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Abstract
Background: Endovascular treatment (EVT) for acute ischemic stroke (AIS) is performed in intervention centers that 
provide the full range of neuro(endo)vascular care (level 1) and centers that only perform EVT for AIS (level 2). We 
compared outcomes between these center types and assessed whether differences in outcomes could be explained by 
center volume (CV).
Patients and methods: We analyzed patients included in the MR CLEAN Registry (2014–2018), a registry of all EVT-
treated patients in the Netherlands. Our primary outcome was the shift on the modified Rankin scale (mRS) after 90 days 
(ordinal regression). Secondary outcomes were the NIHSS 24–48 h post-EVT, door-to-groin time (DTGT), procedure 
time (linear regression), and recanalization (binary logistic regression). We compared outcomes between level 1 and 2 
centers using multilevel regression models, with center as random intercept. We adjusted for relevant baseline factors, 
and in case of observed differences, we additionally adjusted for CV.
Results: Of the 5144 patients 62% were treated in level 1 centers. We observed no significant differences between 
center types in mRS (adjusted(a)cOR: 0.79, 95% CI: 0.40 to 1.54), NIHSS (aβ: 0.31, 95% CI: −0.52 to 1.14), procedure 
duration (aβ: 0.88, 95% CI: −5.21 to 6.97), or DTGT (aβ: 4.24, 95% CI: −7.09 to 15.57). The probability for recanalization 
was higher in level 1 centers compared to level 2 centers (aOR 1.60, 95% CI: 1.10 to 2.33), and this difference probably 
depended on CV.
Conclusions: We found no significant differences, that were independent of CV, in the outcomes of EVT for AIS 
between level 1 and level 2 intervention centers.

1�Department of Neurology, Maastricht University Medical Centre and School for Cardiovascular Diseases (CARIM), Maastricht, The Netherlands
2�Department of Radiology and Nuclear Medicine, Maastricht University Medical Centre and School for Cardiovascular Diseases (CARIM), 
Maastricht, The Netherlands

3�Department of Public Health, Erasmus MC, University Medical Centre, Rotterdam, The Netherlands
4�Department of Neurology, Zuyderland MC, Heerlen, The Netherlands
5�Department of Neurology, Sint Antonius Hospital, Nieuwegein, The Netherlands
6�Department of Radiology, Catharina Hospital, Eindhoven, The Netherlands
7�Department of Neurology, Amsterdam UMC, Location University of Amsterdam, Amsterdam, The Netherlands
8�Department of Radiology and Nuclear Medicine, Maastricht University Medical Centre and School for Mental Health and Sciences (MheNS), 
Maastricht, The Netherlands

9�Department of Neurology, Erasmus MC, University Medical Centre, Rotterdam, The Netherlands

Corresponding author:
Susanne GH Olthuis, Department of Neurology, Maastricht University Medical Centre and School for Cardiovascular Diseases (CARIM), P. 
Debyelaan 25, Maastricht 6229HX, The Netherlands. 
Email: susan.olthuis@mumc.nl

1145771 ESO0010.1177/23969873221145771European Stroke JournalOlthuis et al
research-article2022

Original Research Article

https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/eso
mailto:susan.olthuis@mumc.nl
http://crossmark.crossref.org/dialog/?doi=10.1177%2F23969873221145771&domain=pdf&date_stamp=2022-12-22


2	 European Stroke Journal 00(0)

Keywords
Acute ischemic stroke, endovascular treatment, center type

Date received: 13 October 2022; accepted: 29 November 2022

Introduction

After endovascular treatment (EVT) became the standard of 
care for treating large vessel occlusion in patients with acute 
ischemic stroke (AIS), it has been internationally debated 
which requirements centers should meet to perform these 
procedures. In this context, an international consensus group 
with delegates from different neuro-interventional, -surgical, 
and -radiological associations defined three types of inter-
vention centers.1 Level 1 centers provide a full range of 
neuro(endo)vascular care, whereas level 2 centers perform 
EVT for AIS but no other types of neuro(endo)vascular pro-
cedures. Level 3 stroke centers have a stroke unit and offer 
intravenous thrombolysis but do not perform any neuro(endo)
vascular procedures. For EVT, a level 3 center will transfer 
eligible patients to a nearby level 1 or level 2 center.1

The consensus group recommended EVT for AIS to be 
performed in level 1 centers, except in case transfer times 
exceed 2 h. This recommendation was based on the assump-
tion that level 1 centers treat higher volumes of patients than 
level 2 centers, which is not necessarily true. On the one 
hand, experience with other neuro-endovascular procedures 
in level 1 centers may lead to better results in performing 
EVT for AIS. On the other hand, treatment in level 2 centers 
may have a benefit over treatment in level 1 centers, due to 
shorter travel distances and perhaps a faster workflow.

Even though the effects of center volume and treatment 
delays on outcomes after EVT have been previously stud-
ied – to our knowledge – there has not yet been a compari-
son based on the type of intervention center (level 1 vs level 
2 centers).2,3

In the present study, we, therefore compared clinical, 
imaging, and workflow outcomes between level 1 and level 
2 centers, and assessed whether observed differences were 
independent of the annual center volume of patients treated 
with EVT.

Methods

Study design and participants

We analyzed data from patients included in the MR CLEAN 
Registry (a multicenter, national, prospective, observa-
tional monitoring study) between March 2014 and 
December 2018. The MR CLEAN Registry enrolled all 
patients who received arterial puncture to undergo EVT for 
AIS in the Netherlands. The study design and methods have 
been described previously.4

We selected patients at least 18 years of age, with a 
symptom onset to arterial puncture time ⩽6.5 h, and AIS 

due to a proximal intracranial vessel occlusion of the 
anterior circulation (i.e. internal carotid artery (ICA), 
internal carotid artery terminus (ICA-T), middle (M1/
M2) cerebral artery, or anterior (A1/A2) cerebral artery) 
as confirmed by imaging (i.e. computed tomography 
angiography (CTA)).

Outcomes

Our primary outcome was the functional outcome of 
patients after 90 days assessed as the score on the full distri-
bution of the modified Rankin Scale (mRS).5

Secondary outcomes were: National Institutes of 
Health Stroke Scale (NIHSS) score at 24–48 h post-EVT; 
mortality at 90 days; occurrence of stroke progression 
(defined as an increase of at least four NIHSS score 
points); occurrence of new ischemic stroke; and occur-
rence of symptomatic intracranial hemorrhage (defined 
as an intracranial hemorrhage on follow-up imaging clas-
sified according to the Heidelberg criteria, which was 
related to an increase of at least four NIHSS points or 
death); successful recanalization (defined as an extended 
thrombolysis in cerebral infarction score (eTICI) ⩾2B)6; 
any procedural complications scored on digital substrac-
tion angiography (i.e. perforation, dissection, intracranial 
hemorrhage during the procedure, a distal thrombus, 
embolus in a new vascular territory, and vasospasms); 
achievement of first-pass reperfusion (defined as an 
eTICI⩾2C in the first attempt); duration of the procedure 
(defined as the time from groin puncture until recanaliza-
tion or the last contrast bolus); and door to groin time 
(DTGT) (defined as the duration in minutes from arrival 
at the emergency room (ER) of the intervention center up 
until groin puncture).

Missing data

Part of the missing NIHSS scores could be retrospectively 
assessed using medical records. In case of missing NIHSS 
scores due to the death of a patient before the assessment at 
24–48 h post-EVT, we assigned the maximum score of 42 
points. The number of missing values per variable is shown 
in the tables.

All missing values were imputed with multiple imputa-
tions by chained equations with the mice package, in R sta-
tistical software version 4.0.2 (R Foundation for Statistical 
Computation, Vienna, Austria), using relevant covariates 
and outcome variables present in the MR CLEAN Registry 
dataset.4
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Statistical analysis

We used crude data for the reporting of baseline character-
istics and the description of our outcome variables.

Regression analyses were applied to estimate the effect 
of the association between center type (level 1 vs level 
2 centers) and our outcome variables. In our models, the 
NIHSS and Alberta Stroke Program Early CT scores 
(ASPECTS) were used as continuous variables. Due to our 
sample size, there was no need to log transform NIHSS 
scores with a non-Gaussian distribution. We applied linear, 
binary, and ordinal regression models, depending on the out-
come variable, and presented the results as beta coefficients 
(β), odds ratios (OR), or common odds ratios (cOR) respec-
tively. We estimated the unadjusted and adjusted associa-
tions with 95% confidence interval (95% CI). In the 
regression analysis, mRS scores were inverted so cOR 
above 1.0 indicate better outcomes.

To account for data clustering, we used generalized lin-
ear mixed-effects models with center as the random inter-
cept. We adjusted for age; sex; NIHSS score at baseline; 
pre-stroke mRS score; patient medical history (i.e. diabetes 
mellitus, atrial fibrillation, hypertension, and previous 
stroke); baseline blood glucose concentration; administra-
tion of intravenous thrombolysis; duration between onset to 
ER arrival at the intervention center; collateral grade; 
occlusion segment; and ASPECTS at baseline. These con-
founders were chosen based on their expected relationship 
to the outcome and previous literature.7

If a significant association between center level and one of 
our outcome variables in the adjusted model was found, we 
assessed whether this association was independent of center 
volume (CV) by adding this variable to the model. CV was 
defined as the number of patients treated with EVT in the center 
in the previous year (calculated per current procedure/patient). 

The variables CV and interventionist experience might 
overlap, though a structural difference could exist between 
center types and the number of interventionists and their 

individual experience. Data on interventionist experience is 
only available for EVT-treated patients in MR CLEAN cent-
ers and not for all patients receiving groin puncture to 
undergo EVT (N = 4091). We will therefore perform a sensi-
tivity analysis on this subset by correcting our primary analy-
sis and the significant secondary outcomes with the number 
of procedures in the last year of the most experienced inter-
ventionist performing the procedure (EXPfreq).

All analyses were performed with R statistical software 
version 4.0.2, using the lmer and glmer functions from the 
lme4 package, and the clmm function from the ordinal 
package.

Results

Participants and intervention centers

The MR CLEAN Registry registered a total of 5768 
patients, of whom 5144 patients fulfilled the inclusion cri-
teria of the current analyses. There were ten level 1 centers 
and nine level two centers. Sixty-two percent (n = 3214) of 
the patients were treated in level 1 centers (Figure 1).

Baseline characteristics

Patients treated in a level 1 center were on average younger; 
suffered less often from a medical history of hypertension, 
hypercholesteremia, or peripheral artery disease; had better 
collateral scores on baseline CTA; and arrived about 14 min 
later at the ER, compared to patients treated in a level 2 
center (Table 1). Level 1 centers treated more referred 
patients and had higher patient volumes compared to level 
2 centers (Table 1 and Figure S1).

Clinical, imaging, and workflow outcomes

We found no significant difference between the 90-day 
mRS score of patients treated in level 1 centers compared to 
level 2 centers (adjusted(a)cOR 0.79, 95% CI: 0.40–1.54) 
(Table 2).

Our data did show an increased frequency of successful 
recanalization in level 1 centers, compared to level 2 cent-
ers in both the univariable analysis (OR 1.59, 95% CI: 1.11 
to 2.27) and the multivariable analysis (aOR 1.60, 95% CI: 
1.10 to 2.33) (Table 2). This difference was at least partially 
explained by CV because after adding this variable to the 
model, the effect was no longer significant (aOR 1.31, 95% 
CI: 0.95 to 1.81).

Furthermore, we did not observe any significant differ-
ences between center levels regarding NIHSS score at 24–
48 h post EVT (aβ: 0.31, 95% CI: −0.52 to 1.14); mortality 
at 90 days (aOR: 1.13, 95% CI: 0.91 to 1.41); DTGT (aβ: 
4.24, 95% CI: −7.09 to 15.57); duration of the procedure 
(aβ: 0.88, 95% CI: −5.21 to 6.97); the frequency of achiev-
ing first-pass reperfusion (aOR: 1.24, 95% CI: 0.92 to 1.68) 
or any of the safety outcomes (Table 2).

Figure 1.  Flowchart of included patients.
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Sensitivity analyses

The results of our primary analysis did not change after per-
forming a sensitivity analysis in which we additionally 
adjusted for the EXPfreq of the interventionist (acOR 0.83, 
95% CI: 0.65 to 1.06).

In our sensitivity analysis, the probability of recanaliza-
tion was also higher in patients treated in level 1 centers 
(aOR 1.98, 95% CI: 1.31–2.99), and after additionally 
adjusting for CV this effect maintained significant (aOR 
1.58, 95% CI: 1.14–2.20). After adjusting for both CV and 
EXPfreq of the interventionist this did not seem to influ-
ence the result (aOR 1.59, 95% CI: 1.14–2.20).

Discussion

We observed no significant differences in functional out-
comes at 90 days, early neurological outcomes, or safety 
outcomes between level 1 and level 2 centers performing 
EVT for AIS. We did observe a higher frequency of suc-
cessful recanalization in level 1 centers compared to level 2 
intervention centers. This association does not seem to be 
independent of the annual number of EVTs per center 
because the association was no longer significant after tak-
ing this variable into account. Our sensitivity analysis did 
not show an important modification of our model by 
EXPfreq of the interventionist.

Table 1.  Baseline characteristics of patients treated in either level 1 or level 2 centers.

Level 1 center (n = 3214) Level 2 center (n = 1930)

Clinical characteristics
  Age–median (IQR) 72 (61–80) 74 (63–81)
  Male sex 1676 (52%) 1009 (52%)
  NIHSS–median (IQR) 15 (10–19), 3178 16 (11–20), 1728
Medical History
  Diabetes mellitus 530/3201 (17%) 306/1747 (18%)
  Hypertension 1574/3159 (50%) 1024/1733 (59%)
  Hypercholesterolemia 848/3128 (27%) 641/1680 (38%)
  Atrial fibrillation 722/3187 (23%) 460/1726 (27%)
  Myocardial infarction 439/3168 (14%) 269/1720 (16%)
  Peripheral arterial disease 229/3182 (7.2%) 213/1704 (13%)
  Previous ischemic stroke 548/3198 (17%) 339/1740 (19%)
  Pre-stroke mRS score >2 418/3098 (13%) 218/1750 (12%)
Medication and intoxications
  Antiplatelet 1006/3178 (32%) 536/1737 (31%)
  DOAC 157/3182 (4.9%) 82/1738 (4.7%)
  Vitamin K antagonists 385/3189 (12%) 249/1748 (14%)
  Smoking 672/2429 (28%) 347/1295 (27%)
Imaging characteristics
  Level of occlusion  
  ICA 161/3072 (5.2%) 86/1699 (5.1%)
  ICA-T 599/3072 (19%) 326/1699 (19%)
  M1 1739/3072 (57%) 948/1699 (56%)
  M2 550/3072 (18%) 334/1699 (20%)
  Other* 23/3072 (0.7%) 5.0/1699 (0.3%)
  ASPECTS–median (IQR) 9 (8–10), 3108 9 (8–10), 1708
  Collaterals grade 2–3 1818/3036 (60%) 908/1665 (55%)
Workflow characteristics
  Onset to arrival ER†(min)–median (IQR) 132 (61–186), 3072 118 (52–175), 1809
  Transfer from Level 3 center 1811/3211 (56%) 883/1865 (47%)
  Off-hours‡ 2081 (65%) 1194 (62%)
  Treatment with IVT 2353/3207 (73%) 1328/1842 (72%)
  Center volume§–median (IQR) 86 (57–127), 2765 58 (42–86), 1614

NIHSS: National Institutes of Health Stroke Scale; mRS: modified Rankin Scale; DOAC: direct oral anticoagulant; ICA: internal carotid artery; ICA-T: 
ICA terminus; M1/M2/M3: middle cerebral artery; A1/A2: anterior cerebral artery; ASPECTS: Alberta Stroke Program Early CT score; ER: emer-
gency room; IVT: intravenous thrombolysis.
In case of missing values, the numbers in this table are noted as “no./total no.,” or “median (IQR), total no.”
*M3/A1/A2 occlusion.
†Arrival ER in the intervention center.
‡Presentation Monday to Friday between 17:00 and 08:00 hours, weekends (Friday 17:00 to Monday 8:00), and national holidays.
§Number of EVT-treated patients in the previous year (calculated per procedure).
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We did not find any previous literature comparing the 
efficacy of level 1 and level 2 centers. There are, however, 
studies that have focused on the effect of EVT volume on 
outcomes. Using the MR CLEAN Registry data, we have 
previously shown that a higher CV was associated with bet-
ter short-term neurological outcomes.8 Another study also 
found an association between a higher CV and lower mor-
tality rates.9 One study compared high- and low-volume 
centers and demonstrated that patients treated in high-vol-
ume centers had higher recanalization rates and higher 
probabilities of good functional outcomes.2,10 On the whole, 
these studies imply a beneficial effect of centralization 
toward higher volume centers, regardless of center level.

It is important, though, to realize that centralization 
might lead to treatment delays, while the treatment benefit 
of EVT for AIS is very time-dependent.11 This was demon-
strated by a Dutch study that showed that transferring EVT-
eligible patients was associated with a treatment delay and 
worse functional outcomes compared to direct treatment in 
the intervention center.3 As between-center distances and 
travel times in the Netherlands are relatively short, these 
results underline the importance of the time factor in deci-
sions regarding transfers.3 However, that study did not take 
center volumes into consideration.

Based on the aforementioned studies, the effects of cen-
tralization on outcomes after EVT for AIS seem to depend on 

the trade-off between the beneficial effects of high center vol-
umes, and the negative effects of treatment delays associated 
with patient transfer. One study investigated this trade-off and 
indicated that the benefits of high annual EVT CV may out-
weigh the detrimental effects of delayed treatment.12

In our study population, we observed that patients 
treated in a level 1 center had on average fewer co-morbid-
ities at baseline, compared to patients treated in a level 2 
center. Since level 1 centers treat more referral patients 
compared to level 2 centers, some selection may have 
occurred in the referral of patients to these centers, which 
might explain the somewhat more favorable baseline char-
acteristics. The larger number of transferred patients treated 
in the level 1 centers may also contribute to the delay in 
onset to ER arrival observed in level 1 centers.

Strengths and limitations

An important strength of the current study is the large clini-
cal dataset that represents daily clinical practice. In the 
Netherlands, referral patterns are not based on center levels 
and both level 1 and level 2 centers perform EVT for AIS 
since this treatment became the standard of care. 
Furthermore, both center types receive transferred patients 
only from nearby level 3 centers, thereby avoiding the bias 
that may otherwise have occurred.

Table 2.  Descriptives and effect estimates for the association between outcomes and treatment in level 1 versus level 2 centers.

Level 1 center 
(n = 3214)

Level 2 center 
(n = 1930)

EE Unadjusted§ (95% CI) Adjusted§ (95% CI)

Clinical outcomes
  mRS score at 90 days–median (IQR) 3 (2–6), 2882 3 (1–6), 1712 cOR 0.87 (0.73 to 1.04) 0.79 (0.40 to 1.54)
 � NIHSS score at 24–48 h–median 

(IQR)
10 (4–17), 2998 9 (3–18), 1630 β 0.00 (−0.92 to 0.93) 0.31 (−0.52 to 1.14)

 � Mortality at 90 days 808/2882 (28%) 488/1712 (29%) OR 0.99 (0.85 to 1.15) 1.13 (0.91 to 1.41)
Safety outcomes
  Stroke progression 287 (8.9%) 155 (8.0%) OR 1.12 (0.77 to 1.61) 1.09 (0.74 to 1.59)
  New ischemic stroke 53 (1.6%) 22 (1.1%) OR 1.44 (0.68 to 3.04) 1.43 (0.70 to 2.91)
  Symptomatic ICH 165 (5.1%) 125 (6.5%) OR 0.79 (0.59 to 1.06) 0.80 (0.59 to 1.08)
Imaging outcomes
  Recanalization* 2119/3109 (68%) 945/1661 (57%) OR 1.59 (1.11 to 2.27) 1.60 (1.10 to 2.33)
  Procedural complications† 684/2942 (23%) 337/1565 (22%) OR 1.22 (0.86 to 1.73) 1.17 (0.84 to 1.64)
Workflow outcomes
First-pass reperfusion 604/3011 (20%) 264/1747 (15%) OR 1.23 (0.92 to 1.63) 1.24 (0.92 to 1.68)
 � Duration procedure (min)– median 

(IQR)
47 (29–72), 3017 49 (31–73), 1646 β 0.80 (−5.09 to 6.68) 0.88 (−5.21 to 6.97)

  Door to groin (min)– median (IQR) 56 (35–88), 2896 55 (28–78), 1658 β 2.73 (−12.0–17.5) 4.24 (−7.09 to 15.57)

EE: effect estimate; mRS: modified Rankin Scale; NIHSS: National Institutes of Health Stroke Scale; ICH: intracranial hemorrhage; ER: emergency 
room; ASPECTS: Alberta Stroke Program Early CT Score.
In case of missing values, the numbers in this table are noted as “no./total no.,” or “median (IQR), total no.”
§The reported intervals were not corrected for multiple testing.
*Recanalization rates in 2018 were 73% for level 1 centers and 65% for level 2 centers.
†Scored on digital subtraction angiography.
Adjusted for: age; sex; NIHSS score at baseline; pre-stroke mRS score; diabetes mellitus; atrial fibrillation; hypertension; previous stoke; baseline 
blood glucose concentration; administration of intravenous thrombolysis; duration between onset to ER arrival at the intervention center; collateral 
grade; occlusion segment; and ASPECTS at baseline.



6	 European Stroke Journal 00(0)

Moreover, in our study, differences in CV are minimal. 
Although, the CV of level 1 centers was on average higher 
compared to level 2 centers, some level 2 centers treated 
more patients on an annual basis than some level 1 centers, 
which can be seen in Table 1 by the overlapping IQRs. 
Additionally, between-center travel times are relatively 
short.13 Our results thus show the comparison between 
level 1 and level 2 centers in a scenario in which differences 
in CV and treatment delays between centers are minimal. In 
addition, we corrected our models for both possible con-
founders. Therefore, the current situation was an optimal 
situation to compare level 1 and level 2 centers – with mini-
mal confounding.

Nevertheless, certain limitations need to be addressed. 
We should be careful with inferences based on the reported 
intervals since we did not adjust for multiplicity. Moreover, 
results are especially generalizable to urban areas and might 
be less generalizable to centers in more rural environments 
and to situations in which centers achieve a much lower or 
higher CV. Furthermore, patients in the Netherlands are 
treated by both neuro- and non-neuro interventionists, irre-
spective of center level. This reduces possible confounding 
based on the specialty of the treating interventionist, but it 
may also hamper generalizability to other countries where 
level 1 and level 2 centers differ structurally with respect to 
which specialist performs the EVT procedures. However, 
the results of a recent study suggest that revascularization 
rates and functional outcomes do not differ significantly 
between patients that are treated by interventional radiolo-
gists and patients that are treated by neuro-interventional 
physicians.14

Conclusion

In this observational study, we found no significant differ-
ences in 90-day functional outcomes, short-term neurologi-
cal outcomes, or workflow outcomes between AIS patients 
treated with EVT in level 1 and level 2 centers. 
Recanalization rates did not significantly differ between 
center types after additional adjustments were made for 
center volume. Therefore, our data showed no support for 
the notion that EVT treatment in level 1 centers should be 
preferred over treatment in level 2 centers as long as center 
volume as a predictor is respected. Based on our findings 
and previous literature, we thus recommend future guide-
lines and recommendations regarding referral patterns to 
focus on the trade-off between center volume and between-
center travel times and not the center level.

Acknowledgements

We thank the MR CLEAN Registry Investigators–group authors 
(Supplemental Material-List of MR CLEAN Registry group 
authors).

Names listed: Diederik W.J. Dippel; Aad van der Lugt; Charles 
B.L.M. Majoie; Yvo B.W.E.M. Roos; Robert J. van Oostenbrugge; 

Wim H. van Zwam6; Jelis Boiten; Jan Albert Vos; Ivo G.H. Jansen; 
Maxim J.H.L. Mulder; Robert- Jan B. Goldhoorn; Kars C.J. 
Compagne; Manon Kappelhof; Josje Brouwer; Sanne J. den Hartog; 
Wouter H. Hinsenveld; Lotte van den Heuvel; Bob Roozenbeek; 
Pieter Jan van Doormaal; Bart J. Emmer; Jonathan M. Coutinho; 
Wouter J. Schonewille; Marieke J.H. Wermer; Marianne A.A. van 
Walderveen; Adriaan C.G.M. van Es; Julie Staals; Jeannette 
Hofmeijer; Jasper M. Martens; Geert J. Lycklama à Nijeholt; 
Sebastiaan F. de Bruijn; Lukas C. van Dijk; H. Bart van der Worp; 
Rob H. Lo; Ewoud J. van Dijk; Hieronymus D. Boogaarts; J. de 
Vries; Paul L.M. de Kort; Julia van Tuijl; Issam Boukrab; Jo P. 
Peluso; Puck Fransen; Jan S.P. van den Berg; Heleen M. den 
Hertog; Boudewijn A.A.M. van Hasselt; Leo A.M. Aerden; René J. 
Dallinga; Maarten Uyttenboogaart; Omid Eschgi; Reinoud P.H. 
Bokkers; Tobien H.C.M.L. Schreuder; Roel J.J. Heijboer; Koos 
Keizer; Rob A.R. Gons; Lonneke S.F. Yo; Emiel J.C. Sturm; Tomas 
Bulut; Paul J.A.M. Brouwers; Anouk D. Rozeman; Otto Elgersma; 
Michel J.M. Remmers; Thijs E.A.M. de Jong; Marieke E.S. 
Sprengers; Sjoerd F.M. Jenniskens; René van den Berg; Albert J. 
Yoo; Ludo F.M. Beenen; Alida A. Postma; Stefan D. Roosendaal; 
Bas F.W. van der Kallen; Ido R. van den Wijngaard; Lonneke S.F. 
Yo; Joost Bot; Anton Meijer; Elyas Ghariq; Marc P. van Proosdij; 
G. Menno Krietemeijer; Hieronymus D. Boogaarts; Wouter 
Dinkelaar; Auke P.A. Appelman; Bas Hammer; Sjoert Pegge; 
Anouk van der Hoorn; Saman Vinke; Sandra Cornelissen; 
Christiaan van der Leij; Rutger Brans; Jeanette Bakker; Miou 
Koopman; Lucas Smagge; Olvert A. Berkhemer; Jeroen 
Markenstein; Eef Hendriks; Patrick Brouwer; Dick Gerrits; H. 
Zwenneke Flach; Hester F. Lingsma; Naziha el Ghannouti; Martin 
Sterrenberg; Wilma Pellikaan; Rita Sprengers; Marjan Elfrink; 
Michelle Simons; Marjolein Vossers; Joke de Meris; Tamara 
Vermeulen; Annet Geerlings; Gina van Vemde; Tiny Simons; Gert 
Messchendorp; Nynke Nicolaij; Hester Bongenaar; Karin Bodde; 
Sandra Kleijn; Jasmijn Lodico; Hanneke Droste; Maureen Wollaert; 
Sabrina Verheesen; D. Jeurrissen; Erna Bos; Yvonne Drabbe; 
Michelle Sandiman; Nicoline Aaldering; Berber Zweedijk; Jocova 
Vervoort; Eva Ponjee; Sharon Romviel; Karin Kanselaar; Denn 
Barning; Laurine van der Steen; Esmee Venema; Vicky Chalos; 
Ralph R. Geuskens; Tim van Straaten; Saliha Ergezen; Roger R.M. 
Harmsma; Daan Muijres; Anouk de Jong; Anna M.M. Boers; J. 
Huguet; P.F.C. Groot; Marieke A. Mens; Katinka R. van 
Kranendonk; Kilian M. Treurniet; Manon L. Tolhuisen; Heitor 
Alves; Annick J. Weterings; Eleonora L.F. Kirkels; Eva J.H.F. 
Voogd; Lieve M. Schupp; Sabine L. Collette; Adrien E.D. Groot; 
Natalie E. LeCouffe; Praneeta R. Kondur; Haryadi Prasetya; Nerea 
Arrarte-Terreros; Lucas A. Ramos; Nikki Boodt; Anne F.A.V 
Pirson; Agnetha A.E. Bruggeman; Nadinda A.M. van der Ende; 
Rabia Deniz, Susanne G.H. Olthuis; Floor Pinckaers.

Declaration of conflicting interests

The author(s) declared the following potential conflicts of interest 
with respect to the research, authorship, and/or publication of this 
article: DWJD reports funding from the Dutch Heart Foundation, 
Brain Foundation Netherlands, The Netherlands Organisation for 
Health Research and Development, Health Holland Top Sector Life 
Sciences & Health, and unrestricted grants from Penumbra Inc., 
Stryker, Medtronic, Thrombolytic Science, LLC, and Cerenovus 
for research, all paid to the institution. DWJD participated in the 
DSMBs of ESCAPE-NEXT (stopped July 2021) and TESLAT 
(without receiving payments). AAP reports an institutional grant 



Olthuis et al	 7

from Siemens Healthineers & Bayer Healthcare. WHvZ received 
consultation fees from Stryker, Nico.Lab and Cerenovus, paid to 
the institution. WHvZ participates in the DSMBs of Philips’WeTrust 
study, Anaconda’s Solonda study, in Extremis Studies, Montpellier, 
all funding was paid to the institution. YBWEMR reports being a 
minor share-holder of Nico-Lab, not related to the current work.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: The 
MR CLEAN Registry was supported by Stichting Toegepast 
Wetenschappelijk Instituut voor Neuromodulatie (TWIN); 
Erasmus MC University Medical Centre; Maastricht University 
Medical Centre; and Amsterdam University Medical Centre.

Ethical approval

The MR CLEAN Registry was approved by the ethics committee 
of the Erasmus University MC, Rotterdam, The Netherlands 
(MEC-2014-235). With this approval, it was approved by the 
research board of each participating center. At UMC Utrecht, 
approval to participate in the study has been obtained from their 
own research board and ethics committee.

Informed consent

The need for individual patient consent has been waived by the 
ethics committee.

Guarantor

SGHO and IRdR

Contributorship

SO performed the analyses and wrote the manuscript. WH wrote 
the initial proposal for this substudy. All authors contributed to the 
study design and the interpretation of the results. All authors have 
critically reviewed and eventually approved this manuscript.

ORCID iDs

Susanne GH Olthuis  https://orcid.org/0000-0002-2802-1511

Florentina ME Pinckaers  https://orcid.org/0000-0002-8336- 
6897

Marzyeh Amini  https://orcid.org/0000-0002-0123-9510

Julie Staals  https://orcid.org/0000-0002-9502-6937

Tobien HCML Schreuder  https://orcid.org/0000-0003-1284- 
7922

Wim H van Zwam  https://orcid.org/0000-0003-1631-7056

Data availability statement

In compliance with the General Data Protection Regulation, the 
source data underlying this article cannot be publicly shared. 
Information about our analytic methods, and the R scripts and out-
put files will be shared on reasonable request to the corresponding 
author.

Supplemental material

Supplemental material for this article is available online.

References

	 1.	 Pierot L, Jayaraman MV, Szikora I, et al. Standards 
of practice in acute ischemic stroke intervention: 
International Recommendations. Am J Neuroradiol 2018; 
39: E112–E117.

	 2.	 Gupta R, Horev A, Nguyen T, et al. Higher volume endo-
vascular stroke centers have faster times to treatment, higher 
reperfusion rates and higher rates of good clinical outcomes. 
J Neurointerv Surg 2013; 5: 294–297.

	 3.	 Venema E, Groot AE, Lingsma HF, et al. Effect of interho-
spital transfer on endovascular treatment for acute ischemic 
stroke. Stroke 2019; 50: 923–930.

	 4.	 Jansen IGH, Mulder MJHL and Goldhoorn RB. Endovascular 
treatment for acute ischaemic stroke in routine clinical prac-
tice: prospective, observational cohort study (MR CLEAN 
Registry). BMJ 2018; 360: k949.

	 5.	 van Swieten JC, Koudstaal PJ, Visser MC, et al. Interobserver 
agreement for the assessment of handicap in stroke patients. 
Stroke 1988; 19: 604–607.

	 6.	 Noser EA, Shaltoni HM, Hall CE, et al. Aggressive mechani-
cal clot disruption: a safe adjunct to thrombolytic therapy in 
acute stroke? Stroke 2005; 36: 292–296.

	 7.	 Venema E, Mulder MJHL, Roozenbeek B, et al. Selection 
of patients for intra-arterial treatment for acute ischaemic 
stroke: development and validation of a clinical decision tool 
in two randomised trials. BMJ 2017; 357: j1710.

	 8.	 Olthuis SGH, den Hartog SJ, van Kuijk SMJ, et al. Influence 
of the interventionist’s experience on outcomes of endo-
vascular thrombectomy in acute ischemic stroke: results 
from the MR CLEAN Registry. J Neurointerv Surg 2022; 
eng1015170791759.

	 9.	 Stein LK, Mocco J, Fifi J, et al. Correlations between 
physician and hospital stroke thrombectomy volumes 
and outcomes: A nationwide analysis. Stroke 2021; 52: 
2858–2865.

	10.	 Nogueira RG, Haussen DC, Castonguay A, et al. Site expe-
rience and outcomes in the Trevo Acute Ischemic Stroke 
(TRACK) Multicenter Registry. Stroke 2019; 50: 2455–
2460.

	11.	 Mulder MJHL, Jansen IGH, Goldhoorn RB, et al. Time 
to endovascular treatment and outcome in acute ischemic 
stroke: MR CLEAN Registry Results. Circulation 2018; 
138: 232–240.

	12.	 Rinaldo L, Brinjikji W and Rabinstein AA. Transfer to 
high-volume centers associated with reduced mortality after 
endovascular treatment of acute stroke. Stroke 2017; 48: 
1316–1321.

	13.	 Steef B, Jolien HD and Jan-Peter H. Concentratie van IAT-
zorg in Nederland. 2017. NFU.

	14.	 Sacks D, Dhand S, Hegg R, et al. Outcomes of stroke 
thrombectomy performed by interventional radiologists ver-
sus Neurointerventional Physicians. J Vasc Interv Radiol 
2022; 33: 619–626.e1.

https://orcid.org/0000-0002-2802-1511
https://orcid.org/0000-0002-8336-6897
https://orcid.org/0000-0002-8336-6897
https://orcid.org/0000-0002-0123-9510
https://orcid.org/0000-0002-9502-6937
https://orcid.org/0000-0003-1284-7922
https://orcid.org/0000-0003-1284-7922
https://orcid.org/0000-0003-1631-7056

