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Ca lam sang

Bé&nh nhan nam 50 tudi , chup CT trwdc 2 giy sau
khi triéu chirng khéi phat.

Bn tinh tao ndi kho

Hai mat nhin tap trung vé bén phai(Fixed right
sided gaze)

Liét nlra than trai

Tién can: tdng HA



Cac cau hdi can thiét phai tra 1oi trong danh gia

hinh anh doét quy thiéu mau cap la gi?

PGS.TS Cao Phi Phong



Chan doan hinh anh troRg dét quy-cdp

1. Chon chan doan hinh anh dau tién cho bénh
nhan dét quy cap?

2. Cac nghién ctru gan day nhat cho chdng ta biét
ai sé& dwoc diéu tri tiéu soi huyét va khi nao?
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Su dung cac ky thuat chan doan hinh anh trong
cap citu nhu theé nao dé co thé diéu tri tot nhat
cho bénh nhan dot quy?




Cac khuyen cao chan dodf*hinh énh{abb”e{h
nhan dot quy thieéu mau trong 6 gio dau

MRI>CT trong 24 git' dau: than néo, tiéu ndo, vung
sau cua nao.

MRI:T2W hypertensity (8 gio sau dot quy)

FLAIR (fluid attenuated inversion recovery):

2-6 gio.

Xuat huyét toi cap (Hyperacute hemorrhage):
CT>MRI

M
M

RI khéng nhay trong XHDN(tr FLAIR)

RIl: 82-95% bén cap (subacute).



Cac khuyéncaocha 3n hinh dnh & bé

nhan dét quy thiéu mau trong 6 gi® dau

« MRI khéng thay CT trong 6 gi®» dau
« MRI khi CT (-) va > 6 gi&: than nao, tiéu nao,
vung sau cua nio



Cac cau hoi
hinh anh tr




SN

C6 xuat huyet khong?

Thiéu mau nao cap co chac chan khéng?

Két qua chan doan hinh anh cé thé phan tich nguy
colich lgi khi dung tiéu soi huyét?

- CO tac_mach mau lon khong?
- L&i nhoéi mau khong hoéi phuc ?
- Vung tranh toi tranh sang (penumbral) cltru
ho? (is there "salvageable” penumbra?)
- C6 cac dau hjéu
Vi xuat huyét (Microbleeds)
Thwa chat trang (Leukoaraiosis)

4. C6 bat c bénh Iy ndao khac nhw u, AVM....?
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—Chan doan hinh anh thiéu mau nao cip

1.Phat hién vi tri tac mach mau va kich thuwéc
ving penumbra va 16i nhdi mau?
2.T6i wu ich loi va gidm thiéu rai ro khi ding
tPA cho bé&nh nhan cap ciu?
3. SAU 3 GIO, lam sao biét dwoc ving nhoi
mau con hdi phuc hay khdng ?2??
4. Wake-up stroke (36t quy sau khi thirc) diéu
tri rt-PA 77?7
Chbing ta nén dung cdc ky thudt cao trong chdn dodn hinh dnh dé
c6 thé diéu tri cap ciru 10t nhdt cho bénh nhan dét quy



Tiéu chuan “4 P” trong chan doan
hinh anh dét quy cap

Parenchyma Assess early signs of acute stroke, rule
out hemorrhage

(Nhu mo)
Pipes Assess Intracranial and extracranial
p 2 circulation for evidence of intravascular
(6ng dan) thrombus
Perfusion Assess cerebral blood flow, blood volume,

, . and mean transit time
(trol mau)

Penumbra Assess tissue at risk of dying if ischemia
continues

(tranh toi
tranh sang)

Rowley HA et al. Am | Neuroradiol 2001;22:599-601.
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Khuyén cao chan doan hinh anh
AHA -2009

BN trong 3 gi& CT khbéng can quang hay MRI duwoc
khuyén céo trwde dung tPA tinh mach dé loai
trir xuat huyét ndo va xac dinh ving giam dam
doé trén CT hay tang tin hiéu tréen MRI.

= Vung giam dam d6 > 1/3 cua BM nao gitra
chdng chi dinh diéu tri tPA

= Céc dau hiéu nhoi mau sém trén CT, khong
chong chi dinh diéu tri . (Class |, LOE: A).
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Khuyén cao chan doan hinh anh
AHA -2009

BN trong 3 gi&, CT khdng phat hién nhéi mau va
can xac dinh chan doan sé thwc hién MR-DWI
hay CTA-SI néu khéng anh hwéng viéc lam
cham tré diéu tri tPA tinh mach

CT angiography source images (CTA-SI)
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Khuyén cao chan doan hinh anh
AHA -2009

MR-DWI > CT khong can quang va MRI trong
dot quy thiéu mau cap.

MRI két ho’p DWI > CT trong chan doan phan biét
thiéu mau néo, c6 thé MRI néu khdéng l1am cham
tré tPA tinh mach (Class lla, LOE: B).

CTA-SI> NECT va twong dwo’ng DWI phat hién
nhoi mau I&n, mac du it nhay vang thiéu mau
nhd hay ho sau (Class lla, LOE: B)



= = . = - = 2 —
Khuyén cao chan doan hinh anh
AHA -2009

Bénh nhan sau 3 gi¢, ca MR-DW!I hay CTA-SI| sé
duoc thwc hién véi hinh anh twéi mau (perfusion
studies: CTP, MR-PWI). (Class |, LOE: A)

(ddc biét néu dw tinh mechanical thrombectomy hay intra-
arterial thrombolytic therapy)
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Khuyén cao chan doan hinh anh
AHA -2009

Gradient-echo MR sequence c6 thé ding trong
danh gia ban dau sw hién dién vi xuat huyét

% CT khong co0 thi khong qé chépg qhi dinh diéu tri
tPA trong 3 gi& v&i vi xuat huyét s6 lwvong nho)
(Class lla, LOE: B).

= Nguy co b&nh nhan nhiéu vi xuat huyét thi chwa
0 (Class llb, LOE: B).



~~_—Chan doan hinh-anh -

Khuyén cdo AHA 2013

Triéu chirng con nghi ngo

Co ban:

- CT khéng can quang hay MRI trwdc diéu tri

- IV fibrinolysis néu c6 thiéu mau

- C6 thé khao sat mach mau néi so

- Xem xét CT/MRI perfusion va diffusion

- Gidm dam dé 1&n trén CT khéng diéu tri rtPA

Piém then chdt

- Ky thuat cao chan doan hinh anh co thé giup chon Iwa
bé&nh nhan ngoai ctra sb diéu tri tiéu soi huyét. CT
khéng can quang hay MRI c6 thé loai trir xuat huyét va
gidm dam dé hon 1/3 ddéng mach nao gitra trwdc diéu
tri tiéu soi huyét




~_€han doan himhanh -

Triéu chirng khéng thuyén giam

Khéng thay doi

- Triéu chirng thiéu mau khdng hét, chan doan hinh &nh
n&o trwde bat dau diéu tri, hau hét CT co thé quyét dinh
diéu tri

Slra doi

- CT khéng cén quang hay MRI két qua trong 45 phut
khuyén céo trude rtPA, loai trir xuat huyét va danh gia
dau hiéu thiéu mau. Néu thay déi sém diéu tri rtPA IV
dwoc khuyén cédo,va néu IA hay mechanical
thrombectomy khong tri hoan [V rtPA.
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~_—€han doan hinh-anh -

- Chup mach mau ndi so khéng xam 1an dwoc khuyén céo.
Xem xet CT/MRI perfusion va diffusion giup chon lwa
bénh nhan diéu tri tai twdi mau qua clra sbé diéu tri. BN
giam dam dé trén 1/3 ddng mach nao gitra trén CT
khéng can quang, tranh IV rtPA



~_—€han doan hinh-anh =

Triéu chirng hét

Co ban

- Nghi ng® TIA; hinh anh khéng xam lan mach mau ving ¢

- TIA chéan doan hinh anh trong 24 gi®

- Bénh hep tac ddng mach: CTA, MRA

Piém then chot
MRI trén CT trong b&nh nhan nghi ng® TIA vi c6 thé cung
cap dot quy co xay ra khéng

Khéng thay doi
Nghi ng® TIA chi dinh chup mach mau ving cd khéng xam
14n. TIA khuyén céo chan doan hinh anh trong 24 gi® hay
ngay khi c6 thé, MRI thich hop hon CT




Chan doan hinh anh

Triéu chirng hét

Stra doi
Trwdng hop biét bénh tac hep, CTA, MRA
mach mau ndi so dwoc khuyén cao danh
gia hep hay tac phan goc trong so
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. CT tiéu chuan vang

- Phan 1&n bénh vién déu co (Available)
. Hau hét cac nghién ctru
. Nhanh
. Ré tién
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r— Imaging: CT

DAau hiéu nhdi mau sdm (Subtle changes) co thé thay
2-4 gio.

. Dau ru-bang thuy dao (Insular ribbon sign)

. Mat ranh gi®i trang xam (gray/white junction)

- M& ranh vé nao (Effacement of sulci)

. Doi hdi BS Xquang than kinh ( neuroradiologist)



¥ Imaging CT

. Edema va hiéu trng khoi (mass effect) xuat
hién 12-24 gio
. Toi da 3-6 ngay
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- Imaging: CT co6 can quang

- Paoi hdi xét nghiém BUN/Creatinine

- Perfusion cho phep phan biét vung penumbra
vOi 161 nhéi mau

. Yéu to thoi gian
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~ Imaging: CT angiogram

- Modern CT

. T&i cau tric bang dién toan (Digital reconstruction)
. Can giai thich

- DPinh khu sang thuwong



\ ’; :" v " ;‘ [ = \‘ i r
L g - &&t A

R.’naar_ﬁ,n'g ’

“

. S
:’ 3 bc\
Mol 2»-




/

/

~—— CTAngio & Perfusion




Danh gia 4P trong chan doan
hinh anh dot quy thiéu mau






1P= Parenchyma (nhu mo nao)

Cac dau hiéu s&m nhdi mau cap ?
Loai trir xuat huyét ndao?



Binh thwdng 60%
ca <12gio.
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~ ot quy tOIMeracute Stroke)

Subtle Signs on Non-contrast CT

Dau tdng quang ddng mach nio gitra
(Hyperdense MCA sign)

Nhan thau kinh va hach nén mo di

X6a m& vung vo dwdi thuy dao (subinsular
cortex)

Dau hiéu pht ndo sém



Hyperdense artery
sign. Thay trong
< 30% ca.




ira

ao g

Dau tang quang dong-machn

(Hyperdense MCA Sign)

=




X6a mo nhan thau kinh va hach nén

/‘é@ﬁ/raﬁon of the Lentiform Nu

—~

anglia)




Dau mat hach nén
(Vanishing basal
Ganglia sign).







/nagge [6p Vo duéﬁtkr&y@ée\/‘

/ (Effacement of the Subinsular Cortex)




Absent Insular
ribbon sign.
(12-24 hrs.)




anh vo ndo do







Mat phan biét
chat xam/trang
(Loss of

Grey/White matter
Differentiation)




/huyénﬂ _

2 (Hemorrhagic transformation of infarction)

- Tal twol mau trong vung
nhGi mau gap phan nira ca
nhol mau

- Vi thoat mach (Microscopic
leakage) hay khoi mau tu

(frank hematoma)

. Dinh chuyén dang xuéat
huyet 1-2 tuan sau nhoi
maul.

- Gi¢i han cac mach mau
trong vung nhoi mau.

- Rat it lan vao nao that.




Hiéu irng swong mu(Fogging Effect)

hay trén CT trong tuan th& 2 sau nhoi mau.

. Phu dang rut xudng (Edema is subsiding).

. Tang protein tr cac té bao bi ly giai (Proteins from
cell lysis increase).

. Vung ton thwong c6 thé gan nhw binh thwéng

tréen CT

. It g&p trén MRI.



Tiéu chuan 1/3 DM n3o giilra
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—Tén thwong déng mach nao giira

Quy tac1/3 thwong st dung trong trwong hop
tac dong mach nao gitra

- Vling n&o bj ton thuong
< 33% vung chi phoi dong mach nao gilra
> 33% vung chi ph6i ddng mach nao gitra

. Hién nay thang diém Aspects chinh xac hon quy
tac 1/3




= = Scoring to Estimate >1/3

Middle Cerebral ArteryTerritory Infarction

- ECASS: >1/3 MCAT trong AIS nguy co xuat
huyét khi dung tPA

- 1995 NINDS dung tPA trwéc 3 gior

ICE (ldealize-Close-Estimate) methode

- ASPECT Scoring: cutoff point <7(1/3 MCAT
estimation: 94% sensitivity and 98% specificity).

Alberta Stroke Programme Early CT Scoring (ASPECTYS)
European Cooperative Acute Stroke Study (ECASS)



— The ICE method

Southwestern Ontario Stroke Team at
University of Western Ontario, London,
Ontario,Canada

Budc 1:(1) vang phan bd MCA (hinh thang)
Buérc 2: (C) xac dinh ving méat phan biét
trang-xam, md ranh vo nao,

Budc 3: (E) so sanh ty 1€ C/I



“ICE” method of estimation of greater than one-third middle

cerebral artery territory infarction on initial CT scan: a. Baseline scan;
b. Idealized MCA territory (trapezoid) onto baseline scan; c. Closure
around area of abnormality; d. Estimate of ratio; e. 24-hour scan.
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Alberta Stroke Prograrm-Eary CT-'-SCT){ng

(ASPECTS)

. Ap dung tai Foothills Hospital, Calgary, Alberta

. Panh gia ving ton thwong do tac ddng mach nio
gitra

. Dwa vao hai l&p cat trén CT Scan chuan

L&p cat thi nhat ngang vang doi thi-nhan nén

L&p cat thtr hai phia trén lop tho nhat va & phia trén
nhan nén ( khdng thay nhan nén)

. VUng phan bd cia ddng mach néo gitra dwoc chia
lam 10 vung



. Bén vung dwéi vé
- Nhan dudi - Caudate (C)
- Nhan dau - Lentiform (L)
- Thuy dao - Insular (1)
- DOi thi - Thalamus / internal capsule (T).



- Sau vung vo

- M 1,2,3 twong wng vung ctia nhanh
trwwoc, gitra va sau cia dong mach nao
gitra

- M 4,5,6 Vung twong trng v&i cac nhanh
trén nhwng & cao hon

Binh thwérng 10 diém

on thwong mdi vung trie mot diém




ASPECTS System
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Alberta Stroke Program
Early CT Score (ASPECTS)

10 = normal

Couttesy Uriversty of Calgary Stroke Program.



—— Gid tri thang diém Aspects

. Ap dung trong diéu tri v&i rTPa

. Néu Aspects dwdi 7 thi khéng st dung

- Theo nghién cru Ecassl (European
Cooperative Acute Stroke Study) thi tbn thwong
trén 1/3 ddng mach néo gira sé& co nguy co’ xuat
huyét cao khi ding rTPa

. Trong nhéi méau do thuyén tac t tim thi néu ton
thwong trén 1/3 thi cling khéng ding ngay thudc
khang déng



ASPECTS Studies on EIC
and tPA

¢ Does ASPECTS predict tPA response?
¢ Used ECASS || database 800 patients

Rate of Thrombolysis-Related Hemorrhage for Dichotomized and Trichotomized ASPECTS

Alteplase % Placebo % RR
(n) (n) 25% CI)
FH sICH PH sICH PH sICH
ASPECTS S0 93@&BO) 6.4 (1XED IS MLIN  29@AN 2301245 220950

ASPECTSOT 177 (22120 145 (18129 09(AON  23@M00 1892613 S2(1617.1
ASP ECTS 0-3 0.028 0.0 285) 0o @3 0.0 03 co a0

Dzialowski |, & al. Skode, 2006;37:973-978.



90-Day Outcome by ASPECTS >7

P,ASPECTS £7

274 16.1
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tPa, ASPECTS > 7 175
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0% 20% 40% 60% 80% 100%
mmRS0-1 MRS 2-3 @mRS 4-5 mMDeath

Relationship between functional outcome at 3 months (mRS) and

haseline ASPECTS dichotomized at= 7 and £ 7.
No evidence of ASPECTS treatment interaction.

Dziglowski |, & al. Skode, 2006;37:973-973.



ASPECTS Score and
Functional Qutcome

100% °
30%
30% -
70% 1
0% { ;
50% - 1
40% -
30% .
20% - |
0% |
0%

Proportion'With Good
Outcome at Three Months

vvvvvvvv

03 4 567 8 9 10
v 26 33 61 3612013 179 176

Basdine ASPECTS Vaue
(Lower Score = Greater Eardy Ischemic Change)

Wieir NU, & al. Néwology. 2006 67:516-518.
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~ 2P= Pipes

Panh gia tuan hoan trong va ngoai so, bang
chirng huyét khoi ndi so

(assess intracranial and extracranial circulation for
evidence of intravascular thrombus)



- Calam sang: bn duoc chup CTA







3P=Penumbra (tranh téi tranh sang)

AAAAAAND

Panh gid nguy co chét ciia moé ndo néu thiéu
mau tiép tuc (Assess tissue at risk of dying if ischemia
continues)



= Penumbra

B [nfarction
Penumbra

Cau hoi: ving thiéu mau nao diéu tri dwoc hay khéng?



Caasodiéutri— —

Thoi gian kh&i phat dén diéu tri
Nghién ctru hinh anh xac dinh vung moé ctru hd



4P= Perfusion(tw®i mau)

Panh gia : cerebral blood flow, blood volume,
and mean transit time

crP
One contrast bolus: cho 2 sé liéu
1. Vessel
2. Infarct versus salvageable penumbra
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%h’én/doén s&m dot quy voi Perfu3|on CT

Perfusion CT
Cho thay loai va pham vi thiéu méau

Plain CT:

. Cho thay

hay

. Loai bo

Trwoce 15 phut



Mean Transit Time

Blood Volume

Blood Flow

or
Time to Peak



~Pinh nghia

—

Perfusion The steaqu-state delivery of blqod _to
cerebral tissue through the capillaries

CBF Volume flow rate of blood through the

(Cerebral Blood Flow) cerebral vasculature per unit time

CBV Amount of blood in a given amount of
tissue at any time

(Cerebral Blood Volume) 4

MTT Average time it takes for blood to traverse

(Mean Transit Time)

from the arterial to the venous side of the
cerebral vasculature




CT Perfusion:
5 mm, axial, enhanced dynamic scan
of a single level of the brain.
- lodinated contrast
- Xenon gas




lodine CT Perfusion:

Non-enhanced CT of the brain.

Select the level of the basal ganglia.

Perform a dynamic scan at the selected level:
- 40cc of contrast @ 8cc/sec in an anticubital vein.
-1 scan/sec for 60 seconds.

Brain parenchyma will enhance relative to CBF.



TTP CBF CBV

1 = -
collaterals

T 60-80% > 80% MCA branch occlusion

T s060% | 600w | "mmmert
collaterals

T <30% | <eo% ‘
Infarction

B.F. Tomandl. Diagnostic Imaging; October 2002




The CBF, CBV, MTT & TTP of different brain parts
are calculated and color coded.

Accordingly, early ischemia (normal plain CT) can be
diagnosed and therapeutic decisions are made.
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CT chuan cho thay khdng bat thuwéng



Follow-up
90 min. ‘ Next day






Standard CT Time to Peak CBF 24 hrs. FU

Embolic tdc dm n&o gitra. ,
CT theo dbi cho thay nhéi mau nang vung thiéu mau
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Uoi,
Z ngwou phai

Standard CT CBF Time to Peak

Hyperemia following TIA(& huyét sau TIA)
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BF

Initial
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_Tienb0 CT Imaging-trong dot qux_f/
cap: CTP so v&i MRI

Parameters | Definition of | Advantages Limitations
Penumbra
Cl CBF, CBV, | MTT -Combined |-Limited brain coverage
Perfusion | MTT, TTP | threshold |with plain | .poorly sensitive to
at 145% CT posterior circulation
-‘Available |.Jodonated contrast
-Fast
DWI-PWI | CBF, CBV, | Relative -Sensitive | -Limited availability
MRI MTT, TTP, | TTP (or -No -Patient cooperation
ADC MTT) delay |radiation |required
=8 and -Frequent
normal

DWI

contraindications




_Thay-dbi sinh ly mach maunao-khituanhoa

thwong xau hon

n ton

CBF

CBV

MTT

Salvageable

Penumbra (vung
tranh téi tranh sang
con chira khoi)

!

il

|

-

!

:

Irretrievable

Infarct (nhoi mau
khdng hoi phuc)

I




ientrién h\IW

NCCT CTA-SI CTP-SI
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Két luan

1.CTP chinh xac hon CT khdng can quang trong
phat hién dét quy va xac dinh pham vi dét quy

2.C6 thé phan biét penumbra v&i ving hoai to

3.Sw chinh xéac gitva PCT/CTA va MRI rat kha



= Imaging: MRI

Céc diém can chuy
. Yéu to th&i gian
Khéng chinh xac trong phét hién xuat huyét cap
_0 s¢ bi giam gitr (Claustrophobia)

Khéng san cé dé dung




~—— Imaging: MRI -

- Hién nay

- St dung réng rai hon

- Thoi gian 15 phut.

- Phwong phap méi phat hién thieu mau va xuat
huyét



Vai tro cua MRI trong danh gia bé

U4

nhan dot quy © cap ctru?



- Thw 2 ?

. CT dau tién loai tru xuat huyét nao

. Tiép theo MRI mé ta day du tinh trang thiéu
mau, nhdi mau va theo di diéu tri

. Pau tién?

. Pau tién va co thé trong imaging modality



F BBy =

Diffusion: chan doan som dét quy.
Perfusion: danh gia vung nao co thé cwu chira.

FLAIR
T1, PD, T2 } it nhay.
Gad + T1



PRI T1 & T2MWeighte Pulse Sequences

Nhay trong xuat huyét
Dan cap va man

it nhay trong xuat
nuyét nhu mo toi cap




Hemorrhage in MRI of the Brain

T1 T2
Age Weighted Weighted
Hyperacute Hours ald, mainly Hypointense Hyperintense
oxyhemaglobin with
surrounding edema
Acute Diays old, mainly Hypointense Hypointense, surrounded by
deaxyhernoglobin with hyperintense margin
surrounding ederna
Subacute  Weeks ald, mainly Hyperintense  Hypointense, early subacute
methernoglobin with predominantly intracellular

metheroglobin, Hyperintense,
late subacute with
predorminantly extracellular
methermaglobin

Chronic ‘fears old, hemosidernin - Hypointense Hypointense slit, or
slit or hemosiderin hypointense margin
margin surrounding fluid surrounding hyperintense fluid

cayity cayity



MRI T1-weighted (A), T1-weighted with gadolinium (B), T2-weighted (C), and
susceptibility-weighted (D) sequences show hyperacute hemorrhages in the right ...




Axial MR images show a hyperacute hematoma in the right external capsule and
insular cortex in a known hypertensive patient. Axial T1-weighted image (T1W)
shows isointense to hypointense lesion in the right temporoparietal region that is
hyperintense on T2-weighted (T2W) imaging and with susceptibility appearing as
low signal intensity due to blood on gradient-echo (GRE) images. A small rim of
vasogenic edema surrounds the hematoma




MR images show an acute hematoma in the left frontal region. Axial T1-
weighted (T1W) and T2-weighted (T2W) images show hypointensity due to the
hematoma. A small rim of vasogenic edema surrounds the hematoma seen on

T2W imaging



MR images show early subacute hematoma in the left occipital region.
The lesion is seen as hyperintensity on T1WI and hypointense on T2WI
with marked susceptibility due to hematoma on gradient-echo (GRE)
imaging. The intraventricular hematoma also is well visualized as low

signal on GRE imaging



MR images show late subacute hemorrhage in both thalamic regions in a
patient with known cerebral malaria. T1-weighted, T2-weighted, and gradient-
echo (GRE) images all show a hyperintense hematoma. Both T2W and GRE
Images show a hypointense rim due to hemosiderin.




MR imaging shows a late subacute to chronic hematoma as a space-
occupying lesion in the right posterior fossa. The hematoma shows a large
medial subacute component and a small lateral chronic component. The
chronic component (arrow) is hypointense on both T1-weighted and T2-
weighted imaging. This hypointensity is enhanced due to the blooming effect
of blood on the gradient-echo (GRE) image.



Subacute subdural hematoma in a right frontoparietal concavity. CT scan
(CT) shows an isoattenuating-to-hypoattenuating subdural hematoma.
Both T1-weighted (T1W) and T2-weighted (T2W) MR images show high
signal intensity suggestive of a late subacute hemorrhage.



MR imaging shows
subarachnoid hemorrhage
(SAH). SAH appears
hyperintense on the T2-
weighted and fluid-
attenuated inversion
recovery (FLAIR) images
and isointense to
hypointense on the T1-
weighted (T1W) image.
Marked blooming is
observed on the gradient-
echo (GRE) image.
Findings in the right
parietal region extend into
cortical sulci and suggest
hyperacute or acute
hemorrhage.



The subarachnoid hemorrhage appears hyperintense on a T2W image, appears
hypointense on fluid-attenuated inversion recovery (FLAIR), and shows marked
blooming on a gradient-echo (GRE) image in the sylvian fissures, in the basal
cisterns, and along the cerebellar folia due to blood. These findings suggest
chronic subarachnoid hemorrhage and/or superficial siderosis. The pituitary
macroadenoma appears as an isointense space-occupying lesion on T1W and
T2W images, with blooming on the GRE image in the suprasellar region.



Venous hemorrhagic infarcts in the bilateral frontal region. These appear

as an isointense-to-hypointense signal on T1-weighted (T1W) MRIs and
hypointense on T2-weighted (T2W) MRIs. Also seen is blooming on the
gradient-echo (GRE) image with a rim of hyperintense vasogenic edema.




Venous angioma shows characteristic flow void on T2-weighted (T2W) MRI and
mixed signal intensity on T1-weighted (T1W) MRI. Catheter angiography (DSA)
shows the typical caput medusa appearance of the small parenchymal veins
suggestive of a venous angioma.



Hemorrhages of various ages are seen in the left cerebellar hemisphere with
blood-fluid levels in a patient on anticoagulation therapy for chronic venous
sinus thrombosis. The hematoma is seen as a mixed signal on T2- and T1-
weighted MRI with marked susceptibility on gradient-echo (GRE) imaging




MR imaging shows an acute-to—early subacute hematoma within both
lateral ventricles in a patient with adult-onset moyamoya disease. The
blood in the ventricles appears as central isointensity with peripheral
hyperintensity on T1W images as isointensity on T2W images, with
blooming seen on gradient-echo (GRE) imaging.




MR imaging shows hemorrhagic transformation of an infarct in the territory of the
left middle cerebral artery. T1-weighted (T1W) MRI shows a wedge-shaped
hypointense area with a few isointense and hyperintense areas within it. The lesion
Is predominantly hyperintense with a few hypointense and isointense areas on the
T2-weighted (T2W) image. Marked blooming is seen on the gradient-echo (GRE)
image, suggestive of hemorrhage.




MRI images show an extensive subarachnoid hemorrhage along the right cerebral
convexity, most prominently in the frontal region. Also depicted are edema in the
underlying cerebral parenchyma, mass effect, and compression of the right lateral
ventricle. The hemorrhage appears hyperintense on T1-weighted images, with low
signal on T2-weighted images and blooming on gradient-echo (GRE) images. The
vasogenic edema appears hyperintense on T2-weighted and GRE images. Time-of-
flight MR angiogram (MRA) shows a partially thrombotic aneurysm at the right
trifurcation of the middle cerebral artery. These features suggest rupture of the

aneurysm.
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T2-weighted MRI shows
rounded lesions that are
centrally hypointense and
peripherally hyperintense. An
isointense lesion with
peripheral edema is seen in
the right basal ganglia. These
lesions have central
hyperintensity and peripheral
hypointensity on T1-weighted
MRI. All of these lesions show
susceptibility on gradient-echo
images, with minimal ring
enhancement on gadolinium-
enhanced images.



y MRI/MRA

MR Perfusion-Diffusion Mismatch:
Tiép can xac dinh vang thiéu mau tranh toi
tranh sang

Cerebral blood flow (CBF):

1. core (CBF < 6-10 mi/100 g/min),

2. penumbra (CBF < 10-20 ml/100 g/min),

3. oligaemic tissue (CBF below normal range but not at risk of infarction)




— Imaging: MR

- Diffusion weighted (DWI) = Core

- Extracellular water collection(thu gom nwoc ngoai
té bao)

- Perfusion weighted (PWI)=Penumbra

- Hypoperfusion of gadolinium



PWI hypoperfusion area DWI infarct core



Diffusion lesion = core

Pertusion lesinn = evtent

of hy pupcrl'uaiml

m Perfuston-diffusion
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Perfusion-diffusion
mismatch




MR Diffusion
(MRI khuéch tan)



~~ Diffusion(khuéch tan)

. Evaluation of H,O molecule motion (danh gia chuyén
dong phan t&r nudce).

. Free water (CSF) Is moving freely in all directions (nwéc
tw do di chuyén moi hwong)
(Brownian Maotion).

. Bound water (Parenchyma) moves along WM tracts.

CSF WM tracts



= Diffusion

Diffusion:
Tinh toan di chuyén H,O = ADC.(cm2/s)
Di chuyén tw do (Freely moving H,O (high ADC) xuat
hién mau den.
Han ché di chuyen (Restricted H,O motion (low ADC)
xuat hién mau sang (appears bright).

Normal brain parenchyma shows restricted diffusion in certain
directions and free diffusion in others (e.g. WM tracts) =
(Anisotropic Diffusion).

Therefore diffusion imaging should be performed in at least 3
orthogonal planes (X, Y& Z) to avoid false positive diffusion
restriction.






/

/ﬁfusion-w\eig\hted Imag/ing

Trong nhéi mau nio cap:

1

Phan t& nuwdce di tir ngoai bao vao ndi bao
(cytotoxic edema).

C6 sy han ché sy di chuyén cac phan tlr nwéc
nhiéu.

Nhirng viing han ché sw khuyéch tan gay tang
tin hiéu cwong do tren DWI

Qua trinh nay dwoc xac dinh trong ban doé
ADC.



/Iﬁsﬂionmighted Imaging

Thiéu mau gay gidm khuéch tan cla nwéc trong ndo
Tich tu nwdc ngoai té bao
Tim thay tang tin hiéu trén DWI

M6 t& ving ton thwong khdng hoi phuc (Delineates areas of
irreversible damage)

Hién dién trong vai phut
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ADC

Apparent Diffusion Coefficient, cho thay qua trinh
khuéch tan khéng tw do trong md, nhwng bi can tré va
diéu chinh b&i nhiéu co ché

(to indicate that the diffusion process is not free in tissues, but
hindered and modulated by many mechanisms (restriction in
closed spaces, tortuosity around obstacles, etc.)



ADC (apparent diffusion coefficient)

Hows to identify
« Grainy image with cerebhrospinal fluid white.

L=e

 Companion to WL interpretation of acute ischemia.

* Dark on A inares where W] is bright (white] is ischemia.

= e can think of it as "mw data’” aon DWI, except that
izchemia is hlack. OOne can obtain gquantitative measure-
ments in the reduction in diffusion coefficient.

Time course
« Miawimal (dark] at 28 hours.

=

* Pzeudonormalizes at 10 days, then bhright.



iffusion & ADC

ADC

B =1000






~—Thay doitheo thoirgiamr

Khi infarct tién trién:

1. Mang té bao phéa v& phéng thich nwédc ndi bao ra khoang
ngoai bao.

2. Di chuyén nwdce tréd nén khoéng gidi han gay tang tin hiéu
trong ving bi nhoéi mau trén hinh anh khuéch tan bién den
thanh xam.

3. Dién hinh cwéng dd tin hiéu trd lai binh thwdng trén DWI sau
2-3 tuan kh&i phat (return to normal signal-intensity on DWI
on 2-3 weeks following the onset of the stroke).

. S thay‘déi cwdng do tin hiéu co thé xac dinh tudi vung thiéu
mau nhoi mau.




~—— Thay ddi theo thoi gian

« DWI duwong tinh s&m trong 30 phut.

« DWI con dwong tinh 1-3 tuan.

* Pseudonormalization:
« 1-3 tuan.
- gia tang di chuyén nwéc va DWI binh
thworng, ving nhoéi mau thay trén T2

(Water mobility (ADC) increase and DWI normalize,
but the infarct is seen on T2)




2 HOURS



4 HOURS



e Brain Attack

9 HOURS



14 HOURS









Acute
Chronic




= Acute Cerebellar Infarction




