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ORIGINAL ARTICLE

Effect of Intravenous Alteplase Treatment on 
First-Line Stent Retriever Versus Aspiration Alone 
During Endovascular Treatment
Leon A. Rinkel , MD*; Kilian M. Treurniet, MD, PhD*; Daan Nieboer , PhD; Manon Kappelhof , MD, PhD;  
Natalie E. LeCouffe , MD; Agnetha A.E. Bruggeman , MD; Wim H. van Zwam , MD, PhD;  
Geert J. Lycklama à Nijeholt, MD, PhD; Elyas Ghariq, MD; Maarten Uyttenboogaart , MD, PhD;  
Diederik W.J. Dippel , MD, PhD; Yvo B.W.E.M. Roos , MD, PhD; Jonathan M. Coutinho , MD, PhD;  
Charles B.L.M. Majoie  MD, PhD†; Bart J. Emmer  MD, PhD†; for the MR CLEAN-NO IV Investigators‡

BACKGROUND: We aimed to assess whether the effect of intravenous alteplase treatment (IVT) before endovascular treatment 
(EVT) on outcome is modified by first-line technique during EVT in IVT eligible patients.

METHODS: This was a post hoc analysis from MR CLEAN-NO IV (Multicenter Randomized Clinical Trial of Endovascular 
Treatment for Acute Ischemic Stroke in the Netherlands - Intravenous Treatment Followed by Intra-Arterial Treatment Versus 
Direct Intra-Arterial Treatment for Acute Ischemic Stroke Caused by a Proximal Intracranial Occlusion), a randomized trial 
of IVT followed by EVT versus EVT alone in patients presenting directly to EVT-capable centers. We included data from 
all patients who underwent EVT with a thrombectomy attempt. We compared patients treated with stent retriever (with or 
without aspiration) to aspiration alone as first-line EVT technique and assessed the interaction of first-line EVT technique 
with IVT treatment. Primary outcome was the 90-day modified Rankin Scale score, analyzed with mixed model ordinal 
regression for a shift towards better outcome. Secondary outcomes included successful reperfusion (extended Thrombolysis 
in Cerebral Infarction score 2b–3).

RESULTS: Of 473 included patients, 102 (21.6%) were treated with aspiration alone as first-line technique. In the full population, 
functional outcome was similar for patients treated with stent retriever versus aspiration only (adjusted common odds ratio 
[acOR]‚ 1.07 [95% CI, 0.69–1.66]). We observed a significant interaction between IVT and first-line EVT technique (P=0.03). 
In the aspiration-only group, patients treated with EVT alone had worse functional outcome compared to those treated with 
IVT and EVT (acOR, 0.44 [95% CI, 0.21–0.90]). In the stent retriever group, functional outcome did not differ between 
patients treated with or without IVT (acOR, 1.08 [95% CI, 0.74–1.57]). There was no statistically significant interaction for 
successful reperfusion.

CONCLUSIONS: In MR CLEAN-NO IV, the treatment effect of IVT was modified by first-line EVT technique. Patients treated with 
aspiration only as first-line technique had worse clinical outcomes if they did not receive IVT. No such difference was observed 
in patients treated with stent retrievers. Confirmation by pooling with results from other trials is needed to confirm these findings.

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

Key Words: ischemic stroke ◼ patients ◼ reperfusion ◼ stent ◼ thrombectomy
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Data from 6 randomized trials comparing direct 
endovascular treatment (EVT) with intravenous 
alteplase treatment (IVT) before EVT are currently 

available. The Chinese DIRECT-MT (Direct Intra-Arte-
rial Thrombectomy in Order to Revascularize Acute 
Ischemic Stroke Patients With Large Vessel Occlusion 
Efficiently in Chinese Tertiary Hospitals), and DEVT 
(Direct Endovascular Treatment Versus Standard Bridg-
ing Therapy for Patients With Acute Stroke With Large 
Vessel Occlusion in the Anterior Circulation) showed 
noninferiority of direct EVT,1,2 whereas in SKIP (The 
Randomized Study of Endovascular Treatment With 
Versus Without Intravenous Recombinant Tissue Plas-
minogen Activator in Acute Stroke With Internal Carotid 
Artery and Proximal Middle Cerebral Artery Occlu-
sion), SWIFT-DIRECT (Solitaire With the Intention for 
Thrombectomy Plus Intravenous t-PA Versus DIRECT 
Solitaire Stent-Retriever Thrombectomy in Acute Ante-
rior Circulation Stroke), DIRECT-SAFE (A Randomized 
Controlled Trial of Direct Endovascular Clot Retrieval 
Versus Standard Bridging Thrombolysis With Endovas-
cular Clot Retrieval), and MR CLEAN-NO IV (Multicenter 
Randomized Clinical Trial of Endovascular Treatment for 
Acute Ischemic Stroke in the Netherlands - Intravenous 
Treatment Followed by Intra-Arterial Treatment Ver-
sus Direct Intra-Arterial Treatment for Acute Ischemic 
Stroke Caused by a Proximal Intracranial Occlusion), 
noninferiority of direct EVT was not demonstrated.3a,3–5 
However, all trials reported similar outcomes after EVT, 
regardless of pretreatment with IVT. Although previous 
randomized trials demonstrated no difference in func-
tional outcome or successful reperfusion based on first-
line device technique during EVT (stent retriever alone 
or in conjunction with local aspiration versus aspiration 
alone as primary modality),6–8 it is unclear whether the 
treatment effect of IVT before EVT on functional out-
come is modified by the first-line technique during EVT 
in patients eligible for both interventions. Previous stud-
ies have shown that IVT affects thrombus composition 
by stimulating breakdown of the fibrin meshwork in the 
clot.9 Modeling studies have suggested that thrombus 
composition may affect the efficacy of EVT devices.10 
For instance, removal of fibrin-rich clots with aspiration 
resulted in more distal emboli compared to stent retriev-
ers.11 For this post hoc analysis, we hypothesized that 
first-line device technique during EVT (stent retriever 
with or without aspiration versus aspiration only) would 
modify the effect of IVT as a result of changes in throm-
bus composition following IVT administration and that 

the effect of stent retrievers would be diminished by a 
reduced adhesiveness of the thrombus.12

METHODS
Data Availability
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

Study Design and Patient Selection
We used data from MR CLEAN-NO IV, a randomized trial of 
IVT followed by EVT versus EVT alone in patients presenting 
directly to EVT-capable centers.13 We included data from all 
patients who underwent at least one intracranial mechanical 
thrombectomy attempt at the clot. Patients in whom catheter-
ization of the intracranial arteries failed or in whom only intra-
cranial digital subtraction angiography was performed, were 
excluded. Rescue IVT (0.9 mg/kg) was permitted in patients 
allocated to EVT alone if there was incomplete reperfusion 
after EVT (score 0, 1, or 2A on the extended Thrombolysis in 
Cerebral Infarction scale), and IVT could be administered within 
4.5 hours of stroke onset. We compared patients who under-
went EVT with a stent retriever with or without concomitant 
aspiration on a distal access catheter as first-line technique 
during EVT to patients with a first-line technique of aspiration 
only. The technique for EVT, including the choice of guiding 
catheter, was at the discretion of the treating physician, but the 
use of stent retriever was recommended in the trial protocol. 
All relevant imaging was analyzed by an imaging core labo-
ratory, whose members were blinded to treatment allocation 
and all clinical data except for symptom side. An adverse event 
committee evaluated the safety end points based on clinical 
data and reports from the imaging core lab. Detailed methods 
and primary results of the MR CLEAN-NO IV trial have been 
reported previously, including the results 8 prespecified sub-
group analyses.13,14

Outcomes
The primary outcome was functional outcome as measured 
with the modified Rankin Scale score at 90 days after stroke 
(modified Rankin Scale, ranges from 0 [no disability]–6 [death]). 
Secondary outcomes were modified Rankin Scale dichotomized 
at 0 to 2 (indicating functional independence), mortality, success-
ful reperfusion on the final intracranial angiogram (defined as an 
extended Thrombolysis in Cerebral Infarction score of 2B, 2C, or 
3), successful reperfusion after the first EVT attempt, percentage 
of patients with recanalization on computed tomography angiog-
raphy or magnetic resonance angiography at 24 hours (modified 
Arterial Occlusive Lesion score 2–3; range, 0 [no recanaliza-
tion]–3 [complete recanalization]), occurrence of symptomatic 
intracranial hemorrhage (according to the Heidelberg criteria),15 
occurrence of subarachnoid hemorrhage (both symptomatic 
and asymptomatic), final lesion volume on magnetic resonance 
imaging at 24 hours or noncontrast computed tomography at 5 
to 7 days or discharge, embolization in a new vascular territory, 
infarction in a new vascular territory on noncontrast computed 
tomography at 5 to 7 days or discharge, or diffusion-weighted 
magnetic resonance imaging at 24 hours.Scale

Nonstandard Abbreviations and Acronyms

EVT endovascular treatment
IVT intravenous alteplase treatment
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Statistical Analysis
For the primary outcome, we used ordinal logistic regression with 
multiplicative interaction terms between first-line device technique 
and treatment allocation to assess whether the association of IVT 
administration with functional outcome was modified. Then we 
assessed the effect of IVT before EVT compared to EVT alone in 
subgroups according to the first used device. We assessed binary 
outcomes using logistic regression and continuous outcomes 
using linear regression. All main analyses were performed accord-
ing to the intention-to-treat principle. We adjusted all regression 
analyses for the variables prespecified in the MR CLEAN-NO IV 
statistical analysis plan14 (age, prestroke modified Rankin Scale, 
onset-to-randomization time, National Institutes of Health Stroke 
Scale at baseline, and collateral score [ranges from 0, indicating no 
collaterals, to 3, indicating collateral flow to 100% of the affected 
territory]) with additional adjustment for occlusion location, the 
presence of a tandem lesion and use of balloon guide catheter 
as they might confound the association between first-line device 
choice and outcomes. To adjust for potential between-center dif-
ferences, we used mixed-effects models including center of inclu-
sion as random effect. As a sensitivity analysis, we also assessed 

whether there was an interaction when assessing first-line devices 
in 3 groups: stent retriever with aspiration, aspiration alone, and 
stent retriever alone. Moreover, we assessed all outcomes in an 
as-treated population for which we excluded patients who did not 
receive their allocated treatment (full dose IVT for IVT before EVT 
group and no IVT for EVT alone group).14 We also reported all 
outcomes stratified by both treatment allocation and first-line EVT 
technique including absolute risk differences, with IVT before EVT 
patients as reference group. Missing data were imputed for the 
regression analyses only, using multiple imputation methods.16 All 
analyses were performed using R version 4.0.3 (R Foundation for 
Statistical Computing 2018, www.r-project.org).

Ethical Approval and Informed Consent
The trial protocol for the MR CLEAN-NO IV trial was approved 
by Dutch (MEC-2017-368), Belgian (ID-RCB: 2018-A00764-
51), and French (B322201939935, 19/20/987) ethical com-
mittees and the research board of each participating center. 
Patients or their representatives provided written informed 
deferred consent.17

Figure 1. CONSORT (Consolidated 
Standards of Reporting Trials) flow 
diagram of patient inclusion.
Reasons for no thrombectomy attempt 
at the clot: 13 patients were ineligible 
according to local physician, 13 patients 
due to clinical improvement, 17 patients 
due to access problems, 20 patients due 
to complete recanalization of target vessel 
or no remaining treatable intracranial 
occlusion according to local interventionist, 
2 patients due to respiratory distress and 
not suited for intubation‚ and 1 patient 
due to arterial perforation and halted 
procedure. EVT indicates endovascular 
treatment; IVT, intravenous alteplase 
treatment; and MR CLEAN-NO IV, 
Multicenter Randomized Clinical Trial 
of Endovascular Treatment for Acute 
Ischemic Stroke in the Netherlands- 
Intravenous Treatment Followed by 
Intra-Arterial Treatment Versus Direct 
Intra-Arterial Treatment for Acute Ischemic 
Stroke Caused by a Proximal Intracranial 
Occlusion.
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RESULTS
Patient Characteristics
Out of 539 patients included in MR CLEAN-NO IV, 473 
underwent an intracranial thrombectomy attempt at the 
clot and were included in the current study (Figure 1). In 
total, 371 patients were treated with a stent retriever as 
first-line device, of which 192 were allocated to EVT alone, 

and 102 patients were treated with aspiration alone as 
first-line EVT technique, of which 54 were allocated to EVT 
alone. Baseline characteristics are presented in Table 1. 
In patients treated with a stent retriever as first-line EVT 
technique, concomitant aspiration on a distal access cath-
eter was used in 80 out of 179 (44.7%) in the IVT and 
EVT group and 99 out of 192 (51.7%) in the EVT alone 
group (Table 2). A balloon guide catheter was used in the 

Table 1. Baseline Characteristics Stratified by Both First-Line EVT Technique and IVT Treatment Allocation

Stent retriever (N=371) Aspiration only (N=102)

IVT and EVT; n=179 EVT alone; n=192 IVT and EVT; n=48 EVT alone; n=54 

Median age (IQR), y 69 (62–77) 73 (63–79) 69 (57–76) 70 (61–80)

Male sex, n (%) 95/179 (53.1) 116/192 (60.4) 31/48 (64.6) 28/54 (51.9)

Median NIHSS score (IQR) 17 (11–20) 16 (10–20) 17 (12–19) 18 (13–20)

Medical history, n (%)

 Previous ischemic stroke 31/179 (17.3) 39/192 (20.3) 6/48 (12.5) 7/54 (13.0)

 Atrial fibrillation 15/179 (8.4) 22/192 (11.5) 6/48 (12.5) 7/54 (13.0)

 Diabetes mellitus 34/179 (18.9) 30/192 (15.6) 6/48 (12.5) 7/54 (13.0)

 Hypertension 100/179 (55.9) 89/192 (46.4) 21/47 (44.7) 23/54 (42.6)

Prestroke modified Rankin Scale score, n (%)

 0 127/179 (70.9) 133/192 (69.3) 37/48 (77.1) 39/53 (73.6)

 1 32/179 (17.9) 35/192 (18.2) 7/48 (14.6) 11/53 (20.8)

 2 18/179 (10.1) 17/192 (8.9) 2/48 (4.2) 3/53 (5.7)

 ≥3 2/179 (1.2) 7//192 (3.6) 2/48 (4.2) 0/53 (0.0)

Median systolic blood pressure (IQR), mm Hg 149 (130–168) 149 (135–166) 150 (123–169) 146 (135–163)

Median glucose level (IQR), mmol/L* 6.9 (6.0–8.6) 6.6 (5.8–7.6) 6.5 (6.0–7.7) 6.8 (6.0–7.7)

Median ASPECTS (IQR)† 9 (8–10) 9 (8–10) 9 (8–10) 9 (8–10)

Intracranial occlusion location on CT/MRI, n (%)

 Intracranial ICA 0/179 (0.0) 4/192 (2.1) 0/48 (0.0) 0/54 (0.0)

 ICA-T 35/179 (19.6) 41/192 (21.4) 13/48 (27.1) 15/54 (28.3)

 M1 119/179 (66.5) 114/192 (59.4) 31/48 (64.6) 32/54 (60.4)

 Proximal M2 25/179 (14.0) 9/192(8.9) 3/48 (6.2) 6/54 (11.3)

 None 0/179 (0.0) 0/192 (0.0) 1/48 (2.1)‡ 0/54 (0.0)

Tandem lesion, n (%)§ 28/169 (16.6) 33/182 (18.1) 4/45 (8.9) 7/52 (13.5)

Collateral score, n (%)

 0 11/174 (6.3) 13/190 (6.8) 1/47 (2.1) 4/53 (7.5)

 1 56/174 (32.2) 54/190 (28.4) 18//47 (38.3) 16/53 (30.2)

 2 71/174 (40.8) 75/190 (39.5) 21/47 (44.7) 28/53 (52.8)

 3 36/174 (20.7) 48/190 (25.3) 7/47 (14.9) 5/53 (9.4)

Median duration (IQR), min

From stroke onset to randomization 90 (72–149) 94 (69–143) 92 (68–139) 88 (72–121)

From stroke onset to start of alteplase∥ 99 (77–155) NA 88 (69–134) NA

From stroke onset to groin puncture¶ 130 (105–180) 130 (104–180) 144 (109–176) 129 (104–168)

From stroke onset to first reperfusion† 168 (140–225) 180 (148–238) 173 (153–215) 169 (136–204)

ASPECTS indicates Alberta Stroke Program Early CT Score; CT, computed tomography; EVT, endovascular treatment; ICA internal carotid artery; 
ICA-T internal carotid artery terminus; IQR, interquartile range; IVT, intravenous alteplase treatment; MRI, magnetic resonance imaging; NA‚ not appli-
cable; and NIHSS, National Institutes of Health Stroke Scale.

*Missing for 4 patients in the stent retriever group (2 EVT alone group) and 1 patient in the aspiration-only group (EVT alone group).
†Missing for 70 patients in the stent retriever group (39 EVT alone group) and 27 patients in the aspiration-only group (18 EVT alone group).
‡Extracranial ICA occlusion.
§Tandem lesion is defined as an intracranial target occlusion with ipsilateral extracranial carotid dissection, significant atherosclerotic stenosis, or 

atherosclerotic occlusion.
∥Data from 178 patients in the stent retriever group and 44 patients in the aspiration-only group.
¶Missing for 1 patient in the stent retriever group and 1 patient in the aspiration-only group, both in the IVT and EVT groups.
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stent retriever group in 126 out of 179 (70.4%) patients 
allocated to IVT and EVT and 133 out of 192 (69.3%) 
allocated to EVT alone and in the aspiration-only group in 
12 out of 48 (25.0%) patients allocated to IVT and EVT 
group and 20 out of 54 (37.0%) allocated to EVT alone.

In the first-line aspiration-only group, treatment strategy 
was changed to stent retriever (with or without concomi-
tant aspiration on a distal access catheter) in 12 out of 
48 (25.0%) patients in the IVT and EVT group and 20 out 
of 54 (37.0%) in the EVT alone group after a median of 
1 (interquartile range, 1–2) attempt. In the stent retriever 
group, treatment strategy was changed to aspiration only 
in 8 out of 179 (4.5%) patients in the IVT and EVT group 
and 18 out of 192 (9.4%) in the EVT alone group after a 
median of 2 (interquartile range, 1–2) attempts. Baseline 
and procedural characteristics stratified by first-line EVT 
technique only are represented in Tables S1 and S2.

Primary Outcome
In all patients with a thrombectomy attempt, functional out-
come was similar for patients treated with stent retriever 
versus aspiration only (adjusted common odds ratio 
[acOR] 1.07 [95% CI, 0.69–1.66]), and patients treated 
with EVT alone did not show improved outcome compared 

to IVT and EVT (acOR, 0.89 [95% CI, 0.64–1.24]). For 
overall functional outcome (Figure 2), we observed a sig-
nificant interaction between the treatment effect of IVT 
and first-line EVT technique (P=0.03; Figure 3). In the 
aspiration-only group, patients treated with EVT alone had 
worse functional outcome compared to those who were 
treated with IVT and EVT (acOR, 0.44 [95% CI, 0.21–
0.90]). In the stent retriever group, functional outcome 
did not differ between patients treated with or without IVT 
(acOR, 1.08 [95% CI, 0.74–1.57]).

Secondary Outcomes
We observed no statistically significant interaction between 
the treatment effect of IVT and first-line EVT technique 
for any of the secondary outcomes, including mortality 
and successful reperfusion. Of note, although success-
ful reperfusion rates were slightly lower after EVT alone 
in the stent retriever group (aOR EVT alone, 0.78 [95% 
CI, 0.44–1.39]), this difference was more pronounced in 
the aspiration-only group (aOR EVT alone, 0.35 [95% CI 
0.12–1.04]; Figure 3). However, these differences were 
not statistically significant nor was there a significant inter-
action (P=0.21). Outcomes stratified by both treatment 
allocation and first-line EVT technique, including absolute 

Table 2. Procedure Characteristics Stratified by Both First-Line EVT Technique and IVT Treatment Allocation

Stent retriever (N=371) Aspiration only (N=102)

IVT and EVT; n=179 EVT alone; n=192 IVT and EVT; n=48 EVT alone; n=54 

Additional intraarterial alteplase administered, n (%) 0/174 (0.0) 10/182 (5.5) 0/48 (0.0) 3/54 (5.6)

 Dose, mg, median (IQR) NA 5 (5–20) NA 10 (7.5–10)

Rescue IVT administered NA 11/190 (5.8) NA 2/52 (3.8)

Periprocedural heparin administered 19/178 (10.7) 37/192 (19.3) 11/46 (23.9) 19/54 (35.2)

Total number of thrombectomy attempts, median (IQR) 1 (1-2) 1 (1-3) 1 (1-2) 1 (1-3)

Use of balloon guide catheter, n (%) 126/179 (70.4) 133/192 (69.3) 12/48 (25.0) 20/54 (37.0)

Procedure under general anesthesia, n (%) 25/177 (14.1) 29/189 (15.3) 9/48 (18.8) 8/53 (15.1)

Extracranial carotid artery stenting, n (%) 8/179 (4.5) 13/191 (6.8) 5/44 (11.4) 3/54 (5.6)

Percutaneous transluminal angioplasty, n (%) 12/179 (6.7) 18/190 (9.5) 4/45 (8.9) 5/54 (9.3)

Intracranial occlusion location on DSA, n (%)

 Intracranial ICA 32/178 (18.0) 40/189 (21.2) 6/48 (12.5) 18/53 (34.0)

 M1 109/178 (61.2) 111/189 (58.7) 32/48 (66.7) 25/53 (47.1)

 M2 34/178 (19.1) 35/189 (18.5) 9/48 (18.8) 10/53 (18.9)

 Other* 3/178 (1.7) 3/189 (1.6) 0/48 (0.0) 0/53 (0.0)

 None 0/178 (0.0) 0/189 (0.0) 1/48 (2.1) 0/53 (0.0)

Combination of stent retriever and aspiration, n (%) 80/179 (44.7) 99/192 (51.7) 0/48 (0.0) 0/53 (0.0)

Conversion from aspiration only to stent retriever, n (%)† 0 (0.0) 0 (0.0) 12/48 (25.0) 20/54 (37.0)

Conversion from stent retriever to aspiration only, n (%)‡ 8/179 (4.5) 18/192 (9.4) 0 (0.0) 0 (0.0)

Duration of procedure, median (IQR) 46 (30–63) 52 (34–89) 43 (29–58) 46 (32–67)

DSA indicates digital subtraction angiography; EVT‚ endovascular treatment; ICA internal carotid artery; IQR, interquartile range; IVT, intravenous alteplase treatment; 
and NA‚ not applicable.

*Other locations n (%): A2: 1 (0.3), M3: 3(0.8), M4:1 (0.3).
†From aspiration only to stent retriever without aspiration: 11 (5 EVT alone group); to stent retriever with aspiration: 21 (14 EVT alone group).
‡From stent retriever without aspiration to aspiration only 17 (13 EVT alone group). From stent retriever with aspiration to aspiration only: 9 (5 EVT alone group) 

Conversion from stent retriever with aspiration to stent retriever only: 2 (1 EVT alonegroup), conversion from stent retriever without aspiration to stent retriever with 
aspiration: 15 (12 EVT alone group).
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risk differences, are reported in Table S3. Full range of 
extended Thrombolysis in Cerebral Infarction scores, 
recanalization scores at 24 hours, and causes of mortality 
stratified by treatment allocation and first-line EVT tech-
nique are represented in Tables S4–S6. Results in the as-
treated population (consisting of 453 patients: 358 in the 
stent retriever group of which 189 treated with EVT alone 
and 95 in the aspiration-only group of which 53 treated 
with EVT alone) were similar (Figure S1). When categoriz-
ing first-line device type into 3 groups, we observed there 
is a significant interaction for the treatment effect of IVT 
before EVT when comparing stent retrievers combined 
with aspiration with aspiration alone (P=0.01) but not 
when comparing with stent retriever alone (P=0.25). In the 
aspiration-only group, patients treated with EVT alone had 
worse functional outcome compared to those who were 
treated with IVT and EVT. In both the stent retriever plus 
aspiration group and stent retriever alone group, functional 
outcome was not statistically different between patients 
treated with or without IVT (Table S7, Figure S2).

DISCUSSION
In this post hoc analysis of the MR CLEAN-NO IV trial, 
in which patients were randomized for IVT before EVT, 
the treatment effect of IVT was modified by first-line EVT 
technique. Among patients treated with aspiration only 
as first-line EVT technique, we observed worse clinical 
outcomes when IVT was omitted. No such difference 
was seen among patients treated with stent retrievers 

as first-line EVT technique. We observed no statistically 
significant effect modification by first-line EVT technique 
for any of the other outcomes.

Recently, a substudy of the SKIP trial reported no 
significant interaction between IVT treatment and first-
line EVT technique for successful reperfusion, after first 
or last attempt, or the number of attempts during EVT.18 
However, the authors reported that in patients treated 
with stent retrievers, prior IVT was associated with suc-
cessful reperfusion after the first attempt and fewer 
attempts during EVT. This was not observed for patients 
treated with aspiration only. The difference in results of 
these radiological outcomes may be explained by the 
small sample size and the difference in used IVT dos-
age of 0.6 mg/kg rather than 0.9 mg/kg. Importantly, 
this study did not assess interaction for any clinical out-
comes, including functional outcome.

Of the previous trials investigating stent retrievers 
versus aspiration as first-line technique only, the ASTER 
trial (Contact Aspiration vs Stent Retriever for Successful 
Revascularization) assessed heterogeneity of the effect 
of aspiration only as first-line technique in subgroups 
according to IVT, but no statistically significant difference 
regarding successful reperfusion rates was reported.6–8 
Although we also did not observe a statistically signifi-
cant interaction between treatment effect of IVT and 
first-line EVT technique with successful reperfusion as 
outcome, the point estimate reported in the ASTER trial 
favored direct aspiration in patients not treated with IVT 
as opposed to our findings. Similarly, in a recent post hoc 

Figure 2. Functional outcome at 90 d according to intravenous alteplase treatment (IVT) allocation and first-line endovascular 
treatment (EVT)-technique.
mRS indicates modified Rankin Scale.
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analysis of COMPASS (Aspiration Thrombectomy Versus 
Stent Retriever Thrombectomy as First-Line Approach 
for Large Vessel Occlusion) better reperfusion rates 
were observed in patients treated with aspiration without 
prior IVT compared with those treated with IVT.19 How-
ever, the authors did not formally test for the presence of 
an interaction between first-line EVT technique and prior 
IV administration for any of their clinical or radiological 
outcomes. It is unclear what the cause of the discrep-
ancy in results between our study and theirs is. It may be 
explained by differences in the included patient popula-
tion between the trials. The ASTER and COMPASS trials 
included patients transferred from primary stroke cen-
ters to comprehensive stroke centers and patients with 
contraindications for IVT including presentation outside 
the IVT time window, anticoagulation use, or high blood 
pressure levels, confounding the comparison. Several of 
these variables may affect thrombus composition.9 More-
over, the analyses in the ASTER and COMPASS trials 
were unadjusted for potential confounders. Last, func-
tional outcome was not assessed in subgroups accord-
ing to IVT status in the ASTER trial.

There was a considerable change in device strategy 
following an unsuccessful previous attempt, most com-
monly in the aspiration-only group compared with the 
stent retriever group. If one first-line strategy fails to 

achieve reperfusion, this likely results in more frequent 
device changes to achieve reperfusion. We decided not 
to adjust for this as we believe a change in strategy dur-
ing the procedure lies on the causal path of the associa-
tion between first-line device strategy and outcomes.

Observational data have shown that the use of bal-
loon guide catheter is associated with better functional 
outcome and reperfusion rates.20 We observed a lower 
proportion of patients treated with a balloon guide cath-
eter in the aspiration-only group. However, in the aspira-
tion-only group, the proportion of patients treated with a 
balloon guide catheter was higher in those treated with 
EVT only. Hence, the worse functional outcome in this 
group is not explained by discrepancies in the use of 
balloon guide catheters.

Although we did not observe significant interac-
tions for any of the secondary outcomes, the worse 
functional outcome among patients treated with aspi-
ration without IVT compared to patients treated with 
IVT may be explained by the lower revascularization 
rates. As previous studies have shown, IVT affects 
thrombus composition by promoting the dissolvement 
of fibrin fibers resulting in a more porous clot21,22 and 
thrombi retrieved during EVT are significantly smaller 
in patients treated with IVT.23 IVT primarily affects 
the superficial layers of fibrin in the clot.9 This could 

Figure 3. Treatment effect endovascular treatment (EVT) alone in patients treated with stent retriever or aspiration only as first-
line EVT technique.
Mixed-effects regression models with including center as random effect adjusted for age, prestroke modified Rankin Scale, onset-to-
randomization time, baseline National Institutes of Health Stroke Scale, collateral score, occlusion location, the presence of a tandem lesion, and 
use of balloon guide catheter. OR indicates odds ratio.
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reduce the clot-vessel wall friction, which is shown 
to be higher in fibrin-rich clots,10 allowing for easier 
removal of the clot. The effect of reduced clot-vessel 
wall adhesion may be more pronounced in patients 
treated with aspiration only because the aspiration 
catheter only makes contact with the most proximal 
part of the clot. A stent retriever possibly increases 
the contact surface area with the thrombus when it 
is deployed. Therefore, this technique might be less 
dependent on changes in thrombus composition. This 
proposed mechanism is in contrast with our hypoth-
esis. The recently published CHOICE trial (Chemical 
Optimization of Cerebral Embolectomy in Patients 
With Acute Stroke Treated With Mechanical Throm-
bectomy) demonstrated that intraarterial IVT improve 
functional outcome, most likely by dissolving micro-
thrombi that are not detected in digital subtraction 
angiography.24 It may be that aspiration only as first-
line technique results in more microthrombi, result-
ing in worse outcome without IVT. Finally, we cannot 
exclude that patients treated with aspiration first 
and without IVT were more challenging cases due 
to chance and despite randomization for IVT, which 
could partially explain the worse outcome.

In the aspiration-only group, we observed statistically 
nonsignificant higher mortality rates when patients were 
not treated with IVT. We were unable to identify a clear 
difference in causes of mortality. It may be that the slightly 
worse reperfusion rates, and thus poorer recovery, in this 
group results in a higher susceptibility to a variety of 
complications. However, given the nonsignificance and 
absence of differences in adverse outcomes and proce-
dural complications, the difference may be coincidental.

This study has several limitations. First, as this was 
a post hoc analysis of the MR CLEAN-NO IV trial and 
not a prespecified analysis, these results should be inter-
preted with caution. No other post hoc analyses have 
been published at the time of writing. Second, the sample 
size of patients undergoing aspiration alone as first-line 
EVT technique is small since the use of stent retriever 
as first attempt was recommended per trial protocol in 
MR CLEAN-NO IV. However, it is the largest sample in 
a population randomized for IVT before EVT reported 
to date. Third, the treatment contrast of first-line EVT 
technique was not randomized. To account for this, we 
adjusted for multiple potential confounders, in addition 
to center effect. However, the risk of residual confound-
ing obviously remains. Last, these results only pertain 
to patients presenting within 4.5 hours of stroke onset 
who presented directly at a stroke intervention center 
and who were eligible for IVT according to the Dutch 
guidelines and not to patients transferred from a primary 
stroke center or patients with a contraindication to IVT.25

Due to the post hoc design of this study, limited sam-
ple size and conflicting prior evidence from subgroup 
analyses of trials randomizing for first-line EVT, pooling 

of the results of other trials on IVT before EVT versus 
EVT alone is necessary to confirm our findings before 
making recommendations for clinical practice. If con-
firmed, this will have ramifications for the choice of first-
line EVT technique in patients not undergoing IVT before 
EVT or the administration of IVT before EVT.

CONCLUSIONS
In MR CLEAN-NO IV, the treatment effect of IVT 
appeared to be modified by first-line EVT technique. We 
observed worse functional outcomes among patients 
treated with aspiration only as first-line technique without 
prior IVT. No such association was observed in patients 
treated with stent retrievers as first-line EVT technique.

ARTICLE INFORMATION
Received December 24, 2021; final revision received May 11, 2022; accepted 
June 13, 2022.

Affiliations
Department of Neurology (L.A.R., N.E.L., Y.B.W.E.M.R., J.M.C.) and Department of 
Radiology and Nuclear Medicine (K.M.T., M.K., A.A.E.B.‚ C.B.L.M.M., B.J.E.), Am-
sterdam UMC, University of Amsterdam, Amsterdam Neuroscience, the Neth-
erlands. Department of Radiology, The Hague Medical Center, the Netherlands 
(K.M.T., G.J.L.à.N., E.G.). Department of Public Health (D.N.) and Department of 
Neurology (D.W.J.D.), Erasmus MC University Medical Center, Rotterdam, the 
Netherlands. Department of Radiology and Nuclear Medicine, Maastricht Univer-
sity Medical Center, the Netherlands (W.H.v.Z.). Department of Neurology (M.U.) 
and Department of Radiology, Medical Imaging Center (M.U.), University Medical 
Center Groningen, the Netherlands.

Sources of Funding
The CONTRAST consortium (The Collaboration for New Treatments of Acute 
Stroke) acknowledges the support from the Netherlands Cardiovascular Re-
search Initiative, an initiative of the Dutch Heart Foundation (CVON2015-01: 
CONTRAST), and from the Brain Foundation Netherlands (HA2015.01.06). The 
collaboration project is additionally financed by the Ministry of Economic Affairs 
by means of the Public-Private Partnership (PPP) Allowance made available by 
the Top Sector Life Sciences & Health to stimulate public-private partnerships 
(LSHM17016). This work was funded in part through unrestricted funding by 
Stryker, Medtronic, and Cerenovus. The funding sources were not involved in 
study design, monitoring, data collection, statistical analyses, interpretation of 
results, or article writing.

Disclosures
Dr van Zwam reports grants from Johnson and Johnson International; compensa-
tion from Philips for data and safety monitoring services; and speaker fees from 
Cerenovus, Stryker European Operations BV, and NicoLab, paid to institution. 
Dr Dippel reports grants for research from the Dutch Heart Foundation, Brain 
Foundation Netherlands, The Netherlands Organization for Health Research 
and Development, Health Holland Top Sector Life Sciences & Health, and unre-
stricted grants from Penumbra, Inc, Stryker European Operations BV, Medtronic, 
Thrombolytic Science, LLC and Cerenovus, all paid to institution. Dr Roos is a 
minor shareholder of Nico.lab. Dr Coutinho received unrelated research support 
from the Dutch Heart Foundation, Bayer, Boehringer, Portola pharmaceuticals 
LLC, and Medtronic. All fees were paid to his employer. Dr Majoie reports grants 
from Toegepast Wetenschappelijk Instituut voor Neuromodulatie (TWIN) founda-
tion, related to MR CLEAN Registry; paid to institution, and unrelated grants from 
CVON/Dutch Heart Foundation, European Commission, Dutch Health Evaluation 
Program, Stryker (all paid to institution), shareholder Nicolab. Bart Emmer reports 
grants from NicoLab, ZonMw, Health Holland Top Sector Life Sciences & Health 
as well as from the Leading the Change Program (The Netherlands Organization 
for Health Research and Development), paid to institutions. Dr Uyttenboogaart 
reports grants from the Hartstichting. Dr LeCouffe reports stock holdings in In-
flaRx. The other authors report no conflicts.

D
ow

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

ugust 15, 2022



ORIGINAL ARTICLE
Rinkel et al IVT and First-Line EVT Technique

Stroke. 2022;53:00–00. DOI: 10.1161/STROKEAHA.121.038390 October 2022  9

Supplemental Material
Tables S1–S8
Figures S1–S2

APPENDIX
List of MR CLEAN-NO IV Investigators, Collaborators, and 
Affiliations
Principal Investigators
Yvo Roos, MD, PhD (Amsterdam Medical Center, location AMC, University of 
Amsterdam, Amsterdam the Netherlands); Charles Majoie, MD, PhD (Amsterdam 
Medical Center, location AMC, University of Amsterdam, Amsterdam the Neth-
erlands).

Study Coordinators
Kilian Treurniet, MD (Amsterdam Medical Center, location AMC, University of 
Amsterdam, Amsterdam the Netherlands); Jonathan Coutinho, MD, PhD (Am-
sterdam Medical Center, location AMC, University of Amsterdam, Amsterdam the 
Netherlands); Bart Emmer, MD, PhD (Amsterdam Medical Center, location AMC, 
University of Amsterdam, Amsterdam the Netherlands); Natalie LeCouffe, MD 
(Amsterdam Medical Center, location AMC, University of Amsterdam, Amsterdam 
the Netherlands); Manon Kappelhof , MD (Amsterdam Medical Center, location 
AMC, University of Amsterdam, Amsterdam the Netherlands Leon Rinkel, MD 
(Amsterdam Medical Center, location AMC, University of Amsterdam, Amsterdam 
the Netherlands, Agnetha Bruggeman, MD (Amsterdam Medical Center, location 
AMC, University of Amsterdam, Amsterdam the Netherlands).

Local Principal Investigators
Bob Roozenbeek, MD, PhD (Erasmus MC University Medical Center, Rotterdam, 
the Netherlands); Adriaan van Es, MD, PhD (Erasmus MC University Medical 
Center, Rotterdam, the Netherlands); Inger de Ridder, MD, PhD (Cardiovascular 
Research Institute Maastricht (CARIM); Maastricht University Medical Center, 
Maastricht, the Netherlands); Wim van Zwam, MD, PhD (Cardiovascular Research 
Institute Maastricht (CARIM); Maastricht University Medical Center, Maastricht, 
the Netherlands); Bart van der Worp, MD, PhD (University Medical Center Utrecht, 
Brain Center Rudolf Magnus, Utrecht, the Netherlands); Rob Lo, MD, PhD (Uni-
versity Medical Center Utrecht, Brain Center Rudolf Magnus, Utrecht, the Neth-
erlands); Koos Keizer, MD, PhD (Catharina Hospital, Eindhoven, the Netherlands); 
Rob Gons, MD (Catharina Hospital, Eindhoven, the Netherlands); Lonneke Yo, 
MD, PhD (Catharina Hospital, Eindhoven, the Netherlands); Jelis Boiten, MD, 
PhD (Haaglanden Medical Center, the Hague, the Netherlands); Ido van den Wi-
jngaard, MD, PhD (Haaglanden Medical Center, the Hague, the Netherlands); 
Geert Lycklama à Nijeholt, MD, PhD (Haaglanden Medical Center, the Hague, the  
Netherlands); Jeanette Hofmeijer, MD, PhD (Rijnstate Hospital, Arnhem, the Neth-
erlands); Jasper Martens, MD (Rijnstate Hospital, Arnhem, the Netherlands); Wout-
er Schonewille, MD, PhD (St. Antonius Hospital, Nieuwegein, the Netherlands); Jan 
Albert Vos, MD, PhD (St. Antonius Hospital, Nieuwegein, the Netherlands); Anil 
Tuladhar, MD, PhD (Radboud University Medical Center, Nijmegen, the Nether-
lands); Floris Schreuder, MD, PhD (Radboud University Medical Center, Nijmegen, 
the Netherlands); Jeroen Boogaarts, MD, PhD (Radboud University Medical Center, 
Nijmegen, the Netherlands); Sjoerd Jenniskens, MD (Radboud University Medical 
Center, Nijmegen, the Netherlands); Karlijn de Laat, MD, PhD (HagaZiekenhuis, the 
Hague, the Netherlands); Lukas van Dijk, MD, PhD (HagaZiekenhuis, the Hague, 
the Netherlands); Heleen den Hertog, MD, PhD (Isala Klinieken, Zwolle, the Neth-
erlands); Boudewijn van Hasselt, MD (Isala Klinieken, Zwolle, the Netherlands); 
Paul Brouwers, MD, PhD (Medisch Spectrum Twente, Enschede, the Netherlands); 
Emiel Sturm, MD (Medisch Spectrum Twente, Enschede, the Netherlands); To-
mas Bulut, MD (Medisch Spectrum Twente, Enschede, the Netherlands); Michel 
Remmers, MD (Amphia Hospital, Breda, the Netherlands); Anouk van Norden, 
MD (Amphia Hospital, Breda, the Netherlands); Thijs de Jong, MD (Amphia Hos-
pital, Breda, the Netherlands); Anouk Rozeman, MD (Albert Schweitzer Hospital,  
Dordrecht, the Netherlands); Otto Elgersma, MD, PhD (Albert Schweitzer Hospital, 
Dordrecht, the Netherlands); Maarten Uyttenboogaart , MD, PhD (University Med-
ical Center Groningen, the Netherlands); Reinoud Bokkers, MD, PhD (University  
Medical Center Groningen, the Netherlands); Julia van Tuijl, MD (Elisabeth-Twee 
Steden Hospital, Tilburg, the Netherlands); Issam Boukrab, MD (Elisabeth-Twe-
eSteden Hospital, Tilburg, the Netherlands); Hans Kortman, MD (Elisabeth-Twe-
eSteden Hospital, Tilburg, the Netherlands); Vincent Costalat, MD, PhD (Centre 
Hospitalier Universitaire de Montpellier, Montpellier, France); Caroline Arquizan, 
MD, PhD (Centre Hospitalier Universitaire de Montpellier, Montpellier, France); 
Robin Lemmens, MD, PhD (Universitair Ziekenhuis Leuven, Leuven, Belgium);  

Jelle Demeestere, MD, PhD (Universitair Ziekenhuis Leuven, Leuven, Belgium); 
Philippe Desfontaines, MD, PhD (Centre Hospitalier Chrétien, Liège, Belgium); 
Denis Brisbois, MD, PhD (Centre Hospitalier Chrétien, Liège, Belgium); Frédéric 
Clarençon, MD, PhD (Pitié-Salpêtrière Hospital, Paris, France); Yves Samson, MD, 
PhD (Pitié-Salpêtrière Hospital, Paris, France).

Local Trial Collaborators
Executive and Writing Committee
Yvo Roos, MD, PhD (Amsterdam Medical Center, location AMC, University of 
Amsterdam, Amsterdam the Netherlands); Charles Majoie, MD, PhD (Amsterdam 
Medical Center, location AMC, University of Amsterdam, Amsterdam the Nether-
lands); Adriaan van Es, MD, PhD (Erasmus MC University Medical Center, Rot-
terdam, the Netherlands); Wim van Zwam, MD, PhD (Cardiovascular Research 
Institute Maastricht (CARIM); Maastricht University Medical Center, Maastricht, 
the Netherlands); Jelis Boiten, MD, PhD (Haaglanden Medical Center, the Hague, 
the Netherlands); Geert Lycklama à Nijeholt, MD, PhD (Haaglanden Medical 
Center, the Hague, the Netherlands); Lonneke Yo, MD, PhD (Catharina Hos-
pital, Eindhoven, the Netherlands); Koos Keizer, MD, PhD (Catharina Hospital, 
Eindhoven, the Netherlands); Jonathan Coutinho, MD, PhD (Amsterdam Medical 
Center, location AMC, University of Amsterdam, Amsterdam the Netherlands); 
Bart Emmer, MD, PhD (Amsterdam Medical Center, location AMC, University 
of Amsterdam, Amsterdam the Netherlands); Kilian Treurniet, MD (Amsterdam 
Medical Center, location AMC, University of Amsterdam, Amsterdam the Neth-
erlands); Natalie LeCouffe, MD (Amsterdam Medical Center, location AMC, Uni-
versity of Amsterdam, Amsterdam the Netherlands); Manon Kappelhof , MD 
(Amsterdam Medical Center, location AMC, University of Amsterdam, Amsterdam 
the Netherlands).

Data Safety Monitoring Board
Martin Brown, MD—Chair (National Hospital for Neurology and Neurosurgery, 
London, United Kingdom); Phil White, MD, PhD (Institute of Neuroscience and 
Newcastle University Institute for Ageing, Newcastle University, Newcastle, Unit-
ed Kingdom); John Gregson, MD, PhD (London School of Hygiene & Tropical 
Medicine, London, United Kingdom).

Independent Trial Statistician
Daan Nieboer , MSc (Erasmus MC University Medical Center, Rotterdam, the 
Netherlands).

CONTRAST Clinical Trial Collaborators
Research Leaders
Diederik Dippel, MD, PhD (Erasmus MC University Medical Center, Rotterdam, 
the Netherlands); Charles Majoie, MD, PhD (Amsterdam Medical Center, location 
AMC, University of Amsterdam, Amsterdam the Netherlands).

Consortium Coordinator
Rick van Nuland, PhD (Lygature, Utrecht, the Netherlands).

Imaging Assessment Committee
Charles Majoie, MD, PhD—Chair (Amsterdam Medical Center, location AMC, Uni-
versity of Amsterdam, Amsterdam the Netherlands); (Amsterdam Medical Center, 
location AMC); Aad van der Lugt, MD, PhD—Chair (Erasmus MC University Medi-
cal Center, Rotterdam, the Netherlands); Wim van Zwam, MD, PhD (Cardiovascu-
lar Research Institute Maastricht (CARIM); Maastricht University Medical Center, 
Maastricht, the Netherlands); Linda Jacobi, MD, PhD (Cardiovascular Research 
Institute Maastricht (CARIM); Maastricht University Medical Center, Maastricht, 
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