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Abstract
Background: Endovascular treatment (EVT) for acute ischemic stroke is guided by clinical trials assumed to have 

high external validity. To our knowledge, this assumption has not been rigorously examined.  

Methods: Patients from two U.S. academic comprehensive stroke centers receiving endovascular treatment for 
acute ischemic stroke were retrospectively reviewed from January 2012 through December 2016. Clinical characteristics, 
treatment times, neuroimaging findings, and functional outcomes were compared to data from the pragmatic EVT trial, 
MR CLEAN. External validity was assessed quantitatively and qualitatively.  

Results: 236 patients presenting with anterior circulation large vessel occlusion were included. 63% (148/236) 
would have met criteria for MR CLEAN; the primary reason for exclusion would have been a time from symptom onset to 
groin puncture greater than 6 hours. Ordinal shift analysis of 90 day modified Rankin scale (mRS) of our clinical practice 
did not differ from the intervention arm of MR CLEAN, (p=0.26). Favorable outcome (mRS 0-2) occurred in 35% of our 
combined practice and in 33% of the trial intervention arm (p=0.63). The rates of hemicraniectomy (3% vs. 6% p=0.09) 
and PH-2 type symptomatic intracerebral hemorrhage (5.1% vs. 6.0% p=0.55) did not differ between the two groups. 

Conclusion: Our clinical experience was comparable to MRCLEAN, supporting the external validity of this trial to 
clinical practice. We treated patients who would have been excluded from this trial because of a longer time to groin 
puncture. Satisfactory results can be obtained with endovascular treatment, even when treating patients beyond 6 hours 
from symptom onset.
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Introduction
The external validity of a clinical trial is an important consideration 

when translating the findings into clinical practice [1]. Relevant to 
the endovascular management of acute ischemic stroke, treatment 
decisions for the application of endovascular treatment (EVT) for 
large vessel occlusion are based upon randomized controlled trials 
that demonstrated improved 90-day functional outcomes for patients 
receiving the intervention. Two trials EXTEND-IA [2] and SWIFT 
PRIME [3] enrolled patients only receiving intravenous recombinant 
tissue plasminogen activator (IV t-PA). ESCAPE [4] only included 
patients who could be rapidly triaged from door to groin in less 
than 60 minutes and employed multi-phase computed tomographic 
angiography (CTA) for patient selection. The most pragmatic of the 
EVT trials, MR CLEAN [5] had the broadest inclusion criteria and 
possibly represents the closest trial generalizable to clinical practice. 
MR CLEAN randomized 500 patients at 16 centers over 3.3 years, (9-10 
patients per center per year). However, the lack of screening logs raises 
the risk of sampling bias. 

Furthermore, differences in healthcare delivery between the 
U.S. and the Netherlands may manifest as different workflow times, 
treatment protocols, and patient selection, limiting the generalizability 
to an American context.  Finally, baseline demographics and clinical 
characteristics of routine practice have not been compared to the trial 
population. These possible variations raise the question of whether 
EVT outcomes reported in clinical trials have external validity, and 
whether EVT trial participants are representative of all eligible patients 
with large vessel occlusion. This comparison has not yet been rigorously 

examined to the best of our knowledge. We compared a combined 
5-year experience of 196 patients undergoing EVT at two academic 
comprehensive stroke centers in the U.S. to the pragmatic trial, MR. 
CLEAN.  

Methods
Standard protocols approvals, registrations, and patient con-
sents

This study was approved by the University of Rochester Research 
Subjects Review Board (RSRB#62214) and by the Mayo Foundation 
Institutional Review Board (IRB16-001322) as a minimal risk protocol. 
Results of this study were combined in a de-identified password 
encrypted database for final analysis and report.  Patient identifiers 
present in existing intra-arterial therapy databases at two academic 
comprehensive stroke centers were collected and reviewed for all 
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intracerebral hemorrhage and hemi-craniectomy. Symptomatic 
intracerebral hemorrhage was defined by SITS-MOST criteria [10] 
as any radiologic hemorrhagic transformation (PH-2) with clinical 
worsening corresponding to an increase of NIHSS of ≥4 within 7 days 
of endovascular therapy. Stroke mechanism was categorized as large-
vessel arterioembolic, cardioembolic, cryptogenic, hypercoagulable 
or other. A cardioembolic mechanism was assumed if the patient had 
known atrial fibrillation regardless of the international normalized ratio 
(INR), intracardiac thrombus, or new onset atrial fibrillation detected 
within 3 months of the index event in the absence of greater than 50% 
carotid stenosis ipsilateral to the occluded vessel. Functional outcome 
was defined as the 90-day mRS [11,12] completed as determined by a 
certified RN, or retrospectively by chart review (ES, TC).  

Statistical Analysis

Categorical variables and dichotomized variables were analyzed 
using chi-squared analysis.  Continuous variables were analyzed using a 
student’s t-test.  An ordinal regression analysis was performed to study 
differences in mRS between the MR CLEAN study and our combined 
experience.  All statistical analyses were performed using JMP13.0 
(www.jmp.com, Cary, NC).

Results
The baseline demographics, neuroimaging findings, clinical course 

and functional outcomes for 236 patients with anterior circulation large 
vessel occlusions are summarized in Table 1. Overall, median age was 
71 years and median NIHSS was 19. Atrial fibrillation (34% vs. 25.8%, 
p<0.005), diabetes (25% vs. 13%, p<0.005), and prior stroke (13% vs. 
9.4%, p=0.046) were significantly more prevalent in the clinical practice 
group. Concurrent IV t-pa was used significantly less often in the 
clinical practice group (45% vs. 87%, p<0.001). Median ASPECTS score 
was 9 at both institutions.  Median time from symptom onset to groin 
puncture was longer in the clinical practice group (292 minutes vs. 
260 minutes). The proportion of patients with favorable recanalization 
(defined as TICI score of 2b or 3) was significantly higher in clinical 
practice (74.6 vs. 58.7%, p<0.001). As indicated in Figure 1, the 
distribution of 90-day mRS did not differ between our clinical practice 
and MR CLEAN (p=0.26). Note that the 90-day mRS in four patients 
in the clinical practice group were lost to follow up. Furthermore, the 
two groups had a similar proportion of favorable outcomes defined as 
mRS 0-2 (35% vs. 33%, p=0.63). Rates of hemi-craniectomy (3% vs. 6% 
p=0.09), type PH-2 symptomatic intracerebral hemorrhage (5.1% vs. 

patients receiving endovascular treatment (EVT) for acute ischemic 
stroke between January 2012 and December 2016. Patients with 
posterior circulation occlusions were excluded from this study. Clinical 
and neuroimaging data were abstracted from the medical record and 
results were described. Inclusion criteria for this study were: 1) age over 
18, 2) occlusion of anterior circulation large vessel involving the middle 
cerebral artery (MCA) and/or internal carotid artery (ICA) and, 3) 
mechanical thrombectomy using modern stent-retriever or aspiration 
devices.  

Assessing external validity

To estimate the external validity of the pragmatic EVT trial MR 
CLEAN, we compared the published results to our combined clinical 
experience with respect to baseline demographics, clinical course, 
recanalization rate, functional outcomes, and complication rates. For 
comparison, we determined what proportion of the clinical practice 
would have met criteria for enrollment in MR CLEAN. The primary 
outcome was ordinal shift analysis of the 90-day modified Rankin Scale 
(mRS) compared to the published intervention arm of MR CLEAN, 
and proportional analysis of a dichotomized functional outcome of 
modified Rankin scale score (mRS) of 0-2 (favorable) versus mRS 3-6 
(poor) between our clinical practice and the MR CLEAN intervention 
arm. A subgroup analysis included patients presenting in the extended 
time window, defined as time from symptom onset to groin puncture 
greater than 6 hours, and compared to the recently  presented extended 
time window embolectomy trial, DAWN [6]. Significance was defined 
as p <0.05 and no correction was made for multiple comparisons.

Clinical course

Clinical characteristics including age, gender, atrial fibrillation, 
diabetes and and/or prior stroke; National Institutes of Health Stroke 
Scale (NIHSS); and IV t-pa were recorded. Time of symptom onset 
or time last known well to thrombolysis was calculated. Initial head 
CT for each patient was graded using the Alberta Stroke Program 
Early CT Score (ASPECTS) score [7,8]. Groin puncture times were 
recorded, and site of vessel occlusion was determined by review of 
CTA source images and/or conventional angiography images obtained 
during thrombectomy (ES, TC). Vessel recanalization was abstracted 
from the procedure report and confirmed on imaging (ES, TC) using 
established Thrombolysis in Cerebral Infarction (TICI) criteria [9]. 
Procedural complications recorded included PH-2 type symptomatic 

Figure 1: Functional outcomes as defined by modified Rankin scale score.
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6% p=0.55) and use of general anesthesia (44% vs. 38%, p=0.055) did 
not differ between the two groups.

Patient Selection: Clinical Practice Versus Clinical Trial

MR CLEAN enrolled patients presenting with acute ischemic stroke 
and CTA-proven large vessel occlusion if groin puncture could be achieved 
within 6 hours of symptom onset. Excluded were patients with CT evidence 
of intracranial hemorrhage, and the use of advanced penumbral imaging 
as well as ASPECTS score for patient selection were not performed. In 
our combined series 88/236 (37%) patients would have been excluded 
from this trial. 2/236 patients would have been excluded due to an NIHSS 
score <2 on presentation, 1/236 patient excluded for a premorbid mRS of 
5 (muscular dystrophy), and 1/236 patient excluded for receiving intra-
arterial thrombolysis with an elevated INR. Notably, all of the remaining 
84/236 patients would have been excluded due to a time from symptom 
onset to groin puncture greater than 6 hours. 

Within the greater than six hour extended time window subgroup 
(n=84), we did not observe a difference in favorable outcome (mRS 
0-2) compared to the intervention arm of MR CLEAN (28% vs. 33%, 
p=0.36). 80/84 patients in the greater than six-hour subgroup had CT 
perfusion completed. There was a significant difference in favorable 
outcome between our clinical practice and the intervention arm of the 
recently presented data of the extended time window embolectomy 
trial DAWN6, (29.7% vs. 48.6%, p<0.0001). 35/84 (42%) of patients in 
the greater than six-hour window presented with an unknown time of 
onset (i.e., wake up stroke or  last seen well). 

Discussion
Overall, we observed similarity between the pragmatic EVT trial 

MR CLEAN and our clinical experience of endovascular treatment 
of anterior circulation large vessel occlusion at two U.S. academic 
comprehensive stroke centers, as measured by functional outcomes, 

Variables
Clinical Practice Mr. Clean

N=236 N=233
Age (years), Median 70 66

Male / Female 113 / 123 135 / 98
NIHSS

Median (IQR) 19 (13-21) 17 (14-21)
Range 1-33 3-30

Comorbidities (%)
Atrial fibrillationa 34 26

Diabetesa 25 13
History of strokeb 13 9

Mechanism (%)
Cardioembolic 57 -
Large vessel 19 -
Cryptogenic 23 -

Hypercoagulable, infectious, atypical 1 -
Clinical Course

Treated with alteplasea (%) 45 87
Time from onset to start of alteplase (minutes), median (IQR) 113 (84-150) 85 (67-110)

CT ASPECTS, median (IQR) 9 (8-10) 9 (7-10)
Onset to groin puncture (minutes), median (IQR) 292 (192-441) 260 (210-131)

General anesthesia (%) 44 38
Location of occlusion (n)

Intracranial ICA and carotid T 52 60
M1 162 154
M2 19 18

A1 or A2 2 1
Extracranial ICAc 15 75

TICI Scored (%)
0 11 14
1 3 5

2a 10 22
2b/3 75 59

Complication (%)
sICH (PH-2 only) 5.1 6.0

Hemicraniectomy (all cases) 3.3 6.0
a p<0.005
b p=0.046
c p=0.01, extracranial ICA includes additional cases with tandem intracranial occlusions
d p<0.0001
Abbreviations: NIHSS: National Institute of Health Stroke Scale; ASPECTS: Alberta Stroke Program Early Computed Tomgragphic Score; IQR: Interquartile Range; ICA: 
Internal Carotid Artery; A1: First Division of the Anterior Cerebral Artery; A2: Second Division of the Anterior Cerebral Artery; M1: First Division of the Middle Cerebral Artery; 
M2: Second Division of the Middle Cerebral Artery; TICI: Thrombolysis in Cerebral Infarction; sICH: Symptomatic Intracerebral Hemorrhage; Ph-2: Type 2 Parenchymal 
Hematoma.

Table 1: Baseline demographics, neuroimaging characteristics, and clinical course of patients undergoing EVT for anterior circulation ischemic  stroke between January 
2012 and December 2016, compared to the pragmatic EVT trial MR CLEAN.
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recanalization rates, and complication rates. However, we also found 
several differences between our practices and the MR CLEAN cohort. 
The clinical practice group had statistically higher rates of atrial 
fibrillation, diabetes, and history of stroke, all of which were typically 
associated with worse prognosis. Furthermore, median time from 
symptom onset to groin puncture was longer and use of IV t-pa was 
lower for the combined clinical experience. Clinical outcomes were 
similar to MR CLEAN despite a higher proportion of patients with 
these conventional vascular risk factors. Notably, 28% of the patients 
in our subgroup excluded from MR CLEAN due to a time from 
symptom onset to groin puncture greater than 6 hours experienced 
favorable outcomes. This is similar to the proportion of favorable 
outcomes achieved in the intervention arm of MR CLEAN. However, 
the rate of  dichotomized favorable outcome in this subgroup of our 
patient series was significantly lower than what was reported in the 
recent DAWN trial.6 Although 80/84 patients in our extended window 
subgroup received CT perfusion, RAPID software was not available 
to compare core infarct size with the DAWN interventional arm and 
treatment decisions in our practice were individualized. An additional 
caveat is that only 42% of our extended window embolectomy subgroup 
presented with unknown time of onset (wake up stroke or unwitnessed 
as opposed to known onset of more than six hours) in comparison 
to 90% of the treatment arm of DAWN. This important difference in 
baseline characteristics may in some part explain our worse outcomes 
in the extended window. Nevertheless, our findings support the use of 
core infarct imaging for optimal patient selection in this setting. The 
rate of decompressive hemicraniectomy was similar to MR CLEAN 
despite longer times from symptom onset to groin puncture. Rates of 
symptomatic intracerebral hemorrhage were also similar between the 
combined practice and MR CLEAN. Ultimately, our results support the 
external validity of MR CLEAN.

Limitations
This study has several limitations. Contemporary outcomes may 

be better as the clinical practice group included patients treated prior 
to current rapid triage protocols. Some patients were treated prior to 
the advent of stent-retriever technology. Although recanalization was 
abstracted from procedure reports and confirmed by image review, 
they were not scored by a core lab. We did not collect information on 
pre-stroke disability. CT perfusion was used for all patient selection 
at one center, only in extended time windows at the other center, and 
RAPID software was unavailable, making further quantification of the 
relationship between infarct core and clinical outcome difficult. A recent 
analysis of CT perfusion in MR CLEAN indicates that within the six-
hour window the intervention arm benefited irrespective of whether a 
perfusion mismatch was present [13]. While a low CT ASPECTS was 
not an exclusion criterion in MR CLEAN, we did not treat any patients 
with ASPECTS of ≤6 with EVT, and therefore cannot comment on this 

subpopulation. 

Conclusion 
This two-center retrospective comparison of the clinical practice 

of EVT for anterior circulation large vessel occlusion supports the 
external validity of the pragmatic endovascular trial MR CLEAN 
given overall similarity in clinical presentation, functional outcomes, 
and complications rates. Yet, in our practices we often treated patients 
beyond the first 6 hours from symptom onset. This suggests that the 
results from MR CLEAN can be replicated in practice with a longer 
therapeutic window for intervention.
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