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Case report

6 years old boy with  ALL

started chemotherapy 1 month ago.

Central catheter difficulty of drawing 

blood 

What are the options? And how to 

proceed?

https://www.google.co.il/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjumbbA7qDNAhVHqxoKHWo9DxYQjRwIBw&url=http://phoenixrising.me/mecfs-basics/a-guide-to-diagnosing-chronic-fatigue-syndrome-mecfs-2&psig=AFQjCNFG4rt7G5BYfi6Vqg8RwfMKfcbkqQ&ust=1465765008072114
https://www.google.co.il/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjumbbA7qDNAhVHqxoKHWo9DxYQjRwIBw&url=http://phoenixrising.me/mecfs-basics/a-guide-to-diagnosing-chronic-fatigue-syndrome-mecfs-2&psig=AFQjCNFG4rt7G5BYfi6Vqg8RwfMKfcbkqQ&ust=1465765008072114


Incidence of venous thrombotic 
events per 100,000 according to age

Among children neonates exhibit the highest risk for 

thrombosis
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Virchow's triad in cancer patients

 Endothelial damage
◦ Shift to procoagulant endothelium

◦ Invasion of cancer cells into vessel wall 

 Stasis of blood
◦ Frequent immobilization, surgery

◦ Compression of blood vessels by tumor

 Changes in the blood constituents

◦ Activation of clotting proteins and blood cells

Rudolf Virchow

1821–1902







 Cancer is found in 20% of pediatric patients with VTE

 The most common malignancy in children is ALL, therefore it has 
an important role and impact on the pathogenesis and occurrence 
of VTE in children.

 The reported prevalence of symptomatic VTE in children with ALL 
ranges from 2-3%  (retrospective BFM study)and 14% (prospective 
study), however the prevalence of all reported cases including 
asymptomatic cases may range in some studies to up to 73%.

 There is a high incidence of PTS in survivors of childhood ALL. A 
significant proportion of ALL survivors develop PTS, indicating 
previously undiagnosed DVT

Sutor AH et al:  Bleeding and thrombosis in children with ALL treated according to the ALL-BDM-90 protocol,   Klinpadiatr. 
211 (1999) 201-204. Mitchel L et al, Cancer 2003;    Caruso, V. et al. Blood 2006;108:2216-2222 ;    Pyne et al BJH 2007;  
Nowak Gottl et al, Best Prac Hemat 2011

Epidemiology





 treatment with Escherichia coli asparaginase

 concomitant use of steroids 

 presence of central venous lines

 thrombophilic genetic abnormalities

[Caruso et al 2006 ; Payne 2007 ;Mitchell 2010; Nowak-Gottl 2011]

VTE risk factors in paediatric ALL



Principe et al . Thrombosis in adult patients with acute leukemia.

CurrOpinOncol 29 (2017) 448-454



 Increase production of pro-coagulant FXII, FXI, FIX, 
FX, FVIII,FVII,FV,FII and inhibitors of proteolysis (PAI-I 
, anti-plasmin) 

 Reducese fibrinolysis (tpa, plasminogen)

 N- Gottl et al.  demonstrated that dexamethaonse
may have some protective role  vs prednisone in 
induction therapy

 Changes in protocols entail a different risk of 
thrombosis

 Athale et al. Evaluation for inherited and acquired prothrombotic defects predisposing to symptomatic 

thromboembolism in children with acute lymphoblastic leukemia: a protocol for a prospective, observational, cohort 
study, BMC Cancer. 2017 May 4;17(1):313

 Nowak Gottl U et al; Thromboembolic events in children with ALL (BFM protocol): prednisone vs dexamethasone
administration. Blood. 2003:

https://www.ncbi.nlm.nih.gov/pubmed/?term=Evaluation+for+inherited+and+acquired+prothrombotic+defects+predisposing+to+sympthomatic+thromboembolism+in+children+with+acute+lymphoblastic+leukemia:a+protocol+for+a+prospective,+observational,+cohort+study


L-asparaginase

An increase in thrombotic events has been observed with 

the use of L-asp in a variety of chemotherapy protocols 
(Mitchell, Semin Thromb Hemost, 1995)

Thrombosis is mainly venous with a predilection to the 

central nervous system 
(Kieslich, Pediatr Oncol, 2003.

Alberts, 

Leuk Lymphoma, 1999)





 Decrease of natural anticoagulants such as 
anti-thrombin, protein C and S following 
which there is an increase in thrombin 
generation. 

 Risk of thrombosis does not seem to be 
significantly affected by type of ASP utilized. 
However, different commercial preparations 
exhibit various half life of ASP enzymes and 
may result in prolonged periods of 
hemostatic impairment



Caruso, V. et al. Blood 2006;108:2216-2222

IRs of clinical thrombotic events in different 
subgroups of studies

Erwinia

E. Coli A [Crasnitin]

E. Coli B [Kyowa, Japan]

equivalent dosages:



A prospective cohort study determining the prevalence of thrombotic events in children with 

acute lymphoblastic leukemia and a central venous line who are treated with L‐asparaginase

Cancer 2003; 97(2): 508-516



More clinical data?
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 Most thrombotic events are of a venous origin
 most common location for thrombosis was CNS in 

50% of cases, of which the majority were cerebral 
venous thrombosis. 

 upper limb DVT
associated with CVL 
comprised 27.5% cases.

 The rest : PE=1%
Right atrium (1%) , 
superficial (2.2%) 



 Acute ischemic stroke (AIS) in the context of 
childhood ALL has been reported 

 In large retrospective study looking at ischemic 
stroke among children treated for ALL, of a total 
of 2,318 ALL patients, 11 symptomatic ischemic 
strokes occurred in 11 patients (0.47%)

 Moyamoya syndrome occurs in increased 
frequency in survivors of childhood ALL.  This 
may be attributed to treatment with cranial 
irradiation
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 What are the 
options? And how 
to proceed?
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Treatment of malfunctioning CVAD

 Malpositionremove.

 Fibrin sheath Urokinase

 Thrombus  Anticoagulation (ACT):

In children with CVAD in place who have a VTE, 
if CVAD no longer required or nonfunctioning-
> remove, after at least 3-5 days ACT. 

If CVAD still required and functioning, should 
remain in situ, and patient given ACT



Role of Thrombophilia? Should we test?
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Ped VTE- Statistics
(IT)%

controls (healthy)                 patients

24,2% 68,1%



Caruso, V. et al. Blood 2006;108:2216-2222

Relative risk of thrombotic events in ALL children with at least 
one prothrombotic genetic defect



 Asp therapy may exacerbate inherited deficiency 
of AT, PC and PS even in hetrozygous patients. 
FV Leiden may exacerbate the suppression of PC 
and PS as a result of ASP therapy.

 Steroids increase prothrombin levels, thus, PTM 
may render patients to even higher levels and 
increased risk of DVT.

 MTHFR C677T homozygousity in presence of 
folic acid deficiency may lead to endothelial 
activation due to increased Homocysteine 
levels- MTX. 



1) Treat with LMWH

2) Check for thrombophilia?

3) Consider antithrombotic prophylaxis for 
high risk patients/situations

4) Neither FFP nor routine use of AT 
recommended in order to reduce thrombosis 
risk

BJH, Jan 2018: BSH guidelines : management of thrombosis 

in pediatric malignancy
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Pediatric Thrombosis-
Treatment
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 :  

 3 month of anticoagulation for DVT associated 
with cancer followed by 6 month of therapy if no 
clot resolution has occurred. 

 Prophylaxis should be continued as long as any of 
the following risk factors exist: active cancer, CVL 
and chemotherapy.

 It has been previously recommended that patients 
that have suffered from DVT when re-introduced 
to ASP should receive anticoagulant prophylaxis 
prior to administration and for 48 hours post ASP 
exposure



Low molecular weight heparin is the most 
commonly used treatment for DVT in 
children. 

There are no evidence based studies of VTE 
treatment in children with hematological 
malignancies..........

Anti Xa should be monitored !



Should ACT prophylaxis be applied 
to children with ALL?



BFM COALL FRALLE

Scoring system A

Induction starting 
day 8

DEXA or 
PDN 40 mg/m2 + (0.5 points) — + (0.5 points)

PDN 60 
mg/m2 and ASP 5000-6000 
IU/m2

++ (1 point)

Maximum score 1.0 0 0.5

Scoring system B

CVL, Broviac/Port + (1 point) + (1 point) + (1 point)

Genetics

Thrombophilia (n = 1)
+ (1 point) + (1 point) + (1 point)

Thrombophilia (> 1)
+ (2 points) + (2 points) + (2 points)

Maximum score 3 3 3

Total score, minimum 0.5 0 0.5

Scoring systems A and B, 
maximum score 4.0 3.0 3.5

-MITCHELL ET AL; BLOOD 2010        Scoring system for children with ALL according to different treatment protocols

BFM, Berlin-Frankfurt-Münster; COALL, Cooperative ALL; FRALLE, French ALL

Pediatric ALL population:

Pilot cohort- 465 of 552    / Validation cohort- 339 of 347



Pediatric VTE: Primary prophylaxis -

Suggested prophylaxis score

Risk factorPoints

ALL      1

positive family history/single thrombophilia1

or combined thrombophilia/APS2

central venous line1

Risk score
low risk< 1

medium risk2

high risk > 3

*E. coli B ASP 5000/m2 x8; prednisone 60 mg/m2
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Consider VTE prophylaxis in ALL 
[high risk VTE patients]

 risk score > 3

 enoxaparin 1 mg/kg/24h
◦ prophylaxis start: days 8-12 (induction therapy)

platelet count < 20.000/ml: stop



 PARKAA was an open, randomised, controlled study in

children with ALL being treated with ASP.

 Children were randomised to receive antithrombin infusions or no 
antithrombin treatment. All thrombotic events were confirmed using 
bilateral venography, ultrasound, echocardiography and MRI. 

 The incidence of thrombosis in patients treated with antithrombin
was 28% (95% CI 10-46%), compared to 37% (95% CI 24-49%) in the 
non treated arm. Two minor bleeds occurred in patients in the 
treated arm, but were not considered to be related to antithrombin. 
No significant differences were seen in plasma markers by the 
treatment group. 

 In conclusion, treatment with antithrombin concentrate shows a 
trend to efficacy and safety. In contrast, there was no difference in 
surrogate markers for thrombosis. Carefully designed clinical trials 
are needed to test the efficacy and safety of antithrombin in this 
population

AT  Treatment- PARKAA

Thromb Haemost 2003; 90(02): 235-244



 Unfractioned heparin has the limitations of 
continuous administration, increased 
bleeding tendency however it is easily 
reversed. 

 Warfarin, the only currently approved oral 
anticoagulant has a narrow therapeutic index, 
is affected by drug interactions and dietary 
changes that render it difficult for use in 
pediatric cancer patients. 



Discovered Adult use Ped Use

Heparin 1916 1937 1954

Warfarin 1929 1954 1976

LMWH 1970 1980 1990

Fundaparinux 1985 2001 2004

Bartolozzi G, Guazzelli C. [Two cases of septic thrombosis of the cavernous sinus cured by antibiotics and heparin.]Riv Clin Pediatr. 1954;

Carpentieri U, Nghiem QX, Harris LC. Clinical experience with an oral anticoagulant in children. Arch Dis Child.1976; Massicotte P,

Adams M, Mazinotto V, Brooker LA, Andrew M. Low-molecular-weight heparin in pediatric patients with thrombotic disease: a dose finding

study. J Pediatr.1996; Young G, Nugent DJ. Use of argatroban and fondaparinux in a child with heparin-induced thrombocytopenia. Pediatr

Blood Cancer. 2004;42:S542.



 Direct oral anticoagulants (DOAC) have 
become widely used in adult patients with 
DVT.

 However, their use in active cancer 
associated DVT is still limited 

 Currently DOAC are not approved for children 
and are only administered within clinical 
studies



Take home messages: 
Pediatric ALL thrombosis

 Epidemiology varies with study type

 Etiology:multifactorial

 Thrombophilia should not be routinely screened

 Different protocols yield variable risks

 Insufficient evidence to support replacement

 LMWH is the only drug for ACT

 Prophylaxis-individually tailored



Thanks!
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