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Abstract

Introduction: Mechanical thrombectomy is standard treatment for large vessel occlusion (LVO) in adults. There are no
randomized controlled trials for the pediatric population. We report our single-center experience with thrombectomy of LVO
in a series of pediatric patients, and perform a review of the literature.

Methods: Retrospective review of consecutive pediatric thrombectomy cases between 2011 and 2018. Demographic vari-
ables, imaging data, technical aspects and clinical outcome were recorded.

Results: In a period of 7years, 7 children were treated for LVO at our center. Median age was 13 (2-17), and median Ped-
NIHSS was 15 (3-24), and the median ASPECTS was 8 (2-10). Five patients had cardiac disease, and 2 of them were under
external cardiac assistance. Median time from onset of symptoms to beginning of treatment was 7h06m (2h58m-21h38m).
Five patients had middle cerebral artery occlusions. Thrombectomy was performed using a stentriever in 3 patients,
aspiration in 3 patients, and combined technique in 1 patient. Six patients had good recanalization (TIClI 2b/3). There
were no immediate periprocedural complications. At 3 months, &4 patients (57%) were independent (mRS score <3). Two
patients died, one after haemorrhagic transformation of an extensive MCA infarct, and one due to extensive brainstem
ischemia in the setting of varicella vasculitis.

Discussion: Selected pediatric patients with LVO may be treated with mechanical thrombectomy safely. In patients under
external cardiac assistance and under anticoagulation, thrombectomy is the only alternative for treatment of LVO.
A multidisciplinary approach in specialized pediatric stroke centers with trained neurointerventionalists are essential for
good results.
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Introduction . .
for large vessel occlusions up to 24 h. Patients under

Acute ischemic stroke is a common disease in the
adult population, but has a lower incidence in chil-
dren, especially after one month of age, where inci-
dence is estimated to be between 3 and 13/100,000/
year.' Etiology, presentation and outcome in pedi-
atric ischemic stroke have specificities when compared
to stroke in adults.® The prevalence of large vessel
occlusion in children is unknown, but is estimated
to be around 7% of all ischemic strokes.*

The recent guideline inclusion of mechanical
thrombectomy for large vessel occlusion strokes’
has led to increasing numbers of patients with acute
ischemic stroke undergoing treatment. Even more
patients might now be included after the publication
of studies like DAWN.,® increasing the time window

18 years old were initially excluded from acute ische-
mic stroke guidelines. New orientations on pediatric
stroke were recently published,” suggesting that
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children should be treated in dedicated pediatric acute
care centers, in a multidisciplinary approach, as has
been developed for adult ischemic stroke. The
approach for pediatric acute ischemic stroke is in all
similar to adults: the time window for IV tPA is 4,5h
after symptoms, the total dose of IV tPA is calculated
likewise, as 0.9 mg/kg.’

Regarding large vessel occlusions treatment, much
less is known in the pediatric population. Several case
reports and case series have been published that dem-
onstrate the efficacy and safety of thrombectomy.®
Recently, some reviews have gathered the published
cases of endovascular treatment reported worldwide,
and conclude that thrombectomy leads to high recan-
alization rates in children, similarly to adults, with
excellent clinical outcome.**!® However, even in
reviews, numbers of treated cases are still low, report-
ing as few as 29 cases in one review of the literature
between 2008 and 2015, 38 cases in a national data-
base study in the US, representing 1% of the total
pediatric ischemic stroke cases,” and 44 cases in one
review between 1990 and 2016.'" Despite the pub-
lished literature, prospective evidence is still lack-
ing.'*!3 Reports of consecutive series of cases
remain relevant in this context.

We hereby report our single center experience
using mechanical thrombectomy for large vessel
occlusion in pediatric acute ischemic stroke. We also
reviewed the literature on mechanical thrombectomy
in the pediatric age.

Methods

Retrospective analysis of all consecutive pediatric
patients (aged 28 days to 18 years) with acute ischemic
stroke and large vessel occlusion, submitted to endo-
vascular treatment at our center, between December
2011 and March 2018. The study was approved by the
local Ethics Committee. All study protocols were con-
ducted in accordance with the Declaration of
Helsinki.

A systematic search of PubMed was performed of
all papers published until December 2019 using the
search terms: “pediatric” AND “ischemic stroke”,
“endovascular thrombectomy” AND “pediatric” or
“children” or “child”. We included all case reports,
case series and systematic reviews that referred to
mechanical thrombectomy of large vessel occlusion
in patients under 18 years old.

Patients

Demographic and clinical data, and radiological
characteristics of stroke were collected. Pediatric
NIHSS was used to quantify neurologic deficits at
admission. All patients underwent noncontrast CT
and CT angiography (CTA) on admission.
ASPECTS score (Alberta Stroke Programme Early

CT Score)'* was used to quantify ischemia on admis-
sion CT whenever applicable.

Endovascular treatment

Treatment included mechanical thrombectomy, alone
or in combination with IV r-tPA. IV tPA was admin-
istered according to guidelines at 0.9 mg/kg, as a 10%
bolus, and perfusion of remaining dose in 1 hour.’

Time from symptom onset to imaging and time
from symptom onset to beginning of treatment and
to recanalization were recorded.

Efficient recanalization was defined as thromboly-
sis in cerebral infarction (TICI) grade 2 b-3.'> Partial
recanalization was defined as TICI=1-2a. Absence
of recanalization was defined as TICI=0.

Outcome

Imaging (computed tomography or magnetic reso-
nance) was performed 24hours after treatment.
Symptomatic intracranial haemorrhage was consid-
ered for any haemorrhage causing clinical deteriora-
tion (increase in NIHSS by >4). Clinical outcome
evaluation was performed by experienced pediatric
neurologists, using the modified Rankin Scale
(mRS) score at 3-month follow-up.

Data analysis

Patient demographics, procedural characteristics, and
outcome are reported as median (interquartile range/
total range) or as frequency.

Results

Study population

Between December 2011 and March 2018, 7 patients
(5 girls and 2 boys) were admitted to our center for
acute ischemic stroke due to large vessel occlusion.
Median age was 13 (range 2-17). The median Ped-
NIHSS was 15 (range 3-24).

In 5 patients, a pre-existing cardiopathy was
known, and 2 of those patients were under external
cardiac assistance, while waiting for cardiac trans-
plant. Of the 5 cardiopathies, 2 had a right-left
shunt, one was a dilated cardiomyopathy, and 2 had
mitral regurgitation. Of the remaining 2 patients, one
had a post-infeccious vasculopathy (varicella zoster
vasculopathy confirmed by PCR of virus in the cere-
brospinal fluid), and in the other, etiology of stroke
was unknown. Median time from symptom onset
to imaging was 4h45m (range 1h15m-21h). In only
2 patients MR was performed before treatment.
Median ASPECTS was 8 (range 2-10). The patient
treated with an ASPECTS of 2 was under external
cardiac assistance, and rescue thrombectomy was
considered as a condition to remain in the cardiac
transplant list. All patients had documented large
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vessel occlusions, involving the middle cerebral artery
in 6 patients, and the basilar artery in one patient
(Table 1).

Endovascular treatment and angiographic
outcome

Only one patient had IV tPA; in the remaining
6 patients, IV TPA was contraindicated (one patient
was beyond 4.5h after symptoms, 5 patients were
under heparin/oral anticoagulation). Median time
from onset of symptoms to beginning of endovascular
treatment was 7h06m (range 2hS58m-21h38m).
Middle cerebral artery occlusions were proximal
(M1) in 3 patients and post bifurcation (M2) in
3 patients. In 50% of the patients, occlusions were
on the right side.

Endovascular treatment was performed in a dedi-
cated angio suite, by experienced neurointervention-
alists. A transfemoral approach was used in all
patients, using a 5 F sheath, and a 5 F guiding cathe-
ter. Per protocol, no heparin was used during the
procedure, however, catheters were flushed via a pres-
surized bag of heparinized saline (5000 U heparin/
liter). Thrombectomy was performed using a single
technique in 6 patients — in 3 patients a stentriever
alone was used (Solitaire® or Trevo®), and in
3 patients aspiration alone was performed using the
Penumbra® system (Ace 64 and/or 3Max). A maxi-
mum of 3 passes were performed. All six patients had
good recanalization (TICI 2 b/3).

In one patient, a combined technique with stentri-
ever and aspiration was used, with no recanalization
achieved (TICI 0) after 3 passages. This patient was
later proved to have a varicella-zoster vasculopathy
(Figure 1).

There were no immediate haemorrhagic complica-
tions or other periprocedural complications in all
patients.

Table 1. Patient characteristics.

Clinical outcome

Five patients had a favourable clinical evolution
during hospital stay, with recovery of neurological
symptoms. At 3 months, 4 patients (57%) were inde-
pendent (mRS score =0-2), and one patient had a
mRS of 3 (residual mild aphasia). One of the patients
under external cardiac assistance had a cardiac trans-
plant weeks after thrombectomy, having had a full
neurological recovery (Figure 2).

One patient had a fatal haemorrhage 10 days after
treatment, that was related to haemorrhagic transfor-
mation of an extensive MCA infarct in a patient with
a pre-treatment ASPECTS of 2. This patient was
under external cardiac assistance, and was under hep-
arin perfusion (Figure 3). The patient with a basilar
occlusion due to varicella zoster vasculopathy, and
with no recanalization after thrombectomy, evolved
to a fatal ischemia of the brainstem and cerebellum
(Figure 1).

Discussion

Our small cohort of consecutive pediatric patients
with acute ischemic stroke and large vessel occlusion
demonstrates the feasibility and safety of mechanical
thrombectomy.

There are several case reports and series of cases on
mechanical thrombectomy in children, documenting
the efficacy of this technique, as well as its safety, in a
similar fashion as in adult patients.®%10-13:16-21
Presently, several literature reviews and systematic
reviews have already been published on thrombec-
tomy in large vessel occlusion pediatric
stroke >®% 1111222725 Taple 2 summarizes the largest
recent series of cases in the literature. Main conclu-
sions are that: mechanical thrombectomy is effective
in recanalizing large vessel occlusion — TICI 2b/3
recanalization rates reaching over 65% and up to

Time to
Endovascular recanalisation mRS at
Agey Gender Etiology PedNIHSS ASPECTS Clot location  rtPA technique mTICI  (min) ICH 90 days
1 14 F Complex 14 10 Right M1 No  Stent retriever 3 220 No 1
Cardiopathy
2 14 F Complex 3 10 Right M2 No  Stent retriever 2c 492 No 2
Cardiopathy
3 10 F Unknown 21 8 Left M1 No  Stent retriever 2b 504 No 3
4 2 M Post-infeccious 15 NA Basilar artery No  Combined 0 1460 No 6
arteriopathy
5 13 M Complex 16 10 Left M2 No  Aspiration 3 478 No 2
Cardiopathy
6 17 F Complex 5 8 Left M2 Yes  Aspiration 2b 325 No 2
Cardiopathy
7 8 F Complex NA 2 Right M1 No  Aspiration 2c NA Yes 6

Cardiopathy

ASPECTS: Alberta Stroke Program Early CT Score; ICH: intracranial hemorrhage; mRS: modified Rankin Scale; mTICl: modified treatment in cerebral
infarction; NA: not applicable; pedNIHSS: Pediatric National Institutes of Health Stroke Scale; rtPA: Recombinant tissue plasminogen activator.
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Figure 1. A 2year-old child presented with acute hemiparesis and somnolence. MRI was performed at 20 hours after onset, showing
acute paramedian pons ischemia on the DWI (a), and occlusion of the mid-basilar artery on the MR angiogram (b). Findings were thought
basilar artery was confirmed (c), and several attempts to recanalize it failed (d). Diffusion weighted imaging at 24 h post treatment
showed extensive ischemia of the brainstem and cerebellum (e), and the patient did not survive.

Figure 2. A 13year-old patient presented with acute aphasia and right hemiparesis. The patient was under cardiac external assistance,
on a cardiac transplant list after myocarditis and cardiac failure. Chest radiography showed an increased cardiothoracic index (a). CT scan
performed &4 hours after onset of symptoms showed no lesion (ASPECTS 10) (b), and a left M2 occlusion on CT angiography (c). The patient
was transported to the angio suite, and thrombectomy was started at 7h30m after symptom onset. Occlusion of the anterior division of the
left MCA was confirmed (d), and the clot was aspirated, with complete recanalization (e). The patient recovered completely, and had a
cardiac transplant some weeks after. Follow up chest radiography showed normal cardiac dimensions (f).
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Figure 3. An 8year-old child under external left ventricular assist device, as shown on a plain chest x-ray (a), under sedation and
ventilated, had an unknown onset of left hemiparesis. Head CT scan showed an already established acute ischemic lesion affecting the
perforator and superior division of the right MCA (b). CT angiogram showed a proximal M1 occlusion, with good collaterals (c).
Considering that thrombectomy was the only alternative of treatment, and that only part of the MCA territory was infarcted, a decision to
treat was made, and complete recanalization was obtained. CT at 24 h showed the same ischemic lesion, and slight subarachnoid
haemorrhage (d). The patient was kept under sedation. At 10 days post thrombectomy, the patient developed sudden signs of intracranial
hypertension, and assimetric pupils. Emergent CT showed massive hemorrhagic transformation of the ischemic lesion (e), and the patient

did not survive.

90%; there is a relatively high percentage of compli-
cations, reaching 29% of cases’ in some reports, how-
ever, only a small proportion of these are
symptomatic, between 1 and 5.9%. Functional inde-
pendence is achieved in over two thirds of patients
(65.7%-92%), paralleling, and even overcoming
adults, and mortality reaches 10%.%%**

We are still lacking controlled studies to demon-
strate the safety and indication of this technique in
children. Randomized trials, such as the TIPS trial,?®
have been prematurely stopped due to poor enrol-
ment, which will certainly be a limitation for every
study on ischemic stroke in children. For now, class
IIb recommendations have been made for mechanical
thrombectomy in patients with severe stroke and
large vessel occlusion, in centers with documented
experience in pediatric angiography.*?

Experience seems to be an important determinant
of success in recanalization, but above all, of safety.
This is particularly relevant in the pediatric popula-
tion, with smaller vessels, more prone to spasm.
Therefore, what is unanimous from the literature is
that pediatric endovascular stroke should be treated
in dedicated stroke centers with experience in per-
forming endovascular procedures in children.

Thrombectomy has been performed in all pediat-
ric ages, the youngest reported at 28 days.® There are
also series specifically addressing the adolescent
patient,'® showing equivalent results to the adult
population. Optimal imaging for children with sus-
pected stroke has been reviewed, and MRI is sug-
gested as the best imaging method.?” However, in
most series, like in ours, treatment decisions are
still based in CT and CTA as primary imaging tech-
niques, due to easy access and speed. Children with
dilated cardiomyopathy and under external cardiac
assistance cannot perform MRI, therefore diagnosis
of stroke and vessel occlusion must be done with CT
and CTA.

In what concerns the technical aspects of throm-
bectomy, the use of either stentrievers or aspiration
has been described, with similar efficacy as for the
adult population, reaching more than 85% of success-
ful recanalization rates (TICI 2b/3).° This was in line
with our results. In most studies, stent retrievers are
used in up to 82% of patients as a first option,”>>2% 33
reflecting the guidelines for stroke treatment in adults.
In our center, aspiration as first intention has now
replaced stentrievers, and was used in 4 (57%) of
our patients. In the literature, aspiration is
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Table 2. Summary of the larger case series of mechanical thrombectomy in pediatric patients.

Favorable clinical

outcome (mRS
0-2 90 days)

Intracerebral

mTICI2b/3  hemorrhage

Time to groin

puncture

Technique

Clot location

Initial PedNIHSS

Etiology

Median age

n

Reference

92%

4h (3-4,5)

Anterior circulation 85%

10 (1-21)

Arteriopathy 61.5%

13 3.7-16.6

Tabone

et al., 2017®

Wilson

55%

7%

Anterior circulation 96%

Cardiac 42%

38 10.2

et al., 20172

Bigi et al.,

6,2%

63%

Anterior circulation 68.8%

13.5

Undetermined 42.7%,

16 11.0

(IQR 11.5-21.3)

cardiac 18%,

2018%

arteriopathy 17.3%

Cardiac 47.4%

89.5%

0

89.5%

323m

Stentretriever 52.6%

Anterior circulation 79%

13.9

19 10.9

Shoirah

et al., 2019%°

Sun et al.,

64%

9%

58%

12h (4-50)

Anterior circulation 73% Stentretriever 64%

8-21

Cardiac 60%

11 2.1 (9mo-sy)

2019%°
Sporns et al.,

85%

1%

87%

Onset to

14 (IQR 9.2-30) Anterior circulation 86%  Stentretriever 82%

Cardiac 44%,

73 113 (IQR 7-15)

recanalization

4h (IQR 3.0-6.9)

undetermined 37%

2019%°

mRS: modified Rankin Scale; mTICl: modified treatment in cerebral infarction; pedNIHSS: Pediatric National Institutes of Health Stroke Scale.

increasingly reported as effective in pediatric
stroke.*®*” Some series also report the use of balloon
angioplasty.*®*

Compatibility with devices used for adults seems to
be an issue only until 5 years of age, from which point
on intracranial vessels will have reached the adult
proportions.’**’ The use of smaller catheters/stent
retrievers should be considered in smaller children.
In the youngest patient in our series (2year-old), a
3 mm stentriever was used, as well as a 3 F aspiration
catheter.

Etiology of stroke is unique in children, when com-
pared to adults. Arteriopathy can be a cause of stroke
in up to 49% of patients, cardiac disorders are the
cause in almost 30% of patients, as are prothrom-
botic disorders.*! Anedoctal cases on rare etiologies
of stroke and thrombectomy have also been reported,
such as embolic atrial myxoma*? or hematologic
malignancies.**Two challenging stroke etiologies
stand out from our series: the patients under external
cardiac assistance and the patient with intracranial
vasculitis.

Patients under external cardiac support are in car-
diac transplant lists, and have a high risk of ischemic
stroke, that can reach 16%.* Stroke and neurological
deficit are contraindications for transplant, and there-
fore, the decision to rapidly treat these patients is
critical. The use of IV tPA in contraindicated, since
these patients are under heparin. Mechanical throm-
bectomy will remain the only choice in this scenario,
however, it is not without risks, that add up to the
serious systemic condition of most of them: intu-
bated, ventilated and under aminergic support.
Cardioembolic strokes, in particular in patients
under external cardiac assistance devices, have been
shown to benefit from mechanical thrombectomy, as
the sole alternative of treatment.*> Our series adds
two patients with external cardiac assistance treated
with thrombectomy by aspiration alone, to a total of
only 4 cases previously reported,*>*® three using sten-
triever, and one using intra-arterial thrombolysis. To
our knowledge, we report the first 2 cases using aspi-
ration alone. One of the patients in our series suffered
a fatal late hemorrhagic transformation of a large
ischemic lesion, despite thrombectomy, whereas the
other patient had a total recovery and had a cardiac
transplant shortly after. These two cases also illus-
trate the importance of a multidisciplinary approach
in the treatment of acute stroke in children,” with
decisions involving the pediatric cardiology team,
pediatric neurology and neurointerventional teams.

Intracranial arteriopathy is an important cause of
pediatric stroke, reaching 49—64% of cases in some
series*!; of those, around 5.3% will be secondary vas-
culitis.®” In these cases, endovascular treatment will
not solve the occlusion. In fact, the manipulation of
an inflamed vessel wall might aggravate the spasm
and occlusion, or increase the risk of rupture.”> The
only patient in our series with vasculitis had a late
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diagnosis, and was initially misinterpreted as a possi-
ble cardioembolic stroke, and submitted to thrombec-
tomy, with no success. The diagnosis of vasculitis has
to be kept in mind in the pediatric patient, and addi-
tional laboratory testing and accurate clinical history
are crucial in the setting of acute ischemic stroke.

We treated a patient with a very low ASPECTS
score. In younger patients, intracranial pial collaterals
are thought to be present in a higher extent,® and
also neuronal plasticity is higher in children than in
adults, possibly justifying treatment of patients
beyond the time window, and also with larger lesions
on imaging. In fact, delayed treatment seems to be the
rule in children stroke,””! also in our series, with a
median 7h06m from symptom onset to treatment,
however, results are still favourable in terms of recan-
alization and outcome.

Clinical outcome after stroke in children is
poor:*1-2 epilepsy will develop in 15-20%, 75% will
have motor impairment. The mRS scale was not
designed for use in children, and a proper follow-up
should include behaviour and psychosocial out-
come.>>* This was a limitation of our study.
However, most studies in the literature also use the
mRS scale as a measure of outcome, and report very
favourable outcomes, with the largest study, the Save
ChildS study reporting median mRS scores of 1 at 6
and 24 months.

Our study has other limitations, namely its retro-
spective design, and very small sample size. However,
the small number of patients reflects the low preva-
lence and low recognition of ischemic stroke in chil-
dren. We also probably have a bias towards
cardioembolic strokes, and towards patients under
cardiac external support, due to our association to a
tertiary reference pediatric cardiology center.

Conclusion

This small cohort of pediatric patients with large
vessel occlusion shows that mechanical thrombec-
tomy is feasible and safe if performed in selected
patients. A review of the available literature under-
lines our results. Careful selection of patients under
external cardiac assistance and early suspicion and
diagnosis of vasculitis are crucial for procedural
safety. Multidisciplinary work in specialized pediatric
stroke centers is essential for good results.
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