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Trans-cortical and trans-striatal venous
collaterals in the hemodynamic compromise

of deep venous system

Masaki Komiyama ®

Dr Bianca Mazini et al.' recently published the inter-
esting case report entitled “Isolated superior striate vein
thrombosis in adults.” I would like to comment on this
article in relation to the deep venous collaterals.

Medullary and subependymal veins

In the early stage of development, venous drainage of
the brain is centrifugal towards the surface of the
developing encephalon. With the development of the
telencephalon, the diencephalon, and the ventricular
system together with the choroidal plexuses, a deep
venous system with centripetal drainage develops.” As
a result, two venous drainage systems of the brain
develop, one draining to the surface and the other
deeply, and in both, the drainage occurs by way of
medullary veins. It is believed that the term “medul-
lary” vein was first adopted by Duret in 1874.% Testut
gave a detailed description on them in his manual in
1911.* The superficial cerebral venous system includes
the cortical veins and subcortical veins and the medul-
lary veins that drain the superficial white matter up to a
depth of about 1 cm, all of which will converge into the
pial veins at the surface of the brain. The deep venous
system consists of the deep medullary veins draining the
deep white matter and the veins draining part of the
central gray nuclei. Deep medullary veins are longer
than superficial medullary veins and converge at the
superior lateral angle of the lateral ventricle towards
the subependymal veins. Subependymal veins can be
divided into a medial group and a lateral group.’ The
medial group, draining the septum pellucidum, the
fornix, and the white matter includes (i) the anterior
septal veins, which course along the septum pellucidum
of the frontal horn; (ii) the posterior septal veins along
the body of the lateral ventricle; (iii) the medial atrial
vein in the atrium of the lateral ventricle, which also
receives tributaries from the medial wall of the occipital
horn; and (iv) the hippocampal veins along the chor-
oidal fissure in the temporal horn. The lateral group
draining ganglionic nuclei and the white matter
includes: (i) the thalamostriate vein, at the level of the
foramen of Monro, which is formed by the union of an
transverse and longitudinal caudate veins;®® (ii) an
inconstant direct lateral vein, which may be very con-
spicuous in cases where the thalamostriate vein is
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Figure 1. Collateral pathways between the superficial and deep
venous system of a Rhesus monkey. Trans-cerebral (5) and trans-
striatal routes (8 and 9) are illustrated. Both medullary and striatal
venous collaterals connect the superficial (pial) venous system (10
and 11) and deep (subependymal) venous system (3 and &) directly
and indirectly, respectively. 1: Great vein of Galen; 2: small veins of
Galen (internal cerebral veins); 3: transverse caudate vein;

4: longitudinal caudate vein; 5: trans-cortical vein; 6 and

7: superior striatal veins; 8 and 9: inferior striatal veins;

10: superficial middle cerebral vein; 11: deep middle cerebral
vein or basal vein of Rosenthal; 12: superior sagittal sinus.
Source: reproduced with permission from Oxford University Press.®
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absent; (iii) the lateral atrial vein in the atrium, which
also receives tributaries from the lateral wall of the
occipital horn; and (iv) the inferior ventricular vein
along the roof of the temporal horn. Except for the
lateral atrial, hippocampal, and inferior ventricular
veins, which are tributaries of the basal vein of
Rosenthal, the remaining subependymal veins drain
into the internal cerebral vein. The superior striatal
veins drain into the thalamostriate vein and the inferior
striatal veins drain into the deep middle cerebral vein
(MCYV) or basal vein of Rosenthal. Embryologically,
the inferior striatal veins are primitive veins, but the
superior striatal veins are secondary formed.

Trans-cerebral and trans-striatal veins

Venular anastomoses exist between the superficial and
deep medullary veins in the white matter.®® In addition,
there are direct anastomotic veins, that is, trans-cere-
bral veins, which connect superficial pial veins to sub-
ependymal veins directly.>*%%? It is not clearly defined
whether medullary veins include striatal veins as striatal
veins also drain the white matter. For instance, the
superior striate veins drain parts of the internal capsule.
Nevertheless, it is clearer to define medullary veins as
being confined to parenchymal veins in the white

matter. Trans-cerebral veins allow for connections
between the superficial pial veins, i.e., superficial
MCVs, and the subependymal veins. Secondary possibly
post-natal anastomosis between the superior and inferior
striatal veins may exist providing an anastomotic route
between pial veins (deep MCV or basal vein of
Rosenthal) and subependymal veins'®!" (Figure 1).

Alternative deep venous drainage to the vein of
Galen system

In cases of normal deep venous outflow restriction or
arterialized inflow into the deep venous system, alter-
native venous routes may develop to drain the deep
venous system towards the superficial cerebral venous
system, the dural venous sinuses and finally the extra-
cranial venous outflow pathways.'>'? Possible causes of
deep venous system outflow restriction include vein of
Galen-straight sinus venous thrombosis, tumor (mostly
benign slow growing tumor like falco-tentorial men-
ingioma), and surgical complication. Retrograde
blood flow into the deep venous system through the
vein of Galen can be caused by dural arteriovenous
fistula or brain arteriovenous malformation, which is
commonly accompanied by chronic venous sinus occlu-
sion of transverse and/or sigmoid sinus(es).

(g) trans-cortical

ICV

-

Striatum

(e) trans-striatal (d) thalamic

(b) basal vein

o ——
-

(a) direct cortical

(c) terminal venous arcade

BV

(f) hippocampal

Figure 2. Collateral pathways in case of occlusion of the vein of Galen and/or straight sinus or retrograde blood flow to the deep venous
system due to dural arteriovenous fistulas or brain arteriovenous malformation. Collateral pathways from deep to superficial venous
system are as follows: (a) direct cortical venous route, (b) basal vein route (to deep middle cerebral vein, cavernous sinus, and so forth),
(c) terminal venous arcade, (d) thalamic (diencephalic) route, (e) trans-striatal (subpallial) route, (f) hippocampal venous route (through
posterior and anterior longitudinal hippocampal veins), and (g) trans-cortical (pallial) venous route. BV: basal vein of Rosenthal;

ICV: internal cerebral vein; SS: straight sinus; VOG: great vein of Galen.
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Figure 3. A nine-year-old boy with multiple dural arteriovenous fistulas at superior sagittal sinus and bilateral transverse-sigmoid
sinuses. Bilateral transverse-sigmoid sinuses were occluded. After three sessions of intervention, entire superior sagittal sinus, bilateral
transverse-sigmoid sinuses, and straight sinus were occluded with coils, and dural arteriovenous fistulas are almost occluded. Normal
venous drainages of left cerebral hemisphere were through the prominent left superficial middle cerebral veins and left trans-striatal
route (arrow) to the cavernous sinus. (a) Left internal carotid angiogram (lateral view, venous phase). (b) Three-dimensional rotational
angiography of left internal carotid injection (lateral view, venous phase). (c) Three-dimensional rotational angiography of left internal
carotid injection (lateral view, venous phase, superficial veins are removed manually). Arrow indicates trans-striatal route collecting

enlarged deep medullary venous flow (arrowheads).

In the above-mentioned situations, venous blood in
the deep venous system may be drained through the
following venous routes'*: (a) direct cortical route:
superficial cortical veins directly connected to the vein
of Galen, which include internal occipital, posterior
pericallosal, and superior vermian veins; (b) basal vein
route connected (1) anteriorly to the deep MCV, then to
the dural sinuses of the middle cranial fossa, that is the
cavernous sinus, the laterocavernous sinus or the para-
cavernous sinus; (ii) infratentorially towards the pial
brainstem venous system and superior petrosal sinus;
(c) terminal venous arcade from superior to the inferior
terminal veins, then to basal vein of Rosenthal; (d) thal-
amic route from superior to inferior/posterior thalamic
veins, then to basal vein of Rosenthal; (e) trans-striatal
route from superior to inferior striatal veins, then to
deep MCYV or basal vein of Rosenthal; (f) hippocampal
route from posterior to anterior longitudinal hippocam-
pal veins, then to basal vein of Rosenthal; and (g) trans-
cortical venous route as described above.® The terminal
venous arcade runs along the stria terminalis between
the thalamus and caudate nucleus. It is composed of
superior, middle, and inferior terminal veins connecting
thalamostriate vein to inferior ventricular vein.
Discrimination between terminal arcade route and thal-
amic route is often difficult. Theoretically, (h) choroid
plexus route might connect the deep venous system to
basal vein of Rosenthal via superior and inferior
choroidal veins. However, I have never seen such a
collateral route in any patients. Alternative routes (a),
(d), and (e) are reported as direct, dorso-caudal
(diencephalic) and ventro-rostral (telencephalic) drain-
ing pathways, respectively, in vein of Galen absence or
unavailability by Lasjaunias et al.'® Thalamic, trans-
striatal, and trans-cortical routes can be regarded as

diencephalic, trans-subpallial, and trans-pallial venous
routes, respectively (Figure 2).

Alternative routes in high-flow
arteriovenous shunts

Terminal venous arcade and thalamic route are often
observed in the cases of completely cured vein of Galen
aneurysmal malformations after embolization together
with trans-cortical route in the absence of falcine and/
or straight sinus drainage.'® Retrograde blood flow
from the torcular Herophili to the deep venous
system through the straight sinus is often observed in
the patients with dural arteriovenous fistulas. In this
situation, trans-striatal route and trans-cortical route
play as main drainage routes to the extracranial
venous system (Figure 3).

Vascular territories between superior striatal veins
and deep medullary veins might not be sharply demar-
cated. Venous ischemic lesion reported by Dr Bianca
Mazini et al." may include not only venous thrombosis
of superior striatal veins but that of deep medullary
veins as well. Good prognosis of the two reported
patients could be explained by good collateral to infer-
ior striatal veins and/or superficial medullary veins
draining to deep and superficial MCVs, respectively.
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