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Background: The most essential development in endovascular stroke treatment (EST) was the shift from 
intra-arterial thrombolysis to endovascular thrombectomy with dedicated thrombectomy devices, most 
notably the introduction of stent-retrievers. We evaluated procedural and clinical effectiveness and safety of 
different EST techniques over time. 
Methods: We retrospectively analyzed EST cases that were treated by the same interventionalist before 
(n=36) and after (n=50) stent-retrievers were established as the treatment device of first choice. EST 
techniques in the first cohort comprised intra-arterial thrombolysis (n=24), manual thrombus aspiration 
(n=15), the use of the Penumbra thrombectomy system (n=13) and the Phenox clot retriever (n=3), 
intracranial stenting (n=10), and EST with stent-retrievers as a salvage procedure (n=11). In the second 
cohort, EST with stent-retrievers was the treatment option of first choice (n=47). Intra-arterial thrombolysis 
(n=15) and stenting of the occluded vessel (n=1) were performed, whenever EST with stent-retrievers failed.
Results: In both cohorts, revascularization rates (TICI ≥2b) were high (91.7% and 86.0%, respectively). A 
significantly lower number of interventional techniques per case were required in the second cohort (mean ± 
SD, 1.4±0.5 vs. 2.1±0.9, P<0.001). Recanalization was achieved almost twice as fast in the second cohort (85 
vs. 163 minutes on average, P<0.001). The rate of patients achieving good functional outcome (mRS ≤2) was 
higher in the second cohort (40.0% vs. 22.2%, P=0.083).
Conclusions: Our findings imply that when stent-retrievers were established as first-line the treatment 
device a significantly lower number of interventional techniques per case were required and recanalization 
was achieved almost twice as fast.
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Introduction

More than 30 years after the first case of endovascular stroke 
treatment (EST) was reported, five prospective studies 
have established EST as the preferred treatment option for 
acute ischemic stroke (AIS) due to large vessel occlusion 
(LVO) in the anterior circulation (1-6). While intra-arterial 
thrombolysis and mechanical thrombus fragmentation 
have been the sole interventional treatment options for 
a long time, the advent of endovascular thrombectomy 
devices in the early years of the new millennium was a 
milestone in EST (7,8). After the introduction of various 
devices such as the MERCI® device (Concentric, Mountain 
View, USA), the Phenox clot retriever (Phenox, Bochum, 
Germany), or the Penumbra® system (Penumbra, Alameda, 
USA), stent-retrievers such as the SolitaireTM device (ev3, 
Irvine, USA) emerged as the most effective thrombectomy 
devices (7-10). While complete recanalization was also 
possible with the first endovascular thrombectomy devices, 
recanalization could be very time-consuming and was not 
always associated with favorable clinical outcome (11). 
Modern stent-retrievers, however, allow for rapid, effective, 
and safe revascularization of the occluded vessels, which 
in turn is associated with favorable clinical outcome (2-6). 
This is why the use of modern stent-retrievers is one of the 
keys to successful stroke treatment. Purpose of this study 
was to evaluate whether the introduction of modern stent-
retrievers as first-line the treatment device resulted in faster 
procedural times and whether a significantly lower number 
of interventional techniques per case were needed.

Methods

Patients

Our study is based on a retrospective analysis of two EST 
cohorts that have been exclusively treated by the same 
interventionalist in two different hospitals. The first cohort 
consisted of 36 consecutive patients, who received EST in 
a maximum care hospital (HELIOS, Schwerin, Germany) 
between April 2008 and January 2010. The second cohort 
consisted of 50 consecutive patients who received EST in 
a university hospital (RWTH Aachen University, Aachen, 
Germany) between March 2011 and September 2014. 
While the first cohort was analyzed retrospectively, the 
analysis of the second cohort is based on a prospective 
stroke registry. 

The following criteria were used to select patients 
eligible for endovascular treatment: (I) treatment was 

possible within 6 hours of symptom onset; (II) there was 
LVO in CT angiography; (III) perfusion CT showed a 
mismatch between cerebral blood flow and cerebral blood 
volume, indicating salvageable “penumbra” brain tissue of 
at least 20 % of the infarcted area. In some cases, patients 
with more than 6 hours of symptom onset were considered 
also, if all of the following criteria were met: (I) neurological 
symptoms were severe; (II) the area of irreversibly damaged 
brain was small; (III) the area showing a mismatch as 
described above was large. Patients in both cohorts were 
included in this study regardless of occlusion site and 
specific interventional treatment modality. Twenty patients 
in the first cohort and fifty-seven patients in the second 
cohort fulfilled these inclusion criteria. Only patients, for 
whom the clinical endpoint (modified Rankin scale, mRS, 
after 90 days) was available, were included in this study. 
This is why seven patients in the second cohort, who were 
lost during follow up, were excluded from this analysis.

Procedures

In order to rule out that interindividual differences 
of experience and technical preference of various 
interventionalists affect our results, we analyzed all 
procedures that were performed by one interventionalist 
(MW), who already had more than 6 years’ experience with 
EST before the first treatment included in this analysis. 
Choice of the initial recanalization method was at the 
discretion of the interventionalist. If complete reperfusion 
could not be achieved with the initial method, further 
techniques could be applied (“escalation”). Escalation was 
undertaken at the discretion of the interventionalist if an 
improvement of the recanalization result could be expected 
and additional risks were judged as being tolerable. All 
interventions were performed under general anesthesia.

First cohort: standard EST techniques comprised intra-
arterial thrombolysis, manual aspiration of the thrombus 
with a microcatheter (intracranial thrombus) or with an 
access catheter (extracranial thrombus), as well as use of a 
Penumbra system and a Phenox clot retriever as described 
in the literature (8). Other EST techniques were stenting 
of the occluded intracranial vessel [M1 segment of the 
middle cerebral artery (MCA) or basilar artery] and stenting 
of extracranial stenoses [internal carotid artery (ICA) or 
common carotid artery (CCA) carotid artery, or vertebral 
artery]. EST with a Solitaire stent-retriever was considered 
as a salvage maneuver, whenever the previous techniques 
failed to revascularize the occlusion site. 
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Second cohort: EST with stent-retrievers was the treatment 
option of first choice in all cases. Second, intra-arterial 
thrombolysis and third, stenting of the occluded vessel were 
considered whenever the previous treatment option failed 
to revascularize the occlusion site.

Clinical and radiological data

After obtaining permission from both local ethics boards, 
we assessed demographics (age, sex), clinical presentation 
(NIHSS, national institute for health stroke scale) and 
disability (mRS) at admission, and disability on follow-
up (mRS on day 90). Radiological and procedural data 
comprised initial cerebral imaging with site of LVO, type 
of EST and devices, procedural time intervals, and result of 
recanalization (TICI, thrombectomy in cerebral infarction) 
(12,13). Hemorrhagic events were reported according to 
the European cooperative acute stroke study (ECASS) 
definition (14). Symptomatic hemorrhage was defined 
as radiologically proven hemorrhage accompanied by a 
clinical deterioration (≥4 points in the NIHSS) that could 
not be attributed to other causes. Procedural time intervals 
were analyzed for “onset to image” [onset of symptoms to 
first image of CT or magnetic resonance imaging (MRI) 
study], “image to groin” (first image of CT or MRI study 

to groin puncture), “groin to revascularization” (groin 
puncture to revascularization of target vessel), and “onset to 
revascularization” (onset of symptoms to revascularization 
of target vessel). Primary outcome measures were successful 
revascularization (TICI ≥2b), good functional outcome 
defined as mRS ≤2, and mortality on follow-up (90 days). 
Secondary outcome measures were defined as EST duration 
(time from groin puncture to recanalization) and number of 
applied EST techniques.

Statistical analysis

Student’s t-test, Mann-Whitney U test, Pearson χ2, and 
Fisher’s exact test were used depending on type of data and 
data distribution. P values under the alpha level of .05 were 
defined as significant. All statistical analyses were performed 
with SPSS 23 software (IBM, Armonk, New York, USA). 

Results

An overview of clinical, radiological, and procedural data 
can be found in Tables 1 and 2. Baseline characteristics 
such as age and sex distribution as well as stroke severity 
at admission and site of vessel occlusion did not differ 
significantly between the two cohorts (Table 1). In both 

Table 1 Overview of clinical and radiological baseline data of all patients

Baseline characteristics 2008–2010 2011–2014 P

Demographics

Age (yr) 70.3±11.4 (median, 72.1; range, 38.1–86.4) 69.1±16.3 (median, 72.0; range, 3.0–91.7) 0.937

Male sex, (n%) 18 (50.0) 25 (50.0) 1.000

Clinical measures

NIHSS at admission 14.5±5.7 (median, 13.5; range, 4–29) 16.2±6.9 (median, 18; range, 3–33) 0.137

Sites of vessel occlusion, (n%)

Anterior circulation 30 (83.3) 40 (80.0) 0.695

MCA 15 (41.7) 22 (44.0) 0.829

ACA 2 (5.6) 3 (6.0) 1.000

MCA & ICA 12 (33.3) 8 (16.0) 0.061

ICA (extracranial) 3 (8.3) 8 (16.0) 0.346

Basilar artery 6 (16.7) 8 (16.0) 0.934

Vertebral artery 1 (2.8) 1 (2.0) 1.000

MCA, middle cerebral artery; ACA, anterior cerebral artery; ICA, internal carotid artery. 
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Table 2 Overview of procedural data as well as procedural and clinical outcome measures of all patients. Hemorrhage types are indicated accord-
ing to the ECASS classification 

Procedural data/outcome measures 2008–2010 2012–2014 P

Procedural techniques, (n%)

Number of intracranial  
interventional techniques applied

2.1±0.9 (median, 2.0; range, 1–4) 1.4±0.5 (median, 1.0; range, 1–2) <0.001

IV thrombolysis 13 (36.1) 32 (64.0) 0.017

IA thrombolysis 24 (66.7) 15 (30.0) 0.001

Stent-retriever 11 (30.6) 47 (94.0) <0.001

Intracranial stenting 10 (27.8) 1 (2.0) 0.001

Extracranial stenting 12 (33.3) 6 (12.0) 0.016

Manual microcatheter aspiration 7 (19.4) − 0.002

Manual proximal aspiration 8 (22.2) – 0.001

Penumbra system 13 (36.1) – <0.001

Other 4 (11.1) – 0.028

Time intervals

Time of symptom onset  
determinable, (n%) 

34 (94.4) 24 (48.0) <0.001

Onset to image (min) 143.2±52.5 (median, 120.0; range, 60–240) 164.7±144.8 (median, 126.0; range, 38–681) 0.659

Image to groin (min) 72.14±27.1 (median, 75.0; range, 30–120) 54.67±23.3 (median, 52.0; range, 17–155) 0.006

Groin to revascularization (min) 163.52±101.0 (median, 140.0; range, 45–450) 85.22±63.6 (median, 58.5; range, 22–274) <0.001

Onset to revascularization (min) 349.87±97.5 (median, 345.0; range, 195–555) 299.69±157.0 (median, 270; range, 136–847) 0.017

Hemorrhage, (n%)

PH1 4 (11.1) 2 (4.0) 0.202

PH2 3 (8.3) 2 (4.0) 0.645

SAH 1 (2.8) 1 (2.0) 1.000

Symptomatic ICH 0 (0.0) 2 (4.0)* 0.508

Outcome measures, (n%)

Successful revascularization 
(TICI ≥2b) 

33/36 (91.7) 43/50 (86.0) 0.510

mRS d90 3.8±1.9 (median, 4.0; range, 0–6) 3.5±2.3 (median, 3.5; range, 0–6) 0.691

mRS ≤2 d90 8/36 (22.2) 20/50 (40.0) 0.083

Death (mRS 6) d90 9/36 (25.0) 17/50 (34.0) 0.370

*, one occurring 1 day and the other occurring three days after stroke treatment (both PH2). “Other” treatment modalities were the use of 
a Phenox retriever in three cases and the use of a snare device in one case. PH1 and PH2, parenchymal hemorrhage type 1 and 2; SAH, 
subarachnoid hemorrhage; ICH, intracranial hemorrhage; ECASS, the European cooperative acute stroke study.
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cohorts, high revascularization rates (TICI ≥2b) were 
achieved (91.7% and 86.0%, respectively). As expected, 
type of treatment differed significantly between the groups  
(Table 2). EST with a stent-retriever was performed in 
47 of 50 cases (94.0%) of the second cohort, while it was 
performed as a second-line treatment in 11 of 36 cases 
(30.6%) of the first cohort. A significantly higher number of 
intracranial interventional techniques per case were required 
in the first cohort as compared to the second cohort (Table 2).  
Accordingly, when only mechanical revascularization 
techniques were considered and cases with intra-arterial 
thrombolysis were excluded from this analysis, significantly 
fewer different intracranial EST techniques were needed in 
the second cohort (mean ± SD, 1.1±0.3; median, 1.0; range, 
1–2) compared to the first cohort (mean ± SD, 1.7±0.7; 
median, 2.0; range, 1–4) (P=0.011). Significant differences 
were also found in in-house procedural times, with faster 
image-to-groin and groin-to-recanalization times in the 
second cohort (Table 2). The rate of patients achieving 
good functional outcome (mRS ≤2) was higher in the 
second cohort (22.2% for cohort 1 vs. 40.0% for cohort 2),  
although this effect did not reach statistical significance 
(P=0.083). Notably, all patients with a favorable clinical 
outcome had been successfully revascularized (TICI ≥2b). 
Neither in the first cohort nor across cohorts, functional 
outcome (P=0.699 and P=0.235), mortality (P=0.531 and 
P=0.380), and recanalization rates (P=0.230 and P=0.247) 
depended on whether stent-retrievers were used or not.

In the first cohort, there was symptomatic re-occlusion 
of implanted stents in two cases (9.1%). One occlusion was 
located in the cervical carotid artery (WALLSTENTTM, 
Boston Scientific, Marlborough, Massachusetts, USA) 
and the other was located in the MCA (SolitaireTM 
stent). When thrombus removal with a stent-retriever 
was intended, there was one case of vessel perforation 
with consecutive subarachnoid hemorrhage (SAH) each 
in the first cohort (2.8%) and in the second cohort (2%) 
(P=1.000). SAH was accompanied by a small cerebral 
hematoma (ECASS PH1) in the case from the first cohort. 
Hemorrhage rates are summarized in Table 2. Hemorrhage 
rates in the first cohort were higher, but did not differ 
significantly between the two cohorts (Table 2). 

Discussion

EST has been subject to substantial changes in the last 
decade. The most essential development was the shift 
from sole intra-arterial thrombolysis to endovascular 

thrombectomy with dedicated thrombectomy devices (7,8). 
Our results support the hypothesis that EST with stent-
retrievers as first-choice devices improves procedural 
times. Complete or almost complete vessel recanalization 
(TICI ≥2b) with acceptable complication rates was 
achievable in the vast majority of cases from the beginning 
(91.7%). However, similar to the MERCI trial before 
the introduction of modern stent-retrievers, this high 
recanalization rate was not yet associated with a satisfactory 
rate of good clinical outcome (22.2%) (15). When stent-
retrievers became the device of first choice, recanalization 
was achieved almost twice as fast (85 vs. 163 minutes on 
average) (Table 2). EST not only became faster, but also 
more efficient. The number of different EST techniques 
needed for vessel recanalization (including IA thrombolysis) 
dropped from 2.1 to 1.4 (Table 2). These procedural 
improvements were also reflected in improved clinical 
outcome. When stent-retrievers became the device of first 
choice, the proportion of patients with favorable functional 
outcome (mRS ≤2) on follow-up almost doubled (40.0% vs. 
22.2%). Even though this effect failed to reach statistical 
significance, this trend shows that optimization of EST 
results in more favorable clinical outcome. One might object 
that the clinical outcome in the first cohort was not as good 
as might be expected in the first place. Yet, when comparing 
our results to the recent prospective studies, one has to 
bear in mind that we included a wider range of patients for 
mechanical recanalization (2-6). In contrast to the recent 
prospective studies we included patients with occlusions 
in the posterior circulation and proximal occlusions of the 
carotid artery. Nonetheless, our results must be interpreted 
with great care, given the retrospective approach of our 
study. In fact, our data do not support the hypothesis that 
the use of stent-retrievers per se results in a more favorable 
outcome. One must also bear in mind that EST with stent-
retrievers was not the treatment option of first choice and 
that the rate of systemic thrombolysis was significantly 
lower in the first cohort. Consequently, our results imply in 
more general terms that overall optimization of EST with 
an effective thrombectomy technique—which is the use of 
stent-retrievers in our case—results in improved procedural 
and clinical outcome. 

Limitations

The major limitation of our study is the relatively small 
sample size and the retrospective approach, both of which 
provoke speculative interpretation of our data to some 
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extent. As the cohorts were treated in different hospitals, 
infrastructural factors might also have an impact on the 
results. Also, one cannot certainly rule out the impact of a 
personal learning curve, even though the interventionalist 
had more than 6 years’ experience with EST before the first 
treatment included in this analysis.

Conclusions

Full revascularization of the target vessel was achievable 
before modern stent-retrievers were established as the 
treatment device of first choice. However, a significantly 
lower number of interventional techniques per case were 
required and recanalization was achieved almost twice as 
fast when stent-retrievers were established as first-line the 
treatment device. 
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