡ 4/0

Values are presented as median (interquartile range) or n (%) unless other-
wise indicated. 
EVT, endovascular thrombectomy; IVT, intravenous thrombolysis; OR, odds 
ratio; CI, confidence interval; mRS, modified Rankin Scale; ENI, early neu-
rological improvement; sICH, symptomatic intracerebral hemorrhage; NI-
HSS, National Institutes of Health Stroke Scale.
*Doubly robust regression model (inverse probability weighted regression 
adjustment model) including treatment group (EVT+/-IVT vs. IVT only), age, 
sex, hypertension, diabetes, atrial fibrillation, NIHSS score at baseline, pos-
terior circulation Acute Stroke Prognosis Early CT Score (pc-ASPECTS) at 
baseline, level of occlusion, year of treatment, and onset-to-treatment time 
≤4.5 hours; †Common OR; ‡The model did not converge with occlusion, so 
it was excluded. 

Supplementary Table 2. Doubly robust regression analyses of outcomes 
according to treatment (EVT only vs. EVT+IVT)

EVT 
(n=236)

EVT+IVT 
(n=164)

Adj. OR 
(95% CI)*

Missing 
data

mRS at 90 days 3 (1–5) 2 (1–4) 0.65 (0.44–0.96)† 24/17

mRS 0–1 at 90 days 56 (26.4) 58 (39.5) 0.60 (0.37–0.98)‡ 24/17

mRS 0–2 at 90 days 92 (43.4) 89 (60.5) 0.55 (0.34–0.89) 24/17

ENI 125 (59.5) 111 (71.6) 0.69 (0.43–1.01) 26/9

Mortality 40 (18.9) 18 (12.2) 1.45 (0.75–2.79)‡ 24/17

sICH 13 (5.6) 11 (6.7) 0.85 (0.34–2.10)‡ 3/1

Values are presented as median (interquartile range) or n (%) unless other-
wise indicated. 
EVT, endovascular thrombectomy; IVT, intravenous thrombolysis; OR, odds 
ratio; CI, confidence interval; mRS, modified Rankin Scale; ENI, early neu-
rological improvement; sICH, symptomatic intracerebral hemorrhage; NI-
HSS, National Institutes of Health Stroke Scale.
*Doubly robust regression model (inverse probability weighted regression 
adjustment model) including treatment group (EVT only vs. EVT+IVT), age, 
sex, hypertension, diabetes, atrial fibrillation, NIHSS score at baseline, pos-
terior circulation Acute Stroke Prognosis Early CT Score (pc-ASPECTS) at 
baseline, level of occlusion, and year of treatment; †Common OR; ‡The 
model did not converge with level of occlusion, so it was excluded. 

Supplementary Figure 1. Distribution of the 3-month modified Rankin 
Scale (mRS) in patients with isolated posterior cerebral artery occlusion by 
endovascular therapy (EVT) alone versus EVT with intravenous thrombolysis 
(IVT) versus IVT alone.
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