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Due to the longer survival of critically ill children, venous thromboembolism is a problem
which is becoming increasingly recognized in pediatric practice. In the last decades, several
international studies have been published, shedding a light upon the epidemiology of this
disease during childhood. These data show peculiarities in the clinical presentation and the
significant morbidity and mortality. The new “epidemic of thrombosis” in pediatric hospitals
points toward the urgent need for specific treatment and prevention protocols targeting
this population. In Brazil, knowledge regarding this disease remains scarce. The lack of
epidemiological data impacts both the clinical care and the design of specific public policies
in the field. Thus, a national registry of pediatric venous thromboembolism is relevant to
the proposal of an appropriate plan of action to create a qualified net of assistance. The
improvement in educational initiatives related to the field of Pediatric Hemostasis is also
very important. In this review, we have updated the epidemiological, clinical and therapeutic
aspects of the disease, as well as the prevention strategies.
© 2019 Associacao Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published
by Elsevier Editora Ltda. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

increase in reported cases, as well as the high associated

Introduction morbidity and mortality rates. In 1994, a study group from

Canada reported for the first time a prospective study of VTE in
Until recently, venous thromboembolism (VTE) during child-  children.! This was the starting point for several countries to
hood was considered a rare event. This concept has currently publish their data from studies, fundamental for the consoli-
changed due to existing data, which shows a significant  dation of the portrayal of this disorder in childhood. However,
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the majority of these VTE studies in childhood were limited
to predominantly Caucasian populations in the United States
and European countries.

In 2006, pediatric hospital data banks in the United States
reported over 4500 cases of VTE in Children.” This data is
almost ten times higher than the amount reported by Andrew
et al. in the first registry of the disease in the 1990s."

Differences in the genetic profile and demographic aspects
are known to influence the clinical presentation of VTE. Data
from adults from distinct ethnic groups, including those in
Brazil, point toward peculiarities in the epidemiology of the
thrombotic event, when compared to caucasoides.>*

Twenty years have elapsed since these pioneer studies and
Brazil remains without a registry of pediatric VTE cases and
consequently, with no knowledge regarding the epidemiologi-
cal situation in the country, nosology and local variations. This
lack of data has led us to include the subject in a Thematic
Project on VTE funded by Fundacdo de Amparo a Pesquisa de
Sao Paulo - FAPESP, the Sao Paulo Research Foundation, which
we believe will enable us to outline the epidemiologic profile
in our country.

The aim of this paper is to update the epidemiological, clin-
ical, diagnostic and therapeutic aspects of childhood VTE, as
well as prevention strategies.

Epidemiology

From the 1990s forward, the first epidemiological studies on
VTE during childhood were carried out.>> The first report on
VTE revealed an incidence of 0.07/10,000 children in Canada.!
Later Holland and United Kingdom published data on the
yearly incidence of 0.14 and 0.07 out of 10,000 children,
respectively.>® Among neonates, the incidence registered was
24 cases for every 10,000 admissions to the neonatal intensive
care unitin Canada’ and of 0.5 out of 10,000 born in Germany.®
Data from North American hospitals in 2000 demonstrated
approximately 20 cases per 10,000 admissions.?®

Another study restricted to children hospitals pointed
toward a dramatic increase in pediatric VTE incidence over
time. The annual rate increased 70%, from 34 to 58 cases per
10,000 hospitalizations from 2001 to 2007.1° Apparently, this
increase was confined to the tertiary units, as the populational
studies maintained the stable historical series of pediatric VTE
throughout the country.!’ This situation is believed to be the
result of the improved diagnosis and surveillance, technolog-
ical advancement in the treatment of severely ill children,
growing use of vascular devices and higher survival of these
children.’

It is important to consider the difference in the design
of each study when interpreting the results. Prospective and
multicentric studies were performed in the 1990s,%°® contrary
to those described in the following decades, which included
the retrospective analysis of hospital databases, using Inter-
national Disease Code to identify the cases.’10

These studies help elucidate specific features of the disease
in childhood (Table 1).

The neonatal period represents 50% of the total amount
of VTE.® Regarding gender, some studies have shown a male
predominance among infants during the first year of age

and a female predominance during adolescence, associated
with hormonal factors, such as contraceptive pill intake and
pregnancy.'b13

Most studies on adults show that limb thrombosis is pre-
dominant in the lower limb venous system, compared to the
upper limb venous system. Nevertheless, thrombosis of the
upper extremities is more common in children than in adults
(see Table 1). This fact has been associated with the use of a
central venous catheter (CVC), which is usually placed in the
upper limbs.

Etiopathogeny

As a consequence of developmental hemostasis, children are
protected against thrombosis, and one of the main reasons is
the greater integrity of the vascular endothelium, unaffected
by vascular comorbidities. Specific features of the hemostatic
system during the first months of life are considered pro-
tection factors: lower plasma concentration of coagulation
factors and elevated levels of ap-macroglobulin with conse-
quent thrombin inhibition.™*

To better understand the pathogenesis of the disease,
a look at the Virchow’s triad is imperative, as this triad
describes the three mechanisms involved in the disorder:
vascular endothelium damage, blood stasis and hypercoag-
ulability state. Ninety percent of the cases of childhood VTE
are provoked, that is, are associated with triggering factors
(Figure 1).

According to international pediatric registries, the risk
factors for thromboembolic events in children are the fol-
lowing: CVC, trauma, cancer, cardiopathies, infections and
nephropathies.>%1> The CVC appears first on the list and is
responsible for 33-60% of the thrombotic events.»>#1° In older
children and adolescents, the risk factors are similar to the risk
factors in adults and are related to trauma, contraceptive pill
intake, surgery and obesity.'®’

The incidence of VTE in oncology is 2-8%. The types of
cancer at greater risk are acute lymphoid leukemia (ALL), lym-
phoma, and sarcomas. The main risk factors are the CVC,
present in one third of these thromboses, and the use of cer-
tain chemotherapy agents, such as L-asparaginase, associated
with high doses of corticosteroids, which reduce the levels of
antithrombin and increase the levels of factor VIII, thus lead-
ing to an increase in the generation of thrombin. In addition,
there are specific pathology factors; in sarcomas, the pres-
ence of metastatic disease and in lymphomas, a mediastinal
mass.'®

Thrombophilia is the hereditary or acquired tendency for
thrombosis, and the prevalence of the former is 13-60%.9-2!
The higher rates are related to a cohort of older children with
spontaneous episodes’® who have a positive family history
for the disease, which is considered a predicting factor for test
positivity.?°

A meta-analysis demonstrated expressive influence of
hereditary thrombophilia as a risk for the first event,
with a relative risk from 2.2 for the G202010A muta-
tion in the prothrombin gene to 9.4 for antithrombin
deficiency. Furthermore, except for Factor V Leiden, all
other thrombophilia was associated with a significant risk



64 HEMATOL TRANSFUS CELL THER. 2020;42(1):62-69

Table 1 - Epidemiological-clinical aspects of venous thromboembolism in children compared to adults.

Childhood (0-18 years of age)

Adults

Incidence 0.07-0.5/10.000%>511 5.6-16/10.000%*
PE*: 0.09/10.000 PE?: 3-7.8/10,000%°
Age 2 peaks: first year of life and in Exponential increase with age*
adolescence®
Sex (M:F) TS Female predominance in
childbearing years and male
predominance >45 years old*’
Ethnicity® Greater incidence in African Greater incidence in African

descendents'!

Idiopathic thrombosis 2-89%2.5.6,9,13,19

Location
Upper limbs
Lower limbs

0_60%2,5,6,13,15,19
36_65%2,5,6,13,19

5.5_21%2,5,6,9,15,19,21
9_20%2,5,6,9,15,20
12_70%2,15,20

Recurrence
Death
Postthrombotic syndrome

descendents and lower in Asians®
25-40%*°

10%>°
80%°
30%*°
5% 49
20-50%*

@ Pulmonary embolism.
b Compared to Caucasians.

STASIS

PERINATAL CONDITIONS

Cardiopathy, asphyxia, sepsis,

congenital nephrotic syndrome

diabetic mothers, polycythemia
respiratory distress syndrome, dehydration

DRUGS

Asparaginase, prednisone, estrogen therapy,
coagulation factor concentrate, antifibrinolytic agent.

DISEASES

Sepsis, dehydration, renal disease, reumatic disease,
trauma. cardiopathy. metabolic disease. neoplasia

MEDICAL INTERVENTIONS

Central line, surgery, hospitalization, immobilization, transplantation,
plaster cast, extracorporeal membrane oxygenation, parenteral nutrition

ENDOTHELIUM DAMAGE

HIPERCOAGULABLITY

Figure 1 - Virchow’s triad and risk factors for pediatric venous thromboembolism.

of recurrence, though lower when compared to the first
episode.”” Regarding VTE associated with the use of a
catheter, no relevant role was demonstrated for hereditary
thrombophilia.??

The antiphospholipid antibody syndrome (APS) is charac-
terized by arterial or venous thrombosis in the presence of
persistent antiphospholipid antibodies. The records of pedi-
atric APS show that 50% of the patients have an associated
autoimmune disorder, mainly lupus, and in 60% of the cases,
the thrombus is located at the venous site. The risk of
recurrence is 20%, a higher rate than in adults.?* A specific
aspect in childhood is the high frequency of non-thrombotic

manifestations, such as cytopenias, migraine, epilepsy and
chorea, which are more prevalent in APS secondary to an
underlying autoimmune disease. Whether these symptoms
are related to APS or to the underlying autoimmune disorder
remains unclear.?*

As the majority of the cases of childhood VTE is provoked
by multiple factors, it is plausible to infer in clinical practice
that the role of hereditary thrombophilia is less relevant in the
occurrence of the primary episode. Thus, the current tendency
is to avoid indiscriminate screening,?>?° except for sponta-
neous events or a family history consistent with VTE, in which
case investigation should be considered.?”’
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Clinical manifestations

The clinical expression depends on the site of the disorder;
however there are some aspects which are characteristic dur-
ing childhood. Purpura fulminans is a rare syndrome caused by
protein C or protein S deficiency, characterized by progressive
cutaneous hemorrhagic necrosis in neonates.”’ Renal vein
thrombi, more predominant among males, manifest them-
selves during the first days of life, along with hematuria,
thrombocytopenia and a palpable abdominal mass.?

Thrombosis associated with the CVC, has a silent evolu-
tion. Data point to the fact that for each symptomatic case,
eight cases are asymptomatic, and can only be identified by
radiological screening before device removal.?® In spite of
this, clinical signs can be used to identify CVC thrombosis. In
neonates symptoms include loss of patency, persistent sep-
sis or thrombocytopenia. Swelling in the affected limb only
occurs in 10-36% of the cases.’® These findings differ from
those of older children, for whom limb edema is frequent and
thrombocytopenia is a rare event.?!

During the neonatal period, portal vein thrombosis, asso-
ciated with umbilical catheterization, may lead to abdominal
distension, thrombocytopenia and an increase in transam-
inases. In more than 50% of the cases, the resolution is
spontaneous. An intracardiac thrombus when small is often
asymptomatic, however embolization can lead to migration
to the lungs causing pulmonary embolism (PE), or to systemic
circulation with cerebral ischemia in the case of patients born
with patent foramen ovale.*

Thrombosis of the limbs usually presents with pain, ery-
thema, edema of the affected limb and, when affecting an
upper extremity, may cause the superior vena cava syndrome
(SVC).*! In PE, over 50% of the cases are associated with
thrombosis at another site.>'> The symptoms of PE are often
masked by other conditions in children, including pleuritic
pain, dyspnea, coughing, and hemoptysis. The intensity of the
symptoms depends upon cardiorespiratory comorbidities and
the degree of vascular obstruction. In cases with an obstruc-
tion of more than 50%, heart failure and shock occur.>?

Thrombosis at uncommon sites (not in limbs) has a preva-
lence which should not be overlooked in pediatrics.>®> The
abdominal disease may evolve with acute pain, and hep-
atosplenomegaly or often remain asymptomatic until the
establishment of the clinical portal hypertension.?’3? Nervous
system thrombosis presents symptoms of cranial hyperten-
sion, with headaches, vomiting and focal neurological signs.>!

Diagnosis

There are to date, validation issues to be resolved regarding
the diagnosis of pediatric VTE. The imaging method depends
on the location of the thrombosis. Doppler ultrasonography
(DUS) is recommended in case of extremity and abdominal
thrombosis.>*3> DUS is not invasive and does not require radi-
ation, however some aspects can complicate the reliability of
the interpretation of the exam in children, such as narrow
veins, low pulse pressure and presence of a CVC.>* Ultra-
sonography has a low sensitivity for detecting thrombosis in

intrathoracic central vessels, such as the superior vena cava
and atrium, and requires complementary exams, such as com-
puterized tomography (CT) or magnetic resonance imaging
(MRI1).>

DUS is considered the frontline imaging method for hep-
atic, portal and renal thrombosis.?®3¢ In the portal thrombus,
an aspect that helps clarify the time installation of the dis-
ease is the presence of collaterals that have developed around
the obstructed veins and are known as the cavernous transfor-
mation. This process begins within 5 weeks of the thrombotic
event.>® Computerized tomography angiography (CTA) or MRI
are employed to evaluate cerebral thrombosis and inconclu-
sive cases of abdominal VTE.?>36

For PE investigation, angiotomography and the ven-
tilation/perfusion scintigraphy are indicated. Cardiopul-
monary comorbidities may hamper the interpretation of the
scintigraphy.®? Despite the disadvantages of the exposure to
radiation, the CTA became the preferred method for diagnosis
of PE, due to practicality and greater sensitivity. The character-
istic findingis the presence of a complete or partial pulmonary
arterial filling defect. The echocardiogram can directly visu-
alize thrombi or show evidence of right heart strain, that is
indicative of poor evolution. The method is useful in critically
ill children, when more invasive testing is not possible.?’

The d-dimer negative predictive value has not been vali-
dated for children and therefore should not be used to exclude
VTE.?® Studies have demonstrated that in up to 40% of the
confirmed cases of PE, the d-dimer is negative. Thus, due to
unspecific symptoms and lack of an efficient risk score, the
best approach for early diagnosis is clinical awareness when
the case is a child with a respiratory condition and prothrom-
botic risk factors.??

Biomarkers, such as cardiac troponin, a brain type natri-
uretic peptide, have been associated with evolution in adults
with PE. However, their clinical utility in pediatrics has not yet
been investigated.®”

Treatment

VTE is treated with anticoagulants in an attempt to prevent
extension and embolization of the thrombus with conse-
quent venous recanalization. Unfractionated heparin (UFH),
low molecular weight heparin (LMWH) and oral vitamin K
antagonist (VKA) are the major options for anticoagulation
therapy.>®3°

Other drugs such as bivalirudin, argatroban and fonda-
parinux have been used in pediatric patients, however the
existing data regarding safety and efficacy is limited, and for
this reason will not be presented herein.?> There are new
direct oral non-vitamin K anticoagulants available for adults,
however these drugs are currently being investigated in phase
III clinical trials for pediatric patients.

UFH has the lowest half-life and a specific antidote, which
should therefore be indicated in case of a greater risk of bleed-
ing or the need for an invasive procedure, as the effect can be
quickly reversed. The drug is also preferred in the setting of
renal dysfunction, as the renal elimination is negligible.3>383°

The guidelines on the ideal method for monitoring
UFH are not yet clear, therefore both the activated partial
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Table 2 - Anticoagulant drugs in pediatric patients.

Mechanism Half life Excretion Therapeutic dose Monitoring Antidote
of action
Unfractionated Indirect 1-2h Endothelialreticulum Loading APTT (60-85s) Protamine sulfate
heparin thrombin system 75U/kg bolus IV Anti Xa activity
inhibitor Maintenance (0.35-0.7 U/ml)
<1 year: 28 U/kg/h
>1 year: 20 U/kg/h
Low molecular Xa Factor 3-6h Renal Preterm neonates Anti-Xa activity Protamine Sulfate
weight heparin inhibitor 2mg/kg/dose every (0.5-1.0 U/ml) (partial reversal)
(enoxaparin) 12h
Term neonates
1.7 mg/kg/dose every
12h sC
<2 months:
1.5mg/kg/dose every
12h SC
>2months:
1mg/kg/dose every
12h SC
Vitamin K Vitamin K 36 hr Hepatic Loading 0.6 mg/kg — PT/INR (2-3) No antidote
antagonist inhibitor single dose daily Vitamin K
Prothrombin
Complex

concentrate to
restore coagulation
factors

thromboplastin time (aPTT) and anti-Xa assays are used in
clinical practice. However, levels of aPTT may be difficult to
monitor in the presence of a prolonged aPTT baseline, such
as might occur due to the physiological factor deficiency dur-
ing the first year of life.>>3® The correlation between aPTT
and anti-FXa has been demonstrated to be weak, especially
in children under 2 years of age.*® Additionally, inflammation
may further increase FVIIIlevels and shorten the aPTT, thereby
rendering the method inaccurate for monitoring the heparin
effectin neonates and older children. Therefore, the measure-
ment of a heparin specific anti-FXa can assist in monitoring
the UFH effect in both these scenarios.>>%0

Heparin-induced thrombocytopenia (HIT) and osteoporosis
due to chronic use figure among the side-effects of UFH.3>3839
However HIT is a very rare complication, occurring in up to
2.3% of chidren.® A systematic review on heparin-induced
thrombocytopenia showed that the incidence of HIT in chil-
dren has been overestimated.*!

Despite the LMWH, represented by enoxaparin, being the
most commonly used anticoagulant in pediatrics, the medi-
cation has not been approved for treatment in this age group.
In children, age-dependent weight-based dosing is used and
then adjusted by monitoring.®>3® The benefits of this drug
include a lower interaction with other drugs and diet, in addi-
tion to a lower rate of osteoporosis and HIT.383°

The most utilized VKA worldwide is warfarin, available
only in pills. The use is limited due to its interference with
various drugs, food, and narrow therapeutic window, requiring
constant monitoring. Due to the vitamin K in milk, this drug
should not be used for infants who are on a milk diet, and may
only be considered for older children under chronic treatment.
Due to the slow action onset, warfarin requires a bridge with
either UFH or LMWH at the beginning of the treatment.?*3®

Table 2 summarizes the main characteristics of antico-
agulants. Complete data regarding posology and adjustment
should be sought from specialized guidelines.3®

In catheter-related neonatal thrombosis, the location
and extension of the thrombus should be considered.
Spontaneous resolution is prone to occur in nonocclu-
sive thrombosis.?® Therefore, in extracardiac thrombi with
no occlusion, a doppler ultrasound control to monitor for
thrombus progression is sufficient. Indubitably, in the case
of no improvement observed during the radiologic and
clinical monitoring, the antithrombotic therapy should be
initiated.*°

On the other hand, in intracardiac thrombi or in other
vessel occlusions, heparin should be started immediately. In
neonates a higher dose of the drug is required to reach the
ideal level of anti-Xa, due to the rapid clearance and physio-
logical reduction of antithrombin.?°

In cases associated with cancer, thrombocytopenia, due to
the underlying disease or secondary to chemotherapy, rep-
resents an aggravating risk for bleeding. However, even in
the presence of thrombocytopenia, anticoagulation should be
prescribed in therapeutic doses during the acute phase, simul-
taneously with platelet concentrate, to maintain the platelet
level over 50,000/mm?3. In VTE secondary to asparaginase, it
should be discontinued at diagnosis and resumed after clinical
stabilization of the thrombosis.'®

Treatment duration depends upon the triggering of the
VTE factor. Spontaneous thrombosis is anticoagulated for 6-12
months, whereas events secondary to reversible risk factors
(surgery, CVC, trauma) should be treated for three months.
When the triggering factor is persistent (neoplasia, nephrotic
syndrome, CVC), after three months of anticoagulation, the
drug is maintained at a prophylactic dose.?®3%
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Table 3 - Systemic primary thromboprophylaxis in
pediatrics.

Indication?® Level of evidence
Long-term total parenteral nutrition 2C
Hemodialysis 2C
Moderate or giant coronary aneurysms in 2C

Kawasaki disease

Cardiopathy

Fontan surgery 1B
Cardiac catheterization via an artery 1A
Bilateral cavopulmonary 2C
shunt/Blalock-Taussig shunt
Ventricular assist devices 2C
Dilated cardiomyopathy 2C
Primary Pulmonary Hypertension 2C
Endovascular Stents 2C

Prosthetic heart valves®

»

Recommendations from the American College of Chest Physi-
cians Evidence-Based Clinical Practice Guidelines, 9th edition,
2012.

Recommendations from the adult population guidelines.

According to the gold standard guideline in the field,
thrombophilia should not influence the anticoagulation
duration.?® Nevertheless; there is a tendency to maintain an
extended period of treatment in the cases of APS, due to the
high risk of recurrence attributed to this condition.?®

Thrombolysis is a therapeutic modality that consists in
systemic or guided-catheter fibrinolytic infusion, in order to
quickly dissolve clots. To reduce the risk of bleeding, lab-
oratory tests should be requested, namely: platelet count,
prothrombin time (PT), aPTT, fibrinogen and, in neonates, a
head ultrasound to rule out intracranial hemorrhage. The drug
of choice is the recombinant tissue plasminogen activator (rt-
PA), and this drug is indicated in extreme life-threatening
situations, such as PE with shock or extensive large vessel
thrombosis of the superior or inferior vena cava, or an intrac-
ardiac thrombus.?63839

Prevention strategies for pediatric VTE

The use of primary thromboprophylaxis has a limited evi-
dence base in children and most indications are in the field
of cardiology (Table 3).

Regarding thrombophrophylaxis in CVC*? patients, or in
those with cancer,* none of the interventions with antithrom-
botic agents showed any clear benefit in reducing the
incidence of VTE. Therefore, there are no guidelines for VTE
prophylaxis in these groups of patients. One exception is the
use of a CVC among newborns, which should be flushed via
continuous low-dose UFH (0.5 U/kg/h).® The type and site of
the catheter appear to have an influence upon the risk for
thrombosis, but an internal CVC and that which is placed in
the jugular vein cause lower risks.*?

Since the beginning of the XXI Century, the expres-
sion “thrombosis epidemic in pediatric hospitals'” has been
considered and has had a consequent implementation of
preventive measures to hospital-associated VTE (HA-VTE).
In spite of some experience with thrombophrophylaxis

for hospital diseases at isolated centers,***> there are no
multi-institutional validated risk assessment models in the
literature.

The Children’s Hospital Acquired Thrombosis Database
(CHAT) registry is an ongoing multicenter study that aims to
develop a risk assessment model. Results from this study will
be the basis for randomized clinical trials to evaluate the safety
and efficacy of pediatric HA-VTE prevention.*®

Challenges of a Brazilian Registry

First, we have to ask why there are no previous multicen-
tric studies on pediatric VTE in Brazil, when compared to
other important international publications in the country. We
have to consider the territorial extension, the low incidence of
the disease, which requires the participation of innumerous
centers and multiprofessional teams, including pediatricians,
hematologists, radiologists and nurses. Additionally, a qual-
ified laboratory for diagnosis and therapeutic monitoring is
required. These limitations have been recently discussed at
the 2017 Congress of the Brazilian Hematology Society (ABHH),
with the agreement of all participants.

The central issue however, is political intent and strategy
fomentation. Health policies must be aware of the problem
and direct specific efforts should be made to circumvent the
complexity involved, such as what has been seen with “The
Surgeon General’s Call to Action to Prevent Deep Vein Throm-
bosis and Pulmonary Embolism”, a public health program of
the United States to reduce the incidence of VTE.*

In view of the above, there are no doubts regarding the ben-
efits of registering the disease in the country. In addition to
providing subsidies for strategic policy actions, this registry
would also have an educational impact by adjusting current
clinical practice to current standard recommendations, such
as the Brazilian VTE registry in adults in the 1990s.%8

The creation and improvement of educational programs
in the field of Pediatric Hemostasis would also represent the
backbone for the construction of a system that would be sur-
veying the children with thromboembolic diseases.

Conclusion

According to international data, the rate of childhood VTE has
been progressively growing. Once the problem has been clearly
established, the aim is to elaborate treatment guidelines and
prophylactic measures for this disorder in this age group.

In Brazil, the knowledge and actions taken for this disease
remain incipient. The lack of epidemiological data, regardless
as to how rudimentary, leads to the impossibility of estimating
the size of the problem and how the issue impacts the clini-
cal field and public health. This lack of information impairs
the calculation of the costs regarding the disease and conse-
quently, the design of specific policies in the field.

In conclusion, a national pediatric VTE registry is rele-
vant in the perspective of tracing an epidemiological picture
of the disease and sensitizing caregivers to strategic policy
actions aimed at creating a qualified network of care for these
patients.
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