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Abstract

Background: Cerebral venous thrombosis (CVT) is easily missed or misdiagnosed in clinical
settings because of its high variability in terms of symptoms and radiological findings. Herein, we
aimed to explore a promising modality for confirming presumed CVT in the hope to uncover its
superior diagnostic performance to conventional imaging modalities.

Case presentation: The patient complained of intolerable pain in her forehead and left eye.
Her lumbar puncture opening pressure was 140 mmH,O, and her cerebrospinal fluid composi-
tion was normal. No marked abnormalities were observed in routine brain images, including non-
contrast computed tomography, magnetic resonance imaging, and contrast-enhanced magnetic
resonance venography. However, chronic mural thrombi in the lumen of the left cortical veins,
transverse/sigmoid sinus, and superior sagittal sinus were identified in magnetic resonance black-
blood thrombus imaging (MRBTI) maps.

Conclusions: MRBTI can be used to directly and non-invasively visualize thrombi, and may thus
be a promising tool over alternative routine techniques for confirming the diagnosis of CVT.
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Background

Cerebral venous thrombosis (CVT) refers
to thrombosis in the cerebral veins and
dural sinuses. It is a stroke subtype that
mainly occurs in young and middle-aged
individuals.! Currently, a delayed or
missed diagnosis remains very common in
clinical settings because CVT has non-
characteristic symptoms and signs as well
as ambiguous features in routine imaging
maps. Moreover, it is challenging to identi-
fy the stages of CVT based on routine neu-
roimaging. This can lead to considerable
delays in treatment, thus resulting in poor
clinical outcomes and even life-threatening
consequences.

Clinically, a CVT diagnosis mainly relies
on radiological signs, in which digital sub-
traction angiography (DSA) was once rec-
ognized as the gold standard. However,
with advances in imaging modalities, DSA
is not routinely adopted in outpatient clin-
ics because of its invasive nature; it is gen-
erally reserved for hospitalized patients who
are being considered for thrombolysis or
stenting. Magnetic resonance imaging
(MRI) combined with contrast-enhanced
magnetic resonance venography (CE-
MRYV) have also been accepted as first-line
imaging modalities for a CVT diagnosis.” In
addition, non-contrast cranial computed
tomography (NCCT) is preferred in emer-
gency rooms for its wide availability and
rapid speed.”? However, use of the afore-
mentioned imaging modalities for CVT
confirmation depends heavily on indirect
signals, including cerebral parenchymal

changes (e.g., edema, venous infarction, or
hemorrhage) and filling defects caused by
thrombi, rather than on the direct visuali-
zation of thrombi. Accordingly, these indi-
rect imaging features may result in
diagnostic pitfalls because a host of ana-
tomic variations, such as prominent arach-
noid granulations and intra-sinus septa, can
also cause fluid void signals and mimic
venous thrombi.?

In the present report, an optimized tech-
nique for CVT detection, magnetic reso-
nance black-blood thrombus imaging
(MRBTI), was used in a case at our hospi-
tal. This magnetic resonance sequence
provides the direct and non-invasive visual-
ization of thrombi in cerebral veins and
sinuses. Moreover, MRBTI can be used to
distinguish the probable ages of thrombi
(acute, subacute, or chronic) to provide
important references for customized treat-
ment. Previous studies have confirmed the
high sensitivity of MRBTI for investigating
thrombi in the context of acute ischemic
stroke,> myocardial infarction,* and deep
venous thrombosis.™® In the present study,
the accuracy and superiority of MRBTI for
confirming CVT in the chronic stage was
demonstrated for the first time.

Case presentation

A 15-year-old female patient complained of
distension-like pains in her forehead and
left eye for more than 1 month and was
hospitalized for diagnosis and customized
treatment. She had previously experienced
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a recurrent headache for nearly 1 year
(according to her description, the baseline
numeric rating scale [NRS] score = 8), with
vomiting, and underwent mannitol intrave-
nous infusion at a local hospital. However,
no obvious abnormalities were observed in
her baseline brain computed tomography
(CT), MRI, or magnetic resonance venog-
raphy (MRV) maps, which were imaged in
local hospital, except for a slim left trans-
verse sinus (TS) (Figure 1).

Her blood tests showed no marked
hypercoagulability, with normal plasma
fibrinogen (FIB), D-dimer, antithrombin
II1, protein C, protein S, and homocysteine.
In addition, her baseline FIB and D-dimer
(measured on day 1, prior to medical treat-
ment) were 1.98g/L and 0.27 pg/mL,
respectively. Twenty-four hours after
being administered 10 BU batroxobin
(a defibrinogenating agent that is able to

degrade FIB into water-soluble fibrin, and
hence promote the lysis of the newly formed
thrombi’) once via intravenous infusion,
the patient’s plasma FIB decreased to
1.22 g/ and her D-dimer elevated slightly
to 7.45ug/mL. These findings indicated
that her presumed thrombi did not respond
sensitively to batroxobin-mediated throm-
bolysis (Figure 2a). Generally, batroxobin
increases the levels of plasma D-dimer to
>20 pg/mL in acute or subacute CVT
through its thrombolytic effects.® In addi-
tion, ophthalmic examinations by a senior
oculist revealed that the patient’s vision,
visual field, and optic nipples were all in
good condition (Figure 2b and c¢). A glau-
coma diagnosis was also ruled out because
her bilateral eyelid pressure was below the
cut-off value of 21 mmHg.

Similar to the initial MRI and MRV
images, no changes were observed in the

Figure |. Brain images obtained at a local hospital prior to admission. a—d: No cerebral parenchymal
lesions were observed on NCCT (a), T2WI (b), FLAIR (c), or DWI (d). With the exception of the left
slender TS, no other abnormalities were observed in the MRV maps (e—f).

DWI, diffusion-weighted imaging; FLAIR, fluid-attenuated inversion recovery; MRV, magnetic resonance
venography; NCCT, non-contrast computed tomography; T2WI, T2-weighted imaging; TS, transverse sinus.
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Figure 2. Dynamic plasma fibrinogen and D-dimer, baseline fundoscopy examinations, and MRI and CE-
MRV images during hospitalization. a: Dynamic plasma fibrinogen and D-dimer before and after batroxobin
treatment. b, c: Bilateral fundus photographs revealed no papilledema (Frisen score =0). d, e: No paren-
chymal lesions were observed in T2WI (d) or FLAIR (e). f-h: The left TS appeared slender and the venous
vasculature of the entire brain was surrounded by dilated collaterals on the CE-MRV maps.

CE-MRY, contrast-enhanced magnetic resonance venography; FLAIR, fluid-attenuated inversion recovery;
MRI, magnetic resonance imaging; T2WI, T2-weighted imaging; TS, transverse sinus.

brain MRI combined with CE-MRV
images performed in our hospital, except
for the slender left TS and tortuous
venous  collaterals (Figure 2d-h).
Additionally, her lumbar puncture opening
pressure was 140 mmH-O, and her cerebro-
spinal fluid composition was normal. On
the basis of the existing indications, her pre-
sumed CVT diagnosis remained relatively
uncertain and controversial.

To confirm the diagnosis, the patient
underwent MRBTI, which revealed hyper-
intense signals on the contrast-enhanced
sequence distributed in the left cortical
veins, transverse/sigmoid sinus, and superi-
or sagittal sinus (Figure 3a2—c2), indicative
of chronic CVT.> DSA was ultimately not
performed in this patient because DSA was
considered to provide limited therapeutic
assistance for this case, and because the
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Figure 3. Baseline (22 August 2020) and 3-month follow-up (26 November 2020) MRBTI maps.
Hyperintensities within the left cortical veins, transverse/sigmoid sinus, and superior sagittal sinus on
baseline CE-MRBTI sequences in axial (a2 and b2), coronal (c2), and sagittal (d2) sections were considered
by a senior radiologist to be chronic venous thrombi. These hyperintensities had almost completely dis-
appeared in the corresponding follow-up CE-MRBTI maps (a4—d4). The remaining hyperintensities in the left
transverse/sigmoid sinus (b4) may be thrombosis-related venous wall inflammation. The shallow or disap-
peared cerebral sulci and fissures with unclear matter margins that were observed in the baseline CE-MRBTI
(al—d2) were deeper and more clearly observed in the follow-up CE-MRBTI (a3—d4), with well-defined
matter borders.

CE-MRBTI, contrast-enhanced magnetic resonance black-blood thrombus imaging; MRBTI, magnetic
resonance black-blood thrombus imaging; post-CE, post-contrast enhancement; pre-CE, pre-contrast
enhancement.
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patient and her parents refused DSA for its
associated risk as well as for economic rea-
sons. Furthermore, because cortical venous
thrombosis carries a high risk of epilepsy,'®
a digital electroencephalogram was per-
formed; however, no epileptic waves were
monitored. Finally, the patient underwent
tailored oral anticoagulant therapy (warfa-
rin 2.75 mg/day) with the international nor-
malized ratio (INR) maintained between 2.0
and 3.0. She obtained a good clinical out-
come and was discharged from the hospital.
At the I-month telephone follow-up, her
distension-like pains were markedly relieved
(NRS=0-2). At 3 months post-
anticoagulation, the patient’s follow-up
MRBTI revealed that the chronic mural
thrombi were almost completely diminished
compared with her baseline MRBTI maps
(Figure 3). Note that the remaining enhance-
ment in the follow-up MRBTI maps may
stem from thrombosis-associated venous
wall inflammation. Correspondingly, she
achieved full recovery from her refractory
headache (NRS=0). Given that the patient
had unknown etiology, she was advised to
continue with oral anticoagulants and out-
patient follow-up on a regular basis.

Discussion

Several key points were revealed in this case
report. First, a diagnosis of CVT previously
depended on indirect signals imaged using
routine modalities; even the gold standard
DSA is no exception. Second, compared
with MRBTI, MRI together with CE-
MRV may be less able to screen some
chronic or cortical venous thrombosis.
Third, MRBTI can detect thrombi at differ-
ent stages in a direct and non-invasive
manner, which makes it a robust alternative
to routine imaging modalities.

MRBTT techniques, namely T1-weighted
three-dimensional variable-flip-angle turbo

spin-echo sequences, can not only isolate
thrombi from suppressed background sig-
nals using its inherent blood-nulling capa-
bility and black-blood effect,'" but can also
image thrombosis-triggered inflammatory
changes in vessel walls.'*!? Furthermore,
CVT periods may be estimated with
MRBTI using the signal intensity of a
thrombus, which changes over time with
its varying methemoglobin content.’
Specifically, chronic thrombi appear as
hyperintense signals on post-CE maps and
hypo- or iso-intense signals on pre-CE
maps, whereas for acute thrombi, the oppo-
site is true. Moreover, MRBTI offers high
spatial resolution and provides a large ana-
tomical coverage area in any chosen plane
and thickness after reformation. To the best
of our knowledge, no previous report has
highlighted the performance of MRBTI
versus other routine imaging modalities
for confirming a presumed CVT diagnosis.

MRBTI versus NCCT

NCCT frequently serves as a preferred tool
in the emergency department for acute CVT
cases because it is rapid and widely avail-
able. Unfortunately, it is not a reliable way
to confirm CVT, and diagnostic confidence
may be compromised if NCCT is used as
the sole examination method."* For exam-
ple, if NCCT is not performed in the acute
CVT phase, false negatives may be pro-
duced because of the absence of typical
signs; that is, the dense delta or cord
signs.'* Furthermore, thrombi cannot be
discriminated from the normal flow in
patients with anemia who have low blood
attenuation as a result of decreased hemo-
globin.'® Similarly, NCCT may lead to false
positives in patients with polycythemia vera
or in children or young adults because they
often have high hemoglobin or hematocrit
values.'® Therefore, despite the superiority
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of NCCT in emergent situations, MRBTI
has advantages over NCCT for confirming
CVT because of its greater diagnostic accu-
racy and direct visualization properties.
This is true despite the time it takes, its
cost, and the potential gadolinium-
mediated nephrotoxicity.

MRBTI versus MRI combined with CE-MRV

The diagnostic value of MRI for CVT has
been proposed for almost two decades.'” To
date, MRI combined with CE-MRYV is
accepted as the most advantageous imaging
modality for CVT diagnosis.” High-quality
multiplane and spatial resolutions make
MRI a better technique than NCCT for
imaging parenchymal lesions secondary to
CVT. However, not all cases of CVT, or
even acute thrombotic events, result in
parenchymal changes. In addition, in cases
with normal MRI findings, venous flow
interruption caused by the thrombi and
associated collaterals may be captured by
CE-MRYV. Nevertheless, CE-MRV can
lack the ability to identify thrombosed cor-
tical veins and chronic, partially recanalized
thrombi,'®'” as shown in the present case.
In contrast, MRBTI can overcome the tech-
nical deficits of MRI and CE-MRYV, and
was a major contributor to the final diag-
nosis in the present case study. Moreover, a
plethora of venous variations, such as
prominent arachnoid granulations, hypo-
plastic sinuses, and intra-septa, may be mis-
interpreted as venous thrombi on CE-MRV
images. These diagnostic pitfalls can be
resolved by MRBTI because of its ability
to display a direct overview of intralumen."’
Of note, the greater accuracy of MRBTI
versus CE-MRYV for evaluating the degree
of CVT recanalization was demonstrated in
our previous study.*

MRBTI versus DSA

DSA is an invasive roadmap imaging
method that provides dynamic patterns of
cerebral vasculature in areas where the
iodinated contrast and catheter or sheath
are delivered. It is also an imaging method
that can be used to identify thrombi
through indirect blood flow signals.
However, this method may lead to a
broad spectrum of complications, ranging
from contrast extravasation or subarach-
noid hemorrhage to femoral hematoma,
part of which may require the discontinua-
tion of anticoagulation agents and thus
delay CVT therapy. Noninvasive MRBTI
is an essential solution to these limitations
and a preferable option to DSA for CVT
screening, as presented in the present case.
For the aforementioned reasons, despite
DSA currently being the gold standard for
CVT diagnosis, it may be suboptimal in
both safety and cost considerations.

Moreover, MRBTI may be used to pre-
dict thrombus age,® and thrombolysis is
effective for fresh thrombi with rich fibrin
content, but not for old thrombi with high
collagen levels.”?! Therefore, MRBTI is
likely to be a technique of reference value
for assessing whether or not catheter-
directed thrombolysis is needed, hence pro-
tecting individuals with chronic CVT from
unnecessary endovascular interventions.
Such a complementary use for preoperative
evaluations, predating DSA procedures, is
another merit of MRBTI.

Notably, the diagnostic value of MRBTI
was investigated and established based on a
single case in the present study. It is there-
fore necessary to further confirm its value
in a large patient cohort, preferably as a
multi-center study. Also of note, MRBTI
is performed as a clinical routine method
in cases with presumptive CVT in our hos-
pital, which has greatly boosted our
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diagnostic accuracy of CVT and decreased
the rate of DSA.

Conclusions

MRBTI can be used to directly and non-
invasively monitor thrombi at different
stages within the lumen of veins or sinuses.
It may thus be a better choice than DSA,
especially in situations where CVT is highly
suspected but conventional imaging techni-
ques fail to reach a conclusive diagnosis.
Conversely, DSA should be reserved for
cases in which intravascular therapy is
advocated.
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