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IMPORTANCE Clinical evidence of the potential treatment benefit of mechanical
thrombectomy for posterior circulation distal, medium vessel occlusion (DMVO) is sparse.

OBJECTIVE To investigate the frequency as well as the clinical and safety outcomes of
mechanical thrombectomy for isolated posterior circulation DMVO stroke and to compare
them with the outcomes of standard medical treatment with or without intravenous
thrombolysis (IVT) in daily clinical practice.

DESIGN, SETTING, AND PARTICIPANTS This multicenter case-control study analyzed patients
who were treated for primary distal occlusion of the posterior cerebral artery (PCA) of the P2
or P3 segment. These patients received mechanical thrombectomy or standard medical
treatment (with or without IVT) at 1 of 23 comprehensive stroke centers in Europe, the
United States, and Asia between January 1, 2010, and June 30, 2020. All patients who met
the inclusion criteria were matched using 1:1 propensity score matching.

INTERVENTIONS Mechanical thrombectomy or standard medical treatment with or without IVT.

MAIN OUTCOMES AND MEASURES Clinical end point was the improvement of National
Institutes of Health Stroke Scale (NIHSS) scores at discharge from baseline. Safety end point
was the occurrence of symptomatic intracranial hemorrhage and hemorrhagic complications
were classified based on the Second European-Australasian Acute Stroke Study (ECASSII).
Functional outcome was evaluated with the modified Rankin Scale (mRS) score at 90-day
follow-up.

RESULTS Of 243 patients from all participating centers who met the inclusion criteria, 184
patients were matched. Among these patients, the median (interquartile range [IQR]) age
was 74 (62-81) years and 95 (51.6%) were female individuals. Posterior circulation DMVOs
were located in the P2 segment of the PCA in 149 patients (81.0%) and in the P3 segment in
35 patients (19.0%). At discharge, the mean NIHSS score decrease was −2.4 points (95% CI,
−3.2 to −1.6) in the standard medical treatment cohort and −3.9 points (95% CI, −5.4 to −2.5)
in the mechanical thrombectomy cohort, with a mean difference of −1.5 points (95% CI, 3.2 to
−0.8; P = .06). Significant treatment effects of mechanical thrombectomy were observed in
the subgroup of patients who had higher NIHSS scores on admission of 10 points or higher
(mean difference, −5.6; 95% CI, −10.9 to −0.2; P = .04) and in the subgroup of patients
without IVT (mean difference, −3.0; 95% CI, −5.0 to −0.9; P = .005). Symptomatic
intracranial hemorrhage occurred in 4 of 92 patients (4.3%) in each treatment cohort.

CONCLUSIONS AND RELEVANCE This study suggested that, although rarely performed at
comprehensive stroke centers, mechanical thrombectomy for posterior circulation DMVO is a
safe, and technically feasible treatment option for occlusions of the P2 or P3 segment of the
PCA compared with standard medical treatment with or without IVT.
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G iven the latest advances in catheter technology and
the development of smaller thrombectomy devices
together with increasing neuroendovascular exper-

tise, distal, medium vessel occlusion (DMVO) has been
declared as a potential frontier in endovascular treatment
(EVT) of acute ischemic stroke.1,2 Although results from sev-
eral past pivotal thrombectomy trials support the benefit of
mechanical thrombectomy for DMVO within the anterior
circulation,3 clinical evidence of EVT for posterior circulation
DMVO is still sparse,4 even though isolated occlusions of the
posterior cerebral artery (PCA) account for approximately 5%
to 10% of all ischemic strokes.5

Because of the variability of vascular anatomy, isolated
posterior circulation DMVO may be associated with wide-
ranging neuropsychological symptoms6 that lead to delayed
hospital admission and subsequent ineligibility for thrombo-
lytic therapy options, especially in patients presenting with
minor deficits.7 However, because of the vascular supply of
eloquent brain areas (eg, the primary visual cortex and the
thalami), stroke caused by posterior circulation DMVO can lead
to acute, severe, and permanent disability with substantial
impact on quality of life.6,8,9

In the absence of clear, guideline-based treatment recom-
mendations for posterior circulation DMVO stroke,10-12 a multi-
institutional, international consensus statement was recently
published that highlights the clinical relevance and urgent need
for evidence of the potential benefit of mechanical thrombec-
tomy in this subgroup of patients.13

This international, retrospective multicenter case-control
study aimed to investigate the frequency as well as clinical and
safety outcomes of mechanical thrombectomy for isolated pos-
terior circulation DMVO stroke of the PCA P2 and P3 segments
and to compare them with the outcomes of standard medical
treatment with or without intravenous thrombolysis (IVT) in
daily clinical practice.

Methods
The study was approved by the ethics committee of Ham-
burg, Germany (Chamber of Physicians, Hamburg), in accor-
dance with the Declaration of Helsinki.14 The requirement for
patient informed consent was waived by the ethics commit-
tee because of the retrospective nature of the study design.
Each of the 23 participating centers obtained ethical approval
according to their local protocol for sharing retrospective and
fully anonymized data.

Study Cohort
This retrospective, multicenter, case-control study included
patients who were treated between January 1, 2010, and June
30, 2020, at 1 of the 23 comprehensive stroke centers in Eu-
rope, United States, and Asia (University Medical Center Ham-
burg-Eppendorf, Hamburg, Germany; University Hospital
Muenster, Muenster, Germany; Alfried-Krupp Hospital Es-
sen, Essen, Germany; University Hospital Basel, Basel, Swit-
zerland; Klinikum Rechts der Isar, School of Medicine, Tech-
nical University Munich, Munich, Germany; University

Hospitals, Ludwig-Maximilians-Universität München,
Munich, Germany; University of Cologne, Cologne, Ger-
many; University Hospital Goettingen, Goettingen, Ger-
many; Universitätsklinikum Knappschaftskrankenhaus
Bochum, Universitätsklinik der Ruhr-Universität Bochum, Bo-
chum, Germany; Heidelberg University Hospital, Heidelberg,
Germany; University Hospital Rostock, Rostock, Germany; Jo-
hanna-Étienne-Hospital, Neuss, Germany; Charité Univer-
sitätsmedizin Berlin, Berlin, Germany; Klinikum Osnabrück,
Osnabrück, Germany; National University Health System, Sin-
gapore; Centre Hospitalier Régional Universitaire de Nancy,
Nancy, France; Hospital Clínico Universitario de Valladolid, Val-
ladolid, Spain; New York Langone Medical Center, New York;
Karolinska Institutet, Stockholm, Sweden; Hospital Bremen-
Mitte, Bremen, Germany; Westpfalz-Klinikum, Kaiserslaut-
ern, Germany; Hospital Universitario La Paz, Madrid, Spain;
and Inselspital, Bern University Hospital, Bern, Switzerland).
All participating centers were invited to review their prospec-
tively collected stroke databases and provide data on all con-
secutively treated patients who received mechanical throm-
bectomy or standard medical treatment with or without IVT
for primary distal occlusions of the PCA for inclusion in the
TOPMOST (treatment for primary distal, medium vessel oc-
clusion stroke) registry.

The main inclusion criteria were as follows: (1) diagnosis
of an acute ischemic stroke attributed to an isolated occlusion
within distal medium-sized vessel segments of the PCA; (2)
stroke involving the P2 segment (from the PCA branch point
of the posterior communicating artery, curving around the
midbrain within the ambient cistern, to the beginning of the
quadrigeminal cistern) and P3 segment (from the entrance
point of the quadrigeminal cistern through its lateral aspect to
the anterior limit of the calcarine fissure)15-17; and (3) receipt
of either mechanical thrombectomy with approved devices
(ie, aspiration catheters or stent retrievers) or standard medi-
cal treatment with or without IVT, in accordance with guide-
line recommendations. eFigure 1 in the Supplement provides
a flowchart of the patient inclusion criteria.

Key Points
Question Is mechanical thrombectomy for ischemic stroke
attributed to primary distal occlusion of the posterior cerebral
artery of the P2 or P3 segment safe, technically feasible, and
associated with clinical benefits compared with standard medical
treatment alone?

Findings In this case-control study of 184 patients, endovascular
treatment appeared to be safe (symptomatic intracerebral
hemorrhage) and technically feasible (proportion of successful
recanalization) and showed early clinical treatment benefits on the
National Institutes of Health Stroke Scale, compared with standard
medical treatment alone.

Meaning Results of this study suggest that, among patients who
experienced stroke attributed to primary distal occlusion of the
posterior cerebral artery of the P2 or P3 segment, mechanical
thrombectomy is a reasonable, safe and technically feasible
therapy option.
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Of the 313 patients who were treated for posterior circu-
lation DMVO, 243 met the inclusion criteria. After 1:1 pro-
pensity score matching (PSM), 184 patients were compared
by treatment group.

Baseline data, including age, sex, initial National Insti-
tutes of Health Stroke Scale (NIHSS) score, and administra-
tion of IVT and detailed therapeutic parameters, were ob-
tained from patients’ clinical records and imaging at admission
and follow-up. The cause of stroke was ascertained using the
Trial of ORG 10172 in Acute Stroke Treatment (TOAST)
classification.18

Diagnostic Imaging and Procedural Analysis
Imaging workflows for detecting posterior circulation DMVO,
excluding intracerebral hemorrhage, depended on the local
centers’ acute stroke imaging protocol and included mag-
netic resonance imaging or computed tomography with com-
puted tomography angiography and perfusion. Endovascu-
lar reperfusion was assessed through angiography, with the
modified Thrombolysis in Cerebral Infarction (mTICI) scale–
graded analogue to the anterior circulation defining an mTICI
score of 2b as at least 50% reperfusion of the hypoperfused ter-
ritory distal to the target occlusion.19 The number of throm-
bectomy maneuvers were counted and their outcomes and
complications were analyzed. In addition, a first-pass effect
was defined as an mTICI score of 3 after the first endovascu-
lar reperfusion maneuver.20 Further procedural feasibility as-
sessment included the procedural time (groin puncture to fi-
nal reperfusion status); the rate of intervention-related serious
adverse events, such as iatrogenic dissections or perfora-
tions; and the distal embolization within and without the
treated vascular territory.

Clinical and Safety Outcomes
Early clinical benefits of treatment were evaluated by the mean
and median changes of NIHSS scores from baseline to dis-
charge. Adjusted for moderately severe stroke, early neuro-
logical improvement (ENI) was specified in a binary fashion
as an improvement in NIHSS scores of at least 4 points or reach-
ing 0 points.21 Functional outcome was assessed with the modi-
fied Rankin Scale (mRS) score at the 90-day follow-up, with
excellent functional outcome defined as an mRS score of 1 point
or lower and favorable functional outcome as an mRS score
of 2 points or lower. Mortality rates were assessed during
hospitalization and at the 90-day follow-up. The occurrence
of intracerebral hemorrhage was analyzed, and hemorrhagic
complications were classified as symptomatic in accordance
with the Second European-Australasian Acute Stroke (ECASS
II) Study.22

Statistical Analysis
Standard descriptive statistics were used for all study end
points. Univariable distribution of metric variables was de-
scribed with median and interquartile range (IQR) and cat-
egorical variables with absolute and relative frequencies. Boot-
strapping was used to calculate the CI of the relative frequency
of performed endovascular procedures for posterior circula-
tion DMVO.

To reduce the possibility of selection bias, we performed
PSM to adjust for covariates of baseline variables. The propen-
sity score was estimated using a logistic regression model ad-
justed for age, sex, and NIHSS score on admission (eMethods
in the Supplement). We performed 1:1 propensity score match-
ing without replacement based on the nearest-neighbor match-
ing algorithm with a caliper width of 0.2. Before and after PSM,
we used a graphical comparison to assess the distributional
similarity between propensity score distributions (eFigure 2
in the Supplement). A sensitivity analysis was performed and
each adjusted covariate was plotted against the estimated pro-
pensity score, stratified by treatment status (eFigure 3 in the
Supplement).

After PSM, we compared baseline characteristics and out-
come variables by using the χ2 tests for categorical variables
and the Mann-Whitney test (non-normally distributed data)
and unpaired, 2-tailed t test (normally distributed data) for
ordinal and continuous variables. Early clinical improvement
was analyzed by mean differences using the 2-sample t test
based on original data and stratified by baseline NIHSS score
(≥10, 9-6, or ≤5 points), age (<70 years or ≥70 years), sex
(male or female), and IVT (yes or no). Multivariable logistic
regression analysis was performed to identify the indepen-
dent factors in early neurological recovery. Odds ratio (OR)
with 95% CI and P value of likelihood ratio test were calcu-
lated for selected variables. No adjustment for multiple test-
ing was performed, and the analyses were regarded as
explorative. Local, unadjusted 2-sided P < .05 was consid-
ered to be statistically significant. Statistical analyses were
carried out with SPSS, version 26 (IBM Corporation), and R (R
Foundation for Statistical Computing).

Results
Baseline Characteristics
A total of 243 patients from all participating centers were in-
cluded in the study, of whom 143 (58.8%) received mechani-
cal thrombectomy and 100 (41.2%) received standard medi-
cal treatment with or without IVT. Table 1 provides a detailed
overview of patients’ baseline characteristics before and af-
ter PSM with adjustment for age, sex, and NIHSS scores on ad-
mission. After PSM (n = 184), the median (IQR) age of partici-
pants was 74 (62-81) years, and 89 male (48.4%) and 95 female
(51.6%) individuals were included. At hospital admission, the
median (IQR) NIHSS score was 5 (3-10) points.

The most common cardiovascular risk factors were arte-
rial hypertension (144 of 184 [78.3%]) and atrial fibrillation
(66 of 184 [35.9%]). Diabetes as a cardiovascular risk factor was
significantly higher in the standard medical treatment cohort
vs the mechanical thrombectomy cohort (30 of 92 [32.6%] vs
14 of 92 [15.2%]; P = .006). The most frequently observed cause
of stroke was cardioembolic (68 of 184 [37.4%]). Posterior cir-
culation DMVOs were located in the P2 segment of the PCA in
149 patients (81.0%) and in the P3 segment in 35 patients
(19.0%), including 8 patients (4.3%) with fetal variants and 7
patients (3.8%) with bilateral occlusions. Additional basilar
artery branch occlusions occurred in 4 cases involving the

Research Original Investigation Thrombectomy for Primary Distal Posterior Cerebral Artery Occlusion Stroke

436 JAMA Neurology April 2021 Volume 78, Number 4 (Reprinted) jamaneurology.com

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2021.0001?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.0001
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2021.0001?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.0001
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2021.0001?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.0001
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.0001


Table 1. Baseline and Procedural Patient Characteristics Compared by Treatment Arm Before and After Propensity Score Matching

Baseline
characteristic

Before PSM After PSM

No. (%)

P value

No. (%)

P value
All patients
(n = 243)

Mechanical
thrombectomy cohort
(n = 143)

Standard
medical
treatment
cohort
(n = 100)

All patients
(n = 184)

Mechanical
thrombectomy cohort
(n = 92)

Standard
medical
treatment
cohort (n = 92)

Patient characteristics

Age, median (IQR), y 75 (62-81) 75 (62-81) 75 (62-81) .92 74 (62-81) 74 (62-81) 74 (62-81) .95

Female sex 114 (46.9) 64 (44.8) 50 (50.0) .42 95 (51.6) 45 (48.9) 50 (54.3) .46

Cardiovascular risk factors

Atrial fibrillation 88 (36.2) 52 (36.4) 36 (36.0) .95 66 (35.9) 33 (35.9) 33 (35.9) .99

Arterial hypertension 189 (77.8) 107 (74.8) 82 (82.0) .18 144 (78.3) 70 (76.1) 74 (80.4) .47

Diabetes 59 (24.3) 26 (18.2) 33 (33.0) .008a 44 (23.9) 14 (15.2) 30 (32.6) .006a

Dyslipidemia 109 (44.9) 60 (42.0) 49 (49.0) .27 78 (42.4) 35 (38) 43 (46.7) .23

Prestroke mRS score,
median (IQR)

0 (0-1) 0 (0-1) 0 (0-2) .48 0 (0-3) 0 (0-2) 0 (0-3) .62

Missing data, No. 25 25 11 NA NA NA NA NA

Admission NIHSS
score, median (IQR)

6 (3-10) 7 (4-11) 5 (2-10) .02a 5 (3-10) 5.5 (3-10) 5 (2-10) .44

Occlusion site

P2 segmentb 199 (81.9) 120 (83.9) 79 (79.0) .32 149 (81.0) 75 (81.5) 74 (80.4) .85

P3 segmentc 44 (18.1) 23 (16.1) 21 (21.0) 35 (19.0) 17 (18.5) 18 (19.6) NA

Fetal variant 15 (6.2) 14 (9.8) 1 (1.0) 8 (4.3) 7 (7.6) 1 (1.1) NA

Bilateral 8 (3.3) 7 (4.9) 1 (1.0) 7 (3.8) 6 (6.5) 1 (1.1) NA

TOAST classification

Large-artery
atherosclerosis

36 (18.0) 15 (13.2) 21 (24.4) .06 32 (21.5) 11 (15.5) 21 (26.9) .98

Cardioembolic 95 (47.5) 57 (50.0) 38 (44.2) .41 68 (37.4) 33 (46.9) 35 (44.9) .84

Small-artery
occlusion

NA NA NA NA NA NA NA NA

Other determined
cause

13 (6.5) 7 (6.1) 6 (7.0) .81 11 (7.4) 11 (8.5) 5 (6.4) .07

Undetermined
cause

56 (28.0) 35 (30.7) 21 (24.0) .16 38 (25.5) 21 (29.6) 17 (21.8) .27

Missing data, No. NA 29 14 NA 35 21 14 NA

Time from symptom
onset to groin
puncture, median
(IQR), min

Groin puncture NA 197 (148-277) NA NA NA 197 (148-277) NA NA

Imaging NA NA 145 (102-216) NA NA NA 141 (104-216) NA

IVT NA NA 154 (120-218) NA NA NA 151 (120-201) NA

Missing data, No. NA 30 (onset to groin
puncture)

Imaging: 17;
IVT: 45

NA NA NA Imaging: 17;
IVT: 45

NA

Procedural characteristics

IVT 113 (46.5) 57 (39.9) 56 (56.0) .01a 45 (48.9) 37 (40.2) 53 (57.6) .01a

Anesthesia

Local anesthesia NA 18 (12.8) NA NA NA NA NA NA

Conscious sedation NA 62 (43.4) NA NA NA NA NA NA

General anesthesia NA 61 (43.3) NA NA NA NA NA NA

Missing data NA 2 NA NA NA NA NA NA

Interventional
duration, median
(IQR), min

NA 38.5 (23-62) NA NA NA NA NA NA

No. of recanalization
attempts, median
(IQR)

NA 1 (1-2) NA NA NA NA NA NA

(continued)
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superior cerebellar artery and the posterior inferior cerebel-
lar artery (eTable in the Supplement).

In comparison to the mechanical thrombectomy cohort, the
standard medical treatment cohort received significantly more
IVT before PSM (57 of 143 [39.9%] vs 56 of 100 [56.0%]; P = .01)
and after PSM (37 of 92 [40.2%] vs 53 of 92 [57.6%]; P = .01). In
the mechanical thrombectomy cohort, the median (IQR) time
from onset to groin puncture was 197 (148-277) minutes. In the
standard medical treatment cohort, the median (IQR) time from
onset to imaging was 141 (104-216) minutes and to IVT appli-
cation was 151 (120-201) minutes.

Endovascular Outcome and Complications
The frequency of patients who received mechanical throm-
bectomy for posterior circulation DMVO vs all stroke throm-
bectomies during the study period at the participating center
was 1.6% (143 of 9184; 95% CI, 1.33-1.83). Mechanical throm-
bectomy was performed under general anesthesia in 61 of 141
patients (43.3%). Intra-arterial thrombolysis was adminis-
tered with mechanical thrombectomy in 4 cases and without
mechanical thrombectomy as a primary treatment strategy in
2 cases. The first-pass thrombectomy technique was a stent
retriever with or without additional aspiration in 103 of 143 pa-
tients (72.0%) and with distal direct aspiration in 38 of 143 pa-
tients (26.6%). The median (IQR) time from groin puncture to
the final recanalization result was 38.5 (23-62) minutes.

In 65 of 143 patients (45.5%), a successful first-pass effect
led to complete reperfusion (mTICI 3). Additional endovascu-
lar reperfusion attempts increased the overall rate of an mTICI
3 score to 76.2% (109 of 143) with a median (IQR) number of 1
(1-2) mechanical thrombectomy maneuver. The angiographic
outcomes of an mTICI 2b score were reported in 16 of 143 pa-
tients (11.2%) and of an mTICI 2a or lower score in 18 of 143 pa-

tients (12.6%). In cases with bilateral occlusions, complete
reperfusion was achieved in all patients. One case (1 of 143
[0.7%]) of iatrogenic dissection within the P2 segment became
hemodynamically relevant and was treated with emergency
stenting the day after the intervention (Figure 1). Additional iat-
rogenic dissections (3 cases) were located in proximal arteries
of the posterior circulation (eTable in the Supplement). Two
cases (1.4%) of iatrogenic perforation occurred (1 in P2 seg-
ment and 1 in P3 segment).

In 5 of 143 patients (3.5%), a distal embolization to a new
vessel territory occurred, of which 2 occlusions of the supe-
rior cerebellar artery and 1 occlusion of the posterior inferior
cerebellar artery were successfully recanalized with mechani-
cal thrombectomy. Periprocedural downstream emboli
occurred in 3 cases (2.1%). Figure 1 provides an overview of
the complications and angiographic outcomes grouped by
occlusion site.

Clinical and Functional End Points
After PSM (Table 2), the median (IQR) baseline NIHSS score had
decreased at discharge to −2 (−5 to −1) points in the mechani-
cal thrombectomy cohort and −1.5 (−4.2 to 0) points in the stan-
dard medical treatment cohort (P = .06). The binary ENI was
observed in 36 of 85 patients (42.4%) in the mechanical throm-
bectomy cohort and 32 of 86 (37.2%) in the standard medical
treatment cohort (P = .49) (Table 2).

Figure 2 shows the mean differences in NIHSS score de-
crease from admission to discharge within and across each
cohort, stratified by sex (female or male), age (<70 or ≥70 years),
occlusion site (P2 or P3), stroke severity (NIHSS score ≥10, 9-6,
or ≤5 points), and application of IVT (yes or no). At discharge,
the mean NIHSS score decrease was −2.4 points (95% CI, −3.2
to −1.6) in the standard medical treatment cohort and −3.9

Table 1. Baseline and Procedural Patient Characteristics Compared by Treatment Arm Before and After Propensity Score Matching (continued)

Baseline
characteristic

Before PSM After PSM

No. (%)

P value

No. (%)

P value
All patients
(n = 243)

Mechanical
thrombectomy cohort
(n = 143)

Standard
medical
treatment
cohort
(n = 100)

All patients
(n = 184)

Mechanical
thrombectomy cohort
(n = 92)

Standard
medical
treatment
cohort (n = 92)

Recanalization
degree

mTICI score ≤2a NA 18 (12.6) NA NA NA NA NA NA

mTICI score ≥2b/3 NA 125 (87.4) NA NA NA NA NA NA

First-pass
thrombectomy
method

NA

Stent retriever
(+/− aspiration)

NA 103 (72.0) NA NA NA NA NA NA

Primary aspiration NA 38 (26.6) NA NA NA NA NA NA

Intra-arterial
recombinant tPA
administration

NA 2 (1.4) NA NA NA NA NA NA

Abbreviations: IQR, interquartile range; IVT, intravenous thrombolysis;
mRS, modified Rankin Scale; mTICI, modified Thrombolysis in Cerebral
Infarction; NA, not applicable; NIHSS, National Institutes of Health Stroke Scale;
PSM, propensity score matching; tPA, tissue plasminogen activator;
TOAST, Trial of ORG 10172 in Acute Stroke Treatment.
a Indicating statistical significance.

b P2 segment begins from the posterior cerebral artery branch point of the
posterior communicating artery, curving around the midbrain within the
ambient cistern, to the beginning of the quadrigeminal cistern.

c P3 segment begins from the entrance point of the quadrigeminal cistern,
through its lateral aspect, to the anterior limit of the calcarine fissure.

Research Original Investigation Thrombectomy for Primary Distal Posterior Cerebral Artery Occlusion Stroke

438 JAMA Neurology April 2021 Volume 78, Number 4 (Reprinted) jamaneurology.com

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2021.0001?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.0001
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2021.0001?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.0001
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.0001


points (95% CI, −5.4 to −2.5) in the mechanical thrombectomy
cohort, with a mean difference of −1.5 points (95% CI, 3.2 to −0.8;
P = .06). The mean difference in NIHSS score decrease was sig-
nificantly higher in the mechanical thrombectomy cohort vs
standard medical treatment cohort for the subgroup of pa-
tients with NIHSS score of 10 points or higher on admission
(mean difference, −5.6; 95% CI, −10.9 to −0.2; P = .04) and for
patients who were not eligible for IVT (mean difference, −3.0;
95% CI, −5.0 to 0.9; P = .005).

In other cohort subgroup analysis, the median (IQR) NIHSS
score did not decrease significantly from admission to dis-
charge in patients with an mTICI of 2a or lower reperfusion in
the mechanical thrombectomy cohort (from 9 [5-13] to 5 [2-
11] points; P = .13) (eFigure 4 in the Supplement) and in pa-
tients who were not eligible for IVT in the standard medical
treatment cohort (from 2 [1-4] to 2 [0-4] points; P = .39) (eFig-
ure 5 in the Supplement).

In multivariable logistic regression analysis for ENI within
the mechanical thrombectomy cohort, higher NIHSS scores on
admission (adjusted OR [aOR], 1.19; 95% CI, 1.08-1.31; P < .001)
and a successful first-pass effect (aOR, 2.32; 95% CI, 1.03-
5.20; P = .04) were independent factors in reaching ENI (eFig-
ure 6 in the Supplement). In multivariable logistic regression
analysis for ENI within the standard medical treatment co-
hort, P3 occlusions were independently significant (aOR, 4.25;

95% CI, 1.27-14.22; P = .02), and IVT showed an association
with reaching ENI (aOR, 2.69; 95% CI, 0.98-7.37; P = .054) (eFig-
ure 7 in the Supplement).

At 90-day follow-up, excellent functional outcomes (mRS
≤1) were observed in 51 of 77 patients (66.2%) in the mechani-
cal thrombectomy cohort and 31 of 57 patients (54.4%) in the
standard medical treatment cohort. Overall, mRS score distri-
butions did not differ significantly between the 2 cohorts at
90-day follow-up (median [IQR] mRS score, 1 [0-2] points vs
0 [1-2.5] points; P = .26) (Figure 3).

Safety End Points
Postinterventional complications included 4 of 92 patients
(4.3%) with symptomatic intracerebral hemorrhage in each of
the cohorts. After PSM, the overall mortality in both cohorts
was 4.9% (9 of 183) for in-hospital rates and 13.4% (18 of 134)
at 90-day follow-up, including 3 patients in the mechanical
thrombectomy cohort who died from a non–stroke-related
causes (eTable in the Supplement). Mortality rates did not
differ significantly between the treatment groups (Table 2).
The highest relative mortality rates were observed in patients
who had an NIHSS score of 10 or higher on admission, had an
mTICI score of 2a or lower, and received standard medical
treatment with ineligibility for IVT (eFigures 2 and 3 in the
Supplement).

Figure 1. Endovascular Complications and Angiographic Outcomes Stratified by Vessel Segment
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Discussion

This retrospective, multicenter case-control study investi-
gated the frequency as well as clinical and safety outcomes of
mechanical thrombectomy compared with those of standard
medical treatment for isolated posterior circulation DMVO. The
study has several findings: (1) mechanical thrombectomy for
posterior circulation DMVO within the P2 and P3 segments was
rarely performed in daily clinical practice; (2) the endovascu-
lar procedure seemed to be safe and showed no increased risks
for intracerebral hemorrhage in comparison to standard medi-
cal treatment; (3) a pattern of substantial early clinical recov-
ery after thrombectomy was observed across most sub-
groups, including patients with mild deficits (NIHSS score of
0-5 points) and especially patients with higher NIHSS scores
(≥10 points) on admission vs those who were not eligible for
IVT within the standard medical treatment cohort; and (4) if
eligible for IVT, patients in the standard medical treatment co-
hort also had a substantial improvement in NIHSS scores.

Patients who experienced acute ischemic stroke associ-
ated with distal occlusions in medium-sized vessel segments
appear to be (until randomized results become available) one
of the last subgroups of patients who may benefit from EVT.1

Despite case reports23 and a small case series (n = <20),4,24-26

a large systematic analysis of consecutively treated patients
with posterior circulation DMVO has not been published yet.
Accordingly, we observed a comparatively low prevalence
(1.6%) of mechanical thrombectomy for posterior circulation
DMVO as measured by the total number of thrombectomy cases
from all participating comprehensive stroke centers during the
inclusion period of this study. This finding has a likely 4-fold
explanation: (1) the absence of clear guideline recommenda-
tions for patients with DMVO and (2) patients with relatively
mild stroke deficits (NIHSS score of ≤5 points) commonly seen

in posterior circulation DMVO, as well as (3) the overall low in-
cidence of patients presenting at neuroendovascular centers
with isolated posterior circulation DMVO that is partially as-
sociated with (4) a variety of symptoms, which often lead to
delayed hospital admissions outside of currently applied time
windows for therapeutic reperfusion options.

Currently in daily clinical practice, substantial restraint
remains in providing EVT to patients with mild deficits, par-
ticularly patients who are eligible for IVT.27 However, typical
symptoms of infarcts in the territory of the PCA, such as
hemianopia, may be associated with substantial restrictions
in quality of life.9 The NIHSS score is weighted toward ante-
rior circulation deficits and does not represent the entire spec-
trum of posterior circulation stroke symptoms that substan-
tially lower NIHSS cutoff values for estimating long-term
outcomes compared with the anterior circulation.28 On the
basis of this systematic exclusion of patients for whom acute
reperfusion therapies could be beneficial,29 a considerable
number of patients are discharged with poor outcomes
despite low NIHSS scores.30

The data from this study suggested the potential clinical
benefit of mechanical thrombectomy compared with stan-
dard medical treatment (mean NIHSS score difference, −1.5;
95% CI, −3.2 to 0.8; P = .06). This possibility was especially vis-
ible in patients in the standard medical treatment cohort who
were not eligible for IVT (mean NIHSS score difference, −3.0;
95% CI, −5.0 to 0.9; P = .005) and was an important finding
given that patients who experienced posterior circulation
DMVO often present at the hospital later than 4.5 hours after
onset.5 However, patients from the standard medical treat-
ment cohort who were eligible for IVT, as the current stan-
dard of care for DMVOs, did gain a substantial benefit from the
treatment. Nevertheless, even in patients with initial NIHSS
scores of 5 points or lower, we did not observe a potential harm-
ful treatment effect associated with mechanical thrombec-

Table 2. Main Outcome and Safety Parameter Compared by Treatment Group Before and After Propensity Score Matching

Outcome

Before PSM After PSM

No. (%)

P value

No. (%)

P value

Mechanical
thrombectomy
cohort (n = 143)

Standard medical
treatment cohort
(n = 100)

Mechanical
thrombectomy
cohort (n = 92)

Standard medical
treatment cohort
(n = 92)

NIHSS score change

Mean (SD) −4.0 (6.4) −2.4 (3.9) .02a −3.9 (6.7) −2.4 (3.6) .06

Median (IQR) −3 (−6 to −1) −1 (−4 to 0) .005a −2 (−5 to −1) −1.5 (−4.2 to 0) .06

Binary ENI 73 (56.6) 41 (43.6) .056 36 (42.4) 32 (37.2) .49

mRS score at 90-d follow-up

0-1 72 (66.1) 29 (50.9) .057 51 (66.2) 31 (54.4) .16

0-2 86 (78.9) 41 (71.9) .31 59 (76.6) 43 (75.4) .87

Safety outcomes

sICH 5 (3.5) 4 (4) .83 4 (4.3) 4 (4.3) >.99

Mortality

In-hospital 7 (5.6) 5 (9.1) >.99 4 (4.4) 5 (5.4) >.99

At 90-d follow-up 12 (11) 9 (17.5) .23 9 (11.8) 9 (15.8) .40

Abbreviations: ENI, early neurological improvement; IQR, interquartile range;
IVT, intravenous thrombolysis; mRS, modified Rankin Scale; NIHSS, National
Institutes of Health Stroke Scale; PSM, propensity score matching;

sICH, symptomatic intracerebral hemorrhage.
a Indicating statistical significance.
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tomy, and accordingly only 6 of 58 patients experienced an
NIHSS score relevant to worsening of symptoms in this sub-
group (eTable in the Supplement).

These findings suggest that mechanical thrombectomy
for posterior circulation DMVO should not be withheld from
this subgroup solely on the basis of NIHSS score on admis-
sion. Contrary to the generally expected clinical presentation
of patients with posterior circulation DMVO, in 71 cases (43 in
the EVT cohort, and 23 in the standard medical treatment
cohort) the NIHSS score on admission was higher than 9
points. This finding seemed to be partially associated with the
angioarchitectural variability of perforators supplying the tha-
lamic nuclei from the P2 and P3 segments, underlining the
potential clinical severity of isolated posterior circulation
DMVO stroke. Although considered as an exclusion criterion,
an initial large vessel occlusion (LVO) with preimaging clot
migration ultimately cannot be excluded in these cases. How-
ever, in this LVO-alike subgroup, we observed a significant
treatment effect of mechanical thrombectomy over standard
medical treatment.

Corroborating the results of previous studies, a success-
ful first-pass effect associated with complete reperfusion was
an independent factor (aOR, 2.32; 95% CI, 1.03-5.20; P = .04)
for ENI in the mechanical thrombectomy cohort. This finding
emphasizes once more that technical success is associated with
high treatment effects (compared with achieving complete
reperfusion after multiple attempts) and that first-pass effect
remains one of the most valuable therapy goals in endovas-
cular stroke treatment, regardless of the occlusion site.20,31

In this study, rates of excellent functional outcome did not
differ significantly in both treatment groups at 90-day fol-

low-up but exceeded the results of previous randomized clini-
cal trials (RCTs).32 This finding is explained by the mild stroke
symptoms of posterior circulation DMVO compared with proxi-
mal LVO stroke. In addition, the mRS as a global functional out-
come scale, with a focus on motor deficits, does not appropri-
ately reflect neurological recovery after a posterior circulation
stroke. Currently, defining a valid mRS-based study end point
for DMVO seems complicated without the results of RCTs that
are stratified by vessel segment.13 Despite having clear enroll-
ment criteria, future DMVO RCTs will need to have detailed cir-
culation adjustments in stroke assessment and outcome scales,

Figure 3. Modified Rankin Scale (mRS) Scores at 90 Days
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Figure 2. Early Clinical Outcome at Discharge
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especially for posterior circulation DMVO, to better capture and
compare the treatment effects in subgroups who are at risk for
a neutral trial result.33 Emphasizing the safety of the endo-
vascular procedure, no differences were found between the in-
hospital (4.9%) and 90-day follow-up (11.0%) mortality rates
in this study and the mortality rates in the registry data of the
Athens Stroke Outcome Project, which reported on isolated
PCA stroke treated with standard medical treatment only (10%
mortality).5 We observed in both treatment cohorts the high-
est mortality rates in patients with higher NIHSS scores on ad-
mission and partial reperfusion after mechanical thrombec-
tomy, which supports previous findings (eFigures 2 and 3 in
the Supplement).34,35

The fragility of distal smaller-sized vessels has always been
a major concern in endovascular stroke treatment because of
its increased risk for complications that lead to intracerebral
hemorrhage and are associated with poor outcomes, espe-
cially in patients who are eligible for IVT.36 The present mul-
ticenter analysis did not substantiate this concern. Con-
versely, we observed similar rates of symptomatic bleeding
events in both treatment cohorts (4.3%) that did not exceed
the results of previous thrombectomy RCTs and large regis-
try data on anterior LVO strokes.3,32,37 Furthermore, under-
lining the safety of EVT, the frequencies of iatrogenic compli-
cations (ie, dissections), and perforations or periprocedural
thrombi fragmentation leading to new distal emboli inside and
outside of the treated territory were comparable to those in pre-
vious studies on LVO stroke.38-41 The final numbers of emboli
to new territory even decreased from 5 to 2 after successful en-
dovascular reperfusion of 3 basilar artery branch occlusions
(eTable in the Supplement), which may be considered as an
endovascular target, as recently reported.42 An RCT that com-
pares mechanical thrombectomy with standard medical treat-

ment is warranted to evaluate thrombectomy for posterior cir-
culation DMVO and to resolve clinical equipoise in acute
therapeutic decision-making.

Limitations
This study has limitations that are associated with its retrospec-
tive nonrandomized design and missing data. Furthermore, the
exact extent and location of infarcted tissue on initial imaging
as well as clinical information that is specific to symptoms of dis-
tal occlusions of the posterior circulation were not available for
specified outcome assessment either at discharge or at long-
term follow-up. Future studies will need to address this limita-
tion with a detailed comparison of the long-term treatment ef-
fects of both mechanical thrombectomy and standard medical
treatment cohorts. Furthermore, follow-up vessel imaging that
evaluated the posttreatment recanalization status was not per-
formed in the standard medical treatment group and therefore
was not available for subgroup analysis and comparison.

Conclusions
In this case-control study, mechanical thrombectomy for pri-
mary posterior circulation DMVO appeared to be reasonable,
safe, and technically feasible for therapeutic management of
occlusions of the P2 or P3 segment compared with standard
medical treatment, especially if patients were not eligible for
IVT or presented with high NIHSS scores (≥10 points). The study
results did not allow general treatment recommendations. An
RCT that compares mechanical thrombectomy with standard
medical treatment is warranted to evaluate the use of throm-
bectomy for posterior circulation DMVO and to resolve clini-
cal equipoise in acute therapeutic decision-making.

ARTICLE INFORMATION

Accepted for Publication: December 28, 2020.

Published Online: February 22, 2021.
doi:10.1001/jamaneurol.2021.0001

Author Affiliations: Department of Diagnostic and
Interventional Neuroradiology, University Medical
Center Hamburg-Eppendorf, Hamburg, Germany
(Meyer, Stracke, Broocks, Sporns, Fiehler, Hanning);
Department of Interventional Neuroradiology,
University Hospital Muenster, Muenster, Germany
(Stracke); Institute of Diagnostic and Interventional
Neuroradiology, Inselspital, Bern University
Hospital, University of Bern, Bern, Switzerland
(Jungi, Gralla, Kaesmacher); Department of
Neurology, Inselspital, Bern University Hospital,
University of Bern, Bern, Switzerland (Jungi,
U. Fischer); Department of Endovascular Therapy,
Alfried-Krupp Hospital Essen, Essen, Germany
(Wallocha, Chapot); Department of Diagnostic and
Interventional Neuroradiology, University Hospital
Basel, Basel, Switzerland (Sporns, Psychogios);
Department of Diagnostic and Interventional
Neuroradiology, Klinikum Rechts der Isar, School of
Medicine, Technical University Munich, Munich,
Germany (Maegerlein); Institute of Neuroradiology,
University Hospitals,
Ludwig-Maximilians-Universität München, Munich,
Germany (Dorn, Zimmermann); Department of

Neuroradiology, Westpfalz-Klinikum,
Kaiserslautern, Germany (Naziri, Kemmling);
Department of Neuroradiology, University Hospital
Luebeck, Luebeck, Germany (Naziri, Kemmling);
Department of Neuroradiology, University of
Cologne, Cologne, Germany (Abdullayev,
Kabbasch); Institute for Diagnostic and
Interventional Neuroradiology, University Hospital
Goettingen, Goettingen, Germany (Behme,
Jamous); Department of Diagnostic and
Interventional Neuroradiology and Nuclear
Medicine, Universitätsklinikum
Knappschaftskrankenhaus Bochum,
Universitätsklinik der Ruhr-Universität Bochum,
Bochum, Germany (Maus, S. Fischer); Department
of Neuroradiology, Heidelberg University Hospital,
Heidelberg, Germany (Möhlenbruch, Weyland);
Institute for Diagnostic and Interventional
Radiology, Pediatric and Neuroradiology, University
Hospital Rostock, Rostock, Germany (Langner);
Department of Interventional Neuroradiology,
Johanna-Étienne-Hospital, Neuss, Germany (Meila);
Institute of Neuroradiology, Charité
Universitätsmedizin Berlin, Berlin, Germany
(Miszczuk, Siebert); Department of Radiology,
Klinikum Osnabrück, Osnabrück, Germany
(Lowens); Department of Neurology, Klinikum
Osnabrück, Osnabrück, Germany (Krause); Division
of Neurology, Department of Medicine, National

University Health System, Singapore (Yeo, Tan);
Yong Loo Lin School of Medicine, National
University of Singapore, Singapore (Yeo, Tan, Anil);
Department of Diagnostic Imaging, National
University Health System, Singapore (Anil);
Department of Diagnostic and Therapeutic
Neuroradiology, Université de Lorraine, Centre
Hospitalier Régional Universitaire de Nancy, Nancy,
France (Gory); Université de Lorraine, Imagerie
Adaptative Diagnostique et Interventionnelle,
INSERM U1254, Nancy, France (Gory); Department
of Interventional Neuroradiology, Hospital Clínico
Universitario de Valladolid, Valladolid, Spain
(Galván, Arteaga, Martinez-Galdamez); Department
of Neuroradiology, Hospital Universitario La Paz,
Madrid, Spain (Navia); Department of Radiology,
New York Langone Medical Center, New York (Raz,
Shapiro); Department of Neuroradiology,
Karolinska University Hospital and Department of
Clinical Neuroscience, Karolinska Institutet,
Stockholm, Sweden (Arnberg, Andersson);
Department of Radiology, Comenius University's
Jessenius Faculty of Medicine and University
Hospital, Martin, Slovakia (Zeleňák); Department of
Neurology, Hospital Bremen-Mitte, Bremen,
Germany (Kastrup); Department of Diagnostic and
Interventional Neuroradiology, Hospital
Bremen-Mitte, Bremen, Germany (Roth,
Papanagiotou); Department of Radiology, Areteion

Research Original Investigation Thrombectomy for Primary Distal Posterior Cerebral Artery Occlusion Stroke

442 JAMA Neurology April 2021 Volume 78, Number 4 (Reprinted) jamaneurology.com

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2021.0001?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.0001
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2021.0001?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.0001
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2021.0001?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.0001
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.0001


University Hospital, National and Kapodistrian
University of Athens, Athens, Greece
(Papanagiotou); Institute of Diagnostic,
Interventional and Pediatric Radiology, Inselspital,
Bern University Hospital, University of Bern, Bern,
Switzerland (Kaesmacher).

Author Contributions: Drs Meyer and Hanning had
full access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis. Drs Kaesmacher and
Hanning contributed equally to the work.
Concept and design: Meyer, Stracke, Broocks,
S. Fischer, Lowens, Fiehler, Hanning.
Acquisition, analysis, or interpretation of data:
Meyer, Jungi, Wallocha, Sporns, Maegerlein, Dorn,
Zimmermann, Naziri, Abdullayev, Kabbasch,
Behme, Jamous, Maus, Möhlenbruch, Weyland,
Langner, Meila, Miszczuk, Siebert, Krause, Yeo, Tan,
Anil, Gory, Galván, Schüller Arteaga, Navia, Raz,
Shapiro, Arnberg, Zelenak, Martínez-Galdámez, U.
Fischer, Kastrup, Roth, Papanagiotou, Kemmling,
Gralla, Psychogios, Andersson, Chapot, Fiehler,
Kaesmacher, Hanning.
Drafting of the manuscript: Meyer, Jungi, Kabbasch,
Langner, Lowens, Anil, Galván, Hanning.
Critical revision of the manuscript for important
intellectual content: Meyer, Stracke, Wallocha,
Broocks, Sporns, Maegerlein, Dorn, Zimmermann,
Naziri, Abdullayev, Kabbasch, Behme, Jamous,
Maus, S. Fischer, Möhlenbruch, Weyland, Langner,
Meila, Miszczuk, Siebert, Krause, Yeo, Tan, Anil,
Gory, Schüller Arteaga, Navia, Raz, Shapiro,
Arnberg, Zelenak, Martínez-Galdámez, U. Fischer,
Kastrup, Roth, Papanagiotou, Kemmling, Gralla,
Psychogios, Andersson, Chapot, Fiehler,
Kaesmacher, Hanning.
Statistical analysis: Meyer, Jungi, Weyland,
Kaesmacher, Hanning.
Administrative, technical, or material support:
Wallocha, Broocks, Maegerlein, Abdullayev,
Kabbasch, Behme, Maus, S. Fischer, Langner,
Siebert, Lowens, Yeo, Tan, Anil, Gory, Arnberg,
Martínez-Galdámez, Papanagiotou, Kemmling,
Gralla, Kaesmacher, Hanning.
Supervision: Meyer, Stracke, Broocks, Maegerlein,
Behme, Langner, Tan, Shapiro, Zelenak, Kastrup,
Roth, Psychogios, Andersson, Chapot, Fiehler,
Hanning.

Conflict of Interest Disclosures: Dr Dorn reported
receiving personal fees from Cerus Consulting,
Phenox, and Balt Germany outside the submitted
work. Dr Kabbasch reported receiving personal fees
from Microvention Proctor and Acandis Consultant
outside the submitted work. Dr Möhlenbruch
reported receiving grants from Balt, Medtronic,
Microvention, and Stryker outside the submitted
work. Dr Anil reported receiving personal fees from
Medtronic Neurovascular, Stryker Neurovascular,
and Penumbra Inc paid to the National University
Health System, Singapore, and nonfinancial support
from Abbott Lab outside the submitted work.
Dr Schüller-Arteaga reported receiving personal
fees from Medtronic and Stryker outside the
submitted work. Dr Navia reported receiving
personal fees from Balt Consultant, Stryker
Consultant, and Penumbra Consultant outside the
submitted work. Dr Raz reported receiving personal
fees from Phenox and Medtronic, and stock from
Siemens, outside the submitted work and
nonfinancial support from Rapid Medical Travel
during the conduct of the study. Dr Shapiro
reported serving as a consultant to Medtronic
outside the submitted work. Dr Fischer reported

receiving grants from Medtronic, Swiss National
Science Foundation, and Swiss Heart Foundation
outside the submitted work and serving as a
consultant to Medtronic, Stryker, and CSL Behring,
with funds paid to the institution. Dr Gralla reported
receiving grants from Medtronic Global during the
conduct of the study and grants from Swiss
National Science Foundation outside the submitted
work. Dr Andersson reported receiving personal
fees from Anaconda and Cerenovus-Neuravi,
nonfinancial support from Rapid Medical, and
personal fees from Stryker outside the submitted
work. Dr Chapot reported being a lecturer for
Microvention, Balt, Siemens, and Rapid Medical.
Dr Fiehler reported receiving personal fees from
Acandis, Cerenovus, Microvention, Medtronic,
Phenox, and Penumbra outside the submitted
work; receiving grants from Stryker and Route 92;
being CEO of eppdata; and owning shares in Tegus.
Dr Kaesmacher reported receiving grants from
Clinical Trial Unit Bern, Schweizerische Akademie
der Medizinischen Wissenschaften/Bangerter
Foundation, and Swiss Stroke Society during the
conduct of the study. No other disclosures were
reported.

REFERENCES

1. Goyal M, Ospel JM, Menon BK, Hill MD. MeVO:
the next frontier? J Neurointerv Surg. 2020;12(6):
545-547. doi:10.1136/neurintsurg-2020-015807

2. Will L, Maus V, Maurer C, Weber A, Weber W,
Fischer S. Mechanical thrombectomy in acute
ischemic stroke using a manually expandable stent
retriever (Tigertriever): preliminary single center
experience. Clin Neuroradiol. 2020. doi:10.1007/
s00062-020-00919-w

3. Goyal M, Menon BK, van Zwam WH, et al;
HERMES collaborators. Endovascular
thrombectomy after large-vessel ischaemic stroke:
a meta-analysis of individual patient data from five
randomised trials. Lancet. 2016;387(10029):1723-
1731. doi:10.1016/S0140-6736(16)00163-X

4. Meyer L, Papanagiotou P, Politi M, et al. Feasibility
and safety of thrombectomy for isolated occlusions
of the posterior cerebral artery: a multicenter
experience and systematic literature review.
J Neurointerv Surg. 2020;neurintsurg-2020-016059.
doi:10.1136/neurintsurg-2020-016059

5. Ntaios G, Spengos K, Vemmou AM, et al.
Long-term outcome in posterior cerebral artery
stroke. Eur J Neurol. 2011;18(8):1074-1080. doi:10.
1111/j.1468-1331.2011.03384.x

6. Schmahmann JD. Vascular syndromes of the
thalamus. Stroke. 2003;34(9):2264-2278. doi:10.
1161/01.STR.0000087786.38997.9E

7. Sommer P, Seyfang L, Posekany A, et al.
Prehospital and intra-hospital time delays in
posterior circulation stroke: results from the
Austrian Stroke Unit Registry. J Neurol. 2017;264(1):
131-138. doi:10.1007/s00415-016-8330-x

8. Sand KM, Wilhelmsen G, Naess H, Midelfart A,
Thomassen L, Hoff JM. Vision problems in
ischaemic stroke patients: effects on life quality and
disability. Eur J Neurol. 2016;23(S1):1-7. doi:10.1111/
ene.12848

9. Ryan D, Murphy SM, Hennessey MJ. Bilateral
posterior cerebral artery infarction. BMJ Case Rep.
2010;2010:bcr0320102798. doi:10.1136/
bcr.03.2010.2798

10. Kayan Y, Meyers PM, Prestigiacomo CJ, Kan P,
Fraser JF; Society of NeuroInterventional Surgery.
Current endovascular strategies for posterior
circulation large vessel occlusion stroke: report of
the Society of NeuroInterventional Surgery
Standards and Guidelines Committee. J Neurointerv
Surg. 2019;11(10):1055-1062. doi:10.1136/
neurintsurg-2019-014873

11. Powers WJ, Rabinstein AA, Ackerson T, et al.
Guidelines for the early management of patients with
acute ischemic stroke: 2019 update to the 2018
guidelines for the early management of acute
ischemic stroke: a guideline for healthcare
professionals from the American Heart
Association/American Stroke Association. Stroke.
2019;50(12):e344-e418. doi:10.1161/
STR.0000000000000211

12. Turc G, Bhogal P, Fischer U, et al. European
Stroke Organisation (ESO)—European Society for
Minimally Invasive Neurological Therapy (ESMINT)
guidelines on mechanical thrombectomy in acute
ischemic stroke endorsed by Stroke Alliance for
Europe (SAFE). Eur Stroke J. 2019;4(1):6-12. doi:10.
1177/2396987319832140

13. Saver JL, Chapot R, Agid R, et al; Distal
Thrombectomy Summit Group. Thrombectomy for
distal, medium vessel occlusions: a consensus
statement on present knowledge and promising
directions. Stroke. 2020;51(9):2872-2884. doi:10.
1161/STROKEAHA.120.028956

14. World Medical Association. World Medical
Association Declaration of Helsinki: ethical
principles for medical research involving human
subjects. JAMA. 2013;310(20):2191-2194. doi:10.
1001/jama.2013.281053

15. Krayenbühl H, Huber P, Yaşargil MG. Cerebral
Angiography. 2nd ed. Thieme; 1982.

16. Hallacq P, Piotin M, Moret J. Endovascular
occlusion of the posterior cerebral artery for the
treatment of p2 segment aneurysms: retrospective
review of a 10-year series. AJNR Am J Neuroradiol.
2002;23(7):1128-1136.

17. Zeal AA, Rhoton AL Jr. Microsurgical anatomy of
the posterior cerebral artery. J Neurosurg. 1978;48
(4):534-559. doi:10.3171/jns.1978.48.4.0534

18. Adams HP Jr, Davis PH, Leira EC, et al. Baseline
NIH Stroke Scale score strongly predicts outcome
after stroke: a report of the Trial of Org 10172 in
Acute Stroke Treatment (TOAST). Neurology. 1999;
53(1):126-131. doi:10.1212/WNL.53.1.126

19. Zaidat OO, Yoo AJ, Khatri P, et al; Cerebral
Angiographic Revascularization Grading (CARG)
Collaborators; STIR Revascularization Working
Group; STIR Thrombolysis in Cerebral Infarction
(TICI) Task Force. Recommendations on
angiographic revascularization grading standards
for acute ischemic stroke: a consensus statement.
Stroke. 2013;44(9):2650-2663. doi:10.1161/
STROKEAHA.113.001972

20. Nikoubashman O, Dekeyzer S, Riabikin A, et al.
True first-pass effect. Stroke. 2019;50(8):2140-2146.
doi:10.1161/STROKEAHA.119.025148

21. Meyer L, Fiehler J, Thomalla G, et al. Intracranial
stenting after failed thrombectomy in patients with
moderately severe stroke: a multicenter cohort
study. Front Neurol. 2020;11(97):97. doi:10.3389/
fneur.2020.00097

22. Hacke W, Kaste M, Fieschi C, et al; Second
European-Australasian Acute Stroke Study

Thrombectomy for Primary Distal Posterior Cerebral Artery Occlusion Stroke Original Investigation Research

jamaneurology.com (Reprinted) JAMA Neurology April 2021 Volume 78, Number 4 443

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://dx.doi.org/10.1136/neurintsurg-2020-015807
https://dx.doi.org/10.1007/s00062-020-00919-w
https://dx.doi.org/10.1007/s00062-020-00919-w
https://dx.doi.org/10.1016/S0140-6736(16)00163-X
https://dx.doi.org/10.1136/neurintsurg-2020-016059
https://dx.doi.org/10.1111/j.1468-1331.2011.03384.x
https://dx.doi.org/10.1111/j.1468-1331.2011.03384.x
https://dx.doi.org/10.1161/01.STR.0000087786.38997.9E
https://dx.doi.org/10.1161/01.STR.0000087786.38997.9E
https://dx.doi.org/10.1007/s00415-016-8330-x
https://dx.doi.org/10.1111/ene.12848
https://dx.doi.org/10.1111/ene.12848
https://dx.doi.org/10.1136/bcr.03.2010.2798
https://dx.doi.org/10.1136/bcr.03.2010.2798
https://dx.doi.org/10.1136/neurintsurg-2019-014873
https://dx.doi.org/10.1136/neurintsurg-2019-014873
https://dx.doi.org/10.1161/STR.0000000000000211
https://dx.doi.org/10.1161/STR.0000000000000211
https://dx.doi.org/10.1177/2396987319832140
https://dx.doi.org/10.1177/2396987319832140
https://dx.doi.org/10.1161/STROKEAHA.120.028956
https://dx.doi.org/10.1161/STROKEAHA.120.028956
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2013.281053?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.0001
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2013.281053?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.0001
https://www.ncbi.nlm.nih.gov/pubmed/12169469
https://www.ncbi.nlm.nih.gov/pubmed/12169469
https://dx.doi.org/10.3171/jns.1978.48.4.0534
https://dx.doi.org/10.1212/WNL.53.1.126
https://dx.doi.org/10.1161/STROKEAHA.113.001972
https://dx.doi.org/10.1161/STROKEAHA.113.001972
https://dx.doi.org/10.1161/STROKEAHA.119.025148
https://dx.doi.org/10.3389/fneur.2020.00097
https://dx.doi.org/10.3389/fneur.2020.00097
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.0001


Investigators. Randomised double-blind
placebo-controlled trial of thrombolytic therapy
with intravenous alteplase in acute ischaemic
stroke (ECASS II). Lancet. 1998;352(9136):1245-1251.
doi:10.1016/S0140-6736(98)08020-9

23. Yamamoto T, Ohshima T, Sato M, et al. A case of
cute isolated posterior cerebral artery occlusion
successfully treated with endovascular clot
aspiration. NMC Case Rep J. 2017;4(2):55-58. doi:
10.2176/nmccrj.cr.2016-0214

24. Clarençon F, Baronnet F, Shotar E, et al. Should
posterior cerebral artery occlusions be recanalized?
Insights from the Trevo registry. Eur J Neurol.
2020;27(5):787-792. doi:10.1111/ene.14154

25. Strambo D, Bartolini B, Beaud V, et al.
Thrombectomy and thrombolysis of isolated
posterior cerebral artery occlusion: cognitive,
visual, and disability outcomes. Stroke. 2020;51(1):
254-261. doi:10.1161/STROKEAHA.119.026907

26. Grossberg JA, Rebello LC, Haussen DC, et al.
Beyond large vessel occlusion strokes: distal
occlusion thrombectomy. Stroke. 2018;49(7):
1662-1668. doi:10.1161/STROKEAHA.118.020567

27. Seners P, Perrin C, Lapergue B, et al;
MINOR-STROKE Collaborators. Bridging therapy or
IV thrombolysis in minor stroke with large vessel
occlusion. Ann Neurol. 2020;88(1):160-169. doi:10.
1002/ana.25756

28. Sato S, Toyoda K, Uehara T, et al. Baseline NIH
Stroke Scale score predicting outcome in anterior
and posterior circulation strokes. Neurology. 2008;
70(24 Pt 2):2371-2377. doi:10.1212/
01.wnl.0000304346.14354.0b

29. Turc G, Maïer B, Naggara O, et al. Clinical scales
do not reliably identify acute ischemic stroke

patients with large-artery occlusion. Stroke. 2016;
47(6):1466-1472. doi:10.1161/STROKEAHA.116.013144

30. Smith EE, Abdullah AR, Petkovska I, Rosenthal
E, Koroshetz WJ, Schwamm LH. Poor outcomes in
patients who do not receive intravenous tissue
plasminogen activator because of mild or improving
ischemic stroke. Stroke. 2005;36(11):2497-2499.
doi:10.1161/01.STR.0000185798.78817.f3

31. Zaidat OO, Castonguay AC, Linfante I, et al. First
pass effect: a new measure for stroke
thrombectomy devices. Stroke. 2018;49(3):660-666.
doi:10.1161/STROKEAHA.117.020315

32. Román LS, Menon BK, Blasco J, et al; HERMES
collaborators. Imaging features and safety and
efficacy of endovascular stroke treatment:
a meta-analysis of individual patient-level data.
Lancet Neurol. 2018;17(10):895-904. doi:10.1016/
S1474-4422(18)30242-4

33. Goyal M, Ospel JM. About antifragility and the
challenge of dealing with endovascular therapy
trials that fail to show a positive result.
J Neurointerv Surg. 2020;12(3):229-232. doi:10.
1136/neurintsurg-2019-015564

34. Linfante I, Walker GR, Castonguay AC, et al.
Predictors of mortality in acute ischemic stroke
intervention: analysis of the North American
Solitaire Acute Stroke Registry. Stroke. 2015;46(8):
2305-2308. doi:10.1161/STROKEAHA.115.009530

35. Zhang X, Yuan K, Wang H, et al. Nomogram to
predict mortality of endovascular thrombectomy
for ischemic stroke despite successful
recanalization. J Am Heart Assoc. 2020;9(3):
e014899. doi:10.1161/JAHA.119.014899

36. Sarraj A, Sangha N, Hussain MS, et al.
Endovascular therapy for acute ischemic stroke
with occlusion of the middle cerebral artery M2

segment. JAMA Neurol. 2016;73(11):1291-1296.
doi:10.1001/jamaneurol.2016.2773

37. Molina CA, Alvarez-Sabín J, Montaner J, et al.
Thrombolysis-related hemorrhagic infarction:
a marker of early reperfusion, reduced infarct size,
and improved outcome in patients with proximal
middle cerebral artery occlusion. Stroke. 2002;33(6):
1551-1556. doi:10.1161/01.STR.0000016323.13456.E5

38. Behme D, Gondecki L, Fiethen S, Kowoll A,
Mpotsaris A, Weber W. Complications of
mechanical thrombectomy for acute ischemic
stroke-a retrospective single-center study of 176
consecutive cases. Neuroradiology. 2014;56(6):
467-476. doi:10.1007/s00234-014-1352-0

39. Goeggel Simonetti B, Hulliger J, Mathier E, et al.
Iatrogenic vessel dissection in endovascular
treatment of acute ischemic stroke. Clin Neuroradiol.
2019;29(1):143-151. doi:10.1007/s00062-017-0639-z

40. Jovin TG, Chamorro A, Cobo E, et al;
REVASCAT Trial Investigators. Thrombectomy
within 8 hours after symptom onset in ischemic
stroke. N Engl J Med. 2015;372(24):2296-2306.
doi:10.1056/NEJMoa1503780

41. Berkhemer OA, Fransen PSS, Beumer D, et al;
MR CLEAN Investigators. A randomized trial of
intraarterial treatment for acute ischemic stroke.
N Engl J Med. 2015;372(1):11-20. doi:10.1056/
NEJMoa1411587

42. Styczen H, Fischer S, Yeo LLL, et al.
Approaching the boundaries of endovascular
treatment in acute ischemic stroke: multicenter
experience with mechanical thrombectomy in
vertebrobasilar artery branch occlusions. Clin
Neuroradiol. 2020. doi:10.1007/
s00062-020-00970-7

Research Original Investigation Thrombectomy for Primary Distal Posterior Cerebral Artery Occlusion Stroke

444 JAMA Neurology April 2021 Volume 78, Number 4 (Reprinted) jamaneurology.com

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://dx.doi.org/10.1016/S0140-6736(98)08020-9
https://dx.doi.org/10.2176/nmccrj.cr.2016-0214
https://dx.doi.org/10.1111/ene.14154
https://dx.doi.org/10.1161/STROKEAHA.119.026907
https://dx.doi.org/10.1161/STROKEAHA.118.020567
https://dx.doi.org/10.1002/ana.25756
https://dx.doi.org/10.1002/ana.25756
https://dx.doi.org/10.1212/01.wnl.0000304346.14354.0b
https://dx.doi.org/10.1212/01.wnl.0000304346.14354.0b
https://dx.doi.org/10.1161/STROKEAHA.116.013144
https://dx.doi.org/10.1161/01.STR.0000185798.78817.f3
https://dx.doi.org/10.1161/STROKEAHA.117.020315
https://dx.doi.org/10.1016/S1474-4422(18)30242-4
https://dx.doi.org/10.1016/S1474-4422(18)30242-4
https://dx.doi.org/10.1136/neurintsurg-2019-015564
https://dx.doi.org/10.1136/neurintsurg-2019-015564
https://dx.doi.org/10.1161/STROKEAHA.115.009530
https://dx.doi.org/10.1161/JAHA.119.014899
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2016.2773?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.0001
https://dx.doi.org/10.1161/01.STR.0000016323.13456.E5
https://dx.doi.org/10.1007/s00234-014-1352-0
https://dx.doi.org/10.1007/s00062-017-0639-z
https://dx.doi.org/10.1056/NEJMoa1503780
https://dx.doi.org/10.1056/NEJMoa1411587
https://dx.doi.org/10.1056/NEJMoa1411587
https://dx.doi.org/10.1007/s00062-020-00970-7
https://dx.doi.org/10.1007/s00062-020-00970-7
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.0001

