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Introduction 

Cervical artery dissection (CeAD) is a leading cause of ischemic 
stroke in the young (<50 years).1 Arterial embolism originating 
from the site of dissection, potentially leading to intracranial 
large vessel occlusion (LVO) is thought to be the primary mech-
anism for acute ischemic stroke (AIS) in CeAD-patients.2

For AIS patients with LVO in the anterior circulation, multiple 
randomized-controlled trials (RCTs) have demonstrated superi-
ority of endovascular treatment (EVT, with or without intravenous 
thrombolysis [IVT]) over IVT alone.3-7 More recently, encouraging 
evidence has emerged also for EVT for basilary artery occlusion.8,9 
For CeAD-patients, however, observational studies failed to show 
superiority of EVT over IVT regarding clinical outcomes.2,10 This 
might have technical and procedural grounds as most existing 
data on EVT in CeAD-patients were collected before 201510 and 
thus before the major advances in EVT therapy. Even so, in a 
meta-analysis of the pivotal EVT-RCTs using current EVT stan-
dards, no treatment effect of EVT (compared to IVT) on clinical 
outcome at 3 months was shown for the subgroup of patients 

aged <50 years11 in whom CeAD is a major cause of stroke. Al-
though no specific data on CeAD-patients were provided, this 
finding might indicate that—even if current EVT standards are 
used—EVT may not be superior to IVT in AIS-LVO with underly-
ing CeAD.

With these considerations in mind, we aimed to investigate the 
effect of EVT (with or without IVT) versus IVT alone on outcomes 
in CeAD-patients with LVO (due to thrombus embolization from 
the dissection) treated since 2015 in participating centers of the 
EVA-TRISP (EndoVAscular treatment and ThRombolysis in Isch-
emic Stroke Patients) collaboration. 

Methods

Study design, study population, and study data 
This study is based on prospectively collected data from the EVA-
TRISP collaboration. The methods of EVA-TRISP have been de-
scribed recently.12 In brief, EVA-TRISP has evolved from the inves-
tigator-initiated, international ThRombolysis in Ischemic Stroke 
Patients (TRISP) collaboration,13 which published multiple inter-
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national, multicenter studies on IVT in AIS patients and has now 
transformed to additionally include data on EVT-treated pa-
tients. As done in prior analyses, all data for the present study 
were collected locally in participating centers, anonymized, cen-
trally pooled, and analyzed at the coordinating stroke center in 
Basel, Switzerland.14,15

We included data from all CeAD-patients (including both in-
ternal carotid artery dissection [ICAD] and vertebral artery dis-
section [VAD]) with intracranial LVO proven by computed tomog-
raphy angiography (CTA), magnetic resonance angiography (MRA), 
or digital subtraction angiography (DSA) who had either EVT (with 
or without IVT, henceforward referred to as “EVT”) or IVT alone 
(henceforward referred to as “IVT”) between January 1, 2015 and 
December 31, 2019. LVO was defined as an occlusion of the in-
tracranial internal carotid artery, M1 and proximal M2 segment 
of the middle cerebral artery, A1 segment of the anterior cerebral 
artery, basilar artery, or the V4 segment of the vertebral artery. 
As done in prior research, CeAD was defined according to widely 
accepted imaging criteria: presence of a mural hematoma, aneu-
rysmal dilatation, long tapering stenosis, intimal flap, double lu-
men, or occlusion situated >2 cm above the carotid bifurcation 
revealing an aneurysmal dilatation or a long tapering stenosis 
after recanalization.16 Patients with purely intracranial dissection 
(e.g., V4 segment of the vertebral artery, petro-cavernous or intra-
cranial ICAD, or dissection of the middle cerebral artery) were 
not included in the study. Patients with extracranial dissection 
with extension to intracranial segments of the artery (e.g., V2-/
V3 segments of the vertebral artery with extension into the V4 
segment of the dissected artery) were eligible for inclusion. CeAD-
patients receiving neither EVT nor IVT are not included in EVA-
TRISP and thus were not included in the current analyses. Pa-
tients with missing data on the primary clinical outcome measure 
were excluded. 

All variables derived from the EVA-TRISP database for the pres-
ent study are displayed in the results tables and were defined as 
in prior analyses.14,17 In brief, these included (1) baseline demo-
graphic data (e.g., age, sex, and pre-stroke independency [pre-
stroke modified Rankin Scale, mRS 0–2]), (2) medical history in-
cluding vascular risk factors, (3) vital signs and baseline laboratory 
results, (4) information on the index event (i.e., clinical character-
istics including stroke severity as measured by the National Insti-
tutes of Health Stroke Scale [NIHSS] score18 on admission and at 
24 hours) and radiological characteristics (i.e., site of intracranial 
occlusion and presence or absence of early ischemic changes), 
and (5) outcome data as specified below (study outcomes). 

Regarding EVT- and IVT-procedures, the following time-based 
parameters were calculated: (1) onset-to-needle time (median, 
in minutes) defined as time from stroke onset to treatment ini-

tiation of IVT in IVT-treated patients or EVT-treated patients who 
had bridging therapy; (2) onset-to-groin time (median, in min-
utes) defined as time from stroke onset to groin puncture in EVT-
treated patients. 

Treatment 
The choice of specific revascularization procedures was left to 
the discretion of the treating physicians in the participating cen-
ters taking respective guidelines as well as indication and con-
traindications of the respective treatments into account. EVT in-
cluded the possible use of a stent retriever, mechanical aspiration, 
balloon angioplasty, and deposition of a permanent intracranial 
or extracranial stent, all as a single intervention or as a combina-
tion of different techniques as outlined in the EVA-TRISP-meth-
ods publication.12

Study outcomes
The primary clinical outcome measure was a favorable 3-month 
functional outcome (i.e., mRS score 0–2). The primary radiologi-
cal outcome measure was defined as successful arterial recan-
alization (i.e., thrombolysis in cerebral infarction [TICI] scale 2b/3) 
on first follow-up imaging19 (i.e., CTA, MRA, DSA, or ultrasound 
[in the IVT-group]).

Secondary outcomes were defined as follows: (1) early neu-
rological improvement (i.e., ≥50% improvement in NIHSS from 
admission to 24 hours; ΔNIHSS), (2) occurrence of symptomatic 
intracranial hemorrhage (sICH) according to the definition used 
in the Second European-Australasian Acute Stroke Study (ECASS 
II),20 (3) any ICH, and (4) death. 

Statistical analyses 

Primary analyses

Baseline characteristics
We compared patients who had received EVT to those who had 
received IVT regarding baseline demographics, clinical, stroke, and 
stroke treatment variables using the chi-square test or the Fisher’s 
exact test (if appropriate) for categorical variables and the Mann-
Whitney test for continuous variables. We calculated unadjust-
ed odds ratios with 95% confidence intervals (OR [95% CI]) and 
respective P-values. 

Primary and secondary outcome analyses
The association of EVT and IVT with primary and secondary out-
come measures was assessed using a binary logistic regression 
model with calculation of unadjusted and adjusted (for age, sex, 
and NIHSS at admission) OR with 95% CI and respective P-val-
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ues. For all analyses, a P-value less than 0.05 was considered 
statistically significant. 

Secondary analyses 

Analyses in patients with LVO in the anterior circulation 
(LVOant)
EVT in AIS with LVO was mainly studied and thus far was only 
shown superior to IVT in patients with LVOant. Thus, we focused 
our secondary analyses on patients with LVOant. We compared 
baseline characteristics in patients with LVOant who had received 
EVT to those who had received IVT using the same methodology 
as described for the primary analyses. 

Propensity score matching
To reduce potential influence of between-group differences in 
key baseline variables on outcome analyses, we matched pa-
tients on their propensity for receiving EVT versus IVT. The pro-
pensity score was based on a multivariable logistic regression 
model with treatment allocation as the outcome variable and 
age, sex, and NIHSS at admission as independent variables. Pa-
tients were then matched in a 1:1 ratio with nearest-neighbor 
matching within a caliper of 0.2 standard deviations of the pro-
pensity score. We report unadjusted comparisons of important 
baseline characteristics in matched EVT and IVT patients with cal-
culation of respective standardized mean differences. We further 
performed unadjusted logistic regression analyses in the matched 
dataset to assess associations of EVT and IVT with the primary 
study outcomes. 

All analyses were performed using SPSS version 25 (IBM Corp., 
Armonk, NY, USA). The propensity score matching (PSM) analyses 
were performed using “R” version 4.0.2 (R Foundation for Sta-
tistical Computing, Vienna, Austria). 

Ethics 
The present study was approved by the ethics committee in 
Basel, Switzerland (KENZ; Ethikkommission Nordwest- und 
Zentralschweiz). The requirement for additional local ethics ap-
proval differed between participating centers; accordingly, ap-
proval was obtained if required. Informed consent was obtained 
if not waived by the respective authorities in participating centers.

Data availability 
Datasets generated or analyzed within the present study are 
available from the corresponding author upon reasonable re-
quest. In each such case, compliance of data sharing with indi-
vidual processes of patient consenting in participating centers 

is required. Final decision on data sharing will be made by con-
sensus of the EVA-TRISP collaborators. 

STROBE statement
A Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) Statement checklist report on this study is 
available as supplementary material (Appendix 1). 

Results

Primary analyses
Of 369 CeAD-patients included in EVA-TRISP between 2015–
2019, 290 (78.6%) met the eligibility criteria and were included 
in the analyses. Main reasons for exclusion were the absence of 
LVO (n=36, 9.8%) and missing baseline or follow-up informa-
tion (n=43, 11.7%). Details are given in the study flowchart (Fig-
ure 1). Of 290 patients included in the final analyses, 222 pa-
tients (76.6%) received EVT and 68 (23.4%) received IVT (Table 1). 

Baseline characteristics 
Patients in the EVT-group differed from those in the IVT-group 
in a higher median NIHSS at admission (14 [interquartile range, 
IQR 10–19] vs. 4 [IQR 2–7]) and in a higher rate of patients with 
wake-up stroke (17.4% vs. 2.9%) (Table 2). LVO in the anterior 
circulation was more frequent in the EVT-group (89.2% vs. 51.5%). 
Age, sex, medical history, baseline vital signs as well as labora-

Figure 1. Flowchart of included and excluded patients. CeAD, cervical ar-
tery dissection; EVA-TRISP, EndoVAscular treatment and ThRombolysis in 
Ischemic Stroke Patients; LVO, large vessel occlusion; mRS, modified Rankin 
Scale; NIHSS, National Institutes of Health Stroke Scale score; IVT, intrave-
nous thrombolysis; EVT, endovascular treatment.

n=369 
CeAD patients included 

in EVA-TRISP in the years 
2015–2019

n=290
Patients included final 

analyses

n=68
Patients treated with IVT 

alone

n=222
Patients treated with EVT

(with or without IVT)

Patients excluded from final analyses
• n=36: no intracranial LVO
• n=11: missing information on LVO
• �n=16: missing information on 

3-month mRS
• �n=16: missing information on 

NIHSS at admission
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tory results did not differ significantly between both treatment 
groups (Table 1). 

In the EVT-group, 153 of 222 (68.9%) patients received IVT 

bridging therapy. Patients who had bridging therapy had signifi-
cantly lower onset-to-needle times compared to patients who 
received IVT alone (108 vs. 139 minutes) (Table 2). 

Table 1. Baseline characteristics of all patients included in the primary analyses 

Characteristic EVT (n=222) IVT (n=68) P OR (95% CI)

Demographics

Age (yr), median (IQR) 53 (46–60) 49 (40–58) 0.127 - 

Female sex 52/222 (23.4) 20/68 (29.4) 0.317 0.73 (0.40–1.35)

Medical history 

Atrial fibrillation 8/221 (3.6) 1/68 (1.5) 0.691 2.52 (0.31–20.49)

Hypertension 74/222 (33.3) 22/68 (32.4) 0.881 1.05 (0.59–1.87)

Current smoking (or stopped less than 2 years ago) 64/218 (29.4) 13/68 (19.1) 0.096 1.76 (0.89–3.44)

Hypercholesterolemia 60/222 (27.0) 18/68 (26.5) 0.928 1.03 (0.56–1.90)

Diabetes mellitus 8/222 (3.6) 5/68 (7.4) 0.192 0.47 (0.15–1.49)

Coronary artery disease 8/222 (3.6) 4/68 (5.9) 0.485 0.59 (0.17–2.05)

Prior stroke (ischemic or hemorrhagic) 20/217 (9.2) 9/68 (13.2) 0.339 0.67 (0.29–1.54)

Pre-stroke independency (pre-stroke mRS 0–2) 215/218 (98.6) 67/68 (98.5) 0.954 1.07 (0.11–10.46)

Data are presented as n (%) unless otherwise indicated. 
EVT, endovascular treatment; IVT, intravenous thrombolysis; OR, odds ratio; CI, confidence interval; IQR, interquartile range; mRS, modified Rankin Scale.

Table 2. Baseline clinical and stroke characteristics of all patients included in the primary analyses 

Characteristic EVT (n=222) IVT (n=68) P OR (95% CI)

Vital signs and laboratory results 

Systolic blood pressure (mm Hg) 147 (133–165) (n=214) 147 (133–161) (n=67) 0.857 -

Glucose on admission (mmol/L) 6.4 (5.6–7.5) (n=209) 6.08 (5.59–7.45) (n=66) 0.747 -

CRP on admission (mg/L) 3 (1–6) (n=194) 1 (0.5–3.25) (n=50) 0.081 -

Leucocytes on admission (×109/L) 9.4 (7.4–11.8) (n=190) 8.7 (7.4–10.8) (n=57) 0.241 -

Creatinine on admission (μmol/L) 77.5 (67.3–88.0) (n=212) 80.5 (70.3–88.0) (n=66) 0.205 -

Stroke characteristics and stroke treatment 

Wake up stroke 36/207 (17.4) 4/68 (2.9) 0.018 3.36 (1.15–9.84)

NIHSS at admission 14 (10–19) 4 (2–7) <0.001 -

Onset-to-needle (min) 108 (75–165) (n=145) 139 (105–222) (n=63) 0.001 -

Onset-to-groin (min) 188 (140–310) (n=210) - - -

Site of intracranial occlusion 

Internal carotid-I 53/222 (23.9) 12/68 (17.6) 0.281 1.46 (0.73–2.93)

Internal carotid-L/-T 62/222 (27.9) 3/68 (4.4) <0.001 8.40 (2.54–27.71)

Proximal M1-segment of the middle cerebral artery 39/222 (17.6) 7/68 (10.3) 0.151 1.86 (0.79–4.37)

Distal M1-segment of the middle cerebral artery 23/222 (10.4) 3/68 (4.4) 0.153 2.50 (0.72–8.61)

M2-segment of the middle cerebral artery 21/222 (9.5) 8/68 (11.8) 0.579 0.78 (0.33–1.86)

Anterior cerebral artery 0/222 (0.0) 2/68 (2.9) 0.054 0.97 (0.93–1.01)

Posterior cerebral artery 2/222 (0.9) 4/68 (5.9) 0.029 0.14 (0.03–0.81)

Basilar artery 19/222 (8.6) 4/68 (5.9) 0.612 1.50 (0.49–4.56)

Vertebral artery V4-segment 3/222 (1.4) 25/68 (36.8) <0.001 0.02 (0.01–0.08)

Early ischemic changes 88/148 (59.5) 22/59 (37.3) 0.004 2.47 (1.33–4.59)

Data are presented as median (IQR) or n (%) unless otherwise indicated. 
EVT, endovascular treatment; IVT, intravenous thrombolysis; OR, odds ratio; CI, confidence interval; CRP, C-reactive protein; NIHSS, National Institutes of 
Health Stroke Scale score; IQR, interquartile range.
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Primary clinical outcome measure 
Favorable 3-month functional outcome was less frequent in the 
EVT-group (64.0%) compared to the IVT-group (86.6%), yielding 
an unadjusted OR of 0.27 (95% CI 0.13–0.58, P=0.001) (Table 3). 
This difference was no longer significant after adjustment for age, 
sex, and NIHSS at admission (ORadjusted 0.56 [95% CI 0.24–1.32], 
P=0.183).

Primary radiological outcome measure 
Complete recanalization was more frequent in the EVT-group 
(80.5% vs. 40.7%) and the probability of complete recanalization 
was independently higher in the EVT-group (ORadjusted 8.85 [95% 
CI 4.28–18.29], P<0.001) (Table 3). 

Secondary outcomes 
Early neurological improvement occurred less frequently in the 
EVT-group (42.8%) as compared to the IVT-group (60.3%), yield-
ing an unadjusted OR of 0.49 (95% CI 0.28–0.86, P=0.012). Af-
ter adjustment for age, sex, and NIHSS at admission, this differ-
ence was no longer significant (ORadjusted 0.59 [95% CI 0.31–1.14], 
P=0.118). 

Overall, 12 (of 290, 4.1%) sICH and 19 (of 290, 6.6%) deaths 
occurred. Thereby, both sICH and death were numerically more 
frequent in the EVT-group. This difference was not statistically 
significant in unadjusted analyses (Table 3). In the EVT-group, 
7 of the 11 (63.6%) patients who had sICH, had received addi-
tional IVT. 

Secondary analyses

Analyses in patients with LVO in the anterior circulation
LVOant was present in 233 of 290 (80.3%) patients of whom 198 

had received EVT and 35 had received IVT (Table 2 and Supple-
mentary Table 1). Baseline characteristics in EVT- and IVT-treated 
patients with LVOant were comparable except for a higher me-
dian NIHSS (14.5 vs. 5, P<0.001) and higher median glucose- 
and CRP-levels in the EVT-group and a lower rate of patients with 
prior stroke in the EVT-group (Supplementary Table 1). In turn, 
median onset-to-needle time was higher in the IVT-group. In 
patients with LVOant, favorable 3-month outcome was signifi-
cantly less frequent in EVT-treated than in IVT-treated patients 
(91.4% vs. 64.1%). After adjustment for age, sex, and baseline 
NIHSS, the probability of favorable 3-month outcome was lower 
for patients treated with EVT (ORadjusted 0.93 [95% CI 0.89–0.98]). 
The frequency and adjusted odds for complete recanalization 
were higher in the EVT-group (78.5% vs. 52.0%; ORadjusted 4.17 
[95% CI 1.66–10.45]). 

PSM analyses
PSM analyses in patients with LVOant were based on 32 patients 
each from the EVT- and the IVT-group. Patient baseline charac-
teristics of the matched variables (including NIHSS at admission) 
were comparable (Table 4). Unadjusted logistic regression anal-
yses performed on the matched sample of patients with LVOant 
yielded lower odds for a favorable 3-month functional outcome 
in the EVT-group (OR 0.20 [95% CI 0.04–0.72]). The odds for com-
plete recanalization were higher in the EVT-group (OR 2.2 [95% 
CI 0.86–9.36]); however—contrary to the primary and unmatched 
secondary analyses—this was no longer statistically significant. 

Discussion

In this multinational analysis comparing EVT to IVT in CeAD-pa-
tients with LVO, there was no signal of superiority of EVT over IVT 

Table 3. Primary and secondary study outcomes in all patients

EVT (n=222) IVT (n=68) 
Unadjusted (EVT vs. IVT) Adjusted (EVT vs. IVT) 

OR (95% CI) P OR (95% CI) P

Primary outcomes 

Favorable outcome (mRS 0–2) 142/222 (64) 59/68 (86.8) 0.27 (0.13–0.58) 0.001 0.56 (0.24–1.32) 0.183*

Complete recanalization (TICI 2b/3) 161/200 (80.5) 22/54 (40.7) 6.01 (3.15–11.45) <0.001 8.85 (4.28–18.29) <0.001†

Secondary outcomes 

Early neurological improvement 95/222 (42.8) 41/68 (60.3) 0.49 (0.28–0.86) 0.012 0.59 (0.31–1.14) 0.118*

Symptomatic ICH (ECASS) 11/220 (5.0) 1/68 (1.5) 3.53 (0.45–27.82) 0.306 NA NA

Any ICH 59/215 (27.4) 6/66 (9.1) 3.78 (1.55–9.22) 0.002 NA NA

Death 16/222 (7.2) 3/68 (4.4) 1.68 (0.48–5.96) 0.578 NA NA

Data are presented as n (%) unless otherwise indicated. 
EVT, endovascular treatment; IVT, intravenous thrombolysis; OR, odds ratio; CI, confidence interval; mRS, modified Rankin Scale; TICI, thrombolysis in cerebral 
infarction; NA, no adjusted analyses due to low number of events in IVT-group; ICH, intracranial hemorrhage; ECASS, European Cooperative Acute Stroke Study.
*Adjusted for age, sex, NIHSS at admission; †Adjusted for age, sex. 
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even if the higher stroke severity is considered and despite higher 
rates of complete recanalization in the EVT-group.

Considering the clear results from multiple RCTs demonstrat-
ing superiority of EVT compared to IVT alone in AIS with LVO in 
the general stroke population, we had assumed that CeAD-pa-
tients treated in this new EVT-era would benefit similarly. Unex-
pectedly, this hypothesis is not supported by our findings. 

In contrast to our findings on clinical outcome, recanalization 
rates in the EVT-group in our study were significantly higher than 
in the IVT-group. This finding was consistent across all analyses 
we performed, indicating its robustness. Such discrepancy be-
tween favorable recanalization rates, yet lack of superiority in 
clinical outcomes was also seen to a similar extent in a prior study 
comparing EVT to IVT in CeAD patients.21 Moreover, the rate of 
complete recanalization (TICI 2b/3) in the EVT-group in our study 
was comparable5 to even higher4,6 when compared to EVT-treat-
ed patients in the pivotal EVT-RCTs, thus proving technical suc-
cess is achievable in EVT treatment of CeAD-patients as well. 
Nevertheless, this high recanalization rate did not translate into 
a better functional outcome of the EVT-group compared to the 
IVT-group, even if outcome predictive variables and in particular 
stroke severity were considered by different statistical means. 
Thus, further reasons for lack of (clinical) superiority of EVT over 
IVT in CeAD-patients must be explored. 

The knowledge about the impact of EVT versus IVT on outcomes 
in CeAD-patients is currently based on few observational stud-
ies10,21 while RCT-based comparative data is lacking. A recent 
meta-analysis across 14 observational studies and case series—
most of which were published before 2015—showed no statisti-
cally significant difference between the EVT- and the IVT-group 
regarding favorable functional outcome in CeAD-patients.10 

Interestingly, in an age-dependent subgroup analysis of HERMES 
[Highly Effective Reperfusion Using Multiple Endovascular Devic-
es], the group of stroke patients aged <50 years—in which CeAD 
is a leading stroke cause—was the only age-group that did not 

benefit from EVT.11 Although information about stroke etiology 
was not available in this analysis, this observation might suggest 
that treatment effects of EVT in CeAD may be inferior compared 
to EVT in the general stroke population.  

It is possible that the lack of superiority of EVT in our study is 
a spurious finding or—at least partly—due to yet undetected dif-
ferences in baseline characteristics. We accounted for stroke se-
verity, age, and sex and used PSM to minimize the effect of con-
founders; however, there might be other factors that we could 
not account for.  

EVT might be technically more challenging in CeAD with pres-
ence of intimal tearing and a double lumen. However, this as-
sumption is not supported by data from the interventional arm 
of the MR CLEAN (Multicenter Randomized Clinical Trial of En-
dovascular Treatment for Acute Ischemic Stroke in the Nether-
lands) (n=15 CeAD-patients) trial as well as the MR CLEAN reg-
istry (n=59) comparing outcomes in AIS-LVO patients with CeAD 
to those with atherosclerotic lesions, which indicated a more 
favorable short-term neurological course in CeAD-patients.22 In 
another study, clinical or procedural outcomes after thrombec-
tomy in stroke patients with tandem lesions (i.e., intracranial ar-
tery occlusion and proximal stenosis or occlusion of the carotid 
artery) did not differ significantly between patients with CeAD 
(n=65) and those with atherosclerotic lesions (n=230).23 

Alternatively, other aspects, which are independent from CeAD, 
but which are age-dependent might matter. This includes the role 
of collateral status and brain plasticity.24,25 In younger stroke 
patients, an excellent collateral status and good brain plasticity 
could lower the relevance of recanalization of LVO on outcomes. 
In line with this assumption, studies comparing EVT versus IVT in 
AIS patients with LVO and mild symptoms (NIHSS ≤5)—which 
are likely to have excellent collaterals—EVT did not perform bet-
ter than IVT despite higher rates of complete recanalization with 
EVT.26,27 Interestingly, and probably supportive of this hypothe-
sis, in an observational study performed by Yeo et al.28 presenting 
outcomes of EVT in stroke patients aged <50 years and with var-
ious non-atherosclerotic stroke causes particularly prevalent in 
young patients, rates of favorable functional outcome varied 
between 57.1% and 71.4%—numbers comparing well with the 
outcomes seen in the EVT-group in our study. 

The imbalance of LVO involving the anterior versus the pos-
terior circulation was another potential confounder, as superi-
ority of EVT over IVT in stroke in general is more established for 
LVO in the anterior than in the posterior circulation.8,9,29 Between-
group differences in favorable outcome became more pronounced 
(and in part statistically significant) in the subgroup of patients 
with LVOant. Though, conclusions from subgroup analysis may be 
misleading, they may support the idea that EVT might indeed 

Table 4. Patient baseline characteristics after propensity score matching in 
patients with LVO in the anterior circulation 

Characteristics EVT (n=32) IVT (n=32) SMD

Number of patients (% matched  
  of all included patients)

32 (14) 32 (47) -

Age (yr), mean±SD 51.4±10.7 51.6±11.7 0.015

Male sex 10 (31) 12 (38) 0.132

NIHSS at admission, mean±SD 6.8±5.9 6.1±4.0 0.142

NIHSS at admission, median (IQR) 5 (3.8–9.0) 5 (4.0–8.3) - 

LVO, large vessel occlusion; EVT, endovascular treatment; IVT, intravenous 
thrombolysis; SMD, standardized mean differences; SD, standard deviation; 
NIHSS, National Institutes of Health Stroke Scale score; IQR, interquartile 
range.
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be less effective in CeAD-patients in the general stroke patient 
population. These findings need further investigation. 

In our study, sICH occurred numerically more often in the EVT-
group, without reaching statistical significance. The overall rate 
of sICH in our EVT-group (5.0%) as well as the rate of sICH in pa-
tients who had had EVT with prior IVT (4.6%), however, is com-
parable to or even lower (when comparing patients without 
bridging) than in prior observational analyses investigating EVT 
in CeAD-patients.21,30 More importantly, the sICH rate in our study 
is comparable to sICH rates in the pivotal randomized RCTs3-7 
indicating that EVT using current technologies seems relatively 
safe also in CeAD-patients regarding the occurrence of sICH.

We are aware of limitations of our study. First, treatment al-
location was not randomized leading to an imbalance with higher 
stroke severity and predominant involvement of the anterior cir-
culation in particular the carotid-T-occlusions in the EVT-group. 
Our means to counter such imbalances—including analyses fo-
cusing on patients with LVOant and the use of PSM—did not sug-
gest a signal of clinical superiority of EVT over IVT in CeAD but 
came up to their limits and did not fully eliminate between-group 
differences. Thus, we urge a cautious interpretation of our key 
findings. This is particularly important for the analyses based on 
PSM, which led to comparable stroke severity in both groups 
but skewed the comparisons towards patients with less severe 
strokes. Further, other unknown or unmeasured confounders 
might be present and were not adjusted for. Second, given the 
design of our study, confounding by indication is likely. Particu-
larly in patients with vertebral artery occlusion necessity to per-
form EVT depends on factors that we have not been able to ac-
count for (e.g., occlusion of the dominant vs. hypoplastic artery) 
but are likely to have influenced the decision to perform EVT or 
IVT or both. Third, despite being the largest cohort investigating 
EVT compared to IVT in CeAD to date, our sample size is still lim-
ited increasing the risk for spurious findings. Fourth, compara-
bility of the primary radiological outcome (complete recanaliza-
tion on first arterial imaging post-intervention in each group) 
can be debated, as an important factor—namely the very exact 
timepoint of recanalization—can rarely be assessed in patients 
receiving IVT. Fifth, except for the presence of early ischemic 
changes on baseline imaging, other important imaging variables 
which are likely associated with outcomes (i.e., Alberta Stroke 
Program Early Computed Tomography Score [ASPECTS], infarct 
volume on perfusion imaging, and collateral status) were not 
routinely assessed in the present dataset and therefore not in-
cluded in the statistical models.

We are aware that our key observations are in dissent to both 
clinical expectations and guidelines about the use of EVT in LVO 
in general. Therefore, our findings should not be interpreted as 

argument to refrain from EVT in CeAD patients in clinical rou-
tine. Still, our unexpected results are nevertheless worth being 
made publicly known and should stimulate future research about 
why some LVO-patients might benefit less than expected from 
EVT and why this might be particularly the case in CeAD patients. 

Our study has several strengths. The multicentric and multi-
national approach of the EVA-TRISP collaboration and the pre-
sented data ensure comparability of the data across centers and 
countries. Data in EVA-TRISP are collected prospectively includ-
ing consecutive patients treated at the respective centers, thus 
reducing the risks of selection or inclusion bias. 

Conclusions

Despite higher rates of complete recanalization, EVT in CeAD pa-
tients with AIS and LVO did not result in improved clinical out-
comes when compared to IVT alone. This applied particularly for 
patients with LVO in the anterior circulation, even when matched 
for important clinical and outcome predictive variables. Whether 
pathophysiological characteristics of CeAD with potential tech-
nical implications for EVT in CeAD or particularities of stroke in 
younger patients might explain our observations deserve further 
research. The persisting conundrum of the use of EVT in CeAD 
patients would ideally be clarified in a randomized clinical trial, 
of which feasibility is questionable. Reassuringly, however, our 
study did not produce evidence, that EVT in these patients is 
clinically harmful. Thus, EVT should not be withheld in CeAD-pa-
tients in clinical practice. 
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Supplementary Table 1. Baseline, clinical, and stroke characteristics in patients with LVO in the anterior circulation

EVT (n=198) IVT (n=35) OR (95% CI) P 

Demographics

Age (yr) 54 (47–61) 53 (45–61)  - 0.730

Female sex 44/198 (22.2) 13/35 (37.1) 0.48 (0.23–1.04) 0.058

Medical history 

Atrial fibrillation 8/198 (4.0) 0/35 (0) - 0.266

Hypertension 68/198 (34.3) 15/35 (42.9) 0.69 (0.34–1.45) 0.332

Current smoking (or stopped less than 2 years ago) 56/194 (28.9) 7/35 (20.0) 1.62 (0.67–3.93) 0.280

Hypercholesterolemia 55/198 (27.8) 11/35 (31.4) 0.84 (0.39–1.83) 0.659

Diabetes mellitus 8/198 (4.0) 3/35 (8.6) 0.54 (0.11–1.78) 0.218

Coronary artery disease 7/198 (3.5) 2/35 (5.7) 0.60 (0.12–3.04) 0.403

Prior stroke (ischemic or hemorrhagic) 16/193 (8.3) 8/35 (22.9) 0.31 (0.12–0.78) 0.010

Pre-stroke independency (pre-stroke mRS 0–2) 192/194 (99.0) 35/35 (100) - 0.717

Vital signs and laboratory results 

Systolic blood pressure (mm Hg) 150 (135–165) (n=192) 150 (133–171) (n=34) - 0.695

Glucose on admission (mmol/L) 6.4 (5.6–7.3) (n=187) 5.72 (5.26–6.08) (n=33) - 0.002

CRP on admission (mg/L) 2.7 (1–5.3) (n=172) 1 (0.5–3.00) (n=20) - 0.048

Leucocytes on admission (×109/L) 9.3 (7.4–11.4) (n=168) 8.7 (7.71–10.7) (n=26) - 0.790

Creatinine on admission (µmol/L) 78 (68–88.0) (n=189) 76.0 (62.6–88.0) (n=66) - 0.964

Stroke characteristics and stroke treatment 

Wake up stroke 33/183 (18.0) 3/35 (8.6) 2.35 (0.68–8.13) 0.126

NIHSS at admission 14.5 (10–18) 5 (3–9) - <0.001

Onset-to-needle (min) 104 (75–155) (n=133) 138 (93–183) (n=34) - 0.022

Onset-to-groin (min) 180 (135–303) (n=188) - - -

Data are presented as median (IQR) or n (%) unless otherwise indicated. 
LVO, large vessel occlusion; EVT, endovascular treatment; IVT, intravenous thrombolysis; OR, odds ratio; CI, confidence interval; mRS, modified Rankin Scale; 
CRP, C-reactive protein; NIHSS, National Institutes of Health Stroke Scale score; IQR, interquartile range.
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Appendix 1. STROBE Statement—Checklist of items that should be included in reports of cohort studies 

Item no Recommendation Page no

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
(b) Provide in the abstract an informative and balanced summary of what was done and what was found

1, 2

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 2

Objectives 3 State specific objectives, including any prespecified hypotheses 2

Methods

Study design 4 Present key elements of study design early in the paper 2, 3

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and 
data collection

2, 3

Participants 6 (a) �Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of 
follow-up

(b) For matched studies, give matching criteria and number of exposed and unexposed

3

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic 
criteria, if applicable

3

Data sources/ 
  measurement

8* For each variable of interest, give sources of data and details of methods of assessment (measurement).  
Describe comparability of assessment methods if there is more than one group

3

Bias 9 Describe any efforts to address potential sources of bias 7, 8

Study size 10 Explain how the study size was arrived at 4

Quantitative  
  variables

11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were 
chosen and why

NA

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding
(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed
(e) Describe any sensitivity analyses

3, 4

Results

Participants 13* (a) �Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for  
eligibility, confirmed eligible, included in the study, completing follow-up, and analysed

(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram

4, ff

Descriptive data 14* (a) �Give characteristics of study participants (e.g., demographic, clinical, social) and information on exposures 
and potential confounders

(b) Indicate number of participants with missing data for each variable of interest
(c) Summarise follow-up time (e.g., average and total amount)

4, ff

Outcome data 15* Report numbers of outcome events or summary measures over time 6

Main results 16 (a) �Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (e.g., 95% 
confidence interval). Make clear which confounders were adjusted for and why they were included

(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period

4, ff

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 6

Discussion

Key results 18 Summarise key results with reference to study objectives 7

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both 
direction and magnitude of any potential bias

8

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, 
results from similar studies, and other relevant evidence

8

Generalisability 21 Discuss the generalisability (external validity) of the study results 8

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original 
study on which the present article is based

8

An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. 
The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals 
of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at http://
www.strobe-statement.org. 
STROBE, Strengthening the Reporting of Observational Studies in Epidemiology.
*Give information separately for exposed and unexposed groups.
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