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Acute dural venous sinus thrombosis in a child with
idiopathic steroid-dependent nephrotic syndrome: a case
report
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Nephrotic syndrome (NS) is a hypercoagulable state in which children are at risk of venous thromboembolism. A higher risk has
beenreported in children with steroid-resistant NS than in those with steroid-sensitive NS. The mortality rate of cerebral venous
sinus thrombosis (CVST) is approximately 10% and generally results from cerebral herniation in the acute phase and an underly-
ing disorder in the chronic phase. Our patient initially manifested as a child with massive proteinuria and generalized edema. He
was treated with albumin replacement and diuretics, angiotensin-converting enzyme inhibitor, and deflazacort. Non-contrast
computed tomography showed areas of hyperattenuation in the superior sagittal sinus when he complained of severe headache
and vomiting. Subsequent magnetic resonance imaging revealed empty delta signs in the superior sagittal, lateral transverse,
and sigmoid sinuses, suggesting acute CVST. Immediate anticoagulation therapy was started with unfractionated heparin, an-
tithrombin III replacement, and continuous antiproteinuric treatment. The current report describes a life-threatening CVST
in a child with steroid-dependent NS, initially diagnosed by contrast non-enhanced computed tomography and subsequently
confirmed by contrast-enhanced magnetic resonance imaging, followed by magnetic resonance venography for recanalization,
addressing successful treatment.
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to be 1.8%-5% in children with NS [2], whereas its incidence

in adult patients is approximately 25% [1]. Patients with severe

Introduction

Idiopathic nephrotic syndrome (NS), clinically characterized by
massive proteinuria, hypoalbuminemia, hyperlipidemia, and
generalized edema, is a hypercoagulable state in which children
are at risk of venous thromboembolism [1]. Although the differ-
ence in incidence between children and adults is still to be elu-
cidated, the risk of thromboembolic phenomenon is estimated

proteinuria have a 34-fold higher risk of thromboembolism [3].
Notably, a higher risk has also been reported in children with
steroid-resistant NS than in those with steroid-sensitive NS [4].

In the 19th century, renal vein thrombosis was recognized for
the first time to be associated with NS [1]. This observation was
polished with the association between NS and venous throm-
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bosis, as reported by Derow et al. in 1939 [5]. Since that time, it
has been realized that thromboembolism may arise in patients
with NS and form in either arteries or veins, including pulmo-
nary embolism, renal vein thrombosis, and cerebral venous
sinus thrombosis (CVST).

However, the majority of thrombotic events result from a ve-
nous origin. The occurrence of inferior vena cava thrombosis,
renal vein thrombosis, or pulmonary embolism, is frequent,
while CVST is less common [6]. Although CVST is very rare in
children, it has been reported most commonly in the cerebral
sagittal sinus [7]. The mortality rate of CVST is approximately
10% and generally results from cerebral herniation in the acute
phase and an underlying disorder in the chronic phase [8].
Moreover, 6% to 10% of patients who survive have severe re-
sidual neurological sequelae despite therapeutic intervention
[9]. As CVST is one of the major life-threatening complications
in NS, understanding CVST, immediate anticoagulation, and
treatment is critical in children with NS with thrombogenic
predisposition. Here, we present a pediatric patient with ste-
roid-dependent NS (SDNS) and acute CVST with a favorable
outcome.

Casereport

A 3-year and 6-month-old boy visited the emergency depart-
ment because of generalized edema and abdominal pain.
He had swelling on both eyelids and poor oral intake and was
lethargic for 3 days, followed by the appearance and worsen-
ing of whole body edema and abdominal pain before he was
admitted. He had a family history of paternal diabetes mellitus
and hypothyroidism. He also had a past medical history of NS
treated at another hospital before he came to our hospital. He
was suspected of having subclinical hypothyroidism and was
followed up without medication. On physical examination,
pretibial pitting edema on both legs and abdominal distention
were observed.

Laboratory investigation revealed massive proteinuria (spot
urinary protein-to-creatinine ratio [UPCR] of 26 g/g, normal
<02 g/g), low serum albumin level (1.6 g/dL), and hypercholes-
terolemia (369 mg/dL). His renal function was within normal
limits. The thyroid function test revealed an elevated serum
thyroid-stimulating hormone level (32.3 pIU/mL) and normal
T3 (101 ng/mL) and free T4 (1.08 ng/dL) levels. Twenty-four-hour
urine protein and creatinine excretion were measured as 3,683
mg and 180 mg, respectively, with a total urinary volume of 540
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mlL/day. The UPCR gradually increased to 30.7 g/g in spot urine.
Levels of complement components C3 and C4 were all within
the normal ranges (98 mg/dL and 23.2 mg/dL, respectively). The
antistreptolysin O titer was 85 IU/mL (reference range, 0-200
IU/mL). The serologic tests for antinuclear antibodies, antineu-
trophil cytoplasmic antibodies, and anti-double-stranded DNA
were all negative. He was then treated with deflazacort (2 mg/
kg/day), albumin replacement and diuretics, and an angioten-
sin-converting enzyme inhibitor. The UPCR decreased to 7.7 g/g
during the 2-week treatment period before he was discharged
with oral medication, which was still a high amount of protein
intheurine.

After 5 days of discharge, the boy presented to our emergen-
cy room with a 3-day history of aggravating headaches and a
four-time history of vomiting after eating. On the day of pre-
sentation, he was not able to stand and even speak but had no
fever or history of seizures. His vital signs were as follows: high
blood pressure, 98/64 mmHg; pulse rate, 135 beats/min (tachy-
cardia); and a slightly decreased respiratory rate of 20 breaths/
min. Physical examination showed an acute ill-looking appear-
ance, drowsy mental status, and pretibial pitting edema on both
of hislower legs, gaining body weight from 15.6 to 170 kg.

The initial coagulation function test revealed an elevated se-
rum fibrinogen level of 468 mg/dL (reference value, 200-400
mg/dL), increased D-dimer level of 11 pg/mL (fibrinogen equiv-
alent units, 0-0.5 pg/mL), and decreased antithrombin III (AT-
111) level of 55% (80%-120%). The levels of fibrinogen, D-dimer,
and AT-III were changed to 680 mg/dL, 101 pg/mL, and 41%,
respectively, on day 7 (Table 1). The activated partial throm-
boplastin time (aPTT), prothrombin time, and international
normalized ratio (INR) were all within normal limits. The UPCR
increased to 230 g/g again, showing heavy proteinuria with a
significantly low albumin level of 1.8 g/dL.

On admission, non-contrast computed tomography (CT) of
the brain revealed a hyperintense prominence and segmentally
increased attenuation of the superior sagittal, right transverse,
and sigmoid sinuses with slightly engorged cortical veins, sug-
gesting acute dural venous sinus thrombosis (Fig. 1). A coronal
non-enhanced CT image of the patient showed an area of cen-
tral hyperattenuation in the superior sagittal sinus (Fig. 1). Mag-
netic resonance imaging (MRI) also demonstrated empty delta
signs, contrast outlining a filling defect due to a thrombus (Fig.
2). No cerebral infarction or hemorrhage was observed.

The patient was started on 100 U/kg of unfractionated hepa-
rin (UFH) intravenously at loading and subsequent doses of 25
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Table 1. Serial laboratory test results of the patient with nephrotic syndrome and cerebral venous sinus thrombosis on and after admission

Variable Hospital day On discharge Reference
1 7 9 17 24
Platelet (10°/uL) 396 349 299 349 382 534 130-450
Total protein (g/dL) 41 43 40 41 40 6.7 64-83
Albumin (g/dL) 18 20 17 25 20 44 34-48
Blood urea nitrogen (mg/dL) 10 13 15 7 10 8 6-20
Creatinine (mg/dL) 013 0.10 012 014 012 017 010-040
Total cholesterol (mg/dL) 540 NA NA 523 NA 449 1-240
Cystatin C-based eGFR 110 NA NA 116 NA 106 NA
aPTT (sec) 333 450 435 76.0 54.8 450 28.0-450
PT (sec) 118 121 121 24.0 338 206 116-155
INR 0.89 093 0.92 210 330 198 0.87-124
Fibrinogen (mg/dL) 468 680 579 463 478 349 200-400
FDP (ug/mL) 45 36.3 35 6.5 32 30 0.01-50
D-dimer (ug/mL, FEU) 110 1013 838 234 0.85 032 0-0.50
AT-TI1(%) 55 4 54 107 70 85 80-120
Urinalysis protein 4+ 4+ A+ 4+ 4+ * -
UPCR (g/g) 229 506 418 324 215 014 <0.20

eGFR, estimated glomerular filtration rate; aPTT, activated partial thromboplastin time; PT, prothrombin time; INR, international normalized
ratio; FDP, fibrin/fibrinogen degradation products; FEU, fibrinogen equivalent units; AT-III, antithrombin III; UPCR, urinary protein-to-creatinine
ratio; NA, not applicable.

Fig. 1. Brain computed tomography (CT) scan findings. (A) The sagittal non-enhanced CT image shows areas of segmentally increased attenuation
(red circle), consistent with acute thrombi in the superior sagittal sinus. (B) The axial image on pre-contrast CT shows areas of abnormal
hyperattenuation (red arrow), consistent with acute thrombi in the right transverse sinus. (C) The coronal non-enhanced CT image of the patient
shows a central hyperattenuation (red circle) in the superior sagittal sinus, surrounded by slightly engorged cortical veins. (D) The coronal non-
enhanced CT image reveals an area of significantly hyperintense signal (red arrowhead) indicative of acute thrombosis in the superior sagittal
sinus.
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Fig. 2. Brain magnetic resonance imaging findings. (A) Contrast-enhanced magnetic resonance imaging reveals areas of filling defects in the
superior sagittal sinus due to acute thrombosis. (B) The empty delta signs are positive in the superior sagittal (red arrow), lateral transverse (yellow
arrow), and sigmoid sinuses (blue arrow), suggesting acute dural sinus thrombosis. No cerebral infarct is found.

Fig. 3. Brain magnetic resonance venography manifestations. (A) Three weeks later, contrast-enhanced magnetic resonance venography
demonstrates recanalization (red arrowheads) in the superior sagittal sinus that was obstructed due to acute thrombus. (B) The right transverse
sinus still shows a lack of flow (red circle), possibly resulting from congenital hypoplasia of cerebral vasculatures or partially remaining

thrombosis.

U/kg/hr with a target goal of an aPTT of 60 to 80 seconds. UFH
was switched to enoxaparin, low-molecular-weight heparin. A
vitamin K antagonist (warfarin) was also added to the patient
at a dose of 01 to 0.2 mg/kg per oral a day for anticoagulation,
planning to be used a minimum duration of 3 months up to 6
months. Three weeks later, radiological assessment for recanal-
ization was performed with magnetic resonance venography
(MRV), resulting in substantial obliteration and slight residual
dural sinus thrombosis in the superior sagittal sinus (Fig. 3).
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Discussion

The current report describes CVST in a child with SDNS, initial-
ly diagnosed by contrast non-enhanced CT and consecutively
confirmed by contrast-enhanced MRI, followed by MRV for
improvement. Although we have theoretically acknowledged
the occurrence of thrombosis in patients with NS, to the best of
our knowledge, this is the rare case of CVST reported in a pedi-
atric patient aged <5 years with NS in Korea. This specific case
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of CVST contributes to the spectrum of serious complications in
younger children with SDNS. Additionally, it can influence the
early detection and prompt management of children with CVST.

According to a review of the literature, hypercoagulability
induced by severe proteinuria, hypoalbuminemia, and hypo-
volemia, using diuretics, increased synthesis of fibrinogen and
other clotting factors (factor V, factor VIII, von Willebrand fac-
tor, a2-plasmin inhibitor, and plasminogen activator inhibitor)
[1], decreased endogenous antithrombotic factors (protein C,
protein S, AT-111, and tissue factor pathway inhibitor), acceler-
ated generation of thromboplastin, thrombocytosis, platelet
aggregation, and activation of the coagulation system, work
together to produce thrombogenic conditions in NS [10,11]. Bac-
terial peritonitis and sepsis can also induce systemic thrombo-
sis triggered by microbial endotoxins or exotoxins and subse-
quently release inflammatory cytokines from monocytes in NS
[11]. Inflammatory responses accompanying immune injury in
the intraglomerular microenvironment may produce procoag-
ulants and strengthen the expression of molecules that reduce
fibrinolysis [10]. Moreover, hemostatic abnormalities mediat-
ed by the responses of tissue factor to tumor necrosis factor,
interleukin-1, and interleukin-6 at the cell surface can cause
hypercoagulability [12]. In contrast, low plasma levels of thyroid
hormone lead to a hypocoagulable and hyperfibrinolytic state,
whereas high levels of thyroid hormone increase the risk of ve-
nous thromboembolism.

Inthe present case, the patient did not show any infective fea-
tures or laboratory results. However, it was thought that urinary
loss of the endogenous anticoagulant AT-11I and the thrombo-
philic state as a result of altered permselectivity of the glomeru-
lar basement membrane contributed to the acute dural venous
sinus thrombosis that was made with respect to SDNS [10].
Hyperfibrinogenemia is a reflection of increased acute-phase
reactants to hypoalbuminemia in patients [11]. The increase in
the fibrinogen level is believed to promote platelet and erythro-
cyte aggregation and blood viscosity for fibrin formation.

Like in the patient, dural venous sinus thrombosis in NS
presents with symptoms including headache, vomiting, pap-
illedema, unilateral motor weakness, speech disturbance, sei-
zures, and mental status change. Non-enhanced CT scans are
frequently normal and require contrast CT or MRI A triangular
area of enhancement with a relatively low-attenuating centeris
the thrombosed sinus on contrast-enhanced CT or MRI, show-
ing an empty delta sign, which is a filling defect in the dural ve-
nous sinus [13]. MRV is regarded as the gold standard imaging

https://doi.org/10.3339/ckd.22.041

ChiKD

technique for CVST, with persistent hyperintense thrombus
signal on TIWI and T2WT until the 15th day [13]. In our patient,
MRV was performed to confirm recanalization and improve-
ment without hemorrhage on the 3rd week.

Regarding thrombosis treatment, what is the first choice,
when acute CVST complications occur, and how we evaluate the
efficacy of anticoagulation therapy are not clearly established
in patients with NS because of the lack of large randomized
trials and guidelines. Conventional anticoagulation remains
the standard therapy in the presence of thrombosis. Currently,
anticoagulants fall into two categories: (1) parenteral antico-
agulants such as heparin and low-molecular-weight heparin,
which bind to and potentiate the effects of AT-III, and (2) oral
anticoagulants such as vitamin K antagonists and direct-acting
oral anticoagulants (factor Xa and IIa inhibitors) [14].

Anticoagulant therapy with heparin and thrombolytic ther-
apy with urokinase is an important and invaluable therapy for
CVST. Although the use of UFH may be associated with intrace-
rebral hemorrhage, UFH has the benefit that the effect can be
rapidly adjusted when severe complications occur or surgical
intervention is required [15]. In the case reported here, we ini-
tially administered UFH with a target goal of an aPTT of 60 to 80
seconds and switched to enoxaparin because of its practical ad-
vantages, which do not require routine monitoring and dosage
adjustment based on coagulation times, together with warfarin
with an INR of between 2 and 3 [14].

The normalization of albumin levels is essential as it lowers
hypercoagulability and the levels of other clotting factors, re-
storing the balance of prothrombotic and antithrombotic fac-
tors. Decreased albumin levels in patients with NS canlead to a
poor response to anticoagulation treatment. Therefore, prompt
treatment of NS plays a crucial role in the prevention and
treatment of thrombosis. Intriguingly, AT-III transfusion with a
molecular weight similar to that of albumin was effective in the
present case. Recovery and maintenance of anticoagulation
with normal AT-III activity induced the alleviation of throm-
bosis before the serum albumin levels were increased in our
patient. This indicates that AT-III may be a sensitive biomarker
to prevent further thrombus formation in patients with NS and
predict therapeutic effectiveness, in addition to anticoagulation
therapy with heparin, improvement of urinary protein loss, and
correction of intravascular volume depletion.

In conclusion, patients with NS may develop CVST that can
lead to life-threatening outcomes, particularly in the presence
of a prothrombotic state, depending on the disease severity.
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Imaging studies such as non-contrast CT or MRI are useful
for early detection and diagnosis, although MRV is the gold
standard tool for diagnosing CVST. Anticoagulation therapy
plays a key role in treating and preventing acute and recurrent
thrombosis. The present case showed a good response to anti-
coagulation therapy, together with AT-III. However, appropriate
type, dosing, and monitoring of anticoagulation require further
clinical trials to improve our understanding and knowledge of
the optimal prevention and management strategies in younger
children with NS.

Ethical statements

This report was approved by the Institutional Review Board (IRB)
of Daejeon Eulji University Hospital (IRB No. EMC 2022-09-
005-001). The IRB waived informed consent due to the retro-
spective nature of this research.

Conflicts of interest

Se Jin Park and Myung Hyun Cho are editorial board members
of the journal but were not involved in the peer reviewer selec-
tion, evaluation, or decision process of this article. No other po-
tential conflicts of interest relevant to this article were reported.

Funding

None.

Author contributions

Conceptualization: SJP, JHK

Data curation: SJP, HWB, MHC

Formal analysis: SJP, HWB, MHC

Investigation: SJP, JHK

Methodology: SJP, JHK

Project administration: SJP, HWB, JHK
Visualization: SJP, JHK

Writing-original draft: SJP

Writing-review & editing: SJP, HWB, MHC, JHK

All authors read and approved the final manuscript.

References

1. Kerlin BA, Ayoob R, Smoyer WE. Epidemiology and pathophysiology

106 www.chikd.org

Park etal. Acute dural venous sinus thrombosis in nephrotic syndrome

of nephrotic syndrome-associated thromboembolic disease. Clin J
Am Soc Nephrol 2012;7:513-20.

2.Kara A, Gurgoze MK, Serin HM, Aydin M. Cerebral arterial thrombosis
in a child with nephrotic syndrome. Niger J Clin Pract 2018,21:945-8.

3.Kato S, Chernyavsky S, Tokita JE, Shimada Y], Homel P, Rosen H, et al.
Relationship between proteinuria and venous thromboembolism.
Thromb Thrombolysis 2010,30:281-5.

4. Ulinski T, Guigonis V, Baudet-Bonneville V, Auber F, Garcette K,
Bensman A. Mesenteric thrombosis causing short bowel syndrome
in nephrotic syndrome. Pediatr Nephrol 2003;181295-7.

5. Derow HA, Schlesinger MJ, Savitz HA. Chronic progressive occlusion
of the inferior vena cava and the renal and portal veins. Arch intern
Med 1939;63:626-47.

6. Mahmoodi BK, ten Kate MK, Waanders F, Veeger NJ, Brouwer JL,
Vogt L, et al. High absolute risks and predictors of venous and
arterial thromboembolic events in patients with nephrotic syn-
drome: results from a large retrospective cohort study. Circulation
2008;117:224-30.

7. Gera DN, Yadav DK, Kute VB, Patil SB, Trivedi HL. Cerebral venous
sinus thrombosis in children with nephrotic syndrome. Indian J
Nephrol 2012;22:455-8.

8. Coutinho JM, Zuurbier SM, Stam J. Declining mortality in cerebral
venous thrombosis: a systematic review. Stroke 2014;451338-41.

9. Ferro JM, Canhao P, Stam J, Bousser MG, Barinagarrementeria F;
ISCVT Investigators. Prognosis of cerebral vein and dural sinus
thrombosis: results of the International Study on Cerebral Vein and
Dural Sinus Thrombosis (ISCVT). Stroke 2004;35:664-70.

10. Loscalzo J. Venous thrombosis in the nephrotic syndrome. N Engl J
Med 2013;368:956-8.

11. Singhal R, Brimble KS. Thromboembolic complications in the ne-
phrotic syndrome: pathophysiology and clinical management.
Thromb Res 2006;118:397-407.

12. Psuja P, Zozulinska M, Turowiecka Z, Cieslikowski W, Vinazzer H, Za-
wilska K. Plasma markers of hypercoagulability in patients with se-
rious infections and risk of septic shock. Clin Appl Thromb Hemost
2002;8:225-30.

13. Leach JL, Fortuna RB, Jones BV, Gaskill-Shipley MF. Imaging of cere-
bral venous thrombosis: current techniques, spectrum of findings,
and diagnostic pitfalls. Radiographics 2006;26 Suppl 1:519-41.

14. Alvis-Miranda HR, Milena Castellar-Leones S, Alcala-Cerra G, Rafael
Moscote-Salazar L. Cerebral sinus venous thrombosis. ] Neurosci
Rural Pract 2013,4:427-38.

15. Nakayama T, Mitsuno R, Torimitsu T, Yoshimoto N, Kanda T,
Tokuyama H, et al. Difficulty in managing nephrotic syndrome-as-
sociated cerebral venous thrombosis. CEN Case Rep 2021,10132-8.

https://doi.org/10.3339/ckd.22.041


https://doi.org/10.3339/ckd.22.041
https://doi.org/10.2215/cjn.10131011
https://doi.org/10.2215/cjn.10131011
https://doi.org/10.2215/cjn.10131011
https://www.ncbi.nlm.nih.gov/pubmed/29984731
https://www.ncbi.nlm.nih.gov/pubmed/29984731
https://doi.org/10.1007/s11239-010-0442-z
https://doi.org/10.1007/s11239-010-0442-z
https://doi.org/10.1007/s11239-010-0442-z
https://doi.org/10.1007/s00467-003-1281-3
https://doi.org/10.1007/s00467-003-1281-3
https://doi.org/10.1007/s00467-003-1281-3
https://doi.org/10.1001/archinte.1939.00180210019002
https://doi.org/10.1001/archinte.1939.00180210019002
https://doi.org/10.1001/archinte.1939.00180210019002
https://doi.org/10.1161/circulationaha.107.716951
https://doi.org/10.1161/circulationaha.107.716951
https://doi.org/10.1161/circulationaha.107.716951
https://doi.org/10.1161/circulationaha.107.716951
https://doi.org/10.4103/0971-4065.106042
https://doi.org/10.4103/0971-4065.106042
https://doi.org/10.4103/0971-4065.106042
https://doi.org/10.1161/strokeaha.113.004666
https://doi.org/10.1161/strokeaha.113.004666
https://doi.org/10.1161/01.str.0000117571.76197.26
https://doi.org/10.1161/01.str.0000117571.76197.26
https://doi.org/10.1161/01.str.0000117571.76197.26
https://doi.org/10.1161/01.str.0000117571.76197.26
https://doi.org/10.1056/nejmcibr1209459
https://doi.org/10.1056/nejmcibr1209459
https://doi.org/10.1016/j.thromres.2005.03.030
https://doi.org/10.1016/j.thromres.2005.03.030
https://doi.org/10.1016/j.thromres.2005.03.030
https://doi.org/10.1177/107602960200800305
https://doi.org/10.1177/107602960200800305
https://doi.org/10.1177/107602960200800305
https://doi.org/10.1177/107602960200800305
https://doi.org/10.1148/rg.26si055174
https://doi.org/10.1148/rg.26si055174
https://doi.org/10.1148/rg.26si055174
https://doi.org/10.4103/0976-3147.120236
https://doi.org/10.4103/0976-3147.120236
https://doi.org/10.4103/0976-3147.120236
https://doi.org/10.1007/s13730-020-00520-7
https://doi.org/10.1007/s13730-020-00520-7
https://doi.org/10.1007/s13730-020-00520-7

