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Abstract
Objective The effect of intra-arterial treatment (IAT)
for acute ischemic stroke is highly time-dependent. We
investigated the delay of IAT and factors associated with
such delay.
Methods MR CLEAN was a randomized trial of IAT
plus usual care versus usual care alone (n=500). With
multivariable linear regression, we analyzed the effect
of intravenous treatment, general anesthesia, off-hours
and inter-hospital transfer on time to admission to the
emergency department (ED) of the intervention center
and time to treatment. Furthermore, we assessed
compliance with a target of 75 min for time from ED
to treatment, and calculated the potential absolute
increase in the number of patients with a good outcome
(modified Rankin Scale score ≤2) if this target had been
achieved in all treated patients.
Results Inter-hospital transfer prolonged time to ED
by 140 min (95% CI 129 to 150) but reduced time
from ED to treatment by 77 min (95% CI 64 to 91).
Time from ED to treatment was increased by 19 min by
general anesthesia (95% CI 5 to 33) and total time was
increased by 23 min during off-hours (95% CI 6 to 40).
The in-hospital target was achieved in 11.5% (22/192)
of patients. Full compliance with the target time of
75 min from ED to treatment would have increased the
proportion of patients with a good outcome by 7.6%
(95% CI 6.7% to 8.5%).
Conclusion Inter-hospital transfer is an important
cause of delay in the delivery of IAT and every effort
should be made to avoid transfers and reduce transferrelated delay. Furthermore, in-hospital workflow should
be optimized to improve functional outcome after IAT.
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Intra-arterial treatment (IAT) with the use of stent
retrievers has been proved to be safe and effective
for patients with acute ischemic stroke due to a
proximal intracranial arterial occlusion in the anterior circulation.1 The effect of treatment is highly
time-dependent and increased time from stroke
onset to reperfusion is associated with a decreased
likelihood of good functional outcome.2–7 The
Multicenter Randomized Clinical Trial of Endovascular Treatment for Acute Ischemic Stroke in
the Netherlands (MR CLEAN) showed a decrease

in the effect of IAT on good outcome (risk difference between intervention and control) of 6.4%
per hour delay in time to expected reperfusion.3
It seems likely that reducing treatment delay will
further increase the effect of IAT.
The timeline from stroke onset to reperfusion
consists of several steps, and each step is prone
to factors causing delay. An important potential
cause of delay in the prehospital stage is referral
to a community hospital without facilities for
IAT (a primary stroke center), which necessitates
inter-hospital transportation of patients to an intervention center. Other factors that may increase time
to reperfusion are treatment with intravenous tissue
plasminogen activator (IV tPA), the use of general
anesthesia during the endovascular procedure, and
inefficiency of in-hospital workflow, specifically
outside working hours.8–10 In-hospital workflow
consists of all protocols and procedures in the
emergency department (ED) of the primary stroke
center, the ED of the intervention center, and the
interventional suite.
In addition to the previously defined benchmark
time of 60 min for treatment with IV tPA, various
lenient or strict target times for IAT are now being
suggested to improve in-hospital workflow.11–13 The
Highly Effective Reperfusion Evaluated in Multiple
Endovascular Stroke Trials (HERMES) collaborators reported the 25th percentile of ED admission
to groin puncture, which amounted to 75 min, and
could very well serve as a benchmark time.7
Our aim was to investigate prehospital and
in-hospital delay in the delivery of IAT in the MR
CLEAN trial and to assess the impact of inter-hospital transfer and other factors on such delay.

Methods
Study design

MR CLEAN was a multicenter randomized clinical
trial in the Netherlands comparing IAT plus usual
care (intervention group) with usual care alone
(control group). MR CLEAN is registered with the
ISRCTN registry ISRCTN10888758.14 15

Study setting and population

Patients aged 18 years or older with a clinical diagnosis of acute stroke, a deficit on the National
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Institute of Health Severity of Stroke (NIHSS) scale of 2 points
or more, and a proximal occlusion in the anterior circulation on
vessel imaging were included. Detailed inclusion and exclusion
criteria can be found in the study protocol.14 Usual care could
include treatment with IV tPA if indicated. The endovascular
procedure had to be initiated within 6 hours after onset of stroke
symptoms and could include intra-arterial delivery of a thrombolytic agent at the level of occlusion, mechanical thrombectomy,
or both. In total, 500 patients were enrolled from December
2010 to March 2014. Of these patients, 233 were allocated to
the intervention arm and 267 were allocated to the control arm.
IAT consisted of stent thrombectomy in the majority of cases
(195/233, 84%).14 15

Study protocol

Inclusion in the study could occur in three settings: (1) patients
arriving directly at an intervention center after onset of stroke
symptoms; (2) patients presenting at a primary stroke center
first before being transferred to an intervention center for study
participation; or (3) patients suffering a stroke while already
hospitalized. In the hospital of first presentation, a non-contrast CT (NCCT) scan was performed to exclude intracerebral
hemorrhage. This was followed by standard medical treatment
which could include IV tPA. Vessel imaging with computed
tomographic angiography (CTA), magnetic resonance angiography (MRA), or digital subtraction angiography (DSA) had to
be performed before inclusion in the study in the intervention
center to assess the presence of an intracranial arterial occlusion.
Time points of various events were prospectively collected in
the trial, including time of stroke onset, start of treatment with
IV t-PA, admission to the ED of the intervention center, and time
of randomization. In patients receiving IAT, timing of treatment
was documented by the local interventionist. Time of imaging
(ie, NCCT and CTA, MRA or DSA) was prospectively recorded
in the intervention centers, but had to be collected retrospectively if performed in a primary stroke center.

Definitions and outcome measures

Stroke onset was defined as the time point when stroke symptoms were first noticed by the patient or an observer. In
cases where the time of first symptoms was unknown, stroke
onset was defined as the moment the patient was last seen
well. We defined off-hours as weekend days or working days
between 17:00 hours and 08:00 hours. Groin puncture was
defined as the moment of placing a sheet in the groin, indicating the start of the endovascular procedure. Reperfusion
was measured with the modified Thrombolysis in Cerebral
Infarction (mTICI) score, which can range from grade 0 for
no reperfusion to grade 3 for full reperfusion.16 We defined
time of reperfusion as the first moment a mTICI score of 2b
or 3 was reached. When reperfusion was not achieved we used
the timepoint when the last angiography run was done, which
indicated the end of the endovascular procedure.
Time intervals of primary interest were: (1) time from stroke
onset to admission to the ED of the intervention center as a
measure for prehospital delay; (2) time from admission to the
ED of the intervention center to groin puncture as a measure
for in-hospital delay; and (3) time from stroke onset to groin
puncture. Additionally, we compared the following time intervals between transfer patients and direct patients: (4) time from
stroke onset to treatment with IV tPA; (5) time from admission
to ED to vessel imaging; (6) time from vessel imaging to randomization; and (7) time from groin puncture to reperfusion. If all
vessel imaging was performed in the primary stroke center, the

patient was excluded from analyses (5) and (6). Time of transportation from the primary stroke center to the intervention
center was estimated for all transfer patients with the TomTom
MyDrive application (Version 4.1.4.3089, available on https://
mydrive.tomtom.com).

Statistical analysis

For descriptive purposes, time intervals were reported as
medians with IQR. To assess transfer-related treatment delay we
compared the baseline characteristics and median time intervals
of patients transferred from a primary stroke center with those
arriving directly at the intervention center.
Using multivariable linear regression analyses we evaluated
the effect of patient and workflow-related characteristics on
time to treatment. Factors assessed were administration of IV
t-PA, use of general anesthesia during the endovascular procedure, admission during off-hours, and inter-hospital transfer. We
included the following potential confounders in these analyses:
age, gender, baseline NIHSS score, history of ischemic stroke,
and prestroke modified Rankin Scale (mRS). Missing baseline
characteristics were imputed with the mean (continuous variables) or mode (categorical variables). Missing time variables
were not imputed.
To assess the impact of in-hospital delay, we compared the
time from admission to the ED to groin puncture with the target
time of 75 min. For each individual patient we estimated the
excess delay by subtracting the target time from the actual time.
The mean excess delay of all treated patients was multiplied by
an increase in treatment benefit (defined as the risk difference
for good outcome (mRS score ≤2)) of 6.4% per hour, based on
previous results of the MR CLEAN trial.3 This provides an estimate of the potential increase in treatment benefit if the target
time had been achieved in all treated patients.
All statistical analyses were performed with R software
(Version 3.2.1, R Foundation).

Results

Of the 500 patients included in the MR CLEAN trial, 281
(56.2%) arrived directly at an intervention center and 219
(43.8%) were transferred from a primary stroke center. Transfer
patients were significantly younger than those arriving directly
at an intervention center (62.2 vs 67.0 years) and were admitted
more frequently during off-hours (63.4% vs 51.6%). Other baseline characteristics are shown in table 1.
Median time from stroke onset to groin puncture was 233 min
(IQR 202–287) in direct arrival patients and 315 min (IQR
260–346) in transfer patients (table 2).
The median time of inter-hospital transportation was 30 min
(IQR 23–41), but total time from onset to admission to the
ED of the intervention center was 148 min longer in transfer
patients than in direct arrival patients. In-hospital workflow was
improved in transfer patients, with a decrease in median time
from arrival to vessel imaging of 15 min and a decrease in time
from vessel imaging to randomization of 32 min. Duration of
the endovascular procedure from groin puncture to reperfusion
was comparable (56 min in direct arrival patients vs 61 min in
transfer patients). Overall, we observed an association between
increasing time from onset of stroke to admission to ED and
decreasing time from admission to groin puncture (online
supplementary material figure 1). However, the average prehospital delay caused by inter-hospital transfer was only partially
compensated by improved in-hospital workflow (figure 1).
In multivariable analysis, the total time to treatment (groin
puncture) was increased by 23 min during off-hours (95% CI 6
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Table 1 Baseline characteristics of patients in the MR CLEAN trial
according to mode of arrival at the emergency department of
the intervention center
Direct
(n=281)

Transfer
(n=219)

p Value

Age, years, mean (SD)

67.0 (13.6)

62.2 (13.6)

<0.01

Male sex, n (%)

156 (55.5)

136 (62.1)

0.16

 Atrial fibrillation

77 (27.4)

58 (26.5)

0.90

 Hypertension

135 (48.0)

92 (42.0)

0.21

 Hyperlipidemia

71 (25.3)

58 (26.5)

0.84

 Diabetes mellitus

41 (14.6)

27 (12.3)

0.55

 Previous ischemic stroke

33 (11.7)

21 (9.6)

0.53

 0

220 (78.3)

184 (84.0)

 1

27 (9.6)

23 (10.5)

 2

19 (6.8)

6 (2.7)

 >2

15 (5.3)

6 (2.7)

NIHSS score, median (IQR)

17 (14 to
22)

18 (15 to 22)

Medical history, n (%)

Prestroke mRS, n (%)

0.09

Location of occlusion, n (%)*

Discussion

0.13
0.24

 Internal carotid artery

72 (25.7)

66 (30.1)

 M1 middle cerebral artery segment

180 (64.3)

139 (63.5)

 M2 middle cerebral artery segment

27 (9.6)

12 (5.5)

 A1 or A2 anterior cerebral artery
segment

1 (0.4)

2 (0.9)

Treatment with IV tPA, n (%)

249 (88.6)

196 (89.5)

0.87

Admission during off-hours, n (%)†

141 (51.6)

128 (63.4)

0.01

Allocation to IAT, n (%)

132 (47.0)

101 (46.1)

0.92

Use of general anesthesia, n (%)‡

39 (32.5)

41 (42.3)

0.18

*One missing value.
†25 missing values.
‡Only intra-arterial treated patients.
IAT, intra-arterial treatment; IV tPA, intravenous tissue plasminogen activator;
mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale.

Table 2 Time intervals (min) in the MR CLEAN trial according to
mode of arrival at the emergency department of the intervention
center, expressed as median (IQR)
All patients

Direct
(n=281)

Transfer
(n=219)

Stroke onset to IV tPA (n=444)

85 (65–110)

85 (66–110)

Stroke onset to admission to ED (n=471)

52 (34–75)

200 (166–245)

Admission to ED to vessel imaging
(n=439)

39 (25–67)

24 (17–32)

Vessel imaging to randomization (n=460) 53 (34–80)

21 (15–33)

Intra-arterial treated patients

Direct
(n=132)

Transfer
(n=101)

Stroke onset to groin puncture (n=205)

233 (202–287)

315 (260–346)

Admission to ED to groin puncture
(n=192)

170 (142–205)

96 (75–120)

Groin puncture to reperfusion (n=194)

56 (42–86)

61 (37–90)

ED, emergency department; IV tPA, intravenous tissue plasminogen activator.
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to 40) and by 65 min due to inter-hospital transfer (95% CI 48
to 82) (figure 2). Transfer prolonged time to admission to the
ED by 140 min (95% CI 129 to 150), but was associated with
a shorter time to groin puncture (77 min, 95% CI 64 to 91).
Time from ED to groin puncture was increased by an additional
19 min by the use of general anesthesia during the endovascular
procedure (95% CI 5 to 33).
In patients receiving IAT, time from admission to the ED to
groin puncture was on average 145±61 min. The defined target
time of 75 min was reached in only 11.5% (22/192) of the
treated patients. However, if this target time had been achieved
in all patients, mean time from onset to groin puncture would
have been 71 min (95% CI 63 to 80) shorter. Because the risk
difference of good functional outcome decreases by 6.4% per
hour, the absolute treatment benefit (proportion of patients with
mRS 0–2) in MR CLEAN could have been 7.6% (95% CI 6.7%
to 8.5%) higher.

This study shows that inter-hospital transfer was the most
important factor associated with treatment delay in the MR
CLEAN trial. Time from onset to treatment increases by more
than 1 hour in patients transferred from a primary stroke
center, despite improved in-hospital workflow times. Furthermore, only a few patients received IAT within the proposed
target time of 75 min for time from admission to the ED to
groin puncture, and enhancing this compliance by improving
in-hospital workflow might further increase functional
outcome after IAT.
Overall, the time intervals in MR CLEAN are longer
than in several other trials of IAT such as the Endovascular
Treatment for Small Core and Proximal Occlusion Ischemic Stroke (ESCAPE), EXtending the time for Thrombolysis in Emergency Neurological Deficits with Intra-Arterial
therapy (EXTEND-IA), and Solitaire With the Intention for
Thrombectomy as Primary Endovascular Treatment (SWIFT
PRIME).17–19 For example, median time to reperfusion was
340 min in MR CLEAN versus 241 min in ESCAPE. This can
be explained by the strong focus on improving workflow and
reducing time delays in ESCAPE, while MR CLEAN did not
require the participating investigators to be trained in delivery
of fast care and logistics. Furthermore, the study design of
these trials allowed verbal or deferred informed consent
while, in MR CLEAN, written informed consent was required
before randomization.15 18 Trials with a shorter median time
to groin puncture had a significantly larger treatment effect
(figure 2 in online supplementary material).
Total time to treatment was increased most by inter-hospital transfer, confirming the results of previous studies.4 5 9 10
Transfer patients arrived 148 min later at the ED, while the
median transportation time in our study was only 30 min. This
suggests that most delay was caused during work-up in the
primary hospital. However, increased time to arrival at the ED
was clearly associated with a decrease in the following time to
groin puncture. This paradoxical effect was likely caused by
the fact that this group consisted mainly of transfer patients
who had already undergone part of the work-up, the intervention center was pre-notified and clinical information was
available before arrival at the ED, which made it possible for
the staff to mobilize the neurointerventional team and for the
interventional suite to be prepared in advance. This finding
suggests that improvement of in-hospital workflow might lead
to a shorter time from ED to treatment for patients who are
directly admitted to an intervention center.
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Figure 1 Mean time intervals in the MR CLEAN trial (n=500) according to mode of arrival at the emergency department of the intervention center.
CTA, computed tomography angiography; ED, emergency department; IV tPA, intravenous tissue plasminogen activator.
Our study has a number of limitations. Our analysis was
restricted to data that were collected during the trial. We had no
information available on the time of arrival in the primary stroke
center and the time of departure to the intervention center to
estimate door-in to door-out times, which might have provided
more insight into the various elements of delay. Also, the reported
workflow times from this randomized study might not be representative of daily clinical practice, since the process of obtaining
written informed consent and randomization can increase treatment delay substantially. Furthermore, vessel imaging in the MR
CLEAN trial was often performed or repeated in the intervention center while, in daily routine, transfer patients can be
directly transferred to the interventional suite without any delay
of additional imaging. Since the distances between hospitals in

the Netherlands are very short and the median transportation
time in this study was only 30 min, our results cannot be easily
extrapolated to other countries. Transportation times in larger
countries are usually longer, and the effect of inter-hospital
transfer on treatment delay might therefore be much greater
in those countries. Last, inter-hospital transfer has a disadvantageous effect on time to treatment and also on the number of
patients who might be eligible for treatment.20 We had no data
on the patients in primary stroke centers who were not included
in the trial because of the need for a transfer and the associated delay. Therefore we were not able to quantify the impact of
transfer delay on the likelihood of receiving IAT.
Overall, it remains clear that inter-hospital transfer causes
significant prehospital delays in IAT, and that adequate

Figure 2 Effect of clinical factors on time intervals in the MR CLEAN trial (n=500). ED, emergency department; IV tPA, intravenous tissue
plasminogen activator.
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measures have to be taken to shorten transfer times and, if
possible, to reduce the number of transferred patients. This
could be achieved by transporting patients with acute ischemic stroke directly to an intervention center using prehospital triaging scales to select patients with a high risk of a large
vessel occlusion.21–23 These scales have to be implemented in
regional care systems and protocols for prehospital triage to
minimize transfer delays depending on the characteristics of
the area.24–26 In regions with very large distances, the additional use of air ambulance services for the transportation of
IAT candidates might be beneficial. Another possibility would
be to bypass the primary stroke center by using a mobile
stroke unit; an ambulance with a CT scanner and a specialized
team on board, allowing in-ambulance initiation and administration of IV tPA and direct transportation to the intervention
center.27–29
The other important step in reducing treatment delay in IAT
is improving in-hospital workflow. The reduced time from ED
to groin puncture in transfer patients suggests that it should be
possible to shorten the time delay in the ED. Previous studies
have already shown that optimizing workflow and protocols
can decrease time to treatment.30 31 Pre-notification of the
interventional team as soon as a patient with a suspected large
vessel occlusion is announced, direct transport from door to
scanner, a parallel nature of care processes and optimizing the
processes around IV tPA administration and initiation of IAT
are all potential factors to reduce ED delay.10 32 33 Providing
reasonable time targets might also improve this process, as
was shown with the introduction of door-to-balloon target
times for percutaneous coronary intervention.34
In summary, inter-hospital transfer is an important cause of
delay in the delivery of IAT and every effort should be made
to avoid transfer and reduce transfer-related delay. Furthermore, in-hospital workflow can and should be optimized to
improve functional outcome after IAT.
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