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PEDIATRIC STROKE – PAIS

CHILDHOOD STROKE
Akutes neurologisches Defizit aufgrund einer 

Durchblutungsstörung (ischämisch oder 

hämorrhagisch) bei Säuglingen und Kindern (>28. 

LT bis 18. LJ), welches mindestens 24h persistiert

NEONATAL STROKE - NAIS

Zerebrale Durchblutungsstörung (hämorrhagisch, 

ischämisch) zwischen der 20. SSW und dem 28. LT.
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CHILDHOOD STROKE

AIS

§ Inzidenz 1-2/100.000 Kinder/ Jahr (Industrieländer)

§ erhöht bei Asiaten und Afrikanern (SCD – 200fach) 

§ Ca. 300-500 Kinder / Jahr in Deutschland

ICH, IVH, SAH

§ Inzidenz 1-1,7/100.000 Kinder /Jahr

Steinlin: Neuropediatrics 2012; 43:1-9
Rafay et al: Stroke 2009 Jan; 40 (1):58-64
Feigin et al: Lancet 2014; 18:383(9913)245-254
Nowak Göttl et al. Semin Thromb Hemost 2003 Aug; 29 (4):405-414
Ferriero DM eal. Stroke 2019;50:e00-e00
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NEONATALER STROKE

NAIS

§ Inzidenz 1/4000 NG/ Jahr   

§ Fetale vs neonatale vs angenommen neonatal

§ Maternale Risikofaktoren, Kindliche Risikofaktoren

ICH, IVH
§ 1/6300 NG/Jahr

Steinlin: Neuropediatrics 2012; 43:1-9
Rafay et al: Stroke 2009 Jan; 40 (1):58-64
Feigin et al: Lancet 2014; 18:383(9913)245-254
Nowak Göttl et al. Semin Thromb Hemost 2003 Aug; 29 (4):405-414
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Ø Gesunder Junge

Ø Plötzliche Hemiparese rechts, Faziale Parese rechts, Aphasie

F.M. 10 Jahre

Differentialdiagnosen??
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Ø MRT: unaufällig

Ø 1h später: stärkste Kopfschmerzen, Lichtempfindlichkeit,

Ø Pos. Familienanamnese für Migräne

Diagnose: Migräne accompagnée
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Ø Angeborener Herzfehler (DORV), Z.n. Korrektur, Aspirin

Ø aus dem Stand heraus plötzlich nach vorne gekippt, bewusstlos

Ø nach 30s wach, ansprechbar, Hemiparese rechts, Aphasie

Laura, 3,5 Jahre

Differentialdiagnosen??

PEDIATRIC STROKE UNIT
DR. VON HAUNERSCHES KINDERSPITAL

KLINIKUM DER UNIVERSITÄT MÜNCHEN®

Ø cCT Angio: Verschluss A. cerebri 
media li und A. basilaris

Ø cMRT Angio: Diffusionsstörung

Diagnose: Akuter ischämischer Schlaganfall,
kardioembolisch bei Thrombus im Pulmonalisstumpf
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ACUTE BRAIN ATTACK
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Gesichts-
felddefekt

CHILDHOOD ACUTE BRAIN ATTACK
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Mackay 2016, Stroke
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ACUTE BRAIN ATTACK – DIFFERENTIALDIAGNOSE

Migräne

Krampf-
anfall

(+/- Todd 
Parese)

Fazialis-
parese

Somato-
forme

Störung
ADEM

Hirntumor

SynkopeEnzephalitis 
/Cerebellitis

ZNS 
Demyelini-

sierung

Intoxikation

Mackay 2014, Neurology

Childhood
Stroke
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CHILDHOOD ACUTE BRAIN ATTACK

Brain 
Attack

Childhood
Stroke

THINK

Mackay 2016

http://www.gundersenhealth.org/services/stroke/

TALK
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CHILDHOOD STROKE RECOGNITION

https://www.dukehealth.org/blog/know-signs-of-stroke-be-fast

http://www.gundersenhealth.org/services/stroke/

Aroor 2017
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ALTERSVERTEILUNG

Jungen : Mädchen = 1-2 : 1

.

GESCHLECHTERVERTEILUNG

findings which might alert the physician to it. For clarifica-
tion, the reader is asked to consult the summaries of risk
factors and investigations in the given tables. The information
of this paper is based on published studies or consensus
papers, but in case of missing information the current pro-
ceedings at the University Children's Hospital in Bern includ-
ing our own experience through the “Swiss Neuropaediatric
Stroke Registry” (SNPSR) are described.

The Problem of Delayed Diagnosis

An important problem of childhood stroke is the delayed
diagnosis.16–19 Missing awareness by parents and professio-
nals of the possibility of a stroke already in children is a major
concern. The second most important problem is the difficult
differential diagnosis. Shellhaas et al (2006)20 could show
that 21% of children presenting with suspicion of stroke had a
different disease, in 60% of them a “nonbenign” etiology like
seizures of different origin, posterior leukoencephalopathy,
vascular anomalies, autoimmune inflammatory problems,
infectious disease like abscess or encephalitis, brain tumor,
drug toxicity or idiopathic intracranial hypertension. . In
contrary, Braun et al (2006)21 could show that in 19/45 of
the children presenting with ischemic stroke primary suspi-
cion was a nonstroke etiology and that in 5/45 etiology of
stroke had to be revised after diagnostic work-up. The mean
interval from initial to final correct diagnosis was 7 days (3
hours to 7 years), the change of diagnosis led to therapeutic
changes in 17 patients. Thus, any child presenting with
history and/or symptoms which might be due to an arterial
ischemic stroke, should get an immediate work-up, to prove
or rule out this diagnosis.

Signs and Symptoms at Manifestation

One of the reasons for the difficult primary diagnosis of stroke
is certainly the variable symptoms and signs at manifestation
(►Fig. 1, SNPSR), which might occur at any age (►Fig. 2,
SNPSR). Thus, in the following section presenting symptoms
of stroke, their differential, and their possible link to risk
factors of stroke are going to be discussed. This might help a
physician in emergency to realize the possibility of stroke and
to initiate fast the most important steps of investigations.

A total of 70 to 80% of the children present with hemi-
paresis, with or without facial palsy, or dysphasia.5 Dysphasia
in childhood is not limited to stroke of the dominant side,
most likely due to the immature lateralization of language.22

Focal signs and symptoms are usually related to the localiza-
tion of the ischemic lesion, however one has to be aware that
also children with isolated thalamic stroke might present
with hemiplegia and/or dysphasia. In contrast, ataxia is a
typical symptom of an infratentorial stroke, but not limited to
cerebellar lesions. Some children show nonfocal symptoms as
headache, vomiting, or change of level of consciousness.2,5

Headaches are present in 30% of children, before, with or
shortly after the onset of symptoms.5,23 Most important
differential diagnosis are certainly hemiplegic migraine or
dissection of carotid or vertebral artery. For the diagnosis of
hemiplegic migraine, family or personal history and careful
evaluation of presenting symptoms are most helpful. Hemi-
plegic migraine typically presents with a Jacksonian march of
symptoms, which is different to the sudden onset of symp-
toms due to ischaemia.24 In our experience: children with
hemiplegic migraine are frightened by their neurological loss
of functions, but stroke patients show an astonishing neglect
to their severe symptoms. Occipital headaches in children
might be the first symptom of a cerebellar stroke and/or
extracranial dissection. In the presence of an extracranial
dissection the children might complain about ipsilateral pain
of neck or face, in the presence of intracranial dissection
about half-sided headache. The pain related to dissections is
usually violent, nonpulsating, and lasting for hours or days.
The focal neurological symptoms encountered are typically
supratentorial in cases of carotid dissection and infratentorial
(like cranial nerve dysfunction, Horner syndrome, diplopia,
swallowing problems) in cases of vertebral dissections,25,26

although Horner and cranial nerve palsy can also be present
in case of a carotid dissection.27 The dissection and therefore
the pain might precede the acute ischemia by days, transient
ischemic symptoms as warning signs are frequent. Mild to
moderate changes of level of consciousness are present in one-
third of children with ischemic stroke. They differ from
hemorrhagic stroke, where loss of consciousness and coma
are much more frequent.21 Total 20% of children with stroke
present seizures during the first hours or days after
stroke.28,29 It is our experience that seizures more frequentlyFigure 1 Age at manifestation of stroke (SNPSR).

Figure 2 Symptoms at manifestation (SNPSR).

Neuropediatrics Vol. 43 No. 1/2012

Arterial Ischemic Stroke in Childhood Steinlin2
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Age at manifestation in years (SNPSR 2000-2009)

Steinlin: Neuropediatrics 2012; 43:1-9

Golomb MR, Nowak-Gottl U. Stroke. 2009 
Jan;40(1):52-7
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ÄTIOLOGIE / RISIKOFAKTOREN    

„multiple risk“ Erkrankung:

mehr als die Hälfte der Patienten hat 
≥2 Risikofaktoren

Vaskulopathien (53%)

Kardiale Erkrankungen 31%

Infektionen (24%)

Koagulopathie / hämatologische Erkrankungen 
(13%)

Metabolische Erkrankungen

Medikamente / Therapien

Sonstige

kein
17%

1
28%

≥2
55%

z.B. Fokale cerebrale Arteriopathien, Vaskulitis, post-VZV Vaskulitis ...

z.B. Angeborenen/erworbene kardiale Erkrankungen, PFO   

z.B. VZV, Mycoplasmen, Enteroviren, Parvoviren, Borrelien...

z.B. FVL, PTM, erhöhtes Lp(a), AT / Protein C / S Mangel, SCD

z.B. Mitochondriopathien, M. Fabry, Homocystinurie

z.B. L-Asparaginase, Steroide, Strahlentherapie

z.B. Intrakranielle AV-Malformationen, Aneurysmen, Sturge-Weber 
Syndrom

Nowak Göttl. Semin Thromb Hemost. 2003 Aug;29(4):405-14.
Mackay et al.:Ann Neurol 2011; 69:130-140
Steinlin: Neuropediatrics 2012; 43:1-9
Kirkham et al.:Thromb Haemost 2004; 92(4): 697-706.
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PROGNOSE - OUTCOME

§ Rezidivrisiko ≈15-20%
Hohes Rezidivrisiko bei 

- Vaskulopathie in der Bildgebung

- Sichelzellanämie

- Moyamoya

- Koagulopathie

§ TIA ≈5-20%

§ Mortalität ≈15%

Ganesan et al; Stroke and Cerebrovascular disease in childhood; 2011; 17: 337-86
Steinlin: Neuropediatrics 2012; 43:1-9
Flusset al; Neurology 2014 Mar 4; 82 (9):784-92
Nowak Göttl. Semin Thromb Hemost. 2003 Aug;29(4):405-14
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NEUROLOGISCHES OUTCOME

§ HEMIPARESE      ca. 65-70%

§ SPRACHSTÖRUNG

§ GESICHTSFELDDEFEKTE

§ EPILEPSIE     ca. 7-15%

§ KOGNITION :je jünger, umso größer

§ NEUROPSYCHOLOGIE: Soziale Probleme, Aufmerksamkeitsstörung,  
Schulschwierigkeiten

§ PSYCHE: Depression, Angst, Fatigue

PEDIATRIC STROKE UNIT
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KLINIKUM DER UNIVERSITÄT MÜNCHEN®

ACUTE BRAIN ATTACK – UND WAS NUN?

Eltern, Lehrer…

Rettungsdienst

Schockraum

• 112

• Vitalparameter & GCS
• Kurzstatus (BE FAST!)
• Kurzanamnese
• Kinder-Notaufnahme

(mit Akut-Bildgebung)

• Vitalparameter & GCS
• BE FAST!
• Pädiatrischer Status
• Neurologischer Status
• Anamnese Ko
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NOTFALLMANAGEMENT IM PEDIATRIC STROKE TEAM
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ALLGEMEINE THERAPIEMASSNAHMEN

Ø Behandlung der zugrundeliegenden 
Ursache

Ø Normothermie, 
Normooxygenierung, Normotension, 
Normoglykämie

Ø Euvolämie

Ø Hb >10g/dl

Ø SO2 >94-98%
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SOFORTIGE DIAGNOSTIK UND THERAPIE
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CHILDHOOD BRAIN ATTACK - NEUROIMAGING

MRT CT
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DIAGNOSTIK

§ cMRT + MR Angio als Goldstandard

§ ggf. cCT und CT Angio

§ Herzecho, EEG, cranieller Doppler

§ Thrombophiliediagnostik, Vaskulitisdiagnostik, Ausschluss 
infektiologischer, metabolischer Ursachen usw.
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AKUTTHERAPIE

Thrombektomie

UFH

NMH
ASS

Wait and see

rtPA/
Achtung!

• Keine Evidenz
• Off-label
• Individuelle 

Therapie-
entscheidung
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LEITLINIEN

e51

Purpose—Much has transpired since the last scientific statement on pediatric stroke was published 10 years ago. 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. This scientific statement represents a synthesis of data and a consensus of the leading experts in childhood 
cardiovascular disease and stroke.

Methods—Members of the writing group were appointed by the American Heart Association Stroke Council’s Scientific 
Statement Oversight Committee and the American Heart Association’s Manuscript Oversight Committee and were 
chosen to reflect the expertise of the subject matter. The writers used systematic literature reviews, references to published 
clinical and epidemiology studies, morbidity and mortality reports, clinical and public health guidelines, authoritative 
statements, personal files, and expert opinion to summarize existing evidence and to indicate gaps in current knowledge. 
This scientific statement is based on expert consensus considerations for clinical practice.

Results—Annualized pediatric stroke incidence rates, including both neonatal and later childhood stroke and both ischemic 
and hemorrhagic stroke, range from 3 to 25 per 100 000 children in developed countries. Newborns have the highest risk 
ratio: 1 in 4000 live births. Stroke is a clinical syndrome. Delays in diagnosis are common in both perinatal and childhood 
stroke but for different reasons. To develop new strategies for prevention and treatment, disease processes and risk factors 
that lead to pediatric stroke are discussed here to aid the clinician in rapid diagnosis and treatment. The many important 
differences that affect the pathophysiology and treatment of childhood stroke are discussed in each section.

Conclusions—Here we provide updates on perinatal and childhood stroke with a focus on the subtypes, including arterial 
ischemic, venous thrombotic, and hemorrhagic stroke, and updates in regard to areas of childhood stroke that have not 
received close attention such as sickle cell disease. Each section is highlighted with  considerations for clinical practice, 
attendant controversies, and knowledge gaps. This statement provides the practicing provider with much-needed updated 
information in this field.   (Stroke. 2019;50:e51–e96. DOI: 10.1161/STR.0000000000000183.)

Key Words: AHA Scientific Statements ◼ cerebrovascular accident ◼ genetics ◼ infarction  
◼ perinatal care ◼ thrombosis

The American Heart Association makes every effort to avoid any actual or potential conflicts of interest that may arise as a result of an outside relationship 
or a personal, professional, or business interest of a member of the writing panel. Specifically, all members of the writing group are required to complete 
and submit a Disclosure Questionnaire showing all such relationships that might be perceived as real or potential conflicts of interest.

This statement was approved by the American Heart Association Science Advisory and Coordinating Committee on October 15, 2018, and the American 
Heart Association Executive Committee on November 27, 2018. A copy of the document is available at https://professional.heart.org/statements by using 
either “Search for Guidelines & Statements” or the “Browse by Topic” area. To purchase additional reprints, call 843-216-2533 or email kelle.ramsay@
wolterskluwer.com.

The American Heart Association requests that this document be cited as follows: Ferriero DM, Fullerton HJ, Bernard TJ, Billinghurst L, Daniels SR, 
DeBaun MR, deVeber G, Ichord RN, Jordan LC, Massicotte P, Meldau J, Roach ES, Smith ER; on behalf of the American Heart Association Stroke 
Council and Council on Cardiovascular and Stroke Nursing. Management of stroke in neonates and children: a scientific statement from the American Heart 
Association/American Stroke Association. Stroke. 2019;50:e51–e96. doi: 10.1161/STR.0000000000000183.

The expert peer review of AHA-commissioned documents (eg, scientific statements, clinical practice guidelines, systematic reviews) is conducted by the 
AHA Office of Science Operations. For more on AHA statements and guidelines development, visit https://professional.heart.org/statements. Select the 
“Guidelines & Statements” drop-down menu, then click “Publication Development.”

Permissions: Multiple copies, modification, alteration, enhancement, and/or distribution of this document are not permitted without the express permission 
of the American Heart Association. Instructions for obtaining permission are located at https://www.heart.org/permissions. A link to the “Copyright 
Permissions Request Form” appears in the second paragraph (https://www.heart.org/en/about-us/statements-and-policies/copyright-request-form).

Management of Stroke in Neonates and Children
A Scientific Statement From the American Heart Association/American 

Stroke Association
The American Academy of Neurology affirms the value of this statement as an educational tool for neurologists.

Donna M. Ferriero, MD, MS, FAHA, Co-Chair; Heather J. Fullerton, MD, MAS, Co-Chair;  
Timothy J. Bernard, MD, MSCS; Lori Billinghurst, MD, MSc, FRCPC; Stephen R. Daniels, MD, PhD; 

Michael R. DeBaun, MD, MPH; Gabrielle deVeber, MD; Rebecca N. Ichord, MD;  
Lori C. Jordan, MD, PhD, FAHA; Patricia Massicotte, MSc, MD, MHSc; Jennifer Meldau, MSN;  
E. Steve Roach, MD, FAHA; Edward R. Smith, MD; on behalf of the American Heart Association 

Stroke Council and Council on Cardiovascular and Stroke Nursing
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ANTITHROMBOTIC THERAPY AND PREVENTION OF THROMBOSIS, 9TH ED: ACCP GUIDELINES

  Background:    Neonates and children differ from adults in physiology, pharmacologic responses to 
drugs, epidemiology, and long-term consequences of thrombosis. This guideline addresses opti-
mal strategies for the management of thrombosis in neonates and children. 
  Methods:    The methods of this guideline follow those described in the Methodology for the Devel-
opment of Antithrombotic Therapy and Prevention of Thrombosis Guidelines: Antithrombotic 
Therapy and Prevention of Thrombosis, 9th ed: American College of Chest Physicians Evidence-
Based Clinical Practice Guidelines. 
  Results:    We suggest that where possible, pediatric hematologists with experience in thromboem-
bolism manage pediatric patients with thromboembolism (Grade 2C). When this is not possible, 
we suggest a combination of a neonatologist/pediatrician and adult hematologist supported by 
consultation with an experienced pediatric hematologist (Grade 2C). We suggest that therapeutic 
unfractionated heparin in children is titrated to achieve a target anti-Xa range of 0.35 to 0.7 units/mL 
or an activated partial thromboplastin time range that correlates to this anti-Xa range or to a 
protamine titration range of 0.2 to 0.4 units/mL (Grade 2C). For neonates and children receiving 
either daily or bid therapeutic low-molecular-weight heparin, we suggest that the drug be moni-
tored to a target range of 0.5 to 1.0 units/mL in a sample taken 4 to 6 h after subcutaneous injec-
tion or, alternatively, 0.5 to 0.8 units/mL in a sample taken 2 to 6 h after subcutaneous injection 
(Grade 2C). 
  Conclusions:    The evidence supporting most recommendations for antithrombotic therapy in 
neonates and children remains weak. Studies addressing appropriate drug target ranges and 
monitoring requirements are urgently required in addition to site- and clinical situation-specifi c 
thrombosis management strategies.    CHEST 2012; 141(2)(Suppl):e737S–e801S  

  Abbreviations:  ACCP  5  American College of Chest Physicians; AIS  5  arterial ischemic stroke; ALL  5  acute lymphoblastic 
leukemia; APLA  5  antiphospholipid antibody; aPTT  5  activated partial thromboplastin time; ASA  5  acetylsalicyclic 
acid; BCPS  5  bilateral cavopulmonary shunt; CC  5  cardiac catheterization; CSVT  5  cerebral sinovenous thrombosis; 
CVAD  5  central venous access device; FFP  5  fresh frozen plasma; HIT  5  heparin-induced thrombocytopenia; 
ICH  5  intracerebral hemorrhage; INR  5  international normalized ratio; IVC  5  inferior vena cava; IVH  5  intraventricular 
hemorrhage; LMWH  5  low-molecular-weight heparin; MBTS  5  modifi ed Blalock-Taussig shunt; NEC  5  necrotizing 
enterocolitis; PE  5  pulmonary embolism; PFA  5  platelet function analyzer; PFO  5  patent foramen ovale; PICU  5  pediatric 
ICU; PTS  5  postthrombotic syndrome; RCT  5  randomized control trial; RR  5  risk ratio; rUK  5  recombinant uroki-
nase; RVT  5  renal vein thrombosis; TCD  5  transcranial Doppler; TE  5  thromboembolism; TIA  5  transient ischemic 
attack; tPA  5  tissue plasminogen activator; TPN  5  total parenteral nutrition; UAC  5  umbilical arterial catheter; 
UFH  5  unfractionated heparin; UVC  5  umbilical venous catheter; VAD 5  ventricular assist device; VKA  5  vitamin 
K antagonist 

 Antithrombotic Therapy in Neonates 
and Children 
 Antithrombotic Therapy and Prevention of Thrombosis, 
9th ed: American College of Chest Physicians 
Evidence-Based Clinical Practice Guidelines 

  Paul   Monagle ,  MBBS ,  MD ,  FCCP ;  Anthony K. C.   Chan ,  MBBS ; 
 Neil A.   Goldenberg ,  MD ,  PhD ;  Rebecca N.   Ichord ,  MD ; 
 Janna M.   Journeycake ,  MD ,  MSCS ;  Ulrike   Nowak-Göttl ,  MD ; and  Sara K.   Vesely ,  PhD  
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HYPERAKUTE THERAPIEVERFAHREN

ANTIKOAGULATION

AGGREGATIONSHEMMUNG

URSACHEN-ADAPTIERTE THERAPIE
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Sickkids CNS Vasculitis Protocol
Nonprogressive large vessel CNS Vasculitis
NPcPACNS for 3 months

Prednisone  pulses 

Start date / /

p
(30mg/kg/day, max 
1g) X ___ days (3‐7)

then oral 2 mg/kg
max 60 mg/day

Start date __/__/__
Dose _________

Start date __/__/__
Dose _________

Start date __/__/__
Dose _________

monthly taper 
(60‐50‐40)

after confirmatory 
imaging at 3 months
no progressionno progression
Rapid taper down 
weekly
30mg‐25‐20‐15‐10‐5‐
stop

□ Calcium 
1000 mg/day

□ Vitamin D 
1000 units/dayy

Version Oct 2012
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Ø weitere Therapieoptionen: IVIG, Cyclophosphamid, Immunsuppression usw.
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e752S Antithrombotic Therapy in Neonates and Children

range for all indications described in this article is 
extrapolated from the therapeutic range for the treat-
ment of VTE in adults. This equates to an activated 
partial thromboplastin time (aPTT) that refl ects a hep-
arin level by protamine titration of 0.2 to 0.4 units/mL 
or an anti-Xa level of 0.35 to 0.7 units/mL.  38     The 
aPTT therapeutic ranges are universally determined 
using adult plasma. 

 Extrapolating the aPTT range from adults to pedi-
atric patients is unlikely to be valid. For example, 
baseline aPTTs in pediatric patients, especially neonates, 
often are increased compared with adults. Therefore, 
the therapeutic ranges represent a reduced relative 
increment in aPTT values.  4,26   Schmidt et al  39   reported 
that routine assays underestimate UFH concentration, 
especially in neonates. Recent in vitro and in vivo 
data also indicate that the aPTT range that corre-
lates to an anti-Xa level of 0.35 to 0.7 units/mL var-
ies signifi cantly with age and heparin dose.  5,27,35-37,40   
Further, protamine titration results vary with age,  5   
and different commercial anti-Xa kits can give sub-
stantially different results for anti-Xa   measurements 
on the same samples probably because of subtle dif-
ferences in kit formulation. This effect is seen in 
both adults and children.  35,41,42   

 These differences are increased in infants in whom 
endogenous antithrombin levels are reduced.  43   Thus, 
the scientifi c rationale for using a therapeutic range 
for UFH in children is increasingly questioned. A 
comparative clinical outcome trial comparing moni-
tored therapy (with a target therapeutic range) to 
weight-adjusted fi xed-dose therapy (unmonitored) 
is desperately required. However, in the interim, rec-
ommendations must be based on the only published 
data available, despite their limitations. 

 1.1.3 Doses:   One prospective cohort study used a 
weight-based nomogram to address dosing of UFH 
in pediatric patients required to achieve adult thera-
peutic aPTT values.  44   Bolus doses of 75 to 100 units/kg 
resulted in therapeutic aPTT values in 90% of children 

predosed syringes are based on adult weights). Eighth, 
dietary differences make the use of oral VKAs partic-
ularly diffi cult, which is especially true in neonates 
because breast milk and infant formulas have very 
different vitamin K levels. Finally, compliance issues 
are vastly different, for example, in small infants 
who cannot understand the need for therapy, ado-
lescents who intellectually comprehend but emo-
tionally are unable to cooperate, and children who 
experience the effects of inadequate parenting. The 
social, ethical, and legal implications of these issues fre-
quently interfere with the ability to provide the best 
treatment for individual neonates and children. 

  Recommendation 

  1.0. We suggest that where possible, pediatric 
hematologists with experience in TE manage 
pediatric patients with TE (Grade 2C). When this 
is not possible, we suggest a combination of a 
neonatologist/pediatrician and adult hematolo-
gist supported by consultation with an experi-
enced pediatric hematologist  (Grade 2C) .   

 1.1 Heparin in Neonates and Children 

 Unfractionated (or standard) heparin (UFH) is 
commonly used in pediatric patients. In tertiary pedi-
atric hospitals,  ! 15% of inpatients are exposed to 
UFH each day.  30   

 1.1.1 Mechanism of Action:   In this supplement, 
Garcia et al  31   describe the mechanism of action of 
UFH.  Table 2   lists the specifi c factors that may alter 
the activities of UFH in children. The clinical impli-
cations of these changes on dosing, monitoring, 
and effectiveness/safety profi le of UFH in children 
remains to be fully elucidated. 

 1.1.2 Therapeutic Range:   No clinical outcome 
studies have determined the therapeutic range for 
UFH in neonates or children. Thus, the therapeutic 

 Table 2 — [Section 1.1.1] Factors in Children That Affect the Action of UFH  

UFH Factor Age-Related Difference Evidence

UFH acts through antithrombin-mediated 
catabolism of thrombin and factor Xa

Reduced levels of antithrombin and 
prothrombin

Strong: multiple studies Andrew et al (1990),  32   
Andrew (1992),  33   Andrew et al (1992),  34   
Monagle et al (2006)  26  

Reduced capacity to generate thrombin Strong: multiple studies Ignjatovic et al (2007),  35   
Andrew et al (1990),  32   Andrew (1994)  12  

Age-related difference in anti-Xa:anti IIa 
activity

Moderate: Newall et al (2010),  5   Newall et al 
(2009),  36   Ignjatovic et al (2006)  37  

UFH is bound to plasma proteins, which 
limits free active UFH

Alterations in plasma binding Moderate: Ignjatovic et al (2010),  29   Newall et al 
(2008),  28   Ignjatovic et al (2006),  27   
Ignjatovic et al (2006)  37  

Endothelial release of TFPI Age-related differences in amount of TFPI 
release for same amount of UFH

Moderate: Ignjatovic et al (2006)  37  

TFPI  5  tissue factor pathway inhibitor. See Table 1 legend for expansion of other abbreviation.
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