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Overview of the presentation

• Pediatric neurointerventional radiology
• Clinical/epidemiological data
• Different types of pediatric stroke and how to 

deal with them
• Pediatric embolic stroke, what do we know?
• Moyamoya arteriopathy as example of 

hemodinamic balancing



Number of procedures of the Interventional
Neuroradiology Unit in Florence in 2016

Total (w/o DSA): 408 

Aneurysms: 156
MAV: 48
DAVF: 13
Ischemic strokes: 91

> 500 DSA

7 pediatric (none of them
was a stroke)

About 20 pediatric



Neurovascular pediatric pathologies with a possible
role of INR

• Vein of Galen malformation
• Dural sinus malformation
• Infantile hemangioma
• Juvenile spinal vascular malformation
• Cerebral AVM/AVF 
• Spinal AVM/AVF 
• Facial/mandibular AVMs
• Head and neck venous malformations
• Cerebral aneurysm
• Moyamoya disease/syndrome
• Intracerebral hemorrhage
• Stroke 
• Vasculitis
• WADA testing (epilepsy) 
• Petrosal sinus sampling (Cushing’s syndrome) 
• Intra-arterial chemotherapy (retinoblastoma) 
• Hypervascular tumor embolization (Juvenile

nasal angiofibroma, Choroid plexus tumor, 
Neuroblastoma, Hemangioblastoma, Vertebral
body hemangioma )

• Neuroangiography is increasingly
utilized in the management of pediatric
neurovascular disease. 

• The unique challenges associated with 
catheter-based angiography in children do 
not preclude the performance of well-
tolerated and effective neurointerventional
procedures in experienced hands. 

• Children undergoing complex and 
lengthy neurointerventional procedures are 
particularly vulnerable to the effects of 
ionizing radiation, vessel injury, and contrast
overload; therefore, judicious patient
selection and fastidious technique are 
important. 

Ashour and Orbach. Curr Opin Pediatr 2015, 27:700–705 



Even from the neurointerventional point of view
children are not small adults

thus the management of pediatric cerebrovascular pathologies
requires dedicated protocols and multidisciplinar decisions

Continuous technological improvement in microcatheters, microguides, new 
embolisation agents, advanced angiographic technologies

Extension of the indications for cerebrovascular pediatric pathologies

Vecessity of even more attention to appropriateness, safety and efficacy of 
treatements



Safety in pediatric angiography
• Femoral access

– Use micropuncture kit with ultrasound guidance
– Alternate access sites (right/left) in patients undergoing multiple procedures
– Continuous heparinized saline flush through the sheath during the case 
– Systemic heparinization in nonhemorrhage cases

• Radiation
– Use tight collimation and aggressive filtration
– Pulsed rather than continuous fluoroscopy
– Automated dose rate control
– Minimize air gap between patient and detector 
– Use image-hold and overlay technology
– Use age- and sex-specific lead shields Stage procedures as necessary

• Contrast
– Use nonionic, low osmolality contrast
– Limit total contrast dose to 7 ml/kg
– Use 50 : 50 contrast : saline dilution
– Stage procedures as necessary
– Roadmap reference/overlay technology

(Interventional neuroradiology in children: diagnostics and therapeutics - Ashoura and Orbach - Curr Opin Pediatr 2015, 27:700–705 )



• Contrast medium: - Recommended to restrict
it to 4-6 ml/kg per procedure unless benefit or 
urgent need outweigh risk.

• Arterial Vasospasm: Nitroglycerin and 
Papaverine 
– Nitroglycerin -1 mcg/Kg/injection. 
– Papaverine Hydrochloride - I.V.: 1.5 mg/kg



Aspirin: 
– Post-angioplasty: 1 mg/Kg/Day for 6 months.
– Clot prevention in VM (unproved use): one baby aspirin (81 mg) a day.

Tissue Plasminogen Activator (t-PA): For thrombolysis (per recommendations of the “Scientific
Subcommittee on Perinatal and Pediatric Thrombosis of the Scientific and Standardization Committee of 
the International Society of Thrombosis and Hemostasis” )
- Arterial Thrombosis: 
1. Median dose of 0.3 mg/kg/h without a loading dose 
2. Median duration of approximately 12 hr. 
- Venous thrombosis: 
1. Either a dose similar to the arterial thrombolysis OR 
2. More recent experience with very low t-PA dosing (0.03 to 0.1 mg/kg/h) has shown efficacy equal to 
use in higher doses. 
- Neonatal thrombosis, both arterial and venous, requires higher dosage. 

Enoxaparin (Lovenox):
- Infants <2 months: Prophylactic: 0.75 mg/kg Q 12 hours.
- Infants <2 months: Therapeutic: 1.5 mg/kg Q 12 hours 
- Infants >2 months and Children ≤18 years: Prophylactic: 0.5 mg/kg Q 12 hours 
- Infants >2 months and Children ≤18 years: Therapeutic: 1 mg/kg Q 12 hours



• Heparin: For angioplasty, angiography on smaller infants
(particularly < 10-15 kg) and other indications. 

- Loading dose: 50-100 U/Kg immediately before angioplasty
or after establishing arterial access for angiography. 

- Maintenance: 10 U/Kg/Hr. For therapeutic purposes: 15-25 
Unit/kg/hour; increase dose by 2-4 units/kg/hour Q 6 hours 
as required. 

- Keep activated clotting time (ACT) around 300-350 seconds
or activated partial thromboplastin time (PTT) of at least
1.5 times control. 

- For prolonged use: check CBC, PTT Q 6 hours until 2 
successive PTTs are therapeutic. CBC and aPTT Q 24 hours 
thereafter.



“Procedural Blood Loss in Infant Patients” for children < 5 kg 
undergoing procedures with potential significant blood loss.

Calculation of blood loss:
■ Standard estimation of blood loss based on changes in Hct assume a strictly normovolaemic situation. 
The effect of hemodilution on Hct can be substantial but is not currently included in calculation of EBL.
■ Maximum Allowable Blood Loss MABL = 10% of Circulating Blood Volume (CBV x 0.1).
■ Needs initial hematocrit (Hi), current hematocrit (Hc) and weight (Wt).
■ Circulating blood volume CBV (mL) = Wt (Kg) x Average blood volume (mL/kg).
■ Average blood volume for infants = 80 mL/kg.
■ Actual Hb Loss % = Hi-Hc/Hi
■ Estimated Blood Loss (EBL) = CBV x Hb Loss % = CBV x (Hi-Hc/Hi)

Example:
A 4-month-old female weighing 4 kg with preoperative hematocrit of 40% and current hematocrit of 
30%.
Circulating blood volume (CBV) = 4 x 80= 320 mL.
Maximum Allowable Blood Loss (MABL) = 320 x 0.1 =32 mL.
Estimated Blood Loss (EBL) = CBV x (Hi-Hc/Hi)= 320 x (40-30/40)= 80 mL.



• To overcome the challenge of studying a relatively uncommon condition, hematologist
Maureen Andrew and neurologist Gabrielle deVeber founded the Canadian Pediatric
Ischemic Stroke Registry in 1992 and the “1-800-NOCLOTS” telephone consultation database 
in 1994, gathering data on thousands of cases. 

• This ultimately led to the 2003 creation of the International Pediatric Stroke Study (IPSS), a 
database currently approaching 5,000 cases of pediatric stroke from 215 centers in 54 
countries around the world (figure). The IPSS has produced 22 publications, and multiple 
NIH-funded studies. 

• A pediatric version of the National Institutes of Health Stroke Scale (NIHSS), the PedNIHSS, 
was validated in 2011.5 Three sets of guidelines have been published by the Royal College of 
Physicians, the American Heart Association/ American Stroke Association, and the American 
College of Chest Physicians to summarize existing evidence and provide recommendations for 
diagnosis and management of pediatric stroke

• The Pediatric Stroke Outcome Measure, developed in 1995, enables cross-center 
comparisons of outcomes similar to adult measures such as the modified Rankin Scale.4 

(Emerging Subspecialties in Neurology: Pediatric stroke and cerebrovascular disorders Miya E. 
Bernson-Leung and Gabrielle A. deVeber Neurology 2016;87;e219-e222)





On completion of the PSOM examination, the neurologist scores a Summary of 
Impressions containing 5 subscales:
- right sensorimotor, 
- left sensorimotor (each with subcategories), 
- language production, 
- language comprehension, and 
- cognitive/behavioral. 
Subscale scoring is:
- 0 (no deficit), 
- 0.5 (mild deficit, normal function), 
- 1 (moderate deficit, decreased function), or 
- 2 (severe deficit, missing function). 
The PSOM total score is the sum of the 5 subscale scores and ranges from 0 (no 
deficit) to 10 (maximum deficit).



Maintenance IVF rate

Children: “4,2,1” Rule

• First 10 kg= 4cc/kg/h
• Second 10 kg= 2cc/kg/hr
• 1cc/kg/hr thereafter
e.g. in 46 kg child: 40+20+26 = 86 cc/hr

Adults:

• wt (kg) + 40/hr.
e.g. in 70 kg patient: 70 + 40 = 110cc/hr



Pediatric “Strokes” 
or, more appropriately, 

pediatric cerebral vasculopathies

Although stroke has long been recognized as an adult health problem causing
substantial morbidity and mortality, it is also an important cause of acquired brain 
injury in young patients, occurring most commonly in the neonate and 
throughout childhood. 

The standard adult definition of stroke—an acute onset neurological sign or 
symptom attributable to focal brain infarction or hemorrhage—applies to children
as reflected by the National Institutes of Health (NIH) Common Data Elements
definition.

However, in the neonatal period, the acute presentation can be missed. Thus, it is
important for pediatric health professionals to be able to recognize stroke at
different ages and to treat stroke to preserve brain function and to promote repair
and recovery. 



Epidemiology
• Critical differences between adult and pediatric patients: epidemiology, etiology, presentation, 

natural history, therapeutic options, & prognosis

• Ischemic Arteriopathy - to contrast with hemorrhagic and venous - in adults in Western countries, 
80% of strokes are ischemic

• In children, hemorrhagic stroke is ~one half compared to ischemic (45% vs. 55%) 

• In adults, the incidence of cerebral veinous thrombosis (CVT) is < 1% the incidence of ischemic
stroke 
In children, the incidence of CVT is 25-50% the incidence of ischemic stroke 

• WHO estimate of stroke incidence in adults: ~200 cases/100,000 (overall) 
> 500/100,000 (≥ age 55) 

• Estimates of stroke incidence in children: 1-2/100,000 (outlier studies quote up to 13/100,000) 
• Exception: SCD patients – 285/100,000 (and 48/100,000 for ICH) 

• However, the socioeconomic impact of stroke in children is enormous, and is manifest over many
decades



Etiologies
• Cardiopulmonary

– Congenital cardiac anomaly
– Acquired cardiac anomaly
– Arrhythmia
– PFO (controversial role as a stroke cause in childhood) 
– HHT (Hereditary Hemorrhagic Teleangiectasia)

• Arteriopathy
– Extracranial dissection
– FCA-i (Focal cerebral arteriopathy – inflammatory)
– FCA-d
– Moyamoya 
– Takayasu arteritis
– ACTA2 
– Fibromuscular dysplasia
– Dynamic VA compression/ V3 pseudoaneurysm

• Thrombophilia
– Inherited thrombophilia
– Acquired thrombophilia

• Inflammatory*
– Lupus 
– childhood primary angiitis of the central nervous system

(cPACNS)
– deficiency of adenosine deaminase 2 (DADA2) 
– polyarteritis nodosa (PAN)  
– polyarteritis nodosa 
– Wegener disease

• Genetic/metabolic
– PHACE syndrome (Posterior fossa anomalies, 

Hemangiomas, Cardiovascular anomalies, especially of the 
aortic arch, Congenital ocular anomalies,Midline defects

– Fabry disease
– MELAS 
– POLG1 

• Connective tissue disorder
– Nonspecific cardiovascular disease
– Ehlers-Danlos type IV 
– Loeys-Dietz syndrome

Stroke. 2019;50:e51–e96. 



Suggested Basic 
Evaluation of a Child With 
AIS for Common Causes

Stroke. 2019;50:e51–e96. 



Towards a Consensus-Based Classification of Childhood Arterial Ischemic Stroke 
Timothy J. Bernard, et al. -Stroke. 2012;43:371-377 

The primary CASCADE criteria is
based on anatomic site of 
disease, which provides the 
capacity to classify any patient
with childhood AIS into a single 
acute primary category at the 
time of initial diagnosis (within 1 
month of presentation). 

It is based on the investigator’s
assessment of the anatomic site 
of disease after interpreting the 
results of the following clinical
data: echocardiogram, vascular
imaging (magnetic resonance
angiography, computed
tomography angiography, and/or 
conventional angiogram), and 
pattern of anatomic distribution
of infarct as demonstrated by 
magnetic resonance imaging or 
computed tomography and 
clinical history



• Results—A total of 86 children were included; of these, 57 presented with arteriopathic
stroke (CASCADE 1–4) and 29 as nonarteriopathic. Unilateral cerebral arteriopathy
(CASCADE 2; P=0.036) and bilateral cerebral arteriopathy (CASCADE 3; P=0.016) 
significantly correlated with stroke recurrence, and progressive arteriopathy significantly
correlated with unilateral focal cerebral arteriopathy (P<0.001). Time points of progress 
of arteriopathy differed; whereas patients with unilateral focal cerebral arteriopathy
presented with early median progress after 11 days, patients with bilateral cerebral
arteriopathy had a significantly later median progress after 124 days (P=0.005). 

• Conclusions—Initial CASCADE classification is associated with risk of recurrent strokes
and progress of arteriopathy. Moreover, time points of arteriopathic progress vary
according to the underlying cause.

(Stroke. 2019;50:00-00. DOI: 10.1161/STROKEAHA.118.023060.) 



Outcome
• The morbidity in children following arterial stroke is considerable. As many as 50% 

of neonates and 65% of children older than 1 month sustain lasting motor deficits
as a consequence of stroke. Furthermore, up to 50-60% of children who have had
neonatal stroke demonstrate cognitive deficits, especially those of executive 
function and language. Similarly, half of children who have stroke at greater than
age one month have been found to have cognitive deficits. (Rivkin et al. - Pediatric Neurology
56 (2016) 8e17)

• A good outcome (no functional deficits) can be expected in one-third to one-half
of children with AIS without any intervention. (Goeggel Simonetti B, et al. Neurology. 2015;84:1941–
1947.)

• The mortality rate for children with stroke is one third that found in adults with 
either ischemic or hemorrhagic stroke. Consequently, a much higher proportion of 
children than adults carry the consequences of their cerebral injury for decades. 
The cost for care of children who have had a stroke at either in the neonatal or at
an older age appears to be both high and sustained. Consequently, the aggregate 
cost for care of a patient with stroke is likely greater for a child than for an adult. 
(Rivkin et al. - Pediatric Neurology 56 (2016) 8e17)



Predictors of Outcome After Childhood Stroke 

• infarct size
• older age at stroke onset in children
• combined cortical and subcortical involvement, 
• location of infarct in the basal ganglia and 

posterior limb of the internal capsule, 
• multiple infarcts
• hyperglycemia in the acute poststroke period
• seizures during the acute poststroke period
• arteriopathy



Hemorragic transformation
Beslow et al., Stroke 2011; 42:941 – Retrospective review of hemorrhagic
transformation in a prospective pediatric stroke registry, from Jan 2005 – Nov 2008, 
ages 1 month – 18 years

63 patients (44 males 19 females), median age 5.7 years. 59% with anterior circulation
strokes. Median time to first image was 6.4 hours, median time to first MR was 26.7 
hours 

HT within 30 days occurred in 30% (19 patients), at a median time of 3.7 days: 
2/19 were symptomatic
Large stroke volume was the only factor associated with HT (median 10.8% versus 1.3%) 
HT not associated with anticoagulation or antiplatelet treatment 
At 13 month follow-up, median neuro/functional status in HT cases was 3, and in non HT cases it
was 1, and status correlated with increasing ECASS grade of HT 
Median neuro/functional status was 1.5 with infarct volume < 5% and 4 with volume > 5% 

All caveats related to an observational study apply, but this rate of HT is much higher
than in adults





MRI protocols
Goals of MRI to orientate treatment:
- confirmation of acute ischemic stroke
- exclusion of brain hemorrage
- (etiology)

BASIC and RAPID protocols:
- DWI (and FLAIR for mismatch)
- SWI
- TOF
- (pCASL)
AFTER THE THROMBOLYSIS continue:
- T1
- T2
- (neck’s vassels imaging: CEMRA, black-blood, TOF)
- Other specific sequences

IF MRI isn’t avaible within 20 minutes, then do a CT and 
CTA.

(from Rivkin et al. - Pediatric Neurology 56 (2016) 8e17)



Perinatal Stroke 
(late 2nd trimester – 28 days) 

• Stroke occurs in ~1/4000 live births (80% arterial ischemic, 20% CVST / ICH) 

• Risk factors – cardiac, coagulopathy, infection, trauma, drugs, maternal disorder, perinatal asphyxia, 
placental lesions (Elbers et al, Pediatrics 2011; 127:e722) 

• Recently been linked to mutation of COL4A1,a subunit of the type IV collagen and plays a role in 
angiogenesis. 

• Often presents with seizure (usually single extremity motor); the vast majority will not develop permanent
epilepsy. Conversely, strokes make up ~10% of neonatal seizures. 

• Other acute presentations include lethargy or apnea. 
Chronic presentations include early handedness or developmental delay 

• Estimates of incidence of long-term sequelae (motor, sensory, or cognitive) range from single digits to 
>85%, so prognostication is impossible. 

• No simple relationship between the region affected and functional outcome; all that can be said is that the 
more areas involved, the more likely are permanent sequelae

• Recurrence of stroke in patients with perinatal AIS is rare (single digits) 



Perinatal Stroke 
(late 2nd trimester – 28 days) 

• A recent prospective case-control study on neonates with AIS has suggested that routine 
thrombophilia testing is not indicated. 

• Thrombophilia evaluation in the neonate has limited clinical utility because levels of protein C, 
protein S, antithrombin, and factor XI are normally decreased to 30% of adults levels, and these
levels only approach adult levels at various time points during childhood. 
(Monagle P, et al. Developmental haemostasis: impact for clinical haemostasis laboratories. Thromb Haemost. 2006;95:362–372)

Considerations for Clinical Practice
• Vitamin K should be routinely administered to newborns. Larger doses of vitamin K may be needed

to correct fac- tor deficiencies resulting from maternal medications. 

• Aspirin, LMWH, or UFH may be considered in neonates at risk for stroke recurrence because of 
severe thrombophilia or cerebral embolism resulting from cardiac di- sease but is generally not
considered for neonates with a first ischemic infarction. 

• There is no evidence for hyperacute stroke therapies (thrombolytic agents or embolectomy) for 
neonates with an arterial occlusion. 

No endovascular indication



Pediatric stroke (>28 days)
Presentations

• Signs and symptoms of acute stroke in children are similar to those in adults. 

• The most common symptoms include 
– hemiparesis and hemifacial weakness in 67% to 90%, 
– speech or language disturbance in 20% to 50%, 
– vision disturbance in 10% to 15%, 
– ataxia in 8% to 10%. 
– Children present with nonlocalizing symptoms such as headache in 20% to 50% and altered mental status in 17% to 38%. 

Seizures at stroke onset are more common in children than adults, affecting 15% to 25%, especially in those <6 years of age

• Posterior circulation stroke represents another distinct pattern of clinical presenting features. These
children present at a median age of 7 to 8 years, are predominantly male (67% to 77%), and are 
previously healthy children in the vast majority of cases.

• Presenting signs and symptoms include localizing deficits referable to the posterior circulation in 
70% to 100%: hemiparesis, ataxia, dysarthria, visual field deficits, and oculomotor deficits. 
Nonlocalizing symptoms occur in 60% to 70%, especially headache, vomiting, and altered mental
status. Vertebral artery (VA) dissection is the most common underlying cause (25%–50%), especially
in younger boys, and is frequently preceded by recent minor head or neck trauma. 



Focal Cerebral Arteriopathy (FCA, TCA) 

• Up 1/3 of children age 2-10 with AIS have postvaricella angiopathy 
(unilateral stenosis of the distal ICA/A1/M1 & BG infarct). Parvovirus, 
mycoplasma, Borrelia, and HIV, are also associated with post-infectious
angiopathy 

• Transient cerebral arteriopathy, or “non-progressive primary CNS angiitis” 
– angiographically identical to post-varicella angiopathy, but with no 
preceding history of infection. Diagnosis requires 6-month demonstration
of no progression and no additional stenoses. Despite the nomenclature, 
most stenoses remain fixed, many have permanent neurological deficits, 
and recurrences are not rare 

• Preferred nomenclature is focal cerebral arteriopathy DDx: dissection, 
early MMD, focal vasculitis

Potential endovascular indication (?)



The gravity of symptoms FCA can vary a lot

Usually the treatment is conservative, but angioplasty and 
stenting have been proposed



Cervicocephalic Arterial Dissection & AIS 
• Estimated at 8-20% of cases of pediatric AIS 
• Can occur with no recalled inciting event, after trauma, or in relation to connective tissue

disorders (Ehlers-Danlos, Marfans, Loeys-Dietz) 
• Overall recurrence rate of dissection-related AIS or TIA is ~12%. 
• Recanalization of vessels occluded by dissection occurs in ~60% of cases. Usually treated with 

anticoagulation for 3-6 months
• BCH protocol is to continue anticoagulation until a smooth lumen is demonstrated on cross 

sectional imaging, with intervention reserved for non-healing cases, especially
pseudoaneurysms

• Intervention almost always consists of therapeutic occlusion, ideally with trapping of the 
diseased segment. Children develop outstanding collaterals, and the long-term safety of 
stents in growing vessels, is unknown

Possible endovascular indication:
• if associated to cerebral emboli
• non responders to medical therapy
• in cases of pseudoaneurysms



F, 3 years old. Neck trauma the day before.
Facial and RUL paresis.

RM : frontal ischemia associated to a 
dissection of ICA



Carotid L

Carotid R

Posterior circulation

External arotid L

Activation of collateral circulation
Risck of compromising the collateral
with invasive maneuvers

Non indication to endovascular treatment. Treatment with heparine



3 MONTHS 
LATER

60% of recanalisatin of the left internal carotid artery . Partial
progressive functional recovery.

IN QUESTO CASO LO STUDIO ANGIOGRAFICO E’ STATO NECESSARIO PER 
COMPRENDERE L’EFFICACIA DEI CIRCOLI DI COMPENSO.

NON SEMPRE E’ NECESSARIO PROCEDERE ALL’INTERVENTO.

CAPIRE QUANDO I RISCHI SONO MAGGIORI DEI BENEFICI E’ IMPORTANTE 
QUANTO DIFFICILE



USUALLY IN THESE CASES ID INDICATED AN EMBOLISATION 
WHITH OCCLUSION OF THE DISSECTED VASSEL, TO 
AVOIDBRAIN HEMORRAGES.



“BOW HUNTER
SYNDROME”



Embolic stroke
• Cardiac causes (often due to congenital

malformations or cardiomyopaties) – up to25% of 
pediatric strokes

• Dissections
• Hypercoagulability
• Sickle cells anemia
• A population study (Lehman et al, J Child 

Neurology 2011) calculated that in the USA every
year, about 180 cases of pediatric stroke could be 
eligible for thrombolysis

Possible endovascular indication



Other
• A grab-bag of rare conditions: mitochondrial encephalopathy, 

MELAS (with normal or increased ADC), Fabry’s disease, Susac’s
syndrome (retinocochlear vasculopathy), CADASIL (predominantly
in adults), hereditary endotheliopathy

• Illicit/licit drugs – Cocaine, amphetamines, ecstasy, phentermine, 
PCP (usually ICH), ephedrine/pseudoephedrine

• FMD – Non-atherosclerotic, non-inflammatory, segmental disease, 
usually involves renal arteries and cervical ICA or CCA, very rarely
described in children

• Vasculitis
• Autoimmune disease – SLE (endocarditis), Takayasu
• Familial hemiplegic migraine, basilar migraine – some develop

permanent neurological deficits



Treatment 

From aa neurointerventional point of view, theoretically
endovascular treatment of embolic pediatric stroke could
be pwerformed with the same techniques used in adults, 
using appropriate precautions.

However, compared to the treatment of strokes in adults, 
IV thrombolysis and mecanical thrombectomy are rarely
used in children considreing the delay of diagnosis and 
the lack of studies of efficacy and safety in pediatric
population



Trattamento endovascolare – strategie 

• non ci sono al momento criteri 
che consentano di scegliere 
quale approccio intrarterioso è 
più vantaggioso in relazione alla 
sede di occlusione 

• la strategia viene scelta 
autonomamente da ogni singolo 
centro, molte volte è l’operatore 
che caso per caso decide quale 
strategia usare

• Fibrinolitici
– UK
– Pro-UK
– t-PA
– Reteplase …

• Manovre meccaniche
– Distruzione con microguida-microcatetere
– Clot retriever ( Stentrievers)
– PTA (cervicale; intracranico)
– Stenting (cervicale; intracranico)
– Tromboaspirazione (Penumbra o manuale)

• Inibitori glicoproteina IIbIIIa
– Tirofiban

Impossibile v isualizzare l'immagine. La memoria del computer potrebbe essere insufficiente per aprire l'immagine oppure l'immagine potrebbe essere  
danneggiata. Riavviare il computer e aprire di nuovo il file. Se viene visualizzata di nuovo la x rossa, potrebbe essere necessario eliminare l'immagine e  
inserirla di nuovo.
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Tempo e ricanalizzazione

TEMPO RICANALIZZAZIONE

Per i pazienti adulti negli ultimi anni è stata dimostrata l’efficacia della trombectomia
meccanica entro le 6 ore per il circolo anteriore. Per il circolo posteriore il limite è 
superiore (fino a 12 ore).

Studi recenti (Studio DOWN, 2017)hanno dimostrato inoltre che in pazienti 
selezionati mediante l’imaging è possibile estende la finestra terapeutica oltre i limiti 
suddetti.



2009
IPSS (international registry, enrolled 2003-2007, [0-19 years], > 650 AIS cases)





• Administration of tPA: The 50 mg vials (Activase) will be prepared according to the 
manufacturer’s recommendations. There are three dose tiers (0.75, 0.9, 1.0 
mg/kg) of IV tPA, with a maximum dose reached at 90 kg body weight. Ten percent
of the dose will be given as a bolus over 5 minutes and the remaining 90% will be 
given over the remaining hour (5 min + 55 min or a total of 1 hour) . Dose level for 
a given patient will be determined using the adaptive safety dose finding method. 

• The TIPS study did not recruit pediatric ischemic stroke patients rapidly enough for 
continuation of funding by the NIH. Despite an enthusiastic and increasingly well-
established pediatric stroke community, the number of children with acute AIS 
who qualify for thrombolytic treatment within the therapeutic time window of 4.5 
hours seems to be small. Even among the screened patients, nearly half had an 
alternate diagnosis and most of those with ischemic stroke presented a 
contraindication to treatment.

• Ultimately, only 1 of 93 screened children was enrolled into the study. 





This recommendation is
not present in 2018 AHA 
Guidelines



Considerations about endovascular
treatment

• There aren’t pubished clinical trials whith the aim to examine
the different strategy of sistemic thrombolysis, intra-arterial
thrombolysis in children with acute ischemic stroke

• Even though the differences connected to the age of 
cerebrovascular system, the coagulation and the lack of 
established guidelines, cases have been reported in 
endovascular literature

The pediatric stroke treatment is “OFF-
LABEL”



• 34 reported pediatric AIS cases treated via IA means. In ~1/3 of cases, mechanical
thrombectomy was used (11/34 cases), while in 23/34, IA thrombolytic alone (tPA or 
urokinase) was administered

• Recanalization was complete in 12/34 cases (35.2%), incomplete in 13/34 cases
(38.2%), and absent in 3/34 cases (8.8%); recanalization status was not reported in 
6/34 cases (17.6%). Complications (including periprocedural complications and post-
procedural hemorrhage) occurred in a total of 10/34 cases (29.4%). 

• 8 of the 34 total cases had intracranial hemorrhage (asymptomatic in 7/8): 
– Mechanical thrombectomy was associated with one single case of these 8 hemorrhages, 

yielding a hemorrhage rate of 1/11 or 9.1%, for cases treated mechanically. In that one case, 
IA tPA was administered as well

– IA thrombolytic alone was administered in 7/8 of the reported cases of hemorrhage, 
yielding a hemorrhage rate of 7/23 or 30.4%, for cases treated with IA thrombolytic

• Caveat – this was a summary of disparate treatment approaches and inconsistent
workup and follow-up. 
Give IA tPA in children with caution, and try to either use mechanical approaches
alone or to mechanically augment the effect of IA tPA, in order to minimize the dose. 

2012



• Review of 22 cases of pediatric ischemic stroke treated with mechanical
thrombectomy using modern devices )aspiration catheters and stentrievers

• Partial or complete recanalisation in 100% of cases with 91% of favorable outcome
• The average time-to-treatment Il time-to-treatment was 10.1 hours from 

symptoms onset. In cases with anterior circulation stroke was 5.35 hours(range
3,ì.1-8 hours). In cases with basilar occlusion the average time was 13.5 ore (range
4-36 hours), included 4 cases treated after 16 hours (if we exclude those cases the 
mean time was 6.7 hours)

2016

Arrivare in tempo in sala angiografica, con le 
giuste indicazioni, con le tecniche appropriate.



There is no reliable RCT data on the use of intra-venous tPA or mechanical
thrombectomy in the pediatric population, ostensibly because of the low incidence of 
AIS and high incidence of stroke mimics that may delay recognition of AIS within
established therapeutic windows. 
An open-label multicenter international safety and dose-finding study (TIPS trial) to 
evaluate the use of intravenous tPA in children was attempted but terminated because
of poor enrollment. 
Available data on the use of mechanical thrombectomy in the pediatric population are 
even more limited. Ellis et al. (Neurology, 2012) described endovascular treatment of 
pediatric AIS and reported a 74% rate of partial or complete recanalization and a 
complication rate of 29%, though this review included 20 cases of intra- arterial
thrombolysis and had comparatively low utilization of modern stent-retrievers or 
aspiration catheters.



Reported intra- and post-procedural complication rates of mechanical thrombectomy
in children are low. 
• Ellis et al. (Neurology, 2012) described post-procedural intracranial hemorrhage

(ICH) in only one patient (9.1%; 1/11) undergoing mechanical thrombectomy (this
patient also received intra-arterial tPA), compared to 7 out of 23 patients (30.4%) 
receiving intra-arterial tPA only. 

• In terms of device-related complications, there is one report of an older-
generation device (Merci retriever) becoming fractured and permanently lodged in 
the left MCA, leading to poor clinical outcome. 

• Our aggregated data set includes no cases of post-procedural ICH or device-related
complications. 



Maneuverability and deployment of thrombectomy devices. 
• smaller pediatric vessel size in the range of 2.0–3.0mm may better accommodate

the 0.032-inch Penumbra aspiration system; 
• the smallest stent-retrievers commercially available at the time of prior published

reports (Trevo, Solitaire) were sized at 4mm in diameter. 
• These larger stent-retriever devices may induce severe vasospasm, especially in 

patients under the age of 2. 
• Smaller systems like the Penumbra 3 Max cerebral reperfusion catheter or 3mm 

stent retriever (‘‘low-profile Trevo’’) may be helpful in these cases, though there
have been instances in which upsizing the stent-retriever led to vessel 
recanalization when initial passes with smaller devices failed. 



• Objective Given recent strongly positive randomized controlled adult mechanical
thrombectomy trials, we sought to perform a comprehensive review of available
literature on IA pediatric stroke intervention, with a focus on modern mechanical
devices.

• Methods PubMed search for pediatric patients undergoing IA treatment of acute 
ischemic stroke (AIS) using modern devices between 2008 and 2015.
29 patients were included in this analysis.
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Results
• Average age was 10.3 years, 74.1% male, middle cerebral and basilar arteries represented

89.6% of 36 occluded vessels, and average pediatric stroke scale score of 18.1. 
• Average time from symptom onset to intervention was 8.8 hours and 13.8% of patients

received IV tissue plasminogen activator prior to mechanical thrombectomy. 
• Stent retrievers were used in 58.6% of cases, the Penumbra system in 34.5%, and the Merci 

device in 27.6%. 
• Modified Thrombolysis In Cerebral Infarction 2b/3 recanalization was achieved in 75.9% of 

cases. 
• There were no major adverse events related to the intervention, although one procedure 

was associated with device malfunction without a definite change in long-term outcome. 
• Clinical outcome was reported in 23/29 patients; 20 of these 23 (86.7%) achieved a good

clinical outcome (mRS ≤2). The mean mRS score was <1 (0.86) based on furthest available
clin-ical follow-up in the 23 patients, with 10 mRS 0, nine mRS 1, one mRS 2, and three mRS
3. 
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• This study suggests that mechanical thrombectomy in 
pediatric patients presenting with high pediatric NIH Stroke 
Scale scores and proximal large vessel occlusion is associated
with high recanalization rates and excellent clinical outcome, 
although this is a retrospective review and the sample size is
too small to make any definitive conclusions. 

• This study provides class IVC evidence that endovascular
treatment of pediatric AIS increases the chance of a good
clinical outcome. 
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• Endovascular thrombectomy has potential appeal for childhood AIS over 
intravenous tPA: There is a longer poststroke time window for intervention, and 
concerns related to the optimal pediatric tPA dose and developmental changes in 
plas- minogen levels are moot. 

• In a 2015 American Heart Association (AHA)/American Stroke Association (ASA) 
guideline on thrombectomy, the authors stated that endovascular thrombectomy
may be reasonable for some acute AIS patients <18 years of age, using adult
parameters, while acknowledging that the benefits and risks are not established in 
this age group. 

• More than 35 cases of recanalization therapy in pediatric AIS have now been
reported and pooled in the published literature, most with successful outcomes. 
However, the total number of children treated with thrombectomy remains
unknown, and those with treatment-related complications and adverse outcomes
are likely underreported in the medical literature. Hence, the true safety profile of 
endovascular thrombectomy in children remains unknown



97 Cases: Seven children with BAS were registered at the Swiss Neuropaediatric Stroke Registry
between January 2000 and June 2011 (incidence 0.037 per 100 000 children per year). 

A further 90 cases were identified through the literature search. 

• In adults, basilar artery stroke (BAS) has a fatality rate of more than 85% if left untreated, and 
outcome is poor in two-thirds of patients despite treatment. Clinical presentation varies from 
dizziness, headache, and focal neurological deficit to locked-in syndrome, coma, and death. 
Prodromes occur in 60% of patients.

• Only 10 to 30% of paediatric arterial ischaemic strokes (pedAIS) occur in the posterior circulation. 
Arteriopathies are the most frequent cause of posterior circulation stroke in children. Recurrence
(20–52%) is more frequent than in anterior circulation stroke, but the outcome is better, with a 
good outcome in 50% of children.

• Paediatric BAS has been described only in case reports and case series. In a review of 13 published
cases of paediatric BAS treated endovascularly, 10 children had a good outcome, two had a poor
outcome, and one child died. 



97 Cases: Seven children with BAS were registered at the Swiss Neuropaediatric Stroke Registry
between January 2000 and June 2011 (incidence 0.037 per 100 000 children per year). 
A further 90 cases were identified through the literature search. 

• The most striking finding of this study is the survival rate of 92%, with a good outcome in 50% of 
children with BAS, compared with 45 to 80% survival rate and 20 to 30% good outcome in adults, 
despite a significant delay in diagnosis (children 19h vs mostly <6h in adults). Information on 
paediatric BAS is largely based on case reports; thus, a bias in favour of good outcomes is probable.

• Better collateral supply and less comorbidity are possible explanations for a better outcome in 
children. 

• Considering that half of children still have a poor outcome after BAS, management needs to be 
improved. 

• Good outcome factors in adults with BAS are recanalization of BAO, younger age, low NIHSS score 
at presentation, short time to treatment, short BAO, and good collateral state. 





• the risk-to-benefit ratios of these interventions would
differ if presumptions about better stroke recovery in 
children versus adults are correct. Numerous studies
indicate that a good outcome (no functional deficits) 
can be expected in one-third to one-half of children
with AIS without any intervention.

• In children, initial stroke severity measured by the 
Pediatric NIH Stroke Scale directly predicts outcome.

• Hence, the risks of thrombectomy may outweigh the 
benefits in children with low initial stroke severity
scores. 



Categorie di stroke ischemico acuto 
pediatrico

• Neonatale / perinatale 

• Dissezioni – isolate, post-traumatiche, 
sindromiche

• Embolico – da cause cardiache, 
ematologiche, iatrogene (angiografie, 
interventi cardiochirurgici o su testa-collo) 

• Moyamoya

• Arteriopatia cerebrale focale

• Altro – anemia falciforme, vasculiti, 
PHACES, etc. 

Non indicazione endovascolare

Possibile ruolo nella diagnosi, nella 
pianificazione del trattamento medico o 
NCH e nei controlli.

Possibile indicazione endovascolare:
• se associate a embolia cerebrale
• casi che non rispondono alla terapia medica
• in presenza di aneurismi dissecanti

Possibile indicazione endovascolare:
• nei casi di occlusione di vaso maggiore
• In pazienti selezionati con imaging

appropriato 



Teoria dell’airbag

E’ un sistema di sicurezza di emergenza; deve 
essere sempre pronto per essere rapido ed efficace 
nei rari casi in cui ce ne possa essere bisogno.

Non si può tenere l’airbag nel portabagagli e 
montarlo durante un incidente, non ce n’è il tempo.

Così dovrebbe essere una sistema di emergenza in 
caso di ictus: pronto, rapido, efficace ed efficiente.



Take-Home Messages: 
• Primum non nocere: ricordandosi che i bambini non sono piccoli adulti

• Nonostante le terapie sistemica e endovascolare abbiano rivoluzionato la gestione 
dell’ictus ischemico ischemico nell’adulto, non ci sono trials clinici o studi 
prospettici pubblicati per i bambini con stroke.

• Fino a che non saranno pubblicati ulteriori dati, l’uso di terapie trombolitiche o 
meccaniche con sicurezza ed efficacia sconosciute è da considerasi sperimentale 
(off-label), soprattuto nei giovanissimi in età prescolare. 

• La gestione ottimale di questi bambini richiede la collaborazione dei servizi sul 
territorio e di un team multidisciplinare di specialisti in cui almeno 1 membro 
abbia una expertise sullo stroke pediatrico, in modo da minimizzare gli eventi 
avversi e ottimizzare l’oucome.

• Non prendere decisioni affrettate, ma una volta deciso, avere il coraggio e le 
capacità di eseguire il trattamento accettando eventuali insuccessi o complicanze.



Moyamoya
• Strictly speaking, unilateral disease is “probable MMD” 
• “MMD” is idiopathic, “MMS” is in association with another condition (NF1, 

Tr 18, SCD, PHACES) 
• MMD accounts for 6% of childhood stroke in western countries
• In Japan, MMD is the most common pediatric cerebrovascular disease. In 

the US, Asians have the highest incidence (OR 4.6 compared with 
Caucasians, with Hispanics having an OR of 0.5) 

• Familial incidence in first-degree relatives is ~10% in Japan (6% at BCH) 
MMD has 80% concordance in monozygotic twins 

• Bimodal distribution of presentation, with AIS in the first decade of life, 
and hemorrhagic stroke at 30-40 years

DSA plays a role in the diagnosis, in neurosurgical
treatement planification and in follow-up.



Moyamoya



Suzuki staging scale
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It is and angiographic scale created to indicate the stage of the
intrinsic para-physiologic compensatory reorganization of the
cerebral circulation in a process defined as “internal carotid –
external carotid conversion”

Stage 1: reduction of caliber of the intracranial ICA bifurcation;

Stage 2: reduction of caliber of the intracranial ICA bifurcation with
initial appearance of collaterals made of dilated perforating arteries,
also known as “moyamoya vessels”;

Stage 3: the proximal portions of anterior and middle cerebral
arteries are not anymore visible while the distal branches are still
visible thanks to the increment of the “moyamoya vessels” network;

Stage 4: reduction of the “moyamoya vessels” network associated
to the progressive occlusion of the terminal segment and
bifurcation of ICA; initial appearance of transdural collaterals from
ECA’s branches.

Stage 5: complete disappearance of cerebral arteries originating
from the ICA, further reduction of the extension of “moyamoya
vessels” and increase of the extension of transdural collaterals from
ECA;

Stage 6: disappearance of “moyamoya vessels” and of any other
hematic flow within the ICA; the residual brain perfusion is
completely taken in charge by the ECA.



Background - Therapy
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Medical therapy
Antiplatelet and anticoagulant therapies are scarcely effective for the prevention of ischemic 
complications and for the disease progression

Surgical therapy
Direct or indirect surgical revascularisation



Background – Matsushima grading 
scale
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• Grade A: area perfused by synangiosis > 2/3 of the MCA territory;

• Grade B: area perfused by synangiosis between 1/3 and 2/3 of the MCA territory

• Grade C: area perfused by synangiosis < 1/3 of the MCA territory

GRADE A GRADE C



Materials and methods – DSA: grade 
of stenosis
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mild-moderate stenosis

complete occlusion of the 
affected segment.

severe stenosis with 
hemodynamic effects



Materials and methods – DSA: posterior circulation 
involvement

72



Materials and methods – DSA: 
collaterals
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Posterior communicating artery: the contrast passing through the posterior 
communicating artery toward the carotid syphon during the injection of posterior 
circulation was evaluated as: 

• Grade 0: absent;
• Grade 1: present. 



Materials and methods – DSA: 
collaterals
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Splenial branches of posterior cerebral artery: the contrast filling retrogradely the 
pericallosal artery passing through the splenial branches of posterior cerebral artery 
was evaluated as: 

• Grade 0: absent;
• Grade 1: present. 



Materials and methods – DSA: 
collaterals

75

Pial cortical branches of posterior cerebral artery: retrograde reperfusion of MCA’s and 
ACA’s branches by PCA through pial anastomosis between terminal branches of these 
arteries was evaluated as: 

• Grade 0: Absent;



Materials and methods – DSA: 
collaterals
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Pial cortical branches of posterior cerebral artery: retrograde reperfusion of MCA’s and 
ACA’s branches by PCA through pial anastomosis between terminal branches of these 
arteries was evaluated as: 

• Grade 1:  Present, collateral circles limited to the parietal lobe



Materials and methods – DSA: 
collaterals
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Pial cortical branches of posterior cerebral artery: retrograde reperfusion of MCA’s and 
ACA’s branches by PCA through pial anastomosis between terminal branches of these 
arteries was evaluated as: 

• Grade 2: Present, collateral circles extended to the frontal lobe 



Materials and methods – DSA: 
collaterals
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Pial cortical branches of anterior cerebral artery: retrograde reperfusion of MCA’s
branches by ACA through pial anastomosis between terminal branches of these
arteries was evaluated as: 

• Grade 0: Absent



Materials and methods – DSA: 
collaterals
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Pial cortical branches of anterior cerebral artery: retrograde reperfusion of MCA’s 
branches by ACA through pial anastomosis between terminal branches of these 
arteries was evaluated as: 

• Grade 1: Present, collateral circles limited to the supra-insular segment (M4) of 
MCA



Materials and methods – DSA: 
collaterals
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Pial cortical branches of anterior cerebral artery: retrograde reperfusion of MCA’s 
branches by ACA through pial anastomosis between terminal branches of these 
arteries was evaluated as: 

• Grade 2: Present, collateral circles extended to the insular segment (M2-M3) of 
MCA 



Materials and methods – DSA: 
collaterals
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Perforating branches of ICA terminus and of the proximal segment of middle cerebral 
artery (or “moyamoya vessels”): the extension of the typical “moyamoya vessels” 
determined by collateral circles originating from perforating arteries of the arterial 
segment affected by angiopathy was evaluated as: 

• Grade 0: Absent 



Materials and methods – DSA: 
collaterals
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Perforating branches of ICA terminus and of the proximal segment of middle cerebral 
artery (or “moyamoya vessels”): the extension of the typical “moyamoya vessels” 
determined by collateral circles originating from perforating arteries of the arterial 
segment affected by angiopathy was evaluated as: 
• Grade 1: Present, with extension limited to the basal nuclei, directed to the post-

stenotic segment of the MCA



Materials and methods – DSA: 
collaterals
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Perforating branches of ICA terminus and of the proximal segment of middle cerebral 
artery (or “moyamoya vessels”): the extension of the typical “moyamoya vessels” 
determined by collateral circles originating from perforating arteries of the arterial 
segment affected by angiopathy was evaluated as: 
• Grade 2: Present, directed to the post-stenotic segment of the MCA and extended 

within the white matter towards the frontal and parietal cortex 



Materials and methods – DSA: 
collaterals
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Ethmoidal dural branches of ophthalmic artery: the extension of collateral circulation 
deriving from ethmoidal dural branches of the ophthalmic artery and directed to the 
fronto-basal, fronto-polar and fronto-mesial territories was evaluated as: 

• Grade 0: Absent



Materials and methods – DSA: 
collaterals

85

Ethmoidal dural branches of ophthalmic artery: the extension of collateral circulation 
deriving from ethmoidal dural branches of the ophthalmic artery and directed to the 
fronto-basal, fronto-polar and fronto-mesial territories was evaluated as: 

• Grade 1: Present, with extension limited to the fronto-basal territory 



Materials and methods – DSA: 
collaterals
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Ethmoidal dural branches of ophthalmic artery: the extension of collateral circulation 
deriving from ethmoidal dural branches of the ophthalmic artery and directed to the 
fronto-basal, fronto-polar and fronto-mesial territories was evaluated as: 

• Grade 2: Present, extended beyond the fronto-basal territory 



Materials and methods – DSA: 
collaterals
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Dural branches of the external carotid artery: the extension of collateral circulation 
deriving from dural branches of the external carotid artery (mainly the middle 
meningeal artery) and directed to the cortical territories of the anterior, middle and 
posterior cerebral arteries was evaluated as: 

• Grade 0: Absent 



Materials and methods – DSA: 
collaterals
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Dural branches of the external carotid artery: the extension of collateral circulation 
deriving from dural branches of the external carotid artery (mainly the middle 
meningeal artery) and directed to the cortical territories of the anterior, middle and 
posterior cerebral arteries was evaluated as: 

• Grade 1: Present, scarce 



Materials and methods – DSA: 
collaterals
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Dural branches of the external carotid artery: the extension of collateral circulation 
deriving from dural branches of the external carotid artery (mainly the middle 
meningeal artery) and directed to the cortical territories of the anterior, middle and 
posterior cerebral arteries was evaluated as: 

• Grade 2: Present, extended beyond 
1/3 of the middle cerebral artery
territory 

A

D

B

C



Materials and methods – DSA: 
hypovascular territories
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• The presence of hypovascular territories at the DSA was investigated in each 
hemisphere comparing the different angiographic series obtained injecting 
contrast in the ICA, ECA and posterior circulation in order to evaluate the complete 
vascular balance.

Right common carotid Posterior circulation
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ICAVertebral
artery

In physiopathological terms, also at post-surgical DSA is important evaluate the
neurovascular balance obtained taking in consideration all the arterial
contributions to the hemispheric blood flow (from the stenosed parent artery, from
the intrinsic collaterals and eventually from the synangiosis) in order to assess
the potential presence of hypovascular territories.

Vertebral
artery

ICAECA ECA

Hemodinamic balance - Different Matsushima 
grades but same perfusion  
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ICA
pre-surgery

ICA
post-surgery

Along with the increase of the extension of the collaterals deriving from the
surgical synangiosis for the territory of the stenosed artery, it increases also the
probability to observe a progression of the stenosis of the affected segment of
the artery itself.

ECA
post-surgery

Hemodinamic balance – stenose
progression after revascularisation



ACTA2 mutations
• ACTA2 is an autosomal dominant syndrome that typically presents

with neuroimaging findings that include 
– subcortical white matter infarcts
– straight ectatic bilateral internal carotid arteries, 
although aneurysms and irregularities of intracranial vessels and focal
infarcts are also reported. 

• Sequelae of the mutation are largely secondary to smooth muscle
dysfunction and include patent
– ductus arteriosus at birth, congenital dilated and unreactive pupils, 

aortic arch dilation, pulmonary hypertension, hypotonic bladder, and 
malrotation of the gut

• Distinctive stellate arteries branching from a dilated proximal
internal carotid



ACTA2 mutations



• Special pediatric considerations include 
smaller arteries (groin and cerebral), weight-
based limitations for radiological contrast, 
radiation exposure in young children, and the 
arteriopathies that cause AIS in children (eg, 
concerns for introducing a catheter into an 
acutely inflamed artery, in cases of focal
cerebral arteriopathy [FCA], or a chronically
stenosed cerebral artery, in cases of 
moyamoya) 



Logic suggests that, given the diversity of risk
factors, a ‘one size fits all’ approach to 
hyperacute therapy is unlikely to be appropriate 
in childhood AIS, but it is also possible that an, 
as yet undefined, proportion could benefit. 



Considerations for Clinical Practice 1

In the absence of pediatric clinical trial data to guide treatment decisions, hyperacute
therapies for childhood AIS remain controversial. It would be reasonable to limit
consideration of this intervention to children meeting these criteria: 
• Persistent disabling neurological deficits (eg, Pediatric NIH Stroke Scale score ≥6 at

the time of intervention or higher if DAWN trial criteria are being applied) 
• Radiographically confirmed cerebral large artery occlusion
• Larger children because of concerns about introducing catheters into small groin

and cerebral arteries and size-based limitations on contrast dye and radiation
exposure

• Treatment decision made in conjunction with neurologists with expertise in the 
treatment of children with stroke 

• Intervention performed by an endovascular surgeon with experience in both
treating children and performing thrombectomy in adult stroke patients

(Management of Stroke in Neonates and Children. A Scientific Statement From the American Heart
Association/American Stroke Association. Stroke. 2019;50:e51–e96. )



Considerations for Clinical Practice 2

Establish systems and pathways for hyperacute pediatric stroke care. Centers 
that choose to offer this therapy to children should preestablish institutional
pediatric hyperacute stroke pathways and consider current adult guidelines
for these therapies. These pathways should include criteria for consideration
of endovascular thrombectomy in children with acute AIS and large vessel 
occlusion. 
• well-designed institutional care protocols that are staffed and equipped to 

provide 24/7 
• Consider the use of telestroke or telemedicine as a specific way of bringing

expertise to emergency providers who may have less experience with 
acute focal deficits and stroke in children

• Pediatric stroke specific guidelines should be developed at the local, 
regional, and national levels. 

(Management of Stroke in Neonates and Children. A Scientific Statement From the American Heart
Association/American Stroke Association. Stroke. 2019;50:e51–e96. )



Knowledge Gaps 
• Safety and efficacy data for hyperacute stroke therapies in children

are lacking. Children treated with such therapies should be enrolled
in existing registries, for example, the Swiss NeuroPediatric Stroke 
Registry and the International Pediatric Stroke Study Registry. 

• There is no evidence to guide how young or how small a child may
safely undergo thrombectomy. 

• Analyses directly comparing post-AIS neurological outcomes in 
children and adults, adjusted for confounders such as stroke infarct
and location, would help when considering risk-to-benefit ratios for 
adult stroke therapies applied to children. 

(Management of Stroke in Neonates and Children. A Scientific Statement From the American Heart
Association/American Stroke Association. Stroke. 2019;50:e51–e96. )



Grazie per l’attenzione!


