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Abbreviations 

ABI ankle-brachial index 
ACA anterior cerebral artery 
A(c)OR  adjusted (common) Odds Ratio 
AF atrial fibrillation 
AIS acute ischemic stroke 
APTT  Activated Partial Thromboplastin Time 
ASPECTS Alberta Stroke Programme Early CT Score 
BMI body mass index 
CE  cardioembolism 
CONTRAST  Consortium for New Treatments of Acute Stroke 
CT(A) computed tomography (angiography) 
DSA digital subtraction angiography 
DSMB Data Safety Monitoring Board 
ECASS  European Cooperative Acute Stroke Study 
ESUS embolic stroke of undetermined source 
eTICI extended Thrombolysis in Cerebral Ischemia 
EVT  endovascular treatment 
ICA internal carotid artery 
INR International Normalized Ratio 
IQR interquartile range 
IVT intravenous thrombolysis 
LAA large artery atherosclerosis 
LSW last seen well 
LVO large vessel occlusion  
MCA middle cerebral artery 
MRA magnetic resonance angiography 
MR CLEAN Multicenter Randomized Clinical Trial of Endovascular Treatment for 

Acute Ischemic Stroke in the Netherlands 
MRI magnetic resonance imaging 
mRS modified Rankin Scale 
mTICI modified Thrombolysis in Cerebral Infarction 
NCCT non-contrast computed tomography 
NIHSS National Institutes of Health Stroke Scale 
PC-CS posterior circulation collateral score 
PCS posterior circulation stroke 
PROBE Prospective Randomized Open Blinded End-point 
RCT randomized clinical trial 
rEVT repeat endovascular treatment 
RIPC remote ischemic preconditioning 
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(S)AE  (Serious) adverse event 
SD standard deviation 
sICH symptomatic intracranial hemorrhage 
TOAST Trial of Org 10172 in Acute Stroke Treatment 
WMO Medical Research Involving Human Subjects Act (in Dutch: Wet 

Medisch-wetenschappelijk Onderzoek met Mensen) 
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General introduction 

Stroke is defined as a sudden occurrence of neurologic deficit caused by a disturbance 
in the cerebral blood flow that persists beyond 24 hours or is interrupted by death 
within 24 hours. With an incidence of 14 million strokes occurring worldwide every 
year it is the second leading cause of death and disability, only topped by ischemic 
heart disease.1 In the Netherlands around 40.000 patients suffer from a stroke 
annually, and in 2018 there were 9213 deaths due to stroke 2 
 
In Caucasian populations approximately 80% of all strokes are ischemic and 20% 
hemorrhagic.3 While ischemic stroke is caused by an obstruction of a blood vessel 
leading to a critical decrease in blood flow, hemorrhagic stroke is caused by rupture of 
a blood vessel leading to accumulation of blood and compression of surrounding brain 
tissue. This thesis addresses ischemic stroke.  
 
Brain tissue is highly dependent on constant supply of oxygen and nutrients. In case 
self-protective mechanisms of the brain fall short, even a minor change in blood flow 
can result in neurologic deficit. This deficit is determined by the region of the brain that 
is supplied by the affected blood vessel. In case of a large vessel occlusion (LVO), 
extensive parts of the brain may suffer from a decrease in blood flow resulting in 
severe neurologic deficit. This thesis focuses on acute ischemic stroke due to such LVO. 
 
Large vessel occlusion accounts for approximately 30% of acute ischemic strokes.4 
Most common causes of LVO include large artery atherosclerosis (LAA) and 
cardioembolism (CE). In LAA, accumulating vessel wall plaque, mostly occurring in the 
carotid bifurcation, results in local occlusion or thrombus rupture causing distal 
thromboembolism. In CE sudden migration of a thrombus from the heart leads to an 
acute intracerebral occlusion. It is important to identify the underlying cause of the 
LVO in order to determine which preventive measures are needed to reduce the risk of 
recurrent ischemic stroke.  

Cerebral vasculature  

Ischemic strokes are commonly divided in anterior circulation strokes (ACS) and 
posterior circulation strokes (PCS). ACS represent around 60-80% of all ischemic 
strokes and involve the areas of the brain supplied by the anterior and middle cerebral 
arteries, both originating from the internal carotid artery (Figure 1).3 PCS are less 
common and involve the infratentorial and posterior areas of the brain supplied by the 
posterior cerebral artery and branches of the vertebral and basilar arteries (Figure 1). 
Common ACS neurologic symptoms include: unilateral muscle weakness, sensory loss, 
impairment of speech and visual impairment. Although these symptoms may also occur 
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in PCS, a more typical presentation of PCS includes vertigo, double vision, slurred 
speech, visual field deficit, bilateral deficit and in some cases even loss of 
consciousness. The main arteries of both anterior and posterior circulation derive from 
the same origin (aortic arch), and further branch into smaller arteries that supply the 
deeper regions of the brain. Next to this main arterial network there also exists a 
leptomeningeal collateral network of small arterial branches. This collateral network 
can offer an alternative route or natural bypass for blood flow in case of an obstruction 
of a main artery. The quality of collateral flow is dependent on multiple factors and is 
highly variable between patients.5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Cerebrovascular network; main arterial network. Kandel ER, Schwartz JH, Jessell TM, 

Siegelbaum SA, Hudspeth AJ, Mack S. Principles of Neural Science, Fifth Edition, Appendix C: 
Circulation of the Brain Copyright © 2013 by The McGraw-Hill Companies, Inc. 
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Time is brain 
After acute vessel occlusion, a central core of irreversibly damaged tissue starts to 
develop. Brain tissue surrounding this ischemic core is also impaired due to decreased 
blood flow, but the structural integrity is still preserved. This ‘tissue at risk’ is known as 
the penumbra and is the main target of revascularization therapy. If reperfusion is not 
achieved the penumbra will eventually transform into core (Figure 2).6 The extent of 
this process is mainly dependent on the rate of residual blood flow through the 
collateral network and the duration of ischemia.7 Re-opening of an occluded vessel at 
an early stage may prevent further neuronal loss and even reverse neurologic 
symptoms. The factor of time is therefore embedded in current acute stroke care and 
is captured by the phrase: ‘time is brain’.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Evolution of Core and Penumbra over time. Mergenthaler P., Dirnagl U., Kunz A. (2013) 

Ischemic Stroke: Basic Pathophysiology and Clinical Implication. In: Pfaff D.W. (eds) 
Neuroscience in the 21st Century. Springer, New York, NY. 

 

Treatment strategies  
Currently two main revascularization strategies are used in clinical practice.  
 
1. Intravenous thrombolysis 
The aim of intravenous thrombolysis (IVT) is to dissolve the occluding thrombus by the 
use of recombinant tissue plasminogen activator (rt-PA), which is administered as 
intravenous infusion. Following the publication of The National Institute of Neurological 
Disorders and Stroke Recombinant Tissue Plasminogen Activator (NINDS rt-PA) Stroke 
Study in 1995, IVT became part of standard care for acute ischemic stroke patients.8  
 
Not all stroke patients may profit for IVT treatment. First, there are several contra-
indications for IVT that are based on an increased risk of hemorrhage. Second, there is 
a treatment time-window of 4.5 hours after symptom onset which is based on the 
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results of the European Cooperative Acute Stroke Study (ECASS) III trial.9 Based on 
recent studies using MRI/CT perfusion imaging this time window became more lucid, 
but only for highly selected patients.10,11 Finally, early administration of rt-PA is related 
with larger treatment effect and better clinical outcome. Yet, in patients with a large 
vessel occlusion the chance of recanalization by rt-PA is low (10-30%).12,13  
 
2. Endovascular or intra-arterial treatment  
In 1983 and 1988 case series suggested that local arterial application of recombinant 
pro-urokinase by endovascular approach could be successful in opening the occluded 
large vessel.14,15 The first study to show effectiveness of endovascular thrombolysis was 
the Prolyse in Acute Cerebral Thromboembolism (PROACT) trial in 1998.16 Although 
successive studies on endovascular thrombolysis reported high recanalization rates, 
there was lacking evidence for efficacy on clinical endpoints.17-21 Parallel to the 
development of thrombolytic therapy novel endovascular approaches were explored.  
 
In 2004 the MERCI (Mechanical Embolus Removal for Cerebral Ischemia) device was 
the first mechanical thrombectomy device to be approved by the Food and Drug 
Administration (FDA). Three studies confirmed technical and clinical superiority of EVT 
with this coil retriever over IVT alone.22-24 Subsequently, several other endovascular 
techniques were tested, including aspiration and stent retrievers.  
 
In 2013 three large multicenter RCT’s were published on the effect of endovascular 
treatment (EVT) in acute ischemic stroke patients: the Interventional Management of 
Stroke (IMS-III), the Local versus Systemic Thrombolysis for Acute Ischemic Stroke 
(Synthesis Expansion) trial, and the Mechanical Retrieval and REcanalization of Stroke 
Clots Using Embolectomy (MR RESCUE).25-27 All three trials were unable to show a 
beneficial clinical effect of EVT over standard therapy with IVT. Several factors may 
have contributed to the absence of a treatment effect. First, confirmation of a large 
vessel occlusion before randomization was not always required. Second, the time 
period from onset of symptoms to EVT was rather long. Finally, the latest generation of 
mechanical devices was not used in all three trials.  
 
In subsequent clinical trials, evidence of a LVO of the anterior circulation (mostly by 
performing CTA) was required before randomization, and the newest generation 
mechanical devices (such as retrievable stents) were mainly used. In 2015 the 
Multicenter Randomized Clinical Trial of Endovascular Treatment for Acute Ischemic 
Stroke in The Netherlands (MR CLEAN) was the first trial to demonstrate that EVT in 
addition to standard care is safe and effective in acute ischemic stroke due to LVO in 
the anterior circulation.28 In that same year four other randomized trials confirmed the 
efficacy of EVT, resulting in implementation of EVT as a standard treatment for anterior 
circulation stroke in the Netherlands.29-32 To monitor the effect of EVT in Dutch routine 



 General introduction 

17 

clinical practice, all acute ischemic stroke patients treated with EVT have been 
registered in the MR CLEAN Registry from march 2014 till December 2018.33  

Outline of this thesis  

Although the technical performance of an intervention in trial setting may be similar to 
a non-trial setting, the clinical outcome of patients may be different. Dependent on 
selection criteria, results from a randomized trial may not always be generalizable to 
routine clinical practice serving a more heterogeneous patient population. Certain 
patient characteristics might have been underrepresented in the trial population, or 
excluded completely based on predefined criteria. Consequently, physicians are likely 
to be faced with acute stroke patients presenting with a LVO for whom the benefit 
from EVT is still uncertain. This thesis focuses on several areas of uncertainty: the effect 
of predisposing factors on clinical outcome after EVT; the effect of repeated EVT; the 
effect of EVT beyond the 6-hour time window (‘late window’ stroke patients); and the 
effect of EVT in PCS patients. The main objective is to reflect on the best clinical 
approach in patients with a LVO for whom efficacy of EVT has not been determined by 
providing physicians insights in the relation between specific characteristics and 
functional outcome of stroke patients treated with EVT in current routine practice.  

Predisposing factors and stroke outcome  

There are many well-known risk factors for ischemic stroke, such as older age, 
hypertension, high cholesterol, diabetes, smoking, and cardiac disease. These 
predisposing factors not only influence the risk of a cerebrovascular event, but may 
also influence the prognosis afterwards. Generally speaking, a patient with many 
comorbidities who suffers from an acute ischemic stroke, has less chance of a good 
outcome compared with a previously healthy patient of the same age and gender. On 
the other hand, for some presumed risk factors a paradoxically positive influence on 
clinical outcome has been described. Further evaluation of these relations between 
predisposing factors and outcome may be helpful for physicians in clinical decision-
making concerning EVT.  

Body Mass Index (BMI) 

Although obesity is a well-known risk factor for vascular disease, the relation with 
stroke outcome has been disputed. Some studies suggest a paradoxical association in 
which increased BMI is associated with better functional outcome after stroke.34,35 The 
relation between BMI and functional outcome and mortality after EVT for acute stroke 
has not yet been reported nor is it known if BMI affects treatment effect in LVO. 
Chapter 1 focuses on the relation between BMI at hospital admission and functional 
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outcome in stroke patients. Using the MR CLEAN trial database, in which patients were 
randomized between EVT or not, we were able to assess whether BMI affects the 
benefit and safety of EVT treatment. 

Peripheral artery disease (PAD) 

Many stroke patients have co-existing vascular diseases, such as PAD. A paradoxical 
association has been suggested in which PAD leads to better outcome after stroke 
based on a neuroprotective phenomenon called ‘remote ischemic preconditioning 
(RIPC)’.36 It is hypothesized that RIPC results from hypoperfusion in an organ other than 
the brain, and offers protection against cerebral ischemia through systemic 
immunoreactivity and metabolic changes.37 Preclinical studies have reported better 
cerebral blood flow and prevention from collateral artery collapse as a result of 
RIPC.38,39 Whether PAD is associated with better outcome in stroke patients with a LVO 
treated with EVT is unknown. In Chapter 2, using the MR CLEAN Registry database, we 
investigate the relation between PAD and functional outcome in acute stroke patients 
treated with EVT, and the relation between PAD and collateral grades on CTA.  

Repeat EVT for recurrent LVO 

The risk of a recurrent LVO after endovascular treatment (EVT) is largely unknown, but 
could be significant, as patients with LVO stroke often have a high-risk vascular profile. 
Now that the use of EVT is growing worldwide, physicians are more likely to be faced 
with patients presenting with a recurrent LVO. Only few publications have reported on 
repeated EVT (rEVT) and it is therefore unclear whether rEVT could still be safe and 
effective in patients who suffered from a previous LVO stroke that was treated with 
EVT.40-42 Chapter 3 reports on rEVT cases from a large nationwide multicenter database 
that includes all EVT treated stroke cases in the Netherlands from 2002 to 2017 (MR 
CLEAN pre-trial, trial and registry). We compare clinical, imaging and procedural data 
between consecutive procedures, and assess whether rEVT in case of recurrent LVO is 
safe and effective. 

EVT in late window stroke patients 

The safety and efficacy of EVT was proven by several clinical trials published in 
2015.28-32 A subsequent pooled meta-analysis of individual patient data from these 
trials showed that EVT started within 6 hours from symptom onset leads to an 
additional 20% of patients being functionally independent at 90 days after treatment.43 
Since then, EVT has become standard treatment for LVO stroke patients who arrive at 
the hospital within the 6 hour time limit. Based on this time limit, approximately 30% of 
the acute stroke patients are excluded from EVT based on unknown time of symptom 
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onset (including patients that have woken up with stroke symptoms), or duration of 
symptoms >6 hours before arrival at the hospital.44  
 
More recently, two RCT’s have proven that EVT is effective beyond the 6 hour time 
window in a highly selected population based on CT perfusion or MR diffusion 
imaging.45,46 Unfortunately, these imaging modalities are not available in every 
hospital, and strict selection criteria might have excluded patients who could still 
benefit from EVT. It is suggested that the presence of collaterals on CT angiography 
(CTA) may offer a more pragmatic imaging criterion to predict possible benefit from 
EVT beyond 6 hours from time last known well.47  
 
Chapter 4 reports on the characteristics and outcomes of patients treated with EVT in 
the late window, beyond 6.5 hours, in clinical practice in the Netherlands.  
 
Chapter 5 contains the design and protocol of the Multicenter Randomized Clinical Trial 
of Endovascular Treatment of Acute Ischemic Stroke in The Netherlands for Late 
arrivals (MR CLEAN LATE). The aim of this study is to assess the safety and efficacy of 
EVT for patients treated between 6 and 24 hours from time last known well after 
selection based on presence of collateral flow on CTA.  

EVT in posterior circulation stroke patients  

Around 20% of all large vessel occlusion strokes occur in the posterior circulation.48,49 It 
is associated with high risk of disability and mortality.50 The landmark EVT trials of 2015 
did not include posterior circulation stroke patients, and the first randomized clinical 
trial focusing on mechanical thrombectomy for PCS was prematurely halted because of 
the high amount of cross-overs.51 The BASICS (BASilar artery International Cooperation 
Study) trial, designed and coordinated in the Netherlands and published in May 2021, 
could not demonstrate a significant benefit from EVT plus best medical care over best 
medical care alone for basilar artery occlusion (BAO) stroke. However, subgroup 
analysis did suggest better outcome for moderate to severe strokes (NIHSS≥10) in the 
EVT treated group.  
 
In the Netherlands, the majority of the intervention centers were initiated as BASICS 
sites, meaning BAO stroke patients could be randomized for EVT plus best medical 
care, or best medical care alone. Despite existing equipoise on the appropriate 
treatment modality, treating physicians may have decided not to randomize a patient 
for the trial and treat directly with EVT. This could, for example, have been the case for 
patients with favorable characteristics (e.g. young age), or patients with trial exclusion 
criteria (e.g. premorbid functional dependence) for whom physicians still expected 
treatment benefit. All these non-trial EVT treated patients plus the EVT treated PCS 



Section 1 

20 

patients from non-trial sites were recorded in the MR CLEAN Registry. Chapter 6 
focuses on the influence of the introduction of a clinical trial on the selection of PCS 
patients for EVT in routine clinical practice. This chapter reports on patient 
characteristics and outcomes of patients with a LVO of the posterior circulation 
selected for EVT in routine clinical practice (i.e. non-trial) from 2014 until 2017, and 
compares patient profiles, stroke logistics and outcomes between patients who were 
selected for non-randomized EVT in BASICS centers vs non-BASICS centers. 
 
Chapter 7 reports on the distribution of etiology of LVO in PCS patients treated with 
EVT who were registered in MR CLEAN registry, and evaluates the association between 
etiology and functional outcome. 
 
 
 



 General introduction 

21 

References 

1. Collaborators GBDS. Global, regional, and national burden of stroke, 1990-2016: A systematic analysis 
for the global burden of disease study 2016. Lancet Neurol. 2019;18:439-458 

2. CBS. Overledenen; doodsoorzaak, kwartaal/jaar. 1996 - 2019 3e kwartaal 
3. Feigin VL, Lawes CM, Bennett DA, Anderson CS. Stroke epidemiology: A review of population-based 

studies of incidence, prevalence, and case-fatality in the late 20th century. Lancet Neurol. 2003;2: 
43-53 

4. Lakomkin N, Dhamoon M, Carroll K, Singh IP, Tuhrim S, Lee J, Fifi JT, Mocco J. Prevalence of large vessel 
occlusion in patients presenting with acute ischemic stroke: A 10-year systematic review of the 
literature. J Neurointerv Surg. 2019;11:241-245 

5. Liebeskind DS. Collateral circulation. Stroke. 2003;34:2279-2284 
6. Dirnagl U, Iadecola C, Moskowitz MA. Pathobiology of ischaemic stroke: An integrated view. Trends 

Neurosci. 1999;22:391-397 
7. Jung S, Wiest R, Gralla J, McKinley R, Mattle H, Liebeskind D. Relevance of the cerebral collateral 

circulation in ischaemic stroke: Time is brain, but collaterals set the pace. Swiss Med Wkly. 
2017;147:w14538 

8. National Institute of Neurological D, Stroke rt PASSG. Tissue plasminogen activator for acute ischemic 
stroke. N Engl J Med. 1995;333:1581-1587 

9. Hacke W, Kaste M, Bluhmki E, Brozman M, Davalos A, Guidetti D, Larrue V, Lees KR, Medeghri Z, 
Machnig T, et al. Thrombolysis with alteplase 3 to 4.5 hours after acute ischemic stroke. N Engl J Med. 
2008;359:1317-1329 

10. Thomalla G, Simonsen CZ, Boutitie F, Andersen G, Berthezene Y, Cheng B, Cheripelli B, Cho TH, Fazekas 
F, Fiehler J, et al. Mri-guided thrombolysis for stroke with unknown time of onset. N Engl J Med. 
2018;379:611-622 

11. Ma H, Campbell BCV, Parsons MW, Churilov L, Levi CR, Hsu C, Kleinig TJ, Wijeratne T, Curtze S, Dewey 
HM, et al. Thrombolysis guided by perfusion imaging up to 9 hours after onset of stroke. N Engl J Med. 
2019;380:1795-1803 

12. Christou I, Burgin WS, Alexandrov AV, Grotta JC. Arterial status after intravenous tpa therapy for 
ischaemic stroke. A need for further interventions. Int Angiol. 2001;20:208-213 

13. Bhatia R, Hill MD, Shobha N, Menon B, Bal S, Kochar P, Watson T, Goyal M, Demchuk AM. Low rates of 
acute recanalization with intravenous recombinant tissue plasminogen activator in ischemic stroke: 
Real-world experience and a call for action. Stroke. 2010;41:2254-2258 

14. del Zoppo GJ, Ferbert A, Otis S, Bruckmann H, Hacke W, Zyroff J, Harker LA, Zeumer H. Local intra-
arterial fibrinolytic therapy in acute carotid territory stroke. A pilot study. Stroke. 1988;19:307-313 

15. Zeumer H, Hacke W, Ringelstein EB. Local intraarterial thrombolysis in vertebrobasilar thromboembolic 
disease. AJNR Am J Neuroradiol. 1983;4:401-404 

16. del Zoppo GJ, Higashida RT, Furlan AJ, Pessin MS, Rowley HA, Gent M. Proact: A phase ii randomized 
trial of recombinant pro-urokinase by direct arterial delivery in acute middle cerebral artery stroke. 
Proact investigators. Prolyse in acute cerebral thromboembolism. Stroke. 1998;29:4-11 

17. Lewandowski CA, Frankel M, Tomsick TA, Broderick J, Frey J, Clark W, Starkman S, Grotta J, Spilker J, 
Khoury J, et al. Combined intravenous and intra-arterial r-tpa versus intra-arterial therapy of acute 
ischemic stroke: Emergency management of stroke (ems) bridging trial. Stroke. 1999;30:2598-2605 

18. Hill MD, Barber PA, Demchuk AM, Newcommon NJ, Cole-Haskayne A, Ryckborst K, Sopher L, Button A, 
Hu W, Hudon ME, et al. Acute intravenous--intra-arterial revascularization therapy for severe ischemic 
stroke. Stroke. 2002;33:279-282 

19. Shaltoni HM, Albright KC, Gonzales NR, Weir RU, Khaja AM, Sugg RM, Campbell MS, 3rd, Cacayorin ED, 
Grotta JC, Noser EA. Is intra-arterial thrombolysis safe after full-dose intravenous recombinant tissue 
plasminogen activator for acute ischemic stroke? Stroke. 2007;38:80-84 

20. Furlan A, Higashida R, Wechsler L, Gent M, Rowley H, Kase C, Pessin M, Ahuja A, Callahan F, Clark WM, 
et al. Intra-arterial prourokinase for acute ischemic stroke. The proact ii study: A randomized 
controlled trial. Prolyse in acute cerebral thromboembolism. JAMA. 1999;282:2003-2011 



Section 1 

22 

21. Ogawa A, Mori E, Minematsu K, Taki W, Takahashi A, Nemoto S, Miyamoto S, Sasaki M, Inoue T, Group 
MJS. Randomized trial of intraarterial infusion of urokinase within 6 hours of middle cerebral artery 
stroke: The middle cerebral artery embolism local fibrinolytic intervention trial (melt) japan. Stroke. 
2007;38:2633-2639 

22. Gobin YP, Starkman S, Duckwiler GR, Grobelny T, Kidwell CS, Jahan R, Pile-Spellman J, Segal A, Vinuela 
F, Saver JL. Merci 1: A phase 1 study of mechanical embolus removal in cerebral ischemia. Stroke. 
2004;35:2848-2854 

23. Smith WS, Sung G, Starkman S, Saver JL, Kidwell CS, Gobin YP, Lutsep HL, Nesbit GM, Grobelny T, 
Rymer MM, et al. Safety and efficacy of mechanical embolectomy in acute ischemic stroke: Results of 
the merci trial. Stroke. 2005;36:1432-1438 

24. Smith WS, Sung G, Saver J, Budzik R, Duckwiler G, Liebeskind DS, Lutsep HL, Rymer MM, Higashida RT, 
Starkman S, et al. Mechanical thrombectomy for acute ischemic stroke: Final results of the multi merci 
trial. Stroke. 2008;39:1205-1212 

25. Broderick JP, Palesch YY, Demchuk AM, Yeatts SD, Khatri P, Hill MD, Jauch EC, Jovin TG, Yan B, Silver FL, 
et al. Endovascular therapy after intravenous t-pa versus t-pa alone for stroke. N Engl J Med. 
2013;368:893-903 

26. Ciccone A, Valvassori L, Investigators SE. Endovascular treatment for acute ischemic stroke. N Engl J 
Med. 2013;368:2433-2434 

27. Kidwell CS, Jahan R, Gornbein J, Alger JR, Nenov V, Ajani Z, Feng L, Meyer BC, Olson S, Schwamm LH, et 
al. A trial of imaging selection and endovascular treatment for ischemic stroke. N Engl J Med. 
2013;368:914-923 

28. Berkhemer OA, Fransen PS, Beumer D, van den Berg LA, Lingsma HF, Yoo AJ, Schonewille WJ, Vos JA, 
Nederkoorn PJ, Wermer MJ, et al. A randomized trial of intraarterial treatment for acute ischemic 
stroke. N Engl J Med. 2015;372:11-20 

29. Campbell BC, Mitchell PJ, Kleinig TJ, Dewey HM, Churilov L, Yassi N, Yan B, Dowling RJ, Parsons MW, 
Oxley TJ, et al. Endovascular therapy for ischemic stroke with perfusion-imaging selection. N Engl J 
Med. 2015;372:1009-1018 

30. Goyal M, Demchuk AM, Menon BK, Eesa M, Rempel JL, Thornton J, Roy D, Jovin TG, Willinsky RA, 
Sapkota BL, et al. Randomized assessment of rapid endovascular treatment of ischemic stroke. N Engl J 
Med. 2015;372:1019-1030 

31. Saver JL, Goyal M, Bonafe A, Diener HC, Levy EI, Pereira VM, Albers GW, Cognard C, Cohen DJ, Hacke 
W, et al. Stent-retriever thrombectomy after intravenous t-pa vs. T-pa alone in stroke. N Engl J Med. 
2015;372:2285-2295 

32. Jovin TG, Chamorro A, Cobo E, de Miquel MA, Molina CA, Rovira A, San Roman L, Serena J, Abilleira S, 
Ribo M, et al. Thrombectomy within 8 hours after symptom onset in ischemic stroke. N Engl J Med. 
2015;372:2296-2306 

33. Jansen IGH, Mulder MJHL, Goldhoorn RJB, Emmer BJ, van Es ACGM, Roozenbeek B, Schonewille WJ, 
van den Berg R, Coutinho JM, Staals J, et al. Endovascular treatment for acute ischaemic stroke in 
routine clinical practice: Prospective, observational cohort study (mr clean registry). Bmj-Brit Med J. 
2018;360 

34. Olsen TS, Dehlendorff C, Petersen HG, Andersen KK. Body mass index and poststroke mortality. 
Neuroepidemiology. 2008;30:93-100 

35. Doehner W, Schenkel J, Anker SD, Springer J, Audebert HJ. Overweight and obesity are associated with 
improved survival, functional outcome, and stroke recurrence after acute stroke or transient ischaemic 
attack: Observations from the tempis trial. Eur Heart J. 2013;34:268-277 

36. Connolly M, Bilgin-Freiert A, Ellingson B, Dusick JR, Liebeskind D, Saver J, Gonzalez NR. Peripheral 
vascular disease as remote ischemic preconditioning, for acute stroke. Clin Neurol Neurosurg. 
2013;115:2124-2129 

37. JM. G. Cerebrovascular ischemic protection by pre-and post-conditioning. Brain Circ 2015;1:97-103 
38. Jing Z, Shi C, Zhu L, Xiang Y, Chen P, Xiong Z, Li W, Ruan Y, Huang L. Chronic cerebral hypoperfusion 

induces vascular plasticity and hemodynamics but also neuronal degeneration and cognitive 
impairment. J Cereb Blood Flow Metab. 2015;35:1249-1259 



 General introduction 

23 

39. Ma J, Ma Y, Dong B, Bandet MV, Shuaib A, Winship IR. Prevention of the collapse of pial collaterals by 
remote ischemic perconditioning during acute ischemic stroke. J Cereb Blood Flow Metab. 
2017;37:3001-3014 

40. Bouslama M, Haussen DC, Rebello LC, Grossberg JA, Frankel MR, Nogueira RG. Repeated mechanical 
thrombectomy in recurrent large vessel occlusion acute ischemic stroke. Interv Neurol. 2017;6:1-7 

41. Weber R, Stracke P, Chapot R. Time point, etiology, and short-term outcome of repeated mechanical 
thrombectomy due to recurrent large vessel occlusion. Front Neurol. 2019;10:204 

42. Bhogal P, AlMatter M, Hellstern V, Perez MA, Ganslandt O, Bazner H, Henkes H. Mechanical 
thrombectomy for recurrent large vessel occlusion. J Clin Neurosci. 2019 

43. Goyal M, Menon BK, van Zwam WH, Dippel DW, Mitchell PJ, Demchuk AM, Davalos A, Majoie CB, van 
der Lugt A, de Miquel MA, et al. Endovascular thrombectomy after large-vessel ischaemic stroke: A 
meta-analysis of individual patient data from five randomised trials. Lancet. 2016;387:1723-1731 

44. Jadhav AP, Desai SM, Kenmuir CL, Rocha M, Starr MT, Molyneaux BJ, Gross BA, Jankowitz BT, Jovin TG. 
Eligibility for endovascular trial enrollment in the 6- to 24-hour time window: Analysis of a single 
comprehensive stroke center. Stroke. 2018;49:1015-1017 

45. Albers GW, Marks MP, Kemp S, Christensen S, Tsai JP, Ortega-Gutierrez S, McTaggart RA, Torbey MT, 
Kim-Tenser M, Leslie-Mazwi T, et al. Thrombectomy for stroke at 6 to 16 hours with selection by 
perfusion imaging. N Engl J Med. 2018 

46. Nogueira RG, Jadhav AP, Haussen DC, Bonafe A, Budzik RF, Bhuva P, Yavagal DR, Ribo M, Cognard C, 
Hanel RA, et al. Thrombectomy 6 to 24 hours after stroke with a mismatch between deficit and infarct. 
N Engl J Med. 2018;378:11-21 

47. Berkhemer OA, Jansen IG, Beumer D, Fransen PS, van den Berg LA, Yoo AJ, Lingsma HF, Sprengers ME, 
Jenniskens SF, Lycklama ANGJ, et al. Collateral status on baseline computed tomographic angiography 
and intra-arterial treatment effect in patients with proximal anterior circulation stroke. Stroke. 
2016;47:768-776 

48. Mattle HP, Arnold M, Lindsberg PJ, Schonewille WJ, Schroth G. Basilar artery occlusion. Lancet Neurol. 
2011;10:1002-1014 

49. Smith WS, Lev MH, English JD, Camargo EC, Chou M, Johnston SC, Gonzalez G, Schaefer PW, Dillon WP, 
Koroshetz WJ, et al. Significance of large vessel intracranial occlusion causing acute ischemic stroke and 
tia. Stroke. 2009;40:3834-3840 

50. Voetsch B, DeWitt LD, Pessin MS, Caplan LR. Basilar artery occlusive disease in the new england 
medical center posterior circulation registry. Arch Neurol. 2004;61:496-504 

51. Liu X, Dai Q, Ye R, Zi W, Liu Y, Wang H, Zhu W, Ma M, Yin Q, Li M, et al. Endovascular treatment versus 
standard medical treatment for vertebrobasilar artery occlusion (best): An open-label, randomised 
controlled trial. Lancet Neurol. 2020;19:115-122 

 



Section 1 

24 

 



 

 

 

 

Section 2  
 

 
Exploring predisposing factors and clinical outcome 

after endovascular treatment in routine clinical 

practice 

 
 
 
 
 

 





 

 

 

 

Chapter 1  
 

 
The effect of body mass index on outcome after 

endovascular treatment in acute ischemic stroke 

patients: a post-hoc analysis of the MR CLEAN trial 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F.A.V. (Anne) Pirson, Wouter H. Hinsenveld, Julie Staals, Bianca T.A. de Greef,  
Wim H. van Zwam, Diederik W.J. Dippel, Jan Albert Vos, Wouter J. Schonewille,  

Robert J. van Oostenbrugge, on behalf of MR CLEAN investigators 

Cerebrovasc Dis. 2019;48(3-6):200–206. 



Section 2, Chapter 1 

28 

Abstract 

Background 
Though obesity is a well-known risk factor for vascular disease, the impact of obesity on 
stroke outcome has been disputed. Several studies have shown that obesity is 
associated with better functional outcome after stroke. Whether obesity influences the 
benefit of endovascular treatment (EVT) in stroke patients is unknown. We evaluated 
the association between body mass index (BMI) and outcome in acute ischemic stroke 
patients with large vessel occlusion (LVO), and assessed whether BMI affects the 
benefit of EVT. 
 
Methods 
This is a post-hoc analysis of the MR CLEAN trial (ISRCTN10888758). BMI was used as a 
continuous and categorical variable, distinguishing underweight and normal weight 
(BMI<25), overweight (BMI 25-30), and obesity (BMI≥30). We used multivariable 
ordinal logistic regression analysis to estimate the association of BMI with functional 
outcome (shift analysis), assessed with modified Rankin Scale (mRs) at 90 days. The 
impact of BMI on EVT effect was tested by the use of a multiplicative interaction term.  
 
Results 
Of 366 patients, 160 (44%) were underweight or normal weight, 145 (40%) overweight, 
and 61 (17%) were obese. In multivariable analysis with BMI as a continuous variable, 
we found a shift towards better functional outcome with higher BMI (mRS acOR 1.04; 
95% CI=1.0-1.09), and mortality was inversely related to BMI (aOR 0.92; 95% CI=0.85-
0.99). Safety analysis showed that higher BMI was associated with lower risk of stroke 
progression (aOR 0.92, 95% CI= 0.87-0.99). Additional analysis showed no interaction 
between BMI and EVT effect on functional outcome, mortality and other safety 
outcomes. 
 
Conclusion 
Our study confirms the effect of obesity on outcome in acute ischemic stroke patients 
with LVO, meaning better functional outcome, lower mortality, and lower risk of stroke 
progression for patients with higher BMI. As we found no interaction between BMI and 
EVT effect, all BMI classes may expect the same benefit from EVT. 
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Introduction 

Obesity and overweight are well-known cardiovascular risk factors and associated with 
an increased risk of stroke. Each unit increase of body mass index (BMI) is 
independently associated with 6% increase in the relative risk of stroke.1 However, the 
impact of obesity on functional outcome after stroke remains controversial. Several 
studies have reported that obesity is independently associated with a lower mortality 
rate after stroke2,3, while other studies could not confirm this.4,5  
 
By comparison, a better outcome for obese patients has been described in a variety of 
acute and chronic vascular diseases. As such, lower mortality rates and better recovery 
have been found in obese patients with heart failure, myocardial infarction, and 
chronic kidney disease.6,7 This contradiction, in which obesity increases the chance of a 
vascular disease, yet also contributes to better recovery afterwards, is known as the 
obesity paradox. Its underlying mechanism has yet to be explained, and therefore 
remains a matter of ongoing debate. 
 
Data on the impact of obesity on stroke treatment outcomes are scarce. Most 
observational studies on functional outcome after intravenous thrombolysis (IVT) for 
stroke in obese patients, do not suggest an obesity paradox.8-10 However, the obesity 
paradox has been confirmed in the outcome after carotid endarterectomy.11 The 
impact of excess body weight on functional outcome and mortality after endovascular 
thrombectomy (EVT) for acute stroke has not yet been reported.  
 
Now that the use of EVT for large vessel occlusions (LVO) is growing and the proportion 
of obese patients is increasing, we feel that exploration of the obesity paradox in this 
specific population is relevant. We hypothesize that increased BMI may be associated 
with a better outcome in EVT treated stroke patients. In this MR CLEAN post-hoc 
analysis we 1) investigate the relation between BMI at hospital admission and 
functional outcome and mortality in stroke patients and 2) assess whether BMI affects 
the benefit and safety of EVT in acute stroke patients. 

Methods 

Study design and patients  

In this post hoc analysis we used data from the MR CLEAN (Multicenter Randomized 
Clinical Trial of Endovascular Treatment for Acute Ischemic Stroke in the 
Netherlands).12 The study methods and patient eligibility criteria have been reported 
previously.13 Source data will not be made available because of regulatory issues on 
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patient privacy, but detailed analytic methods and study materials, including log files of 
statistical analyses, will be made available to other researchers on request to the first 
author. MR CLEAN is a randomized, open label clinical trial of EVT versus no EVT along 
with usual care in patients from 16 centers in the Netherlands from 2010 until 2014. All 
patients were intended to be treated for a proximal arterial occlusion in the anterior 
circulation, within 6 hours of symptom onset. In total, 500 patients were included in 
the trial, with 233 assigned to the intervention arm and 267 assigned to the control 
arm. The usual medical care management was performed according to national 
guidelines, and could include treatment with IVT within the first 4.5 hours after 
symptom onset.  
 
All patients or their legal representative provided written informed consent before 
randomization. The study protocol was approved by a central medical ethics 
committee and the research board of each participating center. 

BMI 

Risk factors as well as weight and height were recorded as baseline parameters. Body 
weight was measured by nurses of the Emergency department or Stroke Unit or 
obtained verbally from the patient or their caregiver. If neither was possible, body 
weight and height were estimated by the nurse or anesthetic team. We calculated BMI 
as the ratio of body weight and squared height, given as kg/m2. The patients were 
categorized as defined by the World Health Organization as underweight (BMI 
<18.5 kg/m2), normal weight (BMI 18.5 to <25 kg/m2), overweight (BMI 25 to 
<30 kg/m2), obesity (BMI 30 to <35 kg/m2), and morbid obesity (BMI ≥35kg/m2).  

Outcome and safety measures 

The primary outcome measure was the modified Ranking Score (mRS) at 90 days, 
which is a 7-point scale ranging from 0 (no symptoms) to 6 (death).14 A mRS 6 means a 
patient has died during the 90 days of follow up. A score of 2 points or less indicates 
functional independence. Secondary clinical outcome measures included neurological 
assessment with the National Institute of Health Stroke Scale (NIHSS) at 24 hours15 and 
mortality rate by 90 days (mRS 6 at 90 days). Secondary radiologic outcome measures 
included arterial recanalization on CTA or magnetic resonance angiogram (MRA) at 
24 hours, and final infarct volume on noncontrast CT at five to seven days. All 
neuroimaging studies were evaluated by two neuroradiologists who were blinded for 
the treatment-group assignments.  
 
We also tested safety parameters, which included hemorrhagic complications, 
progression of ischemic stroke, and pneumonia. Symptomatic intracranial hemorrhage 
(sICH) was defined as neurological deterioration of four or more points on the NIHSS 
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and neuroimaging confirmed intracranial hemorrhage. The ECASS I (European 
cooperative acute stroke study) was used to classify intracranial hemorrhage.16 
Progression of ischemic stroke was defined as neurological deterioration with an 
increase of two or more points on the NIHSS and follow up cerebral imaging 
compatible with the diagnosis of ischemia (in the same territory) and no other 
underlying cause for neurological deterioration.  

Statistical analysis 

Baseline characteristics were described using standard statistics. Patients for whom we 
could not obtain BMI were excluded from primary assessment. For univariable analysis, 
with unimputed data, we used categorized BMI, and for multivariable analysis we used 
BMI as a continuous variable. For the relation between BMI and functional outcome, 
we used multivariable ordinal logistic regression analysis to estimate the adjusted 
common odds ratio (acOR) for a shift towards a better functional outcome on the mRS. 
Clinical and safety outcomes were adjusted for potential imbalances in prespecified 
prognostic variables adapted from the original MR CLEAN trial protocol and from 
baseline differences: age, sex, NIHSS at baseline, time from onset to randomization, 
hypertension, pre-stroke mRS, and EVT. These variables were added to the model using 
a forward stepwise approach. For the interaction between BMI and EVT effect, we 
entered a multiplicative interaction term into the model. All descriptive analyses 
include patients with complete data, while all regression models include all patients 
with imputed data. STATA (version 14.1) was used for all statistical analyses. 

Results 

Patient characteristics 

Out of 500 patients in the trial, 134 patients were excluded because of unrecorded 
height and/or weight leaving 366 patients for this post-hoc analysis. Because few 
patients were categorized as ‘underweight (n=5)’ or ‘morbidly obese (n=15)’, we 
decided to add them to the subgroups ‘normal weight’ and ‘obesity’ respectively. We 
report the comparison of patients with available BMI assessment vs. those without 
available BMI in Supplementary material Table 1 (Online Recourse 1: doi: 
10.1159/000504744). The patients of which BMI was unavailable, more often had 
diabetes (19% vs 11%) and had more risk of intracranial hemorrhage (11% vs 5%). 
Baseline characteristics of the remaining 366 patients are shown in Table 1. Of these, 
160 (44%) were underweight or normal weight, 145 (40%) overweight and 61 (17%) 
were obese or morbidly obese. The presence of hypertension and the use of 
antiplatelet drugs was more common in the higher BMI class (p=0.01). Slightly less 
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patients were treated with EVT in the BMI<25 group (34%) compared to the 
overweight and obese group (43%). In the EVT group, the duration of procedure and 
use of general anesthesia was highest for obese patients though differences were not 
significant.  
 
Table 1  Baseline characteristics of patients with available BMI and P value for difference between BMI 

subgroups. 

Total  
(n=366) 

BMI <25 
(n=160) 

BMI 25-30 
(n=145) 

BMI ≥30 
(n=61) 

p-value 

Age, y, median (IQR) 64 (52-77) 67 (59-76) 66 (54-73) 0.11 
Male sex, n (%) 94 (59%) 96 (66%) 32 (52%) 0.15 
NIHSS, median (IQR) 17 (14-22) 18 (14-21) 16 (14-21) 0.95 
Clinical localization: left hemisphere n (%) 85 (53%) 80 (55%) 34 (56%) 0.91 
Body mass index (kg/m2) (IQR) 23 (22-24) 27 (26-28) 33 (31-35) <0.01 
Intravenous alteplase treatment, n (%) 145 (91%) 129 (89%) 55 (90%) 0.88 
Onset to randomization in min, median (IQR)* 200 (149-248) 203 (152-264) 178 (145-238) 0.22 
Medical history 
   Atrial fibrillation, n (%) 37 (23%) 37 (26%) 22 (36%) 0.14 
   Hypertension, n (%) 57 (36%) 75 (52%) 31 (51%) 0.01 
   Myocardial infarction, n (%)  21 (13%) 23 (16%) 10 (16%) 0.74 
   Hypercholesterolemia, n (%)  33 (21%) 39 (27%) 19 (31%) 0.21 
   Diabetes mellitus, n (%) 18 (11%) 15 (10%) 9 (15%) 0.66 
   Previous ischemic stroke, n (%) 14 (9%) 20 (14%) 8 (13%) 0.35 
Peripheral artery disease, n (%)  8 (5%) 10 (7%) 1 (2%) 0.30 
Pre-stroke modified Rankin Scale score, n (%)    0.22 
   0 129 (81%) 114 (79%) 49 (80%)  
   1 20 (13%) 17 (12%) 2 (3%)  
   2 6 (4%) 6 (4%) 5 (8%)  
   >2 5 (3%) 8 (6%) 5 (8%)  
Intoxication and medication 
   Current smoking, n (%) 53 (33%) 41 (28%) 18 (30%) 0.64 
   Statin use, n (%) 39 (24%) 48 (33%) 19 (31%) 0.23 
   Antiplatelet use, n (%) 34 (21%) 51 (35%) 20 (33%) 0.02 
   Antihypertensive medication use, n (%) 60 (38%) 78 (54%) 34 (56%) 0.01 
Imaging 
   ASPECTS on NCCT, median (IQR)* 9 (8-10) 9 (8-10) 9 (8-10) 0.93 
Level of occlusion on non-invasive vessel 
imaging, n (%)* 

   0.78 

   ICA 2 (1%) 1 (1%) 1 (2%)  
   ICA-T 49 (31%) 35 (24%) 15 (25%)  
   M1 100 (63%) 96 (67%) 42 (69%)  
   M2 9 (6%) 12 (5%) 3 (5%)  
Collateral score on CTA, n (%)†    0.42 
   0 9 (6%) 7 (5%) 0  
   1 44 (28%) 41 (28%) 24 (39%)  
   2 64 (40%) 59 (41%) 21 (34%)  
   3 42 (26%) 37 (26%) 16 (26%)  
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Table 1 (continued) 

Total  
(n=366) 

BMI <25 
(n=160) 

BMI 25-30 
(n=145) 

BMI ≥30 
(n=61) 

p-value 

Procedure  
   EVT treatment  54 (34%) 63 (43%) 26 (43%) 0.18 
   Duration of procedure in min, median (IQR) 

   (of the EVT treated patients) 
81 (64-102) 68 (52-91) 83 (55-101) 0.18 

   Use of general anesthesia, n (%)  
   (of the EVT treated patients) 

18 (33%) 21 (33%) 11 (42%) 0.69 

BMI indicates body mass index; CTA, computed tomographic angiography; EVT, endovascular treatment; ICA, 
intracranial artery; IQR, interquartile range; NCCT, noncontrast computed tomography; NIHSS, National 
Institutes of Health Stroke Scale.  
* n=365, missing in 1 patient. 

† n=364, missing in 2 patients because CTA was not performed or images were of insufficient quality. 

BMI and outcome  

The distribution of 90 day mRS scores is provided by trichotomized BMI subgroup and 
treatment allocation in Figure 1. In this univariable analysis we noticed no particular 
shift on the mRS scale between the BMI subgroups. However, for both treatment 
allocations, the mortality rate (mRS 6) was proportionally lower in the higher BMI 
subgroups; respectively 28%, 19%, 15% (p=0.36) for EVT treated patients and 24%, 
24%, 9% for patients treated without EVT (p=0.13). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 mRS distribution by treatment allocation per BMI subgroup.  
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In multivariable analysis with BMI as a continuous variable, there was a shift towards 
better functional outcome (mRS at 90 days) with every point increase in BMI, acOR 
1.04 (95% CI= 1.00-0.09, p=0.048) (Table 2). Secondary endpoint analysis showed that 
the risk of mortality declined when BMI increased (aOR 0.92, 95% CI= 0.85-0.99, 
p=0.02), and that higher BMI was associated with lower risk of stroke progression (aOR 
0.92, 95% CI= 0.87-0.99, p=0.03). All other endpoint analyses showed no significant 
difference in BMI.  
 
Table 2 BMI association with outcome and p-value for treatment interaction. 

 BMI BMI   
Outcome variable Unadjusted OR  

(95% CI) 
Adjusted OR  

(95% CI) 
p-value BMI-Treatment 

interaction (p value) 
Clinical     
   mRS at 90 d, 1.03 (0.98-1.07) 1.04 (1.00-1.09) 0.048 0.86 
   mRS score of 0-2 at 90 d, 1.01 (0.96-1.06) 1.02 (0.96-1.08) 0.47 0.24 
   NIHSS 24h* β 0.02 (-0.17-0.21) 0.004 (-0.16-0.17) 0.96 0.49 
   Mortality by 90d 0.94 (0.88-1.00) 0.92 (0.85-0.99) 0.02 0.38 
Radiological     
   No intracranial occlusion 
   on 24h CTA † 

0.98 (0.93-1.03) 0.98 (0.92-1.03) 0.39 0.70 

   Final infarct volume on 
   NCCT (IQR) ‡ 

β 0.77 (-2.94-1.39) -1.10 (-3.14-0.94) 0.29 0.32 

Safety outcomes 
   sICH 1.03 (0.94-1.13) 1.04 (0.93-1.16) 0.52 0.78 
   Progression of stroke 0.93 (0.87-0.99) 0.93 (0.87-0.99) 0.03 0.61 
   Pneumonia  0.98 (0.92-1.05) 0.99 (0.92-1.06) 0.74 0.20 

OR: Odds ratios for BMI association with outcome variable, estimated with logistic regression analyses. 
Adjustments were made for age, gender, NIHSS at baseline, time from onset to randomization, hypertension, 
pre-mRS, and EVT. BMI indicates body mass index; CTA, computed tomographic angiography; IQR, 
interquartile range; mRS, modified Rankin Scale; NCCT, noncontrast computed tomography; NIHSS, National 
Institutes of Health Stroke Scale; sICH, symptomatic intracranial hemorrhage. 
β, regression coefficient, estimated with linear regression analyses.  
* n=358, missing in 8 patients: imputed dataset. 
† n=298, missing in 68 patients; imputed dataset. 
‡ n=240, missing in 126 patients: imputed dataset. 
 

BMI and EVT treatment effect  

We noted no interaction between BMI and EVT effect on mRS distribution, mortality, 
or stroke progression (adjusted p value for interaction = 0.85, 0.38, 0.61 respectively). 
With regard to any of the other clinical or safety outcomes, there was also no 
treatment – BMI interaction.  
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Discussion  

In this post-hoc analysis of the MR CLEAN trial, we assessed the relation between BMI 
and outcome after EVT in acute stroke patients with LVO. The obesity paradox was 
found in terms of better functional outcome, lower mortality, and lower occurrence of 
stroke progression for patients with higher BMI. Additional analysis showed no 
interaction between BMI and EVT treatment effect.  
 
Our results are in line with previous studies reporting better 3-month recovery in 
overweight and obese stroke patients compared with normal weight counterparts.17-19 
It should be noted that in the study of Kim et al. the association between stroke 
outcome and BMI lost statistical significance after adjusting for initial stroke severity, 
which was not the case in our study.19 Because several studies in obesity report milder 
strokes and a higher prevalence of lacunar infarctions in obese patients, initial stroke 
severity was assumed to be a mediator between levels of BMI and poststroke outcome, 
contradicting the existence of obesity paradox.4,20 However, our study concerns a 
distinct patient population with large vessel occlusions, which is reflected in less 
influence of NIHSS dispersion and initial stroke severity.  
 
Apart from better functional outcome, our study also reports an inverse relation 
between BMI and post stroke mortality. By comparison, Olsen et al. demonstrated that 
post stroke mortality was lowest in overweight and obese patients.2 This inverse 
relation was also found in successive studies, though most of them reported on long 
term mortality (1-2 years).4,21 Long term mortality is more likely to be influenced by 
comorbidity other than stroke and acute treatment. Therefore, we restricted our 
analyses to short-term mortality (within 90 days) in order to limit the risk of 
confounding. Further, most studies also show higher mortality rates in underweight 
patients2,3,22 Our study however only had 5 patients who were underweight (1.4% of 
study population), which may have influenced our effect on outcome by limited BMI 
dispersion.  
 
Post-stroke recovery is likely to be influenced by weight loss and muscle tissue 
degradation. Excess body weight may therefore have a protective effect by providing 
patients with metabolic reserves. From a biological point of view, the obesity paradox 
could be explained by potential protective effects of adipose tissue, as it blocks the 
release of inflammatory cytokines during catabolic state.23 We consider this as a 
possible explanation for lower occurrence of stroke progression in our study. However, 
the exact underlying mechanism is still unclear, and we cannot exclude potential 
treatment bias as another cause of the obesity paradox, as it is possible that physicians 
and paramedics treat obese patients more aggressively due to assumed increased risk 
of recurrent events.  
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The strength of our study is the randomized trial design that enabled us to evaluate the 
impact of BMI on treatment effect. We note that the advantage of randomization does 
not apply in our comparison between BMI subgroups. Further, all outcome measures 
have been collected prospectively according to protocol and irrespective of our present 
research question.  
 
Nevertheless, there are several limitations. First, the reported weight and height often 
resulted from estimation, especially in an emergency setting. It is therefore possible 
that BMI measures were not obtained in a uniform way. Also, the diagnostic 
performance of BMI diminishes by increasing age, and alternative tools such as waist-
to-hip ratio or waist circumference are proven to be more precise in the measurement 
of obesity.24,25 However, in clinical practice, BMI measurement is still the most 
pragmatic option.  
 
Second, we note that in our study the association between BMI and functional 
outcome is most likely influenced by the strong association between BMI and mortality 
since mortality is embedded in the mRS score.  
 
Third limitation concerns our post-hoc design with the risk of inclusion bias. In our 
study, a rather large proportion of patients was excluded from analysis because of 
missing BMI. Additional analyses (Supplemental Table 1) showed no difference in 
mortality rate between the included and excluded cohorts, though we did find a 
significant difference in the occurrence of sICH. Patient with missing BMI had higher 
occurrence of sICH compared to patients with no missing BMI. Consequently, selection 
bias could have affected our secondary outcome analysis while it likely has no effect on 
the primary and other secondary outcome measures. 
 
In summary, in this post-hoc analysis of a large randomized controlled trial, we found a 
positive effect of increased BMI on functional outcome and mortality in acute ischemic 
stroke patients with LVO, confirming the obesity paradox. Safety analysis also showed a 
lower risk of stroke progression in patients with higher BMI. However, there was no 
interaction between BMI and EVT effect, which means all BMI classes may expect the 
same benefit from endovascular treatment. 
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Abstract 

Background 
Though peripheral artery disease (PAD) is a well-known risk factor for ischemic events, 
better outcomes have been described in acute ischemic stroke patients with co-
existing PAD. This paradoxical association has been attributed to remote ischemic 
preconditioning (RIPC) and might be related to better collateral blood flow. The aim of 
this study is to compare outcomes after endovascular thrombectomy (EVT) in acute 
stroke patients with and without PAD and to assess the relation between PAD and 
collateral grades.  
 
Methods 
We analyzed acute ischemic stroke patients treated with EVT for an anterior circulation 
large artery occlusion, included in the Dutch, prospective, multicenter MR CLEAN 
Registry between March 2014 and November 2017. Collaterals were scored on CT 
angiography, using a 4-point collateral score. We used logistic regression analysis to 
estimate the association of PAD with collateral grades and functional outcome, 
assessed with the modified Rankin Scale (mRS) at 90 days. Safety outcomes included 
mortality at 90 days, symptomatic intracranial hemorrhage, and stroke progression. 
 
Results 
We included 2765 patients for analysis, of whom 254 (9.2%) had PAD. After adjustment 
for potential confounders, multivariable regression analysis showed no association of 
PAD with functional outcome (mRS cOR 0.90 (95% CI, 0.7-1.2), collateral grades 
(cOR 0.85, 95% CI 0.7-1.1), or safety outcomes.  
 
Conclusion 
In the absence of an association between the presence of PAD and collateral scores or 
outcomes after EVT, it may be questioned whether PAD leads to RIPC in patients with 
acute ischemic stroke due to large vessel occlusion. 
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Introduction 

Patients with previous transient ischemic attacks seem to have smaller infarct sizes and 
better outcomes after subsequent cerebral infarction than patients without.1,2 This 
phenomenon, in which brief periods of hypoperfusion offer protection in case of 
subsequent prolonged ischemia, is called ischemic preconditioning. The underlying 
etiology is not fully understood but seems to rely on systemic immunoreactivity and 
metabolic changes.3  
 
Animal studies have suggested that a similar neuroprotective effect occurs when 
hypoperfusion is induced in an organ other than the brain; so-called remote ischemic 
preconditioning (RIPC).4,5 In clinical setting, a randomized controlled trial in patients 
with ischemic stroke treated with intravenous thrombolysis demonstrated that RIPC 
induced by intermittently inflating a tourniquet on one of the limbs led to smaller 
perfusion deficits or DWI lesions.6 However, this trial did not show effect on clinical 
outcome at three months. 
 
Peripheral artery disease (PAD) can be regarded as a chronic remote preconditioning 
process. So far there are conflicting results in studies with acute stroke patients on the 
relation between PAD and outcome. A small retrospective case-control study found 
that patients with ischemic stroke who had PAD had smaller infarct volumes, better 
functional outcomes, and a reduced risk of death.7 On the contrary, worse outcomes 
have been reported in stroke patients with low ankle-brachial index (ABI), which is a 
measure for PAD.8  
 
In a mouse model of ischemic stroke, RIPC led to better cerebral blood flow and the 
prevention of collateral artery collapse.9,10 Whether pre-existent PAD affects the 
extensiveness of collaterals in humans is unknown. Since multiple studies have shown 
that higher collateral grades are associated with better functional outcome after 
endovascular treatment (EVT) in acute ischemic stroke, PAD may have a positive effect 
on outcome through better collateral blood flow.11-13  
 
The aim of our present study is 1) to investigate if pre-existent PAD is associated with 
better functional outcome in acute stroke patients treated with EVT, and 2) to 
investigate if PAD is correlated with collateral grades on CTA before EVT.   
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Methods 

Study design and patients  

The MR CLEAN Registry is a prospective, nationwide registry, in which data are 
collected from consecutive acute stroke patients treated with EVT in the Netherlands. 
The study protocol has been evaluated by the medical ethics committee of the 
Erasmus MC in Rotterdam, and permission to carry out the study as a registry was 
granted. Full methods of the MR CLEAN Registry have been reported previously.14 EVT 
consisted of mechanical thrombectomy, thrombus aspiration, or a combination of 
both. The method of EVT for each patient was left to the discretion of the treating 
physicians. For the present study, we used data of patients who underwent EVT from 
March 2014 up to November 2017 meeting the following inclusion criteria: groin 
puncture within 6.5 hours after symptom onset; age >18; occlusion of intracranial 
carotid (ICA, ICA-T), middle (M1/M2) or anterior (A1/A2) cerebral artery, demonstrated 
by baseline CT angiography (CTA). Patients with missing information on PAD were 
excluded from assessment. 
 
Source data will not be made available because of legislator issues on patient privacy, 
but detailed analytic methods and study materials, including log files of statistical 
analyses, will be made available to other researchers on reasonable request to the first 
author. 

Peripheral artery disease assessment 

PAD as well as other vascular risk factors were recorded as baseline parameters. These 
risk factors were mainly obtained from patient records, in which the diagnoses were 
recorded by the treating physicians. PAD could include vascular claudication or critical 
limb ischemia for which an intervention might have been performed.  

Imaging assessment 

All imaging was assessed by an imaging core laboratory, whose members were blinded 
to clinical findings, except for side of symptoms. Collateral status was graded on 
baseline CTA using a 4-point scale, with 0 for absent collaterals (0% filling of the 
occluded vascular territory), 1 for poor collaterals (>0% and ≤50% filling), 2 for 
moderate (>50% and <100% filling), and 3 for good collaterals (100% filling).15 
Reperfusion was scored on digital subtraction angiography (DSA) by the extended 
Thrombolysis in Cerebral Ischemia (eTICI) score,16 which ranges from grade 0 (no 
reperfusion) to grade 3 (complete reperfusion). Successful reperfusion was defined as 
eTICI 2B or higher. Patients of whom bi-directional view on final DSA was not available 
(missing lateral or anterior view), were excluded from further analysis. 
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Outcome assessment  

The primary outcome measure was the modified Rankin Score (mRS) at 90 days, which 
is a 7-point scale ranging from 0 (no symptoms) to 6 (death).17 A score of 2 points or 
less indicates functional independence. Secondary outcomes included functional 
independence, neurological deficit measured by the National Institute of Health Stroke 
Scale (NIHSS) at 24-48 hours18, and collateral grades. Safety outcomes included 
mortality at 90 days, symptomatic intracranial hemorrhage (sICH), and stroke 
progression. Intracranial hemorrhage was considered symptomatic if the patient had 
died or had deteriorated neurologically (a decline of at least 4 points on the NIHSS), 
and the hemorrhage was related to the clinical deterioration (according to Heidelberg 
criteria).19 

Statistical analysis   

Baseline characteristics were described using standard statistics. For the relation 
between PAD and functional outcome, we used multivariable ordinal logistic regression 
analysis to estimate the adjusted common odds ratio (acOR) for a shift towards a 
better functional outcome on the mRS. For the association between PAD and 
collaterals, we used univariable and multivariable ordinal logistic regression. In all 
multivariable analysis we adjusted for potential imbalances in prespecified prognostic 
variables: age, sex, NIHSS at baseline, hypercholesterolemia, hypertension, diabetes 
mellitus, smoking, previous myocardial infarction, previous stroke (only manifest 
ischemic stroke), ASPECTS on baseline non-contrast CT, reperfusion grade, intracranial 
atherosclerosis, and atherosclerotic stenosis of the symptomatic carotid artery.  
 
All descriptive analyses include patients with complete data, while all regression 
models include all patients with imputed data. STATA (version 14.1) was used for all 
statistical analyses. 

Results 

Patient characteristics 

Of the 3180 patients in the MR CLEAN registry meeting all other inclusion criteria, 47 
were excluded because of unrecorded information on PAD and 368 because of missing 
bi-directional view on final DSA, leaving 2765 patients for the present post-hoc analysis. 
Of these, 254 (9.2%) had PAD (Figure 1). 
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Figure 1 Flowchart patient selection. 

 
 
Patients with PAD were older (median age 75 vs 72, p<0.02), and less often received 
intravenous thrombolysis (72% vs. 77%, p=0.05) than patients without PAD (Table 1). 
Hypertension, myocardial infarction, hypercholesterolemia, diabetes mellitus, previous 
ischemic stroke, and smoking were more frequent in patients with PAD. The extent of 
early ischemic lesions at baseline was significantly different between groups, in favor of 
patients with PAD. (median ASPECTS 9 (IQR 8-10) vs. 9 (IQR 7-10), p=0.03). Patients 
with PAD were more likely to have intracranial atherosclerosis (76% vs. 59%, p<0.01), 
and >50% atherosclerotic stenosis of the symptomatic carotid artery compared to 
patients without PAD (16% vs. 8%, p<0.01). Successful reperfusion did not differ 
between groups (eTICI 2B-3 68% vs. 70%, p=0.60). 

PAD and outcomes  

In univariable analysis, patients with PAD had worse functional outcome as compared 
with those without PAD (cOR 0.72, 95% CI 0.6-0.9) (Table 2). After adjustment for 
possible confounders, PAD was not associated with functional outcome (adjusted 
cOR 0.90 (95% CI, 0.7-1.2). There was no association between PAD and all other 
secondary outcomes: 90-day mortality (aOR 1.24, 95% CI 0.9-1.7), 24h NIHSS (β 0.15, 
95% CI -0.9-1.2), sICH (aOR 0.85, 95% CI 0.5-1.6), or stroke progression (aOR 0.99, 95% 
CI 0.6-1.6) (Table 2).   
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Table 1  Baseline characteristics of ischemic stroke patients with peripheral artery disease (PAD) 
compared with no PAD. 

Total (n=2765) PAD 
(n=254) 

No PAD 
(n=2511) 

p-value 

Age, y, median (IQR) 75 (66-80) 72 (61-80) 0.02 
Male sex, n (%) 146 (57%) 1304 (52%) 0.09 
NIHSS, median (IQR) 16 (12-20) 16 (11-19) 0.74 
Clinical localization: left hemisphere n (%)* 141/254 (56%) 1320/2509 (53%) 0.56 
Mean (SD) systolic blood pressure (mm Hg)† 151 (26) 150 (25) 0.42 
Intravenous alteplase treatment, n (%) 181/252 (72%) 1936/2503 (77%) 0.05 
Medical History:    
   Atrial fibrillation, n (%) 66/249 (27%) 579/2494 (23%) 0.24 
   Hypertension, n (%) 172/249 (69%) 1233/2469 (50%) <0.01 
   Myocardial infarction, n (%)  71/250 (28%) 302/2480 (12%) <0.01 
   Hypercholesterolemia, n (%)  134/242 (55%) 672/2422 (28%) <0.01 
   Diabetes mellitus, n (%) 65/253 (26%) 382/2505 (15%) <0.01 
   Previous ischemic stroke, n (%) 60/251 (24%) 400/2509 (16%) <0.01 
   Current smoking, n (%) 82/187 (44%) 515/1961 (26%) <0.01 
Pre-stroke modified Rankin Scale score, n (%)‡   <0.01 
   0 132 (52%) 1701 (68%)  
   1 41 (16%) 314 (13%)  
   2 29 (11%) 172 (7%)  
   >2 52 (20%) 324 (13%)  
   Statin use, n (%) 153/245 (62%) 818/2466 (33%) <0.01 
   Antiplatelet use, n (%) 152/251 (61%) 706/2486 (28%) <0.01 
   Anticoagulation use, n (%) 82/250 (33%) 412/2474 (17%) <0.01 
   Antihypertensive medication use, n (%) 183/248 (74%) 1277/2471 (52%) <0.01 
Stroke etiology according to TOAST§   0.03 
   CE 44/125 (35%) 39/12036 (33%)  
   LAA 25/125 (20%) 145 /1203(12%)  
   Other, e.g dissection 2/125 (2%) 54/1203 (4%)  
   Undetermined | | 54/125 (43%) 608/1203 (51%)  
Radiologial 
   ASPECTS on NCCT, median (IQR) # 9 (8-10) 9 (7-10) 0.03 
Level of occlusion on non-invasive vessel imaging, n (%)* *   0.54 
   ICA 12 (5%) 127 (5%)  
   ICA-T 55 (22%) 490 (21%)  
   M1 138 (56%) 1417 (59%)  
   M2 37 (15%) 334 (14%)  
   Other m3, A1, A2  3 (1.2%) 18 (0.8%)  
   Intracranial atherosclerosis on CTA, n (%)†† 185 (76%) 1416 (59%) <0.01 
Atherosclerotic stenosis at symptomatic carotid artery, n 
(%)£ 

  <0.01 

   No stenosis  74 (34%) 1045 (47%)  
   Stenosis <50%  111 (50%) 979 (44%)  
   Stenosis >50% 35 (16%) 186 (8%)  
Reperfusion on DSA, n(%)†    
   eTICI 2B-3 169 (68%) 1708 (70%) 0.60 
   eTICI 2C-3 123 (48%) 1157 (46%) 0.48 

CTA indicates computed tomographic angiography; ICA, intracranial artery; IQR, interquartile range; NCCT, 
noncontrast computed tomography; NIHSS, National Institutes of Health Stroke Scale; SD, standard deviation. 
*15 patients underwent endovascular treatment without a definitive occlusion on CTA according to the core 
laboratory; ‡ n=2702, missing in 63 patients; § Registry part I data (march 2014 – june 2016); 
| | undetermined: more than one potential cause, or negative/incomplete evaluation; # n=2669, missing in 96 
patients; * *  n=2631, missing in 134 patients; †† n=2650, missing in 115 patients; £ n=2430, missing in 335 
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patients, † n=2691; missing in 74 patients. 

PAD and collateral status 

In patients with PAD poor collaterals were more frequent (grade 1: 41% vs 35%), and 
good collaterals were less frequent (grade 3: 13% vs. 20%) than in those without PAD 
(Table 1). In univariable regression analysis on the four point collateral score, this 
translates to an OR of 0.79 (95% CI 0.6-1.0). After adjusting for potential confounding 
factors, there was no significant association of PAD with collateral status (aOR 0.85, 
95% CI 0.7-1.1) (Table 2).  
 

Table 2  Primary and secondary outcomes. Ischemic stroke patients with PAD compared with no PAD. 

Total (n=2765) PAD 
n=254 

No PAD 
n=2511 

Unadjusted OR  
(95% CI) 

Adjusted OR   
(95% CI) 

Radiological     
   Collateral score on CTA, n(%)*   0.79 (0.6-1.0) 0.85 (0.7-1.1) 
   Grade 0 15 (6%) 138 (6%)   
   Grade 1 99 (41%) 832 (35%)   
   Grade 2 96 (40%) 906 (39%)   
   Grade 3 32 (13%) 471 (20%)   
Clinical      
   mRS at 90d – median†  4(2-6) 3(2-6) 0.72 (0.6-0.9) 0.90 (0.7-1.2) 
   mRS score of 0-2 at 90 d – n(%) 84 (33%) 1000 (40%) 0.75 (0.6-0.98) 0.85 (0.6-1.2) 
   NIHSS 24h – median§ 10 (4-16) 9 (3-16) β 0.61 (-0.5-1.7) β 0.15 (-0.9-1.2) 
Safety outcomes      
   Mortality at 90d – n(%) 86 (36%) 630 (27%) 1.54 (1.2-2.0) 1.24 (0.9-1.7) 
   sICH 13 (5%) 133 (5%) 0.96 (0.5-1.7) 0.85 (0.5-1.6) 
   Progression of stroke 24 (9%) 241 (10%) 0.98 (0.6-1.5) 0.99 (0.6-1.6) 

OR: Odds ratios for PAD association with outcome variable, estimated with logistic regression analyses. 
Adjustments were made for age, sex, NIHSS at baseline, hypertension, diabetes mellitus, 
hypercholesterolemia, smoking, previous myocardial infarction, previous stroke, intracranial atherosclerosis, 
ASPECTS on baseline non-contrast CT, reperfusion grade, and atherosclerotic stenosis of the symptomatic 
carotid artery. CTA indicates computed tomographic angiography; IQR, interquartile range; mRS, modified 
Rankin Scale; NCCT, noncontrast computed tomography; NIHSS, National Institutes of Health Stroke Scale; 
sICH, symptomatic intracranial hemorrhage. 
* n=2589, missing in 176 patients; † n=2570, missing in 195 patients; § n=2495, missing in 270 patients; 
 

Discussion  

In this large nation-wide multicenter registry of patients with ischemic stroke treated 
with EVT, univariable analyses showed that PAD patients had worse collateral grades 
and worse functional outcomes than those without. However, after correction for 
possible confounders, there was no statistically significant association between PAD 
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and functional outcome or collateral grades. As could be expected, there is a strong 
effect of the co-variables associated with PAD on functional outcome after EVT.  
To our knowledge the association between PAD and collaterals in acute ischemic stroke 
has not been reported before. By comparison, ischemic stroke patients with significant 
carotid artery stenosis have better collateral flow on CTA than patients without carotid 
artery stenosis.20 In our study, patients with PAD more often had carotid artery stenosis 
of 50% or greater than patients without PAD, but their collateral grades were worse. 
This might be explained by a predominant effect of age or associated co-morbidities.21 
Another contributing factor might be that nearly all patients in our study underwent 
single-phase CT-angiography. Assessment of collateral flow on singe phase CTA may 
lead to an underestimation of collaterals in case of delayed filling in combination with 
an early acquisition phase.12,22 In our case, significant carotid artery stenosis could have 
therefore disproportionally affected the relation between PAD and collateral status 
through delayed intracerebral filling.  
 
We found no association between PAD and functional outcome after ischemic stroke, 
in contrast to a previous case-control study.7 In that study acute stroke patients with 
PAD had a very low NIHSS at presentation (47% NIHSS 1-4). Our study concerns a 
distinct patient population with proven large vessel occlusions causing more severe 
strokes resulting in a rather high NIHSS and possibly less dispersion in post-stroke mRS. 
The influence of PAD may therefore be diminished in patients treated with EVT due to 
stroke severity. Another explanation might be that physicians treat less aggressively in 
case of persistent neurologic deficit after EVT and concomitant severe co-morbidity 
including PAD. With this self-fulfilling prophecy, a possible positive effect of PAD on 
outcome may therefore not have been investigated properly. A previous study found 
worse outcome after stroke in patients with low ankle-brachial index (ABI).8 Our study 
did not measure ABI to determine severity of PAD. It is possible to have missed an 
association between severe PAD and outcome if the patients in our cohort would have 
had mainly moderate-to-high ABI.  
 
The strength of our study is the large patient sample. All outcome measures have been 
collected prospectively according to protocol and independent of our present research 
question.  
 
Nevertheless, there are limitations. First, there was no standardized assessment for 
peripheral artery disease which may have led to different judgment between centers or 
between physicians. Also, we were not able to assess the ABI in our patients. Since ABI 
is more reliable in identifying PAD than determination based on clinical judgment, we 
might have over- or underdiagnosed PAD in our cohort of ischemic stroke patients. 
However, previous research on PAD in stroke patients showed a comparable 
prevalence of around 10%. 8,23   
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A second limitation concerns the presence of  intracerebral atherosclerosis in our 
patients. Peripheral artery disease can be isolated in the lower limbs, but might also 
occur concurrently in the coronary arteries or cerebral arteries.24,25 The extent of 
cerebral vessel atherosclerosis is associated with white-matter loss and lacunar 
infarctions and may therefore influence functional outcome. Although we adjusted our 
analysis for the presence of intracranial atherosclerosis, our model could not be 
corrected for the extent or specific location of this condition.  

Conclusion 

In summary, our study showed no association between PAD and outcome after EVT for 
acute ischemic stroke nor an independent association between PAD and collateral 
blood flow. As such, we could not confirm the occurrence of RIPC in PAD patients with 
acute ischemic stroke. Future studies with more standardized measurement of PAD are 
recommended. 
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Abstract 

Background and purpose 
Acute ischemic stroke patients treated with endovascular thrombectomy (EVT) may be 
treated with repeat EVT (rEVT) in case of recurrent large vessel occlusion (LVO). Data 
on safety and efficacy of these interventions is scarce. Our aim is to report on 
frequency, timing, and outcome of rEVT in a large nation-wide multicenter registry.  
 
Methods 
In the Netherlands, all EVT patients have been registered since 2002 (MR CLEAN Pre-
trial registry, MR CLEAN Trial and MR CLEAN Registry). We retrospectively reviewed 
these databases for anterior circulation rEVT cases. Patient characteristics, procedural 
data, and functional outcome (modified Rankin Scale (mRS) at 90 days) were analyzed.  
 
Results 
Of 3928 patients treated between 2002 and 2017, 27 (0.7%) underwent rEVT. Median 
time between first and second procedure was 78 (1-1122) days; 11/27 patients were 
re-treated within 30 days. Cardioembolism was the most common etiology (18 patients 
(67%)). In 19 patients (70%) recurrent occlusion occurred ipsilateral to previous 
occlusion. At 90 days after rEVT procedure, 44% of the patients had achieved 
functional independence (mRS 0-2), and 33% had died. Adverse events were; 2/27 
(7.4%) intracranial hemorrhage, 1/27 (3.7%) stroke progression, 1/27 (3.7%) 
pneumonia.  
 
Conclusions 
In this large nationwide cohort of acute ischemic stroke patients treated with EVT, rEVT 
was rare. Stroke etiology was mainly cardio-embolic, and most recurrent LVO’s in 
which rEVT was performed occurred ipsilateral. Although there probably is a selection 
bias on repeated treatment in case of recurrent LVO, rEVT appears safe, with similar 
outcome as in single treated cases. 
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Introduction 

Research has shown that approximately 25% of all stroke patients will have a recurrent 
stroke within 5 years.1 The risk of a recurrent LVO after endovascular treatment (EVT) is 
largely unknown, but could be significant, as patients with LVO stroke often have a 
high-risk vascular profile, including atrial fibrillation (AF). A meta-analysis of the large 
EVT trials showed that the risk of recurrent stroke within 90 days in EVT treated 
patients was threefold compared to the control group (5% vs. 1.3%), but stroke 
subtype was not reported.2 
 
Now that the use of EVT for LVO is growing worldwide, physicians will likely be faced 
with patients presenting with recurrent LVO who are eligible for repeat EVT (rEVT). To 
date, few publications have reported on repeated EVT and it is unclear whether rEVT 
could still be safe and effective in patients who suffered from previous stroke. Three 
case reports describe short-term recurrent LVO after EVT, being treated successfully 
with rEVT.3-5 In three single center case series with relatively small numbers of rEVT, 
this also appeared to be feasible and safe.6-8  
 
Our aim is to report on rEVT cases from a large nationwide multicenter database that 
includes all EVT treated stroke cases in the Netherlands from 2002 to 2017. We 
compare clinical, imaging and procedural data between consecutive procedures, and 
assess whether rEVT in case of recurrent LVO is safe and effective. 

Methods 

Patient selection 

We retrospectively reviewed data on patients treated with EVT, collected from 
19 stroke centers in The Netherlands from October 2002 till November 2017. This 
cohort included patients from three datasets: MR CLEAN pretrial (2002-2013)9, 
MR CLEAN trial (2010-2014)10, and MR CLEAN registry (2014-2017).11 
 
The MR CLEAN pretrial is a registry of all consecutive patients with acute ischemic 
stroke treated with EVT in The Netherlands. The registry started in October 2002 and 
continued until a center started participation in the MR CLEAN trial (last center in 
October 2013). The institutional review board from the coordinating institution 
approved registration and use of the data. 
 
The MR CLEAN trial is a multicenter randomized clinical trial of treatment with EVT plus 
usual care vs. usual care alone (control group) in patients with acute ischemic stroke 
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and a proximal intracranial arterial occlusion, enrolling patients from Dec 2010 till 
March 2014. A central medical ethics committee and the research board of each 
participating center approved the study protocol. All patients or their legal 
representatives provided written informed consent before randomization. Patients 
randomized to the control group were excluded for the current study. It was not 
allowed for patients included in the MR CLEAN trial, to be re-included in case of 
recurrent LVO during the follow up period of 3 months.  
 
The MR CLEAN registry is a prospective, observational study in the Netherlands of all 
EVT patients treated from March 2014. The study protocol has been evaluated by a 
central medical ethics committee and permission to carry out the study as a registry 
was granted. 
 
The MR CLEAN pretrial, trial, and registry datasets contain patients who underwent EVT 
for acute ischemic stroke with LVO in the anterior circulation in the Netherlands 2002-
2017. After merging these three datasets, patient-duplicates were extracted.  
 
We excluded patients who showed no LVO on digital substraction angiography (DSA) at 
initiation of the procedure because of spontaneous recanalization or initial 
misdiagnosis, as our aim was to report on actual performed thrombectomy. We 
arbitrarily divided rEVT into early (≤30 days) and late re-treatments (>30 days) to trace 
possible distinct patterns in patient characteristics that may contribute to recurrent 
LVO.  

Clinical characteristics 

Demographic and clinical data were recorded including age, sex, National Institute of 
Health Stroke Scale (NIHSS) score, time elapse between first and subsequent EVT 
procedure, use of antiplatelets or anticoagulants, and cardiovascular risk factors such 
as hypertension, hypercholesterolemia, diabetes, and atrial fibrillation. Risk factors 
were obtained from patient records. 

Intervention procedure  

Endovascular treatment consisted of arterial catheterization with a micro-catheter to 
the level of occlusion, followed by mechanical thrombectomy or thrombus aspiration, 
or both, with or without delivery of a thrombolytic agent. Mechanical treatment could 
involve thrombus retraction, aspiration, wire disruption or use of a retrievable stent. 
The method of endovascular treatment was left to the discretion of the local 
interventionist. Standard treatment procedure did not include intracranial balloon 
angioplasty or intracranial stenting. 
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Radiologic assessment  

All obtained images were stored and analyzed by an imaging core laboratory. 
Successful reperfusion was defined as per modified Thrombolysis in Cerebral Infarction 
(mTICI) score 2b or 3.12 Symptomatic intracranial hemorrhage (sICH) on follow-up 
imaging was scored according to the Heidelberg criteria.13 

Stroke etiology 

We used the Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria to 
categorize etiology into LAA (large artery atherosclerosis), cardio-embolism, or 
undetermined etiology (two or more causes identified, negative or incomplete 
evaluation).14 A patient was considered to have LAA stroke if there was >50% 
atherosclerotic stenosis or occlusion at the bifurcation of the carotid artery on the 
symptomatic side.  

Outcome 

The primary outcome was functional outcome at 3 months (based on the modified 
Rankin Scale (mRS) score), ranging from 0 (no symptoms) to 6 (death).15 Secondary 
outcome measures included NIHSS at 24 hours, post-procedural mTICI score and 
complications that occurred during intervention, hospital stay, or during three months 
of follow up.  

Statistical analyses  

Continuous variables were reported as mean +/- SD or median (IQR), as appropriate. 
Categorical variables were reported as proportions. We compared procedural data and 
imaging data between consecutive EVT procedures, and then compared patient 
characteristics of the rEVT cases to the patient profile of single EVT cases, for which we 
used the cohort of the MR CLEAN registry 2014-2017. Standard statistics were used for 
comparisons between groups. STATA (version 14.1) was used for all statistical analyses. 
Source data will not be made available because of legislatory issues on patient privacy, 
but detailed analytic methods and study materials, including log files of statistical 
analyses, will be made available to other researchers on request to the first author. 
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Results 

Patient characteristics and outcome 

We identified 27 out of 3928 acute ischemic stroke patients (0.7%) who underwent 
two EVT procedures due to recurrent LVO in the anterior circulation (Figure 1). The 
mean age at the time of the first EVT procedure was 72 (±16, range 25-97) years. The 
median time interval between first and second EVT was 78 days (range 1-1122). 
Median baseline NIHSS at admission was 14 (IQR 10-16) for the first procedure, and 17 
(IQR 12-21) for the second procedure. Nine out of 27 (33.3%) patients were not 
functionally independent (mRS >2) when undergoing the second EVT procedure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Flowchart patient selection. 

 
 
Procedural characteristics per case are shown in Table 1 and 2, with distinction of early 
rEVT (41%, Table 1) and late rEVT (59%, Table 2). Both in patients with early 
retreatment and in patients with late retreatment, approximately 70% of the re-
occlusions occurred ipsilaterally. Overall there were less device attempts (mean 
1.5±0.8 vs. 2.1±1.7) and less procedural complications (1 patient vs. 4 patients) during 
the first EVT procedure compared to the second. All of the procedural complications 
during second EVT, occurred in ipsilaterally treated patients. 
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Table 3 shows the patient characteristics of the rEVT cases (second procedure) 
compared to single EVT cases. Slightly more women were treated with repeat EVT 
compared to single treated patients, though this difference was not significant (63% vs. 
48%, p=0.12). More patients in the rEVT group had a history of atrial fibrillation (52% 
vs. 24%, p <0.01), myocardial infarction (30% vs. 14%, p 0.02), and about twice as many 
patients were using secondary prevention at the time of the repeated EVT compared 
with the single treated patients (statin: 73% vs. 35%, p<0.01; antiplatelet: 54% vs. 31%, 
p<0.01; anticoagulants: 41% vs. 16%, p<0.01). The outcome after rEVT was comparable 
to the outcome after single EVT in terms of functional independence (mRS <2 44% vs. 
41%), NIHSS 24h (6 vs 10), successful recanalization (74% vs. 66%), and complication 
rate (sICH 7.4% vs. 5.9%, stroke progression 3.7% vs. 10%, pneumonia 3.7% vs. 11%). 
Mortality rate was slightly higher after rEVT (33% vs. 29%), but the difference was not 
statistically significant (p=0.62).  
 
The outcome of rEVT in ipsilateral recurrences (n=19) compared with rEVT in 
contralateral recurrences (n=8) are shown in Supplementary Table I (Online resource 
DOI: 10.1161/STROKEAHA.119.027525). Overall slightly better outcome was seen in 
ipsilaterally treated patients in terms of mRS (median 3 vs. 5.5), functional 
independence (47% vs. 25%), and mortality (26% vs. 50%), though none of these 
differences were statistically significant.  

Stroke etiology 

Stroke etiology could be identified in 22 (81%) out of 27 patients with rEVT (Table 1,2). 
According to the TOAST classification stroke etiology was mainly cardio-embolic for 
both early and late recurrent LVO (73% and 63%, respectively), and for both the 
ipsilateral recurrences (63%) as the contralateral recurrences (75%). 
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Table 3 Characteristics of patients with repeated EVT vs patients with single EVT (MR CLEAN Registry 
march 2014-nov2017). 

 Repeated EVT cases 
(2nd procedure) n=27 

Single EVT cases 
n=3157* 

p value 

Age, y, median (IQR) 74 (62-86) 72(61-80) 0.25 
Male sex, n (%) 10 (37%) 1648 (52%) 0.12 
NIHSS, median (IQR) 17 (12-21) 16 (11-19)a 0.39 
Premorbid mRS, median (IQR) 1 (1-3) 0 (0-1) <0.01 
Clinical localization: left hemisphere, n (%) 13 (48%) 1674 (53%)b 0.81 
Intravenous alteplase treatment, n (%) 10 (37%) 2417 (77%) <0.01 
Onset to groin, min,  median (IQR) 185 (147-265)c 195 (150-250)d 0.96 
Medical history 
   Atrial fibrillation, n (%) 14 (52%) 744 (24%)e <0.01 
   Hypertension, n (%) 17 (63%) 1616 (52%)f 0.27 
   Myocardial infarction, n (%) 8 (30%) 435 (14%)g 0.02 
   Diabetes mellitus, n (%) 6 (22%) 505 (16%)h 0.39 
Intoxication and medication 
   Current smoking, n (%) 6 (22%)i 672 (21%)j 0.88 
   Statin use, n (%) 19 (73%) 1083 (35%)k <0.01 
   Antiplatelet use, n (%) 14 (54%) 970 (31%)l <0.01 
   Anticoagulation, n (%) 11 (41%) 500 (16%)m <0.01 
Stroke etiologyn 

   CE 18 (66.7%) 455 (33.1%) <0.01 
   LAA 4 (14.8%) 185 (13.5%) 0.84 
   Undetermined  5 (18.5%) 670 (48.7%) <0.01 
Outcome 
   mRS at 90d, median (IQR) 3 (2-6) 3 (2-6)o 0.85 
   mRS 0-2 at 90 d, n (%)  11 (44%) 1194 (41%)o 0.72 
   NIHSS 24h, median (IQR) 6 (2-18) 10 (4-17)p 0.35 
   Mortality at 90 d, n(%) 9 (33%) 855 (29%)o 0.62 
   Succesful reperfusion (mTICI 2B-3) 20 (74%) 1720 (66%)q 0.37 
   sICH 2 (7.4%) 187 (5.9%) 0.75 
   Stroke progression 1 (3.7%) 326 (10%) 0.26 
   Pneumonia  1 (3.7%) 352 (11%) 0.22 

CE indicates cardio-embolism;  LAA, large artery atherosclerosis; mRS, modified Rankin Scale;  
NIHSS,  National Institutes of Health Stroke Scale 

a n= 3126, missing in 51 patients; b n=3155, missing in 2 patients; c n= 21, missing in 5 patients; 
d n=3143, missing in 14 patients; e n=3115, missing in 42 patients; f n=3091, missing in 
66 patients; g n=3091, missing in 64 patients; h n=3133, missing in 24 patients; i n=21, missing in 
5 patients; j n=2422, missing in 735 patients; k n=3085, missing in 72 patients; l n=3117, missing in 
40 patients; m n=3123, missing in 34 patients; n only available for Registry part 1 (march 2014-
June 2016), TOAST missing in 111 patients out of 1488 patients; o n=2948, missing in 
209 patients; p n=2833, missing in 324 patients; q n=2631, missing in 548 patients. 
*Registry part I + part II (n=3180) minus 23 second EVT cases  
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Discussion  

This retrospective nationwide multicenter study describes rEVT cases in the 
Netherlands from October 2002 till November 2017.  
 
The frequency of rEVT in our study was 0.7% of all EVT procedures, which is lower than 
in previous single center case series (2% and 1.4%).6,7 However, in our study we 
excluded all posterior LVO’s, and it was not allowed for patients included in the MR 
CLEAN trial (2010-2014) to be re-included in case of recurrent LVO during the follow up 
period of 3 months. Therefore possible early recurrent EVT was not performed or not 
registered during the study period.  
 
Another explanation for the low rate of re-treatment might be selection. Previous 
studies reported restenosis rates after EVT on standard MRA follow-up after 3 to 
12 months up to 9%, however all of these restenosis were reported to be 
asymptomatic.16,17 A study on very early reocclusions (<48 hours) on follow up imaging 
after EVT showed a recurrence rate of 16/711 (2.3%), but only 3 out of 711 (0.4%) were 
re-treated.18 This is similar to our rate of early (<30 days) repeated EVT cases: 11/3928 
(0.3%). It is clear that these do not reflect all recurrent LVO’s. Especially in early 
reocclusions, there might be a selection bias on repeated treatment, as vessel imaging 
and rEVT are often not considered in persistent poor or deteriorating neurologic status 
during the acute stroke phase.  
 
Stroke etiology was mainly cardio-embolic (67%) which is in line with the findings from 
the previous case series on rEVT (66%, 43%, 87%).6-8 In our series, most patients were 
on secondary prevention at the time of the recurrent LVO. However, in patients using 
anticoagulants, INR often was not in the therapeutic range, which may have 
contributed to a recurrent event.  
 
In approximately 70% of the repeated EVT cases, recurrent LVO occurred in the same 
hemisphere, while in previous studies the ipsilateral recurrence rate was much lower 
(36%, 50%, 43%). We hypothesize that certain vascular territories are more susceptible 
for reocclusion because of differences in vascular anatomy and blood flow, and that 
emboli will travel the route of least resistance.19 Furthermore, animal studies have 
found histologic evidence of local vessel damage after EVT treatment which could 
make the vessel susceptible to reocclusion.20,21 We did not perform standard MR 
angiography follow-up, therefore we are uncertain if vessel wall damage as result of 
thrombectomy or other intracranial vasculopathies may have contributed to 
reocclusion. However, no vessel abnormalities were reported by the interventionists.  
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The outcome of rEVT was comparable to the outcome of single EVT in terms of 
functional independence, reperfusion rate, and complication rate. There might be 
some selection bias regarding the rEVT patients, since they may have been selected 
based on a more favorable clinical profile. However, one-third of our patients receiving 
rEVT, were not functionally independent when undergoing second EVT treatment. 
Mortality rate was slightly higher after rEVT compared to the single treated patients 
(33% vs. 29%). An explanation may be that physicians and patient’s care givers more 
often lean to palliative care in case of clinical deterioration when patients already 
suffered from previous stroke. Though all procedural complications of the second EVT 
occurred in ipsilaterally treated patients, the outcome of these patients was slightly 
better compared with the outcome of the patients treated for a contralateral recurrent 
LVO. This finding of a slightly worse outcome for patients who suffered a stroke in both 
hemispheres could be considered expected. However, 7 out of the 8 patients with 
contralateral recurrent stroke were functionally independent at the time of the second 
LVO. The case series of Bhogal et al. report similar outcome for patients treated for 
contralateral LVO’s.8 We agree with the authors that a larger sample size is needed 
before conclusions can be drawn.  
 
A case series has limitations in its interpretation and conclusions. As we stated before, 
based on our cohort of rEVT we are unable to make any statements on recurrent LVO, 
since our study did not use standard follow up imaging. We could just describe 
recurrent LVOs that were treated with rEVT. Furthermore, there probably is a selection 
of patients with LVOs who were retreated. Especially for very early retreatments this 
could limit our conclusions as we had only 2 retreatment cases <48 h. Finally, we note 
that our study covers a long time period of 2002 to 2017. During this period, stroke 
logistics have changed, treatment indication has been broadened and EVT procedures 
have improved. 

Conclusion 

In future we expect an increase of repeat EVT since the implementation of EVT has 
already led to a substantial increase of procedures and the indication for EVT is 
expanding.22,23 In our case series, the outcome of repeated EVT was comparable with 
single EVT, underlining its safety and effectiveness. Despite selection bias, and although 
very early repeat EVT may be underrepresented in our cohort, we recommend that 
repeat EVT should not be withhold in patients with acute ischemic stroke due to 
recurrent LVO. 
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Abstract 

Background 
Randomized controlled trials with perfusion selection have shown benefit of 
endovascular treatment (EVT) for ischemic stroke between 6 and 24 hours after 
symptom onset or time last seen well. However, outcomes after EVT in these late 
window patients without perfusion imaging are largely unknown. We assessed their 
characteristics and outcomes in routine clinical practice. 
 
Methods 
The MR CLEAN Registry, a prospective, multicenter study in the Netherlands, included 
patients with an anterior circulation occlusion who underwent EVT between 2014 and 
2017. CT perfusion was no standard imaging modality. We used adjusted ordinal 
logistic regression analysis to compare patients treated within versus beyond 6.5 hours 
after propensity score matching on age, pre-stroke modified Rankin Scale (mRS), 
NIHSS, ASPECTS, collateral status, location of occlusion, and treatment with 
intravenous thrombolysis. Outcomes included 3-month mRS score, functional 
independence (defined as mRS 0-2), and death. 
 
Results 
Of 3264 patients who underwent EVT, 106 (3.2%) were treated beyond 6.5 hours 
(median 8.5, IQR 6.9-10.6), of whom 93 (87.7%) had unknown time of stroke onset. CT 
perfusion was not performed in 87/106 (80.2%) late window patients. Late window 
patients were younger (mean 67 vs. 70 years, p<0.04) and had slightly lower ASPECTS 
(median 8 vs. 9, p<0.01), but better collateral status (collateral score 2-3: 68.3% vs. 
57.7%, p=0.03). No differences were observed in proportions of functional 
independence (43.3% vs. 40.5%, p=0.57) or death (24.0% vs. 28.9%, p=0.28). After 
matching, outcomes remained similar (adjusted common OR for 1 point improvement 
in mRS 1.04, 95% CI 0.56-1.93). 
 
Conclusions 
Without the use of CT perfusion selection criteria, EVT in the 6.5–24 hour time window 
was not associated with poorer outcome in selected patients with favorable clinical and 
CT/CTA characteristics. RCTs with lenient inclusion criteria are needed to identify more 
patients who can benefit from EVT in the late window. 
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Introduction 

Following the publication of the first positive randomized controlled trials in 
endovascular treatment (EVT) for acute ischemic stroke, guidelines recommended EVT 
in patients with a large vessel occlusion of the anterior circulation if treatment could be 
initiated within 6 hours from symptom onset.1-3 However, this paradigm leads to 
exclusion from EVT of a significant number of stroke patients, since an estimated 30% 
of them present between 6 and 24 hours after symptom onset or after the time that 
patients were last seen well (LSW).4 The 6-hour time window for EVT was based upon 
the inclusion criteria used in previous trials and the observation that treatment effect 
decreased over time to non-significant at a time point beyond 6 hours.5,6 The HERMES 
collaborators demonstrated that treatment effect was still present up to 7.3 hours in 
included patients.5 However, some of the included trials used additional advanced 
imaging for patient selection. Therefore, these results cannot be generalized to all 
stroke patients presenting beyond the 6-hour time window. 
 
In 2018, two randomized controlled trials, DEFUSE 3 and DAWN, showed that EVT is 
safe and effective in patients treated in an extended time window of up to 16 or 
24 hours after symptom onset or time LSW.7,8 In these trials, selection of patients was 
predominantly based on perfusion imaging. Following the publication of these trials, 
EVT for patients beyond 6 hours from symptom onset or LSW who meet the inclusion 
criteria of these trials with mandatory perfusion imaging is also recommended.9 
However, on a global scale, software with automated perfusion analysis is currently 
offered to a minority of late window stroke patients. Furthermore, the inclusion criteria 
used in these trials exclude a majority of late window patients of whom it is yet 
unknown if they may benefit from EVT.4 We describe characteristics, outcome and 
safety of patients treated with EVT within and beyond the 6.5 hour time window in 
clinical practice prior to the current guidelines with DAWN/DEFUSE 3 paradigms. 

Methods 

We analyzed patients from the Multicenter Clinical Registry of Endovascular treatment 
for Acute ischemic stroke in the Netherlands (MR CLEAN Registry), which was a 
national, prospective, observational stroke registry in 16 intervention centers that 
perform EVT in the Netherlands. Registration of patients treated with EVT started 
directly after the original MR CLEAN trial was finished, and was used to study safety 
and efficacy of EVT in routine clinical practice.10 All patients in whom EVT was 
considered indicated and who underwent an arterial groin puncture were included. 
EVT consisted of arterial catheterization with a microcatheter to the level of the 
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occlusion, followed by mechanical thrombectomy and/or thrombus aspiration, with or 
without delivery of a thrombolytic agent. The method of EVT was left to the discretion 
of the treating physician. 
 
An independent core lab, blinded for all outcome measures, assessed imaging data, 
including early ischemic changes with the Alberta Stroke Program Early CT Score 
(ASPECTS) on baseline non-contrast CT, collateral status on baseline single phase CT 
angiography, and reperfusion status on digital subtraction angiography after EVT.11-12 
Reperfusion was scored with the extended Thrombolysis in Cerebral Infarction (eTICI) 
score, which ranges from grade 0 (no reperfusion) to grade 3 (complete reperfusion).13 
Data were collected before publication of the DAWN and DEFUSE 3 trials, and CT 
perfusion was not a standard imaging modality in our registry. None of the 
participating stroke centers used RAPID software in this time period. No records were 
kept concerning the use of CT perfusion imaging in patients who underwent EVT 
between March 2014 and June 2016, but this was documented for patients treated 
after June 2016 and for all late window patients. MR diffusion weighted imaging was 
performed only in two late window patients and therefore not used in the current 
analysis. 
 
In the present study, we included all patients with an intracranial proximal occlusion in 
the anterior circulation (intracranial carotid artery, middle cerebral artery (M1/M2), or 
anterior cerebral artery (A1/A2)) demonstrated on CT angiography, treated with EVT 
between March 16th 2014 and November 1st 2017 in centers that had participated in 
the MR CLEAN trial. Exclusion criteria were age <18 years or an unknown time between 
onset or LSW and groin puncture. Although the recommended time window for EVT at 
the time of this study was 6 hours, in clinical practice the start of procedure (time of 
groin puncture) was sometimes slightly delayed due to logistical reasons.9 Therefore, 
late window patients were defined as patients in whom treatment was started at or 
beyond 6.5 hours after documented symptom onset or after time LSW in case of 
unknown stroke onset. 

Outcome measures 

Primary outcome was functional outcome at 3 months after stroke on the modified 
Rankin Scale (mRS), ranging from 0 (no symptoms) to 6 (death).14 Secondary outcomes 
were functional independence, successful reperfusion and clinical improvement after 
intervention. Functional independence was defined as a 3-month mRS score of 0-2. 
Successful reperfusion was defined as an eTICI score of 2B (reperfusion of >50% of the 
previously occluded area) or higher. If completion angiography was not performed in 
two directions, reperfusion status was graded 2A at most. A decrease of ≥4 points on 
the National Institutes of Health Stroke Scale (NIHSS) between presentation and 
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24-48 hours post-intervention or complete recovery (NIHSS 0) was considered a 
significant early clinical improvement.15 Safety outcomes were peri-interventional 
complications such as vessel dissections, perforations or other vascular injuries, 
vasospasms or new clots in different vascular territories, symptomatic intracranial 
hemorrhage and mortality at 3 months. Symptomatic intracranial hemorrhage was 
defined as hemorrhage related to neurological deterioration (decline of at least 
4 points on the NIHSS) or death.16 

Missing data 

Missing NIHSS scores were retrospectively scored with a standardized score chart that 
used the reported neurological examination information. The mRS score was assessed 
as part of usual care in all centers. Any follow up mRS score of 0 to 5 assessed within 
30 days was considered invalid and was replaced using multiple imputation. Multiple 
imputation was performed before selection of early and late window patients with the 
following variables: age, pre-stroke mRS, blood pressure, history of diabetes mellitus, 
myocardial infarction, previous stroke, atrial fibrillation or hypercholesterolemia, NIHSS 
at presentation, ASPECTS at presentation, location of occlusion, collateral status, onset-
to-groin time, reperfusion status, post-intervention NIHSS, and 3-month mRS. 

Statistical analysis 

Baseline characteristics of late time window patients treated at or beyond 6.5 hours 
after symptom onset or time LSW were compared to those of early time window 
patients treated within 6.5 hours using chi-square tests for categorical variables and 
independent t-tests or Mann-Whitney U tests for continuous variables. Nearest-
neighbor propensity score matching of late window and early window patients in a 1:2 
ratio with a caliper width of 0.2 was performed with 5 imputed datasets to minimize 
the risk of confounding by indication.17 Late window and early window patients were 
matched on age, pre-stroke mRS, baseline NIHSS, baseline ASPECTS, location of 
occlusion, collateral status, and treatment with intravenous thrombolysis (IVT) prior to 
EVT.18 Unmatched patients were excluded from further analysis. In each matched 
imputed dataset, logistic regression analyses were used to determine odds ratios (OR) 
for patients treated beyond compared to patients treated within the 6.5-hour time 
window. Effect estimates of regression analyses were corrected for the same variables 
as those used for matching to further minimize the risk of confounding. We estimated 
the pooled common odds ratio as a measure of shift in the direction of a better 
outcome on the mRS. Pooled odds ratios were obtained using Rubin’s rules. Statistical 
analyses, multiple imputation and matching procedure were conducted with SPSS for 
Windows, version 24.0 (SPSS INC., Chicago, IL). 
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Results 

Patient characteristics 

Of 3264 included patients, 3158 (96.8%) underwent EVT within 6.5 hours from 
symptom onset or LSW, of whom 843 (26.7%) had an unknown time of stroke onset. Of 
the 106 late window patients, the majority (n=93, 87.7%) had an unknown time of 
stroke onset (Table 1, Figure 1). Median time from onset or LSW to groin puncture was 
195 minutes (IQR 150-250) for early window patients versus 508 minutes (IQR 
415-637) for late window patients. Late window patients were slightly younger (67 vs. 
70 years, p=0.04) and received IVT less frequently (22.9% vs. 76.8%, p<0.01) than early 
window patients. ASPECT-score at presentation was lower (median 8 vs. 9, p<0.01) 
whilst collateral status was better for late window patients (dichotomized good 
collaterals filling >50%: 68.3% vs. 57.7%, p=0.03). Of patients treated between 2016-
2017, 15/65 late window patients (23.1%) underwent CT perfusion imaging prior to 
EVT versus 319/1673 (19.1%) in the early window (Table 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Flowchart patient selection. 
 
 

Of patients who underwent EVT outside the 6.5-hour time window, baseline 
characteristics were similar between those with known time of stroke onset and those 
with unknown time of stroke onset, except for a higher rate of IVT in known stroke 
onset patients (46.2% vs. 19.6%, p=0.03) (Supplemental Table 1, online recourse DOI: 
10.1136/svn-2020-000803). Patients treated beyond 6.5 hours who underwent CT 
perfusion imaging had lower NIHSS at presentation (median 13 vs. 16, p=0.01) and 
appeared to have slightly lower ASPECTS at presentation (median 7 vs. 9, p=0.09) 
compared to patients treated beyond 6.5 hours who did not undergo CT perfusion 
imaging, but all other characteristics were comparable (Supplemental Table 2, online 
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recourse DOI: 10.1136/svn-2020-000803). Of all patients with a known time of stroke 
onset, there were no differences in baseline characteristics between those treated 
beyond versus within 6.5 hours, aside from a higher rate of IVT in the group treated in 
the early time window (79.0% vs. 46.2%, p<0.01) (Supplemental Table 3, online 
recourse DOI: 10.1136/svn-2020-000803). 
 
Table 1 Baseline characteristics. 

 Early window patients 
with EVT <6.5 hours 
after onset or LSW 

(n=3158) 

Late window patients 
with EVT ≥6.5 hours 
after onset or LSW 

(n=106) 

p value* 

Age (years); mean (SD) 70.0 (14.1) 67.1 (14.6) 0.04 
Sex (male) 1642/3158 (52.0%) 47/106 (44.3%) 0.12 
Pre-stroke mRS 0-1 
Pre-stroke mRS 0-2 

2498/3087 (80.9%) 
2729/3087 (88.4%) 

86/106 (81.1%) 
96/106 (90.6%) 

0.96 
0.49 

NIHSS at presentation; median [IQR] 16 [11-20] (n=3108) 16 [11-20] (n=103) 0.84 
ASPECTS at presentation; median [IQR] 9 [7-10] (n=3055) 8 [6-10] (n=102) <0.01 
Location of occlusion   0.96 
   ICA 
   MCA M1-segment 
   MCA M2-segment 
   Other (M3, ACA) 

790/3004 (26.3%) 
1750/3004 (58.3%) 
440/3004 (14.6%) 

24/3004 (0.8%) 

29/102 (28.4%) 
57/102 (55.9%) 
15/102 (14.7%) 

1/102 (1.0%) 

 

Collateral status   0.01 
   Absent collaterals 
   Filling ≤50% of occluded area 
   Filling 51-100% of occluded area 
   Filling 100% of occluded area 

184/2959 (6.2%) 
1067/2959 (36.1%) 
1146/2959 (38.7%) 
562/2959 (19.0%) 

2/101 (2.0%) 
30/101 (29.7%) 
38/101 (37.6%) 
31/101 (30.7%) 

 

CT perfusion performed Treated 2014-2016: 
unknown 

Treated 2016-2017: 
319/1673 (19.1%) 

Treated 2014-2016: 
6/41 (14.6%) 

Treated 2016-2017: 
15/65 (23.1%) 

n/a 
 

0.42 

Transfer from primary hospital to intervention 
center 

1743/3158 (55.2%) 34/106 (32.1%) <0.01 

Treated with IVT 2420/3149 (76.8%) 24/105 (22.9%) <0.01 
Unknown time of onset 842/3158 (26.7%) 93/106 (87.7%) <0.01 
Time between onset/LSW and groin puncture in 
minutes; mean (SD); median [IQR] 

203 (73) (n=3158) 
195 [150-250] 

559 (174) (n=106) 
508 [415-637] 

<0.01 

Time between onset/LSW and end of procedure 
in minutes; mean (SD); median [IQR] 

259 (78) (n=2925) 
250 [200-312] 

616 (185) (n=95) 
564 [467-697] 

<0.01 

Performed procedure 
   Attempt for thrombectomy 
   Catheterization/DSA only 

 
2683/3149 (85.2%) 
466/3149 (14.8%) 

 
97/106 (91.5%) 

9/106 (8.5%) 

0.07 

*Chi-square tests for categorical variables and independent t-tests or Mann-Whitney U tests for continuous 
variables with complete data. 
EVT: endovascular treatment; SD: standard deviation; mRS: modified Rankin Scale; NIHSS: National Institutes 
of Health Stroke Scale; IQR: interquartile range; ASPECTS: Alberta Stroke Programme Early CT Score; ICA: 
internal carotid artery; MCA: middle cerebral artery; ACA: anterior cerebral artery; IVT: intravenous 
thrombolysis; LSW: last seen well; DSA: digital subtraction angiography. 
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Clinical outcomes 

Proportions of functional independence at 3 months (43.3% versus 40.5%, p=0.57), 
successful reperfusion (56.9% versus 61.7%, p=0.33) and mortality (24.0% versus 
28.9%, p=0.28) were comparable between late and early window patients (Table 2, 
Figure 2). Logistic regression analysis showed no difference in outcomes (Supplemental 
Table 4, online recourse DOI: 10.1136/svn-2020-000803). Overall, 4.0% of data points 
in the imputation model were missing, and the proportion of missing mRS scores was 
6.5%. After nearest-neighbor propensity score matching of 5 imputed datasets in a 1:2 
ratio, 96.4% of the late window patients could be matched to 2 early window patients.  
 
 
 
 
 
 
 
 
 
 
Figure 2 Distribution of modified Rankin Scale scores at 3 months. 

 
Baseline characteristics of the 5 matched datasets are described in Supplemental Table 
5 (online recourse DOI: 10.1136/svn-2020-000803). Adjusted logistic regression after 
matching showed no significant difference in distribution of the mRS between the late 
window patients and their matched early window patients (pooled adjusted common 
OR for a shift of 1 point improvement in mRS 1.04, 95% confidence interval (CI) 
0.56-1.93) (Table 3). Furthermore, proportions of functional independence at 3 months 
(pooled adjusted odds ratio (aOR) 1.17, 95% CI 0.58-2.37), successful reperfusion (aOR 
0.75, 95% CI 0.41-1.39) and post-intervention significant early clinical improvement 
(aOR 0.79, 95% CI 0.44-1.43) were similar. Concerning safety parameters, no significant 
difference was found in rates of peri-interventional complications (aOR 1.52, 95% CI 
0.50-4.58), symptomatic intracranial hemorrhage (aOR 1.03, 95% CI 0.26-4.04) or 
mortality (aOR 0.76, 95% CI 0.32-1.79) (Table 3). 
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Table 2 Outcome measures. 

 Early window patients 
with EVT <6.5 hours 
after onset or LSW 

(n=3158) 

Late window 
patients with EVT 
≥6.5 hours after 

onset or LSW 
(n=106) 

p value* 

Primary outcome    
Median 3-month mRS score [IQR] 3 [2-6] (n=2948) 3 [2-5] (n=104) 0.92 
Secondary outcomes 
Functional independence (3-month mRS 0-2) 40.5% (1193/2948) 43.3% (45/104) 0.57 
Successful reperfusion (eTICI ≥2B) 61.7% (1897/3076) 56.9% (58/102) 0.33 
Significant early clinical improvement (≥4 points 
decrease on NIHSS or NIHSS 0) 

54.7% (1542/2820) 46.5% (46/99) 0.11 

Safety outcomes 
Peri-interventional complications 8.7% (274/3158) 9.4% (10/106) 0.79 
Symptomatic intracranial hemorrhage 5.9% (185/3158) 4.7% (5/106) 0.62 
Mortality at 3 months 28.9% (853/2948) 24.0% (25/104) 0.28 

*Mann-Whitney U test for difference in 3-month mRS score and chi-square tests for difference in 
proportions of other outcomes 
EVT: endovascular treatment; LSW: last seen well; mRS: modified Rankin Scale; IQR: interquartile range; 
eTICI: extended Treatment In Cerebral Infarction; NIHSS: National Institutes of Health Stroke Scale 
 
 
Table 3 Logistic regression analysis in matched patients. 

 Matched late window patients with EVT ≥6.5 hours versus 
early window patients with EVT <6.5 hours after onset or 

LSW* 
 unadjusted OR  

(95% CI) 
p value adjusted OR  

(95% CI)† 
p value 

Primary outcome     
3-month mRS score reduction (shift analysis) ‡ 0.99 (0.59-1.67) 0.98 1.04 (0.56-1.93) 0.89 
Secondary outcomes 
Functional independence (3-month mRS 0-2) 1.05 (0.63-1.75) 0.87 1.17 (0.58-2.37) 0.65 
Successful reperfusion (eTICI ≥2B) 0.75 (0.41-1.38) 0.35 0.75 (0.41-1.39) 0.35 
Significant early clinical improvement (≥4 
points decrease on NIHSS or NIHSS 0) 

0.78 (0.45-1.32) 0.35 0.79 (0.44-1.43) 0.43 

Safety outcomes 
Peri-interventional complications 1.49 (0.52-4.24) 0.45 1.52 (0.50-4.58) 0.45 
Symptomatic intracranial hemorrhage 0.99 (0.28-3.52) 0.98 1.03 (0.26-4.04) 0.97 
Mortality at 3 months 0.84 (0.43-1.65) 0.61 0.76 (0.32-1.79) 0.52 

*Matched on: age, pre-stroke mRS, NIHSS at presentation, ASPECTS at presentation, location of occlusion, 
collateral status and treatment with IVT. With a caliper of 0.2, 511 (96.4%) of the 530 late window patients 
treated beyond 6.5 hours (5 datasets with 106 late window patients per dataset) could be matched in a 1:2 
ratio to 1022 early window patients treated within 6.5 hours. Odds ratios were pooled from the 5 matched 
datasets using Rubin’s rules. 
†Adjusted for: age, pre-stroke mRS, NIHSS at presentation, ASPECTS at presentation, location of occlusion, 
collateral status and treatment with IVT 
‡Common odds ratio indicating the odds of improvement of 1 point on the mRS 
EVT: endovascular treatment; LSW: last seen well; OR: odds ratio; CI: confidence interval; mRS: modified 
Rankin Scale; eTICI: extended Treatment In Cerebral Infarction; NIHSS: National Institutes of Health Stroke 
Scale 
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Of patients treated beyond 6.5 hours, there were no differences in outcomes between 
those with known and unknown time of stroke onset (Supplemental Table 1: online 
recourse DOI: 10.1136/svn-2020-000803). Those who underwent CT perfusion imaging 
more often had symptomatic intracranial hemorrhage (14.3% vs. 2.4%, p=0.02), but all 
other outcomes were similar (Supplemental Table 2). Lastly, no differences were found 
between outcomes of patients with known time of stroke onset treated either beyond 
versus within 6.5 hours (Supplemental Table 3, online recourse DOI: 10.1136/svn-2020-
000803). 

Discussion  

We observed similar rates of functional independence, successful reperfusion and 
safety outcomes in selected patients with favorable characteristics, such as good 
collaterals, treated with EVT beyond 6.5 hours from symptom onset or time last seen 
well compared to patients treated within 6.5 hours without mandatory perfusion 
imaging. 
 
Although several studies showed that EVT is safe and effective in late window patients 
selected using only non-contrast CT and CT angiography, the role of ASPECTS and 
collateral status compared to MR diffusion or CT perfusion imaging requires further 
study.19-20 Previous studies showed no additional value of CT perfusion imaging in 
either prognostication of 3-month mRS after EVT compared to non-contrast CT ASPECT 
score, or in selection of patients with good outcomes after EVT beyond 6 hours 
compared to selection using solely non-contrast CT and CT angiography.21-25 Two other 
studies showed that a substantial proportion of DAWN- and DEFUSE 3-ineligible 
patients also reached functional independence at 3 months after EVT.26,27 Our findings 
confirm that in clinical practice similar outcomes can be obtained in selected patients 
without additional determination of core and penumbra. Randomized trials without 
mandatory perfusion imaging, such as the ongoing pragmatic MR CLEAN-LATE,28 which 
is based on collateral and ASPECT scoring, may be able to identify more patients who 
can still benefit from EVT outside the 6 hour time window and deliver further 
modifications in guidelines for stroke patients in the late time window.29 
 
A previous analysis of the MR CLEAN Registry showed that in patients treated within 
6.5 hours, every hour of delay resulted in a 5.3% decrease of probability of functional 
independence.6 However, that analysis excluded late window patients treated beyond 
6.5 hours after onset and only patients treated before June 2016 were included. In the 
present study, only 3.2% of patients were treated beyond 6.5 hours and we observed 
similar outcomes compared to patients treated within 6.5 hours, which suggests 
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patient selection. Although the specifics of CT perfusion scans of patients have not yet 
been assessed, it is unlikely that these had much influence on patient selection or 
outcome since we found similar low rates of the use of CT perfusion in early and late 
window patients. Furthermore, our patients were treated before the publication of the 
DAWN/DEFUSE 3 trials, in a time when perfusion imaging was not common practice 
and patients presenting beyond 6 hours of onset or time LSW were generally excluded 
from EVT, which may also explain the low proportion of late window patients. We 
found that late window patients were younger and had better collateral status. This 
suggests selection on increased collateral supply, which a post hoc analysis of the 
original MR CLEAN study showed to be strongly associated with better outcome after 
EVT, and may imply that those patients have more salvageable tissue.30 
 
The majority of late window patients in this study had an unknown time of stroke 
onset. This is similar to the population treated in the DAWN and DEFUSE 3 studies 
(respectively 90% and 66% unknown onset). There are indications that in wake-up 
strokes, stroke onset occurs shortly before awakening.31 This implies that the actual 
time between onset and EVT may well be within the accepted time window. Therefore, 
it would be interesting to see if similar results can be obtained in known stroke onset 
patients treated >6 hours after onset and wake-up stroke patients treated >6 hours 
after awakening. Although we found no differences between characteristics and 
outcomes of patients with known versus unknown time of stroke onset treated beyond 
6.5 hours, nor of known-onset stroke patients treated either beyond versus within 
6.5 hours, our study is limited by the fact that only 12.3% of patients had documented 
known-onset stroke in the late window. 
 
The main strength of our observational study is that it was performed with data from a 
large, nationwide EVT registry from routine clinical practice without pre-specified 
imaging selection other than an anterior circulation occlusion. Furthermore, we used 
adjusted logistic regression after propensity score matching to minimalize the risk of 
differences in outcome between patients treated within versus beyond the 6.5-hour 
time window due to differences in baseline characteristics. An important limitation of 
this study is that no records were kept of the group of untreated late window patients. 
Therefore, the exact level and method of patient selection cannot be assessed and, 
although outcomes are similar to those of early window patients, no evidence of 
clinical benefit can be established without a control group. Furthermore, since there is 
currently no data available concerning the specific CT perfusion results, it is not 
possible to compare penumbra and core status between early and late window 
patients. However, it is unlikely that this influenced overall outcomes, since only a small 
minority of patients underwent CT perfusion imaging. 
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Conclusions 

Without the use of the DAWN or DEFUSE 3 trial CT perfusion selection criteria, EVT in 
the 6.5–24-hour time window was safe and not associated with poorer outcome in 
selected patients with favorable clinical and CT/CTA characteristics. Randomized 
controlled trials with more lenient inclusion criteria than the DAWN and DEFUSE 3 are 
needed to identify more patients who can benefit from EVT in the late window. 
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Abstract 

Background 
Endovascular therapy (EVT) for acute ischemic stroke due to proximal occlusion of the 
anterior intracranial circulation, started within 6 hours from symptom onset, has been 
proven safe and effective. Recently, EVT has been proven effective beyond the 6-hour 
time window in a highly selected population using CT perfusion or MR diffusion. 
Unfortunately, these imaging modalities are not available in every hospital, and strict 
selection criteria might exclude patients who could still benefit from EVT. The presence 
of collaterals on CT angiography (CTA) may offer a more pragmatic imaging criterion 
that predicts possible benefit from EVT beyond 6 hours from time last known well. The 
aim of this study is to assess the safety and efficacy of EVT for patients treated 
between 6 and 24 hours from time last known well after selection based on presence 
of collateral flow. 
 
Methods 
The MR CLEAN-LATE trial is a multicenter, randomized, open-label, blinded-endpoint 
trial, aiming to enroll 500 patients. We will investigate the efficacy of EVT between 
6 and 24 hours from time last known well in acute ischemic stroke due to a proximal 
intracranial anterior circulation occlusion confirmed by CTA or MRA. Patients with any 
collateral flow (poor, moderate, or good collaterals) on CTA will be included. Inclusion 
of poor collateral status will be restricted to a maximum of 100 patients. In line with 
current Dutch guidelines, patients who fulfill the characteristics of included patients in 
DAWN and DEFUSE 3 will be excluded as they are eligible for EVT as standard care. 
Primary endpoint is functional outcome at 90 days, assessed with the modified Rankin 
Scale (mRS) score. Treatment effect will be estimated with ordinal logistic regression 
(shift analysis) on the mRS at 90 days. Secondary endpoints include clinical stroke 
severity at 24 hours and 5-7 days assessed by the NIHSS, symptomatic intracranial 
hemorrhage, recanalization at 24 hours, follow up infarct size, and mortality at 90 days.  
 
Discussion 
This study will provide insight into whether EVT is safe and effective for patients 
treated between 6 and 24 hours from time last known well after selection based on 
presence of collateral flow on CTA. 
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Background 

Since the publication in 2015 of several trials showing benefit from endovascular 
therapy (EVT), it has become the new standard for treatment of acute ischemic stroke 
(AIS) due to large vessel anterior circulation occlusion within 6 hours.1-5 A subsequent 
pooled meta-analysis of individual patient data from these trials showed that EVT 
started within 6 hours of symptom onset leads to an additional 20% of patients being 
functionally independent at 90 days after treatment.6 The same analysis also showed 
that the association between thrombectomy and improved outcomes was significant 
up to 7.3 hours after symptom onset. Of the original trials, REVASCAT and ESCAPE 
included patients in the 6-8 hour and 6-12 hour time window respectively, yet patient 
numbers in these time intervals were too small to draw firm conclusions on efficacy of 
EVT.2,3 More recently, the trials DAWN and DEFUSE 3 showed significant benefit of EVT 
for patients with a distal intracranial carotid artery occlusion/ACM-M1 occlusion 
beyond 6 hours from time last known well for a highly selected patient group with 
severe neurological deficit and small infarct core volumes assessed by CT perfusion or 
MR diffusion/perfusion imaging.7,8 However, due to selection the generalizability is low 
and practical implementation of these results might be limited as many primary stroke 
centers do not routinely perform perfusion imaging. Additionally, benefit of EVT in 
patients not meeting the clinical and imaging characteristics of these trials is unknown. 
Based on the results from DAWN and DEFUSE 3, in which EVT was shown highly 
effective, benefit of EVT for a much larger patient group in the 6 to 24-hour time 
window could be expected. Ischemic core volumes and perfusion mismatch seem to be 
associated with collateral circulation grades on CT angiography (CTA).9-11 The ESCAPE 
trial suggested that inclusion of patients with only moderate to good collateral grades 
had led to a larger effect size in their study compared with the other original trials that 
did not use advanced imaging selection criteria. Moreover, a post-hoc analysis of MR 
CLEAN showed that collateral status on CTA was associated with EVT treatment effect: 
patients with higher collateral grades showed larger treatment effects.12 Therefore, 
presence of collaterals could be an adequate and practical alternative for selecting 
patients with a potential treatment benefit beyond the 6 hour time window. 

Research question 

The primary objective of MR CLEAN-LATE is to assess the safety and efficacy of EVT in 
addition to best medical treatment compared with best medical treatment alone on 
functional outcome in patients with AIS, caused by an intracranial large vessel occlusion 
of the anterior circulation and any poor, moderate or good collaterals confirmed by 
neuro-imaging presenting between 6 to 24 hours from time last known well. 
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Secondary objectives are to assess the effect of EVT on early neurological outcome, 
assessed with National Institutes of Health Stroke Scale (NIHSS) score, occurrence of 
symptomatic intracranial hemorrhage (sICH), mortality at 90 days, recanalization on 
CTA or MRA, and infarct size on MRI or on Non-Contrast CT (NCCT).  
 
Tertiary objectives are (1) to collect waste biomaterials (retrieved thrombus, aspirated 
blood) to analyze biochemical and biomechanical properties and their potential for 
treatment effect modification, (2) to collect and analyze data regarding the deferred 
consent procedure and its association with patient recall and satisfaction at three 
months from randomization and (3) to collect and provide data, together with other 
CONTRAST (Consortium for New Treatments of Acute Stroke) trials, for studies 
assessing the efficiency of national EVT implementation, given the availability of EVT 
hospitals and capacity, and travel times of ambulance services, (4) to perform a cost-
effectiveness analysis on patients receiving EVT between 6-24 hours from time last 
known well. 

Methods / Design 

Design 

MR CLEAN-LATE is a multicenter phase III clinical trial with a prospective, randomized 
treatment allocation, open label treatment and blinded endpoint evaluation (PROBE 
design). The contrast is EVT versus no EVT. The treatment is provided in addition to 
best medical treatment. An overview of the main procedures that subjects will undergo 
is provided in Figure 1. Patient inclusion started in January 2018. 

Study population 

The study population will be drawn from patients presenting at intervention centers 
within the 6–24 hours from time last known well, including patients referred from 
primary stroke centers. Only subjects who meet the clinical and  radiological inclusion 
criteria are eligible for inclusion in the trial: (1) age ≥18; (2) proximal intracranial 
anterior circulation occlusion (distal intracranial carotid artery or middle (M1/M2)) 
cerebral artery confirmed by neuro-imaging (CTA or MRA); (3) presence of poor, 
moderate or good collateral flow as shown by CTA; (4) non-contrast CT or MRI ruling 
out intracranial hemorrhage; (5) start of EVT (groin puncture) possible between 6 and 
24 hours after symptom onset or last seen well, including wake-up strokes, and (6) a 
score of at least 2 on the NIHSS (Table 1). Exclusion criteria for enrollment in the trial 
are: (1) pre-stroke disability which interferes with the assessment of functional 
outcome at 90 days, i.e. mRS >2; (2) cerebral infarction in the previous 6 weeks with 
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residual neurological deficit or signs of large recent infarction on neuroimaging in the 
territory of the middle cerebral artery; (3) clinical evidence of hemorrhagic diathesis, 
confirmed by an INR >3 and/or a platelet count <40 x 109/L and/or an APTT >50 sec; 
(4) clearly demarcated hypodensity on non-contrast CT in >1/3 of the middle cerebral 
artery territory, consistent with current symptoms. Additionally, as per Dutch 
guidelines, patients with a distal intracranial carotid artery occlusion or ACM-M1 
occlusion and NIHSS ≥10, an infarct core ≤25 ml (75th percentile of included patients in 
DEFUSE-3) and total ischemic volume/infarct core ratio ≥2 on CT perfusion or MR 
diffusion/perfusion, will not be included but receive EVT as standard care (Nederlandse 
Vereniging voor Neurologie, Herseninfarct en Hersenbloeding, 2020)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Flow of patients in MR CLEAN LATE. 
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The study is expected to run for 4 years (or until 500 patients are included) in eligible 
stroke intervention centers in The Netherlands and will be carried out by researchers of 
the Consortium for New Treatments of Acute Stroke (CONTRAST online appendix 1: 
10.1186/s13063-021-05092-0). Initially, all patients with poor collaterals (collaterals 
filling ≤50% of the occluded territory), moderate collaterals (collaterals filing >50%, but 
<100% of the occluded territory) or good collaterals (collaterals filling 100% of the 
occluded territory) on CTA (single phase) will be included. When a total number of 
100 patients with poor collateral status has been reached, further inclusion and 
randomization of patients with poor collaterals will stop. 
 
Table 1 Inclusion and Exclusion Criteria. 

Inclusion Criteria 
1. Clinical diagnosis of Acute Ischemic Stroke 
2. Age ≥18  
3. Proximal intracranial anterior circulation occlusion (distal intracranial carotid artery or middle 

(M1/M2)) cerebral artery confirmed by neuro-imaging (CTA or MRA) 
4. Presence of poor, moderate or good collateral flow as shown by CTA  
5. Non-contrast CT or MRI ruling out intracranial hemorrhage 
6. Start of EVT (groin puncture) possible between 6 and 24 hours after symptom onset or last seen well 

between 6 - 24 hours including wake-up strokes 
7. A score of at least 2 on the NIHSS 
8. Written informed consent (deferred) 
Exclusion Criteria 
1. Pre-stroke disability which interferes with the assessment of functional outcome at 90 days, i.e. 

mRS >2 
2. Cerebral infarction in the previous 6 weeks with residual neurological deficit or signs of large recent 

infarction on neuroimaging in the territory of the middle cerebral artery 
3. Clinical evidence of hemorrhagic diathesis, confirmed by an INR > 3 and/or a platelet count <40 x 109/L 

and/or an APTT > 50 sec 
4. Clearly demarcated hypodensity on non-contrast CT in >1/3 of the middle cerebral artery territory, 

consistent with current symptoms 
5. Distal intracranial carotid artery occlusion/M1 occlusion, and NIHSS ≥10, and infarct core ≤25ml and 

total ischemic volume/infarct core ratio≥2 on CT perfusion or MR diffusion/perfusion 
6. Participation in other trials except for MR ASAP and ARTEMIS  

CTA: Computed Tomography Angiography; MRA: Magnetic Resonance Angiography; NCCT: Non Contrast 
Computed Tomography; MRI: Magnetic Resonance Imaging; EVT: Endovascular Treatment; NIH: National 
Institutes of Health; mRS: modified Rankin Scale; INR: International Normalized Ratio; APTT: Activated Partial 
Thromboplastin Time. 
 

Eligibility criteria for participating centers 

Intervention centers will be able to participate if they (1) have experience in conducting 
acute stroke trials, (2) meet the Dutch quality criteria of the ‘Nederlandse Vereniging 
voor Radiologie’ and ‘Nederlandse Vereniging voor Neurologie’ to perform EVT (e.g. 
available for treatment 24 hours,7 days a week; at least 50 EVT procedures performed 
per year; at least 3 interventionists), (3) have a stroke team (including interventionists) 
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with sufficient experience performing EVT (>20 EVT procedures performed per 
physician per year), (4) use one or more devices approved by the trial steering 
committee  and (5) have sufficient experience with the particular device.13 

Randomization and blinding 

The randomization procedure will be computer- and web-based, using permuted 
blocks. Randomization will take place at the intervention center, and will be stratified 
for center, and for treatment allocation in an ongoing prehospital randomized 
intervention trial (MR ASAP; ISRCTN99503308).14 Only the treating physician, or local 
study investigator of the intervention center, that is trained for assessment of trial 
eligibility, is allowed to enroll participants. The allocation sequence has been generated 
by the independent trial statistician. Both patient and treating physician will be aware 
of the treatment assignment. It will not be possible to view the treatment allocation 
before the patient is registered in the study database, nor will it be possible to remove 
the patient from the study database. For each patient that withdraws before the final 
outcome assessment, an additional patient will be included. Primary outcome will be 
assessed using standardized forms and procedures in a standardized phone interview 
by a research nurse blinded to treatment allocation.15,16 To guarantee unawareness of 
the research personnel assessing the outcome at three months, they will have no 
access to the medical records of the patients, instruct patients or relatives before 
starting the interview not to reveal the allocation (performed procedure or admission 
in the hospital), and they will enter the outcome data in a database which is separated 
from the clinical database. Final assessment of the mRS score at 90 days will be 
performed by the outcome committee, consisting of trained investigators blinded to 
the treatment allocation, based on the reports of the telephone interview. 
Neuroimaging results will be determined by assessors blinded to treatment allocation. 
All information pertaining to outcomes will be kept separately from the main study 
database and will remain inaccessible to the executive committee until study 
completion. An independent trial statistician will combine data on treatment allocation 
with the clinical and outcome data to report summaries of trial progress, regular safety 
assessments and interim analyses on efficacy and safety to the data safety monitoring 
board (DSMB). 

Intervention 

Patients are assigned to either EVT plus best medical treatment or best medical 
treatment alone. Best medical treatment could include admission to a stroke unit or 
intensive care unit, secondary preventive measures, and rehabilitation. Crossover is 
only allowed when additional endovascular contraindications arise after randomization. 
Choice of endovascular device (stent-retriever or aspiration device) will be left to the 
individual interventionist provided the device is CE marked or FDA approved for EVT 
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(Table 2). If deemed indicated, local application of maximum dosages of alteplase 
(30 mg), urokinase (1.2 million IU) or abciximab (20 mg) is allowed.  
 
In case of failed recanalization, residual intracranial stenosis or concomitant 
extracranial carotid pathology treatment as indicated by the intervention team, 
including stent placement with additional antiplatelet therapy, is allowed. 
 
Table 2 List of currently approved treatment devices.* 

Device name Manufacturer Description 
Solitaire Medtronic/Covidien Retrievable stent 
Trevo Stryker Retrievable stent 
Revive Cerenovus Retrievable stent 
Catch Balt Retrievable stent 
Embotrap Cerenovus Retrievable stent 
Eric Microvention Retrievable stent 
PreSet Phenox Retrievable stent 
3D Separator Penumbra Retrievable stent 
Penumbra system Penumbra Aspiration catheter system 
Sofia Microvention Aspiration catheter 
Catalyst Stryker Aspiration catheter 
Syphontrak InNeuroCo Aspiration catheter 

*new devices may be used when they are CE marked or FDA approved, and after approval by the study 
executive committee.    
 

Potential risks  

The potential risks of EVT consist of intracranial and extracranial hemorrhage, 
procedure related risks such as dissection, perforation and infarctions in other vascular 
territories, and postprocedural events such as infections.17 In the 5 landmark trials of 
2015, the risks of hemorrhage and hemorrhagic infarction were equal for both the 
intervention and the control group. Postprocedural events such as pneumonia and 
other infections occurred in similar frequencies in both groups, and procedure-related 
events were infrequent. 

Study procedures 

Before randomization, NIHSS score will be assessed by certified assessors. NCCT, CTA 
(and CTP in case of NIHSS≥10) will be performed at baseline. MRA at baseline is also 
permitted, though collaterals must be assessed on CTA. After 24 hours, further NIHSS 
assessment and follow up imaging will be performed regardless of treatment 
allocation. Intervention centers may choose either NCCT/CTA or MRI/MRA as follow up 
modality at 24-48 hours. Participating centers should adhere to the chosen modality 
during the trial to prevent bias by indication. Only in case of contra-indications for MRI, 
CT-imaging may be performed instead and vice versa. If follow-up imaging will be 
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performed with MRI, DWI, FLAIR, T2 and intracranial 3DTOF sequences are required. If 
CT follow up is chosen, NCCT will be repeated at 5-7 days or just before discharge to 
assess final infarct volume. Final NIHSS score assessment will also be performed at 
5-7 days or just before discharge for all included patients. Functional outcome will be 
assessed as mRS score, Barthel index and EQ5D5L by telephone interview at 90 days 
after randomization by a certified research nurse.  
 
Blood samples will be taken from patients when logistics at the participating centers 
allow this. Blood samples will be drawn at the following time points: (1) within 1 hour 
before the EVT, (2) within 1 hour after the EVT or 1 hour after hospital admission in 
case the patient is part of the control group and (3) at 24 hours after the EVT or 
admission. We will also take a blood sample if the patient has a regular (non trial-
related) outpatient clinic appointment (2-6 months after treatment). One tube EDTA 
(+/-5 mL), one tube without anticoagulant (+/-7 mL) and two tubes citrated blood 
(2.7 mL) will be drawn, which is no more than 20 mL. Substudies may require extra 
blood tubes, never more than 20 mL per blood draw. When a drip is in place, which will 
be the case in blood drawing at moment 1,2 and 3, this will be used. Samples will be 
stored at minus 80 degrees Celsius for later analysis of procoagulant and genetic 
factors that may interact with treatment effect. In addition, this trial also makes use of 
“waste material”: blood aspirated during intervention with retrieved thrombi during 
intervention. All biomaterials will be stored in our CONTRAST biobank for 15 years. 

Deferred consent 

MR CLEAN-LATE will investigate an acute intervention in an emergency situation 
concerning a life-threatening disorder. For several ethical and legal reasons, the 
investigators ask all patients or their representative for written consent after treatment 
allocation has been carried out (i.e., deferred informed consent). The patient or 
representative will be asked to provide consent as early as deemed appropriate and 
reasonable after hospital admission, ideally before upcoming study procedures after 
EVT and ultimately before final outcome assessment. If a patient or his/her 
representative refuses to provide consent, participation in the trial will be terminated 
immediately. Participation in MR CLEAN-LATE is voluntary, and the patient or 
representative may – at any given time – withdraw informed consent without 
explanation. When consent by proxy has been obtained and the patient recovers, we 
will again ask the patient for written consent. If a patient dies before deferred consent 
is obtained, the representative will be informed about trial participation.   

Study outcomes 

Primary outcome is the score on the modified Rankin Scale, a 7-point scale ranging 
from 0 (no symptoms) to 6 (death), at 90 days (+/- 14 days).18 A score of 2 points or less 
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indicates functional independence. Secondary outcomes are: (1) extended Treatment 
In Cerebral Ischemia (eTICI) score on final angiography during EVT procedure.19 
(2) Recanalization rate at 24 hours after randomization, assessed with CTA/MRA.20 
(3) Score on the NIHSS at 24 hours and 5-7 days after randomization or at discharge.21 
(4) Final infarct volume on MRI at 24 hours or on NCCT at 5-7 days. Final infarct volume 
will be assessed with the use of an automated, validated algorithm.22 (5) Dichotomized 
mRS score of 0-1 vs. 2-6 at 90 days, of 0-2 vs. 3-6 at 90 days and of 0-3 vs. 4-6 at 
90 days. (6) Death at 90 days. (7) Score on the Barthel index and EQ5D-5L at 90 days. 
Additionally, the following safety endpoints will be assessed: (1) hemorrhages 
according to the ECASS classification23; (2) symptomatic intracranial hemorrhage (sICH) 
scored according to the Heidelberg criteria24; (3) embolization in new territory on 
angiography during EVT; (4) occurrence of aneurysma spurium; (5) occurrence of groin 
hematoma; (6) infarction in new cerebral territory at 1 week after randomization 
assessed with NCCT or at 24-48 hours assessed with DWI-MRI; (7) stroke progression, 
defined as neurological deterioration with an increase of two or more points on one 
NIHSS item, or 4 points in total on the NIHSS and follow up cerebral imaging 
compatible with the diagnosis of ischemia and no other underlying cause for 
neurological deterioration; (8) all-cause mortality at 90 days. 
 
For additional analyses in efficiency studies on EVT implementation, the following time 
parameters will be recorded: (1) time of onset or last seen well; (2) time of symptoms 
noticed; (3) time of IVT; (4) time of arrival at intervention center; (5) time of groin 
puncture; (6) time of recanalization.  

(Serious) adverse event reporting 

Any undesirable event occurring to a patient during the study, whether or not 
considered related to the experimental investigation, will be considered an adverse 
event. Such an event will be considered a serious adverse event (SAE) if it (1) results in 
death, (2) is life threatening, (3) requires (prolonged) hospitalization or (4) results in 
persistent or significant disability or (5) is a congenital anomaly or birth defect. Any 
other important medical event that could have resulted in any of the outcomes listed, 
according to appropriate medical judgment, if no medical or surgical intervention 
would have been carried out, will also be considered a serious adverse event. Technical 
complications or vascular damage at the target lesion such as perforation or dissection 
that do not lead to clinically detectable SAE, or neurological deterioration that is 
considered as consistent with the natural cause of the ischemic stroke (e.g. not caused 
by intracranial hemorrhage or new ischemic stroke), will be recorded but not reported 
immediately. The (local) investigator will report the following SAEs occurring in the 
study period to the sponsor without undue delay of obtaining knowledge of the events: 
Death from any cause; symptomatic intracranial hemorrhage defined according to the 
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Heidelberg criteria, extracranial hemorrhage, cardiac ischemia, pneumonia, allergic 
reactions, new ischemic stroke in a different vascular territory. Serious adverse events 
that meet the aforementioned criteria will be reported to the sponsor, within 24 hours 
after coming to notice of the (local) investigator, by making use of the appropriate 
forms in the eCRF, which will automatically lead to notification of the study 
coordinator. 

Safety registry 

Due to the deferred consent procedure, study allocation and possible intervention will 
have taken place prior to obtaining informed consent. The procedure requires that all 
information on patients who did not provide consent after EVT is discarded and 
deleted. This may be against the interest of patients who did provide consent, and 
against the interest of the general public, as patients with sICH and other serious 
adverse events might be more likely to refuse consent for participation. Not 
considering these records might very well result in an underestimation of the true risk 
and validity of the data, and it might lead to undetected safety concerns for all 
consenting patients in the trial. To overcome this concern, we will register the 
following variables in a strictly anonymized safety registry for all patients, irrespective 
of whether a patient has provided written informed consent: patient’s study number, 
study treatment, in-hospital sICH occurrence (yes/no), and in-hospital survival status 
(yes/no). All other information will be completely erased from the patient’s study 
record in case no consent is provided. The link to the study database will be erased 
from the patient’s medical record. 

Data and Safety Monitoring Board 

The trial will be monitored by an independent data safety monitoring board (DSMB) 
chaired by a neurologist, including a neuro-interventionist and an independent 
statistician. The DSMB will meet at least annually or after inclusion of every 100th 
patient (whichever comes first), and assess the occurrence of unwanted effects by 
center and by procedure. Interim analyses of the major endpoints will be supplied in 
strict confidence in addition to any other analyses that the board may request. The 
executive committee will be kept unaware of the results of the interim analyses 
concerning efficacy and safety. The DSMB will advise the chairman of the steering 
committee if, in their view, the randomized comparisons in the trial  have provided 
both (1) "proof beyond reasonable doubt" that for all, or for some specific types of 
patients, one particular treatment is clearly indicated or clearly contraindicated in 
terms of a net difference in outcome, and (2) evidence that might reasonably be 
expected to materially influence patient management. Appropriate criteria of proof 
beyond reasonable doubt cannot be prespecified precisely, but a difference of at least 
3 standard deviations in an interim analysis of a major endpoint may be needed to 
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justify halting or modifying the study prematurely. This criterion has the practical 
advantage that the number of interim analyses is of little importance. In case of 
premature termination of the study the database will be closed after 90 days 
assessment of the last enrolled patient and results will be reported. 

Sample size 

We estimate that a sample size of 500 patients would provide a power of 85% with two 
sided alpha 0.05, using simulation with 5000 runs per assumed sample in R. For the 
power calculations we assumed the distribution over the 7-point mRS in the control 
group which is similar to the distribution of mRS in the control group of the MR CLEAN 
trial.1 We assumed a favorable effect of treatment with a common odds ratio of 1.52, 
which would lead to a 7% absolute increase in the proportion of patients with mRS 0-2. 

Statistical analyses 

The primary effect parameter will be the common odds ratio, estimated with ordinal 
logistic regression, which represents the shift on the full distribution of modified Rankin 
Scale at 90 days. The estimate will be adjusted for the prognostic variables (1) age; (2) 
prestroke mRS score; (3) time from onset to randomization; (4) clinical stroke severity 
(NIHSS score) at baseline; (5) collateral grade, and (6) unwitnessed stroke onset. 
Adjusted and unadjusted estimates with corresponding 95% confidence intervals will 
be reported. Secondary outcomes will be analyzed using ordinal logistic regression as 
appropriate, with the same adjustment variables as the primary outcome.  
 
The effect of intervention on the modified Rankin Scale will be further analyzed in 
subgroups defined by (1) tertiles of age; (2) sex (m/f); (3) tertiles of systolic blood 
pressure at baseline; (4) tertiles of NIHSS score at baseline; (5) tertiles of time from 
onset to randomization, groin puncture and revascularization; (6) diabetes mellitus; 
(7) atrial fibrillation; (8) extracranial carotid obstruction; (9) occlusion location (ICA, 
ICA-T, M1, M2/3); (10) ASPECT score (0-4, 5-7, 8-10); (11) collaterals (poor, moderate, 
good); (12) witnessed/unwitnessed stroke; (13) inclusion in active treatment arm of 
MR ASAP, and (12) CTP characteristics. All analyses will be performed according to the 
intention-to-treat principle. Missing baseline characteristics will be imputed using 
multiple regression imputation. 
 
A health-economic analysis will be performed to assess the cost-effectiveness of the 
intervention under study. The endpoint will be the cost per patient with good 
functional outcome and the cost per QALY.  



 MR CLEAN LATE study protocol 

101 

Amendments 

Amendments are changes made to the research protocol after approval by the 
accredited METC. All amendments will be notified to the METC that gave the approval. 
Non-substantial amendments will not be notified to the accredited METC and the 
competent authority, but will be recorded and filed by the sponsor, and communicated 
with all study sites.  

Data management 

All MR CLEAN-LATE data are entered into a web-based trial management system that 
allows for edit and audit trails, by trained local research nurses.  Patient records are 
coded by a unique study number. The local investigators will keep a list showing codes 
and names. Unique documents with identifying information will be stored separately 
from the study database in digital files, categorized by study number on a secure drive 
system, only accessible to the study coordinators. Data will be monitored for 
completeness, consistency and validity by the study coordinators through automated 
data checks. Twenty-five percent of local data are carefully reviewed against source 
data, based on a pre-assessed risk evaluation and in accordance with Dutch standards, 
by an independent monitor performing two to three visits per year during the study 
period (Appendix 3). The database will be closed within one month after the last 
scheduled follow-up date of the last included patient. 

Study organization and funding 

MR CLEAN-LATE is part of the COnsortium for New TReatments of Acute STroke 
(CONTRAST online Appendix 1: 10.1186/s13063-021-05092-0), and will be coordinated 
from the Maastricht University Medical Center. CONTRAST is supported by the 
Netherlands Cardiovascular Research Initiative which is supported by the Dutch Heart 
Foundation (CVON2015-01: CONTRAST), the Brain Foundation Netherlands 
 (HA2015.01.06), and Health~Holland, Top Sector Life Sciences & Health (LSHM17016), 
Medtronic and Cerenovus . The cost-effectiveness analysis is supported by ZonMW.  

Ethical considerations 

The protocol of the MR CLEAN-LATE, including the template informed consent forms, 
which can be found on https://www.mrclean-late.nl, has been approved by the medical 
ethics committee of Erasmus MC University Medical Center (MEC-2017-367) before 
start of the trial. Data management, monitoring and reporting of the trial will be 
performed in accordance with the ICH GCP guidelines. The study will be conducted 
according to the principles of the Declaration of Helsinki (October 2013), ICH-GCP, and 
in accordance with the Medical Research Involving Human Subjects (WMO).  



Section 3B, chapter 5 

102 

Trial status 

Screening and inclusion for MR CLEAN-LATE started in January 2018 and is ongoing. In 
January 2021 we included 360 patients. Recruitment is expected to be completed 
within 4 years from start of the trial. For up to date patient enrollment numbers and 
study sites please visit: https://www.mrclean-late.nl. The current article is based on 
protocol version 1.5 dating from August 2019. 

Publication policy 

The study database will be closed within one month after the last scheduled follow-up 
date of the last included patient. A manuscript containing at least the study description 
and the answer to the primary research question will be submitted to a major clinical 
journal within 3 months from closure of the database. The manuscript will be shared 
with the financial sponsors one month before submission, but they will have no 
influence on its contents. At time of publication, the participants or representatives will 
be informed on the main results. Anonymous data can be requested from the principal 
investigator with a detailed description containing the aims and methods of the study 
for which the data are intended to be used. Data will be made available for this 
purpose at least 18 months after publication of the main report.  

Discussion  

MR CLEAN-LATE is a pragmatic multicenter randomized trial with PROBE design of EVT 
next to best medical treatment versus best medical treatment alone for large vessel 
occlusion acute anterior circulation stroke in patients presenting with poor, moderate 
and good collaterals between 6 and 24 hours from time last known well. The effect of 
EVT will primarily be evaluated on functional outcome and secondarily on safety 
aspects. To this end, the MR CLEAN-LATE will provide the basis for the pragmatic 
expansion of EVT to the ‘late’ patient group. Central to this expansion will be the 
assessment of collateral status on CTA for EVT eligibility. 
 
Recent publications of DAWN and DEFUSE 3 have shed light on EVT in a subpopulation 
of patients presenting beyond the 6 hour treatment window.7,8 Both trials showed 
significant benefit for patients with large vessel anterior circulation occlusion  
presenting between 6–24 hours and 6–16 hours from time last known well 
respectively. Unfortunately, there are several limitations in both trials that limit 
generalizability and wide implementation. Only patients with a distal carotid artery 
occlusion or ACM-M1 occlusion with very small infarct core sizes as selected by CT-
perfusion or MR-diffusion assessed by use of RAPID software were included. In DAWN, 
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median core size was 18 ml or less in 75% of patients. DEFUSE 3 showed core infarct 
sizes smaller than 26 ml in 75% of the included patient population and 75% had a 
penumbra larger than 80 ml. Additionally, perfusion imaging is known to suffer from 
wide variations in core and tissue-at-risk calculations between the various software 
packages used for these calculations. The use of only one software-package in DAWN 
and DEFUSE 3 therefore limits the generalizability in clinical practice.  
 
It is well known that patient selection based on advanced imaging characteristics 
increases the chance of good functional outcome.2-5 The MR CLEAN trial did not select 
on the basis of  advanced imaging criteria other than proven occlusion on CTA.1 In 
patients who underwent CT-perfusion in MR CLEAN, CT-perfusion showed an 
association with outcome, but not with treatment effect.25 On the contrary, collateral 
status on CTA did show an interaction with treatment effect in MR CLEAN with higher 
collateral grades showing larger treatment effects.12  
 
Finally, it has been shown that of all patients with acute ischemic stroke presenting to a 
single comprehensive stroke center, only 1.7% of patients qualified for DAWN clinical 
trial enrollment with an additional 0.6% to 1% qualifying for the DEFUSE-3 trial.24 Based 
on these findings we deem it of utmost importance to perform MR CLEAN-LATE using 
broad inclusion criteria and widely applicable and less advanced imaging criteria.  

Expected benefit 

In the Netherlands, approximately 25% of ischemic stroke patients arrive beyond the 
6 hour last known well time window in a hospital. Based on results from in MR CLEAN it 
is expected that one in five patients will have a proximal intracranial occlusion and 
more than half of these will have poor to good collaterals. We therefore expect that in 
the 17 participating centers yearly 1000 patients will be eligible for this study. Based on 
experiences in the ESCAPE trial, if one in four thereafter fulfills all other selection 
criteria potentially 250 patients per year will be eligible in all participating centers. We 
expect to find a minimum 7% absolute increase in functionally independent patients. 
This means that during the study period yearly, 18 patients presenting with a large 
vessel occlusion stroke beyond 6 hours could be saved from a disabled life by EVT in 
the Netherlands. 

Limitations and concerns 

The effectiveness and safety of EVT has already been shown in acute anterior 
circulation proximal vessel occlusion stroke with time from onset to groin of less than 
6 hours. Therefore, the risks associated with EVT are well known and it is not expected 
that these risks increase with prolonged time to treatment. 
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It has been shown that higher collateral score on CTA is associated with better 
functional outcome after EVT. The benefit of EVT is therefore not only dependent on 
time but also on the presence of collaterals. Therefore, the benefit of thrombectomy 
outside the 6 hour last known well time window in this selected patient population 
might be in the same range as within the 6 hour time window.  
 
In both MR CLEAN and IMS III it has been shown that poor collateral status is 
associated with minimal or no treatment effect.12,26 Furthermore, because collaterals 
will decrease over time27, it may be expected that more patients in the late time 
window will present with poor collaterals than in the 6-hour time window. A large 
proportion of patients with poor collaterals in the trial may negatively affect the 
hypothesized treatment effect. Therefore, the total number of patients with poor 
collaterals will be limited to 100. The imaging core lab will evaluate baseline CTAs on a 
regular basis in order to monitor number of enrolled patients with poor collateral 
status.  
 
The infrastructure surrounding EVT in the Netherlands has largely been established 
during the MR CLEAN trial and has since than further improved, as evidenced by faster 
treatment times in the MR CLEAN Registry.28 MR CLEAN-LATE can utilize the existing 
stroke infrastructure providing fast time metrics from presentation to treatment. 
 
There are several CTA techniques currently in use for determining collateral status. Of 
these, perfusion-CTA and multiphase CTA seem to be more accurate in determining 
collateral grade than single-phase CTA (spCTA)10,11,29,30 The observed difference is 
mostly due to an underestimation of good and excellent collateral scores by 
spCTA.10,29,30 Absent collateral grade scores did appear similar in all groups. Therefore, 
the chance that patients will not be included in MR CLEAN-LATE due to a false negative 
collateral score reading on spCTA will be low and acceptable. Also, the used collateral 
score in MR CLEAN LATE was originally validated with spCTA. SpCTA is commonly used 
in the Netherlands to determine presence of a large vessel occlusion and is therefore 
allowed in the current trial. 

Deferral of consent  

In MR CLEAN-LATE, we use a deferred consent procedure. The primary reason for this 
approach is that in ischemic stroke, acute treatments are based on the ‘time is brain’ 
principle, in order to reduce loss of brain tissue as time progresses. In patients treated 
with EVT, each hour delay to reperfusion is associated with an increase in absolute risk 
of disability of 6-7%.6 First of all, experience in MR CLEAN indicates that a proper 
informed consent procedure takes more than one hour, even when a legal 
representative is involved. This would lead to an unacceptable delay, considering the 
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time-dependent effect of EVT. Second, most patients with acute neurological deficits 
(such as impaired consciousness or aphasia) are not capable of decision making before 
enrollment in a trial. In the MR CLEAN Registry, 80% to 96% of the acute ischemic 
stroke patients eligible for EVT were in retrospect considered to lack decision-making 
capacity at admission, based on neurological symptoms potentially interfering with 
their capacity to decide about trial participation.31 Exclusion of these patients might 
lead to selection bias and reduced generalizability of the trial results. Lastly, the 
decision-making capacity for trial participation in an emergency situation is also 
reduced by stress and by the complexity and volume of the provided information. Thus, 
the use of the deferred consent procedure is likely to increase patient enrollment and 
to reduce selection bias, resulting in better generalizability of the trial results. However, 
if a substantial number of patients or representatives object to enrollment after EVT 
this could actually contribute to a different kind of selection bias, particularly if this 
disproportionally concerns patients with adverse events and poor clinical outcome. 
Postponing consent seems tolerated by patients and their relatives in several clinical 
studies and trials.32-38 However, a substudy of the ESCAPE trial (The Endovascular 
Treatment for Small Core and Anterior Circulation Proximal Occlusion With Emphasis 
on Minimizing CT to Recanalization Times), showed that the majority of patients or 
their representatives disagreed with the use of deferred consent.39 Yet, none of the 
patients enrolled with deferred consent in this trial withdrew consent later, and 
patients agreed with the conditions used to justify deferred consent procedures. A 
separate substudy within the CONTRAST collaboration, in the form of a survey, will be 
carried out to further elucidate the acceptability of the deferred consent procedure in 
acute stroke trials. 
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Abstract 

Background 
The benefit of endovascular treatment (EVT) for posterior circulation stroke (PCS) 
remains uncertain and little is known on treatment outcomes in clinical practice. This 
study evaluates outcomes of a large PCS cohort treated with EVT in clinical practice. 
Simultaneous to this observational study, several intervention centers participated in 
the BASICS trial, which tested the efficacy of EVT for basilar artery occlusion in a 
randomized setting. We additionally compared characteristics and outcomes of 
patients treated outside BASICS in trial centers to those from non-trial centers. 
 
Methods 
We included patients with PCS from the MR CLEAN Registry: a prospective, 
multicenter, observational study of patients who underwent EVT in the Netherlands 
between 2014 and 2018. Primary outcome was a score of 0-3 on the modified Rankin 
Scale (mRS) at 90 days. Secondary outcomes included reperfusion status, and 
symptomatic intracranial hemorrhage (sICH). For outcome comparison between 
patients treated in trial versus non-trial centers we used ordinal logistic regression 
analysis.  
 
Results 
We included 264 patients of whom 135 (51%) had received intravenous thrombolysis. 
The basilar artery was most often involved (77%). Favorable outcome (mRS 0-3) was 
observed in 115/252 (46%) patients, and 109/252 (43%) patients died. Successful 
reperfusion was achieved in 178/238 (75%), and sICH occurred in 9/264 (3%). The 154 
non-trial patients receiving EVT in BASICS trial centers had similar characteristics and 
outcomes as the 110 patients treated in non-trial centers (mRS adjusted cOR: 0.77 
[95% CI 0.5-1.2]).   
 
Conclusion 
Our study shows that high rates of favorable clinical outcome and successful 
reperfusion can be achieved with EVT for PCS, despite high mortality. Characteristics 
and outcomes of patients treated in trial vs non-trial centers were similar indicating 
that our cohort is representative of clinical practice in the Netherlands. Randomized 
studies using modern treatment approaches are needed for further insight in the 
benefit of EVT for posterior circulation stroke. 
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Introduction 

Large vessel occlusion (LVO) of the posterior circulation comprises around 1% of all 
ischemic strokes and is associated with high risk of disability and mortality.1-3 Because 
endovascular treatment (EVT) has been proven safe and effective for LVO stroke of the 
anterior circulation, its extension to the posterior circulation seemed warranted.4 
However, recent trials of patients with a basilar artery occlusion (BAO) stroke did not 
show superiority of EVT over best medical management.5,6 As such, clinicians are still 
faced with uncertainties regarding the benefit of EVT in routine practice. Studies 
reporting on EVT performed for posterior circulation stroke (PCS) were often limited to 
single center data or the use of outdated thrombectomy devices.7-12 Therefore, more 
information on the outcome after PCS and its determinants is needed to aid treatment 
decisions in clinical practice and perhaps the design of future RCTs. In the Netherlands, 
all patients treated in clinical practice with EVT for LVO stroke between 2014 and 2018 
were included in the MR CLEAN Registry; a prospective multicenter database. Our 
primary aim is to describe patient characteristics and evaluate outcomes in this large 
cohort of patients with posterior LVO stroke treated with EVT in clinical practice.  
 
During the registry study period, several Dutch stroke intervention centers participated 
in the BASICS (BASilar artery International Cooperation Study) trial, which tested the 
efficacy of EVT in patients with BAO in a randomized setting. The majority of the 
patients randomized in this trial were enrolled in the Netherlands and were not 
included in the MR CLEAN Registry. Simultaneous trial participation may have 
influenced the composition of our clinical practice cohort. For example, patient 
selection for EVT outside of BASICS could have been based on favorable characteristics 
(e.g. young age) or trial exclusion criteria, resulting in a different patient cohort 
compared to other previous clinical practice registries.  
 
In order to gain more insight in the composition of our patient cohort and in the 
interpretation and relevance of our results, we compared clinical profiles and 
outcomes between patients who underwent EVT for PCS in trial participating centers 
versus non participating centers. 

Methods  

Study design and patients  

The MR CLEAN (Multicenter Randomized Clinical Trial of Endovascular Treatment for 
Acute Ischemic Stroke in the Netherlands) Registry is a prospective, nationwide 
registry, in which data were collected from consecutive acute stroke patients treated 
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with EVT in 18 intervention centers in the Netherlands after the last inclusion of 
patients in the MR CLEAN trial. The study protocol was evaluated by the central 
medical ethics committee of the Erasmus MC in Rotterdam, the need for individual 
patient consent was waived, and permission to carry out the study as a registry was 
granted. Full methods of the MR CLEAN Registry have been reported previously.13 For 
the present study, we included patients treated with EVT from March 2014 up to 
December 2018, who met the following inclusion criteria: age ≥18 years; occlusion of 
the vertebral, basilar, or posterior cerebral artery confirmed by baseline computed 
tomography angiography (CTA); with symptoms attributable to ischemia of the 
posterior circulation. Patients were selected for EVT based on the judgement of the 
treating physician. 
 
Source data will not be made available because of legislative issues on patient privacy. 
Detailed analytic methods and study materials, including log files of statistical analyses, 
are available to other researchers upon reasonable request to the first author. The 
STROBE statement of the present study can be found in the Supplemental material 
(online resource DOI: 0.1161/STROKEAHA.121.034786).  

Treatment procedures 

EVT was defined as arterial puncture in the angiography suite and could include digital 
subtraction angiography (DSA), catheterization with a micro-catheter to the level of 
occlusion, either followed or not by mechanical thrombectomy. Mechanical 
thrombectomy included stent retriever technique, thrombus aspiration, or a 
combination of both, with or without delivery of a thrombolytic agent. The method of 
EVT was left to the discretion of the treating physicians. Preferred anesthetic 
approaches were center specific and could depend on individual patient 
characteristics.  

Outcome assessment  

The primary outcome was favorable functional outcome scored on the modified Rankin 
Scale (mRS), which is a 7-point scale ranging from 0 (no symptoms) to 6 (death).14 mRS 
score was assessed at 90 days (range of 14 days) in all intervention centers as part of 
usual care. Considering the high risk of disability and mortality in patients with a 
posterior LVO, we defined favorable functional outcome as mRS 0-3.11 Patients with 
mRS 3 are moderately disabled, they require some help but are able to walk without 
assistance. Secondary outcomes included functional independence (indicated by mRS 
0-2), the National Institute of Health Stroke Scale (NIHSS) score at 24-48 hours15, and 
reperfusion status at the end of procedure. Safety outcomes were death within 
90 days, symptomatic intracranial hemorrhage (sICH), and stroke progression. The 
adverse events committee consisted of two vascular neurologists and one 
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neuroradiologist who evaluated the safety variables based on discharge letters and 
follow-up imaging. Intracranial hemorrhage was considered symptomatic if the patient 
had died or had deteriorated neurologically (a decline of at least 4 points on the 
NIHSS), and the hemorrhage (according to the Heidelberg criteria) was related to the 
clinical deterioration.16  

Imaging assessment 

An independent, experienced imaging core laboratory assessed all imaging according 
to pre-defined guidelines. The core laboratory consisted of eight members 
(2 neuroradiologists, 6 interventional (neuro)radiologists), who were blinded for all 
clinical findings. In separate sessions, the observers evaluated the findings on baseline 
non-contrast computed tomography (NCCT), baseline CTA, and digital subtraction 
angiography (DSA). Baseline NCCT assessment included posterior circulation-Acute 
Stroke Prognosis Early Computed Tomography Score (pc-ASPECTS).17 The pc-ASPECTS is 
graded from 0 to 10, with 1 point subtracted from 10 for any evidence of early 
ischemic changes in each defined region of the posterior circulation. Baseline CTA 
assessment included determination of the occluded arterial segment, and posterior 
circulation collateral score (PC-CS).18,19 The PC-CS is a 10-point grading system, in which 
1 point is scored for each patent collateral; posterior inferior cerebellar artery (PICA), 
anterior inferior cerebellar artery (AICA), superior cerebellar artery (SCA), and posterior 
communicating artery (PCoA). When the diameter of the PCoA is equal or larger than 
the ipsilateral P1 segment, 2 points are allocated instead of 1 point. A fetal variant of 
the posterior cerebral artery was not included in the score. Reperfusion status was 
evaluated on DSA according to the extended Thrombolysis in Cerebral Ischemia (eTICI) 
score.20 eTICI ranges from grade 0 (no reperfusion) to grade 3 (complete reperfusion). 
Successful reperfusion was defined as eTICI 2B-3.  

Time metrics 

All time variables were assessed by standardized approach, consistent with definitions 
used in previous studies concerning basilar artery strokes.5,11 Time of first symptom 
onset was reported if onset was witnessed, or time last known well if onset was not 
witnessed. In patients with transient or mild neurological symptoms with secondary 
worsening consistent with the large vessel occlusion, the time point of secondary 
worsening was considered as the estimated time of large vessel occlusion (eLVO).  

Patients treated in trial center vs. non-trial center 

Patients who underwent for EVT outside the BASICS trial at an intervention center that 
was actively recruiting for the BASICS trial at the time, were considered derived from a 
‘trial-center’. Patients who underwent EVT at an intervention center that was not (yet) 
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initiated as a trial site, were considered derived from a ‘non-trial center’(Figure 1). For 
instance, one center started recruitment for the trial in November 2016. Consequently, 
patients included before November 2016 were considered to be derived from a non-
trial center, and patients included after November 2016 were considered to be derived 
from a trial center.  

Statistical analysis   

Baseline characteristics and outcomes were described using standard statistics, and 
presented as median (interquartile range [IQR]) or numbers and percentages (%), 
unless indicated otherwise. Missing values were indicated for each variable.  
 
For the outcome comparison between patients who underwent EVT in ‘trial-centers’ 
versus ‘non-trial centers’, we used multivariable ordinal logistic regression analysis to 
estimate the common odds ratio (cOR) for a one-step shift towards a better functional 
outcome on the mRS. In multivariable analysis we adjusted for potential imbalances 
adapted from clinical prognostic factors described in previous literature: age, sex, 
NIHSS at baseline, diabetes mellitus, systolic blood pressure at baseline, Glasgow coma 
scale, intravenous thrombolysis, time from eLVO to groin puncture, and PC-CS. 
Adjusted (a) ORs and betas (β) were reported with 95% confidence intervals (95% CI).  

Missing Data 

Any mRS score of 0 to 5 assessed within 30 days was considered missing. These values 
were  replaced by mRS scores derived from multiple imputation for association 
analyses. Descriptive analyses report observed data only, while regression models 
include all patients with multiple imputed data. STATA version 14.1 (StataCorp, TX) was 
used for all statistical analyses. 

Results 

Out of 5773 patients in the MR CLEAN Registry, 264 patients (4.6%) were treated with 
EVT for posterior large vessel occlusion stroke. Of these, 154 patients were treated 
outside the BASICS trial in ten trial participating centers, and 110 patients underwent 
EVT in eight non-trial centers (Figure 1).  
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Figure 1 Flowchart patient selection. 
 * 17 out of 18 MR CLEAN Registry intervention centers have performed EVT for posterior 

circulation stroke patients. One center started recruitment for the trial in November 2016. 
Consequently, patients included before November 2016 were considered to be derived from a 
non-trial center, and patients included after November 2016 were considered to be derived 
from a trial center.  

 
 

Median age at presentation was 65 years (IQR 54-74), median NIHSS was 16 (IQR 8-31), 
intravenous thrombolysis was administered in 135/264 (51%) patients, and symptoms 
were maximum from onset in 130/254 (51%) (Table 1). The basilar artery was most 
commonly involved (77%), followed by posterior cerebral artery alone (13%), and 
intracranial vertebral artery alone (5%). Median duration from time of eLVO to groin 
puncture was 240 minutes (IQR 175-365) and 64/246 (26%) patients presented beyond 
6 hours from eLVO. The duration of procedure was on average 60 minutes (IQR 37-90), 
general anesthesia was used in 141/259 (54%) patients, and most often a stent 
retriever was used in the first thrombectomy attempt 134/219 (61%).  

Patients treated in trial center vs non- trial center  

Patients treated with EVT in trial centers had on average a higher systolic blood 
pressure at presentation (mean 153 vs 146 mmHg) and less often received intravenous 
thrombolytics (46% vs 58%) than patients treated in non-trial centers. Interventionists 
more often used stent retriever (68% vs. 51%) and less often aspiration (27% vs. 41%) 
as a first-pass device in a trial center compared with a non-trial center. Other baseline 
characteristics were not different between groups (Table 1).  
 
We report the baseline and procedural characteristics of PCS patients dichotomized by 
mRS at 90 days (mRS 0-3 [favorable functional outcome] versus mRS 4-6 [poor 
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outcome]) in Table 2. In our cohort characteristics associated with poor outcome were: 
higher age, hypertension, diabetes mellitus, higher systolic blood pressure on 
admission, higher NIHSS at baseline, lower Glasgow Coma Scale score, level of 
occlusion (BA extending in PCA), longer duration of procedure, and use of general 
anesthesia.  
 
Table 1  Baseline characteristics of posterior circulation stroke patients and p-value for difference 

between non-randomized EVT in trial center vs non-trial center. 

 Total 
 

n=264 

Trial center 
 

n=154 

Non-trial 
center 
n=110 

p value 

Age, y, median (IQR) 65 (54-74) 68 (53-75) 63 (54-72) .07 
Male sex, n (%) 152 (58%) 85 (55%) 67 (61%) .35 
Medical history     
   Atrial fibrillation, n (%) 37/259 (14%) 23/151 (15%) 14/108 (13%) .61 
   Hypertension, n (%) 132/258 (51%) 82/151 (54%) 50/107 (47%) .23 
   Myocardial infarction, n (%)  33/259 (13%) 19/149 (13%) 14/110 (13%) 1.0 
   Hypercholesterolemia, n (%)  56/253 (22%) 35/149 (23%) 21/104 (20%) .53 
   Diabetes mellitus, n (%) 44/262 (17%) 26/152 (17%) 18/110 (16%) .87 
   Previous ischemic stroke, n (%) 48/261 (18%) 29/152 (19%) 19/109 (17%) .74 
   Pre-stroke modified Rankin Scale score, n (%)*    .11 
      0-3 231 (91%) 134 (88%) 97 (94%)  
      ≥3 24 (9%) 18 (12%) 6 (6%)  
Intoxication and medication     
   Current smoking, n (%) 54/187 (29.%) 32/121 (26%) 22/66 (33%) .32 
   Statin use, n (%) 72/252 (29%) 42/148 (28%) 30/104 (29%) .94 
   Antiplatelet use, n (%) 72/257 (28%) 45/150 (30%) 27/107 (25%) .40 
   Anticoagulation use, n (%) 29/253 (11%) 20/148 (14%) 9/105 (9%) .22 
   Antihypertensive medication use, n (%) 130/251 (52%) 81/147 (55%) 49/104 (47%) .21 
Clinical      
   Mean (SD) systolic blood pressure (mm Hg)† 150 (28) 153 (30) 146 (25) .04 
   Intravenous alteplase treatment, n (%) 135 (51%) 71 (46%) 64 (58%) .05 
   NIHSS, median (IQR) ‡ 16 (8-31) 17 (8-31) 15 (8-31) .37 
   Glasgow Coma Scale score (median) 10 (5-14) 10 (4-14) 11 (5-14) .36 
   Course of symptoms, n(%)§    .73 
      Maximum from onset 130 (51%) 77 (52%) 53 (50%)  
      Progressive deficit 88 (35%) 53 (36%) 35 (33%)  
      Fluctuating deficit 36 (14%) 19 (13%) 17 (16%)  
Imaging     
   Pc-ASPECTS on NCCT, median (IQR) | | 10 (9-10) 10 (9-10) 10 (9-10) .24 
   Level of occlusion on CTA, n (%)#     .16 
   Non occlusive thrombosis  11 (4%) 4 (3%) 7 (7%)  
   Intracranial vertebral artery (VA) 14 (5%) 9 (6%) 5 (5%)  
   Basilar artery (BA) 101 (39%) 64 (42%) 37 (35%)  
   BA extending into posterior cerebral artery 
   (PCA) 

98 (38%) 52 (34%) 46 (44%)  

   Posterior cerebral artery  34 (13%) 24 (16%) 10 (10%)  
   PC-collateral score, median (IQR) ** 7 (5-8) 7 (5-8) 7 (5-8) .22 
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Table 1 (continued) 

 Total 
 

n=264 

Trial center 
 

n=154 

Non-trial 
center 
n=110 

p value 

Procedure      
   Duration eLVO to groin in min, median (IQR) †† 240 (175-365) 255 (175-382) 225 (173-323) .16 
   Duration door to groin in min, median 
   (intervention center) (IQR) ‡‡ 

84 (53-125) 82 (57-138) 85 (45-110) .96 

   Duration of procedure in min, median (IQR)  §§ 60 (37-90) 58 (38-87.5) 60 (35-92) .90 
   Use of general anesthesia, n (%)| || | 141 (54%) 79 (52%) 62 (58%) .34 
   Performed procedure     
      Catheterization only, (n%) 12 (5%) 8 (5%) 4 (4%) .19 
      DSA only, n(%) 28 (11%) 12 (8%) 16 (15%)  
      EVT, n(%) 224 (85%) 134 (87%) 90 (82%)  
   Device used for first attempt      
      Stent retriever, n(%) 134/219 (61%) 90/132 (68%) 44/87 (51%) .01 
      Aspiration device, n(%) 71/219 (32%) 35/132 (27%) 36/87 (41%) .02 
      Stent placement at occlusion location, n(%)## 28 (11%) 14 (10%) 14 (14%) .32 

* n=255, missing in 9 patients; † n=253, missing in 11 patients; ‡ n=261, missing in 3 patients;  §n= 254, missing 
in 10 patients; | | n=261, missing in 3 patients; # n=258, missing in 6 patients; ** n=257, missing in 7 patients; †† 
n=246, missing in 18 patients ‡‡n=251, missing in 13 patients; §§n= 248, missing in 16 patients; | || | n= 259, 
missing in 5 patients; ## n=245, missing in 9 patients.  
CTA, computed tomographic angiography; DSA, digital subtraction angiography; eLVO, estimated time of 
large vessel occlusion; EVT, endovascular thrombectomy;  IQR, interquartile range; NCCT, noncontrast 
computed tomography; NIHSS, National Institutes of Health Stroke Scale; NS, not significant; PC-ASPECTS, 
posterior circulation-Acute Stroke Prognosis Early Computed; SD, standard deviation.  
Level of occlusion: VA means no further distal occlusion; BA means no PCA occlusion, but may include VA 
occlusion; BA extended into PCA may also include VA occlusion; PCA means no occlusion of BA. 
 
 
Table 2 Baseline- and procedural characteristics in posterior circulation stroke patients dichotomized 

by mRS at 90 days. 

 mRS 0-3 
n=115 

mRS 4-6 
n=137 

p value 

Age, y, median (IQR) 62 (50-71) 69 (57-77) .02 
Male sex, n (%) 62 (54%) 84 (61%) .24 
Medical history:    
   Atrial fibrillation, n (%) 18/114 (16%) 17/133 (13%) .50 
   Hypertension, n (%) 49/114 (43%) 76/132 (58%) .02 
   Myocardial infarction, n (%)  15/113 (13%) 17/134 (13%) .90 
   Hypercholesterolemia, n (%)  25/111 (23%) 28/120 (22%) .85 
   Diabetes mellitus, n (%) 12/115 (10%) 30/135 (22%) .01 
   Previous ischemic stroke, n (%) 16/115 (14%) 30/134 (22%) .09 
   Pre-stroke modified Rankin Scale score, n (%)*   .21 
      0-3 103 (93%) 117 (88%)  
      ≥3 8 (7%) 16 (12%)  
Intoxication and medication    
   Current smoking, n (%) 31/93 (33%) 19/85 (22%) .10 
   Statin use, n (%) 30/112 (27%) 38/128 (30%) .62 
   Antiplatelet use, n (%) 29/112 (26%) 41/133 (31%) .40 
   Anticoagulation use, n (%) 14/111 (13%) 12/130 (9%) .40 
   Antihypertensive medication use, n (%) 52/112 (46%) 71/127 (56%) .14 



Section 3C, chapter 6 

120 

Table 2 (continued) 

 mRS 0-3 
n=115 

mRS 4-6 
n=137 

p value 

Clinical     
   Mean (SD) systolic blood pressure (mm Hg)† 144  (25) 155 (31) .003 
   Intravenous alteplase treatment, n (%) 55 (48%) 73 (53%) .39 
   NIHSS, median (IQR)‡ 13 (7-21) 21 (10-35) .003 
   Glasgow Coma Scale score (median) 11 (7-15) 7 (4-12) .01 
   Course of symptoms, n(%)§:   .85 
      Maximum from onset 59 (52%) 64 (50%)  
      Progressive deficit 40 (35%) 46 (36%)  
      Fluctuating deficit 14 (12%) 19 (15%)  
Imaging    
   Pc-ASPECTS on NCCT, median (IQR)| | 10 (9-10) 10 (9-10) .10 
   Level of occlusion on CTA, n (%)#   .008 
   Non occlusive thrombosis 8 (7%) 2 (1%)  
   Intracranial vertebral artery (VA) 5 (4%) 8 (6%)  
   Basilar artery (BA) 52 (46%) 45 (34%)  
   BA extending into posterior cerebral artery (PCA) 31 (28%) 63 (47%)  
   Posterior cerebral artery   16 (14%) 16 (12%)  
   PC-collateral score, median (IQR) **  7 (6-8) 6 (5-8) .07 
Procedure     
   Duration eLVO to groin in min, median (IQR)†† 245 (174-420) 235 (175-335) .85 
   Duration door to groin in min, median (intervention  
   center) (IQR) ‡‡ 

80 (52.5-132) 85.5 (57-121) .70 

   Duration of procedure in min, median (IQR)  §§ 45 (35-73) 70 (42.5-95) <.001 
   Reperfusion on DSA, n(%)| || | 90 (84%) 81 (67%) .003 
   Use of general anesthesia, n (%) ## 56 (49%) 82 (62%) .048 
   Device used for first attempt     
      Stent retriever, n(%) 57/97 (59%) 74/115 (64%) .40 
      Aspiration device, n(%) 34/97 (35%) 33/115 (29%) .32 
      Stent placement at occlusion location, n(%) *** 11 (10%) 16 (13%) .52 

* n=255, missing in 9 patients; † n=253, missing in 11 patients; ‡ n=261, missing in 3 patients;  §n= 154, missing 
in 10 patients; | |  n=261, missing in 3 patients ; # n=258, missing in 6 patients; ** n=257, missing in 7 patients; 
†† n=246, missing in 18 patients ‡‡n=251, missing in 13 patients; §§n= 248, missing in 16 patients; | || | n=236, 
missing in 28 patients; ## n= 259, missing in 5 patients; *** n=245, missing in 9 patients.  
CTA, computed tomographic angiography; eLVO, estimated time of large vessel occlusion;  IQR, interquartile 
range; NCCT, noncontrast computed tomography; NIHSS, National Institutes of Health Stroke Scale; NS, not 
significant; PC-ASPECTS, posterior circulation-Acute Stroke Prognosis Early Computed; SD, standard 
deviation.  
Level of occlusion: VA means no further distal occlusion; BA means no PCA occlusion, but may include VA 
occlusion; BA extended into PCA may also include VA occlusion; PCA means no occlusion of BA. 
 

Outcomes 

The distribution of 90 day mRS scores is provided in Figure 2. In total 115/252 (46%) 
patients achieved favorable functional outcome (mRS 0-3), 87/252 (35%) patients 
achieved functional independence (mRS 0-2), and 109/252 (43%) patients died within 
90 days. Median NIHSS score at 24 hours was 8 (IQR 3-21), successful reperfusion 
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(eTICI 2B-3) was achieved in 178/238 (75%) patients, sICH occurred in 9/264 (3%) 
patients, and stroke progression occurred in 46/264 (17%) patients (Table 3).  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 mRS distribution at 90 days. 
 
 
Table 3 Outcome of patients with PCS stroke treated with EVT in trial center vs non-trial center. 

Outcome Total 
n=264 

Trial center 
n=154 

Non-trial 
center 
n=110 

Unadjusted OR  
(95% CI) 

Adjusted (c)OR  
(95% CI) 

Primary outcome       
mRS score of 0-3 at 90d- n(%) 115 (46%) 67 (44%) 48 (48%) 0.85 (0.5-1.4) 1.05 (0.6-1.9) 
Secondary outcomes      
mRS at 90d – median* 4 (2-6) 5 (2-6) 4 (2-6) 0.69 (0.4-1.1) 0.77 (0.5-1.2) 
mRS score of 0-2 at 90d- n(%) 87 (35%) 46 (30%) 41 (41%) 0.64 (0.4-1.1) 0.74 (0.4-1.3) 
NIHSS 24h – median† 8 (3-21) 8 (2-28) 6 (3-15) β 3.05 (-0.5-6.6) β 1.51 (-1.7-4.7) 
Successful reperfusion on 
DSA, n(%)‡ 

178 (75%) 103 (74%) 75 (76%) 0.91 (0.5-1.6) 0.85 (0.5-1.6) 

Safety outcomes       
Mortality at 90d – n(%) 109 (43%) 68 (45%) 41 (41%) 1.20 (0.7-2.0) 0.89 (0.5-1.6) 
sICH 9 (3%) 7 (5%) 2 (2%) 2.57 (0.5-12.6) 2.47 (0.5-13.1) 
Progression of stroke 46 (17%) 30 (19%) 16 (15%) 1.42 (0.7-2.8) 1.31 (0.6-2.6) 

* n=252, missing in 12 patients; † n=236, missing in 28 patients; ‡ n=238, missing in 26 patients.  
β, regression coefficient, estimated with linear regression analyses 
Adjusted (c)OR: adjusted (common) odds ratio; mRS, modified Rankin Scale; NIHSS, National Institutes of 
Health Stroke Scale; sICH; symptomatic intracranial hemorrhage. 
 

Patients treated in trial center vs non- trial center  

Univariable analysis shows no significant shift on the mRS scale between patients 
treated in trial centers versus non-trial centers (Figure 2). We noticed a lower incidence 
of functional independence (mRS 0-2) in patients from trial centers (31% vs. 41%, 
p=.10)(Table 3). Favorable functional outcome (mRS 0-3) did not differ between groups 
(44% vs. 48%, p=.62), nor did reperfusion status or any of the safety outcomes.  
 
After adjustment for prognostic factors, we found no difference in primary outcome, 
secondary outcome nor in all safety outcomes between patients treated with EVT in 
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trial centers versus non-trial centers (Table 3). Results from additional multilevel 
analysis are not shown as they did not change the outcomes of our regression analyses.  

Discussion  

This nationwide multicenter registry evaluates outcomes of patients with posterior 
circulation stroke treated with EVT in clinical practice. Analysis shows that 75% of 
patients achieved successful reperfusion and 46% achieved favorable functional 
outcome at 90 days. These proportions are comparable with most registries on EVT for 
posterior LVO strokes and studies on EVT for basilar artery strokes.21-24 The occurrence 
of sICH in our cohort is similar to other PCS/BAO cohorts, which is known to be lower 
than the reported average of 6% for the anterior circulation.13,21-24 Regarding mortality 
within 90 days after EVT, we report a relatively high proportion (43%) compared to 
other PCS registries (28%-34%), but similar to several BAO registries (44%-47%).12,25,26 
We believe the high mortality might be caused by the relatively high proportion of 
basilar artery occlusions (77%) versus vertebral or posterior cerebral artery occlusions 
in our cohort. Furthermore, we found similar risk factors for worse outcome as in the 
anterior circulation stroke population treated with EVT. 
 
In the MR CLEAN Registry, 264 out of 5773 patients (4.6%) had a posterior large vessel 
occlusion. Because our registry does not include patients who were randomized in the 
BASICS trial that ran simultaneously, this ratio posterior/anterior EVT is fairly low. 
Nevertheless, even with addition of the 137 patients included in the BASICS trial in the 
Netherlands during our study period, the ratio of 401/5773 (7%) is lower than in other 
recent registries (Weber et al, 12%; Huo et al, 17%).22,24 Any speculation on treatment 
selection remains uncertain due to lack of information on patients with posterior LVO 
who did not receive EVT. Moreover, compared to other registries on patients with PCS 
treated with EVT, we report similar age, baseline NIHSS, frequencies of baseline risk 
factors, general anesthesia, and duration of procedure.21-24 We note a higher frequency 
of treatment with intravenous thrombolytics (51%) than previously reported (17-
34%).21,23,25 Time from eLVO to artery puncture was relatively short: median 
240 minutes versus 225-562 in other studies.22-25 We note that the time of eLVO was 
used as a proxy of time of stroke onset, while this timing method was not described in 
the other PCS registries, except for studies on BAO.5,11,25,27  
 
Patients treated in trial centers had similar baseline characteristics as patients in non-
trial centers, except for systolic blood pressure which could also explain the (non-
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significant) imbalance in intravenous thrombolysis administration. Trial-participating 
centers more often used a stent retriever and less often aspiration as first-line therapy 
compared with non-trial centers. We note that the BASICS trial did not mandate certain 
thrombectomy techniques. The difference in first-line therapy might be due to possible 
imbalance in patient sample size between centers that prefer stent retriever or 
aspiration.  
 
We found no significant differences in outcomes between patients treated with EVT in 
trial centers versus non-trial centers. More importantly, patients from trial centers who 
were treated outside of BASICS did not have more favorable characteristics or better 
outcomes, contrary to what might have been suspected. This suggests that there is no 
consensus on what factors are associated with favorable treatment effect. We believe 
this underlines the representativeness of our cohort and value of our results for 
assessment of EVT performed in clinical practice.  
 
Compared to the intervention group of the BASICS trial, we report similar favorable 
functional outcome (46% vs. 43%), but higher mortality (43% vs. 38%). We note that 
for this study we did not aim to report on potential selection bias in the trial. However, 
since the outcomes of our clinical cohort are similar to slightly worse than the BASICS 
trial (including outcomes of our vertebral/posterior cerebral artery infarcts), we might 
expect little influence of any possible selection on the results of BASICS. To test this 
hypothesis, both databases will be pooled for further analysis.  
 
Different from anterior circulation stroke, we found no association between shorter 
duration of eLVO to groin and better functional outcome. Difference in underlying 
etiology or course of symptoms might play a role in the duration times and will be 
further analyzed in future subgroup studies.   
 
Occlusions of the basilar artery extending in the posterior cerebral artery were 
associated with poor functional outcome. Stroke severity often differs between 
vertebral, posterior cerebral, and basilar artery strokes and therefore might impede 
comparison of outcomes between studies on overall posterior LVO stroke with BAO 
stroke alone. However, because the proportion of both vertebral and posterior 
cerebral artery occlusions was similar between good and poor outcome in our cohort, 
we believe stratification by occlusion location was not necessary for our primary 
outcome analysis. Future randomized trials should nevertheless consider stratifying for 
vertebral or posterior cerebral artery occlusion, as prognosis often differs from BAO.  
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The strength of our study is the use of a large database with consecutive PCS patients 
that were selected in clinical practice for EVT without the use of prespecified selection 
criteria. As such, it reflects on clinical judgement and subsequent treatment outcomes 
in clinical practice. Also, all outcome measures have been collected prospectively 
according to protocol. Finally, our study covers the period between 2014 and 2018 in 
which we may expect limited use of outdated thrombectomy approaches.  
 
Our study had several limitations. First of all, because of the lack of information on the 
non-treated PCS patients we were unable to determine any possible variables that 
were used for treatment selection in clinical practice. Second, consistent with other 
EVT studies, we used eTICI score to determine the reperfusion status. However, the 
inter-observer agreement for eTICI as a recanalization scale for the posterior 
circulation seems lower compared to the anterior circulation.28  

Conclusion 

In summary, our study shows that high rates of successful reperfusion and favorable 
clinical outcome can be achieved with EVT for posterior large vessel occlusion stroke, 
despite high mortality. Because overall outcomes of our patient cohort were similar to 
the BASICS trial we expect little influence of any potential selection on the final 
reported result. Characteristics and outcomes of patients treated in trial centers versus 
non-trial centers were similar, indicating that our cohort is representative of clinical 
practice, although a moderate effect of the simultaneously running trial cannot be 
excluded. Randomized studies using modern treatment approaches are needed for 
further insight in the benefit of EVT for posterior circulation stroke. 
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Abstract 

Background 
In patients with large vessel occlusion (LVO) stroke of the anterior circulation, 
underlying etiology is a determinant of outcome. Whether this is the case for posterior 
circulation LVO stroke has yet to be determined. We aimed to report on etiology in 
patients with posterior circulation stroke treated with endovascular thrombectomy 
(EVT), and to analyze the association with functional outcome.  
 
Methods 
We used data of patients with posterior circulation stroke included in the MR CLEAN 
Registry, a prospective multicenter observational study, between 2014 and 2018. 
Stroke etiology was categorized into: large artery atherosclerosis (LAA), 
cardioembolism (CE), arterial dissection, embolic stroke of undetermined source 
(ESUS), other determined etiology, or undetermined etiology. For primary analysis on 
the association between etiology and outcome, we used multivariable ordinal logistic 
regression analysis to estimate the adjusted common odds ratio (acOR) for a shift 
towards better functional outcome on the modified Rankin Scale (mRS) at 90 days with 
LAA as reference group. Secondary outcomes included favorable functional outcome 
(mRS 0-3), NIHSS at 24-48 hours, reperfusion on DSA, and stroke progression.   
 
Results 
Of 264 patients with posterior circulation stroke, 84 (32%) had LAA, 48 (18%) CE, 31 
(12%) dissection, and 14 (5%) ESUS. Patients with a dissection were younger (48 [IQR 
43-60] years), and had a lower NIHSS at baseline (12 [IQR 6-31]) than patients with 
other etiology. Functional outcome was better for patients with CE and ESUS compared 
to LAA (mRS acOR 2.4 [95% CI 1.1-5.2], resp. acOR 3.1 [95% CI 1.0-9.3]). Patients with a 
dissection had lower chance of successful reperfusion compared to LAA (aOR 0.20 [95% 
CI 0.06-0.70]).  
 
Conclusion 
Unlike the anterior circulation, most frequent etiology in our posterior LVO stroke 
cohort is LAA followed by CE, dissection and ESUS. Patients with CE and ESUS have a 
better prognosis for functional outcome after EVT than patients with LAA. 
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Introduction 

Posterior circulation stroke (PCS) differs from anterior circulation stroke not only in 
incidence and outcomes but also in stroke mechanism.1-3 For instance, in the posterior 
circulation atherothrombosis is more often reported as underlying stroke etiology than 
in the anterior circulation, while cardioembolism is less often described.4-7 In stroke 
caused by large vessel occlusion (LVO) of the anterior circulation, etiology is associated 
with stroke severity, collateral status, and both short- and long term functional 
outcome.8-10 Whether etiology of LVO of the posterior circulation is associated with 
functional outcome has yet to be determined.  
 
Due to the fact that LVO of the posterior circulation is rare, available studies on 
etiology are scarce compared to the anterior circulation. More insight on etiology and 
outcome in PCS may help establish better management strategies for this devastating 
condition. The aim of the present study is 1) to describe the distribution of etiology of 
LVO in PCS patients treated with endovascular thrombectomy (EVT) in current clinical 
practice, and 2) to analyze the association between etiology and functional outcome 
after EVT. 

Methods  

Data source: MR CLEAN Registry  

The MR CLEAN (Multicenter Randomized Controlled Trial of Endovascular Treatment 
for Acute Ischemic Stroke in the Netherlands) Registry is a prospective, nationwide 
registry, in which data were collected from consecutive acute stroke patients treated 
with EVT in clinical practice in the Netherlands. The study protocol was evaluated by 
the medical ethics committee of the Erasmus MC in Rotterdam, and permission to 
carry out the study as a registry was granted. Full methods of the MR CLEAN Registry 
have been reported previously.11  
 
Source data will not be made available because of legislatory issues on patient privacy, 
but detailed analytic methods and study materials, including log files of statistical 
analyses, will be made available to other researchers on reasonable request to the first 
author. 

Treatment procedures 

EVT was defined as actual arterial puncture in the angiography suite. Mechanical 
thrombectomy included stent retriever technique, thrombus aspiration, or a 
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combination of both, with or without delivery of a thrombolytic agent. The method of 
EVT for each patient was left to the discretion of the treating physicians.  

Patient selection 

For the present study, we included patients treated from March 2014 up to December 
2018, who met the following inclusion criteria: age ≥18; occlusion of the vertebral, 
basilar, or posterior cerebral artery confirmed by baseline computed tomography 
angiography (CTA); with corresponding clinical symptoms of a posterior large vessel 
occlusion. 

Time Metrics  
Time of first symptom onset was reported if witnessed, or time last known well if 
unwitnessed. In patients with transient or mild neurological symptoms with secondary 
worsening, the moment of secondary worsening was considered as the estimated time 
of large vessel occlusion. Based on the course of symptoms, stroke presentation was 
divided into: maximum deficit from onset, progressive deficit, or fluctuating deficit. 

Imaging assessment 

The imaging core laboratory consisted of eight observers (2 neuro-radiologists, 
6 interventional (neuro-)radiologists) who were blinded for all clinical findings. Baseline 
NCCT assessment included the posterior circulation- Acute Stroke Prognosis Early 
Computed Tomography Score (pc-ASPECTS).12 The pc-ASPECTS is graded from 0 to 10, 
with 1 point subtracted from 10 for any evidence of early ischemic changes in each 
defined region of the posterior circulation. Baseline CTA assessment included 
determination of the occluded arterial segment and posterior circulation collateral 
score (PC-CS).13 For the location of occlusion, the basilar artery was divided into three 
segments (proximal, middle, distal) according to previously published research.14 The 
PC-CS is a 10-point grading system, in which points are scored for patent collaterals 
supplying the vascular territory of the posterior circulation. Reperfusion status was 
evaluated on DSA according to the extended Thrombolysis in Cerebral Ischemia (eTICI) 
score.15 eTICI  ranges from grade 0 (no reperfusion) to grade 3 (complete reperfusion), 
and successful reperfusion was defined as eTICI 2B or higher.  

Stroke etiology 
Stroke etiology was determined by information from discharge letters and from reports 
of the imaging core laboratory. We partly used the Trial of Org 10172 in Acute Stroke 
Treatment (TOAST) classification to categorize stroke subtype into large artery 
atherosclerosis (LAA), cardioembolism (CE), other determined etiology, or 
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undetermined etiology.16 Based on more recent insights in stroke etiology we also 
incorporated the entities ‘Embolic Stroke of Unidentified Source (ESUS), and ‘arterial 
dissection’.17 A patient was considered to have LAA in case of moderate to severe 
stenosis (>50%) of one of the vertebral arteries (VA) or (non-)occlusive thrombosis of 
the basilar artery (BA) due to atherosclerosis, as confirmed on vascular imaging by core 
lab adjudication.16 LAA as cause could include atherosclerosis in the extracranial 
segments V1-V3 of the vertebral arteries, the intracranial segment V4, or the basilar 
artery. Cardioembolism was recorded in case high risk sources of cardioembolism were 
present (Supplemental Table 1).18 Unlike the traditional TOAST classification, in which 
arterial dissection is part of ‘other determined etiology’, we decided to analyze this 
entity as a separate stroke subtype. Arterial dissection was defined as an intimal flap 
identified on CTA, enlargement of the artery, or typical aspect and location of occlusion 
(pearl and string sign or double lumen with distally tapered stenosis or occlusion) on 
CTA or DSA.19 
 
A patient was considered to have ESUS when complete diagnostic work-up showed no 
LAA, CE, dissection, or other etiology. ESUS could include minor risk potentials for 
cardioembolic sources.17 Other determined etiology could include non-atherosclerotic 
vasculopathies, hypercoagulable states, or hematologic disorders. Undetermined 
etiology consisted of patients with two or more causes identified, or patients without 
LAA, CE, dissection or other etiology, but with incomplete diagnostic workup.  
 
The extent of the diagnostic work-up was determined by the treating physician. 
Diagnostic work-up was considered incomplete if one of the following diagnostic 
assessments was missing: CTA which allows evaluation of proximal atherosclerosis; 
12-lead ECG and Holter cardiac monitoring for at least 48 hours; or precordial 
echocardiography.  

Outcome assessment  
The primary outcome measure was the score on the modified Rankin Scale (mRS) at 
90 days, which is a 7-point scale ranging from 0 (no symptoms) to 6 (death).20 
Secondary outcomes were favorable functional outcome, score on the National 
Institute of Health Stroke Scale (NIHSS) at 24-48 hours21, successful reperfusion (eTICI 
2B-3), mortality at 90 days, and stroke progression (decline of at least 4 points on the 
NIHSS without hemorrhage on non-contrast CT). Consistent with other studies on 
posterior circulation stroke we defined favorable outcome as mRS 0-3.22,23 
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Statistical analysis   
We performed a post-hoc analysis on data from the MR CLEAN Registry. For the main 
analysis we compared the largest groups of determined etiologic subtype. Baseline 
characteristics and outcomes were described using standard statistics and presented as 
median (interquartile range [IQR]) or numbers and percentages (%), unless indicated 
otherwise. For the association between etiology and the primary outcome, we used 
univariable and multivariable ordinal logistic regression analysis to estimate the 
(adjusted) common odds ratio (cOR). For this ordinal shift analysis we inverted the 
mRS, which means higher cOR’s indicate better functional outcome. The largest group 
of etiologic subtype was chosen as reference group.  In multivariable analysis, we 
adjusted for potential imbalances in pre-specified prognostic variables: age, sex, NIHSS 
at baseline, hypertension, use of anticoagulation (vitamin K antagonists or direct oral 
anticoagulants), intravenous thrombolysis, and duration from estimated time of large 
vessel occlusion to time of groin puncture. Adjusted (a) ORs and betas (β) are reported 
with 95% confidence intervals (95% CI).  
 
All descriptive analyses include patients with complete data, while for the regression 
models  all patients were included after imputation of missing data. Statistical analyses 
and multiple imputation were performed with STATA/SE version 14.1 (StataCorp, 
Texas, USA) based on relevant covariates and outcome. 

Results 

Out of 5773 patients enrolled in the MR CLEAN Registry between 2014 and 2018, 
264 patients were treated with EVT for posterior large vessel occlusion stroke. The 
distribution of the etiologic subtypes is shown in Figure 1. The most frequent 
determined etiologic subtypes were LAA (84/264 [32%]), CE (48/264 [18%]), dissection 
(31/264 [12%]), and ESUS (14/264 [5%]). LAA consisted of 56 patients with extracranial 
atherosclerosis (21%) and 28 patients with intracranial atherosclerosis (11%). In total, 
81 patients had an undetermined etiology: 46 (17%) because of incomplete diagnostic 
evaluation and 35 (13%) because of two or more potential causes of stroke. 
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Figure 1 Flowchart patient selection. 
 

Patient characteristics  
Significant differences between etiologic subtypes were found for: age, history of 
hypertension, use of anticoagulation, administration of intravenous alteplase, course of 
symptoms, and use of general anesthesia during EVT (Table 1). Patients with dissection 
or ESUS as most likely cause of ischemic stroke were significantly younger (resp. 
median 48 years; [IQR 43-60], 54 years; [IQR 39-71]) than patients with LAA (median 
67; [IQR 58-76]) or CE (median 69; [IQR 60-77]). Hypertension was most prevalent in 
patients with LAA (65%) and CE (61%). Administration of intravenous thrombolysis was 
highest in patients with a dissection (61%) or ESUS (71%). Patients with CE or ESUS 
most often had maximum symptoms from stroke onset (resp. 67% and 54%), while 
patients with LAA and dissection most often presented with progressive deficit (resp. 
48% and 43%). Occlusion location was not significantly different between stroke 
subtypes, although for CE (49%) and ESUS (50%) thrombi seemed to be more distally 
located (distal BA) compared with LAA (29%) and dissection (30%). 
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Table 1 Baseline characteristics of posterior circulation stroke patients by etiologic subtype.  

 LAA 
N= 84 

CE 
N=48 

Dissection 
N=31 

ESUS 
N=14 

p-value 

Age, y, median (IQR) 67 (58-76) 69 (60-77) 48 (43-60) 54 (39-71) <.001 
Male sex, n (%) 53 (63%) 23 (48%) 15 (48%) 10 (71%) .17 
Medical History:      
   Hypertension, n (%) 53/82 (65%) 28/46 (61%) 6/30 (20%) 3/14 (21%) <.001 
   Hypercholesterolemia, n (%)  18/82 (22%) 13/46 (28%) 3/28 (11%) 1/13 (8%) .19 
   Diabetes mellitus, n (%) 19/84 (23%) 6/47 (13%) 2/30 (7%) 1/14 (7%) .12 
   Previous ischemic stroke, n (%) 20/83 (24%) 6/47 (13%) 4/30 (13%) 1/14 (7%) .21 
   Pre-stroke modified Rankin Scale score, n (%)*     .26 
      <3 74 (93%) 39 (85%) 27 (93%) 14 (100%)  
      ≥3 6 (8%) 7 (15%) 2 (7%) 0  
Intoxication and medication      
   Current smoking, n (%) 16/53 (30%) 10/36 (28%) 7/23 (30%) 2/13 (15%) .75 
   Antiplatelet use, n (%) 20/81 (25%) 13/47 (28%) 4/29 (14%) 1/14 (7%) .25 
   Anticoagulation use, n (%) 5/80 (6%) 16/47 (34%) 0 0 <.001 
   Statin use, n (%) 25/80 (31%) 17/47 (36%) 5/28 (18%) 1/14 (7%) .10 
Clinical       
   Mean (SD) systolic blood pressure (mm Hg)† 154 (30) 145 (27) 147 (28) 132 (26) .82 
   Intravenous alteplase treatment, n (%) 37 (44%) 15 (31%) 19 (61%) 10 (71%) .01 
   NIHSS, median (IQR) ‡ 17 (10-29) 14 (7-20) 12 (6-31) 19 (7-35) .06 
   Glasgow Coma Scale score (median) ‡ 11 (6-13) 11 (7-14) 10 (4-15) 11 (6-15) .54 
   Course of symptoms, n(%)§:     .02 
      Maximum from onset 29 (36%) 30 (67%) 9 (32%) 7 (54%)  
      Progressive deficit 38 (48%) 9 (20%) 12 (43%) 4 (31%)  
      Fluctuating deficit 13 (16%) 6 (13%) 7 (25%) 3 (21%)  
Imaging      
   Pc-ASPECTS on NCCT, median (IQR) | |  10 (9-8) 10 (9-8) 10 (8-8) 10 (10-7) .10 
   Level of occlusion on non-invasive vessel 
   imaging(on CTA), n (%)# 

    .07 

      No occlusion 3 (4%) 1 (2%) 2 (7%) 0  
      Intracranial vertebral artery (VA) 6 (7%) 2 (4%) 5 (17%) 0  
   Basilar artery (BA)      
      Total BA 10 (12%) 5 (11%) 7 (23%) 0  
      Proximal/middle  BA 31 (38%) 9 (19%) 4 (13%) 4 (29%)  
      Distal BA 24 (29%) 23 (49%) 9 (30%) 7 (50%)  
      Posterior cerebral artery   8 (10%) 7 (15%) 3 (10%) 0  
      PC-collateral score, median (IQR) ** 7 (5-8) 7 (6-8) 7 (5-8) 7 (6-7) .07 
Procedure       
   Duration eLVO to groin in min, median (IQR) †† 260 (190-385) 236 (177-365) 208 (171-309) 235 (185-370) .77 
   Duration door to groin in min, median 
  (intervention center) (IQR) ‡‡ 

79 (40-134) 92 (44-132) 77 (61-111) 82 (53-145) .78 

   Duration of procedure in min, median (IQR) §§ 64 (41-105) 47 (35-93) 59 (35-80) 45 (33-81) .42 
   Use of general anesthesia, n (%)| ||| 40 (49%) 19 (40%) 24 (77%) 8 (57%) .01 
   Device used for first attempt:       
      Stent retriever, n(%) 39/70 (56%) 32/43 (74%) 11/20 (55%) 9/14 (64%) .22 
      Aspiration device, n(%) 24/70 (34%) 10/43 (23%) 7/20 (35%) 4/14 (29%) .63 
      Stent placement at occlusion location, n(%)## 14/76 (18%) 1/46 (2%) 4/31 (13%) 1/13 (8%) .06 

*n=169, missing in 8 patients; †n=170, missing in 7 patients; ‡n=174, missing in 3 patients; ‡n=175, missing in 2 patients; 
§n= 167, missing in 10 patients; | |n=175, missing in 2 patients; #n=173, missing in 4 patients; **n=171, missing in 6 patients; 
††n=162, missing in 15 patients; ‡‡n=166, missing in 11 patients; §§n= 164, missing in 13 patients; | || |n= 173, missing in 4 
patients; ##n=166, missing in 11 patients. CE, cardio-embolic; CTA, computed tomographic angiography; DSA, digital 
subtraction angiography; eLVO, estimated time of large vessel occlusion; ESUS, embolic stroke of undetermined source; EVT, 
endovascular thrombectomy;  IQR, interquartile range; LAA, large artery atherosclerosis; NCCT, noncontrast computed 
tomography; NIHSS, National Institutes of Health Stroke Scale; PC-ASPECTS, posterior circulation- Acute Stroke Prognosis 
Early Computed Tomography Score; SD, standard deviation. Level of occlusion: VA means no further distal occlusions; 
proximal/middle BA means no distal BA occlusion; distal BA may include a more proximal occlusion; PCA means no occlusion 
of the BA. 
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Outcomes 

The distribution of 90 day mRS scores is provided by etiologic subtype in Figure 2. 
Compared to LAA, better outcome was found for patients with CE (2.21 [95% CI: 1.1-
4.3]), dissection (2.99 [95% CI: 1.4-6.5]), and ESUS (5.09 [95% CI 1.8-14.7]) (Table 2). 
After adjustment for potential prognostic factors,  better functional outcome remained 
for patients with CE (acOR 2.41 [95% CI 1.1-5.2]) and ESUS (acOR 3.11 [95% CI 1.0-9.3]). 
 
 
 
 
 
 
 
 
 
 
Figure 2 mRS distribution at 90 days by etiologic subtype. 

 
 
Table 2 Outcomes of PCS patients treated with EVT by etiologic subtype 

Outcome LAA CE Dissection ESUS 
 OR Unadjusted 

OR (95% CI) 
Adjusted OR 

(95% CI) 
Unadjusted OR 

(95% CI) 
Adjusted OR 

(95% CI) 
Unadjusted 
OR (95% CI) 

Adjusted OR 
(95% CI) 

Primary outcome  
mRS at 90d 1 2.21 

(1.1-4.3) 
2.41 

(1.1-5.2) 
2.99 

(1.4-6.5) 
1.33 

(0.6-3.2) 
5.09 

(1.8-14.7) 
3.11 

(1.0-9.3) 
Secondary outcomes  
mRS score of 0-3 at 90 d  1 2.89 

(1.4-6.1) 
3.11 

(1.3-7.7) 
2.66 

(1.1-6.3) 
0.99 

(0.3-2.9) 
3.54 

(1.1-11.8) 
2.33 

(0.6-9.1) 
NIHSS 24h, β  1 -7.31 

(-11.8; -2.8) 
-6.23 

(-10.7; -1.7) 
-3.91 

(-9.1-1.3) 
-2.76 

(-8.3-2.8) 
-11.12 

(-18.2; -4.0) 
-12.36 

(-19.2; -5.5) 
Reperfusion on DSA 1 1.58 

(0.6-4.1) 
1.12 

(0.4-3.3) 
0.47 

(0.2-1.2) 
0.20 

(0.06-0.7) 
1.12 

(0.3-4.5) 
0.66 

(0.1-3.1) 
Death at 90d  1 0.41 

(0.2-0.9) 
0.36 

(0.1-0.9) 
0.30 

(0.1-0.8) 
0.61 

(0.2-1.9) 
0.14 

(0.03-0.7) 
0.19 

(0.04-1.0) 
Stroke progression 1 0.36 

(0.1-1.1) 
0.28 

(0.07-1.1) 
0.94 

(0.3-2.7) 
1.0 

(0.3-3.5) 
0.66 

(0.1-3.2) 
0.79 

(0.1-4.5) 

OR: Odds ratios for main etiology association with outcome variables: CE, Dissection, or ESUS compared to LAA, estimated 
with logistic regression analyses. Adjustments were made for age, sex, NIHSS at baseline, hypertension, use of 
anticoagulation, intravenous thrombolysis, duration from estimated time of large vessel occlusion to groin puncture. CTA 
indicates computed tomographic angiography; mRS, modified Rankin Scale; NCCT, noncontrast computed tomography; 
NIHSS, National Institutes of Health Stroke Scale.  
β, regression coefficient, estimated with linear regression analyses 

 
For secondary outcomes: favorable functional outcome was highest in patients with CE 
(aOR 3.11 [95% CI 1.3-6.7]), and NIHSS lowest in patients with CE (adjusted β -6.23 
[95% CI -10.7; -1.7]) and ESUS ( (adjusted β -12.36 [95% CI -19.2; -5.5]) compared to 
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LAA. The OR for successful reperfusion was lowest in patients with a dissection (aOR 
0.20 [95% CI 0.06-0.7]) compared to LAA. The risk of death at 90 days was lowest for 
patients with CE (aOR 0.36 [95% CI 0.1-0.9]) and ESUS (aOR 0.19 [95% CI 0.04-1.0]) 
compared to LAA. Stroke progression was not significantly different between groups.  
 
Supplemental Table 2 shows outcomes of PCS patients by etiologic subtype when LAA 
is divided into extracranial atherosclerosis and intracranial atherosclerosis. All outcome 
measures of patients with intracranial atherosclerosis were not significantly different 
from patients with extracranial atherosclerosis.  

Discussion  

In this nationwide multicenter registry of patients with posterior LVO stroke treated 
with EVT, most frequent etiology was LAA (32%) followed by CE (18%), dissection 
(12%), and ESUS (5%). This is in line with autopsy series of patients with basilar artery 
occlusions, which revealed atherosclerosis as the most common cause, and this was 
usually extensive beyond the basilar artery alone.24,25 In clinical studies on posterior 
LVO various proportions of stroke subtypes have been reported. In Asian cohorts LAA is 
reported as main cause of posterior circulation ischemic stroke in up to 80%.23,26-28 The 
prevalence of LAA, including the ratio extracranial vs intracranial atherosclerosis, in our 
cohort was in line with other registries with a predominantly Caucasian population 
(24-36%).29-35 These studies however, report much higher proportions of CE compared 
to our cohort (30-43%). The considerable number of patients with incomplete 
diagnostic work-up may have led to an underestimation of CE in our study. The 
proportion of dissections in our cohort is slightly higher compared to previous studies 
(6-8%).29  
 
In contrast to anterior circulation stroke, multivariable analysis showed better 
functional outcome for CE and ESUS compared to LAA and arterial dissection.8 Two 
studies on PCS have shown that distal BA occlusions are associated with better clinical 
recovery.36,37 In our study, occlusion location was not significantly different between 
stroke subtypes but we did see a relatively high proportion of distal BA occlusions in CE 
and ESUS (± 50%). Also, we found a difference in course of symptoms between 
etiologic subtypes. When stroke symptoms are maximum from onset rather than 
stuttering or progressive, which is the case for CE and ESUS, this may facilitate fast 
determination of diagnosis and further treatment. In our cohort this was not supported 
by shorter duration times (e.g. estimated time from LVO to groin/ door to groin) for CE 
or ESUS. Notably we did find a non-significant difference in duration of procedure, in 
favor of CE and ESUS.  
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It should be noted that with the lack of a control group, we did not investigate any 
interaction of stroke etiology with treatment effect of EVT. Therefore, our results do 
not justify the use of etiologic subtype for treatment decisions.  
 
Based on difference in stroke mechanism (thrombosis vs. embolism) we performed 
additional analysis on intracranial atherosclerosis versus extracranial atherosclerosis 
and the association with functional outcome. In patients with slowly occluding 
intracranial atherosclerotic lesions, the cerebral circulation could adapt (for instance by 
improvement of collateral flow), resulting in better outcome in case of LVO. On the 
other hand, a previous study found higher risk of stroke recurrence in patients with 
intracranial stenosis of the posterior circulation compared with extracranial stenosis of 
the vertebral arteries.33 Although we did not record stroke recurrence, we found no 
difference in functional outcome after 90 days of follow-up.  
 
The univariable association between dissection and favorable outcome diminished 
after adjustment and was thus most likely dependent on age, stroke severity, and 
comorbidity. The lower chance of successful reperfusion is an important finding that 
will hopefully be used as an incentive for future improvements of EVT technique. 
Because successful reperfusion was not significantly different between etiologic 
subtypes we believe the impact on etiology based clinical outcomes should be limited. 
Moreover, we did not adjust for reperfusion in our multivariable analysis but we chose 
to analyze this variable as an outcome measure.  
 
In line with previous studies on ESUS we found similarities between CE and ESUS, such 
as course of symptoms and level of occlusion, suggesting undiagnosed cardiac source 
in ESUS.38 The clinical relevance of this hypothesis for treatment management is still 
uncertain as the recurrence rate of ischemic stroke in ESUS is very low.39,40 
 
The strength of our study is the use of a large database of posterior large vessel 
occlusion stroke patients with ample distribution of etiologic subgroups. Moreover, all 
outcome measures have been collected prospectively according to protocol, except for 
reperfusion status which was determined by core lab observers who were blinded for 
all clinical information.  
 
The main limitation of our study is inherent to the use of observational data with 
variation in treatment protocols and patients selection paradigms. However, this 
variation in approach also allows us to gain more details on the actual patients 
presenting in routine clinical practice.  
Second limitation is the lack of standardized diagnostic work-up for ischemic stroke. 
The large proportion of undetermined stroke etiology is most likely due to the high 
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mortality rate as additional analysis showed worse clinical outcome for the group with 
undetermined etiology. Although this difference was not significant we cannot rule out 
residual bias on the association with functional outcome. Third limitation concerns the 
use of PC-ASPECTS and eTICI score. Early ischemic changes of the posterior circulation 
are less accurately captured on non-contrast CT. Nevertheless PC-ASPECTS has been 
validated in predicting unfavorable functional outcome.41 The eTICI score is known to 
have a lower inter-observer agreement in the posterior compared to the anterior 
circulation.42 Finally, although we used multivariable logistic regression analysis, bias by 
unmeasured confounders may not be completely removed.  

Conclusion 

Unlike the anterior circulation, most frequent determined etiology of patients treated 
with EVT for posterior circulation stoke was LAA followed by CE, arterial dissection and 
ESUS. Patients with a dissection were younger, had a lower NIHSS at baseline, and had 
a lower chance of successful reperfusion compared with other etiologic subtypes. 
Patients with CE and ESUS had a better prognosis for functional outcome after EVT 
than patients with LAA. 
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Introduction 

After publication of five landmark trials showing benefit from endovascular treatment 
(EVT) for acute stroke patients with an anterior proximal large vessel occlusion (LVO) 
treated within 6 hours of symptom onset, this treatment became part of standard 
care.1-5 From then, the transition from an experimental treatment to implementation 
of EVT in the acute setting in clinical practice has raised new questions, especially for 
those subjects in which evidence for treatment benefit is still scarce. The main 
objective of this thesis was to reflect on the treatment approach in patients with a LVO 
for whom efficacy of EVT has not been determined, by providing physicians insights in 
the relation between specific characteristics and functional outcome of stroke patients 
who were treated with EVT in routine practice. This chapter addresses the results in 
context of parallel research and discusses future perspectives of EVT research.  

Predisposing patient characteristics  

Out of the five landmark trials, MR CLEAN was the largest and most pragmatic trial with 
the least  selection criteria for study enrollment. Post-hoc analyses on MR CLEAN trial 
data have already revealed that some of the main trial exclusion criteria, such as high 
blood pressure, did not interact with treatment benefit.6 As such, high blood pressure 
is not part of the current contra-indications for EVT in clinical practice. Despite the 
broad selection in MR CLEAN trial, some subgroups were still underrepresented and 
the treatment effect for these patients remained uncertain. 
 
In order to monitor the implementation process and outcome of EVT in clinical 
practice, the MR CLEAN Registry started directly after the final patient was randomized 
for the MR CLEAN trial.7 From then on, treatment selection was not dependent on trial 
selection criteria such as age or comorbidity. As a result, the Registry consists of a 
broader patient population which could be used for further subgroup analysis on EVT 
outcomes.  

Main findings  

Section 2 of this thesis investigates the independent association of ‘body-mass-index 
(BMI)’, and ‘peripheral artery disease’, with stroke outcome. Because both factors are 
associated with increased risk of stroke, the same association could be expected for 
outcome after stroke.  However our study shows the existence of an obesity paradox in 
stroke, meaning better functional outcome in patients with higher BMI. Recently the 
same paradox of better outcome for patients with higher BMI was discovered in 
patients with intracerebral hemorrhage.8  Because we found no interaction with EVT, 
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the benefit from EVT is similar for all BMI subgroups (Chapter 1). For patients with 
peripheral artery disease, we could not confirm the emergence of a neuroprotective 
phenomenon, nor could we confirm an independent association with worse functional 
outcome (Chapter 2).  

Clinical implication 

Overall, our results show that these factors are each at their own no important 
determinant for the treatment benefit/outcome after EVT. However, clinical 
determinants interact and may have an additive or synergetic effect on the prognosis. 
Other clinical factors that are often taken into consideration for patient selection are: 
age, hypertension, stroke severity, or pre-stroke dependence. For these predictors, 
previous studies have confirmed a negative impact on stroke outcome.10 As none of 
these clinical predictors influence the benefit of EVT, thrombectomy still has broad 
efficacy in almost all subgroups.  
 
Since 2015 the performance of EVT in the Netherlands has increased exponentially and 
clinicians have become more familiar with the procedure as part of standard care. In 
conjunction to the studies on key predictors of stroke outcome and treatment benefit, 
the question related to patient selection changed from: ‘which patient should be 
treated with EVT’ to ‘which patients should not be treated with EVT. With the current 
evidence we may conclude that the clinical characteristics at baseline are mainly a 
reflection of frailty, and not a predictor of benefit of EVT or outcome afterwards. Also, 
not all clinical factors are immediately available at the emergency room. Consequently 
research also shifted its focus on imaging characteristics to predict EVT benefit, 
especially for ‘late window’ treatment.  

Expanding indication of EVT 

Repeat EVT  

Before 2015, the benefit of EVT still had to be determined by randomized clinical trials. 
Although it was not specifically described as an exclusion criterion, patients were not 
likely to be included for repeat EVT (rEVT) in trial setting. Now that the use of EVT for 
LVO is growing worldwide, physicians are likely to be faced with patients presenting 
with recurrent LVO who are eligible for rEVT. By combining observational data from the 
pre-trial era and post-trial era with the intervention group of the MR CLEAN trial we 
covered a period of 15 years (2002-2017) in which we could investigate the outcome of 
patients treated with rEVT.  
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Main findings  

Functional outcome of stroke patients who were treated with rEVT in the Netherlands 
was similar to single treated cases (Chapter 3). A recent multicenter cohort study 
further supported our results with similar findings on good recanalization and outcome 
after repeat EVT.9  

Clinical implication 

Despite possible selection bias in our study, we recommend that repeat EVT should not 
be withhold in patients with acute ischemic stroke due to recurrent LVO. There are no 
signs of treatment difficulties or worse outcome after repeated EVT. Although the risk 
of a recurrent LVO after EVT is largely unknown, with current preventive measures the 
recurrence rate is expectedly low. Moreover, the low frequency of rEVT may indicate 
that recurrent LVO is not induced by previous thrombectomy (e.g. by vessel wall 
damage). 

Late Window  

Approximately 30% of all LVO stroke patients have an unknown time of symptom onset 
with the time of last-seen-well more than six hours ago, or have a known time of onset 
but present only hours later.11 For these ‘late window’ stroke patients the benefit of 
EVT is still uncertain. The time window of six hours is based on the inclusion criteria of 
the original thrombectomy trials published in 2015.1,2,5 Pooled analysis showed that 
treatment benefit was not significant anymore after 7.3 hours from stroke onset.12 
Moreover, it is known that every hour in delay between onset and treatment decreases 
the chance of good functional outcome by approximately 5%.13 However, the concept 
of time is not the only determinant in the prediction of good outcome.  
 
In 2018 two randomized controlled trials were published on the effect of EVT beyond 
6 hours from symptom onset, or last known well (DAWN and DEFUSE-3).14,15 Patients 
with a mismatch between ischemic core volume and penumbral tissue (more 
penumbra still to be saved, than core) on perfusion imaging were included. Both 
studies showed that thrombectomy was highly effective in the late time window. 
Unfortunately very few patients who present in the late time window in clinical 
practice meet the enrollment criteria of the two trials (1.7 % and 1.0%).11 Furthermore, 
it has been shown that some patients who do not meet the trial criteria may still 
benefit from EVT. 16,17 Lastly, the use of perfusion imaging in clinical practice is still very 
limited. Consequently other more widely available selection tools for late window 
treatment are needed.  
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Several studies on CT angiography characteristics have identified two other predictors 
of stroke outcome after EVT: occlusion location and collateral status. In contrast to the 
‘static information’ on core and penumbra provided by CTP, collateral status on CTA 
provides more ‘dynamic information’. Because progress of the ischemic core is mainly 
driven by the absence of good collateral flow, it may differentiate between patients 
that are ‘fast progressors’ (fast growing core) and patients that are ‘slow 
progressors’(slow growing core). Moreover, research has shown that collateral grades 
are associated with treatment benefit.18 As such, collateral status is studied as a 
pragmatic selection tool in the extended time window.19 

Main findings  

We analyzed patients who received late window EVT in clinical practice (MR CLEAN 
registry) in the Netherlands. DAWN/DEFUSE perfusion selection criteria had not yet 
been implemented. Our results show that without the use of perfusion selection 
criteria, EVT in the 6.5–24 hour time window is safe and not associated with poorer 
outcome compared with the early time window (Chapter 4). However, our late window 
patients may have been selected for treatment based on clinical or CT/CTA 
characteristics. Since no records were kept of the untreated late window patients, the 
degree of patient selection cannot be assessed. Therefore we initiated a randomized 
controlled trial to hopefully detect a large group of patients that could benefit from 
EVT (Chapter 5).  

Clinical implication 

Based on our Registry data, late window EVT seems safe and effective for patients who 
were not selected by the use of perfusion imaging (but possibly selected on other 
clinical or radiological grounds). Our results are supported by other studies with 
observational data from routine practice.20-22 As such, the 6 hour time window that was 
based on the EVT trials seems arbitrary and should not be seen as an absolute, but 
should merely be used as a threshold beyond which additional selection criteria seem 
justified. We need to study what are these additional selection criteria. 
 
Although the use of perfusion imaging has increased since the publication of DAWN 
and DEFUSE, recent studies have shown that CTP acquisition is not associated with 
better outcomes in early or extended time window.23,24 Therefore, I believe treatment 
decision should not depend solely on CTP results, especially when it may exclude a 
large group of patients that could still benefit from EVT. Other factors such as ASPECTS, 
age or stroke severity (NIHSS) may just as well be used as determinants of outcome 
after EVT, although they have never been studied in a randomized trial setting.25 
Further clarification might be provided by the ongoing RCT; RESILIENT-EXTEND (URL: 
https://www.clinicaltrials.gov; Unique identifier: NCT04256096). The answer whether 
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‘collateral status’ is an appropriate selection tool for late window EVT, can hopefully be 
answered after completion of the MR CLEAN LATE trial.   

Posterior circulation  

Another subgroup for which the benefit of EVT is still uncertain is the group of patients 
with a LVO of the posterior circulation. Although this condition only comprises around 
1% of all ischemic strokes, it is associated with high risk of disability and mortality. As a 
result EVT is widely used for posterior circulation stroke patients (‘nothing to lose’) 
although it has not been proven effective and safe for this indication. And although the 
thrombectomy devices were designed for the anterior circulation, the procedure 
rapidly found its way to the posterior circulation in clinical practice. Three RCTs on EVT 
in the posterior circulation started, including the BASICS trial.26-28 However, due to the 
aforementioned reasons, patient recruitment for these three RCT’s became 
complicated and slow.  

Main findings  

We studied EVT in posterior circulation, performed in clinical practice (MR CLEAN 
registry). In the same time period, the BASICS trial was running. Patients enrolled in the 
BASICS study were not included in the MR CLEAN Registry. The results of our study 
show that high rates of successful reperfusion and favorable clinical outcome can be 
achieved with EVT for posterior large vessel occlusion stroke, despite high mortality 
(Chapter 6). Compared with results from the BASICS trial we reported higher mortality. 
This finding may result from the applied trial selection criteria, but can also be a result 
of more standardized care in trial setting, which was suggested in a recent study based 
on similar findings.29 
 
Most of our patients, treated with EVT for posterior circulation LVO had underlying 
atherosclerosis (LAA), followed by cardioembolism (CE), arterial dissection and embolic 
stroke of undetermined source (ESUS) (Chapter 7). Further analysis showed better 
functional outcome for patients with CE and ESUS compared to LAA. Only one registry 
published in 2004 suggested worse outcome for patients with cardio-embolic stroke 
and distal basilar artery occlusions.30 Their results on etiology and outcome may be 
different from ours since their patient population was not treated with EVT. These 
opposite findings might suggest a treatment interaction with etiology or occlusion 
location. However, as long as analysis on randomized data has not been performed this 
will remain speculation.  
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Clinical implications  

Many clinicians believe there is a lack of equipoise on the benefit of EVT for posterior 
circulation stroke patients, regardless of the results from recent RCT’s. This opinion 
most likely derives from the high risk of poor outcome for untreated patients 
presenting with an acute basilar occlusion(>80%).31 In line with other registry studies, 
our findings support the overall safety and potential efficacy of early endovascular 
treatment in this patient population.32,33 In the meantime during my clinical research, 
results of the BASICS trial have been presented. Although their results show no 
significant benefit of EVT for basilar artery occlusion stroke, based on subgroup analysis 
suggesting better outcome with EVT for patients presenting with NIHSS ≥10, I would 
advocate for EVT in patients with acute basilar occlusion in combination with moderate 
or severe deficit. For patients with a minor deficit (NIHSS<10) I would be hesitant to 
perform EVT, especially since several meta-analyses have failed to prove an overall 
treatment benefit, and the use of intravenous thrombolysis might offer a safe 
alternative for these subjects.34,35 
 
Because the NIHSS scoring system does not fully cover the stroke severity in posterior 
circulation stroke I hope future research will focus on finding more specific predictors 
for outcome and treatment benefit. For instance, it would be interesting to see if 
‘etiologic subgroup’ also interacts with treatment effect, because this knowledge may 
contribute to future improvements of EVT technique. Moreover, predisposing factors 
of outcome in the anterior circulation may not have the same association or impact in 
the posterior circulation and should be investigated further. 
 
For vertebral and posterior cerebral artery occlusions the current evidence on EVT 
benefit is scarce. The recent TOPMOST study found promising results regarding EVT for 
distal posterior cerebral artery occlusion stroke patients.36 More research is needed to 
make evidence based treatment decisions for these occlusion locations in clinical 
practice. Finally, inherent to the rareness of posterior large vessel occlusion stroke 
most studies had a long recruitment period, which means that treatment procedures 
used in the trial may be outdated by the time of completion of the trial. With any 
future study I would recommend performing EVT with new generation devices, 
preferably focusing on aspiration devices, as it has been suggested these perform 
better in posterior circulation stroke patients.37 
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Future perspectives 

In 2017 MR CLEAN investigators developed a mathematical decision tool to determine 
the benefit  of EVT in the anterior circulation based on key clinical and imaging 
predictors (MR PREDICTS).38 Such a tool for the posterior circulation might also be 
useful. Yet prediction of futile treatment remains complicated as it also depends on the 
success of reperfusion therapy and the time to reperfusion, which are factors that occur 
after the treatment decision has already been made. Consequently current research is 
focused on treatment improvement through technical and organizational changes. 
Possibly, devices could be developed that are targeted for specific thrombus etiologies. 
By focusing on improvement of secondary prevention the risk of recurrent stroke may 
be lowered even further.  

Improving outcome after EVT  

Success of reperfusion 

Since the start of the stent retriever era, the techniques used have gone through 
multiple developments such as improved guiding catheters (e.g. balloon guide 
catheter) and new thrombectomy devices (e.g. microcatheters with distal suction or 
longer stent retrievers). Nonetheless, so far no specifics on technique or materials have 
been described in stroke guidelines, except for the general recommendation on the 
use of stent retrievers.39 Because of the lack of high-level evidence regarding the 
different thrombectomy approaches, there still exist great differences in treatment 
approach between institutions. Other factors that might influence the choice of 
thrombectomy device are the experience and preference of the interventionalists and 
differences in financial resources between hospitals. For instance, based on results 
from research on aspiration devices, the use of this technique in clinical practice has 
increased even though it was not recommended by the guidelines.40 At present a 
combination of techniques including flow modulation has been shown to be the safest 
and most effective approach. However, with the broadening of indication for EVT, I 
hope future research will focus on personalizing the device choice (e.g.: different 
approaches and devices for posterior circulation stroke, dissections, more distally 
located thrombi, or thrombus etiology).  
 
Secondly, because EVT enables thrombus extraction we have been able to learn about 
the composition of thrombi by microscopic analysis. For instance, we have learned that 
the outer shell is less susceptible to tissue plasminogen activator (iv-thrombolysis), 
than the inner core. 41Moreover, it has been shown that cardioembolic thrombi have 
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higher proportions of fibrin/platelets than for instance thrombi from large artery 
atherosclerosis.42 Therefore future histology studies, such as the EXCELLENT study, may 
help identify better thrombolytic drugs for acute stroke treatment and aid personalized 
secondary prevention by detecting underlying stroke etiology especially for cryptogenic 
strokes.43 In this way, EVT might help us improve IVT outcome and etiology specific 
secondary prevention. 

Neuroprotection 

In the past, many studies have investigated the effect of neuroprotective agents for 
ischemic stroke. So far, neuroprotection has failed to show clinical success, partly 
because restoration of blood flow to the penumbra was not always guaranteed which 
makes the protection in the end useless. In the current era of high reperfusion rates 
with acute therapy, the effectiveness of neuroprotection combined with IVT or EVT is 
an important next step in achieving better outcomes in stroke patients. The use of 
neuroprotection can be explored in the prehospital setting to prevent ischemic tissue 
from infarction and potentially extend the time window for IVT or EVT. But it could also 
be applied during reperfusion therapy to reduce the risk of reperfusion injury. We can 
distinguish non-pharmacological and pharmacological approaches. 
 
As part of the non-pharmacological approaches, hypothermia, although not proven 
effective with IVT, seemed feasible and safe when applied through intra-arterial 
infusion in a small observational study.44,45 Remote ischemic preconditioning has not 
been proven effective combined with EVT (as was also suggested by our results in 
Chapter 2), but did show better outcome combined with IVT.46 Other non-
pharmacological approaches are still being investigated including vagal - and 
transcranial nerve stimulation (Clinicaltrials.gov resp. NCT04050501, NCT0406157).  
 
As part of the pharmacological approaches, only two neuroprotective agents combined 
with EVT or IVT were tested for clinical efficacy in RCTs: uric acid and nerinetide.47,48 
For uric acid, subgroup analysis showed that in the combined IVT-EVT group uric acid 
improved functional outcomes compared to the placebo group. For nerinetide there 
was no overall benefit, but post-hoc analysis did show that for EVT treated patients 
without IVT functional outcomes were better with nerinetide compared to the placebo 
group. It is thought that the interaction of nerinetide and alteplase may have 
countered a neuroprotective effect for IVT treated patients in the ESCAPE-NA1 trial. 
The results of the successive ESCAPE-NEXT trial (ClinicalTrials.gov: NCT04462536) will 
have to confirm a neuroprotective effect of nerinetide in subjects undergoing solely 
EVT.  
 
Finally, two recent trials have investigated the use of transdermal nitroglycerin in the 
pre-hospital setting.49,50 One of these was the Dutch trial MR ASPAP. Both trials were 
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found neutral regarding the effect in ischemic and hemorrhagic stroke patients. 
Hopefully pre-hospital detection of large vessel occlusions may also facilitate more 
selective research on the use of neuroprotection in LVO stroke patients prior to 
reperfusion therapy.  

Time to reperfusion 

Pre-hospital screening tools  

The time between onset and treatment plays an important role in acute stroke care 
with high impact on clinical outcomes. In the Netherlands, distances between stroke 
centers are relatively short and fast collaboration between hospitals has already been 
established. Nevertheless, EVT, a more effective treatment for large vessel occlusion 
than IVT alone, is not available in all stroke centers. Transfer of patients to 
interventional hospitals remains an important cause of treatment delay and is 
associated with worse outcomes compared to patients who do not require transfer for 
EVT.51,52 Because EVT is a highly specialized therapy it will most likely not be rolled out 
to all primary stroke centers. To reduce time to treatment, pre-hospital screening is 
needed to identify patients with a LVO, eligible for endovascular thrombectomy at an 
early stage, to triage them directly to intervention center. In 2021 the PRESTO study 
was published which compared and validated eight prehospital stroke scales in the 
field.53 They found that the area under the curve was highest for the RACE (Rapid 
Arterial oCclusion Evaluation) score, which means it was the most accurate prehospital 
stroke scale in predicting LVO stroke. The hospital I am currently working in receives 
patients from outside the region based on this RACE score. However, still a 
considerable proportion of these patients are diagnosed with an ‘ischemic stroke 
mimic’ such as epileptic seizures or intracranial hemorrhage, which may potentially 
lead to unnecessary burden on interventional centers. More specific tools in detecting 
large vessel occlusions, such as point-of care laboratory biomarkers, ultrasonography 
and EEG, are currently investigated and will hopefully contribute to better triage and 
faster treatment in the future. 54,55  
 



Section 4, chapter 8 

158 

References 

1. Fransen PS, Beumer D, Berkhemer OA, van den Berg LA, Lingsma H, van der Lugt A, et al. Mr clean, a 
multicenter randomized clinical trial of endovascular treatment for acute ischemic stroke in the 
Netherlands: Study protocol for a randomized controlled trial. Trials. 2014;15:343 

2. Saver JL, Goyal M, Bonafe A, Diener HC, Levy EI, Pereira VM, et al. Stent-retriever thrombectomy after 
intravenous t-pa vs. T-pa alone in stroke. N Engl J Med. 2015;372:2285-2295 

3. Jovin TG, Chamorro A, Cobo E, de Miquel MA, Molina CA, Rovira A, et al. Thrombectomy within 8 hours 
after symptom onset in ischemic stroke. N Engl J Med. 2015;372:2296-2306 

4. Goyal M, Demchuk AM, Menon BK, Eesa M, Rempel JL, Thornton J, et al. Randomized assessment of 
rapid endovascular treatment of ischemic stroke. N Engl J Med. 2015;372:1019-1030 

5. Campbell BC, Mitchell PJ, Kleinig TJ, Dewey HM, Churilov L, Yassi N, et al. Endovascular therapy for 
ischemic stroke with perfusion-imaging selection. N Engl J Med. 2015;372:1009-1018 

6. Mulder M, Ergezen S, Lingsma HF, Berkhemer OA, Fransen PSS, Beumer D, et al. Baseline blood 
pressure effect on the benefit and safety of intra-arterial treatment in mr clean (multicenter 
randomized clinical trial of endovascular treatment of acute ischemic stroke in the netherlands). 
Stroke. 2017;48:1869-1876 

7. Jansen IGH, Mulder MJHL, Goldhoorn RJB, Emmer BJ, van Es ACGM, Roozenbeek B, et al. Endovascular 
treatment for acute ischaemic stroke in routine clinical practice: Prospective, observational cohort 
study (mr clean registry). Bmj-Brit Med J. 2018;360 

8. Hoffman H, Jalal MS, Furst T, Chin LS. The obesity paradox in spontaneous intracerebral hemorrhage: 
Results from a retrospective analysis of the nationwide inpatient sample. Neurocrit Care. 2020;32: 
765-774 

9. Mohamed GA, Aboul Nour H, Nogueira RG, Mohammaden MH, Haussen DC, Al-Bayati AR, et al. 
Repeated mechanical endovascular thrombectomy for recurrent large vessel occlusion: A multicenter 
experience. Stroke. 2021;52:1967-1973 

10. van de Graaf RA, Samuels N, Chalos V, Lycklama ANGJ, van Beusekom H, Yoo AJ, et al. Predictors of 
poor outcome despite successful endovascular treatment for ischemic stroke: Results from the mr 
clean registry. J Neurointerv Surg. 2021 

11. Jadhav AP, Desai SM, Kenmuir CL, Rocha M, Starr MT, Molyneaux BJ, et al. Eligibility for endovascular 
trial enrollment in the 6- to 24-hour time window: Analysis of a single comprehensive stroke center. 
Stroke. 2018;49:1015-1017 

12. Saver JL, Goyal M, van der Lugt A, Menon BK, Majoie CB, Dippel DW, et al. Time to treatment with 
endovascular thrombectomy and outcomes from ischemic stroke: A meta-analysis. JAMA. 
2016;316:1279-1288 

13. Mulder M, Jansen IGH, Goldhoorn RB, Venema E, Chalos V, Compagne KCJ, et al. Time to endovascular 
treatment and outcome in acute ischemic stroke: Mr clean registry results. Circulation. 2018;138: 
232-240 

14. Nogueira RG, Jadhav AP, Haussen DC, Bonafe A, Budzik RF, Bhuva P, et al. Thrombectomy 6 to 24 hours 
after stroke with a mismatch between deficit and infarct. N Engl J Med. 2018;378:11-21 

15. Albers GW, Marks MP, Kemp S, Christensen S, Tsai JP, Ortega-Gutierrez S, et al. Thrombectomy for 
stroke at 6 to 16 hours with selection by perfusion imaging. N Engl J Med. 2018 

16. Nannoni S, Strambo D, Sirimarco G, Amiguet M, Vanacker P, Eskandari A, et al. Eligibility for late 
endovascular treatment using dawn, defuse-3, and more liberal selection criteria in a stroke center. J 
Neurointerv Surg. 2020;12:842-847 

17. Ducroux C, Khoury N, Lecler A, Blanc R, Chetrit A, Redjem H, et al. Application of the dawn clinical 
imaging mismatch and defuse 3 selection criteria: Benefit seems similar but restrictive volume cut-offs 
might omit potential responders. Eur J Neurol. 2018;25:1093-1099 

18. Berkhemer OA, Jansen IG, Beumer D, Fransen PS, van den Berg LA, Yoo AJ, et al. Collateral status on 
baseline computed tomographic angiography and intra-arterial treatment effect in patients with 
proximal anterior circulation stroke. Stroke. 2016;47:768-776 



 General discussion 

159 

19. Pirson F, Hinsenveld WH, Goldhoorn RB, Staals J, de Ridder IR, van Zwam WH, et al. Mr clean-late, a 
multicenter randomized clinical trial of endovascular treatment of acute ischemic stroke in the 
netherlands for late arrivals: Study protocol for a randomized controlled trial. Trials. 2021;22:160 

20. Mokin M, Abou-Chebl A, Castonguay AC, Nogueira RG, English JD, Farid H, et al. Real-world stent 
retriever thrombectomy for acute ischemic stroke beyond 6 hours of onset: Analysis of the nasa and 
track registries. J Neurointerv Surg. 2019;11:334-337 

21. Motyer R, Thornton J, Power S, Brennan P, O'Hare A, Looby S, et al. Endovascular thrombectomy 
beyond 12 hours of stroke onset: A stroke network's experience of late intervention. J Neurointerv 
Surg. 2018;10:1043-1046 

22. Santos T, Carvalho A, Cunha AA, Rodrigues M, Gregorio T, Paredes L, et al. Ncct and cta-based imaging 
protocol for endovascular treatment selection in late presenting or wake-up strokes. J Neurointerv 
Surg. 2019;11:200-203 

23. Nogueira RG, Haussen DC, Liebeskind D, Jovin TG, Gupta R, Jadhav A, et al. Stroke imaging selection 
modality and endovascular therapy outcomes in the early and extended time windows. Stroke. 
2021;52:491-497 

24. Nguyen TN, Abdalkader M, Nagel S, Qureshi MM, Ribo M, Caparros F, et al. Noncontrast computed 
tomography vs computed tomography perfusion or magnetic resonance imaging selection in late 
presentation of stroke with large-vessel occlusion. JAMA Neurol. 2021 

25. Nagel S, Herweh C, Pfaff JAR, Schieber S, Schonenberger S, Mohlenbruch MA, et al. Simplified selection 
criteria for patients with longer or unknown time to treatment predict good outcome after mechanical 
thrombectomy. J Neurointerv Surg. 2019;11:559-562 

26. Liu X, Dai Q, Ye R, Zi W, Liu Y, Wang H, et al. Endovascular treatment versus standard medical 
treatment for vertebrobasilar artery occlusion (best): An open-label, randomised controlled trial. 
Lancet Neurol. 2020;19:115-122 

27. Langezaal LCM, van der Hoeven E, Mont'Alverne FJA, de Carvalho JJF, Lima FO, Dippel DWJ, et al. 
Endovascular therapy for stroke due to basilar-artery occlusion. N Engl J Med. 2021;384:1910-1920 

28. Li C, Wu C, Wu L, Zhao W, Chen J, Ren M, et al. Basilar artery occlusion chinese endovascular trial: 
Protocol for a prospective randomized controlled study. Int J Stroke. 2021:17474930211040923 

29. Qureshi AI, Singh B, Huang W, Du Z, Lobanova I, Liaqat J, et al. Mechanical thrombectomy in acute 
ischemic stroke patients performed within and outside clinical trials in the united states. Neurosurgery. 
2020;86:E2-E8 

30. Caplan LR, Wityk RJ, Glass TA, Tapia J, Pazdera L, Chang HM, et al. New england medical center 
posterior circulation registry. Ann Neurol. 2004;56:389-398 

31. Ostrem JL, Saver JL, Alger JR, Starkman S, Leary MC, Duckwiler G, et al. Acute basilar artery occlusion: 
Diffusion-perfusion mri characterization of tissue salvage in patients receiving intra-arterial stroke 
therapies. Stroke. 2004;35:e30-34 

32. Writing Group for the BG, Zi W, Qiu Z, Wu D, Li F, Liu H, et al. Assessment of endovascular treatment 
for acute basilar artery occlusion via a nationwide prospective registry. JAMA Neurol. 2020;77:561-573 

33. Nappini S, Arba F, Pracucci G, Saia V, Caimano D, Limbucci N, et al. Bridging versus direct endovascular 
therapy in basilar artery occlusion. J Neurol Neurosurg Psychiatry. 2021;92:956-962 

34. Katsanos AH, Safouris A, Nikolakopoulos S, Mavridis D, Goyal N, Psychogios MN, et al. Endovascular 
treatment for basilar artery occlusion: A systematic review and meta-analysis. Eur J Neurol. 
2021;28:2106-2110 

35. Miyagi T, Koga M, Shiokawa Y, Nakagawara J, Hasegawa Y, Furui E, et al. Intravenous alteplase at 0.6 
mg/kg for acute stroke patients with basilar artery occlusion: The stroke acute management with 
urgent risk factor assessment and improvement (samurai) recombinant tissue plasminogen activator 
registry. J Stroke Cerebrovasc Dis. 2013;22:1098-1106 

36. Meyer L, Stracke CP, Jungi N, Wallocha M, Broocks G, Sporns PB, et al. Thrombectomy for primary 
distal posterior cerebral artery occlusion stroke: The topmost study. JAMA Neurol. 2021;78:434-444 

37. Bernsen MLE, Bruggeman AAE, Brouwer J, Emmer BJ, Majoie C, Coutinho JM, et al. Aspiration versus 
stent retriever thrombectomy for posterior circulation stroke. Stroke. 2021:STROKEAHA121034926 



Section 4, chapter 8 

160 

38. Venema E, Mulder M, Roozenbeek B, Broderick JP, Yeatts SD, Khatri P, 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 

39. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker K, et al. 2018 guidelines for 
the early management of patients with acute ischemic stroke: A guideline for healthcare professionals 
from the american heart association/american stroke association. Stroke. 2018;49:e46-e110 

40. Lapergue B, Blanc R, Gory B, Labreuche J, Duhamel A, Marnat G, et al. Effect of endovascular contact 
aspiration vs stent retriever on revascularization in patients with acute ischemic stroke and large vessel 
occlusion: The aster randomized clinical trial. JAMA. 2017;318:443-452 

41. Di Meglio L, Desilles JP, Ollivier V, Nomenjanahary MS, Di Meglio S, Deschildre C, et al. Acute ischemic 
stroke thrombi have an outer shell that impairs fibrinolysis. Neurology. 2019;93:e1686-e1698 

42. Boeckh-Behrens T, Kleine JF, Zimmer C, Neff F, Scheipl F, Pelisek J, et al. Thrombus histology suggests 
cardioembolic cause in cryptogenic stroke. Stroke. 2016;47:1864-1871 

43. Siddiqui AH, Waqas M, Brinjikji W, De Meyer S, Doyle K, Fiehler J, et al. Embotrap extraction & clot 
evaluation & lesion evaluation for neurothrombectomy (excellent) registry design and methods. J 
Neurointerv Surg. 2021 

44. Hemmen TM, Raman R, Guluma KZ, Meyer BC, Gomes JA, Cruz-Flores S, et al. Intravenous thrombolysis 
plus hypothermia for acute treatment of ischemic stroke (ictus-l): Final results. Stroke. 2010;41: 
2265-2270 

45. Chen J, Liu L, Zhang H, Geng X, Jiao L, Li G, et al. Endovascular hypothermia in acute ischemic stroke: 
Pilot study of selective intra-arterial cold saline infusion. Stroke. 2016;47:1933-1935 

46. Hougaard KD, Hjort N, Zeidler D, Sorensen L, Norgaard A, Hansen TM, et al. Remote ischemic 
perconditioning as an adjunct therapy to thrombolysis in patients with acute ischemic stroke a 
randomized trial. Stroke. 2014;45:159-167 

47. Chamorro A, Amaro S, Castellanos M, Gomis M, Urra X, Blasco J, et al. Uric acid therapy improves the 
outcomes of stroke patients treated with intravenous tissue plasminogen activator and mechanical 
thrombectomy. Int J Stroke. 2017;12:377-382 

48. Hill MD, Goyal M, Menon BK, Nogueira RG, McTaggart RA, Demchuk AM, et al. Efficacy and safety of 
nerinetide for the treatment of acute ischaemic stroke (escape-na1): A multicentre, double-blind, 
randomised controlled trial. Lancet. 2020;395:878-887 

49. Investigators R-. Prehospital transdermal glyceryl trinitrate in patients with ultra-acute presumed 
stroke (right-2): An ambulance-based, randomised, sham-controlled, blinded, phase 3 trial. Lancet. 
2019;393:1009-1020 

50. van den Berg SA, Dippel DWJ, Hofmeijer J, Fransen PSS, Caminada K, Siegers A, et al. Multicentre 
randomised trial of acute stroke treatment in the ambulance with a nitroglycerin patch (mr asap): 
Study protocol for a randomised controlled trial. Trials. 2019;20:383 

51. Janssen PM, Venema E, Dippel DWJ. Effect of workflow improvements in endovascular stroke 
treatment. Stroke. 2019;50:665-674 

52. Froehler MT, Saver JL, Zaidat OO, Jahan R, Aziz-Sultan MA, Klucznik RP, et al. Interhospital transfer 
before thrombectomy is associated with delayed treatment and worse outcome in the stratis registry 
(systematic evaluation of patients treated with neurothrombectomy devices for acute ischemic stroke). 
Circulation. 2017;136:2311-2321 

53. Duvekot MHC, Venema E, Rozeman AD, Moudrous W, Vermeij FH, Biekart M, et al. Comparison of 
eight prehospital stroke scales to detect intracranial large-vessel occlusion in suspected stroke 
(presto): A prospective observational study. Lancet Neurol. 2021;20:213-221 

54. van Meenen LCC, van Stigt MN, Marquering HA, Majoie C, Roos Y, Koelman J, et al. Detection of large 
vessel occlusion stroke with electroencephalography in the emergency room: First results of the 
electra-stroke study. J Neurol. 2021 

55. Thorpe SG, Thibeault CM, Canac N, Wilk SJ, Devlin T, Hamilton RB. Decision criteria for large vessel 
occlusion using transcranial doppler waveform morphology. Front Neurol. 2018;9:847 

 







 

 

 

 

Chapter 9  
 

 
Summary 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





 Summary 

165 

Summary 

Acute ischemic stroke is caused by obstruction of a supplying artery which leads to a 
decrease in blood flow to the vascular territory of that particular blood vessel with 
subsequently hypoxia of the involved brain tissue. As a result, an ischemic core starts to 
develop which consists of brain tissue that is irreversibly damaged. Residual blood flow 
through alternative pathways (collaterals) contributes to the preservation of the viable 
tissue surrounding the ischemic core, the so called penumbra. However, if reperfusion 
of the vessel is not achieved, the penumbra will eventually transform into ischemic 
core. Saving the penumbra from becoming irreversibly damaged is the aim of 
reperfusion therapy and should be performed as soon as possible.  
 
Both the ischemic core and penumbra are responsible for sudden occurrence of 
neurologic deficit in stroke patients. Severe neurologic deficit is often caused by a large 
vessel occlusion (LVO) for which two reperfusion therapeutic approaches are available. 
First, administration of intravenous thrombolysis (IVT) aims to dissolve the intracranial 
obstruction. However, in patients with intracranial large vessel occlusion the rate of 
reperfusion by IVT is fairly low (10-32%). Fortunately an alternative treatment has been 
developed in which reperfusion is achieved by mechanical removal of the occluding 
thrombus through endovascular approach. In 2015 the MR CLEAN trial was the first to 
demonstrate that this endovascular treatment (EVT) is safe and effective for anterior 
circulation large vessel occlusion stroke. Since then, EVT has been implemented as a 
standard treatment in the Dutch health care system, which has led to an exponential 
growth of EVT procedures. Nevertheless, the effect of EVT still remains uncertain for 
specific patient subgroups that may present with a large vessel occlusion at the 
emergency department. To monitor the effect of EVT in routine clinical practice, all 
acute ischemic stroke patients treated with EVT have been registered in the MR CLEAN 
Registry database. By the use of MR CLEAN trial and registry data, we focused on 
several areas of uncertainty: the effect of predisposing factors on clinical outcome after 
EVT; the effect of repeated EVT; the effect of EVT beyond the 6-hour time window 
(‘late window’ stroke patients); and the effect of EVT in PCS  patients.  
 
The main objective is to reflect on the best clinical approach in patients with a LVO for 
whom efficacy of EVT has not been determined by providing physicians insights in the 
relation between specific characteristics and functional outcome of stroke patients 
treated with EVT in current routine practice.   
 
Chapter 1 describes the relation between body mass index (BMI) and outcome after 
EVT in a large randomized controlled trial: the MR CLEAN trial. This post-hoc analysis 
shows a positive effect of increased BMI on functional outcome and mortality in acute 
ischemic stroke patients with LVO, confirming the obesity paradox. Safety analysis also 
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showed a lower risk of stroke progression in patients with higher BMI. Since there was 
no interaction between BMI and EVT effect, all BMI classes may expect the same 
benefit from endovascular treatment. 
 
Chapter 2 describes the relation between peripheral artery disease (PAD) and outcome 
after EVT in a large observational database: the MR CLEAN Registry. Previous research 
suggests a paradoxical association based on a neuroprotective phenomenon called 
‘remote ischemic preconditioning (RIPC)’. Preclinical studies have also related RIPC to 
improved cerebral perfusion during stroke, possibly through increased collateral blood 
flow. However, our analysis shows no association between PAD and outcome after EVT 
nor an independent association between PAD and collateral blood flow. As such, it 
questions whether RIPC does occur in PAD patients with acute ischemic stroke due to 
LVO.  
 
Chapter 3 reports on the frequency and outcome of recurrent stroke in formerly EVT 
treated patients, who now underwent repeat EVT (rEVT). We used a combined cohort 
of three databases: MR CLEAN pre-trial, MR CLEAN trial and MR CLEAN Registry. In this 
large cohort, covering the period between 2002 and 2017, performance of rEVT was 
rare (0.7%). Stroke etiology of the recurrent LVO was mainly cardio-embolic and often 
the therapeutic levels of anticoagulants as part of secondary prevention too low. Most 
recurrent LVO’s in which rEVT was performed occurred ipsilateral. The outcome of 
repeated EVT was comparable with single EVT, underlining its safety and effectiveness 
in this selected patient population.  
 
Chapter 4  describes the characteristics and outcomes of stroke patients treated with 
EVT in the late time window (>6.5h from stroke onset) in routine clinical practice. In 
2018 two clinical trials  showed that EVT is safe and effective in a subgroup of patients 
treated in the extended time window up to 16 or 24 hours after symptom onset or 
time last known well. However, the results apply to a highly selected patient population 
based on perfusion imaging which, until then, was not regularly used in the acute 
stroke setting.  
In this post-hoc analysis of the MR CLEAN Registry similar outcomes are observed in 
selected patients treated beyond 6.5 hours compared to patients treated within the 
6.5-hour time window. Moreover, the late window patients appeared to be younger 
with better collaterals on baseline CTA than patients treated in the early window. 
These results suggest that clinical and radiological characteristics other than perfusion 
variables may also predict good outcome for late-window EVT.  
 
In Chapter 5 the MR CLEAN LATE trial protocol is described in detail. This randomized 
clinical study will provide insight into whether EVT is safe and effective for stroke 
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patients treated between 6 and 24 hours from symptom onset or time last known well 
after selection based on presence of collateral flow on CTA. 
 
Chapter 6 reports on the characteristics and outcome of posterior circulation stroke 
patients treated with EVT in routine clinical practice. We used the MR CLEAN Registry 
database, which covers a period in which a randomized controlled trial (RCT) was 
introduced to investigate the effect of EVT for basilar artery occlusion in posterior 
circulation stroke patients. Patients who were randomized for the RCT were not 
included in the MR CLEAN Registry. Our study shows that high rates of successful 
reperfusion and favorable clinical outcome can be achieved with EVT for posterior large 
vessel occlusion stroke, despite high mortality. Characteristics and outcomes of 
patients who were not randomized and treated in trial centers versus non-trial centers 
were similar, indicating that our cohort is representative of clinical practice, although a 
moderate effect of the simultaneously running trial cannot be completely excluded. 
 
Chapter 7 reports on the distribution of stroke etiology and the association with 
functional outcome in patients with posterior circulation stroke treated with 
endovascular thrombectomy. Out of 264 patients treated for posterior circulation 
stroke included in the MR CLEAN Registry, most frequent determined etiology was 
large artery atherosclerosis (LAA) followed by cardioembolism (CE), arterial dissection 
and embolic stroke of undetermined source (ESUS). Patients with a dissection were 
younger, had a lower NIHSS at baseline, and had a lower chance of successful 
reperfusion compared with other etiologic subtypes. After adjustment for potential 
prognostic factors primary analysis showed better functional outcome for CE and ESUS 
compared to LAA. 
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Nederlandse samenvatting 

Een acuut herseninfarct wordt veroorzaakt door een obstructie van een bloedvat 
leidend tot een verminderde bloedtoevoer naar het achterliggende hersenweefsel. Dit 
heeft als gevolg dat er te weinig zuurstof in dit gebied komt, hetgeen leidt tot 
onherstelbaar beschadigd weefsel (infarct kern). Overgebleven bloedtoevoer via 
alternatieve routes (collateralen) draagt bij aan de bescherming van het hersenweefsel 
dat de infarctkern omringt (penumbra). Indien rekanalisatie van het bloedvat niet 
wordt bereikt, zal de penumbra uiteindelijk deel uit gaan maken van het infarct. 
Reperfusie therapie richt zich op het voorkomen dat de penumbra permanent 
beschadigd raakt en dient zo spoedig mogelijk te worden uitgevoerd.  
 
Zowel de infarctkern als penumbra zijn verantwoordelijk voor het acuut optreden van 
neurologische verschijnselen in patiënten met een herseninfarct. Ernstige 
neurologische uitval wordt vaak veroorzaakt door een occlusie van een groot bloedvat. 
Om de occlusie op te heffen zijn twee therapeutische opties beschikbaar: 
(1) toediening van intraveneuze trombolyse (IVT), (2) endovasculaire therapie (EVT). 
IVT is gericht op het medicamenteus oplossen van het stolsel dat de intracraniële 
occlusie veroorzaakt. Echter, de kans op reperfusie bij occlusie van grote vaten is vrij 
klein (10-32%). EVT daarentegen richt zich op mechanische verwijdering van het 
occluderend stolsel via endovasculaire benadering (katheter behandeling) en is 
effectiever gebleken dan IVT alleen. In 2015 was de MR CLEAN trial de eerste 
gerandomiseerde studie die aantoonde dat EVT een veilige en effectieve behandeling is 
voor grote vaten occlusies in de voorste circulatie. Nadien is EVT als standaard 
behandeling in de Nederlandse gezondheidszorg geïmplementeerd. Dit heeft 
uiteindelijk geleid tot een exponentiële groei in EVT procedures. Desondanks blijft het 
effect van EVT onzeker voor specifieke patiëntengroepen met een herseninfarct op 
basis van een grote vaten occlusie. Om het effect van EVT in de dagelijkse praktijk te 
monitoren  worden alle patiënten die middels EVT zijn behandeld geregistreerd in de 
MR CLEAN Registry database. Voor dit proefschrift hebben wij gebruik gemaakt van MR 
CLEAN (trial en registry) data om te onderzoeken wat het EVT effect is bij nog onzekere 
situaties: effect van predisponerende factoren op uitkomst na EVT; het effect van een 
tweede EVT bij recidief herseninfarct; het effect van EVT in het late tijdsinterval; het 
effect van EVT in patiënten met een herseninfarct van de achterste circulatie.  
 
Dit proefschrift reflecteert op de klinische benadering van patiënten met een grote 
vaten occlusie waarbij het EVT effect onzeker is. We bieden clinici meer inzicht in de 
karakteristieken en uitkomst van de EVT behandelde patiënten in de dagelijkse praktijk. 
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Hoofdstuk 1 beschrijft de relatie tussen ‘body mass index’ (BMI) en uitkomst na EVT in 
een grote gerandomiseerde trial: MR CLEAN trial. Deze post-hoc analyse laat zien dat 
een verhoogd BMI een positief effect heeft op functionele uitkomst en mortaliteit in 
patiënten met een grote vraten occlusie, en bevestigt daarmee een obesitas paradox. 
Veiligheidsanalyse laat tevens zien dat een verhoogd BMI gepaard gaat met een lager 
risico op progressie van het herseninfarct. Er was geen interactie tussen BMI en EVT 
effect. Derhalve kan men er van uitgegaan dat alle BMI categorieën evenveel baat 
hebben van EVT.  
 
Hoofdstuk 2 beschrijft de relatie tussen perifeer vaatlijden en uitkomst na EVT in een 
grote observationele database: MR CLEAN Registry. Voorgaand onderzoek suggereert 
een paradoxale associatie dat gebaseerd is op een neuroprotectief fenomeen genaamd 
‘remote ischemic preconditioning (RIPC)’. Preklinische studies tonen een relatie tussen 
RIPC en verbeterde cerebrale perfusie tijdens een herseninfarct, mogelijk door 
verbeterde collaterale bloedtoevoer. Deze post-hoc analyse toont echter geen 
associatie tussen perifeer vaatlijden en uitkomst na EVT, noch wordt er een 
onafhankelijke relatie gezien met collateralen. Op basis van deze resultaten kan 
worden afgevraagd of RIPC daadwerkelijk optreedt bij patiënten met perifeer 
vaatlijden en een herseninfarct.  
 
Hoofdstuk 3 toont de frequentie en uitkomst van herhaalde EVT procedures in 
patiënten met een recidief intracraniële occlusie welke eerder reeds behandeld waren. 
Hiervoor is gebruik gemaakt van een gecombineerd cohort van drie databases: MR 
CLEAN pre-trial, MR CLEAN trial en MR CLEAN Registry. Het aantal herhaalde EVT 
procedures in de periode van 2002 tot 2017 was zeer laag (0.7%). Van deze procedures 
bleek de oorzaak van de terugkerende grote vaten occlusie in de meeste gevallen 
cardio-embolisch en was de antistolling bij presentatie inadequaat ingesteld. In de 
meeste gevallen betrof het een re-occlusie in hetzelfde stroomgebied als tijdens de 
vorige EVT procedure. De uitkomst na herhaalde EVT was vergelijkbaar met primair 
uitgevoerde EVT’s, waaruit geconcludeerd kan worden dat herhaling van EVT veilig en 
effectief was voor deze geselecteerde patiënten populatie.  
 
Hoofdstuk 4 beschrijft de karakteristieken en uitkomst van patiënten met een 
herseninfarct die zijn behandeld met EVT in het late tijdsinterval in de dagelijkse 
praktijk. Twee klinische trials toonden in 2018 aan dat EVT veilig en effectief kan 
worden uitgevoerd in het late tijdsinterval tot 16 of 24 uur na het ontstaan van 
symptomen of nadat de patiënt voor het laatst zonder symptomen is gezien. Deze 
resultaten zijn echter alleen van toepassing op een specifiek geselecteerde patiënten 
populatie door middel van perfusie beeldvorming. Tot voorkort werd deze modaliteit 
weinig gebruikt in de acute opvang van patiënten verdacht voor een herseninfarct.   
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In deze post-hoc analyse van de MR CLEAN Registry wordt een vergelijkbare uitkomst 
gezien tussen de EVT behandelde patiënten in het late tijdsinterval en EVT behandelde 
patiënten in het reguliere tijdsinterval. De patiënten in het late tijdsinterval waren 
jonger en hadden meer collateralen op CTA dan de patiënten in het reguliere 
tijdsinterval. De resultaten suggereren dat naast perfusie parameters ook andere 
radiologische en klinische karakteristieken gebruikt kunnen worden voor het 
voorspellen van een goede uitkomst na EVT in het late tijdsinterval.  
 
In Hoofdstuk 5 wordt het MR CLEAN LATE trial protocol in detail beschreven. Deze 
gerandomiseerde klinische studie onderzoekt of EVT veilig en effectief is voor 
patiënten met een herseninfarct die zich presenteren in het 6-24 uur tijdsinterval en 
geselecteerd worden op basis van de aanwezigheid van collateralen op CTA.  
 
Hoofdstuk 6 toont de karakteristieken en uitkomst van patiënten met een grote vaten 
occlusie van de achterste circulatie die behandeld zijn met EVT. De MR CLEAN Registry 
database betreft de periode waarin een gerandomiseerde klinische trial liep welke het 
effect van EVT onderzocht voor basilaris occlusies bij achterste circulatie 
herseninfarcten. Patiënten die gerandomiseerd waren voor deze trial, zijn niet 
geïncludeerd in de MR CLEAN Registry. Onze studie laat een hoog percentage 
succesvolle reperfusie en gunstige functionele uitkomst zien na EVT ondanks een hoog 
overlijdens percentage. De karakteristieken en uitkomsten van de niet-
gerandomiseerde patiënten die EVT hebben ontvangen in trial-centra vs niet-trial 
centra waren vergelijkbaar wat er op wijst dat ons cohort een goede reflectie is van de 
klinische praktijk. Enig effect van de simultaan lopende trial op de samenstelling van 
ons cohort kan echter niet volledig worden uitgesloten.   
 
Hoofdstuk 7 toont de frequentie van de verschillende oorzaken van een herseninfarct 
en de relatie met uitkomst in patiënten met een herseninfarct van de achterste 
circulatie die behandeld zijn met EVT. Van de 264 geïncludeerde patiënten in de MR 
CLEAN Registry was de meest voorkomende oorzaak; grote vaten atherosclerose (LAA) 
gevolgd door cardioembolie (CE), arteriële dissectie, en embolie van onbekende bron 
(ESUS). Patiënten met een dissectie waren jonger, hadden gemiddeld een lagere NIHSS 
bij binnenkomst en hadden een lagere kans op succesvolle reperfusie vergeleken met 
de andere subtypes. Na correctie voor potentieel prognostische factoren, liet de 
primaire analyse een betere uitkomst zien voor CE en ESUS in vergelijking tot LAA.  
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Impact paragraph 

This thesis involves acute ischemic stroke patients with large vessel occlusion (LVO) and 
focuses on functional outcome after endovascular treatment (EVT). The results are 
therefore of interest to physicians in vascular neurology and radiology and can be 
useful for clinical decision making. Additional to the research perspectives, this 
scientific document can also be relevant for general society when translated to a 
societal context. This chapter states the added social and economic value of the 
research performed.  
 
Acute stroke is one of the leading causes for disability and mortality in the Western 
world. As described by The National Stroke Association approximately 40% of all stroke 
patients suffer moderate to severe impairments and need personalized home care, 
while 10% require more intensive care in long-term care facilities. This major impact on 
quality of life contributes to a large social and economic burden. In 2009, the annual 
costs for stroke treatment and care in 27 European Union countries were estimated to 
be 27 billion euros, with 18.5 billion accounting for direct medical costs and 8.5 billion 
for indirect costs (e.g., loss of productivity). 
 
Fortunately, the latest advances in treatment and prevention of ischemic stroke have 
resulted in significant improvements in clinical outcomes and potentially lower costs. 
One of these advances includes EVT as a standard stroke treatment. The high 
effectiveness of EVT not only results in reduced costs in public health care, but also 
supports the economic earnings by overall increased work participation of stroke 
survivors. As such, EVT has been proven cost-effective over a period of two years of 
follow-up, despite the initial high treatment costs.   

Risk factors and stroke outcome  

Although advances in stroke care have resulted in better clinical outcomes, the Global 
burden of stroke has still increased due to expanding population numbers and aging as 
well as the increased prevalence of stroke risk factors. Comorbidities such as ischemic 
heart disease and atrial fibrillation are known for its higher costs in stroke patients. The 
same might be expected in patients with obesity and peripheral artery disease.  
 
The first two articles of this thesis describe exploratory research on the association 
between stroke risk factors and outcome after EVT. The first article describes an 
obesity paradox in LVO stroke patients and similar EVT benefit for all BMI subgroups. 
Based on the effect of the treatment, EVT remains indicated for all subgroups and 
patients should not be excluded from EVT based on BMI. The second article counters a 
previously described paradox between peripheral artery disease and good clinical 
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outcome after EVT. The previously suggested paradoxical associations were explained 
by hypotheses on neuroprotective phenomenons. If these paradoxical associations 
could be found in large patient groups it may be fundamental for future therapeutic 
strategies on neuro-protection. Currently there is increasing research interest in 
neuroprotection, mainly targeting the pre-hospital phase. Since economic studies have 
shown that general preventive measures are more cost-effective than curative 
measures, our exploratory research may encourage further studies on neuroprotective 
mechanisms in stroke.  

Expanding indications 

The third article shows that repeat EVT is safe and effective in stroke patients with a 
recurrent LVO. The results also suggest that the secondary preventive measures are 
often insufficient at the time of a recurrent LVO. With regard to the phrase ‘prevention 
is better than cure’, it points out the importance of adequate secondary prevention.  
 
This thesis contains two articles on the effect of EVT in late window stroke patients. 
Until recently approximately 30% of the ischemic stroke patients were excluded from 
EVT based on the lack of proof regarding EVT benefit beyond 6 hours after symptom 
onset of last seen well. Since the publication of two late-window trials, EVT benefit in 
the late window has been proven for a highly selected patient population. A cost-utility 
analysis on these two trials showed that performing EVT up to 24 hours is still cost-
effective. Based on the high effectiveness in the selected population, it is expected that 
EVT is also beneficial for a much larger late-window population. Expanding the 
indication of EVT may result in larger proportion of functionally independent stroke 
patients and lower health care costs.  
 
Finally, the last two articles describe the outcome after EVT in posterior circulation 
stroke patients. Though a LVO in the posterior circulation is relatively rare, the risk of 
severe impairment and mortality is significant. There is a high impact on quality of life 
and many uncertainties exist for patients, relatives and treating physicians. 
Consequently, a proven beneficial treatment for this patient group has the potential to 
significantly influence quality of life without the additional implementation costs, since 
EVT has already been embedded in standard stroke care. Although our research does 
not solve the uncertainty of EVT benefit, it provides novel insight in the underlying 
pathophysiology and the influence on outcome.  

Conclusion 

The benefit of EVT for individuals or subgroups in the population may influence the 
overall cost-effectiveness of the treatment. Since the use of EVT for LVO is growing and 
the proportion of patients with comorbidities is increasing we believe that exploratory 
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research on outcome after EVT in these subgroups is relevant in predicting the socio-
economic impact. Moreover, research on expanding the indication of EVT may have 
significant impact on patient groups for whom appropriate treatment strategy is still 
lacking.  
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Dankwoord 

In 2018 kwam de mogelijkheid voor een promotietraject op mijn pad. Hoewel 
promoveren en verhuizen naar Maastricht niet geheel op de planning stond besloot ik 
de uitdaging aan te gaan. Gelukkig kan ik nu alleen maar vol vreugde terugkijken op 
een mooie en leerzame periode. Ik had mij geen betere plek kunnen wensen om te 
promoveren met dank aan mijn collega’s, vrienden en familie.  
 
In het bijzonder wil ik bedanken: 
 
Mijn promotor dr. Staals. Beste Julie, mede dankzij jouw geduld en eerlijkheid werkte ik 
graag met je samen. Ik ken niemand die zowel in het onderzoek als in de kliniek zo 
‘hands-on’ is als jij! Zelfs toen ik in Zuid-Afrika zat kon ik op je hulp rekenen bij het 
aanpassen van ons stuk voor publicatie. Ik heb je leren kennen als een zeer betrokken 
neuroloog met een kritische blik, en ik hoop dat ik hier wat van mee mag nemen voor 
mijn verdere loopbaan.  
 
Mijn co-promotor Prof. dr. van Zwam. Beste Wim, vanuit de radiologie was jij mijn 
aanspreekpunt en kon ik altijd bij je terecht. Ondanks je vele diensten en 
bijeenkomsten in binnen- en buitenland bleef je betrokken bij mijn voortgang. 
Daarnaast kon ik op je gezelschap rekenen bij vele initiatievisites: Eindhoven, Tilburg, 
Dordrecht, Leiden en Twente, niets was voor jou te gek! Met je passie, optimisme en 
gedrevenheid ben je een inspiratie voor velen. Ik wil je bedanken voor je betrokkenheid 
en alles wat je me de afgelopen 3 jaar hebt geleerd.  
 
Mijn co-promotor dr. Schonewille. Beste Wouter, als semi-arts liet je mij kennis maken 
met vasculair onderzoek bij de neurologie in het Sint Antonius ziekenhuis. Ondanks 
mijn onervarenheid in het onderzoek zag jij gelukkig wel potentie in mij. Dankzij jou 
kwam dit promotietraject op mijn pad, en daar ben ik je nog altijd zeer dankbaar voor. 
Ondanks de afstand bleef je betrokken en wist je mij te enthousiasmeren voor nieuwe 
uitdagingen binnen het onderzoek. Ook kreeg ik door jou het schrijven in de vingers en 
groeide mijn passie voor de wetenschap. Ik wil je bedanken voor je steun en de kansen 
die jij mij hebt gegeven! 
 
Als afsluiter van dit geweldige promotieteam wil ik Prof. Dr. van Oostenbrugge 
bedanken. Beste Robert, vanaf het begin heb jij mij vrij gelaten om mijn eigen weg te 
vinden in het onderzoek, maar stond je tegelijkertijd klaar om mij te sturen wanneer dit 
nodig was. Ondanks je drukke agenda stond je deur altijd open en kon ik langskomen 
om te sparren of om even mijn frustraties kwijt te kunnen. Ik bewonder je efficiëntie en 
oplossend vermogen. Voor iemand die (vaak letterlijk) niet stil kan zitten, heb je enorm 
veel geduld met de mensen om je heen. Ik wil je niet alleen bedanken voor de 
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afgelopen 3 jaar, maar ook voor je steun in mijn beslissing om weer terug te gaan naar 
de randstad.  
 
Als voormalig trial-coördinator van de MR CLEAN LATE wil ik alle neurologen, 
radiologen, A(N)IOS, arts-onderzoekers, PA’s en research verpleegkundigen bedanken 
voor hun inzet. Zonder hen was deze studie nooit van de grond gekomen!  
 
Mijn co-auteurs wil ik bedanken voor hun intellectuele bijdrage aan de artikelen.  
 
Tevens wil ik mijn collega onderzoekers van CONTRAST bedanken. De samenwerking in 
een groot consortium is niet altijd makkelijk, maar des te meer heb ik er van mogen 
leren. In het bijzonder wil ik de andere CONTRAST-trial coördinatoren, mijn mede 
lotgenoten, bedanken voor hun wederzijdse ondersteuning gedurende deze reis. Rob, 
Natalie, Manon, Wouter, wat was het fijn om de initiatievisites samen te mogen doen!  
 
Niet te vergeten, mijn EMC en AUMC collega’s Nikki, Sanne, Josje en Agnetha: bedankt 
voor jullie hulp bij het opzetten van ons posterior circulatie clubje. Door onze goede 
communicatie hebben wij binnen een korte periode een mooie database kunnen 
samenstellen. Uiteraard ook dank aan alle interventie-ziekenhuizen voor het 
aanleveren van de data. Tot slot alle lof voor onze imaging core-lab leden: Pieter-Jan 
van Doormaal, Sandra Cornelissen, Rutger Brans, Christiaan van der Leij, Aad van der 
Lugt, Ad van Es, Wim van Zwam, Charles Majoie en Ludo Beenen. Wat hebben jullie 
mooi werk afgeleverd!  
 
Mijn mede PhD’ers van het MUMC wil ik bedanken voor hun luisterend oor en 
uiteraard ook voor de gezellige tijd in Maastricht: Danielle, Eefje, Isis, Daniëlle, Aysun, 
Marielle, Eric, Maurice, Amir, en Maud. Ik ga jullie missen!  
 
In het bijzonder wil ik het MR CLEAN team van het MUMC bedanken. Allereerst mijn 
voorgangers en mede oprichters van de ‘no negitivity pilot’ (wat was dat een flop 
trouwens): Robert-Jan en Wouter. Lieve RJ, dank voor jouw ‘wijsheid’ en advies aan het 
begin van mijn promotie. Ik denk terug aan de gezellige autoritjes in je oude barrel en 
flitsende nieuwe auto! Lieve Wouter, als digibeet heb je mij meermaals uit de brand 
geholpen en kon ik altijd op je rekenen. Graag fiets ik nog een keer een mooie tocht 
met je door het Limburgse heuvellandschap! Lieve Sabrina, wat heb jij ontzettend veel 
werk verzet voor MR CLEAN LATE! Dank voor al je hulp en tevens gezelligheid in ons 
Oxford hok en als loft-genootje in Milaan. Lieve Floor, dank voor jouw gezelligheid en 
fijne samenwerking op ons radiologen-stukje voor TNN! Susan en Angelique, jullie 
maken het MR CLEAN team helemaal compleet. Met jullie harde inzet durfde ik het 
stokje met een gerust hart over te dragen!  
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Het schrijven van een proefschrift is niet mogelijk zonder de nodige ontspanning 
tussendoor. Ik dank mijn vrienden en familie voor hun onvoorwaardelijke steun 
gedurende deze reis.   
 
Mijn lieve geneeskunde vriendinnen: Cindy, Loes en Nora, dank voor jullie bezoekjes 
aan Maastricht en de mini-vakanties tussendoor. Samen kwamen we tot rust in de 
natuur en praatte we elkaar bij over de gebeurtenissen in ons leven.  
 
Mijn lieve middelbare school vrienden: Fieke, Lotte, Martine, Raymond, Joelle, Sophie 
en Linda wat ben ik blij elke mijlpaal met jullie te mogen vieren. Ondanks onze drukke 
leventjes zullen we elkaar nooit uit het oog verliezen.  
 
Mijn lieve Ringvaart crew: Michiel, Roelof, Nasiem, Daan en Tim, dank voor een super 
tijd in Delft! De trainingen en ontspanning tussendoor waren zeer gewenst. Heen en 
weer reizen van Maastricht naar Delft was het zeker waard.  
 
My dear Paramarebences: Justin, Jürgen, Firdous, Nuria, Jordi, An, Taisa, Joao, Tomas, 
Sophie, and so many more, thank you for the incredible times in Surinam and after.  
 
Mijn lieve roeiploegje: Sanne, Lotte, Nathalie, Renske en Cindy, dank voor jullie 
betrokkenheid. Ik heb jullie vaak moeten missen door de grote afstand tussen ons maar 
wist dat ik altijd bij jullie terecht kon. Dank voor jullie steun en aanmoedigingen. Vo 
Chapeau!  
 
Mijn huisgenootje en tevens paranimf Elske. Lieve El, als reddende engel plaatste jij in 
2018 een bericht op facebook; ‘huisgenootje gezocht voor monumentaal pandje in 
centrum van Maastricht!’ Per toeval kwamen wij bij elkaar, maar direct hadden we een 
goede band! Met veel plezier denk ik terug aan onze flamingo housewarming, latin-
festival in the middle of nowhere, bbq struggles, spijbeldag aan het zwembad en 
filmavondjes op de bank of in de tuin. Beiden verlieten wij de randstad voor een 
promotietraject in het zuiden en hebben we tussendoor heel wat afgereisd. Gelukkig 
voelde het dankzij jou altijd als thuiskomen in Maastricht.  
 
Mijn collega, vriendinnetje en tevens paranimf Irene. Lieve Irene, wat was ik blij om 
een bekend gezicht te zien op mijn eerste werkdag in het MUMC. Altijd was jij vrolijk en 
checkte je hoe het met mij ging. Ik wil je bedanken voor je gezelligheid en luisterend 
oor tijdens mijn promotie. Wat mis ik onze mooie fietstochten door het Limburgse 
landschap, telkens speurend naar het volgende knooppunt. Gelukkig zien we elkaar nog 
geregeld en zal die fietstocht er vast wel weer van komen!  
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Mijn huidige collega arts-assistenten en neurologen bij het Haaglanden MC wil ik 
bedanken voor hun warm welkom en enthousiasme rondom de afronding van mijn 
promotietraject. Wat ben ik blij de komende zes jaar deel uit te maken van dit top 
team!  
 
De Hijma’s: Marianne, Jaap en Eva. Ik wil jullie bedanken voor het warm welkom in de 
familie en het bieden van een tweede thuis. Jaap, ontzettend bedankt voor het 
digitaliseren van mijn kaft!  
 
Mijn lieve ouders en broer wil ik bedanken voor hun onvoorwaardelijke steun. Lieve 
mam, een beetje vreemd om je kort mijn collega MUMC’er te noemen, maar wat was 
het fijn om je in de buurt te hebben. Het belang van je kinderen heb je altijd bovenaan 
gezet en dat waardeer ik zeer. Lieve pap, dankzij jou heb ik de mooie kant van Limburg 
weer ontdekt, namelijk het wielrennen! Ik heb erg genoten van onze heuvel-tochtjes 
samen en zal dat zeker missen. Tevens wil ik je bedanken voor het ontwerpen van de 
omslag van dit proefschrift. Als creatief brein van de familie wist ik dat dit goed zou 
komen! Lieve Laurent, als grote broer beschermend over zijn zusje, eerlijk in advies, en 
iemand waar ik altijd op kan bouwen. Jij hebt mij laten zien wat doorzettingsvermogen 
is en ik ben dan ook erg trots om jou als broer te hebben.  
 
Tot slot wil ik mijn vriend, mijn steun en toeverlaat bedanken. Lieve Hemme, wat 
bewonder ik jouw engelengeduld, concentratievermogen en lust voor avontuur. Jij 
weet mij te kalmeren als ik onrustig ben en maakt me weer aan het lachen als ik het 
even niet zie zitten. Dankzij jouw aanmoedigingen heb ik de eindstreep van mijn 
promotie gehaald! Jij hebt je hart op de juiste plek en ik prijs mijzelf keer op keer 
gelukkig met jou aan mijn zijde.  
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Curriculum vitae 

France Anne Victoire Pirson was born on April 
7th, 1992 in Maastricht. After finishing high 
school at Sint-Maartenscollege she started 
medical school at the University of Utrecht, the 
Netherlands, where she obtained her medical 
degree in 2017.  
After that, she moved to Surinam to work as a 
Neurology resident at Academic Hospital of 
Paramaribo. After six months she returned to 
the Netherlands and continued working as a 
resident at the Neurology department of Sint 
Antonius Hospital Nieuwegein. Here she worked 
with Dr. Schonewille who further introduced her 
to scientific research.  
In 2018 she started neurovascular research 
under supervision of Prof. dr. van Oostenbrugge, 
Prof dr. van Zwam, and Dr. Staals at Maastricht 
University Medical Center and collaborated as 
trial coordinator of the MR CLEAN LATE within 
the CONTRAST consortium.  
Since 2021 she works as a Neurology resident in Haaglanden Medical Center in The 
Hague, and in April 2022 she started her training to become a neurologist. She 
currently lives in Leiden with Hemme Hijma. 
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