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IMPORTANCE Randomized clinical trials have shown the efficacy of thrombectomy of large

intracranial vessel occlusions in adults; however, any association of therapy with clinical

outcomes in children is unknown.

OBJECTIVE To evaluate the use of endovascular recanalization in pediatric patients with

arterial ischemic stroke.

DESIGN, SETTING, AND PARTICIPANTS This retrospective, multicenter cohort study, conducted

from January 1, 2000, to December 31, 2018, analyzed the databases from 27 stroke centers

in Europe and the United States. Included were all pediatric patients (<18 years) with ischemic

stroke who underwent endovascular recanalization. Median follow-up time was 16months.

EXPOSURES Endovascular recanalization.

MAIN OUTCOMES ANDMEASURES The decrease of the Pediatric National Institutes of Health

Stroke Scale (PedNIHSS) score from admission to day 7 was the primary outcome (score

range: 0 [no deficit] to 34 [maximum deficit]). Secondary clinical outcomes included the

modified Rankin scale (mRS) (score range: 0 [no deficit] to 6 [death]) at 6 and 24months and

rate of complications.

RESULTS Seventy-three children from 27 participating stroke centers were included. Median

age was 11.3 years (interquartile range [IQR], 7.0-15.0); 37 patients (51%) were boys, and 36

patients (49%) were girls. Sixty-three children (86%) received treatment for anterior

circulation occlusion and 10 patients (14%) received treatment for posterior circulation

occlusion; 16 patients (22%) received concomitant intravenous thrombolysis. Neurologic

outcome improved from amedian PedNIHSS score of 14.0 (IQR, 9.2-20.0) at admission to 4.0

(IQR, 2.0-7.3) at day 7. MedianmRS score was 1.0 (IQR, 0-1.6) at 6months and 1.0 (IQR, 0-1.0)

at 24months. One patient (1%) developed a postinterventional bleeding complication and 4

patients (5%) developed transient peri-interventional vasospasm. The proportion of

symptomatic intracerebral hemorrhage events in the HERMESmeta-analysis of trials with

adults was 2.79 (95% CI, 0.42-6.66) and in Save ChildS was 1.37 (95% CI, 0.03-7.40).

CONCLUSIONS AND RELEVANCE The results of this study suggest that the safety profile of

thrombectomy in childhood stroke does not differ from the safety profile in randomized

clinical trials for adults; most of the treated children had favorable neurologic outcomes. This

studymay support clinicians’ practice of off-label thrombectomy in childhood stroke in the

absence of high-level evidence.
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W
ithanestimated incidenceof2 to8per 100000chil-

dren per year, childhood arterial ischemic stroke is

a rare clinical event with potentially severe out-

come and resulting disabilities with long-term social and fi-

nancial effects.1,2 In contrast to the traditional assumption that

most pediatric patients with arterial ischemic stroke have a

good long-term prognosis because of neuronal plasticity, pe-

diatric patients presenting with large-vessel occlusion in the

anterior or posterior circulation or high pediatric National In-

stitutes of Health Stroke Scale (PedNIHSS) score (score range:

0 [no deficit] to 34 [maximum deficit]) on admission are

affected by high morbidity andmortality.2-9

Inadults, several randomizedclinical trialshaveshownthe

efficacy and safetyof endovascular recanalization for large in-

tracranial vessel occlusions with proven clinical benefit.10-17

However, theeffectivenessandsafetyof thrombectomyinchil-

dren is unknown and only small case series report feasibility

and clinical outcome.18,19 To date, supportive medical man-

agement specific to the underlying etiology of AIS is consid-

ered the standard of care in pediatric patients and thrombo-

lytic andendovascular therapyareonly recommendedasa last

resort due to lack of level A evidence.20

Thefailedattemptofaprospectiverandomizedclinical trial

to assess the safety of intravenous thrombolysis in pediatric

patients3 owing to a lack of recruitment underlines that ran-

domizing pediatric patients with stroke is difficult and may

never reach equipoise in the setting of evidence for a strong

treatmenteffect inadults.Therefore, this studyevaluatedtreat-

ment regimens for pediatric patients with stroke with large-

vessel occlusion based on real-world experience with throm-

bectomy inchildhoodstrokeacross27 strokecenters inEurope

and the United States.

Methods

Study Design

This retrospective, observational, multicenter cohort study,

conducted from January 1, 2000, to December 31, 2018,

synthesizes the analysis of radiologic databases from 27

European andUS stroke centers (eTable 1 in the Supplement).

Included are all pediatric patients (age <18 years) diagnosed

witharterial ischemic strokewhounderwent endovascular re-

canalizationduring thestudyperiod. In total, 42 tertiary stroke

centerswere approached; however, of those, 15 centers (36%)

did not treat any pediatric patientswith endovascular throm-

bectomy.

The study was approved by the ethics committee of the

UniversityofMuenster,Muenster,Germany, inaccordancewith

the Declaration of Helsinki,21 with waiver of informed con-

sent. Data are deidentified.

Characteristics and OutcomeMeasures

Baselinecharacteristics, imagingandtreatmentmodalities,and

time fromsymptomonset to admissionwere recorded. Stroke

severity was assessed using the PedNIHSS on admission, af-

ter 12 to 24hours, and after 7 days. Further clinical endpoints

consistedof themodifiedRankin scale (mRS) score (mRS0 [no

deficit] to 6 [death]) and Pediatric Stroke Outcome Measure

(PSOM) (PSOM 0 [no deficit] to 10 [maximum deficit]) score

at discharge, 6 months and 24 months. In most cases either

the mRS or the PSOM score was recorded according to local

in-hospital standards. All variables were collected from the

patients’ medical records, and, if scores were not obtained at

the time of treatment, also by retrospective scoring of re-

ported neurologic examinations.

All patients underwentmagnetic resonance or computed

tomographic imagingbefore andafter the intervention to rule

out intracranial hemorrhage and to assess the site of vessel

occlusion. The extent of early infarct was rated according to

the adult Alberta StrokeProgramEarlyCTScore (ASPECTS) or

posterior circulation (PC)ASPECTSdependingonvascular ter-

ritory involved. ASPECTS provides segmental assessment of

the vascular territory and 1 point is deducted from the initial

score of 10 for every region involved (from 10 [no lesion] to 0

[maximum lesions]). Scores were determined retrospec-

tively for all patients by the contributing center. The cause of

stroke was assessed using the Childhood Arterial Ischemic

Stroke StandardizedClassification andDiagnostic Evaluation

Classification measures.22,23

Intervention

Digital subtraction angiographywas performed via the trans-

femoral approach. Endovascular recanalization procedures

consistedof a combinationof techniquesusingdistal thromb-

aspiration and/or clot retrievers. Device selection as reported

dependedonocclusionpattern,operatorpreference, andavail-

ability at the time. Immediately after endovascular treat-

ment, all patients were transferred to the pediatric intensive

care unit. Twenty-four hours after treatment, or earlier in the

caseof clinicaldeterioration, a computed tomographicormag-

netic resonance imaging scanwas performed. Recanalization

rates were classified as complete, partial, or no recanaliza-

tion by the responsible neuroradiologists according to the

ModifiedTreatment inCerebral Infarction (mTICI) score (mTICI

0 indicates no perfusion; perfusion grade 1, antegrade reper-

fusion past the initial occlusion, but limited distal branch fill-

ingwith little distal; reperfusion grade 2a, antegrade reperfu-

sion of less than half of the occluded target artery previously

Key Points

Question Is endovascular treatment in pediatric patients

(<18 years) associated with ischemic stroke and the clinical

outcome?

Findings In this cohort study including 73 children, endovascular

recanalization appeared to be safe with positive outcomes in a

real-world setting (proportion of successful recanalization, 87%).

The study findings suggest that neurologic outcomes of the

children weremostly favorable and comparable with those noted

in adult trials.

Meaning This study appears to support the level of evidence in

favor of endovascular recanalization in children with acute,

large-vessel occlusion; a higher strength of recommendationmay

contribute to clinical outcome in children affected by arterial

ischemic stroke.
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ischemic territory; grade 2b, antegrade reperfusion of more

thanhalf of thepreviouslyoccluded target artery ischemic ter-

ritory; grade2c, near-complete perfusion except for slow flow

in a few distal cortical vessels or presence of small distal

cortical emboli; grade3, completeantegrade reperfusionof the

previously occluded target artery ischemic territory, with

absence of visualized occlusion in all distal branches).

ComparisonWith Trials Included

in the HERMESMeta-analysis

To compare clinical outcomes and safety between Save ChildS

and adult trials, we extracted the following data from the in-

tervention arms of the 7 published trials of the HERMES

meta-analysis12 (ESCAPE,11 EXTEND-IA,24MRCLEAN,10 Prag-

matic Ischaemic Stroke Thrombectomy Evaluation [PISTE],17

REVASCAT,13 SWIFT PRIME,15 THRACE14): median (25th-75th

percentile) NIHSS score at admission aswell as 24 hours and 7

daysafter thrombectomy,distributionofmRSscoreat90days,

and number of symptomatic intracerebral hemorrhage events

during follow-up.

Statistical Analysis

All analyseswere conductedonanexploratory basis given the

retrospectiveandfeasibility-drivennatureofthestudy.Continu-

ousvariableswere summarizedasmedian (interquartile range)

and binary variables as absolute and relative frequencies.

Between-groupcomparisonsweredoneusingtheWilcoxonrank

sumtest for continuousvariablesorFisherexact test forbinary

variables.Evaluationofoutcomesafter thrombectomywasper-

formeddescriptivelyonly.Given the small absolutenumberof

casesandunclearmissingnesspatterns,weperformedcomplete

caseanalyses foralloutcomesandreportnumberofmissingval-

ues. Incident symptomatic intracerebralhemorrhageevents as

themajoradverseeventafter thrombectomyweresummarized

amongSaveChildS and the7HERMES trials in ameta-analysis

ofproportions(functionmetapropintheRpackagemeta).25The

Freeman-Tukey Double arcsine transformation26was used to

account for 0 events in someof the studies andwas evaluated

if thepointestimateofSaveChildSwaswithin the95%CIof the

combined estimate of the 7 HERMES trials. Moreover, we as-

sessedifaddingSaveChildStothemeta-analysisof theHERMES

trials increasedtheobservedheterogeneity inthemeta-analysis.

All computationswereperformedwithR,version3.5.2 (RFoun-

dationforStatisticalAnalysis).Findingswereconsideredsignifi-

cant at P < .05.

Results

Study Population

Overall, 73 children from 27 participating centers were in-

cluded;37patients (51%)wereboys,and36patients (49%)were

girls.Median agewas 11.3 years (range, 0.7-18.0; interquartile

range [IQR], 7.0-15.0), andmedian PedNIHSS score on admis-

sion was 14.0 (IQR, 9.2-20.0). Median time from onset to ad-

missionwas 3.0hours (IQR, 1.5-5.1) andmedian time fromon-

set to recanalization was 4.0 hours (IQR, 3.0-6.9). Sixteen

patients (22%) received intravenous thrombolysis before pro-

ceeding to endovascular treatment. The cause of stroke re-

mained undetermined in 27 patients (37%). Six patients (8%)

had a focal cerebral arteriopathy, 1 patient (1%) had a bilateral

cerebral arteriopathy, 7 patients (10%) were classified as hav-

ing aortic/cervical arteriopathy, and 32 patients (44%) were

classified as having a cardioembolic cause.

Sixty-three children (86%) were treated for anterior circu-

lationvesselocclusionand10patients(14%)weretreatedforpos-

terior circulation occlusion. Location of the occlusions were

documentedasdistal internalcarotidartery in21patients (29%),

M1 segment of themiddle cerebral artery in 48 patients (66%),

M2/M3segmentof themiddlecerebral artery in5patients (7%),

anterior cerebral artery in 1 patient (1%), posterior cerebral ar-

tery in1patient (1%),vertebralartery in5patients (7%),andbasi-

lar artery in 8 patients (11%). In addition, 1 patient (1%) devel-

oped a bilateral middle cerebral artery M1 occlusion. Baseline

characteristics of the study population, including the number

ofmissing values, are presented in the Table.

Endovascular Treatment and Clinical Outcome

Most of the thrombectomy devices used were currently

available stent retrievers (60 [82%]), with 4 × 20 mm the

most frequently chosen size. Aspiration catheters designed

for the continuous direct aspiration first-pass technique

were used as the first-line approach in 7 patients (10%). Coil

retrievers (2 [3%]), braided retrievers (2 [3%]), and aspira-

tion with teardrop separator (3 [4%]) were used infre-

quently. Intra-arterial thrombolysis was used as adjuvant

therapy only (5 [7%]).

Angiographic outcome was good (≥mTICI 2b) in 62 of 71

patients (87%):35withmTICI3,7withmTICI2c,20withmTICI

2b) and poor (≤mTICI 2a) in 9 patients (12.6%: 2 with mTICI

0, 5 with mTICI 1, 2 with mTICI 2a). Median ASPECTS or PC

ASPECTS on admission was 8.0 (IQR, 7.0-9.0) and median

ASPECTS or PC ASPECTS after the intervention was 7.0 (IQR,

5.0-8.0) (eFigure in the Supplement).

Most patients showed an improvement of neurologic

deficit after thrombectomy: amedian PedNIHSS score of 14.0

(IQR,9.2-20.0)onadmission improved toamedianof5.0 (IQR,

2.2-8.0) 12 to 24hours after thrombectomyand4.0 (IQR, 2.0-

7.3) at day 7 (Table, Figure 1). A comparison of the PedNIHSS

score improvement observed in SaveChildS at different times

fromtheNIHSSvalues in trials included in theHERMESmeta-

analysis suggested that short-term neurologic improvement

of our study population showed a similar pattern as observed

in the adult trials (Figure 2).

ThemedianmRS score at dischargewas 1.0 (IQR, 0.2-2.0)

and further improved to 1.0 (IQR,0-1.6) after 6months and 1.0

(IQR, 0-1.0) after 24 months. In addition, the median PSOM

score was 1.0 (IQR, 0-2.0) at discharge and 0.5 (IQR, 0-1.0) 6

and 24 months after the intervention (Table). An analysis

grouped by age also suggested that the mRS score at dis-

charge was higher in children aged 0 to 6 years (3.5; IQR, 1.0-

5.1) than in thewhole study cohort including all age groups 1.0

(IQR, 0.2-2.0) (Table). A comparison ofmRS (at discharge and

180 days) to mRS (at 90 days) in the HERMES meta-analysis

revealed an apparently lower proportion of poor outcomes in

our study population (Figure 3).
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Table. Patient Characteristics

Characteristic

No. (%)

P ValueAll Children (N = 73)

Age, y

0-6 (n = 11) 7-12 (n = 31) 13-18 (n = 31)

Male 37 (51) 8 (73) 17 (55) 12 (39) .14

Age at stroke, median (range), y 11.3 (7.0-15.0) NA NA NA NA

Onset to recanalization, median (IQR), h 4.0 (3.0-6.9) 6.0 (4.0-8.4) 5.3 (3.0-10.3) 4.0 (2.5-4.6) .054

Missing data 10 3 5 2

Onset to admission, median (IQR), h 3.0 (1.5-5.1) 4.0 (2.0-6.9) 4.0 (2.0-8.3) 2.0 (1.0-3.0) .04

Missing data 10 3 5 2

Uncertain onset to admission 8 (11) 3 (27) 3 (10) 2 (6) .25

Stent retriever 60 (82) 8 (73) 27 (87) 25 (81) .50

First-line ADAPT 7 (10) 1 (9) 3 (10) 3 (10) >.99

Other (coil-or braided retriever, teardrop separator) 7 (10) 1 (9) 3 (10) 3 (10) >.99

Intravenous thrombolysis 16 (22) 2 (18) 3 (10) 11 (35) .045

Intraarterial thrombolysisa 3 (4) 0 2 (6) 1 (3) >.99

Antiplatelet

Aspirin 13 (18) 0 10 (32) 3 (10) .02

Clopidogrel 10 (14) 0 4 (13) 6 (19) .35

GP2a/3b 1 (1) 0 0 1 (3) >.99

Heparin

Unfractionated 5 (7) 2 (18) 2 (6) 1 (3) .23

Low molecular weight 22 (30) 1 (9) 11 (35) 10 (32) .29

Other 4 (5) 1 (9) 0 3 (10) .21

CASCADE

Focal cerebral arteriopathy 6 (8) 0 4 (13) 2 (6)

.72

Bilateral cerebral 1 (1) 0 0 1 (3)

Aortic/cervical 7 (10) 1 (9) 2 (6) 4 (13)

Cardioembolic 32 (44) 5 (45.5) 16 (52) 11 (35)

Other 27 (37) 5 (4) 9 (29) 13 (42)

CASCADE subtype

Genetic vasculopathy 1 (1) 0 0 1 (3) >.99

Infectious 4 (5) 0 0 4 (13) .11

Hematologic/thrombotic 2 (3) 0 1 (3) 1 (3) >.99

Inflammatory 2 (3) 0 1 (3) 1 (3) >.99

Anterior circulation vessel occlusion 63 (86) 10 (91) 24 (77) 29 (94) .21

Distal internal carotid artery 21 (29) 5 (4) 4 (13) 12 (39) .03

M1b 48 (66) 8 (73) 18 (58) 22 (71) .57

M2b 4 (5) 0 3 (10) 1 (3) .51

M3b 1 (1) 0 1 (3) 0 >.99

Anterior cerebral artery 1 (1) 0 1 (3) 0 >.99

Bilateral M1 1 (1) 1 (9) 0 0 .15

Posterior circulation vessel occlusion 10 (14) 1 (9) 7 (23) 2 (6) .21

Vertebral artery 5 (7) 1 (9) 4 (13) 0 .12

Basilar artery 8 (11) 1 (9) 5 (16) 2 (6) .61

Posterior cerebral artery 1 (1) 0 1 (3) 0 >.99

PedNIHSS score on admission, median (IQR)c 14.0 (9.2-20.0) 16.0 (6.7-24.0) 14.0 (9.2-19.7) 13.0 (10.0-19.7) .92

Missing data 2 2 0 0

PedNIHSS 12-24 h, median (IQR) 5.0 (2.2-8.0) 7.0 (4.2-13.8) 5.0 (3.0-8.2) 5.0 (1.9-7.0) .34

Missing data 18 4 9 5

General anesthesia/deep sedation 12-24 h 6 (8) 2 (18) 1 (3) 3 (9.7) .24

PedNIHSS 7 d, median (IQR) 4.0 (2.0-7.3) 10.0 (4.1-22.6) 3.5 (2.0-6.0) 3.0 (1.0-7.0) .06

Missing data 8 3 5 0

General anesthesia/deep sedation 7 d 3 (4) 0 1 (3) 2 (6.5) >.99

ASPECTS or PC ASPECTS admission, median (IQR)d 8.0 (7.0-9.0) 8.0 (3.8-8.8) 8.0 (7.0-9.0) 8.0 (6.0-9.0) .96

Missing data 10 4 4 2

(continued)
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Table. Patient Characteristics (continued)

Characteristic

No. (%)

P ValueAll Children (N = 73)

Age, y

0-6 (n = 11) 7-12 (n = 31) 13-18 (n = 31)

ASPECTS or PC ASPECTS follow-up, median (IQR) 7.0 (5.0-8.0) 4.0 (1.9-8.1) 7.0 (6.0-8.0) 6.0 (5.0-8.0) .10

Missing data 15 5 6 4

MRI

Admission 7 (10) 0 3 (10) 4 (13) .67

Follow-up 8 (11) 0 4 (13) 4 (13) .69

Recanalization, mTICI e

0 2 (3) 0 2 (6) 0

.52

Missing data 2 2 0 0

1 5 (7) 1 (11) 2 (6) 2 (6)

Missing data 2 2 0 0

2a 2 (3) 1 (11) 0 1 (3)

Missing data 2 2 0 0

2b 20 (28) 1 (11) 8 (26) 11 (35)

Missing data 2 2 0 0

2c 7 (10) 1 (11) 2 (6) 4 (13)

Missing data 2 2 0 0

3 35 (49) 5 (56) 17 (55) 13 (42)

Missing data 2 2 0 0

Complications, peri-interventional

Spasms 4 (5) 0 2 (6) 2 (6) >.99

Other 1 (1) 0 1 (3) 0 >.99

Complications, postinterventional

ICH 1 (1) 1 (9) 0 0 .15

Malignant 3 (4) 0 0 3 (10) .20

Pediatric Stroke Outcome Measure score, median (IQR)f

Discharge 1.0 (0-2.0) 4.0 (1.0-10.0) 1.0 (0.5-1.0) 0.5 (0-1.0) .02

Missing data 21 5 12 4

6 mo 0.5 (0-1.0) 3.0 (1.3-3.8) 0.8 (0-1.0) 0.5 (0-1.0) .07

Missing data 26 8 13 5

24 mo 0.5 (0-1.0) 3.0 (1.3-3.8) 1.0 (0.1-1.0) 0.3 (0-1.0) .03

Missing data 37 8 16 13

Modified Rankin Scale score, median (IQR)g

Discharge 1.0 (0.2-2.0) 3.5 (1.0-5.1) 1.0 (1.0-2.0) 1.0 (0-2.0) .004

Missing data 2 1 1

6 mo 1.0 (0-1.6) 3.0 (1.0-3.8) 1.0 (0-1.0) 1.0 (0-1.3) .03

Missing data 13 4 7 2

24 mo 1.0 (0-1.0) 2.0 (1.0-4.2) 1.0 (0-1.0) 0.5 (0-1.0) .03

Missing data 27 5 11 11

Abbreviations: ADAPT, A Direct Aspiration First Pass Technique; ASPECTS, Alberta Stroke Program Early Computed Tomography Score; CASCADE, Childhood

Arterial Ischemic Stroke Standardized Classification and Diagnostic Evaluation Classification; IQR, interquartile range; MRI, magnetic resonance imaging;

mTICI, Modified Treatment in Cerebral Infarction; NA, not applicable; PC, posterior circulation; PedNIHSS, Pediatric National Institutes of Health Stroke Scale.

a All antiplatelet and antithrombotic treatments were started after the intervention for stroke recurrence prevention.

bSegment of themiddle cerebral artery.

c Possible score range: 0 (no deficit) to 34 (maximum deficit).

dProvides segmental assessment of the vascular territory and 1 point is deducted from the initial score of 10 for every region involved (from 10 [no lesion] to 0

[maximum lesions]).

e Possible score range: 0, no perfusion; perfusion grade 1, antegrade reperfusion past the initial occlusion but limited distal branch filling with little distal; reperfusion

grade 2a, antegrade reperfusion of less than half of the occluded target artery previously ischemic territory; grade 2b, antegrade reperfusion of more than half of

the previously occluded target artery ischemic territory; grade 2c, near-complete perfusion except for slow flow in a few distal cortical vessels or presence of small

distal cortical emboli; grade 3, complete antegrade reperfusion of the previously occluded target artery ischemic territory, with absence of visualized occlusion in

all distal branches.

f Possible score range: 0 (no deficit) to 10 (maximum deficit).

g Possible score range: 0 (no deficit) to 6 (death).
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Safety

The patients in our study population did not appear to have

periprocedural complications other than transient vaso-

spasm, detected angiographically, which occurred in 4 pa-

tients (5%). In all cases, the vasospasms seemed to resolve

after administration of nimodipine and without any clinical

sequelae. Inaddition, 1patientwithapreexistingheartanomaly

died of cardiac arrest after complete recanalization of the M1

occlusion. No vascular complications, such as arterial dissec-

tion, periprocedural thrombosis, or puncture site complica-

tions were reported. Postinterventional complications that

were reported included 1 patient (1%) with symptomatic in-

tracerebral hemorrhageand3patients (4%)withmalignant in-

farction followed by decompressive hemicraniectomy.

A comparison with the adult trials included in the

HERMES meta-analysis showed that the proportion of symp-

tomatic intracerebral hemorrhage events in the HERMES

trials was 2.79 (95% CI, 0.42-6.66) and in Save ChildS was

1.37 (95% CI, 0.03-7.40) (Figure 4). The heterogeneity mea-

sure I
2 for symptomatic intracerebral hemorrhage across the

7 HERMES trials was 84% and decreased to 82% after adding

Save ChildS data.

Discussion

Endovascular thrombectomy has emerged as the standard of

care for adult patientswith acute ischemic stroke due to large

vessel occlusion.12Knowledge about effectiveness and safety

ofmechanical recanalization in childhood stroke, however, is

limited to small case series. These existing reports have been

well summarized,18,19,27 but, to our knowledge, the potential

to apply this technique in pediatric patients has not yet been

explored systematically.

The main findings of this retrospective, multicenter

cohort study are (1) endovascular thrombectomy in pediat-

ric patients with ischemic stroke and large-vessel occlusion

is feasible, as most patients underwent successful recanali-

zation; (2) complication rates were low in children undergo-

ing mechanical recanalization treatment (relevant intracere-

bral hemorrhage in 1 patient only); (3) long-term neurologic

outcomes were good in most patients (median mRS score, 1

and median PSOM score, 0.5 at 6 and 24 months) and (4)

short-term improvement determined by PedNIHSS score

was comparable with the short-term improvement of NIHSS

Figure 1. Course of Pediatric National Institutes of Health Stroke Scale (PedNIHSS) Scores in Patients

of the Save ChildS Study (N = 73)

40

30

20

10

0

P
e

d
N

IH
S

S
 S

co
re

7 d12-24 hAdmission

PedNIHSS decrease (n = 54)

40

30

20

10

0
P

e
d

N
IH

S
S

 S
co

re

7 d12-24 hAdmission

PedNIHSS stable (n = 5)

40

30

20

10

0

P
e

d
N

IH
S

S
 S

co
re

7 d12-24 hAdmission

PedNIHSS increase (n = 6)

40

30

20

10

0

P
e

d
N

IH
S

S
 S

co
re

7 d12-24 hAdmission

ΔPedNIHSS missing (n = 8)

5 10

Age, y

15

Possible score range for the

PedNIHSS is 0 (no deficit) to 34

(maximum deficit).

Research Original Investigation Association of Endovascular TreatmentWith Ischemic Stroke and Clinical Outcome in Pediatric Patients

30 JAMANeurology January 2020 Volume 77, Number 1 (Reprinted) jamaneurology.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

http://www.jamaneurology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2019.3403


in adult trials (median, 14 at admission and 4 at day 7 after

thrombectomy).

To our knowledge, this study is the largest available in

the literature so far. The results suggest agreement with the

results of 2 small, single-center case series assessing recanali-

zation treatments in pediatric populations for acute ischemic

stroke.19,28 In both previous studies, most patients were

treated with intravenous thrombolysis, reducing the number

of children who underwent mechanical thrombectomy to

2 patients28 and 11 patients.19 Moreover, of the 11 pediatric

patients who underwent endovascular treatment in the

recent study of Bigi et al,19 5 children were treated only with

intraarterial thrombolysis.

One of the major concerns of neuropediatricians about

the use of endovascular techniques as well as intravenous

recanalization techniques in children relates to their safety.

However, severe or fatal treatment-related complications

appeared to be rare in our population, which is in line with

previous reports.19,27,29 In our study, only 1 patient devel-

oped a symptomatic intracerebral hemorrhage after throm-

bectomy, which is a low incidence even compared with the

recent adult trials included in the HERMES meta-analysis

(Figure 4).

Furthermore, no vascular complications, such as dissec-

tions or vessel rupture, were reported during endovascular

procedures. This lack of complications is particularly impor-

tant because the causes of stroke are considerably different

in children so that results of adult trials cannot be extrapo-

lated to children with strokes in general. Children more

often have strokes due to an underlying arteriopathy, espe-

cially of inflammatory origin, which might increase the risk

of bleeding complications during endovascular procedures

owing to vessel fragility.23 Even though our study included

children with all types of stroke sources, only 7 patients

with focal or bilateral cerebral arteriopathy were included.

Thus, an a priori selection bias of thrombectomy against

children with potential inflammatory vasculopathy may be

inherent to a seemingly low overall hemorrhagic risk. Vas-

cular fragility and risk of hemorrhage need to be considered

and weighted carefully against a potential benefit of a

recanalization treatment in this specific patient population.

Underlying abnormalities are often unknown at the time of

admission; therefore, the emergency decision on whether to

perform thrombectomy frequently has to be made without

detailed knowledge about the cause of the stroke (eTable 2

Figure 2. Pediatric National Institutes of Health Stroke Scale (PedNIHSS)

Scores (PedNIHSS) in Save ChildS at Different Times Compared

With NIHSSMeasured in the HERMESMeta-analysis Trials
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Figure 3. Modified Rankin Scale (mRS) Scores in Save ChildSMeasured at Discharge and 180Days
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in the Supplement provides details about patients with

cerebral arteriopathy).

Asubanalysisofourstudyresultsgroupedbypatientagere-

vealedthat thePedNIHSSscore,mRSscore,andASPECTSonfol-

low-upwereworse in younger patients (age 0-6 years). Admis-

sionPedNIHSSscoreandonsettorecanalizationweremarginally

higher,whileadmissionASPECTS,therateofrecanalization,and

complications were not significantly different compared with

thosemeasures inpatientsolder than6years.Althoughthesta-

tistical significance of the findings is questionable across this

smaller subgroup, the data suggest that successful endovascu-

lar recanalization in younger children aged 0 to 6 yearsmay be

futilemorefrequentlyandshouldbeperformedonlyaftercareful

consideration of all risks and potential benefits.

Randomized trials seeking to determine whether endo-

vascular recanalization is safe and effective in pediatric pa-

tients would be desirable but are not likely to be conducted.

Difficulties in recruitment are expected, which is underlined

by the fact that apreviousprospective randomizedclinical trial

performed to assess the safety of intravenous thrombolysis in

pediatric patients was not completed.3 Furthermore, clinical

equipoise of randomizingpediatric patientswith stroke is un-

likely against the background of a large amount of evidence

for a strong treatment effect in adults. Our exploratory study

currently represents an alternative attempt to gain further in-

sights with regard to feasibility and safety of thrombectomy

in pediatric patients with stroke.

Limitations

Onemajor limitation of this study is the retrospective design

involving a high number of contributing sites, which leads to

missingdata, especially for the long-termoutcomes, andmay

cause selection bias. Another limitation is the lack of a con-

trol arm, that is, a comparable cohort with large-vessel occlu-

sion and similar stroke severity not treated with endovascu-

lar thrombectomy. Based on the synthesis of evidence from

small randomized clinical trials for rare diseases in pediatric

populations with the evidence from adult study populations

withthesamedisease,30weassessedsafety indirectlybyacom-

parisonwith theHERMESmeta-analysis in adultswhounder-

went thrombectomy. The absence of standardized protocols

of inclusion for thrombectomy in the different centersmakes

the study population heterogeneous. However, this hetero-

geneity may nonetheless provide pragmatic confidence that

endovascular treatment is feasible in a not perfect clinical

setting even though further improvements and standardiza-

tion of protocols are desirable.

Conclusions

The findingsofour studymayadd to thegrowingevidence that

mechanicalthrombectomyissafeinchildhoodstroke.Thisstudy

may support clinicians’ practice of off-label thrombectomy in

childhood stroke in the absence of high-level evidence.
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