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Mechanical Thrombectomy for Refractory Cerebral
Venous Sinus Thrombosis in a Child with Nephrotic
Syndrome : A Case Report
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Nephrotic syndrome (NS) is associated with cerebral venous sinus thrombosis (CVST), which is a rare cerebrovascular disorder in
children. Systemic anticoagulation with heparin is the standard therapy for CVST, and mechanical thrombectomy (MT) has been
described as a salvage treatment for adult anticoagulant refractory CVST, However, it has never been reported in children. We
describe a case of MT for refractory CVST in a child with NS. A 13-year-old boy with newly diagnosed NS presented to an emergency
department with acute headache. A head computed tomography showed acute thrombus in the superior sagittal sinus, straight
sinus and transverse sinus. The child was started on heparin therapy, but clinically deteriorated and became unresponsive. In
view of the rapid deterioration of the condition after anticoagulation treatment, the patient received intravascular treatment.
Several endovascular technologies, such as stent retriever and large bore suction catheter have been adopted. After endovascular
treatment, the patient’s neurological condition was improved within 24 hours, and magnetic resonance venography of the head
demonstrated that the CVST was reduced. The child recovered with normal neurological function at discharge. This case highlights
the importance of considering MT for refractory CVST, and we suggest that MT may be considered for refractory CVST with NS in
children.
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INTRODUCTION

Cerebral venous sinus thrombosis (CVST) is a rare cerebro-
vascular disorder with an incidence of seven cases per 1 mil-
lion children per year™'”. Nephrotic syndrome (NS) is a clini-

cal syndrome of proteinuria, edema, hypoproteinemia and

hyperlipidemia, that has an incidence of 2—7 per 100000 chil-

14
dren"

. NS causes a hypercoagulable state, and one of the most
serious complications of NS is thromboembolism. The inci-
dence of thromboembolism in pediatric patients with NS is
2-5%. CVST is an unusual but fatal complication in patients

with NS”.
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Anticoagulation is the current mainstay therapy for CVST,
and despite treatment with systemic anticoagulation after ad-
mission, more than 23% of children die”. It have reported in a
limited number of cases that endovascular thrombolysis treat-
ment for CVST were superior to those with low-molecular
weight heparin (LMWH)"”. Mechanical thrombectomy (MT)
has been proven to be more efficient than intravascular
thrombolysis”, and the primary goal of MT is to reduce the
burden of clots, which may result in better penetration of the
anticoagulant and improved venous drainage'”. Based on the
effectiveness of MT for CVST in adults, we report a case of
MT treatment for CVTS in children with NS. MT treatment
has never been reported in the pediatric neurosurgical litera-
ture, which may be due to a lack of clinician familiarity and
the lack of neurologists that treat children, leading to underdi-

agnosis and insufficient management.

CASE REPORT

A 13-year-old boy was referred to our hospital with head-
ache, dizziness and vomiting. He presented with mild edema
of the eyelids and legs that was present for a month, and the
patient was previously diagnosed with NS at the pediatric de-
partment of our hospital. He was treated with prednisone and
tacrolimus. One week before admission, he was discharged
from the pediatric department of our hospital. The patient
complained of a frontal headache 3 days before admission,
and the headache improved after the patient took nonsteroidal
anti-inflammatory and analgesic drugs. The headache wors-
ened 2 days before admission. Additionally, the child present-
ed with dizziness and vomiting 1 day before admission.

On admission to the hospital, neurological examination
showed symmetry, and there were no other pathologic find-
ings except for pitting edema of his lower extremities and
periorbital edema. His Glasgow coma scale (GCS) was 15. The
tension, reflexes and strength of the peripheral extremities
were normal. Cranial nerve examination was normal, and his
cardiovascular and respiratory examinations were normal.

The initial observations on his physical examination were
normal, with a blood pressure of 118/75 mmHg, a heart rate
65, a temperature of 36.6°C and the presence of lower leg ede-
ma. Urinalysis showed an elevated 24-hour urine protein

quantification of 4.445 g/24 hours, urine microalbumin 562.2
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mg/L (reference values, 0 to 60.2 mg/L), and urine microalbu-
min/urinary creatinine 528.9 mg/gcr (reference values, 0 to
32.3 mg/gcr). Meanwhile, coagulation test revealed an elevated
D-dimer level (2.89 pg/mL), a fibrinogen level of 5.2 g/1, and
decreased antithrombin III levels (37%), which usually de-
creases due to NS. Blood chemistry and serology showed the
following complete blood count revealed a white blood cell
count of 15.87x10°/L, hemoglobin level of 172 g/L, and platelet
count of 208x10’/L. Blood chemistry and serology showed the
following : elevated serum creatinine level of 73.3 pmol/L, a
glomerular filtration rate of 151.6 mL/min. A low-density li-
poprotein cholesterol level of 6.80 mmol/L, and a reduced se-
rum albumin level of 13.7 g/L, which revealed that the patient’
s NS had relapsed. The hemophilic thrombus screening tests
for hyperhomocysteinemia, antiphospholipid syndrome, thy-
roid disease, and systemic lupus erythematosus were normal,
but the patient’s protein S level was decreased by 63% and his
protein C level was increased by more than 200%.

On the day of admission, a head computed tomography
(CT) revealed acute thrombosis of the superior sagittal sinus,
right transverse sinus and the sigmoid sinus (Fig. 1A-C). The
patient received bolus injections of enoxaparin sodium at a
dose of 100 units/kg twice a day. A follow-up head CT showed
that the thrombosis of the superior sagittal sinus and the right
transverse sinus was unchanged from the previous scan. On
the third day after admission, the patient’s consciousness level
rapidly decreased. Magnetic resonance venography at that
time showed thrombosis of the superior sagittal sinus and the
right transverse sinus (Fig. 1D and E), venous dilatation in the
corresponding area of the susceptibility weighted imaging
(SWI) sequence (Fig. 1F), but no intracranial hemorrhage or
limited diffusion dilatation. Digital subtraction angiography
showed thrombus in the superior sagittal sinus and right
transverse sinus (Fig. 1G and H), while no thrombus was
found in the left transverse sinus (Fig. 11). Therefore, we per-
formed MT on this child with refractory CVST.

Mechanical endovascular venous thrombectomy :
procedure details

Because this patient was a child, we used the contrast agents
and radiation very carefully. High-quality noninvasive imag-
ing was performed to evaluate the venous anatomy. We punc-
tured the femoral vein and artery at the same time, and only

the key angiogram was performed. An 8 F 90 cm guiding
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Fig. 1. A-C: Computed tomography head revealing a hyperdense sign noted (white arrows) in the superior sagittal sinus and transverse sinus
suggesting cerebral venous sinus thrombosis. D and E : Magnetic resonance venography revealed thrombus in superior sagittal sinus and transverse
sinus (white arrows). F : The right cortical veins (green arrows) on the susceptibility weighted imaging sequence are significantly larger than the left,
suggesting obstruction of venous return. G and H : The venous phase of right internal carotid angiography suggests thrombosis of the superior sagittal
and right transverse sinuses (white arrows). | : Venous phase of left internal carotid angiography. No thrombus was found in the left transverse sinus.
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catheter (Cordis, FL, USA) was positioned through the right (Fig. 2A and B). A rebar 18 catheter coaxially placed in the 072

common femoral vein in the distal right internal jugular vein skysurfer aspiration catheter (Skynor Medical, Shanghai, Chi-

Fig. 2. Procedure of transvenous endovascular mechanical thrombectomy. A and B : Right femoral vein approach, suction catheter guided target vessel
reading. C: Intras sagittal sinus angiography suggests obstruction of venous return (white arrows). D-F : Large volume venous clots retrieved using the
skysurfer aspiration catheter (white arrow), Syphonet stent retriever (green arrow), and balloon catheter disruption of the thrombus (black arrow). G-I :
Right transverse sinus recanalization (white arrow), with a small amount of thrombus remaining (black arrow). Urokinase was administered into the
superior sagittal and right transverse sinus. Anticoagulation with heparin was resumed after the procedure.
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na) was navigated into the superior sagittal sinus using a
0.014" shapeable guidewire (Fathom; Boston Scientific Corpo-
ration, Natick, MA, USA) (Fig. 2D). After contrast injection, a
straight sinus thrombosis with impairment of outflow was
shown (Fig. 2C). Remove Fathom guidewire, a 6X35 mm Sy-
phonet stent retriever (Achieva Medical Limited, Suzhou,
China) was deployed within the proximal straight sinus for 5
minutes (Fig. 2E). Thestent retriever was then removed by
continuous aspiration through the Skysurfer aspiration cathe-
ter. Post thrombectomy angiography showed no significant
improvement in venous drainage from the straight sinus to

the transverse sinus. There was still no obvious improvement

after two passes. After that, it was expanded by a 6X30 mm
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Sterling balloon dilatation catheter (Boston Scientific Corpo-
ration) to disrupt the thrombus (Fig. 2F), and then was de-
ployed by a Syphonet stent retriever again for 5 minutes. It was
removed again under continuous suction. After that, angiog-
raphy demonstrated that the venous drainage was significant-
ly improved, but there was a residual part of the clot (Fig. 2G-
I). During the procedure, less than 30 mL of blood was
collected.

A head CT after the thrombectomy demonstrated a de-
crease in the previously seen hyperattenuation in the superior
sagittal sinus and the right straight sinus (Fig. 3A-C). Histo-
logical analysis of the clot composition by Hematoxylin and

Eosin staining revealed a mixed clot (Fig. 3D). The child con-
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Fig. 3. A-C: Computed tomography head revealing that the hyperdense sign had disappeared in the superior sagittal sinus and transverse sinus whitin
1 weak after endovascular mechanical thrombectomy. D : Hematoxylin and Eosin staining (x400) demonstrated that the cerebral venous sinus
thrombosis was mixed clot. E and F : Lymphatic fluid oozes from the right femoral vein puncture point, stopped oozing after compression.
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tinued to take enoxaparin twice a day after the thrombectomy.
The patient’s neurological condition improved rapidly, and his
GCS score was 15 on the second day after the thrombectomy.
However, a lymphatic fistula of the right femoral vein punc-
ture appeared, the lymphatic fistula closed after 2 days of
compression, and the puncture point was scabbed over when
the patient was discharged (Fig. 3E and F). The patient’s kid-
ney function was monitored several times after the interven-
tional therapy, and no significant changes were found. He was
discharged from the hospital 8 days late with a completely
normal neurologic examination. The patient took oral rivar-
oxaban an anticoagulant, daily. A follow-up magnetic reso-
nance venography was performed 2 weeks after the endovas-
cular therapy and demonstrated resolution of the thrombus,
and the left and right sides of the cortical veins were symmet-
rical on the SWI sequence (Fig. 4). Three months after the on-
set of NS and CV'T, the patient had no headaches.

DISCUSSION

NS is a recognized state of hypercoagulability, and children
are at risk of venous thromboembolism, such as CSV'T, pul-
monary embolism, and renal vein thrombosis. Venous throm-
boembolism complicates 3% of NS cases in childhood. The
pathophysiology of CSVT in NS is multifactorial and is caused
by abnormal platelet aggregation, altered fibrinolysis, urinary

loss of anticoagulant proteins (antithrombin III, proteins C

and S), increased synthesis of prethrombotic factors (factors V
and VIII), and intravascular fluid depletion. The most com-
mon but least specific symptom of CVST is headache, which
is present in more than 90% of cases. It is the only symptom
reported in 25% of patients”. Headache can be a characteristic
of cerebral venous sinus obstruction at any location, but it is
most prominent when there is a large cerebral sinus thrombus.
Headache syndrome is an obvious feature of increased intra-
cranial pressure, and this feature suggests focal lesions, rang-
ing from edema following cortical vein occlusion to large ves-
" Up to

50% of patients experience focal brain injury, such as isch-

sel occlusion with massive infarction or hemorrhage

emia, hemorrhage, or epilepsy”. In addition, severe patients
present with rapid cognitive deterioration, which results in a
depressed level of consciousness and coma; however, coma is a
predictor of death in childhood CSVT". The prognosis of
children is worse than that of adults, and 20-70% of children
show residual neurological defects.

CVST is a rare but potentially morbid and fatal disease in
the pediatric population. The most obvious treatment option
is anticoagulation with LMWH to prevent propagation of the
thrombus and reduce the likelihood of complications, such as
pulmonary embolus’. However, there is not enough evidence
to suggest that LMWH is universally warranted to prevent ve-
nous thromboembolism in children with NS. The best man-
agement of the disease is not fully understood. Limited case
reports and small case series of intervention local thromboly-

sis (urokinase, or recombinant tissue plasminogen activator

Fig. 4. Magnetic resonance venography in coronal (A) and axial views (B) showed that the cerebral venous sinus was completely recanalization at the 2
weeks clinic follow-up. The left and right sides of the cortical veins are symmetrical on the susceptibility weighted imaging sequence (C).
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[rt-PA]) and MT for CVST have been published. This therapy
should be reserved for patients who present with very serious
symptoms or have a rapid decline in neurological symptoms
despite suitable anticoagulant treatment”. A meta-analysis"”’
has shown the safety of intravascular therapy for CVST. That
study included literature published from 1994 to 2014 and in-
cluded a wide range of technologies and devices that have
been used to treat patients, and that study demonstrated that
the selection criteria for patients potentially benefiting from
intravascular therapy are still not completely clear and that the
treatment method lacks consensus. In a recent multicenter
study”, new generation, large bore suction catheters alone or
in combination with stentriever devices were deployed for the
treatment of CVST. All patients obtained good recanalization,
none of the patients had major peri-procedural complications,
and most of the patients were discharged to home or rehabili-
tation facilities. These findings suggest that endovascular
treatment of adult CVST is a salvage therapy for anticoagula-
tion refractory CVST cases. Data from the adult series show
that more than 90% of patients with intravascular therapy can
achieve favorable outcomes. However, there are limited re-
ports on the application of endovascular treatment for CVST
in pediatric patients. Mortimer et al.” reported using endovas-
cular therapy in nine children with clinical deterioration.
They used several endovascular methods, including intrusions
infusion of rt-PA, aspiration, balloon angioplasty, and catheter
disruption. In eight of the nine patients, good results were ob-
tained. Gadgil et al.” reported seven children with CVST in
five pediatric centers. Although these patients received sys-
temic anticoagulation therapy, they received endovascular
therapy due to neurological deterioration. Six of the seven pa-
tients had favorable outcomes. These studies suggest that en-
dovascular therapy by experienced interventionalists may be
safe and effective for children with severe CVST who fail
frontline therapy treatment. In our case, the thrombus load
was too large. In addition to the use of balloon thrombus dis-
ruption technology, we also used new generation, large bore
suction catheters and stentriever devices to clear the throm-
bus.

Our study had several limitations. First, NS patients have
renal insufficiency, and are at the risk of contrast-induced ne-
phropathy (CIN). CIN is a common complication after cere-
brovascular interventional diagnosis or therapeuty, and CIN

may proceed to acute renal failure and is associated with sig-
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nificant mortality and morbidity”. Risk factors include older
age, the use of high osmolar contrast media, previous renal
dysfunction, such as NS. No strategies have been shown to ef-
fectively prevent CIN beyond thorough minimization of the
amount of contrast agent, meticulous hydration of the patient,
and patient selection. Our patient did not develop the compli-
cations of CIN, which may be related to the use of isotonic
contrast agents and the minimization of the amount of con-
trast agent by use of double-arm DSA. However, we should
still be alert to the complication of CIN in NS patients. Sec-
ond, this case reports the off-label use of large bore suction
catheters and stentriever devices to treat CVST. The current
neurovascular techniques and devices are not specifically de-
signed for the treatment of CVST, and most of the techniques
and devices used for endovascular treatment of CVST are for
the treatment of acute ischemic stroke. Therefore, further in-
novation and new devices specially designed for CVST and
even for CVST in children are urgently needed. Endovascular
intervention should be considered in a timely manner in chil-
dren with radiographic or clinical progression despite antico-

agulation.

CONCLUSION

In conclusion, we concluded that MT should not be ruled
out in the treatment of refractory CVST in children with NS.
It is urgent to carry out clinical trials of thrombectomy devices
specially designed for CVST in children, and the results of
these studies will be helpful for treatment decision-making.
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