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Introduction 6 

The aim of MR CLEAN-MED (Multicenter Randomized CLinical trial of Endovascular 7 

treatment for Acute ischemic stroke in the Netherlands. The effect of periprocedural 8 

MEDication: acetylsalicylic acid, unfractionated heparin, both, or neither) is to assess the effect 9 

of acetylsalicylic acid (ASA) and unfractionated heparin (UFH), alone, or in combination, in 10 

patients with acute ischemic stroke (AIS), who undergo endovascular thrombectomy (EVT) for a 11 

confirmed intracranial large vessel occlusion of the anterior circulation. In this statistical analysis 12 

plan we described the rationale behind the trial, the design of the trial, the methodology to assure 13 

adequate blinding, and the statistical procedures to estimate the primary effect. Additionally, we 14 

predefined the most important subgroup analyses. Last, we specified the time-path after follow-15 

up of the final patient to publication. Please note that, due to word count restrictions, it is 16 

possible that not all pre-specified analyses listed in this statistical analysis plan will be included 17 

in the publication on the primary outcomes of the trial. Those analyses will be made available in 18 

subsequent publications or online. This paper should be read as an adjunct to the study protocol, 19 

published earlier. (1)  20 

Rationale 21 

EVT by means of retrievable stents, in patients with AIS with confirmed intracranial large vessel 22 

occlusion of the anterior circulation in whom the procedure can be started within 6 hours from 23 



onset, has been proven safe and effective. This was first reported in the MR CLEAN trial – a 24 

landmark trial performed by members of our collaboration – and later confirmed in 6 other trials. 25 

(2-8) Still, a considerable proportion of patients do not recover despite fast and complete 26 

recanalization. (9) This is for a major part attributable to incomplete microvascular reperfusion 27 

(IMR). (10) IMR has been linked to distal microvascular damage or dysfunction as a result of 28 

tissue necrosis and cell death, intervention simply being late, but also to distal microvascular 29 

occlusion. This may be due to occlusion of distal vessels by pericyte contraction, distal 30 

embolization of microthrombi from the original occluding the proximal artery, in situ formation 31 

of microthrombi and cellular plugs caused by platelet activation and increased hemostasis, 32 

activated by formation of neutrophil extracellular traps (NETs). (11) It is important to target 33 

treatment on the reduction of IMR. We consider it likely that in patients with AIS treated with 34 

EVT, periprocedural antiplatelet or anticoagulant treatment improves distal reperfusion, but 35 

whether it improves clinical outcome is unknown. 36 

The use of antiplatelet agents in AIS in general has a small beneficial effect, (12) but its use in 37 

patients treated with IV alteplase is associated with increased risk of intracranial hemorrhage. 38 

(13, 14) However, there are no trial data on acute treatment with antiplatelet agents in patients 39 

treated with EVT. (15) Previous trials on the effect of UFH in AIS have failed to demonstrate a 40 

beneficial effect. (12) However, the use of UFH in EVT has not been tested in randomized 41 

controlled trials. The risk of hemorrhage due to treatment with low or moderate dosages of 42 

heparin are low in patients with moderate or severe ischemic stroke. (12) A recent review 43 

confirms that there are no data on periprocedural antithrombotic treatment, and consequently, 44 

there is large practice variation. (15)  45 

In conclusion, what we need is an answer to the question whether treatment with antithrombotic 46 

or antiplatelet agents directly before the start of mechanical thrombectomy is beneficial and leads 47 

to better outcomes, despite the potential extra risk of symptomatic intracranial hemorrhage. 48 

Research Questions 49 

The primary objective of this trial is to assess the effect of ASA and UFH, alone, or in 50 

combination on functional outcome at 3 months in patients with AIS caused by a confirmed 51 

intracranial large vessel occlusion of the anterior circulation, who undergo intra-arterial 52 

treatment with or without prior intravenous thrombolysis according to standard care.  53 



The secondary objective is to assess the safety and effect of ASA and UFH, alone, or in 54 

combination, on neurological outcome, revascularization and infarct size in patients who 55 

undergo intra-arterial treatment for AIS caused by a confirmed intracranial large vessel occlusion 56 

of the anterior circulation.  57 

The tertiary objectives are 1) to collect (waste) biomaterials (thrombo-emboli, aspirate blood) 58 

and to analyze biomarkers in blood samples with respect to their potential for treatment effect 59 

modification, 2) to collect and analyze data regarding the deferred consent procedure and its 60 

association with patient recall and satisfaction at three months from randomization, and 3) to 61 

study the efficiency of national EVT implementation, given the availability of EVT hospitals and 62 

capacity, and travel times of ambulance services. To this end, we aim to collect data (time delays 63 

and diagnostics) from each step in the acute stroke pathway as input parameters for a simulation 64 

model. This way we can study the regional set-up of the EVT organizational model. 65 

Trial Design 66 

MR CLEAN-MED (ISRCTN76741621) is a national multicenter phase III clinical trial with 67 

randomized treatment allocation, open label treatment, and blinded endpoint evaluation (PROBE  68 

design) with a 2x3 factorial design. (1) Patients were randomized for periprocedural intravenous 69 

treatment with ASA (300mg bolus) or no ASA, and for low-dose UFH (5000IU bolus, followed 70 

by 500IU/hour for 6 hours), moderate-dose UFH (5000IU, followed by 1250IU/hour for 6 hours) 71 

or no UFH. In April 2019, after discontinuing inclusion in the moderate-dose UFH arms because 72 

of a safety issue, the trial continued in a 2x2 factorial design. Only stent retrievers and aspiration 73 

devices, which are CE marked approved for EVT, and approved for use in the study by the 74 

steering committee are allowed in the trial as a first line of defense.  75 

Randomization is stratified for center and for inclusion in the active treatment arm of the 76 

Multicenter Randomized trial of Acute Stroke treatment in the Ambulance with a nitroglycerin 77 

Patch (MR ASAP). In MR ASAP, the effect on functional outcome of prehospital transdermal 78 

nitroglycerin treatment within 3 hours of ischemic or hemorrhagic stroke onset is determined 79 

(http://www.mrasap.nl, ISRCTN99503308). Participation in the ARTEMIS project was not 80 

considered an exclusion criterium. In ARTEMIS, patients were randomized into a group with 81 

real-time feedback to the physicians on the times from admission to administration of alteplase 82 



and time to groin puncture, or into a group without direct feedback 83 

(https://clinicaltrials.gov/ct2/show/NCT02808806). 84 

Inclusion criteria 85 

- a clinical diagnosis of acute ischemic stroke;  86 

- caused by intracranial large vessel occlusion of the anterior circulation (distal intracranial 87 

carotid artery or middle (M1/proximal M2) cerebral artery) confirmed by neuro-imaging 88 

(CTA or MRA);  89 

- CT or MRI ruling out intracranial hemorrhage;  90 

- treatment possible (groin puncture) within 6 hours from symptom onset or last seen well; 91 

- a score of at least 2 on the NIH Stroke Scale;  92 

- age of 18 years or older;  93 

- informed consent in writing (deferred).  94 

Exclusion criteria 95 

- Pre-stroke disability which interferes with the assessment of functional outcome at 90 96 

days, i.e. mRS >2;  97 

- Treatment with IV alteplase despite the following contra-indications for IV alteplase:  98 

o cerebral infarction in the previous 6 weeks with residual neurological deficit or signs of 99 

recent infarction on neuroimaging,  100 

o intracerebral hemorrhage within the previous 3 months,  101 

o INR exceeding 1.7, or prior use of direct oral anticoagulant (DOAC),  102 

o IV alteplase infusion >4.5 hours after symptom onset; 103 

- Contra-indications for ASA/UFH, for instance: allergy, recent surgery, heparin induced 104 

thrombocytopenia; 105 

- Therapeutic heparin use; 106 

- INR exceeding 3.0; 107 

- Known hemorrhagic diathesis or known thrombopenia (<909/L); 108 

- Participation in medical or surgical intervention trials other than current (or MR ASAP 109 

(http://www.mrasap.nl, ISRCTN99503308)  / ARTEMIS 110 

(https://clinicaltrials.gov/ct2/show/NCT02808806)). 111 

https://clinicaltrials.gov/ct2/show/NCT02808806
https://clinicaltrials.gov/ct2/show/NCT02808806)


Outcomes 112 

The primary outcome is the score on the modified Rankin Scale at 90 days +/- 14 days after 113 

randomization 114 

Secondary outcomes are: 115 

- Reperfusion grade (Extended treatment in cerebral ischaemia [eTICI] score) on final 116 

angiography of EVT  117 

- Recanalization grade (modified arterial occlusive lesion [mAOL] score) at 24 +/- 12 118 

hours, assessed with CTA or MRI 3D TOF  119 

- Score on the NIHSS at 24 hours and 5-7 days, or at discharge 120 

- Final infarct volume, assessed with NCCT at 5-7 days or with DWI-MRI at 24 +/- 12 121 

hours after EVT. Final infarct volume will be assessed with the use of automated, 122 

validated algorithms (16) 123 

- All possible dichotomizations of the mRS at 90 days (± 14 days)  124 

- Score on the EQ-5D-5L and Barthel index at 90 days (± 14 days) 125 

 126 

Safety endpoints are the following:  127 

- Intracerebral hemorrhage according to the Heidelberg Bleeding Classification (17) 128 

- Symptomatic intracerebral hemorrhage (sICH) scored according to the Heidelberg 129 

Bleeding Classification, with the addition of sICH that led to death and that was 130 

identified as the predominant cause of the neurologic deterioration (17)  131 

- Extracranial hemorrhages requiring transfusion or resulting in death  132 

- Embolization in new territory on angiography during EVT  133 

- Infarction in new territory assessed with NCCT at 5-7 days or DWI-MRI at 24 +/- 12 134 

hours after EVT. 135 

- Death from all causes within 90 days (+14 days) 136 

Blinding 137 

The trial features a PROBE design. Both patient and treating physician will be aware of the 138 

treatment assignment. Information on outcome at three months will be assessed in a telephone 139 

interview through standardized forms and procedures, by a trained investigator unaware of 140 

treatment allocation. Interviews will be recorded. Final assessment of the mRS score at 90 days 141 



will be performed by the outcome committee, consisting of trained investigators blinded to the 142 

treatment allocation, based on masked reports of the telephone interview. 143 

Results of neuroimaging will also be assessed in a blinded manner. Information on treatment 144 

allocation will be kept separate from the main study database. The steering committee will be 145 

kept unaware of the results of interim analyses of efficacy and safety. The independent trial 146 

statistician will combine data on treatment allocation with the clinical data in order to report to 147 

the data safety monitoring board (DSMB). 148 

Status of the trial 149 

As of this writing, a total of 15 centers have been initiated and included patients in the 150 

Netherlands. On the 16th of April 2019, after enrollment of 132 patients, and after receipt of the 151 

4th safety report, the Trial Steering Committee (TSC) followed the unanimous advice of the 152 

DSMB to stop inclusions in the moderate-dose UFH arm of the trial. This decision was made 153 

because of a safety issue. Inclusion in the other treatment arms was considered safe and 154 

continued. Then, on the 27th of January 2021, after receipt of the combined 2nd interim analysis 155 

and 11th safety analysis, the DSMB advised that the TSC should be unblinded to the outcome 156 

data (all remaining treatment groups) in order to make a decision about stopping or continuing 157 

one or both of the remaining arms of the trial. The TSC again followed the advice of the DSMB. 158 

After analyses of the DSMB report the TSC decided to stop inclusion of patients into the trial. 159 

Since then, follow-up and validation and completion of the database continued with masked data, 160 

or else, blinded colleagues. The database will be locked in July 2021. In total, 663 patients were 161 

randomized (safety cohort), of whom 628 patients gave deferred consent for main analyses, and 162 

6 patients gave deferred consent for the use of already collected data.   163 

Missing data and death 164 

We will report proportions of missing values for all collected variables. For descriptive analyses, 165 

only the crude, non-imputed data will be presented. For the regression analyses, missing data 166 

will be imputed using multiple imputation methods. For patients who died within the study 167 

period we will assign the worst score for all unassessed clinical outcome measures and use those 168 

for analyses. 169 



Time path of the analysis and locking of the database 170 

After the follow-up of the final patient, the last records of the database will be cleaned and 171 

checked for completeness within two months. Upon completion, the database will be locked. The 172 

final analysis will be performed by the study coordinators and principal investigators of the trial 173 

and will be reported to the independent trial statistician. The final results will then be shared for 174 

consideration with the Trial Steering Committee. Within 3 months after obtaining the final 175 

results, a manuscript describing the main results of the trial will be submitted for publication. 176 

The syntax and output will be made available upon request. 177 

Statistical Analysis 178 

The analysis will be in accordance with the CONSORT guidelines. Baseline data by treatment 179 

allocation will be reported with standard statistical procedures. All analyses will be performed 180 

according to the intention-to-treat principle. To express statistical uncertainty, 95% confidence 181 

intervals will be reported for all analyses.  182 

We will analyze the treatment effect estimates for ASA versus no ASA, and for UFH versus no 183 

UFH. Additionally, we will evaluate the treatment effect for the different dosages (i.e. moderate-184 

dose or low-dose) of UFH versus no UFH. To correct for the earlier termination of the moderate-185 

dose UFH arms, we will adjust for an extra variable – inclusion before or after stopping the 186 

moderate-dose UFH arms. For the moderate-dose UFH versus no UFH analysis we will only 187 

evaluate patients who were included prior to stopping the allocation of moderate-dose UFH.  188 

Primary effect analysis 189 

The primary effect parameter will be the common odds ratio, estimated with ordinal logistic 190 

regression, which represents the shift on the 7-category modified Rankin scale, measured at 3 191 

months from randomization. The treatment effect estimates for both ASA versus no ASA and 192 

heparin versus no heparin will be adjusted for prognostic variables: age, pre-stroke mRS, time 193 

from onset to door of EVT center, time from door EVT center to groin puncture, stroke severity 194 

(baseline NIHSS) and collateral score. Adjusted and unadjusted estimates with corresponding 195 

95% confidence intervals will be reported. 196 



Primary effect analysis in subgroups 197 

Pre-specified subgroups will be performed by testing for interaction between the specific 198 

baseline characteristic and treatment. The effect of intervention on the modified Rankin scale 199 

will be analyzed in subgroups determined by the following variables:  200 

- Tertiles of age 201 

- Sex  202 

- Tertiles of (systolic) blood pressure at baseline 203 

- Tertiles of NIHSS at baseline 204 

- Tertiles of time from onset of symptoms to randomization, groin puncture and 205 

revascularization  206 

- Diabetes mellitus 207 

- Atrial fibrillation 208 

- Extracranial carotid obstruction 209 

- Occlusion location 210 

- ASPECTS  211 

- Collateral score 212 

- Type of device 213 

- IVT versus no IVT 214 

- Prior use of antiplatelet agents, vitamin K antagonists or direct oral anticoagulants 215 

- Inclusion in active treatment arm of MR ASAP 216 

Secondary, tertiary and safety analyses 217 

Secondary, tertiary and safety effect parameters will be determined using linear, logistic or 218 

ordinal regression analyses as appropriate, with the same adjustment variables as the primary 219 

outcome.  220 

Last, a cost utility analysis will be performed to assess the cost-effectiveness of the intervention 221 

under study. The outcome parameters of the cost-effectiveness analysis will be the cost per 222 

patient with good functional outcome and the cost per QALY. 223 
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