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Background and Purpose In the Aspiration vs. Stent Retriever for Successful Revascularization 
(ASTER) trial, which evaluated contact aspiration (CA) versus stent retriever (SR) use as first-line 
technique, the impact of the susceptibility vessel sign (SVS) on magnetic resonance imaging (MRI) 
was studied to determine its influence on trial results.
Methods We included patients having undergone CA or SR for M1 or M2 occlusions, who were 
screened by MRI with T2* gradient recalled echo. Occlusions were classified as SVS (+) or SVS (–) in 
each randomization arm. Modified thrombolysis in cerebral infarction (mTICI) 2b, 2c, or 3 
revascularization rates were recorded and clinical outcomes assessed by the overall distribution of 
modified Rankin scale (mRS) at 90 days.
Results Among the 202 patients included, 143 patients were SVS (+) (70.8%; 95% confidence 
interval [CI], 64.5% to 77.1%). Overall, there was no difference in angiographic and clinical 
outcomes according to SVS status. However, compared to SR, CA achieved a lower mTICI 2c/3 
rate in SVS (+) patients (risk ratio [RR] for CA vs. SR, 0.60; 95% CI, 0.51 to 0.71) but not in SVS (–) 
(RR, 1.11; 95% CI, 0.69 to 1.77; P for interaction=0.018). A significant heterogeneity in favor of 
superiority of first-line SR strategy in SVS (+) patients was also found regarding the overall mRS 
distribution (common odds ratio for CA vs. SR, 0.40 vs. 1.32; 95% CI, 0.21 to 0.74 in SVS (+) vs. 
95% CI, 0.51 to 3.35 in SVS (–); P for interaction=0.038).
Conclusions As a first line strategy, SR achieved higher recanalization rates and a more favourable 
clinical outcome at 3 months compared to CA when MRI shows SVS within the thrombus.
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Introduction

After the recent randomized controlled trials demonstrating 
the superiority of mechanical thrombectomy (MT) over stan-
dard medical management alone, attention in the field is now 
focused on reducing time to revascularization, optimizing im-
aging methods for patient selection, and evaluating the best 
technical approach.1-4 The Aspiration vs. Stent Retriever for 
Successful Revascularization (ASTER) trial aimed to compare 
the efficacy and safety of first-line endovascular treatment 
(EVT) using the contact aspiration (CA) technique versus the 
standard stent retriever (SR) technique and failed to show any 
superiority of CA on successful reperfusion.5 In this context, 
thrombus subtype may play a key role in reperfusion success.6-8 
In the ASTER trial, a majority of patients were screened with 
magnetic resonance imaging (MRI) for acute stroke diagnosis. 
Thrombus composition could therefore be studied using the 
susceptibility vessel sign (SVS) on gradient recalled echo (GRE) 
sequences.9 Intracranial clots are SVS-positive when red blood 
cells (RBCs) are predominantly present within the throm-
bus.8,10-12 Retrospective and monocentric studies have shown 
that the qualitative evaluation of SVS could help predict re-
canalization and functional outcome after EVT.6,13-16 

We aim to assess the impact of SVS on ASTER results with a 
particular focus on a potential interaction with the first-line 
strategy (CA vs. SR).

Methods

The trial design has been published recently.17 In brief, the AS-
TER trial was a prospective, randomized, multicenter, con-
trolled, open-label, blinded endpoint (PROBE) clinical trial. It 
was an academic trial designed to address the question of 
which first-line strategy for MT (CA or SR) obtains higher re-
vascularization rates at the end of the endovascular procedure. 
Patients were recruited at eight high-volume, comprehensive 
stroke centers in France, all of which regularly perform both 
types of technique. The study, which is registered with Clinical-
Trials.gov (Identifier NCT02523261), was conducted in accor-
dance with the Declaration of Helsinki and Good Clinical Prac-
tice. Data collection during the study is reported in Table 1. The 
study protocol and the consent form were approved by the Co-
mité de Protection des Personnes Ile de France VI (ID 2015-
A00830-49). The details of the trial protocol were published 
previously.14

Patient population
This study enrolled adults admitted with suspected ischemic 

stroke secondary to occlusion of the anterior circulation, within 
6 hours of symptom onset. Overall inclusion and exclusion cri-
teria are detailed in the trial protocol.17 

For the present analysis, we included patients who received 
EVT for middle cerebral artery (M1 or M2) occlusions on first 
line imaging and who were screened by MRI for the diagnosis 
of acute ischemic stroke. SVS was classified as present (SVS 
[+]) or absent (SVS [–]) according strictly to the definition of 
Rovira et al.9 An independent and experienced core lab ana-
lyzed all MRIs blindly. 

Interventions
In line with the recommendations of the American Stroke As-
sociation and European Stroke Organization enrolled patients 
were given intravenous (IV) thrombolysis (if they were eligible) 
and transferred quickly to the catheter lab for urgent throm-
bectomy.2 Patients underwent their assigned endovascular pro-
cedure (CA or SR) under general anesthesia or conscious seda-
tion. Both techniques were conducted in accordance with good 
practice recommendations (minimum of three attempts before 
switching to another strategy; use of a proximal occlusion bal-
loon with the SR). The CA approach was previously reported.18,19 

Outcomes
The primary outcome for the present ancillary study of the AS-
TER trial was the percentage of patients with successful revas-
cularization defined as a modified thrombolysis in cerebral in-
farction (mTICI) score of 2b or 3 at the end of the assigned first-
line procedure (CA vs. SR alone).20 Secondary angiographic effi-
cacy outcomes included the percentage of patients with “near” 
complete revascularization (mTICI 2c/3)21 and complete revascu-
larization (mTICI 3) at the end of the assigned first-line proce-
dure, the successful, near complete and complete revasculariza-
tion at the end of all endovascular procedures, the rate of more 
than 2 passes of the device, and the rate of resorting to rescue 
therapy. The secondary efficacy clinical outcomes were global 
disability assessed by overall distribution of the modified Rankin 
scale (mRS) at 90 days (shift analysis combining scores of 5 and 
6) and functional independence as defined by a 90-day mRS 
≤2.22 Safety outcomes included intracranial hemorrhage on im-
aging at 24±12 hours (according to the European Cooperative 
Acute Stroke Study [ECASS] 3 classification).23 

Statistical analysis
Data analysis was performed on 202 patients with isolated mid-
dle cerebral artery occlusion, having undergone MRI for the di-
agnosis of SVS. An unweighted Cohen κ with 95% confidence 
interval (CI) was calculated between readers for the presence or 
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the absence of the SVS. Categorical variables were expressed as 
frequencies and percentages. Quantitative variables were ex-
pressed as mean±standard deviation, or median (interquartile 
range) for non-normal distribution. Normality of distributions 
was assessed graphically and by using the Shapiro-Wilk test. 

Baseline characteristics were compared between patients 
with and without SVS using chi-square or Fisher exact tests for 
categorical variables, and Student t-test or Mann-Whitney U 
test for continuous variables, as appropriate. In addition, abso-
lute standardized differences were calculated and values >20% 
were interpreted as meaningful differences.24 

Comparisons in angiographic and clinical outcomes between 
patients with and without SVS were performed after pre-speci-
fied adjustment on center, use of IV thrombolysis prior to EVT 
and first-line endovascular strategy using generalized linear 
mixed models (GLMMs) by including center as a random effect. 
For binary outcomes, adjusted relative risks were derived from 
GLMMs as effect size using a binomial distribution and a log-
link function. For overall distribution of mRS (shift analysis), 
common odds ratio (OR) was derived from GLMM as effect size 
using a multinomial distribution and a cumulative logit link 
function. We investigated the impact of SVS on first-line strate-
gy efficacy on angiographic and clinical outcomes by including 
the corresponding multiplicative interaction term in the GLMMs. 
All statistical tests were two-sided and P<0.05 was considered 
statistically significant. Data were analyzed using the SAS soft-
ware package, release 9.4 (SAS Institute, Cary, NC, USA).

Results

Between October 2015 and October 2016, a total of 381 patients 
were randomized in the ASTER trial. Among these, 202 patients 

were eligible for inclusion in the present study (Figure 1). Rea-
sons for exclusions were no EVT (n=45), internal carotid artery 
occlusion (n=65), and absence or poor MRI quality prior to MT 
for SVS diagnosis (n=69). Of the 202 included patients, 106 pa-
tients received SR in first-line and the remaining 96 received CA. 
Baselines characteristics and outcomes are provided for the 
overall study sample (Table 1) and according to the presence or 
absence of SVS. For the presence or the absence of the SVS, we 
found an excellent agreement between readers with an un-
weighted Cohen κ=0.88 (95% CI, 0.81 to 0.94). SVS was diag-
nosed in 70.8% of cases (n=143; 95% CI, 64.5% to 77.1%) with 
no difference according to the site of occlusion (M1, 69.0% vs. 
M2, 75.4%, P=0.36). As shown in Table 1, only the rate of IV tis-
sue plasminogen activator (t-PA) prior to MT differed between 
the two groups with a higher rate in SVS (+) patients compared 
to SVS (–) patients (71.3% vs. 50.9%, P=0.005) (Table 1). 

SVS and outcomes
Angiographic and main clinical outcomes are described in Table 
2 according to the presence or absence of SVS. There was no 
difference between outcomes in patients with and without 
SVS. Only a non-significantly increased rate of favorable out-
come in patients with SVS (+) compared to patients without 
was found (59.0% vs. 43.1%; adjusted risk ratio [RR], 1.27; 
95% CI, 0.97 to 1.66). 

Impact of SVS on efficacy of first-line 
endovascular strategy
When efficacy of first-line MT strategy was compared accord-
ing to presence or absence of SVS, heterogeneity was found on 
reperfusion outcomes after the first-line strategy (Figure 2). In 
patients with SVS (+), successful reperfusion was less often 

106 Treated by �rst-line SR 96 Treated by �rst-line CA

45 Patients did not receive �rst-line device:
- 27 Spontaneous clot lysis
- 4 Groin access failure
- 13 Cervical access failure
- 1 Extracranial stenting without intracranial thrombectomy

65 Patients with ICA or tandem occlusion (36 SR and 29 CA)

69 Patients without evaluation of SVS (27 SR and 42 CA):
- 58 No MRI before MT
- 11 Poor MRI quality, impossible SVS analysis

381 Randomized

336 Treated by �rst-line SR/CA

271 With isolated MCA occlusion

202 With assessment of SVS on MRI before MT

Figure 1. Study flow chart. SR, stent retriever; CA, contact aspiration; ICA, internal carotid artery; MCA, middle cerebral artery; SVS, susceptibility vessel sign; 
MRI, magnetic resonance imaging; MT, mechanical thrombectomy.
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achieved with CA than SR as first-line EVT, whereas no such 
difference was found in patients with SVS (–). The greater dif-
ference in treatment effect size was observed for mTICI 2c/3 
rate, with an adjusted RR for CA versus SR of 0.60 (95% CI, 
0.51 to 0.71) in SVS (+) patients by comparison to 1.11 (95% 
CI, 0.69 to 1.77) in SVS (–) (Figure 2). 

The rates of number of passes >2 and use of rescue treatment 
were greater in patients treated with CA than SR as first-line EVT 
for the SVS (+) group only, with an adjusted RR of 1.61 (95% CI, 
1.01 to 2.55) and 2.19 (95% CI, 1.15 to 4.14), respectively. At the 
end of endovascular procedure, in the SVS (+) group, first-line 
CA compared to first line SR remained associated with a lower 

 Table 1. Baseline characteristics according to susceptibility vessel sign on magnetic resonance imaging in the ASTER trial 

Characteristic
SVS (–)
(n=59)

SVS (+)
(n=143)

P ASD (%)

Demographics 

Age (yr) 67.6±13.7 67.8±16.0 0.94 1.1

Men 26/59 (44.1) 82/143 (42.7) 0.085 26.8

Medical history

Hypertension 38/59 (64.4) 78/139 (56.1) 0.28 17.0

Diabetes 14/59 (23.7) 21/141 (14.9) 0.13 22.5

Hypercholesterolemia 21/59 (35.6) 53/139 (38.1) 0.74 5.3

Current smoking 11/51 (21.6) 32/119 (26.9) 0.46 12.5

Coronary artery disease 10/59 (17.0) 18/138 (13.0) 0.47 11.0

Previous stroke or TIA 11/58 (18.6) 22/142 (15.5) 0.58 8.4

Previous antithrombotic medications 29/58 (50.0) 60/140 (42.9) 0.36 14.4

Antiplatelet 17/58 (29.3) 42/140 (30.0) 0.92 1.5

Anticoagulant 14/58 (24.1) 20/140 (14.3) 0.094 25.2

Current stroke event

Systolic blood pressure (mm Hg) 149±28 146±23 0.34 14.4

NIHSS score* 15.9±6.2 15.4±6.4 0.57 8.9

Pre-stroke mRS ≥1 12/59 (20.3) 18/143 (12.6) 0.16 21.0

ASPECTS* 7 (5–8) 7 (5–8) 0.63 7.4

Site of occlusion 

M1-MCA 45/59 (76.3) 100/143 (69.9) 0.36 14.3

M2-MCA 14/59 (23.7) 43/143 (30.1)

Favorable collaterals (ASITN 3/4) 14/52 (26.9) 29/126 (23.0) 0.58 9.0

Suspected stroke cause

Large artery atherosclerosis 6/59 (10.2) 15/143 (10.5) 1.00 1.3

Cardioembolic 23/59 (39.0) 55/143 (38.5)

Other or unknown 30/59 (50.9) 73/143 (51.1)

Intravenous rt-PA 30/59 (50.9) 102/143 (71.3) 0.005 43.0

Endovascular treatment

First-line CA strategy 28/59 (47.5) 68/143 (47.6) 0.99 0.0

General anesthesia 10/59 (17.0) 15/143 (10.5) 0.20 18.9

Onset to groin puncture time (min)† 235 (159–295) 220 (180–270) 0.36 13.9

Onset to imaging† 108 (72–154) 109 (82–143) 0.70 5.9

Imaging to groin puncture 1115 (65–151) 106 (63–142) 0.25 17.6

Values are presented as mean±standard deviation, number/total number (%), or median (interquartile range). 
ASTER, Aspiration vs. Stent Retriever for Successful Revascularization; SVS, susceptibility vessel sign; ASD, absolute standardized difference; TIA, transient 
ischemic attack; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin scale; ASPECTS, Alberta Stroke Program Early Computed Tomogra-
phy Score; MCA, middle cerebral artery; ASITN, American Society of Interventional and Therapeutic Neuroradiology; rt-PA, recombinant tissue plasminogen 
activator; CA, contact aspiration. 
*2 missing values; †1 missing value.
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mTICI 2c/3 rate (adjusted RR, 0.82; 95% CI, 0.72 to 0.92). 
Regarding the overall distribution of mRS (Figure 3), a sig-

nificant heterogeneity in favor of superiority of first-line SR 
strategy was found in patients with SVS (+). The adjusted com-
mon OR of 1 point improvement for CA versus SR (0.40 vs. 
1.32; 95% CI, 0.21 to 0.74 in SVS (+) vs. 95% CI, 0.51 to 3.35 
in SVS (–); P for interaction=0.038).

Similar results were found when favorable outcome was ana-
lyzed although the heterogeneity test did not reach the signifi-
cance level (P=0.098). In SVS (+) patients, the favorable outcome 
rate was 53.3% in those treated by first-line CA and 64.4% in 
those treated by first-line SR (adjusted RR, 0.80; 95% CI, 0.69 to 
0.92). In the SVS (–) group, the favorable outcome rate was 
42.9% in patients treated by first-line CA and 43.3% in those 
treated by first-line SR (adjusted RR, 1.02; 95% CI, 0.67 to 1.51). 

Discussion

The main finding of our work is that the presence of SVS im-
pacts the success rate of the thrombectomy strategy. Com-
pared to CA, patients treated with SR achieve higher rates of 
complete reperfusion within fewer passes, which translates 

into a better functional outcome. In the absence of SVS, no 
differences were observed between the two techniques. Since 
the thrombus is the primary target of current reperfusion ther-
apies, SVS evaluation on MRI before treatment appears to be 
relevant in order to determine the most effective MT strategy.

The SVS on a GRE sequence is defined as a hypointense signal, 
located at the site of the thrombus, exceeding the diameter of 
the contralateral artery.9 SVS is observed in 50% to 85% of cases 
of hyperacute stroke, particularly in the case of a RBC-dominant 
thrombus, whereas a lack of SVS is indicative of a fibrin-domi-
nant thrombus.6,7,13,14,16,25-28 Of note, a linear variation of the RBC/
fibrin ratio has been reported in samples of retrieved thrombi.29 
Hence, a cutoff ratio of erythrocyte components (>64% RBCs) 
has been related to successful recanalization using SR. Overall, 
SVS has been studied in the literature on ischemic stroke treated 
by IV t-PA or EVT with endpoints defined either on recanalization 
or functional outcome. The presence of SVS is associated with 
higher rates of recanalization and favourable outcome after 
EVT.6,7,13,15 Conversely, the absence of SVS was related to better 
recanalization rate and clinical outcome after IV t-PA.14,16,30 In-
terestingly, in vitro studies have shown that white thrombi, 
which are fibrin-rich, are not permanently embedded within the 

Table 2. Comparison in clinical and angiographic efficacy outcomes according to susceptibility vessel sign on magnetic resonance imaging in the ASTER trial 

Outcome
SVS (–)
(n=59)

SVS (+)
(n=143)

RR (95% CI)* P *

Angiographic outcomes

Reperfusion after first-line strategy 

mTICI 3 22/59 (37.3) 46/143 (32.2) 0.91 (0.76–1.10) 0.31

mTICI 2c/3 30/59 (50.9) 68/143 (47.6) 0.91 (0.73–1.12) 0.36

mTICI 2b/3† 41/59 (69.5) 94/143 (65.7) 0.81 (0.53–1.25) 0.35

Number of passes >2 22/59 (37.3) 61/143 (42.7) 1.06 (0.76–1.47) 0.73

Use of rescue therapy 20/59 (33.9) 38/143 (26.6) 0.89 (0.71–1.11) 0.31

Reperfusion at end of procedure 

mTICI 3 24/59 (40.7) 55/143 (38.5) 0.97 (0.80–1.19) 0.80

mTICI 2c/3 38/59 (64.4) 82/143 (57.3) 0.84 (0.63–1.13) 0.26

mTICI 2b/3 51/59 (86.4) 120/143 (83.9) 0.80 (0.41–1.54) 0.50

Procedural complications 11/59 (18.6) 27/143 (18.9) 0.97 (0.88–1.07) 0.53

Clinical outcomes

Functional independence at 3 months 25/58 (43.1) 82/139 (59.0) 1.27 (0.97–1.66) 0.079

Modified Rankin scale at 3 months 3 (1–5) 2 (1–4) 1.52 (0.86–2.68)‡ 0.15

ICH at 24 hours 25/59 (42.4) 60/140 (42.9) 0.94 (0.75–1.15) 0.53

Symptomatic ICH 1/59 (1.7) 7/140 (5.0) NE ( 0.44

Values are presented as number/total number (%) or median (interquartile range). 
ASTER, Aspiration vs. Stent Retriever for Successful Revascularization; SVS, susceptibility vessel sign; RR, risk ratio; CI, confidence interval; mTICI, modified 
thrombolysis in cerebral infarction; ICH, intracranial hemorrhage; NE, not estimable.
*Calculated using SVS (–) group as reference, after pre-specified adjustment for center, first-line strategy and IV thrombolysis; †Pre-specified as primary out-
come measure for this ASTER ancillary study; ‡Common odds ratio of improvement of 1 point in modified Rankin scale score.
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SR struts but are more prone to roll between the device and the 
vessel wall during retrieval.31 On the other hand, red thrombi, are 
easily caught by SR.31 

We show in the present study that the rate of successful reca-
nalization within three passes was higher in the first line SR arm 
than in the first line CA arm in the setting of SVS (+). Our hy-
pothesis is that the SR struts are able to incorporate a soft RBC 

thrombus. This result could also be related to the use of the bal-
loon-guiding catheter in the SR arm. Beyond the benefit of a 
mTICI 2b, 2c, or 3, time to reperfusion is a well-known indepen-
dent prognostic factor for clinical outcome at 3 months, which 
underlines the importance of successful reperfusion within the 
first passes.1,32,33 Additionally, numerous attempts and time con-
suming procedures, by increasing the risk of rethrombosis and 

548952121

6 7 6 617 12 12

834346 2

4255354

0 1 2 3 4 5 690-Day mRS score

SVS (+)/�rst line SR (n=73)

SVS (+)/�rst line CA (n=66)

SVS (—)/�rst line SR (n=30)

SVS (—)/�rst line CA (n=28)

0% 20% 40% 60% 80% 100%

Figure 3. Distribution of modified Rankin score (mRs) at 90 days according to first-line approaches and susceptibility vessel sign (SVS) on magnetic resonance 
imaging in the Aspiration vs. Stent Retriever for Successful Revascularization (ASTER) trial. SR, stent retriever; CA, contact aspiration.
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Figure 2. Comparison in angiographic outcomes between contact aspiration (CA) versus stent retriever (SR) first-line approaches according to susceptibility 
vessel sign (SVS) on magnetic resonance imaging in the Aspiration vs. Stent Retriever for Successful Revascularization (ASTER) trial. Values expressed as no./
total no. (%) unless otherwise indicated. Risk ratios (RRs) were calculated using first-line SR group as reference, after pre-specified adjustment for center, and 
intravenous thrombolysis. P Het indicates P-values for heterogeneity in treatment effect size across SVS subgroup. CI, confidence interval; mTICI, modified 
thrombolysis in cerebral infarction; MT, mechanical thrombectomy. 
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per-procedural complications, compromise the probability of fa-
vourable clinical outcome.3,4,34 This fact explains probably, at 
least in part, why in SVS (+) patients experience better clinical 
outcome with SR as a first line approach compared to CA.

Some limitations might be applied to our study. Since previ-
ous studies have shown that SVS (–) patients were better re-
sponders to IV t-PA than SVS (+) patients, our higher propor-
tions of IV t-PA treatment among SVS (+) patients might be 
explained by a higher rate of recanalization after IV t-PA in 
SVS (–) patients, leading to their exclusion in the present study. 
This is probably why we found more patients who received IV 
t-PA before EVT in the SVS (+) group than in the SVS (–) group. 
However, our analysis was adjusted for previous IV t-PA. Al-
though SVS identification is reliable and reproducible, with ex-
cellent interobserver and intraobserver agreements, SVS evalu-
ation in the ASTER trial was performed on GRE sequences ac-
quired on different MRI machines due to the multicentric de-
sign of the study. This is a significant limit, as we previously re-
ported in an in vitro study that the accuracy of diagnosing SVS 
to identify RBC-dominant thrombi varies significantly among 
MRI machines.35 Hence, a more reliable quantitative imaging 
biomarker able to overcome this limitation might be useful in 
order to adapt EVT strategy to the thrombus composition.7 
There is a need for biomarker comparison between different 
modalities including imaging and biological approaches to bet-
ter define the significance of SVS. Advanced post-treatment 
software and acquisition sequences could be of a great interest 
in evaluating the composition of the thrombus, but one should 
keep in mind that time is still limited in this context and imag-
ing must not delay treatment after the diagnostic confirma-
tion. In addition, we have not been able to analyse thrombi re-
trieved after MT and therefore did not compare SVS and histol-
ogy. However, published articles failed to find a reliable and re-
producible association between the thrombi histology and re-
canalization results.10,36 Indeed, there are inherent biases in as-
sessing histologic characteristics of thrombi retrieved in vivo. IV 
t-PA is, when required, injected after imaging but before histo-
logical analysis and only the thrombi retrieved or parts of it are 
available for this analysis. Lastly, we have only included middle 
cerebral artery (M1 or M2) occlusions, since the skull base ar-
tefact in cases of more proximal occlusions can alter the eval-
uation of SVS. This certainly reduced the study sample but in-
creased the homogeneity of the studied population. 

Conclusions

Based on the ASTER trial population, we analysed the impact 
of SVS on MT strategy. With SR as a first line strategy, we 

found a higher rate of successful recanalization when SVS was 
present. Furthermore, for patients with SVS (+), and even after 
rescue therapy, the rate of favourable clinical outcome at 3 
months was higher with SR compared to CA as the first line 
strategy. Thrombus MRI examination before MT thus appears 
relevant to adapt first line strategy in the setting of acute isch-
emic stroke due to large vessel occlusions. Large prospective 
studies using MRI clot evaluation are warranted in order to 
confirm this hypothesis.
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