Bi2ia

Konstantin-Alexander Hossmann, Wolf-Dieter Heiss. History of the Letzte Wiese/Last Meadow Concept of

Brain Ischemia. Stroke 2016;47:e46-50.

Cortical border zones Subcortical border zones

,Dreilandereck” (triangular border zone)

anterior cerebral artery

posterior cerebral artery

anterior cerebral artery

middle
cerebral artery

posterior cerebral artery

Figure. Localization of cortical (external) and subcortical (internal)
border zones (letzte Wiesen). The parietal Dreilandereck is the tri-
angular border zone between the cortical branches of all 3 brain
arteries. Reprinted from Zlilch'® with permission of the publisher.
Copyright © 1985, Springer.



The external or cortical border zones

« the anterior external border zones & paramedian
white matter (. ACA& MCA®DIEF T

« the posterior external border zones (the parieto-
occipital areas) (. MCA & PCADIBRI
A EIEE T DACA & PCADEE SR X 7

The internal or subcortical border zones
the Heubner artery (RRCEIAR(REEAR). ACA) |
the lenticulostriate artery (MCA). the anterior
choroidal artery (REBIR) & DIEFRI

« the lenticulostriate artery & MCA

« the lenticulostriate artery & ACA

» the Heubner artery & ACA

« the anterior choroidal artery & MCA

« the anterior choroidal artery & PCA

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.

BUEIR & i, 20BN D = KINBIIREFA DRKRRIEELRLZ 513

Rajiv Mangla , Balasubramanya Kolar, Jeevak Almast, Sven E. Ekholm. Border Zone Infarcts: Pathophysiologic . i
and Imaging Characteristics. RadioGraphics 2011

Caplan LR, van Gijn J. Stroke syndromes. 31 edi. 2012.

(a) (-]

cortical borderzone infarctions DA 14 (Z Z EHT

Borderzone infarcts
a: subcortical low-flow infarctions
(terminal supply area infarctions)
* internal borderzone territory infarct
internal watershed infarctions (¥misleading
b: borderzone infarctions (watershed infarcts)

« Low-flow infarctions < thromboembolically caused infarcts
o EREDET &BUNmMEDAERKITIIET B
o EFEMAREECIREIIAPLIMRINCT W (REH/KEEZLY)
— chain-like or rosary-like arrangement
» lIsolated cortical watershed infarctsida combined embolic-hemodynamic pathogenesis
o BISBAIZEIESEER & SHIB% BEIE R IO D K EEE (Fthromboembolic strokes % low-flow infarctions & 58
BLeT W *EE R Xdifficult
* FIBAEE D ACA-MCABEFRIG O KM UWLMEZE (ZE Dcortical watershed infarcts



Mechtouff L et al. A narrative review of the pathophysiology of ischemic stroke
in carotid plaques: a distinction versus a compromise between hemodynamic
and embolic mechanism. Ann Transl Med 2021;9:1208.

Jepp

CMRO,
CBF

Grade1 Grade2
- Collateral circulation  Misery perfusion
- Vasodilatation Ischemia

Low grade carotid artery stenosis  /  High grade carotid artery stenosis >70%

*

CPP, cerebral perfusion pressure;
CBF, cerebral blood flow;

CBV, cerebral blood volume;

CMRO02, cerebral metabolic rate of 02;
MTT, mean transit time;

OEF, oxygen extraction fraction.

Internal watershed infarcts  Posterior cortical watershed infarcts

Smirnov M, et al. Cerebral white matter vasculature: still uncharted? Brain 2021:144;3561-75.

Type 1: Arterial vascularization of the cortex depends on
short arterioles originating from the same pial vessels
(single source juxtaposed(itsl) supply).

Type 2: The corpus callosum is supplied by short
arterioles originating from the pial network (single source
juxtaposed supply).

Type 3: Short association U-fibers are supplied by
subcortical arteries and earliest branches of medullary
arteries (dual source interdigitated supply).

Type 4: The external capsule, claustrum and extreme
capsule take up subcortical arteries, earliest branches of
medullary arteries, and terminals of perforating arteries
of the base of the brain (triple source interdigitated
supply).

Type 5: The centrum semiovale is supplied by terminals
of deep white matter arteries (single source juxtaposed
supply).

Type 6: Vessels supplying the basal ganglia and the
thalamus are long, perforating arterioles and arteries
originating from the base of the brain (single source
juxtaposed supply).

cc = corpus callosum; crtx = cortex; In = lentiform nucleus; Iv = lateral
ventricle; ma = medullary artery; perf = perforating artery; sca = subcortical
artery; wm = white matter.

Type 1~4 @ AERBMEIRIES
Type 5~6 @ NEFRBEIIRIES
Type 1~6 @ @M ABEIRES
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iris sign<—deep medullary vein thrombosis
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Lai LM, et al. Neuroimaging of Neonatal Stroke: Venous Focus. Radiographics 2024;44:e230117 RadiOGl”aphiCS

Neuroimaging of Neonatal Stroke: Venous Focus

Imaging patterns of infarcts caused by deep venous thrombosis

ICV

Iris pattern
Deep medullary venous thrombosis

Striato-hippocampal pattern

Thalamocaudate pattern
Basal vein of Rosenthal thrombosis

Internal cerebral vein thrombosis

14



Figure 16. PMWLs and deep medullary venous congestion in a 4-day-old term male neonate with HIE and pulmonary
hypertension. (A) Axial T1-weighted MR image shows hyperintense punctate T1 foci in the deep white matter (arrows). (B) Axial
GRE MR image shows medullary venous congestion in the periventricular region (arrowheads). The punctate lesion in the left
parietal lobe shows blooming (arrow) suggestive of venous hemorrhagic origin. (C) Axial apparent coefficient diffusion map
demonstrates restricted diffusion (arrows) in the frontal lobe PMWLs, suggestive of an ischemic origin.
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Mankad K, et al. Venous pathologies in paediatric
neuroradiology: from foetal to adolescent life.
Neuroradiology 2020;62(1):15-37.

Cortical Veins to 555 Cortical Veins to 555

superficial middle cerebral vein (SMCV or
Sylvian vein) to sphenoparietal sinus (SPS)
or cavernous sinus (CS).

Gray superior sagittal sinus drainage territory,
Infratentorial white sylvian veins,

Vanous System black transverse sinus territory (vein of Labbe’),
speckled white thalamostriate veins (drain to
internal cerebral veins),

black stripes septal veins (drain to internal
cerebral veins) and inferior sagittal sinus

Cortical Veins to S5

Linscott LL, et al.
Imaging patterns of
venous-related brain
injury in children.
Pediatr Radiol
2017;47:1828-1838.

19

Taoka T, et al. Structure of the Medullary Veins of the Cerebral Hemisphere and Related Disorders. Radiographics 2017;37:281-297.

1: first (or outer) zone of convergence

2: second (or candelabra) zone of convergence
3: third (or palmate) zone of convergence

4: fourth (or subependymal) zone of convergence
Ic: intracortical vein

Sc: subcortical vein

4 SMV: superficial medullary vein

“° PV PV: pial veins
\/: anastomotic medullary vein

Arc: arcuate vein A

SbF: subcallosal fasciclus

DMV: deep medullary vein

TCV: transcerebral vein

SOFF: superior occipitofrontal fasciculus
SEV: subependymal vein
LCV Lcv: longitudinal caudate veins of Schlesinger

ICV: internal cerebral vein  SGS  SGS: subependymal glial substance
20
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Khalatbari H, et al. Deep medullary vein engorgement and superficial medullary vein engorgement: two patterns of perinatal venous stroke.
Pediatr Radiol 2021;51:675-685.

> Iris sign HIRER

TC
RISEEE © % 5AZE T, transcerebral (TS) veins%
BLTHA-THICET 28KICEBERAT S

DM
\
> SE
ok
e ventricle

BISEE L HBEEIIUTO4BORKERE £ 5
1: superficial 2: candelabra
3: palmitate  4: subependymal %~

Fig. 2 The four zones of convergence of the deep medullary veins, the subependymal veins and the transcerebral veins. The deep medullary veins (DM)
course centripetally to drain into the subependymal veins. Okudera et al. [13] demonstrated four zones of convergence in the frontal and parietal lobes by
injecting barium into the internal jugular veins and obtaining radiographs of brain slices in cadavers. The zones of convergence from superficial to
deep are the superficial (1), candelabra (2), palmitate (3) and subependymal (4) zones. In Zones 2 and 3 the medullary veins
converge in characteristic configurations that resemble candelabras and palms, respectively. Transcerebral (TC) veins extend from
the cortical surface to the subependymal veins. SE subependymal vein.
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Khalatbari H, et al. Deep medullary vein engorgement and
superficial medullary vein engorgement: two patterns of perinatal
venous stroke. Pediatr Radiol 2021;51:675-685.

Deep medullary vein engorgement
SWI: brush sign or hypointense vessel sign
vasogenic edema, cytotoxic edema or hemorrhage
fan-shaped branching pattern — iris sign
intraventricular hemorrhage

Superficial medullary vein engorgement
SWI: engorged superficial medullary veins
vasogenic edema, cytotoxic edema or hemorrhage
subpial hemorrhage

1: subpial hemorrhage

(Lai LM, et al)

Iris pattern

Deep medullary venous thrombosis
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(Govaert P & de Varies L) %%H}ﬁj‘%%iﬁﬂ

Venous infarction Medial subependymal  Terminal vein venous infarction
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thrombosisz E7=L 75 5
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IPL: intraparenchymal lesion

septal vein IPL partial terminal vein IPL terminal vein IPL
Caudate collector i i . . . )
vein infarction Extensive f.rolrc’ltopi.arletal Temporal and lateral atrial ~ Striatal venous infarction
venous intarction venous infarction (internal cerebral vein area)

(anterior frontal)  (terminal and caudate veins)

i

extensive IPL (caudate
caudate veins IPL + terminal.veins)

o By B

inferior ventricle IPL lateral atrial IPL
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Thalamocaudate pattern
Internal cerebral vein thrombosis

,3/

Striato-hippocampal pattern
Basal vein of Rosenthal thrombosis
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Striatal venous infarction
(internal cerebral vein area)

Temporal and lateral atrial
venous infarction

inferior ventricle IPL lateral atrial IPL

Two patterns of
deep venous thrombosis

(hemorrhage into the thalamus,
basal ganglia and ventricle)

the internal
cerebral vein
drainage area

thalamo-caudate
bleeding

the basal vein
drainage area

basal striatal
bleeding
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Smirnov M et al. Cerebral white matter vasculature: still uncharted7 Brain 2021:144;3561-75.
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Type 1: Arterial vascularization of the cortex
depends on short arterioles originating from the
same pial vessels (single source juxtaposed(it3l)
supply).

Type 2: The corpus callosum is supplied by short
arterioles originating from the pial network
(single source juxtaposed supply).

Type 3: Short association U-fibers are supplied
by subcortical arteries and earliest branches of
medullary arteries (dual source interdigitated
supply).

Type 4: The external capsule, claustrum and
extreme capsule take up subcortical arteries,
earliest branches of medullary arteries, and
terminals of perforating arteries of the base of
the brain (triple source interdigitated supply).
Type 5: The centrum semiovale is supplied by
terminals of deep white matter arteries (single
source juxtaposed supply).

Type 6: Vessels supplying the basal ganglia and
the thalamus are long, perforating arterioles and
arteries originating from the base of the brain

(single source juxtaposed supply).
cc = corpus callosum; crtx = cortex; In = lentiform nucleus; Iv =

lateral ventricle; ma = medullary artery; perf = perforating artery;

sca = subcortical artery; wm = white matter.
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