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Cerebral venous va sinus thrombosis (CVST) chia 3
nhom.

1. Dural sinus thrombosis( huyét khoi xoang mang cirng)
(thrombotic occlusion of one or more dural sinuses, red in a),

2. Deep cerebral venous thrombosis (huyét khoi tinh mach nio
sau)
(thrombosis of the vein of Galen and its tributaries, blue in b),

3. Cortical venous thrombosis(huyét khoi tinh mach vé)
(thrombosis of the superficial cortical veins including the
anastomotic vein of Labbé, yellow in ¢). The straight sinus (arrow
In b) is included with the deep cerebral veins. Arrows in (c) indicate
the anastomotic vein of Labbé)



O Cerebral venous va sinus thrombosis (CVST)

+itgap

+ nguyén nhan quan trong cua dét quy

+ t7 Ié mac bénh hang ndm 3- 4 ca/ mét triéu nquoi Ion
+ khoang 7 ca/ moét triéu tré em

d Thwdng gap nhat young and middle-aged, CVST c6 thé
xay ra @ moi Itra tudi va ca 2 gidi
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3 Yéu td anh hwéng quan trong nhat va gay CVST:

+ coagulation disorders (acquired or congenital),
+ Intake of oral contraceptive drugs,
+ pregnancy, lactation,

+ ear, nose, and throat infections.

d Trén 40 % BN c6 2 hay nhiéu yéu td nguy co hién
dién, trong khi 1520 % BN khdng xac dinh



O Trén co s& vi tri huyét khoi, phan chia 3 nhém CVST

+ huyeét khoi xoang mang cing
+ huyét khoi tinh mach nao sau
+ huyét khoi tinh mach vé ndo

U Dural sinus thrombosis (sinus thrombosis, SVT),
quan trong nhat CVST,

+ thrombotic occlusion mot hay nhiéu dural sinuses.

+ superior sagittal sinus anh hwdng nhiéu nhat, ké dén la
transverse sinus .



 Deep cerebral venous thrombosis (DVT) anh huéng:

+ internal cerebral veins,
+ vein of Galen,
+ va /hay veins Rosenthal va phu lwu.

« Straight sinus bao gdm deep cerebral veins.

- Lién quan dén deep cerebral veins twong rng 10 %
bé&nh nhan CVST va thuwdng két hop sinus thrombosis.

* Isolated thrombosis cuia deep cerebral veins it gap hon



3 Cortical venous thrombosis (CVT) bao gom:

+ thrombosis TM vo ndo nbng: anastomotic vein Labbé

+ CVT anh hudng nhiéu nhat frontal cortical veins, tiép theo
parietal veins.

+ isolated CVT it gap hon

+ trong phan I&n ca, hién dién dong théi SVT, dac biét lién
hé superior sagittal sinus.

+ giad thuyét, CVT phét trién th(r phat sau superior sagittal
sinus thrombosis do sw lan vé phia sau(retrograde) cua
thrombotic material ttr sinus vao

+ danh gia cortical veins la mét thach thie, khdng giong
dural sinuses va deep cerebral veins,



Lam sang CVST

d CVST thwong subacute hon, trieu chixng khong dac
hiéu va da dang

O dau dau khéi phat thwdng gap 75-90 % BN.

A triéu chirng khac cua tang ap lwc ndi so: dizziness,
nausea, visual disturbances.

0 thém vao triéu chirng CVST tuy thudc vi tri huyét khoi



O lién hé deep cerebral veins thwong gap

+ altered level of consciousness(> 70 % of DVT cases) ,
4 trong khi cortical venous thrombosis

+ focal or generalized seizures

+ focal neurological deficits: e.g., hemiparesis, aphasia,
hemianopsia.
O trong cases isolated thrombosis deep or cortical
veins, triéu chirng tang ap lwc ndi so co thé khdng gap

3 yéu td quan trong khac xac dinh biéu hién 1am sang la:
+ age,
+ presence of concomitant parenchymal changes,
+ interval from symptom onset to diagnosis



Can lam sang

3 mac du D-dimer binh thwdng cé gié tri cao, két
qua falsenegative (am tinh trong CVST) c6 thé gap
dac biét trong BN isolated thrombosis deep cerebral
veins.

Q D-dimer levels c6 thé binh thuong trén 25%
cases, dwoc cho la lién quan thé tich huyét khoi nho



Tién lugng va két cuc

(Prognosis and Outcome)

O két cuc CVST da duoc cai thién dang ké trong thap ky
gan day do cai thién neuroimaging, giup chan doan nhanh
va diéu tri intravenous or low-molecular weight heparin.

Q dén nay, CVST tién luwong rat tot khi chan doan sém, hoi
phuc hoan toan dén 80% BN

3 tuy nhién thei gian trung binh t& khéi phat dén chan
doan van con la 7 ngay, chu yéu do 1am sang da dang,
khong dac hiéu, khéi phéat tri hoan, ban cap, mot sé nhd D-
dimer binh thwdng



3 tri hodn chan doan CVST két cuc xau 10-15%

O BN deep cerebral venous thrombosis, males, va chi co
iIncreased intracranial pressure dé bi tri hoan chan doan
CVST

3 yéu to nguy co khac phdi hop két cuc xau :

+ advanced age,

+ secondary intracerebral hemorrhage do venous
congestion,

+ deep cerebral veins or right transverse sinus.

Q thém vao két cuc xau & BN
+ central nervous system infection
+ intracerebral tumor cause CVST.



CVST

IMAGING

o Ceneral features
o "Empty delta" signon CECT, TIWIC+ MR
o (T
0 Hyperdense sinuson NECT (uswlly » 70HU)
o + hyperdense corticalveins ("cord" sign)
o CTV: Filling defect (thrombus) in dural sinus
¢ MR
o Hypointense thrombus "blooms" on T2* CRE
o Absence of flow in occluded sinuson 20 TOF MRY
e Protocol recommendations

o NECT, CECT scans + TV as initial screening
o IFCTs negative, MR+ MRV (T2* DWI, T1IWIC+)

o IFMRV equivocal, DSAis goldstandard

TOP DIFFERENTIAL DIAGNOSES

o Mormal (arteries, veins normally slightly hyperdense)
o High hematocrit (newboms, polycythemia)

¢

KEY FACTS

o Duralsinushypoplasia/aplasia

o No "blooming”; collaterals/venous infarcts absent
o "Giant" arachnoid granulations

o Round/owoid, not elongated like thrombus
o Acute subdural hematoma

o Blood layered on tentorium can mimic transverse Sinus
(TS) thrombosis

DIAGNOSTIC CHECKLIST

o Review MRV source images
o Exclude pseudoocdusions (e.g, hypoplastic TS)
o Review TTimages to excude false-negative MRV
o Review NECT toexcude dense thrombus as ke negative
CECTor CTV
o Brain looks normal
o Does not excude CVT
o DSA helpfulif noninvasive imaging inconclusive
o Chronicthrombosis may enhance
o Recanalzation or granulation tissue enhances




e Hinh anh tong quat

o "Empty delta" sign on CECT, TIWI C+ MR

e CT

o Hyperdense sinus on NECT (usually > 70 HU)

o * hyperdense cortical veins ("cord" sign)

o CTV: Filling defect (thrombus) in dural sinus(khiém khuyét dé day)
e MR

o Hypointense thrombus "blooms" on T2* GRE

o Absence of flow in occluded sinus on 2D TOF MRV
 Protocol khuyén cdo

© NECT, CECT scans & CTV as initial screening

o néu CTs negative, MR + MRV (T2*, DWI, TIWI C+)
o néu MRV equivocal, DSA is gold standard



CHAN DPOAN PHAN BIET

e Normal (arteries, veins normally slightly hyperdense)

e High hematocrit (newborns, polycythemia)

e Dural sinus hypoplasia/aplasia

o No "blooming"; collaterals/venous infarcts absent

e "Giant" arachnoid granulations

o Round/ovoid, not elongated like thrombus

e Acute subdural hematoma

o Blood layered on tentorium can mimic transverse sinus
(TS) thrombosis



DIAGNOSTIC CHECKLIST (nhirtng muc can kiém tra)

* Review MRV source images

o Exclude pseudoocclusions (e.g., hypoplastic TS)

* Review T1 images to exclude false-negative MRV

» Review NECT to exclude dense thrombus as false-negative CECT or
CTV

* Brain looks normal

o Does not exclude CVT

* DSA helpful if noninvasive imaging inconclusive

 Chronic thrombosis may enhance

o Recanalization or granulation tissue enhances



(Left) Sagittal graphic shows
thrombosis of the superior
sagittal sinus B2 and straight
sinus B, Inset in the upper
left revealsa thrombus in the
superior saqittal sinus in cross
section ("emply delta” sign)
= seen on contrast-enhanced
imaging. (Right) NECT scan in
a 25-year-old male with
progressively increasing .
headaches shows hyperdensity
in the right transverse B and

straight sinuses & Both
internal cerebral veins are

hyperdense B8 and the right
thalamus 2is hypodense and

edematous.

quét khé'i:SSS, SS, NECT: tang déam dé: TS(p), SS, ICV
dau delta trong DOi thi(p) giam dam do+ phu



(Left) Avial source image from
a CTV in the same patient
shows the dura around the
superior axial sinus enhances
but its clot-filled lumen B2
does not ("empty delta”sign).
(Right) Sagittal reformatted
view of the CTV in the same
patient shows extensive
nonenhancing thrombus in the
superior sagittal = and
straight B sinuses. The
internal cerebral veins B are
occluded and do not enhance.
Findings indicate extensive
dural sinus, deep vein
thrombosis.

CTV: dau delta trong CTV: thrombus khéng téng
quang SSS, SS. ICV tac va
khong tang quang




NECT : D4u tam giac ddc(Dense clot sign) huyét khoi
tinh mach doc trén




\

NECT. Tang dam dbé vung xoang ngang






Cord sign on NECT, 34-year-old male patient with thrombosis of the proximal left
transverse sinus. The venous clot delineated hyperdense on NECT (a), a direct sign

of thrombosis, cord sign (arrows in a). The venous clot is visualized as a filling defect
in the affected sinus on CT angiography (b, arrows)




False-positive cord sign on NECT. Patient with an elevated
hematocrit resulting in a relative high density in the dural sinuses on
NECT (a—c, e.g., arrows).



CECT: Dau tam giac trong (empty delta sign) : huyét khoi tinh mach
doc trén — va héi lvu TM




Dense vein sign on NECT.

Bn nir 28 tudi thrombosis of the internal cerebral veins.

On NECT (a, b) the venous clot: hyperdense tubular structures within the
internal cerebral veins (normal arrows in a), the vein of Galen (normal arrow
in b), and the straight sinus (dotted arrows in a and b). This direct sign of
venous thrombosis on NECT is referred to as “dense vein sign.”




profound hypointense structure on T2*WI images (c, arrows).

Note the sharp margin of the thrombus: huyét khdi bo’ sdc nét (asterisks
in b and c¢). There is regular flow in the distal part of the sinus: dong
chdy déu phan xa xoang (dotted arrows in b and c)




On sagittal reconstructions of the CT angiography |, the venous
clot is visualized as a filling defect in the affectea veins ( arrows)



Dau hiéu gian tiép:

O Bat can quang rat manh & léu tiéu ndo va liém no, phu néo
lan tda, giam dam 4o chat trang khéng bat thuéc can quang, hinh
anh nao that nho.

d C6 hinh &nh tdng dam dd tw phat do nhéi mau xuat huyét,

(khéng theo sw phan bé ctia déng mach, thudong cé két hop gidra
hinh anh giam dam dé khu tra voi vang tang dam do lan toa, mot
bén hoac hai bén, mot 6 hay nhiéu 0)



Nhoi méau xuéat huyét, khéng theo sw phén bé ctia déng mach



Tén thuong xuat huyét trong ving nhéi mau 2 bén



Phu dbi thi va nhan béo 2 bén do huyét khéi TM néo
sau (ICVs) va xoang tm thang (SS)



Nho6i méu doi thi 2 bén do huyét khoi tinh mach ndo séu
& BN m¢i sinh (deep CVT)




Tén thuong gidm dam doé thay trén P do HKTM doc trén va TM
vO ndo tran P



ral Sinus Throm




IMAGING

o Cenerl features
o "Empty delta"signon CECT, TIWIC+ MR
o (T
o Hyperdense sinuson NECT (usually > TOHU)
0 + hyperdense cortical veins ("cord" sign)
o CTV: Filling defect (thrombus) in dural sinus
v MR
o Hypointense thrombus "blooms" on T2* GRE
o Absence of flow in occluded sinuson 20D TOF MRV
e Protocol recommendations
o NECT, CECT scans £ CTV as initial screening
o If CTs negative, MR + MRY (T2* DWI, TTWIC+)
o IFMRV equivocal, DSAis gold standard

TOP DIFFERENTIAL DIAGNOSES

o Normal (arteries, veins normally slightly hyperderse)
o High hematocrit (newboms, polycythemia)

o Duralsinus hypoplasia/aplasia

o No "blooming'; collaterals/venous infarcts absent
o "Ciant" arachnoid granulations

o Round/ovoid, not elongated like thrombus
o Acute subdural hematoma

o Blood layered on tentorium can mimic transverse sinus
(TS) thrombasis

DIAGNOSTIC CHECKLIST

o Review MRV source images
0 Exclude pseudoocdusions (e.g, hypoplasiic T5)
¢ Review T1Timages o exdude false-negative MRV
o Review NECT toexdude dense thrombus s fakenegative
CECTor CTV
¢ Brain looks normal
o Does not exclude CVT
o D5A helpfulif noninvasive imaging inconclusive
o Chronic thrombasis may enhance
o Recanalization or granulation tEsue enhances




Viét tat

* Dural sinus thrombosis (DST)

o Chronic dural sinus thrombosis (cDST)
» Cerebral vein thrombosis (CVT)

Dinh nghia

* Thrombotic occlusion of intracranial dural sinuses



Hinh dnh téng quat

» goi ¥ chan doan tot nhat

o Hyperdense (65-70 HU) on NECT

o "Empty delta" sign on CECT, T1WI C+ MR

* vi tri

o Thrombus in dural sinus — adjacent cortical vein(s)



e NECT
o Hinh anh s&m thwd'ng khong rd rang

o Hyperdense sinus (so voi carotid arteries)

— Usually > 65 HU (74+ 9 HU vs. 53 « 7 in normal)

— Distinguish thrombus vs. hyperdense sinus from high hematocrit
(HCT)

o HU:HCT ratio in thrombus 1.9 « 0.32 vs. 1.33 « 0.12 nonthrombus

o £ Hyperdense cortical veins ("cord" sign)

o + Venous infarct (50%)

— Cortical/subcortical petechial hemorrhages, edema

— Straight sinus (SS) + internal cerebral veins (ICV) occlusion
o Thalami/basal ganglia hypodense, swollen



« CECT

o "Empty delta" sign (25-30%)
— Enhancing dura surrounds nonenhancing thrombus

o "Shaggy,” enlarged/irregular veins (collateral channels):
TM “xu xi” dan ra/ khong déu( bang hé)

« CTA/ICTV

o Filling defect (thrombus) in dural sinus( thiéu hut |am day)
— Caution: Acute clot can be hyperdense, obscured on
CECT/CTV (cuc méau déng cép c6 thé tdng dam dé hay Ior mo trén
CECT)

o luén luén cé NECT dé so séanh






Signal Acute stage (0-5 Subacute stage (615 Chronic stage (13
MRI sequence | intensity days)’ days)’ days)’
Tlw Hyperintense | 30% 1% 39%
lsointense |68 % 29% 54%
Hypointense (2% 0% %
T2w, PDw, Hyperintense [ 25% 52% 3%
FLAIR bointense | 10% 32% 45%
Hypointense | 65% 16% 12%

Numbers printed in bold letters indicate the most common clot signal intensity in the respective stage
I'lw Tl-weighted spin-echo sequence

I2w T2-weighted spin-echo sequence

PDw proton-density-weighted spin-echo sequence

FLAIR fiuid-attenuated inversion recovery-weighted sequence

‘Indicates days after symptom onset

Stage- and sequence-dependent variability of clot signal
Lo Sl : | | 5




* T1WI

o Acute thrombus: Isointense with brain

o Subacute thrombus: Hyperintense

o Chronic thrombus: Isointense

o Normal variations in dural sinus flow may mimic thrombosis;
vascular exam (CTV or MRV) more reliable to confirm

suspected DST
(thay doi binh thurdng dong chéy trong dural sinus co thé giong huyét khoi,
CTV, MRV néu nghi ngo DST)



* T2WI

o Acute thrombus: Hypointense

— Caution: Hypointense thrombus can mimic normal sinus
"flow void” S o ,

(giam tin hiéu cua huyét khoi co thé giong dong chay trong trong xoang)
o Subacute thrombus: Hyperintense

o Chronic thrombus: Hyperintense

— Longstanding thrombosed sinus eventually appears
Isointense

o Venous infarct: Mass effect with mixed hypo-/hyperintense
signal in adjacent parenchyma




 PD/intermediate

o Loss of normal flow voids (mét dong chay tréng binh thuong)
o More sensitive than T2WI

 FLAIR
o Clot signal varies
o Venous ischemia/infarcts hyperintense

« T2* GRE

o Hypointense thrombus usually "blooms” (thwong
thanh thoi)

o * hypointense petechial hemorrhages



U Flow voids refer to a signal loss occurring with blood and other fluids, like
CSF or urine, moving at sufficient velocity relative to the MRI apparatus.

U flow void is synonymous with vascular patency(thong mach mau),
representing a normal flow-related signal loss in vessels that contain
vigorously flowing blood

0 sequences with long TE (such as T2 and PD) have most prominent flow
voids; when vascular thrombosis is identified on a T1-weighted sequence
(short TE), it should be confirmed by the corresponding T2 or PD sequences,
as these are less sensitive to slow flow voids and more specific to the
diagnosis of thrombosis

* “Flow void” refers to loss of signal in a

widely patent vessel due to time-of-flight
or spin-phase effects




Flow void on contrast-enhanced MR
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Venous thrombosis with absence of normal flow void on T1-weighted image.




T2-WI T2*WI sequence Venous MR

Normal flow void on the T2-WI image (d, arrows), no signal
abnormalities indicative of venous clot on T2*WI sequences (e, arrows).

Venous MR angiography (f) confirms regular venous flow in the
transverse and superior sagittal sinuses (e.g., arrows in f)



* DWI

o 40% have hyperintense clot in occluded vessel

o DWI/ADC findings in parenchyma variable, heterogeneous
— Mixture of vasogenic, cytotoxic edema

o Cytotoxic edema may precede vasogenic edema

o Parenchymal abnormalities may be reversible

e T1WI C+

o Acute, subacute DST: Dura enhances, clot doesn't
("empty delta" sign)

o cDST: longstanding clot can enhance

— Organized fibrous tissue —



MRV
o 2D TOF hay contrast MRV
o Absence of flow in occluded sinus on 2D TOF MRV

— Frayed or shaggy appearance of venous sinus (cwc ky xu xi, 1dn xén)
— Abnormal collateral channels (e.g., enlarged medullary veins)

o Contrast-enhanced MRV (CE-MRYV) shows thrombus, small vein detall,
collaterals much better than 2D TOF

o Phase contrast MRV not limited by T1 hyperintense thrombus

o T1 hyperintense (subacute) clot can masquerade as flow on MRV,
evaluate standard sequences, source images to exclude artifacts

— Potential cause of false-negative MRV

(tdng tin hiéu cuc mau déng T1(ban cép) cé thé gid dang nhw dong chdy
trong MRV)



Angiographic Findings (tim kiém trén mach mau)
* Occlusion of involved sinus (tac xoang lién hé)

« Slow flow in adjacent patent cortical veins (dong chay
chdm tinh mach va lién théng ké cén)

* Collateral venous drainage develops (phat trién tinh
mach bang hé dan Iluu)



Khuyén cdo hinh éanh

« Cong cu hinh anh tot nhat
o NECT, CECT scans — CTV : initial screening
o MR, MRV (bao gém T2*, DWI, T1WI C+)

» Protocol khuyén céo
onéu CT/CECT/CTV negative, MR v&i MRV
o néu MRV khong ro rang, cerebral angiography



Normal
* Arteries, veins normally slightly hyperdense on NECT

High Hematocrit

« Common in newborns (low density brain, physiologic
polycythemia)

» Polycythemia vera (both arteries, veins equally hyperdense)

Dural Sinus Hypoplasia-Aplasia

» Congenital hypoplastic/aplastic transverse sinus

o Transverse sinus flow gaps (31%); nondominant sinus
o Right transverse sinus dominant (59%), left dominant
(25%), codominant (16%)

« "High-splitting" tentorium (sw phan cat)



"Glant" Arachnoid Granulations

» Round/ovoid filling defect (clot typically long, linear)

» Cerebrospinal fluid (CSF) density/signal intensity

* Normal in 24% of CECT, 13% of MR

o Transverse sinus most common location by imaging, left > right
o Superior sagittal sinus most common location for arachnoid
granulations on histopathology (lateral lacunae, not well seen by
Imaging)

Acute Subdural Hematoma
 Layered blood on tentorium cerebelli may mimic transverse
sinus thrombosis



« Can nguyén
o Nhiéu nguyén nhédn énh huéng dén

— Trauma, infection, inflammation

— Pregnancy, oral contraceptives

— Metabolic (dehydration, thyrotoxicosis, cirrhosis)
— Hematological (coagulopathy)

— Collagen-vascular disorders (APLA syndrome)
— Vasculitis (Behcet)



o Kiéu thuong gdp nhét

— Thrombus forms in dural sinus

— Clot propagates into cortical veins

— Venous drainage obstructed, venous pressure elevated
— Blood-brain barrier breakdown with vasogenic edema,

hemorrhage
— Venous infarct with cytotoxic edema



« Di truyén

o Resistance to activated protein C (typically due to factor
5 Leiden mutation): nguy&n nhan thwdng nhat CVT rai rac
o Protein S deficiency

o Prothrombin (factor II) gene mutation

- Lién quan bat thwdong

o Dural AV fistula; venous occlusive disease may be
underlying etiologic factor




Triéu chirng

« Triéu chirng thuong gdp nhat

o Chan doan 1am sang thwdng kho tim thay

— thwdng gap nhat = headache

— trieu chirng khac = nausea, vomiting, neurologic deficit

Nhan trac hoc

* Age

o bat c tudi ndo cling bi anh hwéng
 Gender

oF>M

» Dich té hoc (Epidemiology)

o Venous accounts for 1% of acute strokes



Dién tién va dw hdu (Natural History & Prognosis)

» Extremely variable: Asymptomatic to coma, death
o Up to 50% of cases progress to venous infarction
o Can be fatal if severe brain swelling, herniation

Treatment

* In-patient heparin followed by out-patient warfarin
(Coumadin)

* In more severe cases, endovascular mechanical
thrombectomy — local heparin infusion



(Left) NECT scanin a 68-year-
old male witha 2-day history
of headache and confusion
shows no definite abnormality.
The superior sagittal sinus 2
measured 60 HU. (Right) Axial
CT venogram in the same
patient shows nonenhancing
thrombus = filling the entire

$SS. The dural walls of the SSS
enhance B3,

CTV: cuc huyét khbi khdng ting quang toan
b .SSS, thanh-mang cwng tang.quang

Giai doan sém khéng béat thuong
SSS: 60 HU



(Left) T2W!in the same
patient shows hypointensity in
the SSSE& and cortical veins
mimicking normal "flow
voids " (Right) T2* GRE inthe
same patient shows
"blooming” thrombus in the
SSSEand cortical veins 2]
Acute thrombus can mimic
normal "flow voids” on T2ZW,
but susceptibility-weighted
scans (GRE or SWI) easily
depict the intraluminal clots.

D6 cam tir, mo ta

T2WI: giam tin higu SSS, TM T2 GRE: blooming thrombus gidng
vo gibng “normal flow void “normal flow void” trén T2WI



Huyét khéi xoang hang, viém xoang
buwom,, cuc mau déng khéng tang quang
trong thanh mang ctrng tang quang

(Left) Cavernous sinus
thrombosis can be difficult to
diagnose. Most cases occuras
complications from severe
sphenoid sinusitis & and are
seen as nonenhancing clot &3
contained by the enhancing
duralwalls &2, (Right) Axial
T1C+FSMR in the same
patient shows the
nonenhancing clot B in the
Al enhancing duralwalls & and
internal septae I of the CS.
Patients with CS
thrombophlebitis almost
always have headache, cranial
nerve palsies, and sphenoid
SInUsKEIs.

MR, T1 c6 gado: huyét khoi
khéng tang quang trong thanh
mang clrng tang quang
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TERMINOLOGY

o Cortical/cerebral venous thrombosis (CVT)
o Duralsinus thrombosis (DST)
o (VT with DST > isolated CVT without DST

IMAGING

o NECT
o "Cord"sign (hyperdense vein)
o Involved veins usualy enlarged (distended with clot),
irreqular
o +petechial parenchymal hemorrhage, edema
o CECT
o IFDST, "empty delta" sign (25-30% of cases)
o CTV: Thrombi may be seen asfilling defects
o MR
o Acute thrombusisointense on T1WI
o Hypointense on T2WI (can mimic Aow void)
o T2* CRE best (clot usually blooms)
o 2D time of fight (TOF) MRV

o Thrombus seen assinus discontinuity, loss of vascular
Flow signal

o Subacute thrombus T1 hyperintense (mimics patent Flow
on MIP)

o |maging recommendations
o NECT, CECT scans + CTV
o FCTnegative =+ MR/MRV with T1WI C+, GRE
o IFMRisequivocal - DSA (gold standard)

TOP DIFFERENTIAL DIAGNOSES

o Normal (circulating blood slightly hyperdense)
o Anatomicvariant (hypoplastic segment can mimic DST)

CLINICAL ISSUES
o Most common symptom is headache

DIAGNOSTIC CHECKLIST

o |f"convexal" subarachnoid hemorrhage is seen, consider
QT



THUAT NGU’

» Cortical/cerebral venous thrombosis (CVT)
* Dural sinus thrombosis (DST)
« CVT with DST > isolated CVT without DST



Hinh anh téng quat

« dau moi chan doan tét nhat
o "Cord" sign on NECT, T2* GRE

o vi tri

o Cortical veins (unnamed)
— Anastomotic vein of Labbe
— Anastomotic vein of Trolard
o Can be solitary, multiple

* hinh thai hoc (Morphology)
o Veins usually enlarged (distended with clot), irregular
o Linear, cigar-shaped thrombus



* NECT

o Hyperdense cortical vein ("cord" sign) — DST
o Parenchymal abnormalities common

— Petechial hemorrhage, edema

— Hypodensity in affected vascular distribution

o Need NECT to exclude false-negative CTV

— Thrombus dense, can mimic enhancement

 CECT

o néu co DST
—"Empty delta" sign (25-30% of cases)
o "Shaggy," irregular enhancing veins (collateral channels)



e CTV

o Thrombus seen as filling defect in cortical veins (khiém khuyét |am
day)

o Abnormal collateral channels (e.g., enlarged medullary veins)

o Negative CTV does not exclude CVT

— Limited value for chronic CVT

0 Organizing thrombosis also enhances

— Limited value for nonocclusive thrombus

— Optimize technique using thin slice (0.6 mm) MDCT with venous
phase enhancement and dedicated sagittal and coronal MPR (1-2 mm)
— Thick slice (3-5 mm) sliding or overlapping MIPs in sagittal and
coronal planes

— Concurrent NECT important to exclude false-negative CTV due to
intrinsically dense thrombus (dam dé huyét khéi bén trong)

— Subacute and chronic thromboses can enhance: Potential false-
negative




* MR

o Acute thrombus isointense on T1WI

o Hypointense on T2WI (can mimic flow void)

o T2* GRE best (clot usually blooms)

2D time of flight (TOF) MRV

o Thrombus seen as sinus discontinuity, loss of vascular
flow signal

o Subacute thrombus T1 hyperintense (mimics patent
flow on MIP)



e T1WI

o Thrombus is isointense early, hyperintense later
o + venous infarct

— Gyral swelling, edema hypointense

— Iso- to slightly hyperintense foci if hemorrhagic

* T2WI

o Thrombus hypointense acutely, hyperintense much later
— Acute clot can mimic flow void

o Venous infarct

— Gyral swelling, edema hyperintense

— Hypointense foci if hemorrhagic



* FLAIR
o Thrombus usually hyperintense
o Parenchymal edema hyperintense

e T2* GRE
o GRE most sensitive sequence for thrombus
— Hypointense ("black"), cord-like

o SWI not as helpful due to intrinsic hypointensity of
normal veins

susceptibility-weighted scans (SWI)



* DWI

o DWI/ADC varies with ischemia, type of edema, hemorrhage
— Distinguishes cytotoxic from vasogenic edema

e T1WI C+

o Thin (1 mm) 3D volume acquisition (thé tich dat duoc)

o Acute/early subacute clot: Peripheral enhancement
outlines clot (tang quang chu vi cuc méau déng)

o Late clot: Thrombus, fibrous tissue often enhances

o Venous infarct: Patchy enhancement (tang quang I1om dém)



- MRV

o 2D time of flight (TOF) MRV depicts thrombus as sinus
discontinuity, loss of vascular flow signal (mé ta duworc
thrombus khi sinus khdng lién tuc , mat tin hiéu dong chay
mach mau)

— May see abnormal collateral channels (e.g., enlarged

medullary veins)
— Occluded veins at time of diagnosis may predict low rate of

vessel recanalization 2 or 3 months later



o Contrast-enhanced MRV (CE-MRYV)

— Faster; better depicts nonenhancing thrombus and small
veins than TOF

o TOF limitations

— T1 hyperintense thrombus (subacute) may mimic patent
flow on MIP (false-negative MRV)

— Must evaluate source images and conventional MR
sequences to exclude potential false-negatives

o Phase contrast MRV: T1 hyperintense thrombus not
misrepresented as flow

Maximum Intensity Projection (MIP)



* Transcranial Doppler (TCD) ultrasound

o Monitor venous flow velocities at ICU bedside

o Follow therapy as decreasing velocities

o Caveat( canh bao) : Normal venous velocities in serial
measurements do not exclude diagnosis of CVT



« Conventional DSA, venous phase

o More accurate than MR, particularly for isolated cortical
vein thrombosis

o Considered gold standard

o Chronic thromboses challenging due to enhancement
from recanalization/organizing thrombus

* Interventional:
Treatment with thrombolytics &/or mechanical declotting



Khuyén céo hinh énh

* Best imaging tool

o NECT, CECT — CTV

o MR with T1WI C+, GRE if CTV negative but high
suspicion

o DSA s gold standard

* Protocol advice
o If CT negative — MR with T1WI C+, GRE, MRV
o If MR, MRV equivocal — DSA



Chan doan phan biét

* Normal (circulating blood slightly hyperdense)
« Anatomic variant (hypoplastic segment can mimic DST)

Lam sang
* Most common symptom is headache

Nhirng muc can kiém tra (DIAGNOSTIC CHECKLIST)
* If "convexal" subarachnoid hemorrhage is seen, consider

CVT



(Left) Autopsy case shows
thrombus in several cortical
veins k=, the pathologic basis
forthe “cord" sign. (Courtesy
E.T. Hedley-Whyte, MD,)
(Right) Axial NECT scan in @
patient with thrombosis of the
superior sagittal sinus shows
dense clot & filling and
expanding the SSS. Thrombus
is seen in a vein B over the
cerebral convexity. Most (but
not all) corticalvein thrombi
occur as extension from clot in
an adjacent dural venous
sinus,

Tir thiét nhiéu tm vo bi huyét khoi “cord sign”

NECT: huyét khbi SSS: Dense clot,
huyét khéi trong tm trén 16i ndo, huyét
khoi tm vd dan rong tor cuc méu déng
trong xoang mang ctrng ké can)




23+ear-0ld woman presented
in the ER with “migrane
headache.” Initiol NECT scan
(left) was colled normal Note
the hyperdense thrombus in
left TSR, CT 1 day loter
(right) shows veinof Labbé
thrombosis & and a large left
temporal lobe hemorrhagic
venous infarct I,

Phu nir 23 tucfii, dau dau migraine: TS, trai hyperdense thrombus, mot ngay sau
cho thay huyét khoi TM Labbe va xuéat huyét trén nén nhoi mau thuy thai duwong




Normal
* Circulating blood normally mildly hyperdense on NECT

Anatomic Variant

» Congenital hypoplasia can mimic DST

 Vein of Trolard, Labbe, superficial middle cerebral vein
(SMCV) have reciprocal size relationship

o If 2 are prominent, 3rd usually hypoplastic

"Glant" Arachnoid Granulation

 Can mimic DST

* Round/ovoid filling defect (clot is long, linear)
» CSF density, signal intensity



Cerebral Hemorrhage

* Mimics venous infarct
* Amyloid

» Cerebral contusion

* Hypertensive



e Can nguyeén
o No cause identified in 20-25% of cases (khdng xac dinh 20-25%)

o Wide spectrum of predisposing causes( nhiéu nguyén nhan anh
hudng)

— Trauma, infection, inflammation, malignancy

— Pregnancy, oral contraceptives

— Metabolic (dehydration, thyrotoxicosis, cirrhosis,
hyperhomocysteinemia, etc.)

— Hematological (coagulopathy)

— Collagen-vascular disorders (e.g., APLA syndrome)

— Vasculitis (e.g., Behcet)

— Drugs (androgens, MDMA "ecstasy")



o Most common pattern (kiéu théng thuwédrng nhat)
— Thrombus initially forms in dural sinus
— Clot propagates into cortical veins

— Venous drainage obstructed — 1 venous pressure
— Blood-brain barrier breakdown with vasogenic edema, hemorrhage

— Venous infarct with cytotoxic edema ensues

o Isolated CVT without DST occurs but is unhcommon



Hinh anh bénh ly

 Sinus occluded, distended by acute clot
(xoang bi tdc nghén va swng phdng do cuc mau dong)
» Thrombus in adjacent cortical veins
( huyét khoi TM v ké can)
» Adjacent cortex edematous, usually with petechial hemorrhage
( viing vd ké can phu, thwérng xuat huyét dang cham)



o Triéu chirng thuwong gap nhat
o Clinical diagnosis often difficult, elusive(kho khan va thoai thac)

— Headache (95%)

— Seizure (47%), paresis (43%), papilledema (41%)
— Altered consciousness (39%), comatose (15%)

— Isolated intracranial hypertension (20%)

o Focal neurologic deficits variable (depends on location)



Nhén trac hoc (Demographics)

* Age

o Any

« Gender

oM<F

« Epidemiology

o 1% of acute strokes



Dién tién va dw hau

» Extremely variable outcome; asymptomatic to death

o Good outcome associated with isolated intracranial hypertension
presentation, "delta" sign on CT (leading to earlier diagnosis)

o Poor outcome associated with papilledema, altered consciousness,
coma, age > 33 years, diagnostic delay > 10 days, intracerebral
hemorrhage, involvement of straight sinus

» Up to 50% of cases progress to venous infarction
o Overall mortality = 10%; recurrence as high as 12%



Xem xét

* If "convexal" subarachnoid hemorrhage is seen,
consider CVT

Tinh hoa giai thich hinh anh (Image Interpretation Pearls)
* Include T2* GRE sequence on MR/MRV



(Left) FLAIR scan in apatient
in the ER with headaches and
convexal SAH on NECT (not
shown) discloses hyperintense
signal in the left central sulcus
. (Right) 72* scan in the
same patient shows the source
of the convexal subarachnoid
hemorrhage (SAH) 2is a
thrombosed a cortical vein 2]
Note that the superior sagittal
sinus 2 demonstrates no
corresponding "blooming,”
suggesting that the
thrombosedvein occurred in
isolation, without involvement
of other venous structures

Bn cap ctwu, dau dau, XHDN ving T2* cho thay nguon XHDN la huyét khoi
dinh. FLAIR xuat huyét dudi nhén TM vo. SSS cho thay khong twong tng
Hyperdense signal ranh trung tam trai “blooming”. Huyét khoi tm xay ra don doc
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Bn nir 62 tud, dau dau va yéu ¥ trai.
NECT hyperdense SSS 72 HU va TM
vO (cord sign)

(Left) NECT scanin a 62-year-
old female with headache and
left-sided weakness shows a
hyperdense superior sagittal
sinus (measured 72 HU) &2, A
hyperdense corticalvein i also
present ("cord sign’) B2
(Right) CTV in the same
patient shows nonenhancing

thrombus in the SSS ("empty
delta sign”) & as well as the

cortical vein 5.

CTV: emty delta sign SSS
cting nhuw cortical vein




| (Left) Sagittal CTVshows
nonenhancing thrombus & in
the partially occluded SSS as
well asin the adjacent cortical
vein B3, (Right) Right internal
carotid DSA, venous phase, AP
view, confirms nonenhancing

thrombus 2 ina prominent
vein of Trolard.

CTV huyét khéi khdng bét DSA DM canh trong phai thi tm, huyét

can quang, tac 1 phan SSS khéi khéng bt cén quang tm Trolard
va tm vo ké can
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TERMINOLOGY

o Thrombotic occlusion of deep cerebral veins
o Usually affects both ICVs + vein of Calen (VOC), straight
sinus (S5

o Oftenoccurswith more widespread deepsinus
thrombasis

IMAGING

o NECT
0 Hyperdense IOV + VO, 55

o Hypodense thalami/basal ganglia (BG), loss of gray-white
matterinterfaces

— Variable loss of deep gray-white interfaces
~ Thalamiseem to"disappear’ into background WM
hypodensity
o + petechial hemorrhages
o CECT

o Lossof ICVenhancement, presence of enlarged
collateral channels

o "Shaggy,"irequiar veins (collateral channels) in deep
WM, around tentorium

# MR

o Acute dots hypointense on T2WI, "bloom” on T2*

o Deep(medullary) WMveins prominent, tortuous on SWi
o Protocol advice

o IFCT/CECT/CTV s@ns negative = MR with MRV

o IFMRV equivocal = DSA

TOP DIFFERENTIAL DIAGNOSES

o Other bithalamic/basal ganglia lesions
o Meoplasm (e.g. bithalamic astrocytoma)
o Monvenousischemia (e.q, artery of Percheron infarct]
o Toxic/metabolic disorders (e.q., carbon monoxide
poisoning)
CLINICAL ISSUES

o Venousthrombosis = 1-2% of strokes
o |CVthrombosis= 10% of venous "strokes”




(Left) Axial graphic depicts
thrombosis of both ICVs and
SSE with secondary
hemorrhage in the choroid
plexus and thalami 2 Edema
in the thalami basal ganglig,
and deep cerebral white
matter are common findings.
Linear WM medullary veins 37 |
may become engorged and
enhance. (Right) NECT ina 32- |3
year-oldfemale with severe
headache shows hyperdense
internal cerebral veins (ICVs)
2. Both thalami are
edematous, symmetrically
isodense & (normally
hyperdense) comparedto the
surrounding white matter,

Huyét khéi ca ICV va SS va xuét
huyét thir phét trong plexus
choroid va thalami, phu thalami,
hach nén, chét trdng sdu vd néo

NECT BN 32 tubi ni¥ dau dau ndng
hyperdense ICVs, phu 2 bén thalami



7 (Left) More inferior NECT in
the same patient shows the

vein of Galen &3 and straight
sinus & are also thrombosed
and hyperdense (measured 70
HU). (Right) Lateral DSA,
venous phase, in the same
patient shows normal
opacification of the superior
sagittal sinus and transverse
sinus, The ICVs, vein of Galen,
and straight sinus are
thrombosed and do not fill
with contrast. Deep (Galenic
system) venous occlusion,

NECT cho thay tm galen va SS c6 huyét
khoi va hyperdense(70HU)

iy

A

DSA pha TM, SSS, TS binh
thwong, SS, TM Galen,
ICVs huyét khdi va khéng
do day




Abbreviations
* Deep cerebral venous thrombosis (DCVT)
* Internal cerebral vein (ICV) thrombosis

Definitions

» Thrombotic occlusion of deep cerebral veins

o Usually affects both ICVs — vein of Galen (VOG),
straight sinus (SS)

o Often with widespread dural sinus thrombosis (DST)



Hinh dnh téng quat

» bang chirng chan doan tot nhat

o Hyperdense ICV — VOG, SS % bithalamic hypodensity

— Loss of deep gray-white matter interfaces

— Thalami seem to "disappear"” into background WH hypodensity

e Vi tri

o ICV $ VOG, SS, basal veins of Rosenthal

o Bilateral ICV thrombosis > > unilateral

o Edema (venous congestion)

— Deep gray nuclei, internal capsule, medullary white matter (WM)
— Variable involvement of midbrain, upper cerebellum



| — p—

* NECT

o Hyperdense ICVs — SS, DST
o Variable parenchymal abnormalities

— Hypodense thalami/basal ganglia (BG), loss of gray white matter
interfaces
— « petechial hemorrhages

- CECT

o "Empty delta" sign (if DST)

o "Shaggy," irregular veins (collateral channels) in deep WM, around
tentorium

eCTV

o Loss of ICV enhancement, presence of enlarged collateral channels
o Limited value in chronic cases as organizing thrombosis also enhances



,f)

e T1WI

o Clot: Early T1 isointense, later hyperintense
o Venous hypertension: Hypointense swelling of thalami, basal ganglia
o Venous infarct: Hypointense edema, may be Hemorrhagic

e T2WI

o Acute thrombus hypointense, mimics flow voids

o Hyperintense swelling of thalami, basal ganglia common

— Corresponds to vasogenic — cytotoxic edema

o Venous infarct: Parenchymal swelling, hyperintense edema, may be
hemorrhagic

* FLAIR

o High signal in occluded veins
o Best demonstrates hyperintense BG edema



e T2* GRE

o Thrombus is hypointense, "blooms"

o SWI shows engorged, prominent deep WM (medullary) veins
o Variable petechial hemorrhages

- DWI

o Variable findings
o BG/thalami may restrict early, normalize later
o Thrombus, hemorrhages may restrict

e T1WI C+

o Acute/early subacute clot: Peripheral enhancement outlines clot

o Late clot: Thrombus, fibrous tissue often enhances

o Venous stasis in deep WM (medullary) veins seen as linear enhancing
foci radiating outward from ventricles

o Venous edema/hypertension: No enhancement

o Parenchymal venous infarct: Patchy enhancement



* IRV

o 2D time of flight (TOF) MRV shows "missing"” ICVs, variably absent
signal in VOG, SS

— May see abnormal collateral channels

o Contrast-enhanced MRV (CE-MRYV)
— Faster; better depicts nonenhancing thrombus and small veins than
TOF

o TOF limitations
— T1 hyperintense thrombus falsely appears as patent flow on MIP
— Always evaluate source images and conventional MR sequences

o Phase contrast MRV: T1 hyperintense thrombus not misrepresented
as flow



Angiographic Findings
« Conventional

o DSA more accurate than MR

o Normal deep cerebral veins are always present on angiography
— In DCVT, occluded ICVs do not opacify ("absent")

— Collateral venous channels (e.g.,medullary veins) enlarge

* Interventional: Treatment with thrombolytics &or mechanical
declotting



Khuyén céo hinh anh

* Best imaging tool
o NECT, CECT — CTV venogram
o Conventional DSA if intervention planned

* Protocol advice
o If CT/CECT/CTYV scans negative — MR with MRV
o If MRV equivocal — DSA



Nonvenous Ischemic Injury

* Arterial occlusion

o Artery of Percheron cerebral ischemia
o Top of basilar cerebral infarction

» Global hypoxia

Primary CNS Lymphoma

» T2 hyperintense, enhancing mass(es)
» Along ependymal surfaces (thalami > basal ganglia)
 Normal venous system



Bithalamic Astrocytoma

« T2 hyperintense mass in deep gray nuclei
* Normal venous system

* Elevated choline, decreased NAA

* Vasogenic not cytotoxic edema



Carbon Monoxide Poisoning

* T2 hyperintense deep gray nuclei, often globus pallidus
* Normal venous system

 Positive carboxyhemoglobin

« Classic cherry red skin is rare



e Can nguyén

o No cause identified in 20-25% of cases

o Wide spectrum of causes (> 100 identified)

— Trauma, infection, inflammation

— Pregnancy, peripartum period

— Metabolic (dehydration, thyrotoxicosis, cirrhosis, etc.)
— Hematological (coagulopathy)

— Collagen-vascular disorders (e.g., APLA syndrome)
— Vasculitis (e.g., Behcet)

— Drugs (oral contraceptives, androgens, ecstasy)

— Ulcerative colitis



o Most common sequence

— Thrombus initially forms in dural sinus

— Clot propagates into cortical veins

— Venous drainage obstructed, venous pressure elevated

— Blood-brain barrier breakdown with vasogenic edema, hemorrhage
— Venous infarct with cytotoxic edema ensues

e Di truyén (Genetics)
o Factor 5 Leiden mutation is most common cause of sporadic CVT



Staging, Grading, & Classification

-Venous ischemia

o Type 1: No abnormality

o Type 2: High signal on T2WI/FLAIR; no enhancement

o Type 3: High signal on T2WI/FLAIR; enhancement present
o Type 4: Hemorrhage or venous infarction



Gross Pathologic & Surgical Features

 ICVs occluded, distended by acute clot
* Venous hypertension ensues
 Adjacent thalami edematous with variable hemorrhage

Microscopic Features

* Thrombus in occluded vessels



Triéu chirng

* Most common signs/symptoms
o Headache, nausea, vomiting
— * neurologic deficit, seizure

Nhan trac hoc

* Age

o Any age

— Especially elderly, debilitated patients (b&nh nhan yéu sirc)
— Pregnant, peripartum women, women on BCPs

» Gender

oF>M

» Epidemiology

o Venous thrombosis causes 1-2% of strokes

o ICV thrombosis = 10% of venous "strokes"



Dién tién va dw hau

« Clinical diagnosis of CVT often elusive

» Qutcome of CVT extremely variable, from asymptomatic to death
o Majority have no residual deficits at 16 months

o Subgroup (13%) have poor outcome

o Predictors of death/dependence

— Hemorrhage on admission CT

— DWI demonstration of cytotoxic edema (infarction)

Treatment

* Heparin — rTPA
« Endovascular thrombolysis



Consider
* DSA in equivocal cases and for intervention
Image Interpretation Pearls

 Early imaging findings subtle, often overlooked

» Obtain NECT concurrently with CTV

* "Flow voids" on T2 do not rule out DCVT

* 2D TOF MRV should not be interpreted without benefit of
standard imaging sequences

* Nonvisualization of deep venous system on CTA/MRA/DSA
always abnormal



(Left) NECT in a 25year-old
male with headache and
drowsiness shows hyperdense
ICVs Rand straight & and
transverse B sinuses. The
thalami have “faded” into the
background and are isodense
with surrounding white
matter. (Right) CTV in the
same patient shows
nonenhancing thrombus in the
ICVs &, straight sinus B and
torcular B2

NECT BN nam 25 tudi dau dau va lo CTV: thrombus trong IVCs,
mo: IVCs, SS va TS hyperdense. SS va torcular
Thalami isodense




(Left) Sagittalscan in the
same patient reformatted
from the axial source data
shows extensive nonenhancing
thrombus in the ICVs &, as
well as the vein of Galen ]
straight sinus B torcular &2
and superior sagittal sinus 2]
(Right) Coronal CTV shows

thrombus in the SSS
torcular & and right

transverse sinus B

Sagital scan:Thrombus

khong bat can quang trong Coronal CTV: thrombus trén

IVCs, vein Galen, SS, SSS, torcular va TS phai
torcular va SSS




(Left) Axial T2WI in the same
patient shows bithalamic
edema 2] Acute thrombus in
the ICVs 2, vein of Galen 2]
straight sinus B3, and torcular
B2 s hypointense, mimicking
flow voids.” (Right) T2* GRE
scan inthe same patient
shows "blooming” acute
thrombus in the ICVs 2]
straight sinus 3] and torcular
2]

T2WI: phu thalamic 2 bén,
thrombus cap ICVs, Galen,
SS va torcular hypodens
giéng “flow voids”

T2*GRE
Blooming acute thrombus
trong ICVs, SS va torcular







