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Abstract [ntroduction: Nephrotic children are prone to
develop thromboembolic complications secondary to an
acquired hypercoagulable state. Cerebral sinovenous
thrombosis (CSVT) is increasingly recognised in this
population, but clinical characteristics and outcome are not
well documented. Patients and methods: The database of
the Canadian Pediatric Ischemic Stroke Registry (Toronto
Site) containing prospectively enrolled children from
1992-2004 with CSVT identified four children with NS.
A pooled literature analysis retrieved 17 additional cases
reports. Results: CSVT presented in the majority of cases
during the first flare or within 6 months after the onset of
NS and was found to occur more often in SSNS/SDNS
(n=13) than in SRNS (n=4). Clinical manifestations were
non-specific and consisted primarily of seizures (n=8) and
signs of raised intracranial pressure (n=16). Imaging
studies revealed a predilection for superior sagittal sinus
involvement (n=21) and rare parenchymal lesions (n=4).
The most consistent biological risk factors were a severe
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hypoalbuminaemia (n=14) and, to a lesser extent,
decreased antithrombin (AT) levels (n=9/16). Deficiency
of other coagulation inhibitors (protein S, protein C) was
not identified. Inherited thrombophilia was documented in
a single case, suggesting that acquired, more than genetic,
coagulation factors are involved. Anticoagulation was
safe, and the outcome was good in most patients, and no
recurrence  of thrombotic event was reported.
Discussion: In conclusion, CSVT is now a well-described
complication of NS with potential morbidity. A high index
of suspicion is required, especially in young children with
NS presenting neurological symptoms. Reliable biological
predictors of CSVT are lacking.
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Abbreviations NS: Nephrotic syndrome - CSVT: Cerebral
sinovenous thrombosis - SSNS: Steroid-sensitive nephrotic
syndrome - SDNS: Steroid-dependant nephrotic syndrome -
SRNS: Steroid-resistant nephrotic syndrome - UHF:
Unfractionated heparin - LMWH: Low molecular weight
heparin - AT: Antithrombin - Lip(a): Lipoprotein (a)

Introduction

Nephrotic syndrome (NS) is a common renal disorder in
childhood characterised by severe proteinuria, hypoalbu-
minaemia and oedema. The majority of cases are
attributable to minimal change glomerulopathy and are
referred as idiopathic nephrotic syndrome (INS). Less
frequently in children, NS is secondary to a variety of
systemic disorders [13].

NS is associated with a hypercoagulable state and
thrombosis in both children and adults [30]. To date, no
predictors for thrombosis have been established in children
with NS, and prophylactic anticoagulation remains con-
troversial [22]. The hypercoagulable state is due to several
potential mechanisms, including the urinary loss of antico-
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agulants such as antithrombin, a raised plasma fibrinogen
concentration, increased platelets aggregability and intra-
vascular volume depletion [8, 34]. However, their
respective roles and other potential factors of hyper-
coagulability, such as inherited thrombophilia, have not
been well documented [43].

Thrombosis is either venous or, less commonly, arterial
and may be more frequently associated with steroid-
resistant NS [2]. Renal vein thrombosis is the most
common site of thrombosis [47]. Although cerebral
sinovenous thrombosis (CSVT) is infrequent in nephrotic
children, it may carry increased morbidity compared to
other locations [7, 19].

The purpose of this present article is to describe the
clinical characteristics and pattern of coagulation altera-
tions in four consecutive children from a single centre with
CSVT and INS as well as to review existing cases from the
literature.

Patients and methods

The database of the Canadian Pediatric Ischemic Stroke
Registry (Toronto Site) containing prospectively enrolled
children from 1992-2004 with CSVT [11] was searched to
identify children (aged 1 month to 18 years) with confirmed
CSVT and NS. This involved ICD-9 health record searches
supplemented by a mail request for additional patients sent
to all nephrologists at our institution.

Sinovenous thrombosis was documented either by
computer tomography with venography (CT with CTV)
and/or magnetic resonance imaging (MRI) with or without
magnetic resonance venography (MRV). Nephrotic syn-
drome is characteristically defined as heavy proteinuria
(>40 mg/m? per hour), hypoalbuminaemia (<25 g/l), and
clinical oedema. In our institution, 24-h proteinuria is not
always quantified in young children, and, therefore, the
diagnosis of nephrotic syndrome relies on persistent
positive results of the urine dipstick test, hypoalbuminae-
mia and clinical oedema. Exclusion criteria were:

1. NS secondary to systemic disorders including systemic
lupus erythematosus, vasculitis and others
2. Congenital nephrotic syndrome

Medical charts from our institution were reviewed for
detailed clinical, radiographic and laboratory data obtained
at the time of the thrombosis. Special effort was made to
collect data regarding the degree of proteinuria, prothrom-
botic conditions and radiological studies at the time of
diagnosis. Clinical features, presumed diagnosis, modality
of imaging, treatment and long-term outcome were
obtained for all patients.

For the pooled literature analysis we searched English
and French medical literature from 1970 to the present
time, using Medline database and cross-referencing.
Patients aged 1 month to 18 years with sufficient clinical

and laboratory data to satisfy our criteria for INS and CSVT
were included.

Comparison of our own data was made with existing
reports from the literature survey. In addition, the collected
patients were divided into those with steroid-sensitive
nephrotic syndrome (SSNS), steroid-dependant nephrotic
syndrome (SDNS) and steroid-resistant nephrotic syn-
drome (SRNS) according to accepted criteria [22].

Results
Patients’ characteristics

Over a period of 12 years a total of 85 children with CSVT
beyond the neonatal period was enrolled in the registry at
the Toronto site. We identified four children (two boys and
two girls) with CSVT and INS aged 2.5 years to 8.5 years.
Two nephrotic patients (aged 12 years and 14 years) with
lupus nephropathy and CSVT, as well as one patient with
Wegener’s granulomatosis (aged 15 years), were excluded
from the current study.

We found an additional 17 cases reported in the literature
from 1980 to 2005 who met our criteria for inclusion in the
pooled literature analysis.

Therefore, we included a total of 21 cases in the analysis.
The clinical characteristics of those patients are sum-
marised in Tables 1 and 2. There were 13 male and seven
female subjects. Gender was not available in one case.
Mean age was 4.8 years (range 2-9 years). Nephrotic
syndrome was steroid-sensitive in seven patients, steroid-
dependant in six and steroid-resistant in four. In the
remaining four cases, the information was not available. In
nine children CSVT developed during the first flare of NS,
and, in the majority of children (13/19), it developed within
6 months after the initial manifestation of NS.

Nineteen patients were on steroids (oral prednisone in
17) at time of diagnosis; four were receiving diuretics and
two were under prophylactic anticoagulation, one on
dypiridamole and the second on LMWH.

Clinical presentation

Clinical manifestations included seizures in eight children.
In addition, signs of raised intracranial pressure including
headache, vomiting, lethargy and irritability were present
in the majority of cases (n=16). Papilloedema was observed
in half of the patients (n=11). Focal neurological deficits
including cranial nerve palsy (n=7) and hemiparesis (n=4)
were reported less often.

CSVT was not suspected prior to imaging in three of our
four Toronto patients, and presumptive diagnoses pre-
imaging consisted of pseudotumour cerebri, gastroenteritis,
and hypertensive encephalopathy. This information was
not available in the literature cases.
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Tablel (continued)

Parenchymal Neurological

findings

Acute imaging Site of

Initial diagnosis

Clinical manifestations

Duration of NS prior to Medication

event; state; type of NS

Reference Age

outcome

CSVT

and

gender

No deficit

SSS, LTS No

CT, CT + C,

Headache; photophobia; menin-
geal signs; papilloedema

9y M 5 years; relapse; SSNS Prednisone;

[41]

MRI-MRV

CT+C

ranitidine
Prednisone

No deficit

SSS, RTS No

Headache; right VI nerve palsy; —

left facial << palsy

7y M 4 years; 8th relapse;

(35]

SRNS
2 months; Ist flare;

CSVT CT+C SSS No No deficit

Headache; vomiting; esotropia

Prednisone

3yF

(25]

SSNS
4y 6 m 3 weeks; 1st flare;

No No deficit

SSS,

CT + C, MR,
MRV

CSVT

Irritability; vomiting; headache;

right facial palsy

Prednisone

(17]

RTS+L-
TS

SDNS

F

No deficit

No

SSS

CT + C, MR,
MRV

Headache; lethargy; vomiting CNS infection; pseudotu-

1.v. steroids

8 y 6 m 36 days; 1st flare;

[36]

mour cerebri; dehydration

CSVT

Generalised seizure; coma; right —

SRNS

F

Mild

SSS, SS

CT, MRI

Initial presentation; No

9y M

[19]

strabismus

VI nerve palsy; right hemipare-

SDNS

sis

Imaging

Neuroimaging consisted of CT in 20 patients, with contrast
enhancement in 17. In nine cases, MRI was also performed,
of which patients seven had venography (MRV). In one
case from our institution, MRI was the only modality.
Conventional angiography was performed in one case. In
all patients (n=21), thrombosis of the superior sagittal sinus
was present. Deep venous system involvement was
reported in only two patients.

Parenchymal lesions were present in none of the four
Toronto patients and were reported in four of the 17
literature patients and included bland venous infarcts (n=2)
or haemorrhages (n=2).

Management

Of'the 21 patients, 20 received anticoagulant therapy, which
consisted of initial LMWH in seven patients and standard
unfractionated heparin (UFH) in 13 patients, of whom two
received additional fresh frozen plasma (FFP). Duration of
treatment was variable and ranged in the Toronto patients
from 3 months to 5 months. Literature cases did not provide
sufficient information to determine anticoagulation dura-
tion. No bleeding complications were reported.

Outcome

Outcome, with a mean follow-up of 2.7 years, was
available for the four Toronto patients of our institution
and was excellent in all four. One patient had a temporary
strabismus, which resolved within 6 months, and no other
residual neurological deficits or seizures were observed.

Among cases from the literature, 15 out of 17 had full
recovery. One child died secondary to massive pulmonary
emboli, which developed subsequently [9] and an other had
residual cognitive impairment probably in relation to a
bilateral venous thalamic infarct. [28] None of the patients
had recurrence of a thrombotic event.

Laboratory findings

Data regarding laboratory testing results were variable
among the literature cases. The laboratory data are
presented in Table 2.

Proteinuria

Heavy proteinuria was present in the majority of patients
and was reflected in severe hypoalbuminaemia (less than
20 g/1) in 14 reported patients. Two patients had minimal or
absent proteinuria at the time of CSVT diagnosis but had
documented nephrotic range proteinuria prior to steroid
treatment.
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Table 2 Laboratory data (— not present or information not available, A7 antithrombin)

3

Reference  Proteinuria Albuminaemia AT Protein C (%) Protein S (%) Fibrinogen Platelets/mm Other potential
(g/l) (%) (gl prothrombotic factor

Normal 35-55 80-120 70-140 >70% 1.9-32 150-400

values

Current 1+ 33 158 168 91 2.84 344 —

report

Current 4+ 19 63 260% 74 10.2 330 —

report

Current 3+ 21 81 168 120 3.43 205 —

report

Current 4+ 19 109 360 109 3.17 391 —

report

[26] 16.2 g/24 h — <30 — — 22 189 High factor VIII,
low plasminogen

[9] 8 g24h 14.7 127 216 101 — — —

[18] 9.5 g/24 h 15 50 — — 7.4 — High factor VIII,
low plasminogen

[6] 3.1gR24h 12 38 — — 4.6 — —

[12] 2.75 g/24 h 11 — — — — 180 Microcytic anaemia

[10] 4 g/24 h 14 63 Normal Normal — — —

[38] 1.5 g/24 Low Low — — — 306 Lipoprotein (a)

[49] — 30 — — — — 380 —

[29] 1+ 37 106 82 88 1.96 1194 Microcytic anaemia

[28] 13.6 g/24 h 18 — 135 125 — — —

[39] 8 g/24 h 26 60 Normal Normal 3.77 183 —

[41] 18 g/24 h 17 — — — — Normal —

[35] — — — — — — — —

[25] 200 mg/kg 10 Very low — — 3 500 —

per 24 h

[17] 1.4 g/24h 16 112 152 115 2.8 Normal High factor VIII,
lipoprotein (a),
factor V Leiden

[36] >1 g/24 h 18 Normal Normal Normal Normal — —

[19] Proteinuria 3+ 16 53 107 130 Normal — —

Prothrombotic risk factors

Levels of AT were reported in 16 patients. Nine patients
had at least transiently decreased AT, and one had a
borderline low level. None of the patients tested had
protein C or protein S deficiency (0/11). Fibrinogen was
increased in a minority of tested patients (3/13). In
addition, increased factor VIII (n=3), low plasminogen
(n=2) and microcytic anaemia (n=2) were rarely reported.

Screening for the inherited thrombophilias factor V
Leiden and prothrombin G20210A gene mutation was
performed in all four patients in our institution and was
negative. Factor V Leiden mutation was reported in one
single case from the literature. Lipoprotein (a) assay was
performed in two patients, and the level was increased
(2/2). Platelets count was reported in 13 patients and was
elevated in one patient, who had coincidental microcytic
anaemia. [29] No platelets function tests were performed.

In total, in almost half of the patients (n=10),
prothrombotic abnormalities were either not found or not

reported. In contrast, a combination of multiple prothrom-
botic risk factors was present in at least five patients.

Discussion

In the current study, we analysed the largest series of
children with nephrotic syndrome and cerebral sinus
venous thrombosis. We found that CSVT occurs in both
SSNS and SRNS and that, while the antithrombin level was
decreased relatively frequently, its level was normal in
almost half of the patients and that other contributing
prothrombotic abnormalities were rarely observed.

The current incidence of CSVT in children based on the
Canadian registry is 0.67/100,000 which is probably an
underestimate of the true frequency [46]. Diagnosis
remains difficult due to often variable and subtle presen-
tation, but early diagnosis is necessary to prevent serious
morbidity [5, 11]. The clinical presentation of CSVT in our
population did not differ from previous paediatric series,
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was non-specific and included seizures and signs and
symptoms of raised intracranial pressure such as headache,
vomiting, altered level of consciousness and papilloedema
[5, 11, 20, 45]. Despite increased awareness, the diagnosis
was not considered initially in three of our four patients,
which delayed brain imaging studies and management.

Brain CT is usually performed as the primary imaging
modality in children and adults with neurological symp-
toms [27, 46]. However, conventional CT techniques can
miss the presence of CSVT in up to 40% of children and
underestimate both the extent of the thrombus and the
presence of venous infarcts [46]. In addition, there is an
increased risk of acute renal failure due to contrast
nephropathy, and only isosmotic contrast media should
be used. MRI with MRV is now acknowledged to be the
method of choice in childhood CSVT. In contrast to CT
imaging, MR imaging does not raise the concern of
radiation or nephrotoxicity, can visualise flow and throm-
bus, and is sensitive to parenchymal changes, making it a
reliable and safe tool [46, 48]. In equivocal cases, high
resolution CT venography can be required [45, 46] .In our
analysis, we found no report of contrast nephropathy. We
also found an increasing use of MRI with MRV in the past
10 years (n=8), usually as a complementary confirmative
tool. In the majority of the patients (18/21), the diagnosis
was based upon CT scans. However, in two of our Toronto
patients, initial non-contrast CT scans were reported as
being normal, and CSVT was diagnosed on subsequent
contrast-enhanced imaging. Similarly, in the patient of Lin
et al. [28], the initial CT scan was normal and the diagnosis
was made 5 days later with MRI, which stresses the
importance of additional imaging studies when there is a
high index of suspicion.

Interestingly, in comparison to recent published cohort
studies of children with cerebral venous thrombosis, all
patients in our survey had involvement of the superior
sagittal sinus (SSS) and a decreased rate of associated
parenchymal brain lesions. The latter possibly accounts for
the general good outcome in this population compared to
previously documented outcomes of childhood CSVT [5,
11, 20, 45]. Death resulting from sinus venous thrombosis
in a nephrotic child remains, to our knowledge, exceptional
[40].

CSVT is a rare complication of NS, but recent increase
in the frequency of case reports suggests that it could have
been underdiagnosed in the past [3, 26]. The exact
incidence is unknown, but this entity apparently represents
between 4.7 % (our study) and 6% of all cases of childhood
CSVT (non-neonates) [45]. In a large survey including
3,177 children with NS, Egli et al. found 1.8% of various
thromboembolic complications, including two patients
with CSVT, and reported on one of them [14, 15].
However, the prevalence of thromboembolism in NS is
thought to be underestimated [23, 52]. Divekar et al. have
observed a single case of CSVT among 700 hundred
consecutive patients with NS [12].

The hypercoagulable state in NS is thought to be
multifactorial, due to variable abnormalities in the haemo-
static system, resulting in an imbalance between the

clotting activator system and the inhibitor system [43,
47]. These include increased procoagulatory activity
(fibrinogen, factors V and VIII), urinary loss of antico-
agulants (AT, protein C, total and free protein S), altered
fibrinolytic system, thrombocytosis and enhanced platelet
activation and aggregability [43]. Hyperlipidaemia per se
could also be prothrombotic [8]. The contribution of
steroids to CSVT risk is controversial [44, 50]. Other
factors, such as the use of diuretics, haemoconcentration,
could also play a role [44].

The pathogenesis of CSVT in nephrotic patients is
unknown but is hypothesised to be secondary to urinary
loss of coagulant inhibitors [1, 19, 45]. Despite the obvious
limitation of our study, related to the limited number of
patients in our institution and the lack of complete
laboratory data in the literature cases, our study demon-
strates that a deficiency in AT is the most frequently
encountered coagulation abnormality. However AT defi-
ciency is not a constant feature, as it was reported in only
nine of 16 patients, including one Toronto patient. In
addition, free/total protein S or protein C deficiencies,
when tested for, were not found. Finally, hyperfibrinogen-
aemia was present in only a small subset of patients,
making it also unlikely to be a major risk factor. The single
most consistent biological risk factor was the presence of
severe hypoalbuminaemia confirming previous data [43].
Hypoalbuminaemia probably reflects not only intravascu-
lar volume depletion, causing increased blood viscosity,
but may also be directly related to platelet hyperaggreg-
ability and alteration in the fibrinolytic system [47]. These
dual actions make hypoalbuminaemia potentially an
important prothrombotic factor.

CSVT in children is often associated with an inherited
prothrombotic state [4, 11, 51]. Some authors have
suggested that inherited thrombophilia could increase the
risk of thrombosis in patients with NS, and, therefore, a
thorough work-up should be performed [2, 37]. In contrast,
inherited thrombophilia was considered only a weak risk
factor for thrombosis in children with NS in one well-
documented study [16], but this question has not
specifically been addressed in CSVT. None of our four
children had a genetic prothrombotic state, and factor V
Leiden is reported in a single case report [17]. Unfortu-
nately, data regarding inherited thrombophilia were not
available in most case reports. Again, despite this limita-
tion, it seems unlikely that genetic prothrombotic factors
play a major role in the genesis of CSVT in NS, and
acquired, rather than inherited, alterations are more likely
to be involved in the development of thrombosis.

Additional prothrombotic factors to consider include
increased lipoprotein (a) [Lp(a)]. The major component of
Lp(a) is apolipoprotein (a), which has structural homology
close to that of plasminogen and competes with fibrin
binding, causing impaired fibrinolysis. Increased Lp(a) has
recently been shown to be an independent risk factor for
venous thromboembolism in children [33] as well as a
significant risk factor for CSVT in children [20]. Increased
Lp(a) level has been demonstrated in children with
relapsing NS and could, therefore, be a particularly relevant



prothrombotic risk factor in children with NS [38, 43]. In
our survey, since Lp(a) testing has only been recently
available, Lp(a) values were reported in only two cases and
were elevated in both cases [17, 38]. If present, iron
deficiency anaemia and increased factor VIII could also be
associated risk factors for the development of CSVT, as
noted by Sebire et al. [45], and were identified in our
survey, respectively, in two and three patients.

Acute anticoagulation, with either UFH or LMWH, was
administered to all but one patient and appeared to be very
safe, with no bleeding complications reported. Antico-
agulation therapy in children with CSVT is now widely
implemented in the absence of major intracranial haemo-
rrthage, aiming to prevent further propagation of the
existing thrombus and to decrease associated morbidity
and mortality [11, 24]. Current recommendations are either
UFH or LMWH for 5 to 7 days followed by LMWH or
vitamin K antagonists for 3 to 6 months [31]. As efficient
heparin therapy requires adequate levels of AT [31], which
is often reduced in nephrotic patients, direct AT replace-
ment or adjunction of fresh frozen plasma could be
necessary [1].

Prophylactic anticoagulation is recommended in adult
nephrotic patients with idiopathic membranous nephropa-
thy and is administered so long as the patient has nephrotic
proteinuria and/or albumin level below 20 g/l [42].
Prophylactic anticoagulation in children with steroid-
resistant or frequent relapsing NS has been suggested by
some authors, owing to presumed greater risk of thrombo-
sis [2, 35]. Interestingly in our survey there was a higher
number of SSNSs, and the incidence of thrombosis seems
greater in the first flare-up of NS, contrasting with the
above statement. Other authors have suggested selecting
for prophylactic anticoagulation by assessing for pro-
thrombotic risk. Different biological markers have been
suggested, such as hypoalbuminaemia lower than 20 g/l,
high fibrinogen levels (above 6 g/l), and AT deficiency
(<70%), [32]. However, so far, there is no reliable
biological predictor [13, 43]. Owing to the lack of reliable
predictors, and to the inherent risk of anticoagulation,
prophylactic anticoagulation is usually not administered to
nephrotic children unless there has been a prior thrombotic
event [13, 22]. The use of low-dose aspirin (2—5 mg/kg per
dose) has also been considered, but no controlled trials
have been performed to demonstrate its efficacy in
preventing thromboses [21, 32].

In summary, children with INS (SSNS or SRNS) are at
risk of thromboembolic complications, including CSVT.
Careful attention should be paid to any neurological
symptoms developing in this population, and a high index
suspicion of CSVT is important to avoid delay in diagnosis.
If available, MRI coupled with MRV is the imaging
modality of choice. The use of CT venography is useful in
equivocal cases. However, the risk of contrast nephropathy
should be considered. Acute anticoagulation, with either
UFH or LMWH, appears safe and is recommended to
prevent potential morbidity. The aetiology of CSVT in NS
appears multifactorial, more likely to be related to variable
acquired disturbances in the haemostatic system rather than
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consecutive to inherited thrombophilia. Further studies are
necessary to identify patients at risk and biological
predictors of thrombosis.
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