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ABSTRACT 
Thrombosis is the result of an imbalance between two complex systems: hemostasis and fibrinolysis. Although 
the incidence of thromboembolism is lower in children than in adults, the associated morbidity is clinically rele-
vant. This paper summarizes the main risk factors, important to define effective strategies for primary thrombo-
prophylaxis in children at risk, the diagnostic criteria and the optimal therapeutic approach, which, until now, 
have mostly been extrapolated from the adult’s recommendations. 
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GENERAL PAPERS

The management of thromboembolism in chil-
dren is complex and sometimes difficult, due to the 
lack of widely accepted specific protocol. Conse-
quently, therapeutic decisions are based on the ex-
perience in adult pathology and on minor paediatric 
studies. Recent studies continue to demonstrate the 
differences in pharmacokinetics, dose-dependent 
response and monitoring tests for the anticoagulant 
therapy in children, as compared to adults (1).

The main goals of the antithrombotic therapy 
are removing the thrombus and reducing the risk of 
recurrence. Therapeutic options includes: heparin, 
oral anticoagulant and thrombolytic therapy, de-
pending on the magnitude of thromboembolism. 
However, there is very limited available data on the 
efficacy and safety of therapeutic methods and dos-
es used in paediatric practice (2).

PHARMACOLOGICAL TREATEMENT
Anticoagulant therapy

While in adults’ initial therapy with heparin fol-
lowed by vitamin K antagonists therapy is the most 
common choice, in children, choosing agents depends 
on age, compliance and co-existing conditions (2).

Unfractionated heparin (UFH) is the most 
commonly used first-line therapy in paediatric pa-
tient (3,4). UFH is used as initial therapy when 

rapid anticoagulation action is required. The action 
of heparin is based on the potentiation of antithrom-
bin III action by binding to it, to inactivate throm-
bin and the factor Xa in the coagulation cascade (5).

The therapeutic range used for the treatment of 
thrombosis in children is extrapolated from the 
adult use. An initial bolus of heparin, not exceeding 
75-100 U/kg, should be followed by continuous in-
fusion at doses in accordance with the patient’s age
and weight (Table 1) (1). Continuous administra-
tion of heparin is therapeutically superior to inter-
mittent administration every 4h.

The monitoring of UFH therapy is achieved by 
determining the activated partial thromboplastin 
time (aPTT). Modern tests are based on chromog-
enic anti-fXa tests that directly measure the inhibi-
tory effect of heparin-antithrombin complex on 
fXA. Clinical guidelines recommend maintaining 
aPTT values 1.5-2.5 times higher than the control 
value, an equivalent level of anti-FXA 0,35-0,7U / 
ml (1,2).

Diaz R. (2015) suggested that antithrombin may 
be an adjunct to the treatment with UFH. Higher 
values of anti-fXA were recorded in children treat-
ed with this combination, unlike those receiving 
only heparin, but larger trials are needed so as to 
establish the stark benefits of using antithrombin 
together with heparin (6).
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The advantages of using UFH are its fast com-
ing into effect and its short half-life. The disadvan-
tages include the need for continuous venous ad-
ministration and the impossibility of establishing 
an optimal dose with clinical response, due to hepa-
rin binding to plasma proteins (3). Compared with 
low molecular weight heparin (LMWH), the disad-
vantages are related to the route of administration 
(intravenous, opposed to the subcutaneous LMWH), 
the need to frequently monitor and its poor bioa-
vailability (2). 

The major effect of UFN therapy is primarily 
bleeding, whose rate of occurrence is 2 to 18%, fol-
lowed by heparin-induced thrombocytopenia (HIT) 
(5). HIT appears in the 6th-12th day of treatment, 
with platelet returning to normal after about 4 days 
after treatment interruption. It is recommended to 

stop the treatment with any form of heparin and 
other anticoagulant molecules, such as danaparoid, 
hirudin or argatroban (7). The pathogenic mecha-
nism of thrombocytopenia consists of forming anti-
bodies against heparin-platelet F4 complex (or hep-
aran sulfate platelet-F4), resulting in an immune 
complex which reacts with platelet Fc receptors. 
This causes increased platelet destruction and acti-
vation of platelets (risk of thrombosis) (8).

Bleeding requires cessation of UFH, which, due 
to its short half-life, quickly disappears from circu-
lation. If the bleeding requires more prompt inter-
vention, the antidote to be administered is prota-
mine sulfate. The dose must be proportional with 
that of UFN, 1 mg of protamine sulfate inactivating 
about 100 units of heparin (5, 9).

TABLE 1. Heparin: doses and monitoring

Unfracti onated Heparin
LMWH

Enoxaparin
(1 mg = 100 U)

Reviparin Dalteparin Tinzaparin

Loading dose 75 U/kg i.v. over 10 min
Adolescents: 80 U/kg

Maintenance 
dose

<1 year: 28 U/kg/h iv
Children >1 year: 

20 U/kg/h iv
Adolescents: 18 U/kg/h

Age < 2 months: 
1.5 mg/kg/dose each 

12 h sc
Age >2 months: 

1 mg/kg/dose each 
12 h sc

Weight <5 kg: 150 
U/kg/dose each 

12 h sc
Weight >5 kg: 100 
U/kg/dose each 

12 h sc

129±43 U/kg/
dose each 24h

0-2 months: 275 U/kg/dose
every 24h;

2-12 months: 250 U/kg/dose
1-5 years: 240 U/kg/dose

5-10 years: 200 U/kg/dose
10-16 years: 175 U/kg/dose

Prophylacti c 
dose

< 2 months: 0.75 mg/
kg/dose q12 h sc 

>2 months: 0.5 mg/
kg/dose q12 h sc

<5 kg: 50 U/kg/
dose each 12 h sc 
>5 kg: 30 U/kg/

dose each 12 h sc

92±52 U/kg/
dose each 24h

Target range - 
Monitoring

APTT between 60-85 sec.
! Repea� ng APTT a� er

4 hours of the ini� al
loading dose and 4 hours 
a� er each change in the 

infusion rate.

Determine an� -factor Xa level 4-6 hours a� er subcutaneous administra� on
Opti mal level 0,5-1 U/ml anti -factor Xa 

Dose 
adjustments

APTT
< 50

50-59
60-85
86-95

96-120
> 120

Dose
+ 10 %
+ 10 %

0
- 10%
- 10%
- 15%

Anti - fXa U/ml
< 0.35

0.35-0.49
0.5-1.0
1.1-1.5
1.6-2.0

>2.0

Dose 
+ 25 %
+ 10 %

0
- 20%

Wait un� l an� -fXa < 1.0 U/ml, then - 30%
Wait un� l an� -fXa <0.5 U/mL, then - 40%

Durati on of 
therapy

VTE: 5-10 days;
PE: 7-10 days.

Ini� al therapy: 5-10 days
Extended Treatment:
First episode:
1. with reversible risk factor: 3-6 months
2. idiopathic: 6-12 months;
3. with chronic clinical risk factor: 12 month- lifelong.
Recurrent episode:
1. with reversible risk factor: 6-12 months;
2. idiopathic: 12 month- lifelong;
3. with chronic clinical risk factor: lifelong.

Modified after Guyatt et al. (2012), Dijk et al. (2012) and Seth (2009).
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Other side effects that may occur are: a fall in 
the levels of antithrombin, osteoporosis, mineralo-
corticoid deficiency, allergic reactions, abnormal 
liver function tests, skin necrosis (1).

Low molecular weight heparins (LMWH) are 
obtained by chemical or enzymatic polymerization 
of heparin (3). Unlike unfractionated heparin, their 
activity is specific for the inactivation of factor Xa 
rather than thrombin, having twice as long a half-
life, and a subcutaneous bioavailability 3-4 times 
greater (10,11). LMWH advantages include lower 
probability of heparin-induced thrombocytopenia, 
more convenient methods of administration (sub-
cutaneous), the possibility of ambulatory using, 
lack of interaction with other drugs or with the pa-
tient’s diet (4,12). In practice, LMWH are increas-
ingly preferred as first-line therapy instead of UFH 
and represent the most commonly used anticoagu-
lants for prophylaxis of thrombosis in children (4). 
LMWH is the preferred therapy in children under 1 
year of age (2). 

Therapeutic ranges for LMWHs are extrapolat-
ed from adults. Subcutaneous doses of LMWH in 
children were assessed for enoxaparin, reviparin, 
dalteparin and tinzaparin (Table 1). The monitor-
ing of LMWH treatment is based on anti-fXa lev-
els, the target is 0.5-1 u/ml anti-factor Xa 4-6 hours 
after subcutaneous administration (1). APTT should 
not be used for monitoring of LMWH therapy, be-
cause they do not significantly alter or prolong 
aPTT (thrombin dependent test), having a predilec-
tion for inactivating factor Xa. The therapy with 
LMWH should be interrupted if platelets fall below 
100,000/mm3 (11).

The most common complication that occurs 
with the use of LMWH is bleeding, but its occur-

rence is lower than in cases treated with UFH (0-
10%, depending on the study) (5). HIT also has a 
lower incidence, and if chronic use, osteoporosis is 
a rarer event (5,13). 

The pathological conditions that absolutely con-
traindicate heparin therapy are: active bleeding, 
malignant hypertension, coagulation disorders due 
to hypocoagulation disorders, heparin allergy, 
shock, active peptic ulcer, active tuberculosis (9).

For long-term anticoagulation treatment, start-
ing from the 5th day of heparin therapy, vitamin K 
antagonists are administered together with heparin 
for 3-5 days, until an optimal INR or PT is obtained 
(1 2). 

Oral anticoagulants
Coumarins or vitamin K antagonists (VKAs), 

among which the most commonly used are aceno-
coumarol and warfarin, aim to inhibit the produc-
tion of coagulation factors which are dependent on 
vitamin K (factors II, VII, IX and X), and protein C 
and S (anticoagulant molecules), with minor proco-
agulant effect (14). 

The treatment is monitored by checking the INR 
(International Normalized Ratio) or the prothrom-
bin time (PT). The target is INR between 2 and 3 
and prothrombin time 1.5-2 times higher than the 
witness time. The dose is adjusted according to 
INR values (Table 2) (1,2). Patients with liver dis-
ease, malnutrition, as well as those taking antibiot-
ics – conditions reducing endogenous synthesis of 
vitamin K – should receive lower doses, as they 
have higher sensitivity to the treatment. In children, 
it is difficult to monitor the treatment, as the levels 
of vitamin K vary depending on their dietary in-
take, on medication and on pre-existing pathology 

TABLE 2. VKA doses and monitoring in children
Vitamin K 
antagonists

Loading dose Maintenance dose Monitoring Durati on of therapy

Acenocoumarol 
Warfarin

Day 1: 0,1 - 0,2 mg/kg orally 
(maximum 10 mg/day)
Day 2-4:
INR 1,1-1,3: repeat ini� al loading 
dose;
INR 1,4-1,9: 50% of ini� al loading 
dose;
INR 2-3: 50% of ini� al loading dose;
INR 3,1-3,5: 25% of ini� al loading 
dose;
INR>3,5: hold un� l INR<3,5, then 
restart at 50% decreased dose.
Maximum dose for older children: 
10-15 mg/day (warfarine), 4 mg/
day (acenocumarol)

Z5: 0,05 mg/kg/day 
Adjusted depending on INR
INR 1,1-1,4: increase by 20% of 
dose;
INR 1,5-1,9: increase by 10% of 
dose;
INR 2-3: no change;
INR 3,1-3,5: decrease by 10% of 
dose;
INR >3,5: hold administra� on 
un� l INR<3,5 then begin with 
20% from last dose.
Maximum dose for older children: 
5-7,5 mg/day (warfarine), 2 mg/
day (acenocumarol).

– INR , TP
–Therapeutic
target: INR
between 2-3
– Daily INR
monitoring in
first 5 days, then
3 times a week
for 4 weeks;
After reaching
optimal dosage
– monthly check
up.

First episode
1. with reversible risk
factor: 3-6 months;
2. idiopathic: 6-12
months;
3. with chronic clinical
risk factor: 12 months- 
lifelong;
Recurrent episode:
1. with reversible risk
factor: 6-12 months;
2. idiopathic: 12
months-lifelong;
3. with chronic clinical
risk factor: lifelong.

Modified after Guyatt et al. (2012), Dijk et al. (2012).
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(e.g. malabsorption) (3,4). Another impediment to 
the use of these molecules is their presentation 
form; as insoluble tablets, they are difficult to con-
vert into liquid preparations suitable for pediatric 
patients, leading to poor control of the dose of the 
administered active substance (15). Cessation of 
treatment, if necessary, will be gradual, with the 
dose being reduced over 3-4 weeks. 

In case of overdose and adverse effects of cou-
marin, oral anticoagulant treatment is interrupted 
and vitamin K is administered (iv/orally), with dos-
es of 30 μg/kg up to 5 mg being reported as effec-
tive (16). Blood transfusions, frozen plasma and/or 
concentrated Factor VII, IX, X may be associated if 
heavy bleeding occurs.

Antiplatelet agents
Aspirin, a cyclooxygenase irreversible inhibitor, 

causes platelet dysfunction, while indobufen, flur-
biprofen, sulfinpyrazone and triflusal produce re-
versible inhibition of cyclooxygenase. Aspirin is 
the most used antiplatelet agent in the pediatric 
population. The dosage in children is 1-5 mg/kg/
day, single dose (1).

Dipyridamole leads to a decrease in platelet ag-
gregation, by inhibiting phosphodiesterase. The 
usual dose of dipyridamole is 3-6 mg/kg/day, with 
a maximum of 75-100 mg/day to adolescents (17).

Ticlopidine and clopidogrel are molecules with 
independent action of the cyclo-oxygenase, pre-
venting the binding of ADP to the platelet surface 
(additional effect to aspirin). The safe and effective 
dose of clopidogrel in children is 1 mg/kg/day. 
There are no studies on the use of ticlopidine in 
children, the usual dose being 10 mg/kg/day (17).

GP IIb/IIIa antagonists (abciximab, eptifibatide, 
tirofiban), a new class of potent platelet aggrega-
tion inhibitors, interact with fibrinogen to occupy 
the platelet receptor, which results in the reduction 
of the thrombastenic platelet functions. There is no 
data on the safety usage of these compounds in 
children (17).

New anticoagulant molecules have recently 
been approved in adults. They are factor Xa inhibi-
tors, such as fondaparinux, and thrombin inhibi-
tors, like bivalirudin and argatroban. They are cur-
rently recommended for HIT and percutaneous 
coronary intervention. According to adult patholo-
gy, studies have shown that fondaparinux can be 
successfully used both in preventing and in treating 
thrombosis. This substance has a greater half-life 
than LMWH, requires monitoring once a day and 
does not affect bone metabolism. Studies on its us-
age in children are still needed, so as to establish its 
efficacy and appropriate dose (15).

THROMBOLYTIC THERAPY

It is recommended only for situations which re-
quire rapid reperfusion. American College of Chest 
Physicians (ACCP) recommends the thrombolytic 
therapy in children with venous thromboembolism 
(VTE) only for life-threatening thrombosis or limb 
thrombosis. It should be taken into account for pa-
tients with massive pulmonary thromboembolism 
with hemodynamic instability, where there are no 
contraindications (3). It may also be considered in 
case of thrombosis involving the superior and infe-
rior vena cava or intracardiac locations (2). In chil-
dren with VTE, systemic thrombolysis or catheter 
thrombolysis is recommended, in accordance with 
the doctor’s experience. 

The most commonly used thrombolytic agents are 
urokinase, streptokinase and tissue plasminogen ac-
tivator (tPA). These molecules act by converting en-
dogenous plasminogen to plasmin, leading to the 
destruction of fibrin (3) and thus providing a faster 
way to unblock thrombosed vessel than other thera-
peutic methods. On the other hand, it is associated 
with a higher risk of bleeding. In pediatric patients, 
the first thrombolytic agent is the tissue plasminogen 
activator (tPA), due to its low immunogenicity and 
based on the results of some studies conducted in 
vitro, which proved it to be more efficient than other 
molecules (18). The recommended dose of tPA ac-
cording to the clinical trials is 0.1-0.6 mg/kg/hour 
for 6 hours (19). Urokinase may be administered 
systemically with a loading dose of 4,400U/kg, fol-
lowed by a maintenance dose of 4,400 U/kg/h for 
6-12 hours (12). Streptokinase is not used because of
the allergic risk and the development of antibodies.
Since there are no studies in children proving the ef-
ficacy and safety of the therapy, they are not indi-
cated for routine treatment of thrombosis.

SURGICAL THERAPY

Surgical thrombectomy is rarely used in chil-
dren; it is reserved for cases of inferior vena cava 
thrombosis associated with intravascular extension 
of Wilms tumor, severe intracardiac thrombosis af-
ter cardiac surgery, prosthetic valve thrombosis, 
septic thrombosis and peripheral arterial thrombo-
sis secondary to vascular access in newborns (10). 
Studies have reported performing thrombectomy 
after cardiac intervention (1). There are no specific 
guidelines for using thrombectomy in children. 

We review some of the main recommendations 
of international guidelines regarding indications 
and span of treatment, which depend on the loca-
tion of thrombosis and its associated risk factors:
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Pediatric patients with idiopathic thromboem-
bolism generally require initial anticoagulant thera-
py with UFH/LMWH, then oral therapy with VKA 
for at least 6 months and up to 12 months.

In case of secondary thromboembolism, antico-
agulation with VKA should be maintained for at 
least 3 months, if risk factors have been removed.

Idiopathic recurrent thromboembolism requires 
therapy indefinitely with therapeutic or prophylac-
tic dose of VKAs or LMWH, if oral anticoagula-
tion is too difficult.

In case of VTE associated with a central venous 
catheter (CVC), the removal of the catheter is rec-
ommended. The CVC could be maintained if it is 
necessary and functional, and consequently antico-
agulant therapy is required.

Thromboembolism associated with antiphospho-
lipid syndrome requires lifelong anticoagulation.

In cerebral sinovenous thrombosis without sig-
nificant intracranial hemorrhage, as well as in em-
bolic stroke, initial anticoagulation is administered 
with UFH/LMWH, followed by LMWH or VKA 
for minimum 3 months; in case of intraventricular 
brain hemorrhage, anticoagulation is not recom-
mended (1,2).

THROMBOPROPHYLAXIS

Generally speaking, thromboprophylaxis is 
done until the risk factors disappear and the patient 
can be included into a minimal risk category.

General preventive measures involve hydration, 
early removal of CVC and cessation of oral contra-
ceptive therapy in teenagers who require surgery. 
Preventive physical measures, such as elastic stock-
ings, are recommended for older children and ado-
lescents with an increased risk of VTE (2). In chil-
dren, particularly teenagers, with multiple risk 
factors for VTE, LMWH thromboprophylaxis may 
be imposed (2). In case of congenital deficits of co-
agulation factors with procoagulant hyperactivity, 
prophylaxis is for life. The implant devices for 
therapeutic and prophylactic purposes require con-
tinuous treatment (e.g. heart valves, endovenous 
filters, stents) (4).

CONCLUSIONS

The anticoagulant therapy remains within the 
spectrum of medical challenges, due to the differ-
ences in pharmacokinetics, the dose-dependent ef-
fect, as well as the specifics of the monitoring tests. 
International guidelines devise the dose and the 
length of anticoagulant treatment according to ethi-
opathogeny of the thromboembolism, the ap-
proaches determined by location, and thrombo-
prophilaxy. Given that most of the therapeutic 
recommendations for the thrombotic disease in 
children have been extrapolated from adult therapy, 
studies on larger groups of children are required. 
The treatment must be chosen depending on the pa-
tient’s hemodynamic stability, comorbidities and 
the balance between risks and benefits.

1. Guyatt G.H., Akl E.A., Crowther M., Gutterman D.D. et al.
Antithrombotic Therapy and Prevention of Thrombosis, 9th ed:
American College of Chest Physicians Evidence-Based Clinical
Practice Guidelines. Chest. 2012; 141(2 Suppl):7S-47S.

2. Chalmers E., Ganesen V., Liesner R. et al. Guideline on the
investigation, management and prevention of venous thrombosis in
children. Br J Haematol. 2011; 154(2):196-207.

3. Dijk F.N., Curtin J., Lord D., Fitzgerald D.A. Pulmonary embolism in
children. Paediatr Respir Rev. 2012; 13(2):112-122

4. Parasuraman S., Goldhaber S.Z. Venous Thromboembolism in 
Children. Circulation. 2006; 113:e12-e16.

5. Patocka C., Nemeth J. Pulmonary embolism in pediatrics. J Emerg
Med. 2012; 42(1):105-116.

6. Diaz R., Moffett B.S., Karabinas S. et al. Antithrombin Concentrate
Use in Children Receiving Unfractionated Heparin for Acute
Thrombosis. J Pediatr. 2015; 167(3):645-649.

7. Severin T., Zieger B., Sutor A.H. Anticoagulation with recombinant
hirudin and danaparoid sodium in pediatric patients. Semin Thromb
Hemost 2002; 28:447–454.

8. Klenner A.F., Lubenow N., Raschke R., Greinacher A. Heparin-
induced thrombocytopenia in children: 12 new cases and review of
the literature. Thromb Haemost. 2004; 91:719–724.

9. Schulman S., Beyth R., Kearon C. Hemorrhagic complications of
anticoagulant and thrombolytic treatment, ACCP Guidelines 8th Ed
2008. CHEST 2008; 133:257-298.

10. Chan A.K., Deveber G., Monagle P., Brooker L.A., Massicotte P.M.
Venous thrombosis in children. J Thromb Haemost 2003; 1:1443–55.

11. Leonida Gherasim. Ghid de diagnostic şi tratament al
tromboembolismului venos (Partea I). Medicina Interna, 2008; 5(4).

12. Seth T. Thrombosis in neonates and children. Eastern Journal of
Medicine, 2009; 4: 36-45

13. Massicotte P., Julian J.A., Gent M. et al. An open-label randomized
controlled trial of low molecular weight heparin compared to heparin
and coumadin for the treatment of venous thromboembolic events in
children: the REVIVE trial. Thromb Res 2003; 109:85–92.

14. Ansell J., Hirsh J., Hylek E. Pharmacology and Management of the
Vitamin K Antagonist; ACCP Guidelines 8th Ed 2008; Chest 2008;
133:160-198.

15. Young G. New anticoagulants in children: a review of recent studies
and a look to the future. Thromb Res 2011 Feb; 127:70–74.

16. Bolton-Maggs P., Brook L. The use of vitamin K for reversal of
over-warfarinization in children. Br J Haematol. 2002; 118(3):924.

17. Mohanty S., Vaidyanathan B. Anti-platelet agents in pediatric cardiac
practice. Ann Pediatr Cardiol. 2013;  6(1): 59–64.

18. Gupta A.A., Leaker M., Andrew M. et al. Safety and outcomes of
thrombolysis with tissue plasminogen activator for treatment of
intravascular thrombosis in children. J Pediatr 2001; 139:682–8.

19. Goldenberg N.A., Bernard T.J. Venous thromboembolism in children. 
Pediatr Clin North Am 2008; 55:305–22.

REFERENCES

Conflict of interest: none declared 
Financial support: none declared




