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Abstract
Background and purpose: Endovascular therapy (EVT) is increasingly reported for treat-
ment of isolated posterior cerebral artery (PCA) occlusions although its clinical benefit 
remains uncertain. This study-level meta-analysis investigated the functional outcomes 
and safety of EVT and best medical management (BMM) compared to BMM alone for 
treatment of PCA occlusion stroke.
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INTRODUC TION

Posterior cerebral artery (PCA) infarcts account for approxi-
mately 5%–10% of all acute ischemic strokes [1–3]. Patients with 
PCA occlusion strokes may experience disabling symptoms in-
cluding visual field defects, cognitive dysfunction, and hemisen-
sory symptoms or hemiparesis in more proximal occlusions [3]. 
Although clinical symptoms of PCA infarcts may result in a low 
National Institute of Health Stroke Scale (NIHSS) score, they can 
severely impact a patient's functional independence and quality 
of life [1, 4, 5].

Endovascular therapy (EVT) represents a standard treatment 
for patients with acute ischemic strokes attributable to large ves-
sel occlusions in the anterior circulation [6, 7]. With advances in 
thrombectomy devices and techniques, the use of EVT is expanding 
to medium and distal vessel occlusions [8–11]. In addition, EVT is 
increasingly used to treat patients with isolated occlusions of the 
PCA. Several recent studies demonstrated the feasibility and safety 
of EVT in these patients [5, 12–21]. However, randomized clinical 
trials demonstrating the efficacy of EVT in the treatment of isolated 
PCA occlusions are lacking.

We performed a study-level systematic review and meta-
analysis of publications reporting on treatment of patients with 
strokes caused by isolated PCA occlusion to investigate the func-
tional outcomes and safety of EVT and best medical management 
(BMM) compared to BMM alone.

METHODS

Systematic review

We conducted a literature review according to the Preferred 
Reporting Items for Systematic Reviews (PRISMA; Figure  S1) [22]. 
PubMed, Web of Science and Embase databases were explored using 
the following keywords and their combinations: “posterior cerebral 
artery”, “thrombectomy”, “endovascular treatment” and “thromboly-
sis”, from inception until March 15, 2022. The literature search was 
conducted and publications were analyzed by two authors (A.B. and 
S.F.). Studies in the English language and series including more than 
five patients were considered. Studies reporting treatment of acute 
ischemic stroke due to isolated PCA occlusion with either EVT + BMM 
or BMM alone, with or without intravenous thrombolysis, (IVT) were 
included. Studies for which data specific to PCA occlusion could not 
be extracted were excluded. Possible redundant study populations 
within distinct publications were excluded. Where authors and/or 
participating centers were identified in multiple articles, only the 
most recently published was considered in our analysis.

The primary outcome of interest was (the odds of) a favor-
able functional outcome, defined as a modified Rankin Scale 
(mRS) score of 0–2 at 3 months. Secondary safety outcomes in-
cluded symptomatic intracranial hemorrhage (sICH) and mor-
tality at 3 months. sICH was defined according to the European 
Cooperative Acute Stroke Study (ECASS) II or III criteria in most of 

Methods: We conducted a literature search in PubMed, Web of Science and Embase for 
studies in patients with isolated PCA occlusion stroke treated with EVT + BMM or BMM 
including intravenous thrombolysis. There were no randomized trials and all studies were 
retrospective. The primary outcome was modified Rankin Scale score of 0–2 at 3 months, 
while safety outcomes included mortality rate and incidence of symptomatic intracranial 
hemorrhage (sICH).
Results: Twelve studies with a total of 679 patients were included in the meta-analysis: 
338 patients with EVT + BMM and 341 patients receiving BMM alone. Good functional 
outcome at 3 months was achieved in 58.0% (95% confidence interval [CI] 43.83–70.95) 
of patients receiving EVT + BMM and 48.1% (95% CI 40.35–55.92) of patients who re-
ceived BMM alone, with respective mortality rates of 12.6% (95% CI 7.30–20.93) and 
12.3% (95% CI 8.64–17.33). sICH occurred in 4.2% (95% CI 2.47–7.03) of patients treated 
with EVT + BMM and 3.2% (95% CI 1.75–5.92) of patients treated with BMM alone. 
Comparative analyses were performed on studies that included both treatments and 
these demonstrated no significant differences.
Conclusions: Our results demonstrate that EVT represents a safe treatment for patients 
with isolated PCA occlusion stroke. There were no differences in clinical or safety out-
comes between treatments, supporting randomization of future patients into distal ves-
sel occlusion trials.

K E Y W O R D S
distal vessel occlusion, endovascular therapy, intravenous thrombolysis, posterior cerebral artery 
occlusion, stroke
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the studies [5, 13, 15, 16, 19, 23–26]; the studies by Herweh et al. 
and Brouwer et al. used the Heidelberg bleeding classification for 
definition of sICH [12, 21, 27]. Information extracted from each 
study included sample size, age, sex, percentage of patients receiv-
ing IVT, NIHSS score at admission, time from onset of symptoms to 
acute treatment (IVT or puncture), rate of successful reperfusion, 
rate of sICH, clinical outcomes and mortality at 3 months. Studies 
were included in the quantitative synopsis if the study followed 
patients up for at least 3 months using the mRS and reported on 
adverse events including sICH and mortality. Patients were allo-
cated to groups based on the modality of treatment. Those treated 
with EVT + BMM with or without bridging IVT comprised the EVT 
group. Patients who received medical treatment with or without 
IVT comprised the BMM group.

The article by Baik et al. was excluded from the analysis of good 
clinical outcome because a different definition of favorable func-
tional outcome was used in the study (mRS of 0–1 instead of 0–2) 
[16]. We obtained supplemental data for the analysis of good clinical 
outcome by Strambo et al., who also used a different definition of 
favorable functional outcome in their publication [5]. The article by 
Baik et al. did not report on the mortality rate and was therefore 
excluded from the analysis of mortality at 3 months [16].

Quality assessment was performed independently by two au-
thors (A.B. and S.F.) using the Cochrane Risk of Bias tool [28]. Any 
disagreements were resolved by discussion or by recourse to a third-
party reviewer (T.N.N.; Table S1, Figures S2 and S3).

Statistical analysis

Summary effects were calculated using a random effect model 
using DerSimonian and Laird estimators with a logit transforma-
tion of raw proportions. Individual effect sizes and their sampling 
variances were calculated using the inverse variance method. 
Outcomes were presented as proportions with 95% confidence 
intervals (CIs). Heterogeneity of treatment effect across studies 
was assessed using the Cochran's Q-test (p-value threshold of 
0.05), and quantified with the I2 statistic, with I2 > 50% suggesting 
substantial heterogeneity. Publication bias was estimated visually 
by funnel plots. The analysis was performed using the metaphor 
package of R Statistical Software (version 3.6.2) and STATA 17 
Software.

The study was registered in the International Prospective Register 
of Ongoing Systematic Reviews (PROSPERO; CRD42022310594).

RESULTS

Systematic review

We reviewed 441 studies, of which 152 were duplicates. Another 
265 studies were excluded because they did not relate to the spe-
cific topic and two were excluded because the relevant data could 

not be extracted. Another five studies were excluded because of 
possible redundant study populations, and five studies reported 
fewer than five patient cases.

Twelve studies were included in the analysis [5, 12–16, 18, 19, 
21, 25, 26, 29]. The search strategy is shown in Figure S1. All pub-
lications had a retrospective design, no core laboratory and a small 
sample size. The quality assessment is described in Table S1.

Four of the 12 articles reported on both patients treated with 
EVT + BMM and patients receiving BMM, including IVT if adminis-
tered, in both groups [5, 12, 13, 19]. Five studies reported only on 
patients treated with EVT + BMM [14–16, 18, 21], and three articles 
described only patients with BMM including IVT for treatment of 
isolated PCA occlusion [25, 26, 29].

A total of 679 patients were included in the analysis. All patients 
had isolated occlusions of the PCA in the P1, P2 or P3 segment of 
the artery.

Endovascular therapy was performed in 338 patients, of whom 
147 received IVT. A total of 341 patients were treated with BMM 
including IVT in 183 patients.

Detailed patient characteristics are summarized for each article 
in Table 1 (patients treated with EVT + BMM) and Table 2 (patients 
treated with BMM).

The median NIHSS score ranged from a median of 7 to 14 
points in the group of patients treated with EVT + BMM and from 
5 to 9 points in the group of patients treated with BMM alone 
(Tables 1 and 2). Rates of complete reperfusion ranged from 58.8% 
to 100% in the EVT-treated group in respective studies, defined 
as a modified Thrombolysis in Cerebral Infarction (mTICI) scale 
or expanded Thrombolysis in Cerebral Infarction (eTICI) scale of 
2b to 3 (Table  1). In comparison, the rate of complete reperfu-
sion was between 43.6% and 66.6% in patients treated with BMM 
alone, although this was not angiographically proven in most of 
the cases in this patient group and was only described in a few 
studies (Table 2).

Primary endpoint: Favorable outcome

The analysis of favorable functional outcome at 3 months included 
340 patients treated with BMM from seven studies and 254 pa-
tients treated with EVT + BMM reported in eight studies (Figure 1a 
for BMM, Figure 1b for EVT + BMM). Favorable functional outcome 
at 3 months was achieved in 48.1% (95% CI 40.35–55.92) of patients 
with BMM and in 58.0% (95% CI 43.83–70.95) of patients with 
EVT + BMM. There was a significant heterogeneity of treatment ef-
fects between studies for the pooled analysis of patients treated 
with EVT + BMM (I2 = 74%, p < 0.01). The study by Baik et al. was ex-
cluded from the analysis of good clinical outcome because of its use 
of a different definition of favorable functional outcome. Excellent 
functional outcome, defined by an mRS score of 0–1, was achieved 
in 25 of 48 patients (52%) treated with EVT in this study [16].

For a comparison of good functional outcome between EVT + BMM 
and BMM alone, we evaluated four studies in which a total of 437 
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patients were treated (Figure  1c). No significant differences in fre-
quency of good clinical outcome were found between EVT + BMM or 
BMM alone (odds ratio [OR] 1.30 [95% CI 0.82–2.09]; p = 0.27). There 
was no significant heterogeneity among the studies (I2 = 0%).

Secondary outcomes regarding safety

For the analysis of mortality rate after 3  months, 293 patients 
treated with BMM from seven studies and 290 patients treated with 
EVT + BMM from eight studies were considered (Figure 2a for BMM, 
Figure 2b for EVT + BMM). The mortality rate was 12.3% (95% CI 8.64–
17.33) of 293 patients treated with BMM and 12.6% (95% CI 7.30–
20.93) of 290 patients treated with EVT + BMM, with no significant 
heterogeneity detected (I2 = 8% and I2 = 49%, respectively; Table 3).

Four studies reported a total of 435 patients with both treat-
ment modalities and these were included in a comparative analysis 
between EVT + BMM and BMM alone (Figure  2C). No significant 
difference in mortality rate at 3 months was found between the two 
treatment groups with an OR of 0.86 (95% CI 0.42–1.76; p = 0.68), 
with no significant heterogeneity detected (I2 = 12.4%).

The incidence of sICH was analyzed in seven studies with a total 
of 321 patients treated with BMM and in nine studies with 338 pa-
tients treated with EVT + BMM (Figure 3a for BMM, Figure 3b for 
EVT + BMM). sICH occurred in 3.2% (95% CI 1.75–5.92) of patients 
treated with BMM and in 4.2% (95% CI 2.47–7.03) of patients treated 
with EVT + BMM, with no significant heterogeneity detected 
(I2 = 0%).

Four studies reporting a total of 494 patients with both treat-
ment modalities were included for comparative analysis (Figure 3C). 
The rate of sICH was similar in the two treatment groups (OR 1.12 
[95% CI 0.40–3.16]; p = 0.83, I2 = 0%). No significant heterogeneity 
was detected among studies for mortality and sICH analyses. We 
also found no evidence suggestive of publication bias by visually ex-
amining the respective funnel plots (Figure S4).

DISCUSSION

This systematic review and meta-analysis showed that, overall, 
in patients presenting with isolated acute PCA occlusion stroke, a 
favorable functional outcome at 3  months was achieved in 48.1% 

F I G U R E  1  Favorable functional 
outcome at 3 months for pooled patient 
groups treated with either best medical 
management (a) or endovascular therapy 
and best medical management (b) and 
comparative analysis for publications 
reporting on both treatment modalities 
(c). A favorable functional outcome was 
defined as a modified Rankin Scale score 
of 0–2 at 3 months. Heterogeneity of 
treatment effect across studies was 
assessed with a p-value threshold of 0.05 
and with I2 > 50% suggesting substantial 
heterogeneity. BMM, best medical 
management; CI, confidence interval; EVT, 
endovascular therapy; IVT, intravenous 
thrombolysis [Colour figure can be viewed 
at wileyonlinelibrary.com]
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(95% CI 40.35–55.92) of patients treated with BMM and in 58.0% 
(95% CI 43.83–70.95) of patients treated with EVT + BMM. We 
did not identify any significant difference in the meta-analysis of 
studies comprising both EVT and BMM groups. There was no dif-
ference in sICH or mortality between the EVT and BMM groups in 
the isolated analyses for each treatment regimen or in the compara-
tive meta-analysis. These results are consistent with the respective 

conclusions reported in the studies included in this meta-analysis [5, 
12, 13, 17, 19].

One explanation for the lack of differences between EVT + BMM 
and BMM alone may be that we performed a study-level meta-
analysis and, therefore, the included patients were not balanced be-
tween treatment groups in terms of age, baseline symptom severity 
or location of occlusion in the PCA (proximal or distal segment of 

F I G U R E  2  Mortality rate at 3 months 
for pooled patient groups treated with 
either best medical management (a) or 
endovascular therapy and best medical 
management (b) and comparative analysis 
for publications reporting on both 
treatment modalities (c). Heterogeneity 
of treatment effect across studies was 
assessed with a p-value threshold of 0.05 
and with I2 > 50% suggesting substantial 
heterogeneity. BMM, best medical 
management; CI, confidence interval; EVT, 
endovascular therapy; IVT, intravenous 
thrombolysis [Colour figure can be viewed 
at wileyonlinelibrary.com]

TA B L E  3  Overview of included studies in respective analyses and outcomes of interest

Outcomes Patient groups
Number of patients 
(studies)

Percentage or relative 
effect (95% CI) Heterogeneity

mRS score 0–2 BMM 340 (7) 48.1% (40.35–55.92) I2 = 36%, p = 0.15

mRS score 0–2 EVT + BMM 254 (8) 58.0% (43.83–70.95) I2 = 74%, p < 0.01

mRS score 0–2 BMM vs. EVT + BMM 437 (4) OR 1.30 (0.82–2.09) I2 = 0%, p = 0.27

Mortality BMM 293 (7) 12.3% (8.64–17.33) I2 = 8%, p = 0.37

Mortality EVT + BMM 290 (8) 12.6% (7.30–20.93) I2 = 49%, p = 0.06

Mortality BMM vs. EVT + BMM 435 (4) OR 0.86 (0.42–1.76) I2 = 12%, p = 0.7

sICH BMM 321 (7) 3.2% (1.75–5.92) I2 = 0%, p = 0.98

sICH EVT + BMM 338 (9) 4.2% (2.47–7.03) I2 = 0%, p = 0.99

sICH BMM vs. EVT + BMM 494 (4) OR 1.12 (0.40–3.16) I2 = 0%, p = 0.83

Abbreviations: BMM, best medical management; EVT, endovascular therapy; mRS, modified Rankin Scale; OR, odds ratio; sICH, symptomatic 
intracranial hemorrhage.
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the artery). Also, there was a heterogeneity of treatment effects 
between studies for the pooled analysis of favorable functional out-
comes of patients treated with EVT + BMM.

The median NIHSS score was higher in the EVT group, ranging from 
a median NIHSS score of 7–14 points compared with a median NIHSS 
score of 5–9 points in the BMM group. As no clear recommendation 
for the treatment of patients with PCA occlusions exists, the higher 
NIHSS score in the EVT group might indicate that patients with a high 
NIHSS score were considered in particular for EVT. Although the EVT 
group comprised patients with more severe symptoms, 58% of these 
patients had a favorable functional outcome and 12% of patients died 
at 3 months. Of note, Meyer et al. found a significant treatment effect 
of EVT in the subgroup of patients with an NIHSS score of 10 points or 
higher at admission and in patients not eligible for IVT [13]. Therefore, 
the results may indicate that EVT is a reasonable treatment option for 
at least some patients with isolated PCA occlusion.

It is also possible that mRS score is less effective in discriminating 
differential treatment effects at 3 months in this patient population 
presenting with milder deficit compared with most patients with an-
terior circulation large vessel occlusion, or with deficits such as vi-
sual field loss or cognitive impairment that may be disabling without 
a major impact on the mRS. Consequently, other primary endpoints, 
such as change in NIHSS score or adjusted NIHSS score at 24 h or 

hospital discharge could be considered as alternative outcome mea-
sures in future studies [30].

Complete reperfusion was achieved more frequently in patients 
treated with EVT + BMM, with rates of complete reperfusion rang-
ing from 58.8% to 100% in the respective studies compared with 
recanalization rates of 43.6%–66.6% observed in patients treated 
with BMM alone, although this was not angiographically proven for 
the latter group in most of the cases. Meyer et al. and Herweh et al. 
reported that successful recanalization more often resulted in early 
neurological improvement, although this was not reflected in im-
provement of mRS score at 3 months [12, 13].

Regarding the safety of mechanical thrombectomy for isolated 
PCA occlusions, we found no difference in the incidence of sICH 
or mortality between patients treated with EVT + BMM and those 
treated with BMM alone. The rate of sICH was low in both groups: 
4.2% (95% CI 2.47–7.03) in patients treated with EVT + BMM and 
3.2% (95% CI 1.75–5.92) in patients treated with BMM alone (OR 
1.12, 95% CI 0.40–3.16 in the comparative meta-analysis), and the 
mortality rate was similarly low: 12.6% in the EVT-treated group 
and 12.3% in the BMM-treated group. These results highlight 
that mechanical thrombectomy is a safe treatment option in pa-
tients with isolated PCA occlusion stroke. The similar clinical and 
safety outcomes between BMM alone and EVT + BMM support 

F I G U R E  3  Symptomatic intracranial 
hemorrhage for pooled patient groups 
treated with either best medical 
management (a) or endovascular therapy 
and best medical management (b) and 
comparative analysis for publications 
reporting on both treatment modalities 
(c). Heterogeneity of treatment effect 
across studies was assessed with p-value 
threshold of 0.05 and with I2 > 50% 
suggesting substantial heterogeneity. 
BMM, best medical management; C.I., 
confidence interval; EVT, endovascular 
therapy; IVT, intravenous thrombolysis 
[Colour figure can be viewed at 
wileyonlinelibrary.com]
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the randomization of patients with isolated PCA occlusion into 
ongoing trials on distal vessel occlusion stroke (NCT05029414, 
NCT05151172, NCT 05030142) [31].

This meta-analysis has several limitations. All included studies 
were retrospective and non-randomized. Since there is no recom-
mendation for a standard treatment in patients with isolated PCA 
occlusion, selection bias for the particular treatment cannot be ex-
cluded, nor can publication bias, although we assessed the hetero-
geneity of treatment effects across studies. The latter is particularly 
relevant because we also included studies reporting on patients 
treated only with EVT + BMM or only with BMM including IVT. 
Furthermore, patients in the respective treatment groups were not 
balanced for baseline characteristics or location of isolated PCA oc-
clusion (posterior communicating segment, P1 to P3 segment) in our 
study-level analysis.

In conclusion, to our knowledge, this is the largest study to date 
to systematically review patients with isolated PCA occlusion stroke 
treated with EVT and medical management compared to medical 
management alone, and may serve as a basis on which to guide clin-
ical practice in this patient population. Our data confirmed that EVT 
is a safe and feasible treatment option for these patients. We could 
not demonstrate a significant difference in the frequency of favor-
able functional outcomes at 3  months between EVT + BMM and 
BMM alone. Further analysis of individual patient-level data con-
trolling for baseline characteristics would provide more detailed in-
formation on treatment effects in subgroups of patients and permit 
stratified guidance on the treatment of patients with isolated PCA 
occlusion stroke until randomized clinical trial data become available 
to more definitively answer the question about the efficacy of EVT 
in this patient population.
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