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BACKGROUND AND PURPOSE: Multiple trials have shown the efficacy and safety of endovascular therapy (EVT) of acute ischemic
stroke in adults. Trials in children are lacking and only case reports and case series exist. However, the long-term outcome of
children with acute ischemic stroke can be devastating with significant mortality and morbidity. In this study, we describe the
safety and efficacy of EVT in children with anterior circulation acute ischemic stroke who were included in the MR CLEAN
Registry (Multicenter Randomized Clinical Trial of Endovascular Treatment for Acute Ischemic Stroke in the Netherlands).

METHODS: Patients under the age of 18 years who were treated with EVT for acute ischemic stroke between March 2014
and July 2017 were retrospectively reviewed up to 6 months after EVT. Nine children, aged 13 months to 16 years (median
14 years, interquartile range, 3—15 years), underwent EVT. Stroke cause was thromboembolism in children with end-stage
heart failure on left ventricular assist device (4 of these 9 cases). Median time from onset to imaging was 133 minutes. Four
children received intravenous alteplase before EVT, with median onset to needle time of 165 minutes. In all but one patient,
EVT was technically successful. No major periprocedural complications occurred.

RESULTS: At 24 hours after EVT, 3 children completely recovered and 4 children showed partial recovery (median National
Institutes of Health Stroke Scale, 3.5), whereas 2 patients on left ventricular assist device died within the first week due
to the occurrence of multiple strokes. One patient on left ventricular assist device developed a fatal massive intracranial
hemorrhage and another child died due to left ventricular assist device-related complications. Among the 5 stroke survivors,
all had a favorable outcome (modified Rankin Scale score, 0-2) at 6 months follow-up.

CONCLUSIONS: EVT of children with acute ischemic stroke seems safe and feasible. However, these findings should be
interpreted with caution as more and larger studies are needed to clarify the trade-off between risks and benefits of this
treatment.
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mated at 1.6/100.000 children per year."? Although
the long-term clinical outcome in young patients is
favorable due to the plasticity of the infant brain, it is also
known that pediatric stroke results in significant mortal-
ity (7%—14%)3* and morbidity (up to 70%).5® Pediatric

The incidence of arterial stroke in children is esti-

stroke has a profound impact on patients and their family
as these children suffer from life-long deficits that have
an important impact on the quality of life and participa-
tion in life. Furthermore, the burden for society is high as
the lifetime cost of care after stroke is likely greater for a
child than an adult”
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Nonstandard Abbreviations and Acronyms

AlIS acute ischemic stroke

EVT endovascular therapy

IQR interquartile range

LVAD left ventricular assist device

mTICI modified Treatment in Cerebral
Infarction

NIHSS National Institutes of Health Stroke
Scale

See related article, p 789

Multiple trials have shown the efficacy and safety of
endovascular therapy (EVT) for acute ischemic stroke
(AIS) caused by the occlusion of a large intracranial
vessel (large vessel occlusion) in the anterior circu-
lation.8® However, these findings are confined to the
adult population as the inclusion criteria of these stud-
ies required patients to be at least 18 years of age.
Nevertheless, the positive results of these trials are
increasingly being extrapolated to the pediatric popu-
lation. The 2015 American Heart Association/Ameri-
can Stroke Association Focused Update of the 2013
Guidelines for the Early Management Patients With
Acute Ischemic Stroke Regarding Endovascular Treat-
ment states that EVT with stent retrievers may be rea-
sonable for some patients under the age 18 years with
a stroke caused by a large vessel occlusion who can
be treated within 6 hours of symptom onset (Class Ilb;
Level of Evidence C).1°

Evidence from randomized controlled trials for the
use of EVT in the pediatric population is lacking and
due to the ethical and clinical difficulties in randomiz-
ing pediatric stroke patients, such a trial is not expected
to be initiated soon. Future guideline recommendations
for the use of EVT in the pediatric patient population
will, therefore, be based on expert opinions and clinical
experience from case series and observational cohorts.
Until now, the number of reported cases of EVT in chil-
dren suffering from a stroke caused by the occlusion
of a large intracranial vessel in the anterior circulation
is low. A recent review revealed 70 cases in which EVT
in the anterior circulation was performed. Furthermore,
it was shown that data regarding the youngest chil-
dren are even more scarce as only 12 cases of children
younger than b years that underwent EVT were identi-
fied."" Such a review of case reports is likely to suffer
from publication bias as unsuccessful procedures are
less likely to be published. In a recently published large
retrospective study, 63 children with AIS due to a large
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vessel occlusion in the anterior circulation who received
EVT were identified. In this study, EVT seemed feasible
and safe; furthermore, neurological outcome was favor-
able in most cases.?

In this study, we present prospectively gathered data
of 9 patients with an age under 18 years from the MR
CLEAN Registry who were treated with mechanical
thrombectomy for an occlusion in the anterior circulation.
The MR CLEAN Registry (Multicenter Randomized Clini-
cal Trial of Endovascular Treatment for Acute Ischemic
Stroke in the Netherlands) is an ongoing, prospective,
multicenter, observational study for stroke intervention
centers that perform EVT in the Netherlands. Knowledge
drawn from these nine cases will help defining the role of
EVT in the treatment of pediatric AIS.

METHODS

The MR CLEAN Registry is an ongoing, prospective, multi-
center, observational study for stroke intervention centers that
perform EVT in the Netherlands. The study protocol was evalu-
ated by a central medical ethics committee, and permission
to carry out the study as a registry was granted. Patients who
were treated with EVT for AIS after the final MR CLEAN ftrial
randomization on March 16, 2014, were registered. For this
study, the MR CLEAN Registry database (up till July 19, 2017)
was searched for all patients with an age under 18 years old at
the date of the endovascular procedure. One of the cases was
previously published as a case report.'® Because of the sensi-
tive nature of the data collected for this study, data cannot be
made available.

RESULTS
Patients

In total 9 children who underwent EVT between March
2014 and July 2017 were included in this study. Base-
line characteristics of these patients are given in Table 1.
Patients (4 boys, 5 girls) were between 13 months and
16 years old (median 14 years, interquartile range [IQR],
3-15 years). All patients presented with severe stroke
symptoms including hemiparesis. The median pediat-
ric National Institutes of Health Stroke Scale (NIHSS)
at presentation was 17 (IOR, 9.5-19.5). Large ves-
sel occlusion was demonstrated with CTA in all of the
cases, additional MRI was performed in 2 patients. Only
patients with ischemic stroke caused by large vessel
occlusion in the anterior circulation were included in the
study with the M1 segment of the middle cerebral artery
as the most common occlusion location (n=6). Median
time from onset to imaging was 133 minutes (IOR, 115—
183 minutes). Median time from onset to groin puncture
was 265 minutes (IOR, 164-320 minutes). One patient
presented with a wake-up stroke and the time of onset
could not be determined.

Stroke. 2021;52:781-788. DOI: 10.1161/STROKEAHA.120.030210
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Table 1. Patients Characteristics

1 13mo | DCM, LVAD | F Paralysisarm R | 8* CT/CTA | M1 Left 102 n.a. 160 2B pedNIHSS 4* | t

Paresis leg R

2 18 mo | DCM, LVAD | M Hemiparesis R 7* CT/CTA | T-top left | 205 n.a. 390 2B pedNIHSS t
13*

3 3 DCM, LVAD | F Gaze deviation L | 17 CT/CTA | T-top left 287 n.a. 300 2B Partial recov- | t
Aphasia ery*

Paralysis arm R

Paresis leg R

4 10 DCM, LVAD | F Gaze deviation L | 20 CT M1 left 65 n.a. 129 3 pedNIHSS 3 | t

Aphasia

Facial paresis R

Paralysis arm R

Paresis leg R

5 14 Unknown M Neglect 19 CT/CTA | M1 right 131 143 168 3 pedNIHSS 3 | Mild spas-
ticity arm L
Dysarthria mRS 1

Paralysis Arm L

Paresis Leg L

6 14 Atrial M Gaze deviation L | 21 CT/CTA | M1 left 128 240 300 2B pedNIHSS 13 | mRS 2
Myxoma Hemiplegia R ere
Aphasia
7 16 PFO F Hemiparesis L 11 CT/CTA | M2 right 160§ 180 230 3 pedNIHSS 1 | Complete
recovery
Facial paralysis MRI/ mRS 0
L MRA
8 15 Unknown M Hemiparesis R 12 CT/CTA | M1 left 1358 150 340 2B pedNIHSS 4 | Mild paresis
. arm R, mild
Aphasia TA speech dis-
turbances
MRI/ mRS 2
MRA
9 16 VSD M Hemiparalysis L | 19 CT/CTA | M1 right Il n.a. II 2B pedNIHSS 4 | Fine motor
skills
Reduced L
hand
mRS 1

CT indicates computed tomography; CTA, CT angiography; CTP, CT perfusion; DCM, dilated cardiomyopathy; EVT, endovascular therapy; F, female; LVAD, left ventricular assist
device; M, male; MRA, magnetic resonance angiography; MRI, magnetic resonance imaging; mRS, modified Rankin Scale; mTICI, modified Treatment in Cerebral Infarction score; n.a.,
not applicable; pedNIHSS, pediatric National Institutes of Health Stroke Scale; PFO, persistent foramen ovale; and VSD, ventricular septum defect.

“Unclear whether the pedNIHSS can be reliably used in patients younger than 2 y old.

TPatient died.

$Due to deep sedation and intubation it was impossible to score the pedNIHSS. The hemiparesis did improve short term.

§Onset to CT, additional MRI was performed before endovascular therapy was initiated.

[|Wake-up stroke, last seen at midnight.

Recanalization Treatment receive intravenous alteplase due to the unknown time

. of symptom onset.
Intravenous Thrombolysis

Four children received intravenous alteplase before
EVT with a median onset- to-thrombolysis time of 165
minutes. The 4 children on left ventricular assist device ~ Groin Access

(LVAD) did not receive intravenous alteplase due to  In the oldest patient, the procedure was performed
therapeutic anticoagulation therapy to prevent clotting  using local anesthesia in the groin. All other procedures
formation associated with the LVAD. One child did not ~ were performed under general anesthesia. The common

Endovascular Treatment
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femoral artery was used for arterial access in all cases.
The size of the introducer sheath was chosen based
on the caliber of the common femoral artery. For the 3
youngest children (13 months, 17 months, and 3 years
old), a 4F (radial) sheath was used, whereas in the oldest
children, an 8F introducer sheath was used.

Cervical Access

In children younger than 10 years of age, a 4F diagnostic
vertebral catheter was predominantly used as a guiding
catheter. Due to the absence of vessel tortuosity and ath-
erosclerotic plaques in children, this catheter could be easily
positioned in the cervical internal carotid artery just below
the skull base. In one patient (case 1, 13 months old), a 4F
SOS-Omni catheter was used as a guiding catheter due
to an acute angle of the proximal left internal carotid artery
sharing a common origin with the brachiocephalic trunk.
In the children older than 10 years of age, the diameter of
the internal carotid artery was considered large enough to
host an 8F balloon guiding catheter. Before thrombectomy,
the balloon on the guiding catheter (filled with saline and
contrast, 1:1) was carefully inflated under fluoroscopy.

Intracranial Procedure

The stent retriever with the smallest diameter (Trevo 3x20
mm) was preferred in children younger than 10 years of
age, although a 4x20 mm stent retriever was used in a
3-year-old (case 3) after the 3x20 mm stent retriever
failed to remove the thrombus. In the older children, the
same stent retrievers as commonly used for M1 occlu-
sions in adults were preferred (Trevo 4x20 mm and
Embotrap 5x21 mm). The diameter of the M1 in the old-
est patient (case 9; 16 years old) was large enough to
accommodate a large-bore bF distal access catheter for
thrombus aspiration. Adequate recanalization (modified
Treatment in Cerebral Infarction score [mTICI] score [mod-
ified Treatment in Cerebral Infarction score] 2B or better)

EVT for Acute Ischemic Stroke in Children

was achieved in 8 patients (mTICI 3; n=3, mTICI 2B; n=b)
with a median of 2 attempts to remove the thrombus. Only
one case resulted in suboptimal recanalization (mTICI 2A;
n=1). Mean procedure time, defined as the time between
groin puncture and recanalization, was 53 minutes.

Closure of the Common Femoral Artery

The puncture site was closed by manual compression.
Except for the oldest patient (case 9), no vascular clo-
sure device was used.

The technical details of the endovascular procedures
are summarized in Table 2. EVT performed in 2 very
young patients (case 1 and case 3) are illustrated in,
respectively, Figure 1 and Figure 2.

Periprocedural Complications

No intracranial bleeding was reported directly after EVT.
One patient developed a pseudoaneurysm of the com-
mon femoral artery which could be treated successfully
with thrombin injection. No other periprocedural compli-
cations were reported.

Short-Term Outcome

Within 24 hours after EVT, 8 out of the 9 patients showed
neurological recovery (see Table 1). In one of these
patients, the pediatric NIHSS could not be assessed
as the patient was sedated and intubated. One of the
patients deteriorated in the 24 hours after EVT (pediatric
NIHSS from 7 to 13). Median pediatric NIHSS after EVT
was 4 (IQR, 3-8.5).

Long-Term Outcome

Long-term outcome (up to 6 months follow-up) was poor
for all 4 patients on LVAD as all died due to LVAD-related
complications. In 3 of these LVAD patients, neurological
complication were the cause of death. Two patients died
within the first week after EVT due to the occurrence of
multiple ischemic strokes in both hemispheres. As these

Table 2. Technical Details of the Performed Endovascular Procedures

Body Distal
Age, | weight, access Stent No. of | Procedure | Recanalization | Procedural
Patient | y kg Sheath Guiding catheter | catheter retriever runs | time (min) | (mTICI) complication
1 13 11 4F radial sheath 4F Slos-Omni Trevo 3x20 3 65 2B Pseudoaneu-
mo rysm AFC
2 17 10 4F radial sheath 4F vertebral Trevo 3x20 2 60 2A
mo
3 3 13 4F short introducer sheath | 4F vertebral Trevo 3x20 2 54 2B
Trevo 4x20
4 10 27 5F short introducer sheath | 4F vertebral Trevo 4x20 1 40 3
5 14 70 8F short introducer sheath | 8F flowgate bal- | Catalyst 6 | Trevo 4x20 2 50 3
loon guiding
6 14 59 6F short introducer sheath | 5F guider softtip Solitaire 4x20 | 1 34 2B
7 16 65 6F short introducer sheath | 5F guiding Trevo 4x20 1 45 3
8 15 100 8F short introducer sheath | 8F balloon Embotrap 3 66 2B
guiding
9 16 60 8F short introducer sheath | 8F guiding ACE60 Aspiration 4 65 2B

AFC indicates common femoral artery; and mTICI, modified Treatment in Cerebral Infarction score.
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Figure 1. Digital subtraction angiography images recorded during the endovascular treatment of patient 1 (13 mo old female).
A, (anteroposterior and lateral view) shows an occlusion of the distal M1 segment on the left (arrowhead). B, After crossing the thrombus
with a Pro 18 microcatheter a 3x20 Trevo thrombectomy stent is advanced inside the microcatheter. The stent is deployed so that the most
proximal part of the working area of the stent is covering the thrombus. C, After one thrombectomy attempt, the thrombus has moved to

the proximal M1 segment (left anteroposterior view). After the third thrombectomy attempt (second attempt not shown), the thrombus has
been removed from the M1 segment; however, vasospasms remain (right anteroposterior view). D, (anteroposterior and lateral view) Control
angiography after 4 min of waiting with a continuous 0.9% NaCl flush over the guiding catheter shows almost complete resolution of the
spasms and a modified Treatment in Cerebral Infarction score 2B recanalization.

infarcts occurred in vascular territories other than the ter-
ritory of the with EVT treated vessel in combination with
a known source for the emboli in both patients (proven
atrial thrombi in one patient and thrombus accumulation
in the LVAD of the other patient), these ischemic compli-
cations were considered related to the underlying dilated
cardiomyopathy. Another patient on LVAD developed a
massive intracranial hemorrhage with major neurological
deficits 8 days after EVT and died 14 days later. This
hemorrhage was located in the territory of the revascu-
larized left middle cerebral artery. Although we cannot
exclude the possibility that revascularization contributed
to this ICH, we think that it was rather due to LVAD com-
plications as a noncontrast enhanced computed tomog-
raphy reveal multiple fluid, fluid levels in this hemorrhage,
a finding consistent with anticoagulant induced coagu-
lopathy associated with the LVAD. No ischemic changes
were seen in the middle cerebral artery territory. Contrary

Stroke. 2021;52:781-788. DOI: 10.1161/STROKEAHA.120.030210

to this, all b patients who were not on an LVAD had a
favorable clinical outcome (modified Rankin Scale score,
0-2) 6 months after the AIS (see Table 1 and Figure 3).

DISCUSSION

This consecutive case series adds to the growing body of
evidence indicating that EVT of ischemic stroke in chil-
dren seems safe and feasible. The previously reported
good recanalization rates are confirmed by our case
series showing excellent technical results with suc-
cessful recanalization (= mTICI 2B) in all but one of the
cases with only one minor periprocedural complication. In
patients with AIS and a dilated cardiomyopathy requiring
an LVAD, the clinical outcome seems determined by this
severe underlying disease. Favorable clinical outcome
(modified Rankin Scale score < 2) was reached in all of
the other b treated patients. Although these findings are
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Figure 2. Digital subtraction
angiography images recorded during
the endovascular treatment of
patient 3 (3 y old female).

A, Before treatment contrast injection

in the left common carotid artery
(anteroposterior image) shows normal
filling of the external carotid artery.
However, contrast stasis is noted in the
proximal internal carotid artery (ICA;
arrow). This finding is compatible with

an outflow obstruction due to a large
thrombus in the carotid T-top. B, A 4F
vertebral catheter is positioned in the distal
ICA below the skull base (open arrow) and
the M1 segment is navigated with a Pro
18 microcatheter. Subsequently, a 3x20
mm Trevo thrombectomy stent is deployed.
C, Contract injection in the left ICA
(anteroposterior view) shows restoration
of the flow to the left hemisphere after

2 thrombectomy attempts. Furthermore,

a patent ICA is observed with only mild
vasospasm (arrowhead). D, The lateral
view of the digital subtraction angiography
shows a modified Treatment in Cerebral
Infarction score 2B recanalization with only
a single distal embolus (open arrowhead).

in line with the Save Childs Study, these result, particu-
larly regarding safety, should be interpreted with caution
as our series is small, and no control group is available.
However, it should be noted that the data presented in
the present study has been prospectively gathered and
is less likely to suffer from selection bias and missing
data compared with previously published studies with a
retrospective design.

Although a randomized controlled trial investigating
the safety and efficacy of EVT in the pediatric popula-
tion is desirable, it is highly unlikely that such a trial can
be completed as a low inclusion rate is to be expected.
This has multiple reasons. First, the incidence of stroke is
lower in the pediatric population compared with the adult
population. Second, contrary to adults, the most impor-
tant cause for stroke in children is not thromboembolism
but arteriopathies, acute and chronic systemic disorders,
acute and chronic head and neck disorders, and pro-
thrombotic states.? Third, in most cases, the diagnosis of
a pediatric stroke can be delayed as multiple factors can
make recognition of AIS in children challenging.! How-
ever, an accurate and timely diagnosis can be made by
the experienced clinician.

786  March 2021

These difficulties in diagnosing AIS stroke in chil-
dren are thought to contribute to long time to treatment
reported for endovascular treated children with AIS (13.7
hours with a maximum of 72 hours)."* The difficulty of
completing a randomized controlled trial in the pediat-
ric stroke population was demonstrated by the termina-
tion of the TIPS trial (Thrombolysis in Pediatric Stroke),
investigating intravenously administered intravenous
alteplase for the treatment of AIS in children, in 2013
due to lack of accrual.’”® Therefore, integration of EVT in
the guidelines for pediatric AlS will have to be based on
the best available evidence consisting of case reports,
case series, and expert opinions.

In our study, we used the PedNIHS as measure for
short-term clinical outcome. The pediatric NIHSS, a
modified scale of the adult NIHSS, is suitable for children
from 2 until 18 years."® Two children in our cohort were
younger than 2 years (13 and 18 months), and one child
older than 3 years was sedated and intubated making it
difficult to perform the pediatric NIHSS very accurately.
Many items are not applicable for the young and sedated
children as they are unable to obey comments or answer
questions.

Stroke. 2021;52:781-788. DOI: 10.1161/STROKEAHA.120.030210
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9 pediatric patients
with acute ischemic stroke
and large intracranial vessel occlusion
in anterior circulation

l !

5 patients,
age 14-16 years
NO LVAD

4 patients,
age 13 months-10 years
ON LVAD

Long term outcome:
All 5 patients MRS 0-2

Long term outcome:
All 4 patients deceased

Figure 3. Long-term outcome (up to 6 mo) after endovascular
therapy for intracranial large vessel.

LVAD indicates left ventricular assist device; and mRS, modified
Rankin Scale.

With regards to the technical execution, EVT in the
pediatric population does not seem to pose insurmount-
able challenges to the interventionalist as the reported
procedure times and revascularization rates are at least
equal, if not better, when compared with the adult popula-
tion.”” However, some difficulties gaining arterial access
(common femoral artery) in the youngest patients with
an LVAD can be expected due to the small caliber of this
artery. Furthermore, our series illustrates that all endo-
vascular procedures can be performed using materials
commonly available in stroke centers performing EVT in
the adult population. Therefore, no special preparation
is needed, and the interventionalist is able to work with
materials familiar to him or her.

EVT in young patients with an LVAD deserves special
attention as 4 of our patients were on LVAD due to end-
stage heart failure and awaiting heart transplant. Early
identification of ischemic stroke and treatment might limit
the neurological deficits caused by the stroke and could
reduce the risk of hemorrhage in the ischemic part of the
brain as these patients are on antithrombotic therapy. In
addition, neurological deficits as a result of AIS would
limit the eligibility of these patients for a heart transplant.
Because of this, we considered these patients eligible for
endovascular therapy in the case of an AIS despite very
young age and severe illness. It is known that the risk of
stroke in children on LVAD is high (21%-29%) due to
a high risk of developing thrombi.'"®'® The Erasmus MC
has an in-house protocol for children on LVAD admitted
to the Pediatric Intensive Care Unit of Sophia Children’s
Hospital Erasmus MC in Rotterdam, a nationwide pedi-
atric cardiac transplant center with =5 children on LVAD

Stroke. 2021;52:781-788. DOI: 10.1161/STROKEAHA.120.030210
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per year. This protocol has been developed to quickly
detect, diagnose, and treat AIS. Collaboration with other
pediatric cardiac transplant centers and international
agreement on treatment protocols is essential.

CONCLUSIONS

Our case series suggests that EVT in the pediatric popula-
tion seems feasible and safe. As an randomized controlled
trial is unlikely to be conducted, prospective international
population-based registries are needed to corroborate the
benefit of EVT in the treatment of AIS in children.
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