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BACKGROUND: We evaluated data from all patients in the Netherlands who underwent endovascular treatment for acute 
ischemic stroke in the past 3.5 years, to identify nationwide trends in time to treatment and procedural success, and assess 
their effect on clinical outcomes.

METHODS: We included patients with proximal occlusions of the anterior circulation from the second and first cohorts of the 
MR CLEAN (Multicenter Randomized Clinical trial of Endovascular Treatment for Acute Ischemic Stroke in the Netherlands) 
Registry (March 2014 to June 2016; June 2016 to November 2017, respectively). We compared workflow times and rates 
of successful reperfusion (defined as an extended Thrombolysis in Cerebral Infarction score of 2B-3) between cohorts and 
chronological quartiles (all included patients stratified in chronological quartiles of intervention dates to create equally sized 
groups over the study period). Multivariable ordinal logistic regression was used to assess differences in the primary outcome 
(ordinal modified Rankin Scale at 90 days).

RESULTS: Baseline characteristics were similar between cohorts (second cohort n=1692, first cohort n=1488) except for 
higher age, poorer collaterals, and less signs of early ischemia on computed tomography in the second cohort. Time from 
stroke onset to groin puncture and reperfusion were shorter in the second cohort (median 185 versus 210 minutes; P<0.001 
and 236 versus 270 minutes; P<0.001, respectively). Successful reperfusion was achieved more often in the second than 
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in the first cohort (72% versus 66%; P<0.001). Functional outcome significantly improved (adjusted common odds ratio 
1.23 [95% CI, 1.07–1.40]). This effect was attenuated by adjustment for time from onset to reperfusion (adjusted common 
odds ratio, 1.12 [95% CI, 0.98–1.28]) and successful reperfusion (adjusted common odds ratio, 1.13 [95% CI, 0.99–1.30]). 
Outcomes were consistent in the analysis per chronological quartile.

CONCLUSIONS: Clinical outcomes after endovascular treatment for acute ischemic stroke in routine clinical practice have 
improved over the past years, likely resulting from improved workflow times and higher successful reperfusion rates.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: groin odds ◼ ratio ◼ puncture ◼ registry ◼ reperfusion

Endovascular treatment (EVT) has drastically 
improved functional outcomes in patients with 
acute ischemic stroke because of proximal anterior 

circulation occlusions and is now standard of care.1–3 
Treatment outcomes from clinical trials proved to be 
reproducible in clinical practice.4–8 Since the introduc-
tion of EVT as standard of care, efforts have been 
focused on further improving patient outcomes, with 
decreasing time to treatment and improving reperfusion 
grades as major targets. Both are strongly associated 
with functional outcome: in daily practice, every hour of 
treatment delay is associated with a reduced chance of 
functional independence by ≈5%.9,10 Procedural results 
are expected to improve over time as stroke teams 
gain more experience, new treatment approaches and 
materials are tested and implemented,11–13 and atten-
tion for interventionist training increases.14 However, 
no longitudinal studies have reported on whether the 
past years’ large-scale efforts to improve workflow 
times and procedural results in everyday practice lead 
to measurably better patient outcomes in the whole 
treated population.

In the Netherlands, the MR CLEAN (Multicenter Ran-
domized Clinical trial of Endovascular Treatment for Acute 
Ischemic Stroke in the Netherlands) Registry included all 

patients with ischemic stroke treated with EVT from the 
final patient included in the MR CLEAN.4,15 We compared 
the results of the second MR CLEAN Registry cohort to 
those of first, which were previously published,4 to evalu-
ate trends in patient characteristics, workflow times, and 
interventional results over the past 3.5 years, and their 
association with clinical outcomes.

METHODS
Design
The MR CLEAN Registry is a prospective, nationwide, obser-
vational cohort study in all Dutch interventional stroke centers, 
including all patients treated with EVT for acute ischemic stroke. 
Registration started immediately after the final MR CLEAN trial 
inclusion in March 2014.15 The study design and methods have 
been described in detail in the publication of the results of the 
first cohort (March 16, 2014 to June 15, 2016).4 In the pres-
ent study, the second cohort comprising patients registered 
between June 16, 2016 and November 1, 2017 was analyzed, 
and results were compared with the first cohort. Methods for 
patient enrolment, study design, data management, and study 
procedures were the same for both cohorts.4

The MR CLEAN Registry study protocol was evaluated by 
the ethics committee of the Erasmus MC University Medical 
Centre, Rotterdam, the Netherlands (MEC-2014-235), and 
permission to carry out the study as a registry was granted. The 
protocol was subsequently approved by the research board of 
each participating center. All authors had full access to all the 
study data. Source data will not be made available because of 
legislatory issues on patient privacy, but detailed analytic meth-
ods and study materials, including log files of statistical anal-
yses, will be made available to other researchers on request 
to the first author. Results were reported in adherence to the 
RECORD statement guidelines.

Included Patients
Patients undergoing arterial puncture with the intention to per-
form EVT for acute ischemic stroke were included in the MR 
CLEAN Registry. For the current analysis, we included patients 
with occlusions of the internal carotid artery, internal carotid artery 
terminus, middle (M1/M2) cerebral artery, or anterior (A1/A2) 
cerebral artery on baseline angiography imaging, who were aged 
18 years or older, and were treated in a MR CLEAN center,15 to 
ensure comparability with the first cohort. Because of the limited 

Nonstandard Abbreviations and Acronyms

acOR adjusted common odds ratio
ASPECTS  Alberta Stroke Program Early CT Score
CTA computed tomography angiography
DSA digital subtraction angiography
EVT endovascular treatment
ICA internal carotid artery
MR CLEAN  Multicenter Randomized Clinical trial 

of Endovascular Treatment for Acute 
Ischemic Stroke in the Netherlands

mRS modified Rankin Scale
NCCT noncontrast computed tomography
NIHSS  National Institutes of Health Stroke 

Scale
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number of patients undergoing arterial puncture >6.5 hours after 
symptom onset in both cohorts (n=38 and n=61, respectively), 
the unknown selection criteria to treat these patients in a time 
when late-window EVT was not standard of care, and to ensure a 
comparable analysis between cohorts and time periods, a maxi-
mum onset to groin puncture time of 6.5 hours was defined for 
inclusion in the current study. We performed a separate addi-
tional analysis including patients treated beyond 6.5 hours (see 
Statistical methods). Current Dutch guidelines do not advise any 
restrictions for EVT based on age, Alberta Stroke Program Early 
CT Score (ASPECTS), collateral grading score, or carotid tandem 
lesions.16

Intervention
EVT consisted of arterial puncture, catheterization, and throm-
bus removal using stent-retriever thrombectomy, aspiration, or 
both, with or without administration of intraarterial thrombolyt-
ics. Interventional device choice was left to the discretion of the 
treating interventionist. We also included patients in whom no 
thrombectomy attempt was done despite the intention to treat 
with EVT, because of, for example, inaccessibility of the intra-
cranial vasculature or spontaneous or intravenous alteplase-
induced lysis of the original thrombus.

Imaging
An independent core laboratory assessed baseline noncon-
trast computed tomography (NCCT) and computed tomog-
raphy angiography images, digital subtraction angiography 
(DSA) images of the intervention, and follow-up NCCT 
images acquired in case of a suspected hemorrhage or clini-
cal deterioration. All observers were blinded to clinical data 
except for symptom side and were provided with instructions 
and relevant definitions.

ASPECTS, occlusion location, clot burden score, and collat-
eral grading score were assessed on baseline NCCT or com-
puted tomography angiography.17,18 Reperfusion was graded 
with the extended Thrombolysis in Cerebral Infarction score 
on DSA.19 Successful reperfusion was defined as extended 
Thrombolysis in Cerebral Infarction score 2B-3 on the final DSA 
run. Only DSA images with final runs including anteroposterior 
and lateral views could receive a score of 2B or higher. If the final 
posttreatment DSA run had only one view, a maximum score of 
2A could be assigned. Intracranial hemorrhage was assessed 
on follow-up NCCT according to the Heidelberg criteria.20

Outcomes
Our primary outcome measure was functional outcome 
assessed with the modified Rankin Scale (mRS) at 90 days.21 
The mRS was scored by trained (research) nurses, based on 
telephonic or in-person interviews. Secondary outcome mea-
sures were neurological deficit at 24 to 48 hours after stroke 
onset, evaluated by means of the National Institutes of Health 
Stroke Scale (NIHSS),22 and symptomatic intracranial hemor-
rhage. Intracranial hemorrhage was considered symptomatic if 
a patient died or showed clinical deterioration of ≥4 points on 
the NIHSS, and deterioration was deemed related to the intra-
cranial hemorrhage on follow-up imaging by the serious adverse 
events committee.20 Other safety measures included mortality 
and stroke progression defined as clinical deterioration of ≥4 

points on the NIHSS, not explained by intracranial hemorrhage 
on follow-up NCCT. Procedural complications (vasospasm, ves-
sel dissection or perforation, presence of distal thrombi, and 
new clots in a different vascular territory) were scored by core 
laboratory members on DSA.

Statistical Methods
Baseline characteristics of both cohorts were compared with 
the Mann-Whitney U test for continuous variables, and χ2 or 
Fisher exact test for categorical variables. To assess changes in 
outcomes and clinical or interventional factors over time, results 
of the second and first cohort were compared. In addition, to 
further evaluate changes over time, both cohorts were strati-
fied into chronological quartiles of intervention dates to create 
equally sized groups of patients treated over the entire study 
period. Ordinal logistic regression was used to compare mRS 
distributions between the cohorts and between the chronologi-
cal quartiles (shift analysis). To evaluate the relation between 
changes in outcomes and clinical or interventional differences 
over the quartiles and cohorts, we used the following 5 regres-
sion models. Cohort or quartile number was included as inde-
pendent variable of interest in all models. Model 1 (base model) 
was adjusted for age and sex only. Model 2 was adjusted for 
additional prognostic variables (NIHSS at baseline, prestroke 
mRS, previous stroke, diabetes, baseline systolic blood pres-
sure, intravenous alteplase administration, ASPECTS, location 
of occlusion on computed tomography angiography, and col-
lateral score).23 In model 3, time from onset to reperfusion was 
added to model 2. In model 4, the extended Thrombolysis in 
Cerebral Infarction score was added to model 2. In model 5, all 
parameters were included.

We used linear regression to assess differences in neuro-
logical deficit (NIHSS) at 24 to 48 hours, with adjustments as 
described above, and logistic regression to assess differences 
in the occurrence of symptomatic intracranial hemorrhage. 
Additional analyses were performed for patients undergoing 
arterial puncture >6.5 hours after symptom onset, patients with 
internal carotid artery(-terminus) or M1 occlusions, and patients 
with complete DSA images.

Missing data were imputed for the regression analyses only, 
using pooled data of 5 imputed data sets. Multiple imputation 
was performed with chained equations techniques using the 
following variables: age, baseline NIHSS, glucose level, diabe-
tes, previous myocardial infarction, previous stroke, hypercho-
lesterolemia, atrial fibrillation, use of antiplatelet drugs, statins, 
anticoagulants or antihypertensive drugs, prestroke mRS score, 
baseline systolic blood pressure, baseline ASPECTS, occlusion 
location, collateral status, time from symptom onset to start of 
EVT, time from symptom onset to successful reperfusion or last 
contrast bolus, extended Thrombolysis in Cerebral Infarction 
score at the end of the intervention, NIHSS after 24 to 48 
hours, and poststroke mRS score.4,24,25 All analyses were per-
formed with R statistical software (version 3.4.2).

RESULTS
Patient Characteristics
Of 1627 patients in the first cohort, 1488 were included in 
this analysis (Figure 1). In the second cohort, 2010 patients 
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were registered, of whom 1692 were included (Figure 1). 
The combined dataset consisted of 3180 patients, and 
the number of EVT-treated patients was stable over 
recent years (Figure S1). The first chronological quartile 
of included patients (n=795) was treated from March 16, 
2014 to October 26, 2015, the second quartile (n=797) 
from October 27, 2015 to July 18, 2016, the third quartile 
(n=793) from July 19, 2016 to March 24, 2016, and the 
fourth quartile (n=795) from March 25, 2017 to Novem-
ber 1, 2017. Compared with the first cohort, patients in the 
second cohort were older (median age 73 versus 71 years; 
P<0.01); had poorer collaterals (P<0.01); less often had 
ASPECTS score <6 (5.9% versus 11.0%; P<0.01); more 
often had occlusions in the M2 segment of the middle 
cerebral artery (17.6% versus 12.1%; P<0.01); and were 
less frequently treated with intravenous alteplase (75.0% 
versus 78.0%; P=0.05) (Table 1). Baseline characteristics 
per chronological quartile are shown in Table S1.

Workflow Time Intervals
In general, time from stroke onset to groin puncture and 
stroke onset to reperfusion or last contrast bolus was 
shorter in the second cohort (180 versus 208 minutes; 
P<0.001, and 233 versus 267 minutes; P<0.01, respec-
tively) (Table 2; Figure S1). Time from symptom onset 
to interventional hospital door did not differ significantly 
(median 134 versus 132 minutes; P=0.67), but the time 
from interventional hospital door to arterial puncture 
was shorter in the second cohort (median 52 versus 69 

minutes; P<0.01). The number of transfer patients versus 
patients directly admitted to an intervention hospital was 
similar in both cohorts. Findings per chronological quar-
tile were similar (Table S2).

Interventional Aspects
Total procedure time was shorter in the second cohort 
(median 54 versus 63 minutes, P<0.001). EVT was less 
frequently done under general anesthesia, and aspira-
tion was more often used as a first-line approach in the 
second cohort than in the first (23.7% versus 27.4%; 
P=0.03 and 35.1% versus 17.0%; P<0.01, respec-
tively; Table 2). Successful reperfusion was achieved 
more often in the second cohort (76.7% versus 68.7% 
for cases with complete runs; 65.7% versus 57.7% for 
all cases; both P<0.01). DSA images included com-
plete final runs with anteroposterior and lateral views 
in 89.3% of cases in the second, versus 85.4% in the 
first cohort (P<0.01). Procedural complication rates did 
not differ between cohorts, except for a lower rate of 
vasospasm in the second cohort (14.5% versus 39.3%; 
P<0.01). Table S2 shows interventional details per 
chronological quartile.

Outcomes
Functional outcomes of patients in the second cohort 
were better than of those in the first cohort (adjusted 
common odds ratio [acOR], 1.26 [95% CI, 1.11–1.43]) 

Figure 1. Flowchart of included patients.
First cohort: March 2014 to June 2016; second cohort: June 2016 to November 2017. EVT indicates endovascular thrombectomy; and MR 
CLEAN, Multicenter Randomized Clinical trial of Endovascular Treatment for Acute Ischemic Stroke in the Netherlands.

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 30, 2022

https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.121.034919
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.121.034919
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.121.034919
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.121.034919
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.121.034919


CLINICAL AND POPULATION 
SCIENCES

Compagne et al Endovascular Treatment: Progress Over 3.5 Years

Stroke. 2022;53:1863–1872. DOI: 10.1161/STROKEAHA.121.034919 June 2022  1867

(Table 3; Figure 2A). In addition, more patients were 
functionally independent at 90 days in the second cohort 
(42.6% versus 37.9%; P=0.01; Table 4). After adjust-
ments for either time from onset to reperfusion or for 
reperfusion grade, the effect was attenuated and lost 
statistical significance (acOR, 1.02 [95% CI, 0.88–1.17] 
and acOR, 1.11 [95% CI, 0.96–1.28], respectively). The 
additional analyses showed that results were consistent 
for patients presenting after 6.5 hours of symptom onset, 
with internal carotid artery(-terminus) and M1-occlusions 
only, and with complete posttreatment DSA images 
(Table S3; Figures S3 and S4).

In the analysis per chronological quartile, similar 
results were found. Functional outcome improved over 
time (acOR, 1.13 [95% CI, 1.06–1.19]) (Table 3 and 
Figure 2B). Statistical significance was lost after adjust-
ment for time from stroke onset (acOR, 0.99 [95% CI, 
0.93–1.06]), reperfusion grade (acOR, 1.04 [95% CI, 
0.97–1.10]), or both (acOR, 0.97 [95% CI, 0.91–1.10]). 
Outcomes per quartile are shown in Table S4.

NIHSS at 24 to 48 hours after stroke was lower in 
the second cohort (median 10 points [interquartile range, 
4–16]) than in the first cohort (median 11 points [inter-
quartile range, 4–18]). The greater improvement in neu-
rological deficit also lost significance after adjustment for 
time from onset to reperfusion or reperfusion grade, both 
in the per-cohort and per-quartile analyses (Table 3). No 
statistically significant change in occurrence of symp-
tomatic intracranial hemorrhage (5.8% versus 5.9%; 
P=0.903) and mortality (27.3% versus 26.7%; P=0.703) 
was observed (Tables 3 and 4).

DISCUSSION
Clinical outcomes after EVT in routine clinical practice in 
the Netherlands improved over a period of 3 and a half 
years, largely attributable to faster in-hospital workflow 
times and higher reperfusion rates. Particularly, in-hospi-
tal workflow times decreased: despite a longer time from 
stroke onset to door of the first hospital in the second 

Table 1. Baseline Characteristics of the First and Second Cohort of the MR CLEAN Registry

 
First cohort 
(n=1488)

Second cohort 
(n=1692) P Value Missing (%)

Sex (male), n (%) 794 (53.4) 860 (50.8) 0.16 0

Age (median [IQR]) 71 (60–80) 73 (63–81) <0.01 0

Smoking, n (%) 667 (45.3) 722 (43.0) 0.22 0.9

Prestroke independence,* n (%) 1290 (88.3) 1456 (88.4) 0.97 2.3

NIHSS (median [IQR]) 16 (11–20) 16.00 (11–19) 0.07 1.6

Medical history

 Diabetes, n (%) 255 (17.2) 255 (15.2) 0.13 0.8

 Atrial fibrillation, n (%) 327 (22.3) 429 (25.7) 0.03 1.3

 Hypertension, n (%) 745 (50.7) 888 (54.0) 0.07 2.1

 Myocardial infarction, n (%) 227 (15.6) 214 (12.9) 0.04 2.0

 Previous stroke, n (%) 249 (16.8) 282 (16.8) >0.99 0.8

 Hypercholesterolemia, n (%) 431 (29.9) 507 (31.7) 0.30 4.4

Imaging

 Location of occlusion on CTA, n (%)   <0.01 4.2

  Intracranial ICA 82 (5.8) 73 (4.5)   

  ICA terminus 313 (22.2) 327 (20.0)  

  MCA—M1 825 (58.4) 939 (57.5)  

  MCA—M2 175 (12.4) 287 (17.6)  

  Other (ACA, M3) 18 (1.3) 6 (0.4)  

 ASPECT score <6, n (%) 156 (11.0) 97 (5.9) <0.01 3.3

 Collateral status on CTA, n (%)   <0.01 6.4

  Absent 98 (7.0) 89 (5.6)  

  Poor 461 (33.4) 611 (38.3)  

  Moderate 535 (38.7) 619 (38.8)  

  Good 288 (20.9) 278 (17.4)  

First cohort: March 2014 to June 2016; second cohort June 2016 to November 2017. ACA indicates anterior cerebral artery; 
ASPECTS, Alberta Stroke Program Early CT Score; CTA, computed tomography angiography; ICA, internal carotid artery; IQR, 
interquartile range; M1, first MCA segment; M2, second MCA segment; M3, third MCA segment; MCA, middle cerebral artery; and 
NIHSS, National Institutes of Health Stroke Scale.

*Prestroke independence was defined as modified Rankin Scale score ≤2.

D
ow

nloaded from
 http://ahajournals.org by on A

ugust 30, 2022

https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.121.034919
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.121.034919
https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.121.034919


CL
IN

IC
AL

 A
ND

 P
OP

UL
AT

IO
N 

SC
IE

NC
ES

Compagne et al Endovascular Treatment: Progress Over 3.5 Years

1868  June 2022 Stroke. 2022;53:1863–1872. DOI: 10.1161/STROKEAHA.121.034919

cohort, total time from onset to arterial puncture was 
reduced. The endovascular procedure was more often 
successful in the second cohort, also when only evalu-
ating patients with complete DSA imaging. Because 
adjustment for workflow times and reperfusion success 
attenuated the effect of cohort number on patients’ func-
tional outcome, the observed improvement in outcomes 
is most likely attributable to these in-hospital workflow 
and interventional improvements.

Several other registries on EVT for ischemic stroke 
can be compared with our data.6,26,27 In general, baseline 
characteristics, workflow times, intravenous thrombolysis 

administration rates, reperfusion rates, and outcomes 
are similar. However, no trends over time have been 
reported in these studies. Reported rates of functional 
independence at 90 days are higher in other registries 
(54.8% and 44.1%) than in our first cohort (38.0%), 
in the presence of more favorable baseline character-
istics, but similar to that in our second cohort (42.5%). 
Furthermore, the reported reperfusion grades in other 
registries tend to be higher (74.1%–81.7%) than ours. 
This difference is, in addition to the maximum score of 
TICI 2A for incomplete post-EVT runs, likely caused by 
the fact that we included all patients who underwent 

Table 2. Workflow and Interventional Aspects in 2 Cohorts of the MR CLEAN Registry

 
First cohort 
(n=1488)

Second cohort 
(n=1692) P Value Missing (%)

Workflow intervals

 Off-hours, n (%) 959 (64.4) 1071 (63.3) 0.52 0.0

 Onset to first hospital (min) (median [IQR]) 53 (37–91) 57 (39–102) 0.03 19.1

  Referred patients (indirectly) (min) (median [IQR]) 50 (35–78) 55 (37–96) 0.02 30.4

  Nonreferred (directly) (min) (median [IQR]) 55 (39–99) 60 (39–110) 0.27 5.2

 Onset to interventional hospital (min) (median [IQR]) 134 (60–189) 132 (65–184) 0.67 5.0

 Transferred patients, n (%) 809 (54.4) 942 (55.7) 0.47 0.0

 Intravenous alteplase, n (%) 1161 (78.0) 1266 (75.0) 0.05 0.1

 Onset to intravenous alteplase (min) (median [IQR]) 80 (62–120) 85 (60–124) 0.51 29.6

 Onset to arterial puncture (min) (median [IQR]) 208 (160–265) 180 (140–235) <0.01 0.5

  Referred patients (indirectly) (min) (median [IQR]) 230 (190–274) 198 (165–250) <0.01 0.3

  Nonreferred (directly (min) (median [IQR]) 170 (135–230) 150 (115–210) <0.01 0.6

 Interventional hospital to arterial puncture (min) (median [IQR]) 69 (42–103) 52 (31–78) <0.01 9.1

 Onset to reperfusion or last contrast bolus (min) (median [IQR]) 267 (217–331) 233 (185–295) <0.01 6.4

Interventional aspects

 General anesthesia 379 (27.4) 380 (23.7) 0.03 6.1

 First approach technique, n (%)   <0.01 19.4

  Stent retriever 969 (79.4) 812 (60.5)   

  Aspiration 207 (17.0) 472 (35.1)   

  Intraarterial thrombolysis 10 (0.8) 12 (0.9)   

  Other 35 (2.8) 49 (3.5)   

 Duration of procedure (min) (median [IQR]) 63 (40–90) 54 (35–78) <0.01 8.9

 Number of EVT attempts, n (%)   0.09 26.4

  1 424 (38.0) 511 (41.6)   

  2–3 467 (41.9) 461 (37.6)   

  >3 224 (20.1) 255 (20.8)   

 Successful reperfusion, n (%) 845 (57.5) 1069 (65.7) <0.01 2.6

  For cases with complete final runs, n (%) 753/1096 (68.7) 1009/1316 (76.7) <0.01  

 Successful reperfusion on first attempt, n (%) 311 (20.9) 408 (24.1) 0.04  

 Procedural complications,* n (%) 398 (30.1) 477 (27.7) 0.15 7.1

  Vessel dissection 32 (2.8) 28 (1.6)   

  Vessel perforation 25 (2.2) 29 (1.7)   

  Vasospasm 96 (39.3) 69 (14.5)   

  New thrombus different vascular territory 76 (6.6) 66 (4.1)   

  Distal thrombus present 188 (15.3) 246 (15.0)   

First cohort: March 2014 to June 2016; second cohort June 2016 to November 2017. IQR indicates interquartile range.
*Multiple complications could occur within one patient.
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groin puncture with intention to treat with EVT into our 
analysis, rather than excluding those where no intracra-
nial access was gained; and strict adjudication by our 
core laboratory.28 Thus, comparison of data between 
these reports of different patient populations warrants 
caution. Throughout the Netherlands, all EVT-performing 
centers have taken measures to decrease door to treat-
ment times. For example, centers participate in a national 
quality assurance program and receive yearly feedback 
on their door-to-needle and door-to-groin times through 
the Dutch Acute Stroke Audit (DASA) Registry.29 Of the 
many workflow improvements that were implemented in 
both intervention and primary stroke centers, examples 
are specialized acute stroke care teams were trained in 
several hospitals to enable efficient and parallel work-
flows, computed tomography angiography images were 
acquired immediately after NCCT to prevent time lost in 
logistics, some centers adapted their protocols to local 
anesthesia,30 and one hospital installed an intervention 
suite in the emergency department.10

The difference in outcome between the cohorts was 
also attenuated after adjusting for reperfusion grade, 
also when restricting the analysis to patients with 
complete DSA images. Potential causes for improved 
reperfusion grades could be the introduction of novel 
interventional techniques and devices,11–13 as well 
as the increased experience or improved training of 

individual interventionalists and the entire stroke and 
interventional teams. Although few studies have investi-
gated stroke teams’ and interventionalists’ training and 
experience and their effects on outcome, it is likely that 
they lead to improved reperfusion grades and shorter 
procedure times.31

The observed improvement is unlikely to have been 
caused by stricter patient selection only. The number of 
performed EVT procedures did not decline over time, the 
proportion of patients with mRS score 5 and 6 stayed the 
same, and the only baseline differences were higher age, 
a less frequent history of myocardial infarction, poorer 
collateral scores, higher ASPECTS, and more distal occlu-
sions (specifically more M2-occlusions) in patients from 
the second cohort; some of these even indicate a less 
strict selection. Furthermore, after adjustment for these 
baseline characteristics, the differences in outcomes 
between the 2 cohorts remained statistically significant. 
Despite our encouraging findings, the observation that 
the proportion of patients with poststroke mRS score 5 
and 6 remained constant is humbling. There is still much 
left to gain in stroke care and outcomes for the patients 
with the most severe strokes.

Strengths of the current study include analysis of a large 
number of consecutively treated patients, in a constant set 
of stroke centers who work in close collaboration with each 
other to improve dissemination of knowledge and research 

Table 3. Adjusted Comparison of Outcomes Between First (March 2014 to June 2016) and Second (June 2016 to November 
2017) Cohort and Chronological Quartiles of the MR CLEAN Registry

Functional outcome* Neurological deficit†
Symptomatic intracranial 
hemorrhage

acOR (95% CI)
Mean difference (ß)  
(95% CI) acOR (95% CI)

Cohort 2 (n=1692) versus cohort 1 (n=1488)

 Adjusted for age and sex‡ 1.26 (1.11 to 1.43) −1.31 (−1.95 to −0.67) 1.02 (0.76 to 1.38)

 Additional adjustment for clinical and imaging characteristics§ 1.20 (1.05 to 1.38) −0.95 (−1.54 to −0.36) 0.96 (0.70 to 1.31)

 Additional adjustment for time to reperfusion∥ 1.02 (0.88 to 1.17) −0.33 (−0.93 to 0.26) 1.04 (0.76 to 1.43)

 Additional adjustment for reperfusion grade¶ 1.11 (0.96 to 1.28) −0.52 (−1.08 to 0.05) 1.02 (0.75 to 1.40)

 Full model# 0.97 (0.84 to 1.12) −0.04 (−0.61 to 0.53) 1.09 (0.79 to 1.50)

Chronological quartiles

 Adjusted for age and sex‡ 1.13 (1.06 to 1.19) −0.71 (−0.99 to −0.43) 0.99 (0.87 to 1.13)

 Additional adjustment for clinical and imaging characteristics§ 1.08 (1.01 to 1.15) −0.44 (−0.70 to −0.18) 0.98 (0.85 to 1.12)

 Additional adjustment for time to reperfusion∥ 0.99 (0.93 to 1.06) −0.16 (−0.42 to 0.11) 1.02 (0.88 to 1.17)

 Additional adjustment for reperfusion grade¶ 1.04 (0.97 to 1.10) −0.48 (−1.08 to 0.02) 1.01 (0.88 to 1.16)

 Full model# 0.97 (0.91 to 1.10) −0.02 (−0.27 to 0.24) 1.04 (0.90 to 1.20)

Effect parameters are acOR or mean difference (beta coefficient, ß) for a shift in the direction of a better outcome, smaller neurological deficit at 24 h or symptomatic 
intracerebral hemorrhage in favor of cohort 2. acOR indicates adjusted common odds ratio; DSA, digital subtraction angiography; eTICI, expanded Treatment in Cerebral 
Infarction; MR CLEAN, Multicenter Randomized Clinical trial of Endovascular Treatment for Acute Ischemic Stroke in the Netherlands; mRS, modified Rankin Scale; and 
NIHSS, National Institutes of Health Stroke Scale.

*Measured by the mRS at 90 d.
†NIHSS at 24 h after stroke.
‡Base model, adjusted for age and sex.
§Base model plus adjustments for NIHSS at baseline, prestroke mRS score, collateral grading score, ASPECT score, occlusion segment, and intravenous alteplase.
∥Adjusted model b plus adjustment for time from onset to reperfusion or last contrast bolus.
¶Adjusted model b plus adjustment for reperfusion grade on DSA (eTICI score).
#Adjusted model b plus adjustments for time from onset to reperfusion or last contrast bolus and reperfusion grade on DSA (eTICI score).
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results. Participation in the MR CLEAN trial and registry 
was a prerequisite for reimbursement by the major insur-
ance companies, motivating centers to include all EVT-
treated patients in the Registry. In addition, no clinical trials 
on EVT for anterior circulation stroke were active during 
our study period, limiting selection bias. All patients who 
underwent arterial puncture were included in the registry, 
also patients in whom EVT was intended but not possible 
because of, for example, access problems, giving a realistic 
image of real-life success rates of EVT. Finally, imaging was 
assessed by a blinded, independent core laboratory of cer-
tified observers, limiting bias in the imaging assessments.

The current study has limitations. First, because we 
included patients from the moment of groin puncture, 

patients who were deemed ineligible for EVT by the treating 
neurologist or interventionist were not registered. Hence, 
we do not know the number and clinical characteristics of 
patients who may have been technically eligible for but did 
not undergo EVT—a selection bias might have occurred. 
However, since the Dutch guidelines do not advise any 
cutoff points for EVT eligibility in ASPECTS, collaterals, or 
age, and the number of patients with unfavorable baseline 
characteristics was relatively high, we think that the effect 
of this selection bias is limited. Second, functional outcome 
was assessed as part of standard care in all stroke patients 
in the Netherlands, and was not centrally adjudicated. How-
ever, these methods did not change compared with the first 
cohort, so they should not affect cohort comparability. Third, 

Figure 2. Modified Rankin Scale (mRS) scores at 90 d.
A, First cohort (March 2014 to June 2016, n=1488) vs second cohort of the MR CLEAN Registry (June 2016 to November 2017, n=1692). 
Shift toward better functional outcomes in cohort 2 (age and sex adjusted common odds ratio [acOR], 1.26 [95% CI, 1.11–1.43]). B, Outcomes 
per chronological quartile of treated patients over time (Q1 n=795, Q2 n=797, Q3 n=793, Q4 n=795; age and sex adjusted acOR, 1.13 [95% CI, 
1.06–1.19]). Q indicates quartile.
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we cannot compare individual effects of all the exact work-
flow improvements that were made in each participating 
center from when these were initiated. Therefore, we can-
not recommend or discourage specific workflow changes 
based on the current study. The data presented here apply 
to the current situation in the Netherlands—extrapolation to 
other countries with different infrastructure or populations 
should be done with caution. Finally, the chosen time point 
to distinguish between the MR CLEAN Registry first and 
second cohort is based on practical considerations from a 
data collection point of view. No pivotal practical or scientific 
event happened to separate the 2 cohorts. However, analy-
sis over chronological quartiles showed consistent results.

The results from the MR CLEAN Registry first and 
second cohorts show that efforts invested in workflow 
time and procedural improvement in the Netherlands lead 
to real-life benefit. More research is needed to assess 
which specific workflow or interventional improvements 
will lead to further improved outcomes.

CONCLUSIONS
Functional outcomes of EVT-treated patients with acute 
ischemic stroke have improved over the past 3.5 years. This 
improvement can at least partly be attributed to improvement 
in workflow and procedural success. We hope that these 
results will further inspire everyone involved in acute stroke 
care to monitor and improve their teams’ performances.
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Table 4. Clinical and Safety Outcomes

 
First cohort 
(n=1488)

Second cohort 
(n=1692) P value Missing (%)

Clinical

 mRS score at 90 d (median [IQR]) 3 (2–6) 3 (1–6) 0.02 6.7

 mRS ≤2 at 90 d (%) 517 (37.9) 683 (42.6) 0.01 6.7

 NIHSS follow-up (24–48 h) (median [IQR]) 11 (4–18) 9 (4–16) <0.01 10.3

Safety

 Mortality at 90 d, % 398 (29.2) 465 (29.0) 0.92 0.0

 Symptomatic intracerebral hemorrhage, % 86 (5.8) 102 (6.0) 0.83 0.0

 Symptomatic progression of stroke, % 141 (9.5) 147 (8.7) 0.48 0.0

First cohort: March 2014 to June 2016; second cohort June 2016 to November 2017. IQR indicates interquartile range; mRS, modified 
Rankin Scale; and NIHSS, National Institutes of Health Stroke Scale.
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