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‘Head injury %> %[0

Contusion hemorrhage
and / or edema

Epidural / subdural hematoma
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contusion hemorrhage

contusion hemorrhage delayed contusion
and edema hemorrhage
and edema

\ —

Sequela of contusion-—
brain atrophy



Chronic SDH

Small acute SDH or SDE

Small SDH

1-2weeks

ﬁ

2weeks-2months

Hyperosmolarity in
the hematoma,
and resorbs CSF
into if, enlarged
day by day.




ICH and SAH and Ischemic infarction

ST AIE:

ICH SAH

Y Infarction

/ 7 Thrombosis
: Lacunar stroke (small vessel)
Large vessel thrombosis

Embolic occlusion
*;. 8 ."', Artery-to-artery

% Zak Cardioembolic
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ICH & & & “%_hypertension 3142 7|CH (deep ICH)
™2 % amyloid angiopathy 3! 4= 7 ICH (lobar ICH)

o e 4 (ICH)® R &
B B kA
Bk st s B o % (amyloid angiopathy)
i F A 0 4eAVM ~ aneurysm ~ venous
malformation ~ hemangioma

. FEE 2 (tumor bleeding)

5. ’ﬁ I w M R }}% v dow JL}?? ~ s

* it A
---WC Shen: Diagnostic Neuroradiology. Springer-Nature 2021
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Causes of IC/
1. Hypertension

Amyloid angiopathy

AVM -~ aneurysm -~ cavernous hemangioma -
venous angioma

Dural sinus thrombosis

Tumor bleeding

Coagulopathy

Vasculitis

Cocaine or alcohol use

Hemorrhagic transformation of infarction
Qureshl et al: Spontaneous ICH. NEJM, 2001
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Box 72-2

Causes of Spont
Hypertension
Vascular anomaly

Cerebral aneurysm
Arteriovenous malformation
Cavernous malformation

Cerebral infarction (stroke) h
Cerebral amyloid angiopath
Coagulopathy
Blood diseases ( hemophilia, leukemia.....)
Uremia
SLE
Liver disease
Anticoagulant therapy
Tumors
Drug abuse
Other

----Townsend: Sabiston Textbook of Surgery, 18th ed.

ral Hemorrhage

orrhagic transformation




Deep ICH =7 4} x> ¥ (anatomic locations)

R i 42 (ICH)Y B e FIF U8 3 T 5848
B B EF R 7/
Bkt s B o % (amyloid angiopathy)

A

i F A 0 4eAVM ~ aneurysm ~ venous
malformation ~ hemangioma

. FEE 2 (tumor bleeding)

5. F ik M Ao 0 dod o~ FH AR R

* Pt A

---WC Shen: Diagnostic Neuroradiology. Springer-Nature 2021

e Basal ganglion:
putamen
caudate nucleus

e Thalamus
* Brainstem

e Subcortical white matter of cerebellum

* Cortex of cerebrum (amyloid angiopathy)

24 KGR ¢ 1. putamen—2. thalamus—

3. brainstem(pons) — 4. cerebellum —3. subcortex of
cerebrum —6. caudate nucleus — brainstem(midbrain)
— brainstem(medulla oblongata)




5142Deep ICH 14 % lobar ICH i & e ¢
(3% A_small arteries--- penetrating arteries, medullary art.)

medullary arteries

hypertension 5142 7|CH (deep ICH):

---- penetrating arteries

1 % amyloid angiopathy 3
--- medullary arteries

I 4= &7 ICH (lobar ICH)

penetrating arteries

;i" “& :
" | [%

---Qureshi et al: Spontanous ICH. NE

Cortical art

Medullary art

Medial lenticulostriate art
Lateral lenticulostriate art
MCA

ACA

Heubner art
Thalamoperforating art

PCA

Paramedian pontine brang

Basilar art

54

% 3% ] B2 #% (penetrating artery £ fi
perforating artery)

o ik (MCASR 2 ¢h fp] 2 k% 50k
§4 %> 7% (medial and lateral lenticulostriate
arteries)

is Mo B "% (PCA) AL P F 14 $5 7%
(thalamoperforating artery)

W P ® 7% (ACA) srecurrent artery of
Heubner.

A & # 7% (basilar artery) e @ %4 &
(paramedian branches).

5 ¢t > ACA ~ MCA ~ PCAeig =4 & =~
o AT ek ek B oEs Bk (pia arteries) i 1 eh
kB 7% (medullary artery) =R 6 E A T o

B> @ #5centrum semiovale o

Vertebral art




78 & small vessel disease (SVD)

Chronic hypertension is the most common underlying cauge of primary brain
parenchymal hemorrhage. chronic hypertension.
Hypertension causes abnormalities in vessel walls:
Atherosclerosis in larger arteries;

Hyaline arteriolosclerosis in smaller vessels;
Arteriolar walls affected by hyaline change argZpresumably weaker than are normal
vessels and are therefore more vulnerable to rupture.

In some instances chronic hypertension is associated with the development of minute
aneurysms, termed Charcot-Bouchard microaneurysms, which may be the site of
rupture.

Robbins and Cotran Pathologic Basis of Disease, Professional Edition , 8th ed.
Cerebrovascular Diseases

Figure 4. Cerebral Small Vessel Disease: Global and Dynamic Assodiation of Lacunar Stroke, White Matter Hyperintensity, and Cerebral Microinfarct
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| JAMA Neurology

2018,
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Small vessel disease (SVD) &¥E:

Deep penetrating artery, chronic hypertension:

Hyaline arteriolosclerosis

Lobar penetrating artery (medullary arteries), chronic hypertension:
Amyloid angiopathy

7142

Bleeding:

ICH (intracerebral hemorrhage)---deep or lobar ICH (symptomatic)
Microbleeds (asymptomatic)

Small vessel stenosis, occlusion, ischemia:
Lacunar infarction (% symptomatic, % asymptomatic)
White matter change (leukoaraiosis) (v " #=%£) (asymptomatic)

Small vessel tortuosity:
Dilated Virchow Rabin space (asymptomatic)

(4B ¥+ = M BE2) #E8small vessel
degenerative change (small
vessel disease, svd)

%3 83lRICH - h&:
Lacunar infarction
Microbleed

White matter changes
(leukoaraiosis) , subcortical /
periventricular

Virchow-Robin space
widening

------ imaging markers of svd




//

Small vessel disease (SVD) %> i

Deep ICH Lobar ICH

widened
______ imaging markers of svd leukoaraiosis perivascular space



4 %] 1 deep ICH

F/49

Right limbs weakness
2024/12/17 CT:
Small acute hematoma in left thalamus.
Lacune in right putamen.

PVL.

2024/12/23 MRI:

Old lacunar infarct in Rt. putamen

Old ICH in Rt. Putamen.
Leukoaraiosis

Microbleeds in pons, thalamus.[”




4 | 2 deep ICH
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! |
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BFESE, MR, 2024/10/1'< > BRI Layo... ~ Verif...'~ 3 :3...
. NRLL [=

F55 HTN
Sudden dizziness, vertigo.
2024/10/7 CT: left cerebellar ICH.
2024/10/14, MRI:

Leukoaraiosis,

Lacunar infarction

Microbleed

————————— typical small vessel disease.



B % ) 3 lobarICH

232139 F68

2023,1,21 CT:
A small acute ICH in Rt. parietal

lobe
PVL

R e 8 ¥ ™ 1,25 MRI:

B e ~ ' ICH in right parietal lobe.

| SAH in the sulci of bil. Parietal

. lobes.
Microbleeds in the right
cerebellum, left external capsule,
bil. F-P lobes.
Leukoaraiosis in periventricles,
centrum semiovale

9 25 .
Verified, 232139, £§232=, MR, 2023/ 2 IBR1 Lay... ~ Veri... ~ 6: ... ~ Verified, 232139, 3§32, MR, 2023, 2 21 Lay... - Veri... » 6 ...
®B[: &= ] ] G

[ @ENRS [Z] = B ® ~

---- this is a case of lobar ICH
due to amyloid angiopathy.




Spontaneous SAH

Spontaneous SAH &g Ak

Spontaneous SAHE - f&7 b > H % ¢ 7‘%’, *k (cerebral vascular accident » CVA) - f& » Tk ek

ERE N ’*51”'1 ERR ~EFR A >~ rRe o~ vRek o~ LB A M3 A ~ &k Zmeningeal sign o T ki
/r%ftB?:‘ ;% n/” i z\(menlngltls)

SAHE + st X L g s> 217

Fle iy = ﬁ/ﬂw‘ : :f-w’ﬂ=‘ “HE G EE - B RBE G Bk o F S
LA - LA SIS EEY oy VR TR o

Symptoms: 7RG A oD §ﬂ;mgﬁw‘1? oo

» headache ML BB S i Y R

e vomiting i fr54\;1m€,—g* kil P:Dﬁffﬁ;&«‘ ,
- neck stiffness ke » 3 3R 2151 R T & B R e
* conscious change




Spontaneous SAH F75% A

Spontaneous SAH =
5l42 o
L BH AVM 51 4z o

%X vasculitis o
93 15-20%:1SAH4; 7 31 4

SEEGEN LT

3 — f&°° & ehspontaneous SAH -

Fz(aneurysm) 2 = > aneurysmak 2| (rupture. H
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wersulcim 7 fbasal cisterns » iz 3

s Bk TR AT B § ) S aneurysmik p @

5Ii\mb’?r] —QK_IL?

7 Eleak) ! s #f

BB A o

AGoA 35%

Aaterior cerebal artery

|internal carotid artery

ICAIPCCA 35%

Tip of basilary
artery 4%

Posterior cerebral artery

Basilar artery

rare

Vertebral artery

Anderior commumnicating artery

Middie t/’:erebrai artery

Posterior communicating artery

Bifurcation of
MCA 20%

Aneurysm HMAIHE:
Pure SAH (70%)

Bifurcation
‘ of MCA

Tip of
basilar a.

ICA/PCoA

SAH + ICH (25%)

HoawCe b1 | Pure ICH (5%)




X Ellaneurysm & 1 e 22:

Aneurysm, Rt. ICA/PCoA

Surgical clipping

Coil embolization
via intra-arterial procedure

16



H CTH 7 REfE Hlaneurysm #9() £

SAH4- £ #HICH » M CTE% i )TA? 3T Blaneurysm % o
3] e
1.SAH4c% & HEEE 5 ICH » 235 P ¢ fg(septu
pellucidum)3 hematoma - 3+ & jplaneurysm & ACoA -
2. SAH4r % £ & temporal lobep 5 ICH » 7 5]
aneurysm #_ICA/PCoA -
3. SAH & @& Sylvian fissurep 3 hematoma » st temporal lobe
*tipl5 ICH » ¥ 4 /planeurysm > MCA bifurcati
4. # & yeforamen magnum > H I Fe % — -~ - & SARN
3 fr%ﬁé < Jg vertebral artery=maneurysm o

N\




Ischemic Stroke

2. Embolism

__

-
3. Hypoxia
« (diffuse brain edema
or watershed edema)

Table 364-2
Causes of Ischemic Stroke.

Thrombosis
Lacunar stroke (small vessel)
Large vessel thrombosis
Dehydration
Embolic occlusion
Artery-to-artery
Carotid bifurcation
Aortic arch
Arterial dissection
Cardioembolic
Atrial fibrillation
Mural thrombus
Myocardial infarction
Dilated cardiomyopathy
Valvular lesions
Mitral stenosis
Mechanical valve
Bacterial endocarditis
Paradoxical embolus
Atrial septal defect
Patent foramen ovale
Atrial septal aneurysm

--- Harrison’s Principle of Internal Medicine,
17th ed.

Ischemic Stroke

JR R b i

Pathophysiology of ischemic stroke:

Three major mechanisms that underlie ischemic
stroke:

(1) occlusion of an intracranial vessel by an
embolus that arises at a distant site (e.g.,
cardiogenic sources such as atrial
fibrillation or artery-to-artery emboli from
carotid atherosclerotic plaque), often
affecting the large intracranial vessels;

(2) in situ thrombosis of an intracranial vessel,
typically affecting the small penetrating
arteries that arise from the major
intracranial arteries;

(3) Hypoperfusion caused by flow-limiting
stenosis of a major extracranial (e.g.,
internal carotid) or intracranial vessel,
often producing "watershed* ischemia.

----Harrison’s Principle of Internal Medicine, 17th ed.

18




Ischemic Stroke

2GRy arteries

3) Small vessel (lacunar stroke)---

1) Large vessel disease —
Intracranial arterial system

u (MCA,ACA,PCA, PICA...)
Extracranial (CCA, ICA, vertebral)

. \
4) Others:
Arterial dissection

2) Cardioembolic
AF, Mural thrombosis
M, Dilated myopathy
Valve disease
Bacterial endocarditis

TOAST classification:

1) large-artery atherosclerosis,

2) cardioembolism,

3) small-vessel occlusion,

4) stroke of other determined etiology,
)

5) stroke of undetermined etiology.

Large arteries

Intracranial arteries

-- K E atherosclerosis (thrombosis, stenosis
, occlusion)

- Y7 EEZE (embolism)

Extracranial arteries (thrombosis, stenosis.
dissection, artery to artery embolism)
Carotid artery, vertebral artery.

Aorta

Subclavian artery

Small vessels
-- X B arteriosclerosis (lacunar infarction)

-- #7EE5E (embolism)




Intracranial Penetrating e <D 2/H Harrison BE1ZE3525

atherosclero\sns artery disease brain infarctionfpathophysiology
hypoperfusio ,?5“ thrombosis = | ={lGImechanisms
;xiﬁ \‘:2:::2 D e Pathoph){siology of _ischemic strokg: _ _
Three major mechanisms that underlie ischemic
Carotid Flow stroke:
plaque with reducing (1) occlusion of an intracranial vessel by an
arteriogenic cacptid , embolus that arises at a distant site (e.g.,
embol - / cardiogenic sources such as atrial
embolism hypoperfusjon fibrillation or artery-to-artery emboli from
carotid atherosclerotic plague), often
affecting the large intracranial vessels;
(2) in situ thrombosis of an intracranial vessel,
typically affecting the small penetrating
2 Atrial fibrillation arteries that arise from the major
g:‘r;i;)igemc intracranial arteries;
, (3) Hypoperfusion caused by flow-limiting
Velve disease stenosis of a major extracranial (e.g.,
embolism internal carotid) or intracranial vessel,
often producing "watershed* ischemia.
& Left ventricular ----Harrison’s Principle of Internal Medicine, 17th ed.

thrombi



TOAST 3. Small vessel occlusion

Small artery occlusion: 3 mechanisms

A. Lipohyalinosis (small vessel mechanism)

B. Atherosclerosis of the parent artery (branched artery
disease. BAD}

C. Embolization from proximal artery or heart

2022# .75 UpToDate ¥flacunar infarctserg #] (etiology) 4 &

(1) B & BRildeiv] o i % (hypertensive microangiopathy)

(2) & =& *% 35 A 1t (branch atheromatous disease) > ' #fx. F # "% H i L;‘g_ﬁ.;&ﬁ A
penetrating artery # T

(3) 1% (embolism) » X p S HE * F R e 5 2 o




CT

FLAIR

TOAST 3. Small vessel occlusion
A. Lacunar infarction

Typical lacunar infarction:
Small vessel mechanism

“ /665  Faol i F A J (small vessel
diseases)¥® & 14 #ic ] # % (acute
lacunar infarction).

M E @lﬁ’v A Tl RIS R a4
P H oG9 kb oo




TOAST 3. Small vessel occlusion
B. Branched atheromatous disease

CSVD-related LS

BAD, branch atheromatous disease;
CSVD, cerebral small vessel disease;
LS, lacunar stroke;

BAD-related LS —iT‘
\ Lipo/hyalinosis

Parental artery _ _\
atheroma

Perforating arteriolar ™, Middle cerebral artery
microatheroma -
Lenticulostriate arteries

Fig. 2. Schematic diagram for mechanisms of BAD-related and CSVD-related LS in MCA territory.
BAD-related LS is considered to be caused by parental artery atheroma (yellow) blocking the
orifices of LSAs or microatheroma (yellow) at the proximal portion of the LSA itself.
CSVD-related LS is described as lipohyalinosis (red) at the distal end of the perforating artery.
Jiang S et al: Advances in understanding the pathogenesis of lacunar stroke: from pathology and
pathophysiology to neuroimaging. Cerebrovasc Dis. 2021



TOAST 3. Small vessel occlusion
C. Embolism

VAT Intracranial Penetrating ‘.
E atherosclerosis artery disease \
- lacunar~”" "~

' infarct
| -

Carotid Flow | ]
plaque with reducing | ) Huio Chenlee
arteriogenic ¥ — carotid C | l "
emboli stenosis -

C. Embolism
Atrial fibrillation Embolus from

bt Atheromatous plaque of parent artery
emboli . :
Vealve disoase arotid artery
Aorta
................... Heart
A

anterior cerébral artery 8 Left ventricular

thrombi




TOAST 2. Cardioembolism or cardio-aortic embolism

Embolic occlusion:
Artery-to-artery
Carotid bifurcation
Aortic arch
Cardioembolic
AF
Mural thrombosis
Ml
Dilated myopathy
Valve disease
Bacterial endocarditis

Harrison, Table 370-2

Emboli *4 7 from cardiac sources
¥ ¢} & 4¢ aortic sources
Artery to artery

UpToDate:

Embolism — Embolic strokes are divided into four categories :
Cardiac

Possible cardiac or aortic source based upon transthoracic
and/or transesophageal echocardiographic findings

Arterial source (artery to artery embolism)

Truly unknown source in which tests for embolic sources are
negative




TOAST 2. Cardioembolism | Infarction area: in whole or partial territory of a larger artery,
A. Large vessel occlusion- cortex/subcortex, %% ** »combine with hemorrhagic transformation

¥ [F P#2 large vessels occlusion

N

L

hemorrhagic ACA & MCA infarctions
CT: MCA infarction  1/3 of MCA PCA infarct PICA infarct transformation
Early signs of
infarction

CT-perfusion: core “§ % pF [ & & #)#) 3 &

124 ml 149 ml Ischemic Core: 140 ml Perfusi
6.0 81 ml Perfusion (Tmax>10s) lesian: 15!
Mismatch ratio: 1.5  Absolute Mismalch Difference: 84 ml

IA thrombectomy: % -2~ d'thrombus

CTA, MRA, DSA: all other main arteries may be normal.




TOAST 2. Cardioembolism----/|\&

A. Large vessel occlusion- Image: in whole or partial territory of larger artery,
cortex/subcortex, 15 = ELfFcombine with hemorrhagic transformation
T [E]HF2 large vessels occlusion

No other small
vessel diseases

Lacunar infarct

C. Scattered small infarctions

N

Hemorrhagic transformation 2 |arge vessels infarctions

Ischemic Core: 140 ml Perfusion (Tmax>6s) lesion: 204 ml
Perfusion (Tmax>10s) lesion: 158 ml
Mismatch ratio: 1.5  Absolute Mismatch Difference: 64 ml

CT-perfusion: core %g % P& fiF & & §) §) 3 &

IA thrombectomy: % -2~ 1 thrombus
CTA, MRA, DSA: all other main arteries may be normal.



TOAST 1. Large artery atherosclerosis

A. thrombotic infarction

Anterior cerebral a.

Meningeal
anastomoses

Supply area of
middle cerebral

Posterior
cerebral artery

Meningeal
anastomoses

TOTAL INFARCT ;

WEDGE-SHAPED INFARCT

\'f

MEDIUM-SIZED INFARCT

BROCA'S AREA




TOAST 1. Large artery atherosclerosis

B. hypoperfusion

Intracranial
atherosclerosis

Penetrating
artery disease

Carotid Flow
plaque with reducing
arteriogenic / carotid
emboli stenosis
Atrial fibrillation

Cardiogenic
emboli

Valve disease
A

Left ventricular

thrombi

Harrison:

Hypoperfusion caused by flow-limiting stenosis of a major
extracranial (e.g., internal carotid) or intracranial vessel, often

producing "watershed” ischemia.

atherosclerosis | | atherothrombosis

R\ 7 \ \ _
\.\ 7/ \ \ / /
W\ / N\

C. Aggregation '7:,‘ ) /// \ (7 D. Thrombus

of platelets \"\ ( iy \ |/ L/l formation

ra::(g:\lg:‘lgdon " ; Ii '/ ; superimposed

:’l:;tZIceel-hbrm | [ i

Hypoperfusion

due to flow reduction

Y;g ] /
W |

E. Embolization
of contents of
plague (choles-
terol) and/or
platelet-fibrin
Occlusion of
blood vessels

distally in 37
arterial tree !

atherothromboembolism
embolism]

! F. Thrombus
causes total
arterial
occlusion

Atherothrombotic occlusion

thrombotic infarctio

n




TOAST 1. Large artery atherosclerosis
B. hypoperfusion

Border zone infarction

Jn

2 %A (cortical) & “F A7) (external) o £ Al T & F
**ACA~MCA > #MCA-~PCAZ » R & » 5= &7
(triangular shape) -

A B Al (subcortical) 2« o 7] (internal) - Internal border
zone infarcti & 3 4 4.2 P [f] ¢ +%(centrum semiovale) %
2z &+ - (corona radiata) o

AFTAMET = A

- H_& sk (rosary-like) » — i 8 | L &

= & g & 3|(confluent)

iR £ A (mixed type) » £ A2 AT T ARG A

Figure 1 Color overlays on axial T2-weighted magnetic resonance (MR) images of normal

cerebrum show probable locations of
external (blue) and internal (red) border zone infarcts.

Mangla R. : Border Zone Infarcts: Pathophysiologic and Imaging Characteristics

2011 https://doi.org/10.1148/rq.315105014

RSNA
RadioGraphics


https://doi.org/10.1148/rg.315105014

/.I \l '%l \:5:

AR 50% R s B

Thrombosis

# %A 2 2354 % 2% (thromboembolism)

Embolism

TOAST 1. Large artery atherosclerosis

= (in situ thrombosis)




Etiology of Coronary Artery Disease

Usually, coronary artery disease is due to

Coronary artery atherosclerosis: Subintimal deposition of
atheromas in large and medium-sized coronary arteries

Less often, coronary artery disease is due to

*Coronary artery spasm (see Variant Angina)

Rare causes include coronary artery embolism, dissection,
aneurysm (eg, in Kawasaki disease), and vasculitis (eg,

in systemic lupus erythematosus, syphilis).

30% blockage 90% blockage

USC Surgery
https://www.pinterest.com/pin/556405728937009278/

Myocardial infarction /£ coronary artery occlusion,

25/ brain infarction,

A atherosclerosis of coronary arteries 5 [#Estenosis,
thrombosis, occlusion.

H—7# /12 coronary artery), —#& mechanism (atherothrombosis)

Ischemic zone



https://www.msdmanuals.com/professional/cardiovascular-disorders/arteriosclerosis/atherosclerosis
https://www.msdmanuals.com/professional/cardiovascular-disorders/coronary-artery-disease/variant-angina
https://www.msdmanuals.com/professional/pediatrics/miscellaneous-disorders-in-infants-and-children/kawasaki-disease
https://www.msdmanuals.com/professional/musculoskeletal-and-connective-tissue-disorders/autoimmune-rheumatic-disorders/systemic-lupus-erythematosus-sle
https://www.msdmanuals.com/professional/infectious-diseases/sexually-transmitted-diseases-stds/syphilis

