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Goal: Insufficient data is available about safety and efficacy of endovascular treat-
ment (EVT) in patients with minor stroke symptoms because these patients were
excluded from most randomized trials. We aimed to compare characteristics, func-
tional outcome, and complications in patients with minor ischemic stroke National
Institutes of Health Stroke Scale score �5 (NIHSS score �5) and moderate to severe
ischemic stroke (NIHSS score �6) due to intracranial proximal artery occlusion of
the anterior circulation who underwent EVT. Materials and Methods: We report
patients with an anterior circulation occlusion who were included between March
2014 and June 2016 in the multicenter randomized clinical trial of EVT of acute
ischemic stroke in the Netherlands Registry, a prospective, multicenter, observa-
tional study for stroke centers that perform EVT in the Netherlands. Minor ischemic
stroke was defined as baseline NIHSS score of 5 or less. Primary outcome is the
modified Rankin Scale (mRS) score at 90 days. Secondary outcomes include symp-
tomatic intracranial hemorrhage (sICH) and mortality. Findings: Seventy-one (5.5%)
patients had a NIHSS score of 5 or less. Functional independence (mRS 0-2 at 90
days) was reached in 75% of these patients, compared to 40% of patients with
NIHSS score of 6 or more. sICH occurred in 4% of patients, of which 1% occurred
peri-interventionally. Death occurred in 6% of patients. Conclusions: Patients with
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minor ischemic stroke with an intracranial proximal arterial occlusion of the ante-
rior circulation who underwent EVT have a high chance of favorable outcome and
appear to have low occurrence of treatment-related sICH. Therefore, our results
encourage the use of EVT for minor ischemic stroke in the absence of effect esti-
mates from controlled studies.
Key Words: Ischemic stroke—endovascular treatment—minor symptoms—large
vessel oclusion
© 2018 National Stroke Association. Published by Elsevier Inc. All rights reserved.
Introduction

Endovascular treatment (EVT) for acute ischemic stroke
due to an intracranial proximal arterial occlusion of the ante-
rior circulation was shown to be safe and effective in
recently performed randomized controlled trials.1 Ischemic
stroke with minor symptoms can be caused by a large intra-
cranial arterial occlusion.2,3 Presence of such a lesion is asso-
ciated with unfavorable outcome.4-8 Only the Multicenter
Clinical Registry of Endovascular Treatment of Acute Ische-
mic Stroke in the Netherlands (MR CLEAN) and the Extend-
ing the Time for Thrombolysis in Emergency Neurological
Deficits�Intra�Arterial (EXTEND-IA) included patients
with NIHSS score of 5 or less: 10 of 500 (2%) in MR CLEAN
and 4 of 70 (6%) in EXTEND IA.9,10 Therefore, insufficient
information is available about EVT in patients with minor
stroke symptoms, and, as a consequence, the benefit of EVT
is considered uncertain in patients presenting with baseline
NIHSS score of 5 or less according to American Heart Asso-
ciation (AHA) guidelines.11

In the absence of knowledge about treatment effect from
controlled studies, observational data about safety and out-
come might guide treatment decisions. In the present
study, we describe characteristics, outcome, and safety of
patients with minor ischemic stroke (NIHSS score �5) with
an intracranial proximal arterial occlusion of the anterior
circulation treated with EVT in the MR CLEAN Registry.
Methods

Patients

We analyzed patients from the MR CLEAN Registry
who were registered from the start (16 March 2014) until
15 June 2016. The MR CLEAN Registry is a multicenter,
prospective, observational study for all stroke interven-
tion centers in the Netherlands (trial protocol: https://
www.mrclean-trial.org/docs/latestprotocol.pdf).
All patients undergoing EVT (arterial puncture with the

intention to perform arterial catheterization with a micro
catheter to the level of the occlusion, followed bymechanical
thrombectomy and/or thrombus aspiration, with or without
delivery of a thrombolytic agent) for acute ischemic stroke
have been enrolled in the MR CLEAN Registry. The method
of EVT was left to the discretion of the treating physicians.
We used the following selection criteria for analysis:

groin puncture within 6.5 hours after symptom onset (we
chose to extend the time window by half an hour com-
pared to the MR CLEAN trial to be compatible with the
MR CLEAN trial inclusion criterion of intended treatment
within 6 hours); age of 18 years and older; prestroke mod-
ified Rankin Scale (mRS)12 score of 2 or less; intracranial
proximal arterial occlusion of the anterior circulation
(intracranial carotid artery (ICA, ICA-T or middle [M1/
M2; definition in supplementary data] or anterior [A1/
A2] cerebral artery), demonstrated by baseline computed
tomography angiography (CTA). Stroke severity was
assessed by NIHSS at baseline.13 Minor ischemic stroke
was defined as baseline NIHSS score of 5 or less. Alberta
Stroke Programme early CT (ASPECT) score on baseline
non contrast computed tomography (CT) and collateral
status on CTA were scored by an independent core lab
using definitions described in previous literature.14,15
Outcome Measures

The primary outcome was the mRS score at 90 days
(investigators were instructed to assess the mRS score at
90+/¡14 days). The mRS is a 7-point scale ranging from 0
(no symptoms) to 6 (death). Functional outcomes were
defined as excellent (mRS of 0-1), good (mRS of 0-2), or
favorable (mRS of 0-3). Other outcomes were NIHSS score
postintervention, successful reperfusion postintervention
digital subtraction angiography (DSA; assessed by an
independent core lab blinded for clinical outcome), and
safety outcomes. Reperfusion was scored by the extended
Thrombolysis in Cerebral Ischemia (eTICI) score,16 which
ranges from grade 0 (no reperfusion) to grade 3 (complete
reperfusion). Successful reperfusion was defined as eTICI
2B or higher. In the case 2- directional view on final DSA
was not available (missing lateral or anterior view), the
maximum eTICI score was 2A. An independent core lab,
blinded for clinical outcome, assessed all DSAs. Safety
outcomes were occurrence of symptomatic intracranial
hemorrhage (sICH), ischemic stroke progression, and
mortality at 90 days. Intracranial hemorrhage was consid-
ered symptomatic if the patient had died or had declined
at least 4 points on the NIHSS, and the hemorrhage was
related to the clinical deterioration (Heidelberg criteria).17

SICH was assessed by the complication committee after
evaluation of medical reports and imaging assessment.
Ischemic stroke progression was defined as neurological
deterioration of at least 4 points on the NIHSS, in which
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an intracranial hemorrhage was excluded as the cause of
the deterioration with CT. Ischemic stroke progression
was assessed by the complication committee on the basis
of medical reports.
Statistical Analysis

Baseline characteristics of patients with minor ische-
mic stroke (NIHSS score �5), and moderate to severe
ischemic stroke (NIHSS score �6), were analyzed using
standard statistics. Unadjusted and adjusted (for age,
collateral status, and time from onset to start of EVT
[arterial puncture]) logistic regression analyses were
used to determine the association between outcomes and
minor ischemic stroke (NIHSS score �5), compared to
moderate to severe ischemic stroke (NIHSS score �6).
To assess the statistical significance of interaction
between reperfusion status and baseline clinical stroke
severity on functional outcome, we added a multiplica-
tive term to the regression model.
We performed a sensitivity analysis on functional and

safety outcomes excluding those patients that did not
have a target occlusion on DSA and in whom no attempt
for clot retrieval was made.
In the case NIHSS scores were not available, we scored

these retrospectively according to a standardized chart
with information from the reported physical examination
in medical reports. If successful reperfusion was not
reached during EVT, the time of last contrast bolus injec-
tion was used as a proxy for time of reperfusion. Any fol-
low-up mRS score of 0-5 assessed within 30 days was
considered missing. Missing mRS scores at 90 days were
replaced by mRS scores derived from multiple imputa-
tion.18 Multiple imputation was performed with STATA/
SE 14.1 (StataCorp, TX) with the following variables: age,
sex, baseline NIHSS score, diabetes mellitus, previous
myocardial infarction, previous stroke, prestroke mRS
score, atrial fibrillation, intravenous thrombolysis prior to
EVT, systolic blood pressure, baseline ASPECTS, occlu-
sion segment, CTA collateral status, time from symptom
onset to start of EVT, time from symptom onset to suc-
cessful reperfusion, eTICI score at the end of the interven-
tion, and NIHSS score 24-48 hours after EVT. All
descriptive analyses include patients with complete data,
while all regression models include all patients with
imputed data. Statistical analyses were performed with
STATA/SE 14.1 (StataCorp, TX).
Results

Patient Characteristics

In the MR CLEAN Registry, 1628 patients were regis-
tered until June 15th, 2016. We included 1292 patients for
the present study (Fig S1). Seventy-one (5.5%) patients
presented with minor ischemic stroke (NIHSS score �5;
range 2-5) and 1221 (94.5%) patients with moderate to
severe ischemic stroke (NIHSS score �6) (Table 1). Minor
ischemic stroke patients were younger, although the dif-
ference was not statistically significant. Facial paresis was
the most frequent symptom on baseline, both for minor
and moderate to severe ischemic stroke (Table S1). Occlu-
sion site on baseline CTA was significantly different: ICA-
T occlusions were more often present in patients with
baseline NIHSS score of 6 or more (23% versus 3%), and
M2 occlusions were more often present in patients with
baseline NIHSS score of 5 or less (21% versus 11%).
ASPECT score on baseline CT, and collateral status on
CTA were higher in minor ischemic stroke patients, with
collateral score 3 (maximum score) present in 38% of
patients with NIHSS score of 5 or less, compared to 18%
of patients with baseline NIHSS score of 6 or more.
Intervention Characteristics

In patients in whom an attempt for thrombus retrieval
was made, successful reperfusion (eTICI 2B or higher) was
present in 35 of 54 patients (65%) with baseline NIHSS
score of 5 or less, and 627 of 1060 (59%) with baseline
NIHSS score of 6 or more (Table S2). In 13 of 71 patients
(18%) with minor ischemic stroke, no target occlusion was
present on DSA, and no intracranial intervention was per-
formed. In 11 of 13 (85%) of these patients, alteplase was
administered intravenously prior to EVT, and in the major-
ity of patients a distal occlusion of M1, or an occlusion of
M2 segment was present on CTA (n = 9; 69%). For compar-
ison, absence of a target occlusion on DSA in patients with
baseline NIHSS score of 6 or more occurred in 91 patients
(7%; P < .05). Anesthetic management during the proce-
dure was not significantly different in both groups.
Clinical Outcomes

Functional Outcome

The score on the mRS at 90 days was available for
1179 patients. Functional outcome was better in patients
with minor ischemic stroke (Fig 1). Excellent functional
outcome was seen in 28 of 60 patients (47%), and good
functional outcome was seen in 45 of 60 patients (75%)
with baseline NIHSS score of 5 or less, compared to 221 of
1119 (20%) and 450 of 1119 patients (40%) with baseline
NIHSS score of 6 or more. There was no significant inter-
action between baseline clinical stroke severity and suc-
cessful reperfusion on good functional outcome (Fig S2;
Pinteraction = .82).
Safety Outcomes

SICH occurred in 3 of 71 patients with minor stroke
(4%) of which one occurred peri-interventionally (1%).
Ischemic stroke progression occurred in 5 of 71 patients
(7%) with minor ischemic stroke (Table 2). Four patients
(6%) died during the 90 days follow-up: 1 patient due to



Table 1. Baseline characteristics

NIHSS �5 (n = 71) NIHSS �6 (n = 1221) P value Missings (n)

Age - median (IQR) 65 (55-77) 70 (59-78) .10 0

Male sex - n. (%) 38 (54) 672 (55) .80 0

NIHSS - median (range; IQR) 4 (2-5; 3-5) 16 (6-42; 12-20) 0

Clinical localization: left hemisphere - n. (%) 38 (54) 647 (53) .58 0

Systolic blood pressure - mean mm Hg (SD) 153 § 21 149 § 25 .91 35

Intravenous alteplase treatment - n. (%) 61 (86) 972 (80) .42 2

Medical history

Atrial fibrillation - n. (%) 11 (15) 250 (20) .28 20

Hypertension - n. (%) 36 (51) 590 (48) .69 18

Diabetes mellitus - n. (%) 8 (11) 197 (16) .27 7

Hypercholesterolemia - n. (%) 18 (25) 338 (28) .59 46

Current smoking - n. (%) 20 (28) 280 (23) .58 13

Ischemic stroke - n. (%) 10 (14) 181 (15) .85 8

Pre-stroke modified Rankin Scale score - n. (%) .87 24

0 55 (77) 923 (76)

1 9 (13) 175 (14)

2 5 (7) 101 (8)

Imaging

Level of occlusion on noninvasive vessel

imaging (CTA) - n. (%)

.00 69

ICA (intracranial) 7 (10) 68 (6)

ICA-T 2 (3) 278 (23)

M1 42 (59) 666 (55)

M2 15 (21) 135 (11)

Other: M3 and ACA 1 (1) 9 (1)

Missing 4 (6) 65 (5)

ASPECTS subgroups .01 60

0-4 - n (%) 2 (3) 81 (7)

5-7 - n (%) 7 (10) 291 (24)

8-10 - n (%) 59 (83) 792 (65)

Missing 3 (4) 57 (5)

Collaterals .00 96

Grade 0 - n (%) 1 (1) 87 (7)

Grade 1 - n (%) 9 (13) 387 (32)

Grade 2 - n (%) 30 (42) 432 (35)

Grade 3 - n (%) 27 (38) 223 (18)

Transfer from primary stroke center - n (%) 38 (54) 684 (56) .68

Onset to start of EVT (min) - median (IQR) 225 (170-270) 205 (158-265) .23

CTA, computed tomography angiography; NIHSS, National Institutes of Health Stroke Scale; ASPECT, Alberta Stroke Programme early

computed tomography; CT, computed tomography; EVT, endovascular treatment; ICA, intracranial carotid artery, IQR, interquartile range.

Figure 1. Distribution of the modified Rankin Scale (mRS) score at 90 days (n = 1179; mRS score at 90 days was missing for 113 patients).
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sICH, 1 patient 2 weeks after occurrence of a new ischemic
stroke, and 2 patients with unknown cause during follow-
up. Mortality was significantly higher (n = 300; 25%) in
patients with baseline NIHSS score of 6 or more.

Sensitivity Analysis

We repeated the analysis on functional and safety out-
comes excluding those patients that did not have a target
occlusion on DSA and in whom no attempt for clot
retrieval was made. Results were similar (Table S4).

Discussion

In the MR CLEAN Registry, 5.5% of patients with ische-
mic stroke due to an intracranial proximal arterial occlu-
sion of the anterior circulation who underwent EVT had a
minor stroke (NIHSS score �5). In these patients, we
found more M2 occlusions, higher ASPECT score on base-
line CT, and more often good collateral status on baseline
CTA. Almost half of these patients reached excellent func-
tional outcome (mRS 0-1), 3 quarters reached good func-
tional outcome (mRS 0-2), and peri-interventional
complication rate was low.
Previous studies have shown lower median NIHSS

scores in patients with M2 occlusions compared to
patients with M1 occlusions (median 13-14 versus 17).19,20

The high frequency of M2 occlusions among patients with
a low baseline NIHSS score in our study is in line with
these findings, although neurological deficit resulting
fromM2 occlusions can be heterogeneous. In MR CLEAN,
baseline NIHSS score was found lower when collateral
score was higher,21 in line with the high percentage of
good collateral status in our minor ischemic stroke cohort.
This is clinically plausible because in M2 occlusions, or in
the presence of good collateral flow, a smaller part of the
brain would be deprived from blood supply.
Patients with minor ischemic stroke due to a large ves-

sel occlusion generally achieve favorable outcomes, even
in the absence of acute revascularization therapy.5,7,22

However, these patients can have unfavorable outcomes.
One study showed early neurological deterioration in
38% of patients, and 50% of patients did not reach func-
tional independency at discharge.5 Another observational
study reports an independent ambulatory status at dis-
charge in 65% (comparable with mRS 0-3) of patients with
an anterior circulation occlusion.7 In our study, functional
outcome exceeded functional outcome reported in these
previous studies that described functional outcome in the
absence of acute recanalization therapy. However, com-
parison with these studies should be considered with cau-
tion, because of heterogeneity of investigated patients,
primarily concerning differences in baseline NIHSS score
cut-off values defining minor ischemic stroke.
When treated with intravenous thrombolysis, in the

presence of a proximal intracranial arterial occlusion in
the anterior circulation, a recently published study
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showed that patients with NIHSS score of 5 or less have a
9%-30% chance of early neurological deterioration,
depending on occlusion site.8 Early neurological deterio-
ration was strongly associated with functional depen-
dence or death within 3 months. Additional endovascular
therapy might improve functional outcome in these
patients.
Five earlier observational studies reported EVT in

ischemic stroke with baseline NIHSS score of 5 or less.
Three studies reported single center data of 41, 10, and
30 patients respectively.22-24 Excellent functional out-
come ranged from 67%-70%, good functional outcome
(mRS 0-2) from 75%-100%, and parenchymal hemor-
rhage or sICH occurred in 0.0%-6.7% of the patients. In
2 of these studies EVT was compared with medical ther-
apy, and both favored EVT in terms of functional out-
come at 3 months.23,24 However, in both studies
occlusion site was heterogeneous (posterior circulation
in 20.0%-23.3%). In one of these studies, treatment alloca-
tion occurred on the basis of careful discussion between
treating physicians, and patients or their families, which
probably resulted in selection bias. Furthermore, no firm
conclusions could be made because of single center
design and small sample size.
Two multicenter studies reported 34, and 113 patients

with NIHSS score of 5 or less, who underwent EVT.25,26

In these studies, no significant differences in functional
outcome were found between patients who underwent
EVT and patients who were treated medically. However,
in the first study, occlusion site was heterogeneous, with a
posterior circulation occlusion in more than one-third of
the patients, and primary EVT was mainly performed in
the late time window (4.5-6.0 hours after symptom onset),
whereas primary intravenous thrombolysis (IVT) was
mainly performed for less than 4.5 hours after symptom
onset. Moreover, patients were included between 2009
and 2012, in the period that EVT was an experimental
treatment option.25 In the second study, the medical con-
trol group originated from 1, different center than the
patients treated endovascularly. Approximately one-fifth
of the patients primarily treated medically, underwent
rescue EVT, which might have influenced the comparison
between EVT and best medical treatment.26 In our study,
we presented data of a large group of patients with minor
stroke, that was multicenter collected and representative
of current clinical practice.
“In acute ischemic stroke, presence of minor to mild

symptoms generally results in better functional outcome
compared to when moderate to severe symptoms are
present at baseline.27 Therefore, returning to excellent
functional outcome (mRS 0-1) may be a more adequate
representation of a successful result in minor ischemic
stroke. Past studies report excellent outcome in 59-70% of
the patients with NIHSS score � 5 with a large vessel
occlusion who underwent EVT, which is higher than in
our study (47%).22-26 Possible explanations could be the
presence of lower rates of pre-stroke mRS score � 1 (5-
17% versus 20% in our study), and higher rates of success-
ful reperfusion (82-100% versus 65% in our study) that
were achieved in these studies.”
The effect of reperfusion on functional outcome was

presented by 1 previous study, in which minor to mild
stroke was defined as NIHSS score of less than 8.28 The
patients underwent EVT for an intracranial proximal
artery occlusion of the anterior circulation, and, as in our
study, good functional outcome was more frequent in suc-
cessfully reperfused (ie, �TICI 2B) patients. These find-
ings could substantiate the pursuit of recanalization by
mechanical thrombectomy in minor ischemic stroke due
to an intracranial proximal artery occlusion.
This study has limitations. First, selection bias was

probably present, because EVT was not standard of treat-
ment for minor ischemic stroke, and we were unaware of
the patients who did not undergo EVT. Second, the sam-
ple size of patients with minor deficits is small. Neverthe-
less, we present a large cohort compared to previous
studies describing patients with NIHSS score of 5 or less.
Finally, as only results of patients who underwent EVT
are reported, we were not able to determine treatment
effect. To gain information on treatment effect, initiatives
for a multicenter randomized controlled trial on EVT of
acute stroke patients with minor deficits (NIHSS score
�5) with a large vessel occlusion in the anterior circulation
have been presented (In Extremis trial, presented at SLICE
Live Course 2017, Nice, France).
The strength of our study is that it reflects results from

EVT in daily clinical practice captured in a nationwide
registry. Moreover, core lab assessment was applied for
imaging and complications. In the absence of randomized
controlled trials investigating EVT in minor ischemic
stroke patients, our study provides information which
can contribute to decision making in daily practice.
Conclusion

Patients with minor ischemic stroke with an intracranial
proximal arterial occlusion of the anterior circulation who
underwent EVT have a high chance of favorable outcome
and appear to have low occurrence of treatment related
sICH. Therefore, our results encourage the use of EVT for
minor ischemic stroke in the absence of effect estimates
from controlled studies.
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