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Background
The thrombotic disease of the newborn and the child 
is relatively rare compared to that of an adult. How-
ever, it is most frequently diagnosed today than in 
the past, especially in patients with acute illness also 
for greater awareness of the thrombotic complica-
tions that can occur(1). All forms of thromboembo-
lism (TE) in both venous and arterial or intracardiac 
or atypical sites appear to be increasing for several 
reasons including i) the greater intensity of care and 
disposables put in place to support severe cases; ii) 
the widespread use of devices for vascular access; 
iii) typical risk factors which are more frequent in 
adulthood, today also present in childhood (the ear-
liest use of oral contraceptives, obesity, sedentary 
lifestyle, etc).
The diagnosis of TE in neonatal and pediatric pa-
tients is often particularly difficult because vascular 
diagnostic techniques have been almost exclusively 

validated in adults and diagnostic criteria extrapo-
lated outright to child. Appropriate specific clinical 
trials for the diagnosis of TE in children are needed 
to validate these protocols.
The natural history of the TE in the child is not com-
pletely elucidated yet. This fact has a significant 
practical implication in choosing whether and how 
to treat the thrombotic event. The event type (some-
times asymptomatic), the presentation (idiopathic 
or secondary), the evaluation of the risk factors pre-
disposing to TE recurrence, the risk/benefit ratio of 
antithrombotic therapy, intensity and duration, the 
risk of bleeding related to treatment even if it is gen-
erally perceived as less relevant than in adults.
The use of antithrombotic drugs in pediatric pa-
tients is different than in adults for many reasons, 
including the epidemiology of the TE, the fact that 
the hemostatic system in the child varies with age, 
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the pharmacokinetics and pharmacodynamics of an-
ticoagulants that also depends on age, the difficul-
ty of the route of administration that can condition 
the choice of the drug, the absence of specific for-
mulations for the pediatric age of most antithrom-
botic drugs, the diet that can strongly influence the 
absorption of drugs especially in the newborn, the 
compliance to therapy that may be suboptimal for 
several reasons related to the lack of understanding 
of the need for the therapy or emotional aspects in 
children.

Epidemiology of thromboembolism in children
There are many epidemiological studies on the in-
cidence of TE in children. Some national and in-
ternational registries have collected data on venous 
TE (VTE) and other thrombotic events in newborns 
and children. Some population studies in the Neth-
erlands and Canada have estimated an annual inci-
dence of VTE in the pediatric age below 18 years 
amounting to 0.7-1.4 per 100,000(2-6). In contrast to 
this finding, in US children’s hospitals for tertiary 
care, the incidence of VTE was 34 per 10,000 ad-
missions in 2001 to 58 per 10,000 hospitalizations 
in 2007, which suggests an increase in the incidence 
of venous thromboembolism in the last years(1). 
The distribution of VTE in children by age shows a 
higher proportion of events in those aged less than 
1 year, while there is a second peak of incidence 
during adolescence. There are few epidemiological 
data on pulmonary embolism in children. Retro-
spective autopsy studies report an incidence of PE 
equal to 0.05-4%(7).
The incidence of arterial thrombosis in children is 
reported only in a few studies. These are often iatro-
genic thrombosis related to vascular access, in vas-
culitis (such as Kawasaki disease) or in connection 
with solid organ transplants. In a study conducted 
between 1999 and 2002, the incidence of arteri-
al thrombosis was equal to 8.5 per 10,000 admis-
sions to pediatric hospitals for tertiary care(8), which 
would make the arterial thrombosis rate comparable 
to that of the venous district.
The intracardiac thrombosis is more easily diag-
nosed in children who have central venous access 
with the tip of catheter reaching the right atrium. 
Other causes of intracardiac thrombosis may be car-
diac surgery in patients with congenital heart dis-
ease(9-12).

Risk factor for thromboembolism
There are some basic concepts that differentiate the 
child from the adult as regards the risk factors. First, 
the idiopathic thrombosis is relatively rare in chil-
dren and occurs in less than 10% of pediatric cas-
es of thrombosis(13). Children tend to have at least 
one but generally more risk factors for concomitant 
thrombosis. Central venous catheters are the single 
most frequent risk factor being associated with about 
90% of neonatal thrombosis and to 60% of pediat-
ric thrombosis(2). Generally, the catheters are present 
in premature and in children with acute or chronic 
diseases, they are used for parenteral nutrition, or 
the administration of chemotherapeutic drugs and 
other therapies. There are many other acquired risk 
factors that may be associated with pediatric throm-
bosis including infections, malignancies, immobili-
ty, dehydration, obesity, oral contraceptive therapy, 
nephrotic syndrome, treatment with L-asparagi-
nase, antiphospholipid antibody syndrome. Finally, 
there are anatomical abnormalities such as atresia 
of the inferior vena cava which can cause venous 
thrombosis in the limbs or lower output from tho-
racic outlet syndrome (Paget-Schroetter syndrome) 
that may be associated with subclavian-axillary axis 
venous thrombosis(14). Finally, compression by the 
right iliac artery on the left iliac vein can account for 
episodes of left ileo-femoral thrombosis apparently 
spontaneous(15).

The inherited thrombophilia
The main hereditary thrombophilia conditions are 
reported in Table 1. In recent years, however, the 
usefulness of the screening for hereditary throm-
bophilia study both in adults and children has been 
questioned(16,17). Most of the available data deal with 
thrombophilia associated with the presence of the 
factor V Leiden and the prothrombin G20210A vari-
ant (mostly the heterozygosity). Other hereditary 
conditions studied are the physiological coagulation 
inhibitors such as antithrombin, protein C and pro-
tein S. The attention has been paid to the high lev-
els of factor VIII, lipoprotein (a) and homocysteine 
that were associated with an increased thrombotic 
risk, however, taking into account the fact that these 
changes are not necessarily attributable to specific 
genetic mutations.
The prevalence of hereditary thrombophilia in chil-
dren with TE strongly depends on the selection of 
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case studies and the criteria used for the definition of 
thrombophilia(18). A meta-analysis has documented a 
significant association between all the major caus-
es of hereditary thrombophilia and the first episode 
of venous thromboembolism in children (especially 
of more than one year old)(19). Another meta-analy-
sis showed an association between pediatric stroke 

due to acute arterial ischemia or thrombosis of the 
cerebral venous sinuses and some of the common 
hereditary thrombophilia(20). Inherited thrombophil-
ia is more present in adolescents with spontaneous 
thrombosis or caused by contraception or trauma and 
surgery, while in children where thrombosis is cathe-
ter related the role of thrombophilia is doubtful(21-23).

Table 1. Main causes of inherited thrombophilia in children
1. Defects or functional antithrombin
2. Defects or functional protein C
3. Defects or functional protein S
4. Factor V Leiden (heterozygous or homozygous or pseudo-homozygous)
5. Prothrombin variant G20210A (heterozygous or homozygous)
6. Mild hyperhomocysteinemia
7. Dysfibrinogenemias
8. Increase of lipoprotein (a)
9. Increased levels of factor VIII and IX

10. Hyperfunctioning factor IX (Factor IX Padua)
11. Mutations of (pro) thrombin resistant to inactivation by antithrombin (prothrombin Yukuhashi,

prothrombin Padua 2, prothrombin Belgrade)

The information resulting from the thrombophilia 
screening today is considered of little use to handle 
the event of thrombosis and for decisions on the du-
ration/intensity of anticoagulation or thrombopro-
phylaxis of risk situations. Although some defects 
are associated with an increased incidence of throm-
botic events, the current guidelines on the treatment 
of TE does not take into account the presence or ab-
sence of thrombophilia. This attitude, however, has 
limitations: 1) most information on the risk related 
to thrombophilia is derived from data that mainly 
concern the two most common genetic polymor-
phisms (factor V Leiden and the prothrombin variant 
G20210A) or even the mild hyperhomocysteinemia. 
These conditions present with low thrombotic risk 
even though they are frequent in the general popula-
tion. In addition, only a few studies have evaluated 
the real role of thrombophilia in the risk of TE re-
currence; 2) new causes of inherited thrombophilia 
have been identified that were unknown in the past 
and can cause thrombosis in children(24-26); 3) lack 
of prospective studies on the real risk of thrombosis 
in healthy children or those with diseases who are 
major carriers of hereditary thrombophilia.
Thrombophilia screening is undoubtedly justified in 
infants presenting with purpura fulminans and that 
may have a homozygous defect of protein C or pro-
tein S. The incidence of such defects is extremely 

low, for homozygous defects in protein C being be-
tween 1: 250000 and 1: 500000(27). The concentrated 
protein C has proven extremely useful in the treat-
ment of this serious clinical manifestation.
The need for coagulation screening in asymptom-
atic children belonging to thrombophilic families 
where a hereditary defect has been identified is still 
a matter of debate. The absolute risk of a thrombot-
ic event spontaneous or in the presence of predis-
posing conditions for healthy children belonging to 
thrombophilic families is extremely low(28). There-
fore this information can have little impact on the 
decision for the clinical management of children. 
Since the risk increases with age, the presence of 
thrombophilia (especially the more severe thrombo-
philic conditions) can affect the decisions on the use 
of oral contraceptives during adolescence or drive 
a possible thromboprophylaxis during casts or sur-
gery or immobilization. Doctors should be careful 
to manage properly the information coming from 
coagulation screening and the possible identifica-
tion of a hereditary thrombophilia defect.The child 
or adolescent and his family should be informed of 
the exact meaning of this result avoiding to cause 
excessive anxiety as well as to transmit false reas-
surances.

Clinical manifestations
The signs or symptoms of venous or arterial throm-
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bosis depend on the location where the event occurs.
Deep vein thrombosis of the upper limbs. It is rel-
atively common and affects the subclavian vein, 
brachiocephalic, internal jugular and superior vena 
cava. It is usually associated with the presence of 
central venous catheter. The signs or symptoms are 
represented not only by the frequent loss of patency 
of the catheter with swelling, pain, limb skin discol-
oration, swelling of the face and neck (mantle ede-
ma) when superior vena cava is involved. It may be 
complicated by pulmonary embolism with the clas-
sic respiratory symptoms, chest pain, cardiac mani-
festations up to shock.
Deep venous thrombosis of the lower limbs. It may 
occur in the popliteal vein, superficial femoral, com-
mon femoral, external iliac and inferior vena cava. 
These districts are less affected than in adults espe-
cially in childhood. Symptoms are characterized by 
swelling, pain, tenderness, skin discoloration, ther-
mal alterations. In case of caval thrombosis and/or 
bilateral thrombosis there may be the concomitant 
involvement of both lower limbs or it can take place 
the inferior vena cava syndrome. It may be associ-
ated with symptomatic or asymptomatic pulmonary 
embolism.
Pulmonary embolism. Pulmonary embolism occurs 
mainly in children with critical and central venous 
catheters and diseases among adolescents with he-
reditary thrombophilia. It is often missed in young-
er children who are not able to accurately describe 
the symptoms and wherein the underlying disease 
(eg, cardiac) can mask the respiratory deterioration 
linked to the embolism. Dyspnea, chest pain and hy-
poxemia are the signs and symptoms most frequent-
ly encountered in the course of pulmonary embo-
lism in children.
Thrombosis of renal veins. It is the most common 
cause of thrombosis especially in male infants(29). 
Symptoms are characterized by hematuria, palpable 
mass and frequently thrombocytopenia. Among the 
risk factors, dehydration, maternal diabetes, perina-
tal asphyxia and prematurity can be present. Almost 
in 30% of cases, thrombosis is bilaterally and in 
about half of the cases the thrombus may extend to 
the inferior vena cava(29).
Thrombosis of the cerebral venous sinuses. Throm-
bosis of the cerebral venous sinuses are rare in chil-
dren, but are now being diagnosed more frequently, 
and it is estimated that their incidence can be around 

the 0.67 per 100,000 children, with a preference for 
infants and young children(30). An unfavorable evo-
lution of the disease or even death is found, respec-
tively, in 38% of infants and in 4% of children; more 
than 5% develop recurrences. In infants the most 
common predisposing conditions are dehydration 
and septic events; in older children are coagulation 
disorders, heart disease, connective tissue disease, 
infections of the head and neck, otomastoiditis. MRI 
is the method of choice for the diagnosis of cerebral 
venous sinus thrombosis(31,32). The ultrasound Dop-
pler investigation is another diagnostic method that 
can be used when magnetic resonance imaging is not 
available. MRI can be used also for the monitoring 
of the disease itself, having the ability to highlight 
bleeding complications or thrombus extensions(33).
Arterial thromboembolism. Arterial catheters are 
the leading cause of arterial thromboembolism in 
children, either catheters involving peripheral arteri-
al access or umbilicals, or cardiac catheters. Arterial 
thrombosis unrelated to the catheter are rare in chil-
dren. The etiology of these events can be familiar 
hyperlipidemia, hyperhomocysteinemia, Takayasu 
arteritis, Kawasaki disease, arterial structural con-
genital abnormalities and complications from a con-
genital heart disease.
Ischemic stroke. The ischemic stroke is rare in chil-
dren with an incidence estimated that fluctuates 
from 12 per 100,000 per year in neonatal age to 0.5-
6 per 100,000 in children older than 1 year(34-36). The 
most common predisposing conditions to cerebral 
ischemic events in children are congenital heart de-
fects (atrial septal defects, patent foramen ovale), 
perinatal asphyxia, infections, arterial abnormali-
ties, dissections. Other risk factors described in the 
literature may be homozygousity for sickle cell dis-
ease, the moya-moya disease, dehydration and iron 
deficiency anemia. The diagnosis of neonatal cere-
bral ischemia, because of the non-specificity of its 
clinical presentation can escape in the acute phase 
and can be done later when the young patient begins 
to show neurological disorders (presumed perinatal 
ischemic stroke). For the diagnosis of this disease in 
the acute phase the computed tomography or mag-
netic resonance imaging are indicated. Angiography 
via resonance imaging or traditional angiography 
should be considered for the display of small and 
medium brain arteries in the case that one cannot 
rule out a dissection, or in the case of unexplained 
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recurrent ischemic events(37-39). About 35% of chil-
dren who developed ischemic stroke remain normal 
from a neurological point of view, and 42% present 
with cerebral ischemic event outcome, neurolog-
ical defects from medium-to-severe(40). Newborns 
have the highest percentage of total recovery after 
an ischemic event, presenting a normal neurological 
picture at a distance from the event about 50% of 
those affected by the disease. The risk of recurrent 
cerebral ischemic events was assessed to be around 
20%, with a mortality rate that is calculated around 
6-14%(35,41-43).

The Italian Registry of Thrombosis in Children
Since 2008 it was established the Registro Italia-
no delle Trombosi Infantili (RITI) (Italian Registry 
of Thrombosis in Children) thanks to a network of 
physicians involved in the treatment of thrombosis 
in children. The aim of the Registry is to enroll the 
largest number of cases of systemic and cerebral 
thrombosis in infant and child and gather data on 
risk factors, treatment, outcomes in the short and 
long term. The Registry site is www.trombosinfan-
tili.it. Some reports on the RITES data are already 
available in the literature(44-45). Figure 1 shows the 
RITI‘s Logo.

The first available report by Suppiej et al, deals with 
paediatric cerebral thrombotic events occurred in 
Italy between January 2007 and June 2012(44). Sim-
ilarly to data from other national and international 
registries, a prevalence of male gender both in AIS 
and CSVT was observed as well as a slightly high-
er mean age at diagnosis in the CSVT as compared 
to the AIS events. Clinical presentation was also in 
agreement with the literature and the anterior cir-

culation was most frequently involved in the AIS 
events, followed by the posterior, and both ante-
rior and posterior circulation. Isolated infarctions 
prevailed over multiple infarctions and differences 
between the side of hemispheric involvement were 
not found. In CSVT, the thrombotic process mostly 
involved the superficial venous system. Brain MRI 
and MRA were the neuroimaging studies most fre-
quently performed at presentation both in the AIS 
and in the CSVT events, but other tools such as 
conventional catheter angiography were used in a 
lower proportion of cases. As regards etiologies, it 
was unknown in nearly a fourth of AIS events. This 
proportion is highly variable in the literature, rang-
ing from lower percentages in the IPSS international 
registry and in the Swiss registry to nearly half of 
cases in the Argentinean registry. In CSVT, the pro-
portion of events with unknown etiology was lower 
than that of AIS in the RITI. In the RITI, the AIS 
cases with known etiology were mostly due to un-
derlying chronic diseases, vasculitis, cardiac disease 
and infections. In the RITI, in paediatric CSVT cas-
es the most frequent risk factors were chronic dis-
orders (especially tumors) and infections, similarly 
to the Canadian and the Argentinean registries. The 
major difference between the RITI and other regis-
tries was the considerably delayed time to diagnosis 
in our population, especially for CSVT. Diagnostic 
delay is a worldwide acknowledged problem in the 
paediatric population compared to adults. However, 
in Italy diagnostic delay appears greater compared 
to other countries. Indeed, diagnosis of paediatric 
stroke is more difficult than that of adult stroke, 
considering its relative rarity, the high frequency of 
stroke mimics and the difficulty recognizing symp-
toms in young children; all these factors possibly 
contribute to a delayed diagnosis. At this respect, 
in our Registry the thrombotic event was an inci-
dental finding in 2.94 % of the AIS events and in 
14.08 % of the CSVT events. The main goal of the 
Registry was to improve management of thrombo-
sis in children, to highlight its clinical features and 
most adequate diagnostic investigations, in order to 
possibly improve time to diagnosis in the future and 
make early interventions more effective. Late stroke 
diagnosis delays timely treatment and represents a 
major obstacle to thrombolysis. In AIS, reperfusion 
therapy with alteplase is a recommended interven-
tion in adults within 3 h of symptoms onset, and its 
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effectiveness also between 3 and 4.5 h of symptoms 
onset was established by the ECASS 3 trial. There 
seems to be a fair agreement between the mode of 
treatment in Italy and in other countries, and a good 
adherence with international recommendations, 
even though treatment was administered in a slight-
ly higher proportion of AIS and CSVT events in the 
RITI as compared to other registries. As regards 
outcome measures adopted in the Italian Registry, 
relapse of stroke occurred in 5.36 % AIS before 
discharge while in none at 12-month follow-up. In 
CSVT events, a relapse occurred in 2.78 % with-
in six months from the acute event, and in 7.41 % 
within 12 months. In the multicenter study by Kenet 
et al. on paediatric CSVT patients from three Euro-
pean registries, the overall yearly rate of a second 
CSVT event was 22.2 per 1,000 person-years. As 
regards long-term outcome, comparison with the 
literature is weakened by the different timing and 
modalities of evaluation adopted. Furthermore there 
is a considerable loss of data on follow-up.
The second report by Saracco et al. deals with clini-
cal characteristics of neonatal non-cerebral system-
ic thromboembolism from RITI(45), with most cases 
being enrolled from NICU centers. Neonatal throm-
boembolism affects both male and female infants, 
with a male predominance, mostly referred for re-
nal thrombosis and also for spontaneous aortic arch 
thrombosis. In the RITI, male predominance (65%) 
was confirmed, particularly significant for renal vein 
thrombosis (100%) and for AT diagnosed at birth 
(90%). However, evaluation analysis of risk condi-
tions (Apgarscore, GA, small for GA, intrauterine 
growth restriction, emergency cesarean delivery, 
maternal pathology, and thrombophilia) found no 
difference in males compared with females. Sys-
temic thrombosis occurred in almost 70% of cas-
es in premature babies. Notably, in 25% the event 
was clinically diagnosed on the first day of life, and 
maternal/placental disease as well as fetal inherited 
thrombophilia were contributing associated factors. 
In our population, concomitant prothrombotic/in-
flammatory conditions were present at time of di-
agnosis, as infections and CVL. Much work over 
the past has focused on the bidirectional activations 
of inflammation and thrombosis, as fibrin sheaths 
formed around catheter tips may serve as a nidus for 
bacterial adherence/growth, and inflammation gen-
erated by systemic infection may activate thrombin 

formation on indwelling catheters. Indeed, vascular 
catheters constitute one of the most significant ac-
quired risks for development of thromboembolism 
in neonates (20%-65%). Increased length of cath-
eter stay, infusion of TPN and blood products, and 
misplaced umbilical vein catheters were identified 
as significant risk factors, without relevant role of 
inherited thrombophilia. Current recommendations 
state that prophylactic heparin may decrease CVL 
occlusion, although not consistently preventing 
thrombosis. Infections and TPN infusion were con-
firmed as concomitant conditions in CVL-related 
thromboembolism. However, only a minority of 
centers referred routine use of prophylactic hepa-
rin in CVL. Regarding another acquired risk factor, 
such as the presence of APLA, it has been rarely re-
ported in neonates; the majority of studies describe 
transplacental passage of maternal antibodies, with 
stroke being the prevalent event and clinical mani-
festations being associated with pre/perinatal events. 
Also, the few reports of de novo neonatal APLA all 
had an additional prothrombotic risk factor, either 
inherited or acquired. Age-related deficiency of an-
ticoagulants, overproduction of procoagulants and 
deficiency/dysfunction of fibrinolysis may lead 
to the transient prothrombotic phenotype in neo-
nates, representing a concomitant risk factor for 
thromboembolism. A significantly lower plasmatic 
activity of PC and PS was found among screened 
patients with arterial events, probably related both 
to their lower GA and to earlier birth age at time 
of event. As for the role of inherited thrombophil-
ia, a positive family history for thromboembolism 
was extensively reported among neonates with “ear-
ly onset” event, including paternal thrombophilia. 
Thrombophilia screening performed in the present 
cohort was found positive mainly among cases with 
“early onset” thromboembolism. Recommendation 
for routine testing for inherited thrombophilia in all 
neonates with thrombosis is still controversial. The 
recruitment of thrombotic events in RITI is on a vol-
untary basis; thus, it is not possible to extrapolate 
data on the incidence or prevalence of thrombosis 
in the Italian pediatric population. This modality 
also explains the yet incomplete coverage of the en-
tire Italian territory. However, in the present study, 
a significant number of cases were recruited by the 
2 centers that provided additional information on 
number of live births and on number of admissions 
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