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Abstract

Introduction: Nephrotic syndrome (NS) is associated with a multifactorial hypercoagulable state. Congenital NS (CNS) exhibits a higher
prevalence of thrombotic events compared to other types. Direct oral anticoagulants (DOAC) have been approved for paediatric acute venous
thromboembolism.

Case Report: We present 2 CNS children treated with rivaroxaban for treatment (Case 1) and prophylaxis (Case 2) of thrombotic events. A
2-month-old male previously diagnosed with CNS with homozygous mutation in the NPHS1 gene, underwent central venous catheter (CVC)
replacement during which multiple thrombi were seen. The patient developed clinical signs compatible with pulmonary embolism. Chest
radiograph showed a peripheral condensation on the left hemithorax and CT-angiography was inconclusive for peripheral embolism. Despite
therapeutic doses of enoxaparin, adjustments were difficult with persistently low anti-Xa levels. The switch to rivaroxaban was performed, and
doses were regularly adjusted based on patient’s weight. No adverse or other thrombotic events were reported, despite maintaining CVC. As
expected, chronic kidney disease progressed at 19 months and rivaroxaban was suspended. An 8-month-old female with CNS associated with
an heterozygous mutations in the NHPS1 gene, underwent multiple CVC replacements due to recurrent obstruction despite heparinisation and
alteplase administrations. Although there were no systemic thrombotic episodes, considering the high risk of thrombosis, prophylaxis with
rivaroxaban was initiated with eGFR of 54 mL/min/1.73m2 (1-2 SD below expected eGFR). Weight-adjusted dose was prescribed. No severe
adverse or thrombotic events reported until 19 months.

Conclusion: These cases suggest that the safety and efficacy profile of rivaroxaban may be encouraging for treating and preventing venous
thromboembolism in CNS. However, additional studies are warranted to optimize DOAC use in children with complex conditions, such as CNS,
allowing for more tailored management of anticoagulation in this high-risk population.
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Abbreviations: CNS: Congenital Nephrotic Syndrome; CVC: Central Venous Catheter; eGFR: estimated Glomerular Filtration Rate; SD: Standard
Deviations; NS: Nephrotic Syndrome; DOAC: Direct Oral Anticoagulants

Case Report

Case 1

A four-week-old male infant presented with generalized
oedema, abdominal distention, vomiting, and irritability. He
was the first child of a non-consanguineous couple and his
family history was unremarkable. Prenatally, the ultrasound
performed at 36 weeks of gestation revealed oligohydramnios. At
the 38-week delivery, APGAR was 9/10 at the 1** and 5" minute

respectively. The weight of the placenta was not recorded. No
dysmorphic features were described. He was diagnosed with
congenital nephrotic syndrome (CNS) and subsequent genetic
testing revealed a homozygous mutation in the NPHS1 gene.

The patient received albumin and furosemide as needed
according to clinical evaluation. A central venous catheter
(CVC) was placed because of the need for frequent albumin

Acad J Ped Neonatol 14(1): AJPN.MS.ID.555934 (2024)


http://dx.doi.org/10.19080/AJPN.2024.13.555934
http://juniperpublishers.com/ajpn
http://juniperpublishers.com/ajpn/
http://juniperpublishers.com/ajpn/
http://juniperpublishers.com

Academic Journal of Pediatrics & Neonatology

administrations. Therapy included dipyridamole, captopril,
indomethacin, and levothyroxine, as well as magnesium, calcium,

and vitamin D supplementation.

At 2 months, the patient underwent CVC replacement due
to tip displacement. During the procedure, several thrombi
were identified. Serum albumin (10.1 g/L) and haemoglobin
(8.4 g/dL) levels prompted the administration of albumin and
packed red blood cells transfusion. In the first 24 hours after

CVC substitution, the patient exhibited acute pallor, tachycardia,
shortness of breath, and hypoxemia, with no fever. A presumptive
diagnosis of peripheral pulmonary embolism was assumed.
Chest radiograph showed a peripheral condensation on the left
hemithorax. Computed tomography angiography scan ruled out
a major pulmonary embolism but provided inconclusive results
regarding peripheral embolic events.

Prophylactic dipyridamole was suspended, and subcutaneous
enoxaparin was started at therapeutic dose (1.5 mg/kg/dose
every 12 hours) according to the age group. Dose adjustments
were difficult with persistently low anti-Xa levels. Additional
thrombotic risk factors were analyzed (Table 1). The switch to
rivaroxaban was performed after 11 days of enoxaparin. At that
time, his weight was 4 Kg, with an estimated glomerular filtration
rate (eGFR) of 94 mL/min/1.73 m2. The patient received 1.4 mg
of rivaroxaban, every 8 hours. As expected, chronic kidney disease
progressed reaching an eGFR of 22 mL/min/1.73 m2 (= 2 standard
deviations (SD) below normal eGFR) at the age of 19 months and

rivaroxaban was suspended (1.5 years after starting treatment) as
there were no other reported thrombotic events. During treatment,
doses were adjusted regularly based on patient’s weight, no other
thrombotic events were reported despite maintaining a CVC, and
no adverse effects were described.

Case 2

A five-week-old female infant was admitted with failure to
thrive, anorexia, prostration and generalized oedema. No family
history was reported, and parents were non-consanguineous.
During pregnancy, a 32-weeks ultrasound showed foetal growth
restriction. Delivery occurred at 34 weeks, with APGAR scores of
8 and 10 at 1** minute and 5" minute, respectively. An enlarged
placenta was described. No dysmorphic features were reported.
The patient was diagnosed with CNS and later found to have two
heterozygous mutations in the NPHS1 gene. Albumin infusions,
furosemide, prophylactic dipyridamole, captopril, levothyroxine,
iron, magnesium, calcium, and vitamin D supplementation were
started upon diagnosis.

Inthe first 8 months, five CVCs were replaced due to obstruction
despite regular heparinisation and alteplase administrations as
needed. In each procedure, antithrombin III was administered
prophylactically (50 U/Kg). No systemic thrombotic episodes
were identified and the doppler ultrasound of neck vessels was
normal. Additional coagulation and thrombotic risk evaluations
were performed (Table 1).

Table 1: Study of thrombotic risk in two cases of CNS treated with rivaroxaban.

Case 1 Case 2
eGFR Rates During Treatment
¢GFR (mL,/min/m2) Beginning of therapy (normagltor age) (= -1SDSLf}or age)
Suspension of therapy 22 NA
(= -2 SD for age)
Coagulation and Thrombotic Risk Study Before Rivaroxaban Initiation
PT (reference range: 10,6-11,4 sec.) 11.7 sec. 13.0 sec.
INR (reference range: 0,96 - 1,04) 0.96 1.08
aPTT (reference range: 24-36 sec.) 32.3 sec. 45.7 sec.
Fibrinogen (reference range: 1,50 - 3,79 g/L) 69 g/L 34g/L
Factor V Leiden mutation - No mutation
Factor V (reference range: 48 - 132%) 162% -
Factor VII (reference range: 39 - 143%) 75% -
Factor VIII (reference range: 50-125%) 241% 134%
Factor IX (reference range: 21 - 113%) 74% -
Factor X (reference range: 31 - 87%) 47% -
Factor XII (reference range: 25-109%) 19% 21%
Prothrombin G20210A mutation - No mutation
Antithrombin III (reference range: 73-121%) 15% 18%
Protein S (reference range: 54,5 - 123,7%) 59% 54%
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Protein C (reference range: 28-80%) 33% 47%
Plasminogen (reference range: 78-118%) 23% -
Anti-Beta 2-glycoprotein 1 IgM antibody Negative Negative
Anti-Beta 2-glycoprotein 1 IgG antibody Negative Negative

Anti-cardiolipin IgM antibody Negative Negative
Anti-cardiolipin IgG antibody Negative Negative

Legend: aPTT: activated partial thromboplastin clotting time; e GFR: estimated glomerular filtration rate; INR: International Normalized ratio; NA:
not applicable (still on treatment); PT: Prothrombin time; N: normal range values; SD: standard deviation; sec.: seconds

Due to high thrombotic risk and CVC obstructions, rivaroxaban
started at 8 months of age. Body weight was 5,7 Kg and eGFR
was 54 mL/min/1.73 m? (1 to 2 SD below normal eGFR) at that
time. Weight-adjusted starting dose was 1.6 mg, every 8 hours.
Spontaneous self-limited epistaxis was reported on the second day
of treatment. No other adverse events or haemorrhagic episodes
were described.

Currently, at 19 months, weighing 8.4 Kg and with an eGFR
of 53 ml/min/1.73 m? the patient still has a CVC in place and
treatment with rivaroxaban has been maintained, at a present
dose of 2.4 mg, every 8 hours according to guidelines. Since the
initiation of rivaroxaban, there was only one readmission due to
CVC obstruction, after 9 months of therapy.

Discussion

The hypercoagulable state in nephrotic syndrome (NS)
is multifactorial and well established. The disruption of the
glomerular basement membrane causes the loss of anticoagulants
(antithrombin III, plasminogen, protein C, and protein S), along
with low molecular weight procoagulants. As a response, there is
a hepatic overproduction of high molecular weight procoagulant
factors, including fibrinogen and factors V, VII, VIII and X. The
leakage of megakaryopoiesis inhibitors promotes dysregulation of
platelet production and activation. Therefore, this dysregulation
and loss of anticoagulants, like antithrombin III, might explain the
inefficacy of low molecular weight heparins in NS [1,2].

In CNS, there is a synergic action of the hypercoagulability of
NS along with other pro-thrombotic factors concerning therapy
(presence ofa CVC, use of diuretics) and hydroelectrolytic disorders
(hypocalcaemia, hypomagnesemia) [2]. Severe hypoalbuminemia
and intravascular volume depletion (or hypovolaemia) also
contribute to this risk. Higher incidence of thromboembolic events
has been shown in congenital cases [2] and a recent meta-analysis
proposes an overall prevalence of 4.9% [3].

Currently, two direct oral anticoagulants (DOAC), rivaroxaban
and dabigatran, have received approval for treating acute venous
thromboembolism in children [4]. In the EINSTEIN-]r phase 3
study, rivaroxaban, a direct factor Xa inhibitor, showed a decrease
in thrombotic burden without increasing haemorrhages compared
to standard anticoagulants [5,6]. Current experience with the use
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of DOAC in patients with NS, although limited, suggests these
drugs are promising as an alternative for patients with treatment
failure or at high risk of adverse effects with classic anticoagulants
such as warfarin and heparin. Of note, Xa factor levels might be
normal, high, or low in NS. Therefore, the efficacy and the risk
of adverse events of treatment with DOAC, such as rivaroxaban,
might be difficult to establish [7].

To the best of our knowledge, there are several case reports
highlighting the use of DOAC in adults with NS [7], but only one
reporting the use of rivaroxaban for the management of venous
thromboembolism in children with NS [8]. We believe we are the
first to report the use of rivaroxaban in children with CNS. We
describe two paediatric patients with CNS who were treated with
rivaroxaban. In the absence of antiphospholipid syndrome (Table
1), high risk of bleeding, liver dysfunction or ongoing treatment
with CYP3A4 inducers or inhibitors, there were no formal
contraindications for the drug [4].

A comprehensive thromboembolic risk assessment was
carried out for both patients, revealing only the abnormal findings
expected in CNS (Table 1). It is also important to highlight that
both patients underwent several CVC replacements, increasing
their thrombotic risk. Therapeutic doses were started on both
cases according to published recommendations for acute venous
thromboembolism in children [5]. No new systemic thrombotic
events were diagnosed since starting treatment, and no severe
haemorrhages or serious adverse effects were observed. This not
only supports the efficacy and safety of the drug as previously
described [5,6], but also suggests rivaroxaban might be an option
in a subgroup of pediatric patients with CNS.

Robust and larger studies are needed concerning the use of
DOAC in children, especially in children with NS and high risk
for thrombotic events, such as children with NS and, particularly,
CNS. Such studies may contribute to update recommendations for
treatment and prevention of thrombotic events among children
with NS and CNS.

Learning Points

i. There is a higher prevalence of thrombotic events in CNS
compared to other groups of NS.
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ii. Rivaroxaban appears to be a safe and effective option
for the treatment and prophylaxis of venous thromboembolism in
children with CNS.

iii. More research is needed to guide new recommendations
about the use of DOAC to reduce the thrombotic burden of CNS
without significantly increasing the risk of bleeding.
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