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ABSTRACT: Before 2015, endovascular treatment (EVT) for acute ischemic stroke was considered a promising treatment
option. Based on limited evidence, it was performed in several dedicated stroke centers worldwide on selected patients. Since
2015, EVT for patients with intracranial large vessel occlusion has quickly been implemented as standard treatment in many
countries worldwide, supported by the revised international guidelines based on solid evidence from muiltiple clinical trials. We
describe the development in use of EVT in the Netherlands before, during, and after the pivotal EVT trials. We used data from all
patients who were treated with EVT in the Netherlands from January 2002 until December,2018. We undertook a time-series
analysis to examine trends in the use of EVT using Poisson regression analysis. Incidence fate ratios. per year with 95% Cls were
obtained to demonstrate the impact and implementation after the publication of the EVT trial results: We made regional observation
plots, adjusted for stroke incidence, to assess the availability and use of the treatment in the country. In the buildup to the MR
CLEAN (Multicenter Clinical Trial of Endovascular Treatment of Acute Ischemic Stroke in the Netherlands), a slow increase of EVT
patients was observed, with 0.2% of allischemic stroke patients receiving EVT. Before the trial results were formally announced, a
statistically significant increase in EVT-treated patients per year was observed (incidence rate ratio, 1.72 [95% Cl, 1.46-2.04]), and
after the trial publication, an immediate steep increase was seen, followed by a more gradual increase (incidence rate ratio, 2.14
[95% ClI, 1.77-2.59]). In 2018, the percentage of ischemic stroke patients receiving EVT increased to 5.8%. A well-developed
infrastructure, a pragmatic approach toward the use of EVT in clinical practice; in-.combination with a strict adherence by the
regulatory authorities to national evidence-based guidelines has led to successful implementation of EVT in the Netherlands.
Ongoing efforts are directed at further increasing the proportion of stroke patients with EVT in all regions of the country.

Key Words: brain ischemia ® ischemia ® implementation science ® stroke ® thrombectomy

ischemic stroke has been proven highly effective

in randomized controlled trials.'”” The MR CLEAN
(Multicenter Clinical Trial of Endovascular Treatment of
Acute Ischemic Stroke in the Netherlands) was the first
to publish positive results in January 2015, immediately
followed by several other trials.!

Endovascular treatment (EVT) in patients with acute

See related articles, p 1928, p 1932, p 1951,
p 1961, p 1969 and p 1978

Before the start of the MR CLEAN trial in December
2010, several studies had provided data suggesting that
EVT might be beneficial, although convincing evidence
was lacking.29 The Dutch stroke guidelines of 2008 men-
tioned EVT as a rescue treatment, preferably provided
within the context of randomized trials. In the Nether-
lands, EVT for acute ischemic stroke was not reimbursed
until 2013, when reimbursement to centers was made
conditional on participation in the MR CLEAN trial. This
reimbursement policy is still in place and reinforced by
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guidelines and quality criteria provided by the profes-
sional societies and endorsed by regulating authorities.

In the early 2000s, 2 stroke centers started providing
EVT as an experimental treatment in selected patients,
inspired by the results of early trials and by local clini-
cal experience.'® After 2005, other centers gradually fol-
lowed. Still, before initiation of the MR CLEAN trial in
2010, there were 2 centers in the Netherlands that had
treated >b0 patients with |AT. Currently, 17 comprehen-
sive stroke centers provide EVT in the Netherlands for a
population of 17 182000 inhabitants.

The European Stroke Organisation recently stated
that in 2030, 95% of eligible patients across Europe
should have access to reperfusion therapy and EVT
rates should be over 5% in all European countries.'
Although considerable efforts have been made, a
recent study showed large differences between coun-
tries in terms of access to appropriate acute stroke
treatment."? Gaining understanding in the trends of EVT
over time might not only provide insight into the acces-
sibility but also about the implementation of new treat-
ments in daily clinical practice.

In this article, we describe the trends in number of
patients with acute ischemic stroke who were treated
with EVT and the accessibility of EVT in the Netherlands
in 3 time periods: before, during, and after the completion
of the MR CLEAN trial.

METHODS

The data of the MR CLEAN TRIAL have been made publicly
available at the Virtual International Stroke Trials Archive and
can be accessed at http://www.virtualtrialsarchives.org/vista/.
Individual patient data of the MR CLEAN pretrial registry and
the MR CLEAN Registry cannot be made available under the
Dutch law, as we did not obtain patient approval for sharing
individual patient data, even in coded form. However, all syntax
files and output of statistical analyses will be made available
upon reasonable request.

Study Population
We analyzed data from the MR CLEAN pretrial period, the MR
CLEAN trial, and MR CLEAN Registry.

In the pretrial period, we retrospectively and prospectively
collected data of all patients with acute ischemic stroke who
received EVT in the Netherlands from October 2002 until a
center started participation in the MR CLEAN trial, which
included its first patient in December 2010.'°

Patient selection criteria and methods of the MR CLEAN
trial have been reported previously.'* In short, the MR CLEAN
trial was a clinical trial in which patients with a proximal intracra-
nial arterial occlusion in the anterior circulation were random-
ized to either EVT with usual care or usual care alone. Treatment
should be started within 6 hours after onset of stroke symp-
toms. All patients or their legal representatives provided written
informed consent before randomization in the MR CLEAN trial.
The study protocol of the MR CLEAN trial was approved by a
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central medical ethics committee and the research board of
each participating center.'*

Directly after inclusion of the last patient in the trial by
March 2014 and before the presentation of the MR CLEAN
trial results at the World Stroke Conference in October 2014, all
EVT-treated patients were enrolled in the MR CLEAN Registry,
which is as a prospective, multicenter, observational study. For
our current analysis, we used data from all patients registered
until December 31, 2018."® The MR CLEAN Registry was
approved by the Medical Ethics Committee of the Erasmus MC,
Rotterdam, the Netherlands (MEC-2014-235).

We assume that no patients were treated outside the
MR CLEAN trial during the study period and that all patients
treated before and after the trial are registered in either one of
the registries.

Statistical Analysis

We analyzed differences between 3 time periods (pretrial
period, MR CLEAN trial, and MR CLEAN Registry). Patients in
the MR CLEAN trial who were randomized to usual care were
also included, since EVT was considered in these patients.

We used Poisson regression or negative binomial regres-
sion to determine whether the incidence ratio of EVT changed
during the pretrial period and MR CLEAN Registry with the
denominator being the count of EVT in each year. We then
computed incidence rate-faties with 95% Cls, using the first
year of the time period as reference point. Data were checked
for potential overdispersion (variance greater than the mean)
to ensure that the assumptions of a Poisson distribution were
met. All-analyses were adjusted for the number of stroke
patients per year.'"%®

We calculated the use of EVT as a proportion of all patients
in the Netherlands who were hospitalized with acute isch-
emic stroke (including cerebral-hemorrhages) between 2002
and 2018, which was based on reports of the Dutch Heart
Association.?2"% Linear regression was used to estimate the
number of ischemic stroke patients for years in which another
definition of stroke was used or years in which only the number
of patients hospitalized with acute stroke was reported.

Maps of the Netherlands at province level were cre-
ated using R package tmap.?® Geographic and demographic
information was obtained from Statistics Netherlands and
Kadaster3°3!" The number of EVT-treated patients by province
was based on the location of first hospital admission. The den-
sity of EVT-treated patients was averaged by dividing the total
number of patients by, respectively, the years of patient enroll-
ment and number of stroke patients per province. The latter
was based on anonymized data obtained from central hospital
registration systems.

All statistical analyses were performed in R statistical soft-
ware 3.4.2 (R Foundation for Statistical Computation, Vienna).

RESULTS

In this 16 years’ time period, 6394 patients were treated
with EVT. In the pretrial period (2002-2010), 514 patients
were treated with EVT. During the MR CLEAN trial
(2010-2014), 500 patients were included of whom 233
patients were randomized to intervention. In the ongoing
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MR CLEAN Registry started directly after inclusion of the
last patient in the MR CLEAN trial in March 2014, 5335
patients were registered until December 2018.

Of all treated patients, 2299 (53%) patients were men;
59% in the pretrial period, 58% in MR CLEAN trial, and
52% in the MR CLEAN Registry. The median age was
70 years (interquartile range [IQR], 58-79); 62 in pretrial
patients (IQR, 51-71), 66 (IOR, 55-76) during the MR
CLEAN ftrial, and 71 (IQR, 61-80) in the MR CLEAN
Registry. The time from onset to groin puncture was 205
minutes (IQR, 1565-270). A median onset-to-groin-punc-
ture time of 237 minutes (IQR, 190-315) was observed
in the pretrial population, which had increased to 260
(IOR, 210-311) in the MR CLEAN trial and decreased
to 195 (IOR, 1560-260) in the MR CLEAN Registry. All
baseline characteristics significantly differed between
study periods (Table 1).

Trend Analyses

From 2006 onward, a gradual increase in thrombecto-
mies was observed (Figure 1). In the buildup to the MR
CLEAN trial, more centers provided EVT, and a sharper
increase was observed, which continued during the MR
CLEAN trial. After the last inclusion in the MR CLEAN
trial, the same level of increase was observed until the
results of the EVT trials were presented in October 2014.
After the presentation of the MR CLEAN trial results at
the World Stroke Conference in October 2014, the num-
ber of patients treated with EVT increased steeply (Fig-
ure 1). During the pretrial period and following the steep
increase that occurred immediately after the trial; in the
MR CLEAN Registry period, a statistically significant
gradual increase in EVT-treated patients per year was
observed (pretrial: incidence rate ratio: 1.72 [95% ClI,
1.46-2.04], A/<0.001; MR CLEAN Registry: incidence
rate ratio: 2.14 [95% CI, 1.77-2.569], ”<0.001).

Regional Differences

During the pretrial period, patients were predominantly
treated in Utrecht—a province in the center of the
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Netherlands. During the trial phase, a similar pattern was
observed, although the number of patients treated in
other regions increased. After announcement of the trial
results, the distribution of EVT-treated patients spread
more evenly across the Netherlands (Figure 2).

Proportion of Acute Ischemic Stroke Patients
Receiving EVT

In 2010, 23771 patients were hospitalized with acute
ischemic stroke in the Netherlands, of whom 170 (0.5%)
received EVT. In 2014, 217 (0.8%) acute ischemic
stroke patients received EVT. After the MR CLEAN trial,
the percentage of acute ischemic stroke patients treated
with EVT increased to 3.1% in 2015. In 2018, 29244
patients were admitted with acute ischemic stroke of
whom 1712 (5.8%) received EVT (Figure 3; Table | in
the Data Supplement).

DISCUSSION

We described the trends in use of EVT before, during,
and after the MR CLEAN trial expressed as the coverage
of EVT in the Netherla@ds?éijgross different regions and
the proportion of stroke patients who received EVT.

Our time-trend analysis showed increasing rates of
treated patients in 3 consecutive time periods. In the
pretrial period, the number of treated patients before the
MR CLEAN trial in the Netherlands was low. This was
probably due to conservative recommendations in the
national guidelines that recognized the low level of evi-
dence for this treatment and to the fact that EVT was not
reimbursed in that time period. During the pretrial period,
a strict policy regarding non—evidence-based treatments
was maintained by insurance companies, government,
and professional societies.

A strict national policy of evidence-based guidelines
is meant to provide the best evidence-based care to the
majority of patients. However, it has to be acknowledged
that the pioneering centers, which provided EVT as an
experimental treatment when guidelines were not yet

Table 1. Baseline Characteristics

In Total: October Pretrial: October 2004 MR CLEAN Trial: MR CLEAN Registry:

2004 to June 2016 to December 2010 December 2010 to | April 2014 to October
(n=4308) (n=514) March 2014 (n=500) 2017 (n=3294) P Value
Age, y; median (IQR) 70 (58-79) 62 (51-71) 66 (55-76) 71 (61-80) <0.001
Men, n (%) 2299 (53) 305 (59) 292 (58) 1702 (52) <0.001
NIHSS, median (IQR) 16 (11-20) 16 (12-21) 16 (12-21) 16 (11-20) <0.001

SBP, mmHg; mean (SD) 149 (28) 148 (24) 145 (25) 150 (28) 0.01

Intravenous alteplase treatment, n (%) 3217 (75) 323 (64) 445 (89) 2449 (75) <0.001
Onset-to-groin-puncture time, min; median (IQR) 205 (155-270) 237 (190-315) 260 (210-311) 195 (150-260) <0.001

mRS was missing in 373 patients; NIHSS was missing in 189 patients; SBP was missing in 189 patients. MR CLEAN Registry contains information on baseline
characteristics up to October 2017, IOR indicates interquartile range; MR CLEAN, Multicenter Clinical Trial of Endovascular Treatment of Acute Ischemic Stroke in the

Netherlands; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; and SBP, systolic blood pressure.
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Figure 1. Trends over time regarding the use of endovascular treatment (EVT) in patients with acute ischemic stroke, presenting

the observed number of EVT procedures.

MR CLEAN indicates Multicenter Clinical Trial of Endovascular Treatment of Acute Ischemic Stroke in th@Ne

accommodating this intervention, played an important
role in the pretrial development of acute stroke networks
and treatment experience necessary to-successfully-per-
form a randomized clinical trial.

The adherence to guideline-based treatment strate-
gies continued until the steep increase of EVT-treated
patients just after the results of MR CLEAN were formally
announced at the World Stroke Conference in October
2014.22 From the last inclusion in the trial until the pre-
sentation of these results, the use of EVT increased with

Stroke
Assoc

herlands.
the same level as during the MR CLEAN trial. The sharp
acceleration of EVT use after October 2014 indicates
that centers and physicians quickly adopted EVT and
rapidly reorganized their acute stroke care to be able to
provide this new treatment to more patients, even ahead
ofincorporation of EVT in the national guidelines in 2017.

The Netherlands belong to the countries with one of
the highest annual proportion of patients with ischemic
stroke receiving EVT."? In 2017, 5.1% of the acute isch-
emic stroke patients received EVT."? In the United States

Pretrial < _ Trial

Registry

Figure 2. Maps of the coverage of endovascular treatment (EVT) in the Netherlands per province in 3 different time periods
(Pretrial, MR CLEAN trial [Multicenter Clinical Trial of Endovascular Treatment of Acute Ischemic Stroke in the Netherlands],

MR CLEAN Registry).

Number of EVT-treated patients for each province are indicated per province. The density of EVTs was averaged by dividing the total number of
treated patients by the average incidence during the observation period in that province. The red dots indicate intervention centers.
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Figure 3. Proportion of ischemic stroke patients receiving endovascular treatment in the Net%erlahds per year.

during the same time period, 3.3% of ischemic stroke
patients were treated with EVT in selected centers.®

It has been estimated that about 10% of the patients
with ischemic stroke are eligible for EVT.34% Therefore, it
could be roughly estimated that almost 50% of the num-
ber of ischemic stroke patients eligible for EVT actually
received this treatment in 2018. This implies that many
patients who are eligible still do not receive the treat-
ment. This can be partially explained by the fact that a
lot of patients arrived >6 hours after symptom onset, and
treatment of patient in this late treatment window was
not yet included in national and European guidelines.®537
Another explanation might be that not yet all patients
who might benefit from EVT are being recognized in time
prehospital and in hospital, even though CTA has been
advised as standard diagnostic procedure for all patients
with acute ischemic stroke.*® Also, in current clinical
practice, most suspected stroke patients are first trans-
ported to the nearest hospital for immediate treatment
with IVT, which can lead to delay of the start of EVT and
worse outcomes because of additional time needed for
transfer to an endovascular capable center.®®

Acute stroke care in the Netherlands is organized
as follows. A national network for acute medical care
has been established, with expert committees for sub-
sections for acute stroke care, trauma, obstetrics, acute
psychiatry, and acute myocardial infarction. The acute
stroke care expert committee consists of vascular neu-
rologists representing all stroke centers in the region,

Stroke. 2020;51:1941-1950. DOI: 10.1161/STROKEAHA.119.026731

a GP, ambulance service coordinators, and a secretary.
Every region has a regional network protocol for acute
stroke care, based on the national stroke guideline and
the requirements proposed by the national societies
of neurology and radiology. The regional protocol pre-
scribes the pathway from onset to ER of primary stroke
center and intervention center. Triage systems are
being evaluated for implementation in prehospital set-
tings, but meanwhile, all patients are being transferred
to the most nearby hospital with IVT available*® (Figure
| in the Data Supplement).

Our density plots show that some regions imple-
mented EVT earlier and with a faster rate than other
regions. These between-region differences indicate that
access to EVT in the Netherlands can still be improved.
Increasing the availability of EVT might contribute to
equally divided stroke care in the Netherlands, although
the number of stroke units per ischemic stroke patients
is already at a high level.'? Considering that patients
treated with EVT at higher volume centers have better
outcomes than those treated at lower volume centers
and that time is brain, especially in EVT-eligible stroke
patients,*'™*3 a careful trade-off between centralization
and accessibility of acute stroke care should be made.*®

Experience from related medical areas, for instance
from cardiology, could provide valuable lessons and some
guidance. In the eighties and nineties, patients with large
myocardial infarction were being treated with thrombo-
lytics. But when the superiority of the more effective and
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safer percutaneous coronary intervention (PCI) had been
established, the country-wide introduction of this therapy
was hampered and delayed by almost a decade by the
specific requirements that the hospitals offering this form
of treatment had to meet. Not infrequent and serious com-
plications associated with the PCl procedure mandated
the presence of on-site cardiac surgery in the early years
following the introduction of PCI and limited the number
of sites that could offer optimal treatment. Both technical
and organizational developments subsequently made the
requirements of on-site cardiac surgery less of an issue
and gradually enabled the development of PCI programs
in hospitals without on-site cardiac surgery from the year
2002 onward. Since then, the number of sites offering pri-
mary PCI for large myocardial infarctions increased from
16 to 30, more than sufficient to treat all patients with large
myocardial infarctions within a reasonable time frame.**
Inspired by this example, professional societies, gov-
ernmental agencies, and insurance companies concluded

Endovascular Treatment in the Netherlands

that one stroke intervention center per million inhabitants
should be sufficient. Hospitals are supported in providing
EVT, given the relatively small effect on hospital costs but
substantial cost savings in the social service sector.®#¢ To
facilitate the development of EVT centers in the Nether-
lands and to ensure sufficient quality, requirements have
been kept at an essential minimum of 50 EVT procedures
per center per year and include 24/7 availability, sufficient
facilities, and trained personnel (Table 2). These require-
ments were proposed by the Dutch Society for Neurol-
ogy and the Dutch Society for Radiology and adopted by
insurance companies and regulatory bodies. However, the
requirements for EVT centers are being updated because
of the extension of the time window for reperfusion treat-
ment based on advanced perfusion imaging.#~®" The
national guidelines require acquisition of NCCT and CTA
(or magnetic resonance imaging/MRA) in all patients with
acute ischemic stroke and are being updated with perfu-
sion imaging for late-window ischemic stroke patients.

Table 2. Quality Criteria for Primary Stroke Centers Providing Intravenous Alteplase Treatment and for Stroke Intervention
Centers Providing Endovascular Treatment for Ischemic Stroke, Established by the Professional Societies for Radiology and

Neurology in 2017

Primary stroke centers should

admit and treat at least 100 acute stroke patients annually (mean of last 3 y)

have a median door-to-needle time of <45 min

have CT and CTA, of cervical and intracranial vessels 24/7 available, with direct assessment provided by or supervised by a radiologist

neuroimaging

have treatment with intravenous alteplase 24/7 available, with the treatment performed by or under supervision of a neurologist, who has direct access to

have a stroke team 24/7 available, with a stroke nurse under supervision of a neurologist

have stroke unit with 24/7 care and 24/7 admission through ER

have neurosurgery available 24/7 or collaboration with a nearby neurosurgical center

within 4.5 h after onset of stroke

have a registry of acute stroke patients, which includes the percentage of patients treated with intravenous alteplase and the number of patients admitted

participate in a regional stroke service and have a regional coordinator

endovascular treatment

have arrangements with an intervention center for endovascular treatment and with the regional ambulance service for rapid transfer of patients eligible for

Stroke intervention centers should

fulfill the criteria for primary stroke centers

have a multidisciplinary team at least consisting of a neurologist, radiologist, interventionalist, and anesthesiologist

provide EVT on a 24/7 basis with the multidisciplinary team

center

have arrangements with at least one other center in the same region to provide EVT when because of unusual circumstances EVT is not available in their own

have at least 2 angio suites, of which one is readily available with sufficient and appropriate personnel

be equipped with an intensive care unit and a stroke unit

and door-to-groin-puncture time

have a local protocol, which includes description of logistics, responsibilities of all involved professionals, patients’ safety, and benchmarks for door-to-needle

have neurologists with vascular expertise available 24/7

have at least 3 interventionalists

perform at least 50 EVT procedures per year

have at least 20 EVT procedures per interventionalist per year (procedures done by 2 interventionalists count for both)

have median door-to-groin-puncture times of <60 min

puncture time and onset-to-groin-puncture time, eTICl, and mRS at 3 mo)

have a local registry of quality-of-care parameters concerning logistics, complications, and technical as well as clinical outcomes (at least door-to-groin-

CT indicates computed tomography; CTA, computed tomography angiography; ER, emergency room; eTICl, expanded Thrombolysis in Cerebral Infarction; EVT,

endovascular treatment; and mRS, modified Rankin Scale.
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More than a decade ago, criteria were established by
the national professional societies that require a 2-year
training in neurointervention with certification thatis open
to all medical specialties but in practice to neurologists,
radiologists, and neurosurgeons.®? Almost all interven-
tionists in the Netherlands are radiologists. For general
interventional radiologists who want to qualify for EVT
of ischemic stroke, a short additional training is required
that amounts to doing at least 25 thrombectomies, 50
digital subtraction angiographies, 200 other endovascu-
lar procedures, and assessment of 200 NCCT and =50
head/neck CTA or MRAs under supervision.

Interestingly, during the trial, onset-to-groin times
had increased by about 1 hour, and after the trial, a
gradual decrease was noted. The increase may be
attributed to the consent and randomization procedure
in the trial, whereas improved awareness, logistics, and
increasing experience has led to the gradual decrease
after the trial. Median age of EVT treated patients
increased, likely because trial results and guidelines
point out that high age by itself should not be consid-
ered as a contraindication for EVT®® (Figure Il through
VI in the Data Supplement).

Our study has some limitations. No information about
the residence of the EVT-treated patients was available
for all time periods. Therefore, we estimated the cover-
age of EVT in the Netherlands based on the first hos-
pital admission. Since not all patients are -at home at
the moment of their stroke onset and the first hospital
is often close to the place of stroke onset, this should
reflect daily clinical care.

Our study only describes EVT in the Netherlands, and
it does only touch upon factors that have facilitated its
rapid implementation. Comparisons with other countries
may help in this regard. Still, several factors may have
played an important role in the implementation of EVT in
the Netherlands, including the dense population (17 mil-
lion people living on an area of 33671 km?, for an aver-
age population density of 510/km?), the dense highway
network, the large number of primary stroke centers (85,
5 per million inhabitants) and EVT centers (17, 1 per mil-
lion inhabitants),'? and last, an ambulance network that
has to comply with the requirement that every patient
should be picked up within 15 minutes after calling 112
and should be delivered at the ER of the most nearby
primary stroke center within 30 minutes.

CONCLUSIONS

A well-developed infrastructure, a pragmatic approach
toward the use of EVT in clinical practice, in combina-
tion with a strict adherence by the regulatory authori-
ties to national evidence-based guidelines has led to
successful implementation of EVT in the Netherlands.
Ongoing efforts are directed at further increasing the

Stroke. 2020;51:1941-1950. DOI: 10.1161/STROKEAHA.119.026731
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proportion of stroke patients with EVT in all regions of
the country.
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APPENDIX

MR CLEAN (Multicenter Clinical Trial of Endovascular Treatment of Acute Isch-
emic Stroke in the Netherlands) Registry Investigators: Executive Committee:
Diederik W.J. Dippel (Department of Neurology, Erasmus MC University Medical
Center), Aad van der Lugt (Department of Radiology, Erasmus MC University
Medical Center), Charles B.LM. Majoie (Department of Radiology and Nuclear
Medicine, Amsterdam UMC, University of Amsterdam, Amsterdam), Yvo BW.EM.
Roos (Department of Neurology, Amsterdam UMC, University of Amsterdam, Am-
sterdam), Robert J. van Oostenbrugge (Department of Neurology, Maastricht Uni-
versity Medical Center and Cardiovascular Research Institute Maastricht), Wim H.
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Antonius Hospital, Nieuwegein); study coordinators: Josje Brouwer (Department
of Neurology, Amsterdam UMC, University of Amsterdam, Amsterdam), Sanne J.
den Hartog (Department of Neurology, Erasmus MC University Medical Center;
Department of Radiology, Erasmus MC University Medical Center; Department of
Public Health, Erasmus MC University Medical Center), Wouter H. Hinsenveld
(Department of Neurology, Maastricht University Medical Center and Cardiovas-
cular Research Institute Maastricht; Department of Radiology, Maastricht Univer-
sity Medical Center and Cardiovascular Research Institute Maastricht), Manon
Kappelhof (Department of Radiology and Nuclear Medicine, Amsterdam UMC,
University of Amsterdam, Amsterdam), Kars C.J. Compagne (Department of Ra-
diology, Erasmus MC University Medical Center), Robert-Jan B. Goldhoorn (De-
partment of Neurology, Maastricht University Medical Center and Cardiovascular
Research Institute Maastricht; Department of Radiology, Maastricht University
Medical Center and Cardiovascular Research Institute Maastricht), Maxim J.H.L.
Mulder (Department of Neurology, Erasmus MC University Medical Center; De-
partment of Radiology, Erasmus MC University Medical Center), lvo G.H. Jansen
(Department of Radiology and Nuclear Medicine, Amsterdam UMC, University of
Amsterdam, Amsterdam); local principal investigators: Diederik W.J. Dippel (De-
partment of Neurology, Erasmus MC University Medical Center), Bob Roozen-
beek (Department of Neurology, Erasmus MC University Medical Center), Aad
van der Lugt (Department of Radiology, Erasmus MC University Medical Center),
Adriaan C.G.M. van Es (Department of Radiology, Erasmus MC University Medical
Center), Charles B.L.M. Majoie (Department of Radiology and Nuclear Medicine,
Amsterdam UMC, University of Amsterdam, Amsterdam), Yvo BW.EMM. Roos (De-
partment of Neurology, Amsterdam UMC, University of Amsterdam, Amsterdam),
Bart J. Emmer (Department of Radiology and Nuclear Medicine, Amsterdam
UMC, University of Amsterdam, Amsterdam), Jonathan M. Coutinho (Department
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Schonewille (Department of Neurology, St. Antonius Hospital, Nieuwegein), Jan
Albert Vos (Department of Radiology, St. Antonius Hospital, Nieuwegein), Marieke
J.H. Wermer (Department of Neurology, Leiden University Medical Center), Mari-
anne AA. van Walderveen (Department of Radiology, Leiden University Medical
Center), Julie Staals (Department of Neurology, Maastricht University Medical
Center and Cardiovascular Research Institute Maastricht), Robert J. van Oosten-
brugge (Department of Neurology, Maastricht University Medical Center and Car-
diovascular Research Institute Maastricht), Wim H. van Zwam (Department of
Radiology, Maastricht University Medical Center and Cardiovascular Research
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MC, the Hague), Jelis Boiten (Department of Neurology, Haaglanden MC, the
Hague), Sebastiaan F. de Bruijn (Department of Neurology, HAGA Hospital, the
Hague), Lukas C.van Dijk (Department of Radiology, HAGA Hospital, the Hague),
H. Bart van der Worp (Department of Neurology, University Medical Center
Utrecht), Rob H. Lo (Department of Radiology, University Medical Center Utrecht),
Ewoud J. van Dijk (Department of Neurology, Radboud University Medical Center,
Nijmegen), Hieronymus D. Boogaarts (Department of Neurosurgery, Radboud
University Medical Center, Nijmegen), J. de Vries (Department of Neurology, Isala
Klinieken, Zwolle), Paul L.M. de Kort (Department of Neurology, St. Elisabeth Hos-
pital, Tilburg), Julia van Tuijl (Department of Neurology, St. Elisabeth Hospital, Til-
burg), Jo Jo P. Peluso (Department of Radiology, St. Elisabeth Hospital, Tilburg),
Puck Fransen (Department of Neurology, Isala Klinieken, Zwolle), Jan S.P. van
den Berg (Department of Neurology, Isala Klinieken, Zwolle), Boudewijn AAM.
van Hasselt (Department of Radiology, Isala Klinieken, Zwolle), Leo AM. Aerden
(Department of Neurology, Reinier de Graaf Gasthuis, Delft), René J. Dallinga
(Department of Radiology, Reinier de Graaf Gasthuis, Delft), Maarten Uytten-
boogaart (Department of Neurology, University Medical Center Groningen), Omid
Eschgi (Department of Radiology, University Medical Center Groningen), Reinoud
PH. Bokkers (Department of Radiology, University Medical Center Groningen),
Tobien H.C.M.L. Schreuder (Department of Neurology, Atrium Medical Center,
Heerlen), Roel J.J. Heijboer (Department of Radiology, Atrium Medical Center,
Heerlen), Koos Keizer (Department of Neurology, Catharina Hospital, Eindhoven),
Lonneke S.F. Yo (Department of Radiology, Catharina Hospital, Eindhoven), He-
leen M. den Hertog (Department of Neurology, Isala Klinieken, Zwolle), Emiel J.C.
Sturm (Department of Radiology, Medical Spectrum Twente, Enschede), Paul
Brouwers; Imaging Assessment Committee: Charles B.L.M. Majoie (chair; Depart-
ment of Radiology and Nuclear Medicine, Amsterdam UMC, University of Amster-
dam, Amsterdam), Wim H. van Zwam (Department of Radiology, Maastricht Uni-
versity Medical Center and Cardiovascular Research Institute Maastricht), Aad
van der Lugt (Department of Radiology, Erasmus MC University Medical Center),
Geert J. Lycklama & Nijeholt (Department of Radiology, Haaglanden MC, the
Hague), Marianne A.A. van Walderveen (Department of Radiology, Leiden Univer-
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sity Medical Center), Marieke E.S. Sprengers (Department of Radiology and Nu-
clear Medicine, Amsterdam UMC, University of Amsterdam, Amsterdam), Sjoerd
FM. Jenniskens (Department of Radiology, Radboud University Medical Center,
Nijmegen), René van den Berg (Department of Radiology and Nuclear Medicine,
Amsterdam UMC, University of Amsterdam, Amsterdam), Albert J. Yoo (Depart-
ment of Radiology, Texas Stroke Institute, TX), Ludo EM. Beenen (Department of
Radiology and Nuclear Medicine, Amsterdam UMC, University of Amsterdam,
Amsterdam), Alida A. Postma (Department of Radiology, Maastricht University
Medical Center and Cardiovascular Research Institute Maastricht), Stefan D.
Roosendaal (Department of Radiology and Nuclear Medicine, Amsterdam UMC,
University of Amsterdam, Amsterdam), Bas FW. van der Kallen (Department of
Radiology, Haaglanden MC, the Hague), Ido R. van den Wijngaard (Department of
Radiology, Haaglanden MC, the Hague), Adriaan C.G.M. van Es (Department of
Radiology, Erasmus MC University Medical Center), Bart J. Emmer (Department
of Radiology and Nuclear Medicine, Amsterdam UMC, University of Amsterdam,
Amsterdam), Jasper M. Martens (Department of Radiology, Rijnstate Hospital,
Amhem), Lonneke S.F. Yo (Department of Radiology, Catharina Hospital, Eind-
hoven), Jan Albert Vos (Department of Radiology, St. Antonius Hospital, Nieuwe-
gein), Joost Bot (Department of Radiology, Amsterdam UMC, Vrije Universiteit
van Amsterdam, Amsterdam), Pieter-Jan van Doormaal (Department of Radiolo-
gy, Erasmus MC University Medical Center), Anton Meijer (Department of Radiol-
ogy, Radboud University Medical Center, Nijmegen), Elyas Ghariq (Department of
Radiology, Haaglanden MC, the Hague), Reinoud PH. Bokkers (Department of
Radiology, University Medical Center Groningen), Marc P. van Proosdij (Depart-
ment of Radiology, Noordwest Ziekenhuisgroep, Alkmaar), G. Menno Krietemeijer
(Department of Radiology, Catharina Hospital, Eindhoven), Jo P. Peluso (Depart-
ment of Radiology, St. Elisabeth Hospital, Tilburg), Hieronymus D. Boogaarts (De-
partment of Neurosurgery, Radboud University Medical Center, Nijmegen), Rob
Lo (Department of Radiology, University Medical Center Utrecht), Dick Gerrits
(Department of Radiology, Medical Spectrum Twente, Enschede), Wouter Dinke-
laar (Department of Radiology, Erasmus MC University Medical Center), Auke PA.
Appelman (Department of Radioi University Medical Center Groningen), Bas
Hammer (Department of Radiology, HAGA Hospital, the Hague), Sjoert Pegge
(Department of Radiology, Radboud University Medical Center, Nijmegen), Anouk
van der Hoorn (Department of Radiology, University Medical Center Groningen),
Saman Vinke (Department of Neurosurgery, Radboud University Medical Center,
Nijmegen); Writing Committee: Diederik W.J. Dippel (chair; Department of Neurol-
ogy, Erasmus MC University Medical Center), Aad van der Lugt (Department of
Radiology, Erasmus MC University Medical Center), Charles B.LM. Majoie (De-
partment of Radiology and Nuclear Medicine, Amsterdam UMC, University of
Amsterdam, Amsterdam), Yvo BW.EM. Roos (Department of Neurology, Amster-
dam UMC, University of Amsterdam, Amsterdam), Robert J. van Oostenbrugge
(Department of Neurology, Maastricht University Medical Center and Cardiovas-
cular Research Institute Maastricht), Wim H. van Zwam (Department of Radiology,
Maastricht University Medical Center and Cardiovascular Research Institute
Maastricht), Geert J. Lycklama a Nijeholt (Department of Radiology, Haaglanden
MC, the Hague), Jelis Boiten (Department of Neurology, Haaglanden MC, the
Hague), Jan Albert Vos (Department of Radiology, St. Antonius Hospital, Nieuwe-
gein), Wouter J. Schonewille (Department of Neurology, St. Antonius Hospital,
Nieuwegein), Jeannette Hofmeijer (Department of Neurology, Rijnstate Hospital,
Arnhem), Jasper M. Martens (Department of Radiology, Rijnstate Hospital, Arn-
hem), H. Bart van der Worp (Department of Neurology, University Medical Center
Utrecht), Rob H. Lo (Department of Radiology, University Medical Center Utrecht);
Adverse Event Committee: Robert J. van Oostenbrugge (chair; Department of
Neurology, Maastricht University Medical Center and Cardiovascular Research
Institute Maastricht), Jeannette Hofmeijer (Department of Neurology, Rijnstate
Hospital, Arnhem), H. Zwenneke Flach (Department of Radiology, Isala Klinieken,
Zwolle); trial methodologist: Hester F. Lingsma (Department of Public Health,
Erasmus MC University Medical Center); research nurses/local trial coordinators:
Naziha el Ghannouti (Department of Neurology, Erasmus MC University Medical
Center), Martin Sterrenberg (Department of Neurology, Erasmus MC University
Medical Center), Corina Puppels (Department of Neurology, St. Antonius Hospital,
Nieuwegein), Wilma Pellikaan (Department of Neurology, St. Antonius Hospital,
Nieuwegein), Rita Sprengers (Department of Neurology, Amsterdam UMC, Uni-
versity of Amsterdam, Amsterdam), Marjan Elfrink (Department of Neurology, Ri-
jnstate Hospital, Arhem), Michelle Simons (Department of Neurology, Rijnstate
Hospital, Arnhem), Marjolein Vossers (Department of Radiology, Rijnstate Hospi-
tal, Arnhem), Joke de Meris (Department of Neurology, Haaglanden MC, the
Hague), Tamara Vermeulen (Department of Neurology, Haaglanden MC, the
Hague), Annet Geerlings (Department of Neurology, Radboud University Medical
Center, Nijmegen), Gina van Vemde (Department of Neurology, Isala Klinieken,
Zwolle), Tiny Simons (Department of Neurology, Atrium Medical Center, Heerlen),
Cathelijn van Rijswijk (Department of Neurology, St. Elisabeth Hospital, Tilburg),
Gert Messchendorp (Department of Neurology, University Medical Center Gron-
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ingen), Nynke Nicolaij (Department of Neurology, University Medical Center
Groningen), Hester Bongenaar (Department of Neurology, Catharina Hospital,
Eindhoven), Karin Bodde (Department of Neurology, Reinier de Graaf Gasthuis,
Delft), Sandra Kleijn (Department of Neurology, Medical Spectrum Twente, En-
schede), Jasmijn Lodico (Department of Neurology, Medical Spectrum Twente,
Enschede), Hanneke Droste (Department of Neurology, Medical Spectrum
Twente, Enschede), Maureen Wollaert (Department of Neurology, Maastricht
University Medical Center and Cardiovascular Research Institute Maastricht),
Sabrina Verheesen (Department of Neurology, Maastricht University Medical
Center and Cardiovascular Research Institute Maastricht), D. Jeurrissen (Depart-
ment of Neurology, Maastricht University Medical Center and Cardiovascular
Research Institute Maastricht), Erna Bos (Department of Neurology, Leiden Uni-
versity Medical Center), Yvonne Drabbe (Department of Neurology, HAGA Hos-
pital, the Hague), Michelle Sandiman (Department of Neurology, HAGA Hospital,
the Hague), Marjan Elfrink (Department of Neurology, Rijnstate Hospital, Arn-
hem), Nicoline Aaldering (Department of Neurology, Rijnstate Hospital, Arnhem),
Berber Zweedijk (Department of Neurology, University Medical Center Utrecht),
Mostafa Khalilzada (Department of Neurology, HAGA Hospital, the Hague), Jo-
cova Vervoort (Department of Neurology, St. Elisabeth Hospital, Tilburg),
Hanneke Droste (Department of Neurology, Medical Spectrum Twente, En-
schede), Nynke Nicolaij (Department of Radiology, Erasmus MC University Med-
ical Center), Michelle Simons (Department of Neurology, Rijnstate Hospital, Arn-
hem), Eva Ponjee (Department of Neurology, Isala Klinieken, Zwolle), Sharon
Romviel (Department of Neurology, Radboud University Medical Center, Nijme-
gen), Karin Kanselaar (Department of Neurology, Radboud University Medical
Center, Nijmegen), Erna Bos (Department of Neurology, Leiden University Medi-
cal Center), Denn Barning (Department of Radiology, Leiden University Medical
Center); PhD/medical students: Esmee Venema (Department of Public Health,
Erasmus MC University Medical Center), Vicky Chalos (Department of Neurolo-
gy, Erasmus MC University Medical Center; Department of Public Health, Eras-
mus MC University Medical Center), Ralph R. Geuskens (Department of Radiol-
ogy and Nuclear Medicine, Amsterdam UMC, University of Amsterdam,
Amsterdam), Tim van Straaten (Department of Neurology, Radboud University
Medical Center, Nijmegen), Saliha Ergezen (Department of Neurology, Erasmus
MC University Medical Center), Roger R.M. Harmsma (Department of Neurology,
Erasmus MC University Medical Center), Daan Muijres (Department of Neurol-
ogy, Erasmus MC University Medical Center), Anouk de Jong (Department of
Neurology, Erasmus MC University. Medical Center), Olvert A. Berkhemer (De-
partment of Neurology, Erasmus MC University Medical Center; Department of
Radiology and Nuclear Medicine, Amsterdam UMC, University of Amsterdam,
Amsterdam; Department of Radiology, Maastricht University Medical Center and
Cardiovascular Research Institute Maastricht), Anna M.M. Boers (Department of
Radiology and Nuclear Medicine, Amsterdam UMC, University of Amsterdam,
Amsterdam; Department of Biomedical Engineering and Physics, Amsterdam
UMC, University of Amsterdam, Amsterdam), J. Huguet (Department of Radiol-
ogy and Nuclear Medicine, Amsterdam UMC, University of Amsterdam, Amster-
dam), PF.C. Groot (Department of Radiology and Nuclear Medicine, Amsterdam
UMC, University of Amsterdam, Amsterdam), Marieke A. Mens (Department of
Radiology and Nuclear Medicine, Amsterdam UMC, University of Amsterdam,
Amsterdam), Katinka R. van Kranendonk (Department of Radiology and Nuclear
Medicine, Amsterdam UMC, University of Amsterdam, Amsterdam), Kilian M.
Treurniet (Department of Radiology and Nuclear Medicine, Amsterdam UMC,
University of Amsterdam, Amsterdam), lvo G.H. Jansen (Department of Radiol-
ogy and Nuclear Medicine, Amsterdam UMC, University of Amsterdam, Amster-
dam), Manon L. Tolhuisen (Department of Radiology and Nuclear Medicine, Am-
sterdam UMC, University of Amsterdam, Amsterdam; Department of Biomedical
Engineering and Physics, Amsterdam UMC, University of Amsterdam, Amster-
dam), Heitor Alves (Department of Radiology and Nuclear Medicine, Amsterdam
UMC, University of Amsterdam, Amsterdam), Annick J. Weterings (Department
of Radiology and Nuclear Medicine, Amsterdam UMC, University of Amsterdam,
Amsterdam), Eleonora L.F. Kirkels (Department of Radiology and Nuclear Medi-
cine, Amsterdam UMC, University of Amsterdam, Amsterdam), Eva J.H.F. Voogd
(Department of Neurology, Rijnstate Hospital, Arnhem), Lieve M. Schupp (De-
partment of Radiology and Nuclear Medicine, Amsterdam UMC, University of
Amsterdam, Amsterdam), Sabine Collette (Department of Neurology, University
Medical Center Groningen; Department of Radiology, University Medical Center
Groningen), Adrien E.D. Groot (Department of Neurology, Amsterdam UMC, Uni-
versity of Amsterdam, Amsterdam), Natalie E. LeCouffe (Department of Neurol-
ogy, Amsterdam UMC, University of Amsterdam, Amsterdam), Praneeta R. Kon-
duri (Department of Biomedical Engineering and Physics, Amsterdam UMC,
University of Amsterdam, Amsterdam), Haryadi Prasetya (Department of Bio-
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and Physics, Amsterdam UMC, University of Amsterdam, Amsterdam), Lucas A.
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