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Objective To evaluate clinical data and associated risk conditions of noncerebral systemic venous thromboem-
bolism (VT), arterial thromboembolism (AT), and intracardiac thromboembolism (ICT) in neonates.
Study design Data analysis of first systemic thromboembolism occurring in 75 live neonates (0-28 days), enrolled
in the Italian Registry of Pediatric Thrombosis from neonatology centers between January 2007 and July 2013.
Results Among 75 events, 41 (55%) were VT, 22 (29%) AT, and 12 (16%) ICT; males represented 65%, and 71%
were preterm. In 19 (25%), thromboembolism was diagnosed on the first day of life. In this “early onset” group,
prenatal-associated risk conditions (maternal/placental disease) were reported in 70% and inherited thrombophilia
in 33%. Postnatal risk factors were present in 73%; infections and central vascular catheters in 56% and 54% VT,
respectively, and in 67% ICT vs 27% AT (<.05). Overall mortality rate was 15% and significant thromboembolism-
related sequelae were reported in 16% of discharged patients.
Conclusions This report from the Registro Italiano Trombosi Infantili, although limited by representing an uncon-
trolled case series, can be used to develop future clinical trials on appropriate management and prevention of
neonatal thrombosis, focusing on obstetrical surveillance and monitoring of critically ill neonates with vascular
access. A thrombosis risk prediction rule specific for the neonatal population should be developed through
prospective controlled studies. (J Pediatr 2016;171:60-6).

T
hromboembolism in hospitalized newborns and children is a rapidly increasing condition1-5 associated with high
morbidity. Neonatal data from infants with thromboembolism are critically needed in order for clinicians to develop
appropriate management guidelines as well as prevention strategies. National and international registries6-8 were imple-

mented in various countries, targeting epidemiology and risk factors and developing clinical trials for improving outcomes of
thromboembolism. In Italy, no published data on epidemiology of pediatric thromboembolisms were available. In 2008, a
multicenter research network of Italian investigators, supported by the main national Pediatric Scientific Associations, devel-
oped through a secure web database a national prospective registry of pediatric thromboembolism called the Italian Registry of
Pediatric Thrombosis (Registro Italiano Trombosi Infantili [RITI]). Primary aims were to enroll most cases of thromboembo-
lism and to collect data on risk factors, treatments, and acute/long-term patient outcome, including perceived quality of life and
information on social cost of pediatric thromboembolism. The data entered onto the registry were stratified by age and site of
thromboembolism and divided into 4 categories of thromboembolism: systemic, arterial, venous, and cerebral thromboembo-
lism because of arterial ischemic stroke, or sinovenous thrombosis. RITI was launched inMarch 2010, and a total of 700 throm-
boembolism events were entered through December 2014. The present report
shows first data analysis of noncerebral systemic venous (VT) and arterial throm-
boembolism (AT) in newborns, focusing on clinical characteristics, site distribu-
tion, and associated conditions. Further data analysis focusing on treatment
management, its safety and efficacy, and long-term outcome will be part of a
separate report. Data analysis on neonatal cerebral sinovenous thrombosis and
perinatal arterial ischemic stroke is still ongoing.
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APLA Antiphospholipid antibodies

AT Arterial thromboembolism

CVL Central vascular line

GA Gestational age

ICT Intracardiac thromboembolism

NICU Neonatal intensive care unit

PC Protein C

PS Protein S

RITI Registro Italiano Trombosi Infantili

TPN Total parenteral nutrition

VT Venous thromboembolism
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Methods

The recruitment is event-based. Data entered include identi-
fication of the investigator, documentation of informed con-
sent, and anonymized patient data. The Registry is structured
as amultiple choice questionnaire but also allows free text en-
tries for further information; a centralized quality control
procedure assessed all the events and, when needed, a mem-
ber of the steering committee contacted the recruiting physi-
cians about missing or inconsistent data.

Data retrieved from the close-ended questions include
sex, gestational age (GA), Apgar score, family history of
thrombosis (defined as occurrence of thromboembolism
in first degree relatives aged less than 40 years), conditions
(maternal, neonatal) associated with an established risk for
thrombosis; presence of a central vascular line (CVL); in-
fections (included meningitis, abscess, pneumonia, pyelo-
nephritis, bacteriemia, fungemia, and sepsis); imaging
techniques; treatment and outcomes; thrombophilia
testing (performed in local laboratories): antithrombin,
protein C (PC), or protein S (PS) plasma activity; factor
V Leiden, prothrombin G20210A, and MTHFR C677T
mutations; antiphospholipid antibodies (APLA) (lupus
anticoagulant, anticardiolipin IgG and IgM, antibeta-2-
glicoprotein IgG and IgM); lipoprotein(a); and plasma ho-
mocysteine levels. Normal value ranges of local
laboratories was the basis for diagnosis of a deficiency; in
case of no availability of local normal values, published
reference ranges for neonatal age were used.9-12 Deficiency
of PC, PS, and antithrombin was considered as inherited if:
(1) confirmed in subsequent age (at least after 6 months of
age); or (2) found in 1 of the parents; or (3) after identi-
fication of a causative gene mutation.

The current report includes neonates (birth to 28 days)
with a symptomatic or asymptomatic venous and arterial
systemic thromboembolism confirmed by an imaging tech-
nique, diagnosed between January 2007 and July 2013, and
enrolled in RITI. Age at time of thromboembolism diag-
nosis was corrected for GA: birth to 40 weeks GA
+28 days. Events diagnosed after neonatal age and reported
as presumed perinatal events were excluded from the pre-
sent analysis; further exclusion criteria were inconsistency
of data and impossibility to contact the referring physician.
To extrapolate epidemiologic data, additional information
as number of live births and number of admissions to
neonatal intensive care unit (NICU) between January
2007 up to December 2013 was provided by 2 investigation
centers (Torino center: P.S., R.B.; Padova center: M.M.,
C.G.) recruiting in the Registry all cases of thromboembo-
lism consecutively diagnosed at their site in the 7-year
period.

The study was conducted according to Helsinki declara-
tion and parents gave informed consent to enrollment
(www.trombosinfantili.it/consenso informato).

Fisher exact test or c2 was used to evaluate differences
between groups. The significance level ofP valuewas set at 0.05.

Results

Between January 2007 and July 2013, we recruited 21 neo-
nates with systemic neonatal thromboembolisms from the
Torino center (18 in neonates born at the center and 3 in ba-
bies transferred from other hospitals), and from Padova cen-
ter, 18. During this period, the total number of live births at
these 2 centers was 53 211 and 27 443, respectively, with 3561
(6.7%) and 2693 (9.8%) NICU admissions, accounting for an
incidence of systemic neonatal thromboembolisms of 3.4 and
6.5/10 000 live births and of 5.8 and 6.6/1000 NICU admis-
sions, respectively.
The following results on clinical data refer to 75 neonatal

systemic thromboembolisms recorded in RITI up to July
2013: 41 (55%) VT, 22 (29%) AT, and 12 (16%) intracardiac
thromboembolism (ICT). All events were first systemic
thromboembolism occurring in 75 born live neonates. Cases
were enrolled from 24 centers in Italy, most NICU centers.
General characteristics, imaging diagnosis, and outcome at

discharge are summarized in Table I. Ethnicity was
Caucasian in 97%. Males represented 65% (n = 49) of the
cohort with no significant difference among type of
thromboembolisms; median GA was 34 weeks (range 23-
41 weeks); overall, preterm newborns represented 71%
(77% AT, 68% VT, and 66% ICT). In 19/75 (25%),
thromboembolism was diagnosed on first day of life (“early
onset” thromboembolism): 8/42 VT (19%), 9/22 AT
(41%), and 2/12 ICT (16%); 14/19 (74%) were in males
and all but one (ICT) were in preterm. Overall, AT had
earlier onset compared with VT (P = .07) and to ICT
(P = .01). Among 41 VT, renal vein thrombosis (8/41:19%,
and 8/75:11%) was diagnosed in 3/8 (37.5%) of cases at
birth, with median birth age of 1 day (range 0-8 days); all
renal vein thrombosis (8/8) occurred in males and in term
newborns in 5/8 (62%).
Site locations of 75 events, including “early onset”

thromboembolism and CVL-related thromboembolism,
are described in Table II. Events were associated with
symptoms leading to diagnostic imaging examination in
57 cases (76%): all cases of AT, 31/41 (75%) of VT, and
4/12 (33%) of ICT. Incidental diagnosis during imaging
for concurrent disease (cardiac, infection) was reported
for the remaining 18 cases (24%): 8 ICT, 4 portal VT,
and 6 lower venous system VT. Symptoms alerting for
AT were pallor, limb hypothermia (70%), absent pulse
(60%), and mimics of aorta coarctation (9%). The most
frequent symptoms for VT were edema (50%), limb
dyschromia (34%), hematuria (17%), palpable abdominal
mass (10%), and CVL malfunction (7%). Only 4 ICT
were symptomatic (2 with respiratory distress and 2 with
arrhythmia).

Risk Associated Conditions
Maternal and neonatal associated conditions are described in
Table III. At least 1 prothrombotic condition was present in
76% of newborns with thromboembolism at time of
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