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CASE REPORT
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Abstract
In this case report we describe a case of massive deep vein thrombosis in an adolescent. The case was complicated by severe antithrombin deficiency caused by a
previously unreported mutation. We discuss the use of catheter directed thrombolysis and (F)Xa inhibitors in children and adolescents.
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I N T RO DU CT ION

Inferior vena cava agenesis/hypoplasia is found in up
to 5% of patients younger than 30 years presenting with
lower limb deep vein thrombosis.5,7 The prevalence in the
general population is estimated to be between 1/100 and
1/200.000.5
Hereditary antithrombin (AT) deficiency has a prevalence of 1:5000 making it the rarest of the hereditary
thrombophilias, but it is also the condition with the highest
risk of VTE, and therefore, most patients with hereditary
AT deficiency are given life-long anticoagulation treatment.2,8,9 AT is an anticoagulant protein which primary
functions by inhibiting coagulation factor (F)IIa (thrombin) and FXa, but also, to a lesser extent, FIXa, FXIa,

Venous thromboembolic events (VTE) in children and
adolescents are very rare with an incidence of roughly
0.7–2 per 100,000 children years compared with 100–
150 per 100,000 patient years in adults.1–3 The vast majority of VTE in children are related to acquired risk factors
such as central venous catheters, which accounts for up to
90% of neonatal and 50% of pediatric VTEs.1,4 Most of the
remaining cases are related to cancer, infection and inherent risk factors such as severe hereditary thrombophilia
and venous malformations while only very few idiopathic
VTEs occur in the pediatric population1,3,5,6
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Abbreviation: MCV, mean corpuscular volume.
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An otherwise healthy 15-year-old girl was admitted to the
Pediatric Department at Regional Hospital West Jutland,
Denmark, presenting with pain and swelling in the lower
extremities and lower back pain for the last 2 weeks. The
physical examination showed bilateral swelling of the
crura. There was tenderness of the legs but no redness or
fever. Further, visibly extended veins on the lower abdomen were observed. Ultrasound of the lower extremities
revealed bilateral deep vein thrombosis, extending from
the femoral veins to the popliteal veins, and a computed
tomography (CT) with venography demonstrated involvement of the iliac vessels as well. A CT angiography of the
pulmonal vessels showed no sign of pulmonal embolism.
The family history mentioned that two uncles, as well
as a 13-year-old cousin, had been diagnosed with deep
vein thrombosis. There was no known hereditary thrombophilia diagnosed in any of the family members. The

Day 1

2 | C A S E D E SCR IPT ION,
M ET H O D S , AN D R E SU LT S

Day (time)

FXIIa, tissue plasminogen activator, urokinase, trypsin,
plasmin an kallikrein.10 The inhibitory activity of AT is increased at least a thousand fold in the presence of heparin,
and it is this increase in AT activity which confers the anticoagulant effect of heparin treatment. Therefore, in the
rare cases of hereditary, AT deficiency heparin treatment
needs to be combined with AT supplementation.
Treatment of VTE in children and adolescents differ from the therapeutic approach in adults by being focused around low-molecular weight heparin and vitamin
K antagonists, whereas in adults the increasingly preferred treatment is direct oral anticoagulants.3 However,
recent evidence of the use of FXa inhibitor rivaroxaban
in children and adolescents has emerged.11 In the acute
phase, another treatment approach is thrombolysis.
Thrombolysis has the ability to restore blood vessel patency as opposed to anticoagulation, where the treatment
goals are stopping clot propagation and embolization.
However, thrombolysis also carries an increased risk of
bleeding complications.12,13 Systemic thrombolysis caused
clinically significant bleeding in 38% of patients.12 In an attempt to reduce bleeding complications, catheter-directed
approaches have been developed where the thrombolytic
agent is administered directly at the site of the thrombus,
reducing the percentage of bleeding complications to
16%.12,13
In this paper, we present a case of bilateral iliofemoral deep vein thrombosis in a 15-year-old female adolescent with previously unknown AT deficiency successfully
treated with catheter-directed thrombolysis followed by
treatment by the Xa-inhibitor rivaroxaban.

2000 IE

  

Biochemical results and treatment in a 15-year-old girl experiencing advanced venous thromboembolism from admission (Day 1) and during the subsequent 13 days
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patient was not taking any medication or using hormonal contraception. Treatment with dalteparin at 200 IE/kg
(body weight 59 kg) was initiated according to standard
guidelines.14
Biochemical results and treatment are summarized in
Table 1.
Due to the extensive thrombosis and positive family
history of deep vein thrombosis, hereditary thrombophilia was suspected, and on the 3rd day of admission
a very low plasma-AT (enz.) was measured. This measurement was confirmed the next day at a plasma-AT
level of 0.46 UI/L. After confirmation of the low plasma-AT (enz.) value, AT substitution was initiated with
the aim of keeping AT above 0.60 × 103 IU. The patient

(A)

(C)

F I G U R E 1 (A and B) Right and left
side venography prior to thrombolysis
showing no contrast flow in the femoral
veins. (C) Post thrombolysis venography.
White arrow shows extensive collateral
formation. Blue arrow: Vena cava
hypoplasia/agenesis
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was further referred to the Department of Vascular
Surgery, Kolding Hospital, which is one of two departments in Denmark performing catheter-directed
thrombolysis. Despite the prolonged duration of symptoms, upwards of 3 weeks, the patient was accepted for
catheter-directed thrombolysis. Conventional and magnetic resonance imaging phlebography performed prior
to thrombolysis, demonstrated bilateral occlusion of the
iliac and femoral vessels (Figure 1A,B), and a very thin/
hypoplastic vena cava inferior from the bifurcation to
just caudal to the renal veins (Figure 2). Thrombolysis
was performed with thrombolysis catheters placed in
both popliteal fossae. Phlebography after 24 h of treatment showed almost complete lysis of the thrombi in

(B)
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F I G U R E 2 Axial balanced fast field echo (BFFE) MRI images
at L2/L3 level above the iliac bifurcation. Blue arrow points to the
atretic vena cava inferior with no flow. Orange arrow points to
the dilated right ovarian vein, left ovarian vein is also prominent
because of the collateral venous flow

the femoral veins on both sides and the right iliac vessels. In the left iliac vessels, partial thrombosis remained
and thrombolysis was, therefore, continued. After 48 h,
the treatment was discontinued due to continuous seeping bleeding from the left catheter. Thereafter, no other
complications ensued. Post-treatment phlebography
demonstrated open vessels on both sides and no remaining thrombi (Figure 1C). However, the hypoplastic vena
cava inferior caused most of the run-off to be directed to
large collaterals of the right common femoral vein. The
agent used in the thrombolytic treatment was recombinant tissue plasminogen activator (Actilyse®) in combination with dalteparin (Fragmin®). No AT concentrate
was administered during thrombolysis.
After successful thrombolysis the patient was transferred to the Pediatric Department, Aarhus University
Hospital, for further treatment with dalteparin and AT
concentrate as shown in Table 1. Life-long anticoagulation therapy is indicated in AT deficiency patients with
thrombosis. Due to concerns about compliance to vitamin
K antagonist treatment, and recent trials demonstrating
adequate effect and safety of rivaroxaban in children,11
treatment with rivaroxaban was chosen for this patient.
Thrombophilia evaluation was performed 4 months
after the initial event. At this time, the level of plasma-AT (antigen) was measured at 3.8 µmol/L (ref: 4.1 – 
6.3 µmol/L) confirming type 1 AT deficiency. At the same
time, the corresponding enzymatic measurement was
0.60 × 103 IU. Because of the family history of deep vein
thrombosis, genetic testing for hereditary AT deficiency
was performed. Sanger sequencing of the coding regions
of the SERPINC1 gene uncovered a heterozygotic deletion in exon 7 (p. Glu410del c.1225_1227del), which is assumed to be the cause of the patients type 1 AT deficiency.

|

DISC USSION

This case report illustrates the importance of considering thrombophilia and vascular malformations in children presenting with VTE without apparent risk factors.
In this case, the family history with multiple VTEs on
the paternal side was indicative of hereditary thrombophilia, and the quick diagnosis of AT deficiency allowed
for treatment with AT concentrate to be commenced
early on. Further, this case demonstrates that catheter-
directed thrombolysis is feasible with a good outcome in
a child with massive deep vein thrombosis complicated
by AT deficiency and vascular malformation. The combination of severe inherited thrombophilia and inferior
vena cava hypoplasia places this patient in extremely
high risk of recurrent thrombosis. Because of recent evidence supporting the use of direct oral anticoagulants
in children and adolescents, we decided to treat this patient with rivaroxaban, sparing her of daily injections
and frequent INR monitoring. As long as the patient is
free from recurrent thrombosis and does not experience
bleeding complication, we will recommend the continued use of rivaroxaban. Rivaroxaban is known to be
complicated by menorrhagia, and therefore, supportive
measures may be necessary in this context.
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