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3.14 MAJOR LIMBIC FOREBRAIN STRUCTURES
The term limbic is derived from limbus, meaning ring. Many of 
these structures and their pathways in the limbic system form a 
ring around the diencephalons. They are involved in emotional 
behavior and individualized interpretations of external and in-
ternal stimuli. The hippocampal formation and its major path-
way, the fornix, curve into the anterior pole of the diencephalon, 
forming precommissural (to the septum) and postcommissural 
(to the hypothalamus) connections in relation to the anterior 
commissure. The amygdaloid nuclei give rise to several path-
ways; one, the stria terminalis, extends in a C-shaped course 
around the diencephalon into the hypothalamic and basal fore-
brain. The olfactory tract communicates directly with several 
limbic forebrain areas; it is the only sensory system to entirely 
bypass the thalamus and terminate directly in cortical and sub-
cortical zones of the telencephalon. Connections from the sep-
tal nuclei to the habenula (stria medullaris thalami) connect the 
limbic forebrain to the brain stem. The amygdaloid nuclei and 
hippocampus (shaded) are deep to the cortex.

CLINICAL POINT
Many of the limbic forebrain structures are connected with the hypo-
thalamus by C-shaped structures, such as the hippocampus and the 
fornix, and with the amygdala and the stria terminalis. The amygdala 
has additional direct connections into the hypothalamus via the ven-
tral amygdalofugal pathway. The amygdaloid nuclei receive multi-
modal sensory information from cortical regions and provide contexts 
for this input, particularly emotions related to fear responses. Bilateral 
amygdaloid damage results in the loss of the fear response and also in 
failure to recognize facial responses of fear in others.

The hippocampal formation processes abundant information from 
the temporal lobe, subiculum, and entorhinal cortex and sends con-
nections through the fornix to the hypothalamus and septal nuclei, 
with subsequent connections through the thalamus to the cingulate 
cortex. These structures are part of the so-called Papez circuit. The 
hippocampal formation is particularly vulnerable to ischemia; damage 
bilaterally, resulting in the inability to consolidate new information 
into long-term memory. A common pattern may be observed in older 
persons who forget who has talked with them minutes before or forget 
what they had for breakfast (or even whether they had breakfast) but 
can recall details from the past that have some degree of accuracy.
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Menu 
1. The phylogeny and the functional anatomy of the limbic system 
2. Arterial anatomy of the limbic system 

Anterior ethmoid artery, Olfactory artery, Recurrent artery of Heubner  
Anterior choroidal artery (Uncal artery)  
Posterior choroidal artery (Artery of Uchimura) 
Pericallosal artery (Cingulate gyrus)  
Posterior cerebral artery (isthmus part of CG) 

3. Venous anatomy of the limbic system

Phylogenesis of the cerebral cortex 

During the phylogenesis of mammals the proortion 
of  the paleopallium and the archipallium 
decreased,while the neopallium became dominant 
occupying almost the whole surface of the brain.

Cortex

Allocortex 
(less than 6 layers)

Isocortex 
Neopallium 
(6 layers)

Paleopallium Archipallium

Fig.1

Paleopallium: The oldest cortical area of the 
telencephalon which contains 3 to 5 layers of 
neuronal cell bodies. Paleopallium includes the 
olfactory bulb, olfactory tubercle (approx. at the 
anterior perforated area) and the piriform cortex 
(approx. the uncus and the anterior part of the 
parahippocampal gyrus). All those cortical and non-
cortical areas which are related to the sense of 
smell are summarized as the rhinencephalon or 
olfactory brain. 

Archipallium: Constituted by 3 to 4layers of 
neurons and includes the hippocampus and related 
structures (dentate and fasciolar gyri, indusium 
griseum). 

Neopallium: occupies approx. 90% of the total  
cerebral hemispherial surface. 6 layers of neuronal 
cell bodies are present.
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Paleopallium
Archipallium

Neopallium

魚類 両生類 爬虫類

Paleopallium, Achipallium, Neopallumの系統発生上段が頭側、下段は側面像　
初期の終脳は嗅脳とPaleopalliumが優位であることがわかる．Sulcus, Gyrus
の形成は爬虫類以降のneipalliumの増大に伴って発達してくる．

Fig.9

Tripartite Concepts of Mind and Brain 193

The above three neurodynamic graduations are all primarily ‘biophylactic’, i.e. they serve 
to preserve life, respectively, at its fundamental, the species, and the organism levels [47]. 
They are found in varying distribution and combination among actual living beings: in the 
world of plants, as well as in protozoans and sponges one finds only plasmopsychisms; in 
metazoans with ganglionic nervous systems (e.g. hydropolyps, worms, molluscs and 
arthropods) through the inferior vertebrates (cyclostomes and fish) exist both 
plasmopsychisms and phylopsychisms; insects, having a cerebral ganglion, and fish, with their 
mesencephalon, might potentially exercise elemental ontopsychic functions; in amphibians 
through the higher vertebrates, including humans, one finds all three categories amalgamated 
and combined, with a predominance of the ontopsychic dynamism, which in humans has 
culminated into the symbolic psychisms (the elements of the intellectual world, of aesthetics 
and ethics), without though diminishing the concomitant existence of the more elemental 
levels.  

 

 

Figure 8. Upper row: Schematic drawing of the phylogeny of archineuronal, paleoneuronal and 
neoneuronal olfactory systems in a reptile (left), a marsupial (center) and a primate (right). From figure 
110 in El Yacaré [23 (p. 100)]. Lower group: Schematic drawing of primordial neural (A), archineural 
(B), paleoneural (C) and neoneural (D) systems. From The Neoencephalon, its Organization and 
Dynamism [96 (plate 2)]. 

reptile marsupial primate

Jakob, C. (1945) (Folia Neurobiológica Argentina, Tomo IV). Buenos Aires: Aniceto López.

1. Paleopallium (Paleocortex)   2. Archipallium (Archicortex)   3. Neopallium (Neocortex)  
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Phylogenetically oldest to newest
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- 5 Mio. ys.

- 100 Mio. ys.

- 500 Mio. ys.

- 5 Mio. ys.

- 100 Mio. ys.

- 500 Mio. ys.

Keith A.Human Embryology and Morphology  Nature volume 66, pages 603–604 (1902)

The limbic lobe is a horseshoe-like structure formed 
mainly of the subcallosal gyrus, cingulate 
gyrus, parahippocampal gyrus, and hippocampus.   

It should be noted that its inclusion as one of the 
lobes of the brain is a little contentious, with most 
authors referring to it as part of the 'limbic system' 
rather than as a lobe.

Purves D, et al., The Limbic System.  editors. Neuroscience. 
2nd edition. Sunderland (MA): Sinauer Associates; 2001.

What is the limbic system ?

The limbic system is composed of four main parts: the 
hypothalamus, the amygdala, the thalamus, and the 
hippocampus. There are several other structures that may 
be involved in the limbic system as well, but scientists 
have not reached a unanimous consensus on them.

10 3 Structure, Functions, and Connections

a

  Fig. 3.3    ( a ) Drawing of the hippocampus by Vicq d’Azyr  (  1786  ) . The 
right and left hippocampi ( 1 ) encircle (embracing) the median struc-
tures ( 2 ). ( b ) Dissection (endoventricular view) of the right and left 

hippocampi ( 1 ,  1 ¢  );  2  mesencephalon. ( c ) MRI view;  1  hippocampus, 
 2  mesencephalon       
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AC Anterior commissure 
AN Anterior nucleus of thalamus 
DG Dentate gyrus 
FR Fasciculus retroflexus 
IN Interpeduncular nucleus 
LT Lamina terminalis 
MB Mammillary body 
MD Mediodorsal thalamic nucleus 
MF Medial forebrain bundle 
MT Mammillothalmic tract 
NA Nucleus accumbens 
OB Olfactory bulbs 
OC Optic chiasm 
OL Olfactory striae lateral 
OS Olfactory striae medial 
OT Olfactory tract 
PG Pituitary gland 
PT Paraterminal gyrus 
SA Subcallosal area 
SM Stria medullaris 
SN Septal nuclei 
SP Septum pellucidum 
ST Stria terminallis

Limbic system 

Olfactory bulb: Recognizes smell and associate it with memories, Discriminate odors 
Filter background odors 

Cingulate gyrus: Generates emotions, learning and memory, Respiratory control 
Corpus callosum: Area of communication between the two hemispheres 
Fornix: Connection between hypothalamus, mamillary bodies thalamus 
and cingulate cortex 
Mamillary body: Memory recognition,Links memory with smell, Feeding reflexes 

Thalamus: Multiple relay functions, Regulates sleep and wakefulness 
Involved in connections related to consciousness 

Hippocampus: Long term memory, Spatial location (first affected by Alzhimer’s disease) 
Dentate gyrus: Formation of memories and depression 
Amygdala:  Process and memory of emotions. 
Parahippocampal gyrus: Memory encoding and retrieval 
Basal ganglia: Motor control and learning, Affected by Parkinson’s disease 
Hypothalamus: Regulates vegetative functions ,Endocrine control

1. Primitive olfactory artery. (olfactory nerve, medial and lateral stria of the olfactory 
tract)  

2. Recurrent artery of Heubner (Nuclei Accumbens, Olfactory tract) 
3. P1 perforators and the perforators from the posterior communicating artery  
(Mammillary bodies, and their projections to the anterior thalamus via the 
mammillothalamic tract) 
4. Subcallosal artery (branch) from anterior communicating artery (lamina terminalis, 
Septal area :Area septalis, anterior commissure,) 
5. The hypothalamo-chiasmatic branches or the antero inferior diencephalic arteries as 
called by Lang. These branches feed the infundibulum, optic chiasm, subcallosal area, 
the fornix, and the preoptic areas of the hypothalamus. 
6. Pericallosal artery from anterior cerebral artery. (cingulate gyrus, indusium griseum) 

The arterial system for the limbic lobe

7. Anterior choroidal artery and posterior choroidal artery.  
Uncal branch (amygldalo hippocampal formation)  
Three arteries (or group of arteries) usually vascularize the hippocampus: 
the anterior, middle, and posterior hippocam- pal arteries. The anterior and 
middle arteries arise either from the trunk of the posterior cerebral artery or 
from its inferior temporal branches, whereas the posterior hippocampal 
artery frequently arises from the splenial artery, a branch of the posterior 
cerebral artery.  The branches of the longitudinal terminal segment of 
superficial hippocampal arteries are divided into large and small arteries.  

8. Artery of Uchimura (posterior hippocampal artery)  
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Anterior ethmoid artery, Olfactory artery, Recurrent artery of 
Heubner  
Anterior choroidal artery (Uncal artery)  
Posterior choroidal artery (Artery of Uchimura) 
Pericallosal artery (Cingulate gyrus)  
Posterior cerebral artery (isthmus part of CG) 

The bulbus olfactorius is supplied by  
anterior ethmoid artery and olfactory artery 
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through the anterior pericallosal veins, as well as the

parahippocampal, paraolfactory, paraterminal gyri, uncus, an-

terior part of the calcarine fissure, and deep venous system

(striatal, diencephalic, and choroidal veins) to the straight

sinus through the internal cerebral, basal, and great veins.

As a collector vein, the basal vein is the result of secondary

longitudinal anastomoses of the deep telencephalic vein, the

ventral diencephalic vein, the mesencephalic vein, and also

the dorsal diencephalic tributary of the internal cerebral vein

or the superior mesencephalic tributary of the vein of Galen,

after elongation and attenuation of the tentorial sinus due to

posterior expansion of the cerebral hemispheres [54]. Typical-

ly, it drains posteromedially to join the vein of Galen, which is

a major BV. However, there have been described several

variations. For instance, opening of the basal vein into the

anterior, middle or posterior portion of the straight sinus, or

into the transverse sinus [1, 5, 54] either directly or indirectly

via a tentorial sinus. Bridging veins from the basal vein or the

peduncular vein to a sinus coursing in the tentorial edge [30,

45] or to the cavernous sinus [1] have been also described

(Fig. 3). Direct connection of the superficial middle cerebral

vein with the basal vein has been also reported, but such a

constellation is described in only a single case and appears not

related to the dural system [55]. In the case of failure of

anastomosis between the first and second segment of

the basal vein, a prominent uncal vein draining into the

cavernous or paracavernous sinus may be observed.

Such an uncal vein would be a bridging vein draining

the anteriormost tributaries of the basal vein into the

cavernous sinus (Fig. 2).Galenic or superior group of the posterior fossa

Here belong the mesencephalic tributaries, which may join the

basal vein, the petrosal vein, the transverse pontine vein, and

the precentral vein, but typically, they do not open directly into

a specific mesencephalic-bridging vein. Also, the superior

vermian and precentral veins, which drain the tectal area, the

superior vermis, and the superior part of the cerebellar hemi-

spheres anterior to the fissure prima, typically empty into the

galenic system and not independently into the straight sinus

[1, 56].

Petrosal BVs or anterior metencephalic group

The tributaries of the superior petrosal vein, namely the vein

of the great horizontal fissure, the brachial vein, the vein of the

lateral recess of the fourth ventricle, the lateral pontine vein,

and the transverse pontine vein, which drain the anterior

brainstem and cerebellum, empty into the superior petrosal

sinus. In some cases, these tributaries may form separated

bridging stems, which drain into the SPS independently [54,

57] (Fig. 5).The transverse pontine vein or the anteromedial

pontomesencephalic veins often empty also separately into

the cavernous sinus or the basilar plexus [1]. Kiyosue et al.

[58] found a bridging vein connecting the transverse pontine

vein to the posterior aspect of the cavernous sinus in 94 % of

their cases and bilaterally in half of them (Fig. 6).

Inferior tentorial BVs or dorsal metencephalic group

Here belong the inferior vermian veins and the superior and

inferior lateral hemispheric cerebellar veins. The inferior

vermian BVs with its tributaries run posterosuperiorly in the

paravermian fissure and empty into the straight sinus, torcular,

or transverse sinus, either directly or indirectly through a

tentorial sinus. The hemispheric bridging veins are formed

Fig. 4 Schematic illustration of the venous exits in the ethmoidal area,

anterior to and at the lamina cribriformis. Notice the direct duro-

leptomeningeal venous connections at the level of the olfactory bulbs,

as well as the BV exiting at the lowermost end of the superior sagittal

sinus

Fig. 5 Schematic illustration displaying the inferior tentorial BVs, in-

cluding the petrosal BVs as seen from a caudal view. It shows some of the

many possible venous anatomic configurations, not necessarily

coexisting in one individual

Neurosurg Rev

Baltsavias G, et al. Cranial dural arteriovenous shunts. Part 
1. Anatomy and embryology of the bridging and emissary 
veins. Neurosurg Rev 2015;38:253–63; discussion 263–4.
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Pre Post

Complete obliteration of the shunt at the level of  
right paramedian cribriform plate DAVF via 
transvenous approach

Anterior ethmoid artery, Olfactory artery,  
Recurrent artery of Heubner (perforators from A1A2 junction)   
Anterior choroidal artery (Uncal artery)  
Posterior choroidal artery (Artery of Uchimura) 
Pericallosal artery (Cingulate gyrus)  
Posterior cerebral artery (isthmus part of CG)
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Mavridis I, et al. Anatomy of the human nucleus accumbens: a combined morphometric study. Surg Radiol Anat 2011;33:405–14.

1. Nucleus accumbens (gray 
mater appears blue).  

2 head of the caudate nucleus,  

3 putamen, 4 anterior limb of the 
internal capsule, 5 frontal horn of 
the lateral ventricle, 6 septum 
pellucidum, 7 corpus callosum, 8 
external capsule, 9 claustrum, 10 
extreme capsule, 11 frontal lobe, 
12 temporal lobe, 13 middle frontal 
gyrus, 14 intrahemispheric fissure  

typically occupied Ca6, Ca7, Cb7, Cb8 to Da6–Da9,
Db6–Db9, to E1a6, E1a7, E1b6–E1b9, to E2a6, E2b6–
E2b9, with the most common regions where every brain
was labelled including Ca7, Cb7, Da6, Da7, Db6–Db8,
E1a6, E1b6–E1b9, E2b6, E2b8, and E2b9. The CB-defined
associative zone included coordinates ranging from the
beginning of C to the end of E2 and typically occupied
Ca7, Ca8, Cb8 to Da6–Da9, Db7–Db9, to E1a6–E1a9,
E1b6–E1b9, to E2a6, E2b6–E2b9, with the most common
regions where every brain was labelled including Ca7,
Ca8, Cb8, Da7–Da9, Db8, Db9, E1a6, E1a7, E1b7–E1b9,
E2a6, E2b6, E2b8, and E2b9. The CB-defined limbic zone
included coordinates ranging from the beginning of C to
the end of E2 and typically occupied Ca8, Ca9, Cb8, Cb9
to Da6–Da10, Db8–Db10, to E1a6–E1a9, E1b6–E1b9, to
E2a6, E2a9, E2b6, E2b8, E2b9, with the most common
regions where every brain was labelled including Ca8,
Ca9, Cb9, Da8, Da9, Db9, E1a7–E1a9, E1b8, E1b9, E2b6,
E2b8, and E2b9. A comparison of corticostriatal zone coor-
dinates with microvascular territory coordinates supports the

vascular–functional compartment correspondence described
above. Typical Talairach coordinates for the lateral LSA
territory and sensorimotor zone (Ca7, Cb7, Db7, Db8,
E1b7–E1b9, E2b8, E2b9), the medial LSA territory and asso-
ciative zone (Ca7, Cb8, Da7–Da9, Db8, Db9, E1a7, E1b7–
E1b9, E2b8, E2b9), and the RAH territory and limbic zone
(Ca8, Ca9, Cb9, Da8, Da9, Db9, E1a8, E1a9, E1b9) are
similar (Feekes et al., 2005).

Topographically, the lateral LSA territories and sensori-
motor zone co-register along the dorsolateral rim of the
head of the Cd and Pu, and extend along a larger dorsolateral
segment of the body of the Cd and Pu (Figs 4, 5A and
5B). Occasionally, this includes a dorsomedial portion of
the body of the Cd (Fig. 4). After the lateral LSA penetrate
the anterior perforated substance they course along the
ventral and lateral borders of the Pu to reach their intended
territory of supply (Fig. 4). During this passage the lateral
LSA co-register with a small lateral portion of the associative
zone along the Pu and a small lateral portion of the limbic
zone along the ventral Pu (Figs 4 and 5A). At the head of
the Cd and Pu, the lateral LSA also co-register with the

Fig. 3 Calbindin (CB)-labelled 50 mM thick section from
human striatum revealing striosomes (arrows) and matrix, and
the corticostriatal zones, sensorimotor, associative and limbic,
as defined by the dorsal–ventral gradient of weak, intermediate
and strong CB labelling, respectively. Corticostriatal zone borders
are marked by dashed lines and the corresponding zone labelled.
Cd, caudate nucleus; ic, internal capsule; Pu, putamen; and NA,
nucleus accumbens. Line bar = 1 cm.

Fig. 4 Calbindin (CB)-immunostained 50 mM thick section
from human striatum with overlap of barium sulphate-injected
(inverted) medial (open arrowhead) and lateral (closed
arrowhead) lenticulostriate arteries (LSA) and the recurrent
artery of Heubner (RAH) (arrow) from 1.27 cm thick section.
Figure shows arrangement of penetrating vessels within striatum
mainly co-registering with the matrix compared to striosomes (*).
CB-immunoreactive section also shows dorsal–ventral
gradient of weak to strong labelling which corresponds to
sensorimotor, associative and limbic corticostriatal zones,
respectively. Note co-registering between the lateral LSA and
weak CB labelling, the medial LSA and intermediate labelling,
and the RAH and strong labelling. Cd, caudate nucleus;
ic, internal capsule; and Pu, putamen. Line bar = 1 cm.
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Calbindin (CB)-immunostained 50 mM 
thick section 
from human striatum with overlap of 
barium sulphate-injected (inverted) medial 
(open arrowhead) and lateral (closed 
arrowhead) lenticulostriate arteries (LSA) 
and the recurrent artery of Heubner 
(RAH) (arrow) from 1.27 cm thick section. 
Figure shows arrangement of penetrating 
vessels within striatum mainly co-
registering with the matrix compared to 
striosomes (*). CB-immunoreactive section 
also shows dorsal–ventral 
gradient of weak to strong labelling which 
corresponds to sensorimotor, associative 
and limbic corticostriatal zones, 
respectively. Note co-registering between 
the lateral LSA and weak CB labelling, the 
medial LSA and intermediate labelling, 
and the RAH and strong labelling. Cd, 
caudate nucleus; 
ic, internal capsule; and Pu, putamen. Line 
bar = 1 cm.  

typically occupied Ca6, Ca7, Cb7, Cb8 to Da6–Da9,
Db6–Db9, to E1a6, E1a7, E1b6–E1b9, to E2a6, E2b6–
E2b9, with the most common regions where every brain
was labelled including Ca7, Cb7, Da6, Da7, Db6–Db8,
E1a6, E1b6–E1b9, E2b6, E2b8, and E2b9. The CB-defined
associative zone included coordinates ranging from the
beginning of C to the end of E2 and typically occupied
Ca7, Ca8, Cb8 to Da6–Da9, Db7–Db9, to E1a6–E1a9,
E1b6–E1b9, to E2a6, E2b6–E2b9, with the most common
regions where every brain was labelled including Ca7,
Ca8, Cb8, Da7–Da9, Db8, Db9, E1a6, E1a7, E1b7–E1b9,
E2a6, E2b6, E2b8, and E2b9. The CB-defined limbic zone
included coordinates ranging from the beginning of C to
the end of E2 and typically occupied Ca8, Ca9, Cb8, Cb9
to Da6–Da10, Db8–Db10, to E1a6–E1a9, E1b6–E1b9, to
E2a6, E2a9, E2b6, E2b8, E2b9, with the most common
regions where every brain was labelled including Ca8,
Ca9, Cb9, Da8, Da9, Db9, E1a7–E1a9, E1b8, E1b9, E2b6,
E2b8, and E2b9. A comparison of corticostriatal zone coor-
dinates with microvascular territory coordinates supports the

vascular–functional compartment correspondence described
above. Typical Talairach coordinates for the lateral LSA
territory and sensorimotor zone (Ca7, Cb7, Db7, Db8,
E1b7–E1b9, E2b8, E2b9), the medial LSA territory and asso-
ciative zone (Ca7, Cb8, Da7–Da9, Db8, Db9, E1a7, E1b7–
E1b9, E2b8, E2b9), and the RAH territory and limbic zone
(Ca8, Ca9, Cb9, Da8, Da9, Db9, E1a8, E1a9, E1b9) are
similar (Feekes et al., 2005).

Topographically, the lateral LSA territories and sensori-
motor zone co-register along the dorsolateral rim of the
head of the Cd and Pu, and extend along a larger dorsolateral
segment of the body of the Cd and Pu (Figs 4, 5A and
5B). Occasionally, this includes a dorsomedial portion of
the body of the Cd (Fig. 4). After the lateral LSA penetrate
the anterior perforated substance they course along the
ventral and lateral borders of the Pu to reach their intended
territory of supply (Fig. 4). During this passage the lateral
LSA co-register with a small lateral portion of the associative
zone along the Pu and a small lateral portion of the limbic
zone along the ventral Pu (Figs 4 and 5A). At the head of
the Cd and Pu, the lateral LSA also co-register with the

Fig. 3 Calbindin (CB)-labelled 50 mM thick section from
human striatum revealing striosomes (arrows) and matrix, and
the corticostriatal zones, sensorimotor, associative and limbic,
as defined by the dorsal–ventral gradient of weak, intermediate
and strong CB labelling, respectively. Corticostriatal zone borders
are marked by dashed lines and the corresponding zone labelled.
Cd, caudate nucleus; ic, internal capsule; Pu, putamen; and NA,
nucleus accumbens. Line bar = 1 cm.

Fig. 4 Calbindin (CB)-immunostained 50 mM thick section
from human striatum with overlap of barium sulphate-injected
(inverted) medial (open arrowhead) and lateral (closed
arrowhead) lenticulostriate arteries (LSA) and the recurrent
artery of Heubner (RAH) (arrow) from 1.27 cm thick section.
Figure shows arrangement of penetrating vessels within striatum
mainly co-registering with the matrix compared to striosomes (*).
CB-immunoreactive section also shows dorsal–ventral
gradient of weak to strong labelling which corresponds to
sensorimotor, associative and limbic corticostriatal zones,
respectively. Note co-registering between the lateral LSA and
weak CB labelling, the medial LSA and intermediate labelling,
and the RAH and strong labelling. Cd, caudate nucleus;
ic, internal capsule; and Pu, putamen. Line bar = 1 cm.
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→ NA(nucleus accumbens) a part of the limbic system is 
supplied from the recurrent arttery of Heubner 

Feekes JA,et al. The vascular supply of the functional compartments of the human striatum. Brain 2006;129:2189–201.

Lateral LSA

Medial LSA

RHA

Photograph of Johann Otto Leonhardt Heubner taken in his later years. From Heubner O: 
Festschrift. Berlin: Julius Springer, 1913. Reprinted with permission of Springer-Verlag GmbH 
& Co. KG. 
J.Neurosurg. 2000 Volume 93, Number 6

A reproduction of the first 
page of Heubner's 
manuscript in which he 
identifies the medial 
striate artery.  
From Heubner O: [On the 
topography of the 
nutritional zones of the 
individual brain arteries.] 
Zentrabl Med Wiss 
10:817-821, 1872 (Ger). 
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As depicted in this illustration, Heubner's artery supplies the caudate, putamen, 
and anterior limb of the internal capsule. 
The medial striate artery of Heubner arises from the A2 segment in 78% of cases. 
Less commonly, it arises from the A1 segment (14%) or at the level of the ACoA 
(8%).  In 95% of cases it originates within 4 mm of the ACoA junction (either 
proximally or distally).  
Perlmutter and Rhoton found this artery to be absent (only on one side) in 2% of 
cases and duplicated (also only on one side) in 2% of cases. By contrast, Gomes 
and colleagues7 found this artery to be absent in 3% of cases and duplicated in 
12% of cases.  
On average, the diameter of the recurrent artery of Heubner (mean 1 mm, range 
0.2-2.9 mm) is approximately one third the diameter of the A1 segment (mean 2.6 
mm). In comparison, the length of the recurrent artery of Heubner (mean 23.4 mm, 
range 12-33 mm)7 is on average twice the length of the A1 segment (mean 12.7 
mm). The greater length of the recurrent artery of Heubner increases its exposure 
to injury during surgery.

(1), putamen (2), globus pallidus (3), thalamus (4), and internal capsule (5). The anterior circulation is illustrated by the internal 
carotid artery ([ICA] 9), middle cerebral artery ([MCA] 10), and ACA (7). Branching off the ACA near the ACoA (8) is the vessel that 
Aitken refers to in his report as Heubner's artery or system (14). As depicted in this illustration, Heubner's artery supplies the 
caudate, putamen, and anterior limb of the internal capsule. Other major arteries in the drawing include the anterior choroidal artery 
(11), posterior communicating artery (12), and posterior cerebral artery ([PCA] 13). From Aitken HF: A report on the circulation of 
the lobar ganglia: made to Dr. James B. Ayer. Boston Med Surg J Suppl 160:25, 1909.

Illustration from Shellshear's 
article in which the medial striate 
artery is first referred to as the 
"recurrent artery" (arrow). From 
Shellshear JL: The basal arteries 
of the forebrain and their 
functional significance. J Anat 
55:27-35, 1920. Rprinted with 
permission of Cambridge 
University Press.

Joseph L. Shye-8ear-
Of the two rows of openings the anterior is occupied by the anterior

cerebral branches, the posterior by the middle cerebral.
It is very interesting to observe that a section through the anterior com-

missure in this specimen shows that, at this level, the corpus striatum in
front of the commissure, together with the commissure itself, is supplied by
the anterior cerebral artery, the area lateral and postero-lateral by the
middle cerebral. Finally the area postcro-mesial to it is supplied from without
inwards bythe anterior choroidal,the posteriorcommunicatingandthe posterior
cerebral arteries. Thus the anterior commissure is the dividing line between
five different arteries, and this I have confirmed in one of Beevor's specimens.

st. C optic hiasma,Artedrg Antp¢wcngkta
q#),~ Y -Coo AnE~ommunicO.Ce Artey

Posteror aRecurrent Branch of
Artery
Antaiw- --Ovactory Tract

X - - Middle Cerebral Arkery

Lateral Strate Arteries

Lobe _ Claustral Arteries

Fig. 4

When one considers with this fact the complicated phylogenetic changes
which have taken place round this area, it seems clear that arteries are laid
down in no haphazard fashion.

A reference to fig. 4 explains the supply of the anterior cerebral artery,
and also impresses the necessity for a revision of the nomenclature of these
vessels. The anterior cerebral gives off, in all the specimens I have examined,
a recurrent vessel in the neighbourhood of the anterior communicating artery,
and in one case distal to it. This vessel passes backwards and outwards to
the lateral angle of the space, and there enters the brain substance closely
related to the lateral striate group of the middle cerebral.
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anterior cranial fossa, including the cribriform plate
and the fila olfactoria. Caudally, the limit of the olfac-
tory cistern comprises the chiasmatic and pericallous
cisterns, while laterally it is delimited by the pia mater
of the orbital and rectus gyrus (Cardali et al., 2005;
Wang et al., 2008; C€omert et al., 2011).

The olfactory cistern contains not only the olfactory
bulb and tract but also part of the fronto-orbital and

olfactory arteries, along with branches of these and sev-
eral frontobasal veins. The fronto-orbital artery is char-
acteristically located deep within the cistern in its lateral
path through the orbital surface of the frontal lobe
(Yaşargil and Yaşargil, 1984; Favre et al., 1995; Cardali
et al., 2005;Wang et al., 2008; C€omert et al., 2011).

Each olfactory tract runs posteriorly and ends in the
olfactory trigone, located above the anterior clinoid

Fig. 3. Vascular relationships of the olfactory nerve.
A. Superior view of the anterior cranial fossa where the
frontal lobes are retracted posteriorly. The olfactory tracts
course anteriorly up to the olfactory bulbs lying on the
olfactory ethmoidal canal, divided medially by the crista
galli. The frontopolar artery courses on the polar surface
of the frontal lobe. B. Lateral view of the frontal lobe in a
simulation of an orbitozigomatic access. The olfactory
nerves were detached from the cribriform plate and
remained in the olfactory sulcus, attached to the frontal
lobe to provide for greater brain retraction. This approach
gives access to neurovascular structures located in the
anterior cranial fossa. C. Superior view as seen on a sub
frontal approach where the frontal lobes are retracted
along with the olfactory nerves. A postfixed optic chiasm
is positioned above the dorsum sella. The carotid arteries
course along the lateral margin of the chiasmatic cistern.
The right anterior cerebral artery crosses the optic tracts
and lamina terminalis. The oculomotor nerve is seen

below the carotid artery. D. Extended view from C where
the temporal lobe, the carotid bifurcation, and the middle
cerebral artery are lateral to the optic chiasm. The Sylvian
fissure is opened to expose the course of the middle cere-
bral artery. Both olfactory arteries (*) originate from the
ipsilateral anterior cerebral arteries, beyond the origin of
the frontobasal artery, and the recurrent artery of Heub-
ner. Abbreviations: ACA, anterior cerebral artery; AChA,
anterior choroidal artery; Ant. Clin. P., anterior clinoid
process; Car. A, carotid artery; CN II, cranial nerve II; CN
III, cranial nerve III; FL, frontal lobe; FBA, frontobasal
artery; FPA, frontopolar artery; GR, gyrus rectus; Heub-
ner A., recurrent artery of Heubner; MCA, middle cerebral
artery; OB, olfactory bulb; OG, orbital gyri; ON, olfactory
nerve; OT, olfactory tract; PCA, posterior cerebral artery;
PCoA, posterior communicating artery; Perf. A., perforat-
ing arteries; Pit. Stalk, pituitary stalk; Planum Sph., pla-
num sphenoidale; Post. Clin. P., posterior clinoid process.
[Color figure can be viewed at wileyonlinelibrary.com]
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ACA, anterior cerebral artery; AChA, anterior choroidal artery; Ant. Clin. P., anterior clinoid process; Car. A, carotid artery; CN 
II, cranial nerve II; CN III, cranial nerve III; FL, frontal lobe; FBA, frontobasal artery; FPA, frontopolar artery; GR, gyrus rectus; 
Heub- ner A., recurrent artery of Heubner; MCA, middle cerebral artery; OB, olfactory bulb; OG, orbital gyri; ON, olfactory 
nerve; OT, olfactory tract; PCA, posterior cerebral artery; PCoA, posterior communicating artery; Perf. A., perforat- ing 
arteries; Pit. Stalk, pituitary stalk; Planum Sph., planum sphenoidale; Post. Clin. P., posterior clinoid process.  

Both olfactory arteries (*) originate from the ipsilateral anterior cerebral arteries, beyond the origin of the 
frontobasal artery, and the recurrent artery of Heubner. 
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Human brain 
dissected from the 
base to show the 
distribution of the 
striatal branches 
through the anterior 
perforated space and 
endorhinal fissure.  

This shows also the 
double blood 
supply to the 
amygdaloid nucleus 
and the distribution of 
the arteries to the 
uncus and fascia 
dentata. Anterior 
choroidal artery 
black. 

 Abbie AA. The Morphology of the Fore-Brain Arteries, with Especial Reference to the Evolution of the Basal Ganglia. Journal of anatomy 1934; 68: 433–70.

RAH supplies paleopallium in the level of entorhinal fissure.

572 Intracranial Arterial System: Basal Perforating Arteries  
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Fig. 2.4� $IAGRAM�SHOWING�EXTRA�AND�INTRACEREBRAL�COURSE�AND�RAMIʄCATION�OF�THE�2!(��REPRODUCED�
FROM�;��=	�LATERAL�AND�SLIGHTLY�DORSAL�AND�ROSTRAL�VIEW��$IAMETERS�OF�THE�2!(�AND�ITS�BRANCHES�AND�
PERFORATORS�FROM�THE�HORIZONTAL��!�	�SEGMENT�OF�THE�!#!��IN�BLACK	�ARE�INDICATED�BY�NUMERALS��IN�
MICRONS	��&ENESTRATED�!#O!��ARROWHEAD	��!��!��SEGMENT�OF�THE�RIGHT�!#!

Anastomotic channel between ACA and MCA
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Fig. 2.5� $IAGRAM�OF�THE�PHYLOGENETIC�DEVELOPMENT�OF�THE�2!(�DRAWN�BASED�ON�THE�STUDY�OF�!BBIE�
;�=��REPRODUCED�FROM�;��=	���A	�"ASAL�SURFACE�OF�A�MARSUPIAL�FOREBRAIN��.OTE�THE�ANASTOMOTIC�CHAN
NELS�BETWEEN�THE�!#!�AND�THE�ORIGINAL�STEM�OF�THE�-#!��ONE�OF�WHICH�IS�THE�PREDECESSOR�OF�THE�
2!(���B	�"ASAL�SURFACE�OF�A�PRIMATE�FOREBRAIN��4HE�CONTINUATION�OF�THE�!#!�CHANNEL�ENLARGES�AND�
THAT�OF�THE�-#!�GRADUALLY�DISAPPEARS��THUS�COMPLETING�THE�FORMATION�OF�THE�2!(��)#!�INTERNAL�
CAROTID�ARTERY��,3!�LENTICULOSTRIATE�ARTERIES��-3!�MEDIAL�STRIATE�ARTERIES��/"�OLFACTORY�BULB��/#H�
OPTIC�CHIASM��/L4B�OLFACTORY�TUBERCLE��0#!�POSTERIOR�CEREBRAL�ARTERY

Diagram of the phylogenetic development of the RAH drawn based on the study of Abbie  
(a) Basal surface of a marsupial forebrain. Note the anastomotic channels between the ACA and the original stem of the MCA, 
one of which is the predecessor of the RAH. (b) Basal surface of a primate forebrain. The continuation of the ACA channel 
enlarges and that of the MCA gradually disappears, thus completing the formation of the RAH. ICA internal carotid artery; LSA 
lenticulostriate arteries; MSA medial striate arteries; OB olfactory bulb; OCh optic chiasm; OlTb olfactory tubercle; PCA posterior 
cerebral artery 
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corpus callosum, as seen inmost of the cases, is not very likely
to contribute to the presentations of the sudden-onset
Korsakoff’s syndrome.

Presumed pathophysiology

In 10 out of 17 cases, the presumed pathophysiology is
microangiopathy due to small-vessel disease rather than arte-
rial or cardio-embolism. The second most common and pre-
sumably underestimated cause is iatrogenic vascular injury
after treatment of AcoA aneurysms. In this context, it does not
matter if the injury occurs after surgery, coiling, thrombosis, or
other ischemic complications during a procedure.

Differential diagnosis

Various different pathologies may affect the fornix. In most of
the cases, midline tumors such as gliomas or lymphoma can
infiltrate it. Herpes encephalitis may affect the fornix, as a part
of the limbic system. Metabolic conditions such as Wernicke
encephalopathy might be another differential diagnosis. The
most common other causes of fornix affection are surgery and/
or trauma [4]. However, diffusion restriction on MRI, and the
acute patient’s history, will lead to the right diagnosis.

Significance for the treatment of ACoA aneurysms

Gade reported already in 1982 amnesia in patients after oper-
ations on aneurysms of the AcoA [23]. Memory impairment
following a ruptured aneurysm of the AcoAwas demonstrated
by Parkin et al. [24] in a single case. They concluded that their
patient’s symptoms were similar to those found in Korsakoff’s
syndrome, which is in accordance with our findings. The
present review of 17 patients indicates a rather clinical

presentation with anterograde amnesia due to fornix infarc-
tion, as confirmed by MRI in all cases. As the supply of the
fornix is mainly fed by the ScA, one has to be very cautious
regarding this perforating branch originating from the AcoA.
Matsuoka et al. [25] reported of two cases they have treated
with surgical clipping of AcoA aneurysms with both having a
perforating artery branching from the top of the dome. In one
case, the patient had permanent memory impairment postopera-
tively, and the other patient did not show any neurological deficit.
In the first case, memory impairment was considered as the
natural outcome due to the interruption of blood flow of the
ScA by the clipping of the aneurysm. On the other hand, in the
second case, sufficient collateral blood flow from A2 to the
subcallosal area might have prevented damage. However, until
now, only one case has been reported that demonstrated a fornix
infarction andKorsakoff’s dementia after coiling of a largeAcoA
aneurysm. In this particular case, the cause might have been the
accidental closure of theAcoA, thus leading to closure and stroke
of the ScAwith subsequent fornix infarction.We add one case to
the literature and present for the first time that this might even
occur without accidental or intentioned closure of the AcoA. As
not all patients do receive a standard post-embolization MRI in
daily practice, the here underlying pathomechanism might be
underestimated in the treatment of AcoA aneurysms but is,
however, crucial. We conclude that despite its small size, the
ScA is an important artery to watch out for during surgical or
endovascular treatment of AcoA aneurysms.
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script does not contain clinical studies or patient data.
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Surgical and Radiologic Anatomy 

1 3

Termination of the SCA

The SCA mainly terminated in either the body (36.8%) or 
the genu of the corpus callosum (36.8%). The remaining 
SCAs terminated at the rostrum of the corpus callosum 
(27.4%).

Diameter of the SCA

The mean ± SD diameter of the SCA was 0.83 ± 0.57 mm, 
and 4 SCAs were over 1 mm in diameter. The mean ± SD 
length of the SCA was 38.14 ± 25.11 mm, and 4 were 
longer than 69 mm (Table 1). These two variables were 
significantly correlated (Pearson’s correlation coefficient: 
0.79; p < 0.001).

Vascularized territories

The brain parts vascularized by the SCA are listed in 
Table 2. The most frequently vascularized parts were the 
paraterminal and parolfactory gyri, the rostrum, and genu 
of the corpus callosum, the lamina terminalis, and the ante-
rior commissure. In five cases, we found a perforating SCA 
branch that vascularized the fornix (Figs. 7, 8).

Fig. 2  Inferior view of the interhemispheric fissure: ACoA (1); left 
post-communicating ACA (2); right precommunicating ACA (3); 
right post-communicating ACA (4); SCA (5); a perforating branch, 
vascularizing the lamina terminalis, and rostrum of the corpus callo-
sum (6); the path of the SCA, in front of the genu of the corpus cal-
losum (7)

Fig. 3  Left hemisphere (median view): optic chiasm (1); left post-
communicating ACA(2); ACoA (3); parolfactory gyrus (4); anterior 
cingulate gyrus (5); rostrum of the corpus callosum (6); genu of the 
corpus callosum (7); body of the corpus callosum (8); anterior com-
missure (9)

Fig. 4  Median view of the left hemisphere, afterremoval of the right 
paraterminal gyrus: ACoA (1); left post-communicating ACA (2); 
SCA (3); paraterminal gyrus (4); lamina terminalis (5); anterior com-
missure (6); rostrum of the corpus callosum (7); genu of the corpus 
callosum (8)

NA: Nuclei Accumbens

NA

Schematic of brain 
circuitry implicated in 
the comorbidity of 
depression and 
addiction. Dopaminergic 
(DA; red), glutamatergic 
(Glu; green), and orexin 
neuron (yellow) inputs 
converge on γ-
aminobutyric acid 
(GABA)ergic (blue) 
neurons in the nucleus 
accumbens (NAc) to 
coordinate and 
regulate behaviors of 
depression and 
addiction.  

BLA, basolateral amygdala; LH, lateral 
hypothalamus; MDT, mediodorsal thalamus; 
PFC, prefrontal cortex; HPC, hippocampus; VP, 
ventral pallidum; VTA, ventral tegmental area. Xu L, et al. The Nucleus Accumbens: A Common Target in the Comorbidity of 

Depression and Addiction. Front Neural Circuits 2020;14:37.

What is the role of Nucleus Accumbens ?

Montag C, et al. Facebook usage on smartphones and gray matter volume of the nucleus accumbens. Behav Brain Res 
2017;329:221–8.

Higher daily frequency of checking Facebook (SNS) on 
the smartphone was robustly linked with smaller gray 
matter volumes of the nucleus accumbens.

Schippers MC, et al. Deep Brain Stimulation of the Nucleus Accumbens Core Affects Trait Impulsivity in a Baseline-
Dependent Manner. Front Behav Neurosci 2017;11:52.

One recent longitudinal study has identified lower NAcc 
volumes as risk factors for alcohol use onset in a 
community sample of  adolescents . 

Obsessive-Compulsive Disorder (OCD) is the considered as the 
cause of right NAcc.

“Reward circuits” are located within the mesocorticolimbic dopamine 
systems originating in the ventral tegmental area (VTA), projecting to 
the nucleus accumbens (NAc), the amygdaloid nucleus (AMY), and 
prefrontal cortex area.
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treatments of OCD such as cingulotomy and ventral cap-
sulotomy (which probably affects fibers of the internal
capsule).

5. What are the relevant psychological mechanisms underly-
ing OCD? Theories have included impaired cognitive con-
trol (capturing the inability to regulate compulsive
behavior), impaired cognitive flexibility (the inability to
regulate thinking), and an impaired balance between
goal-directed behavior andmore automatic habit learning,
in favor of the latter. A completely different approach con-
siders possible meta-cognitive mechanisms, based for
example on impaired processing of uncertainty in decision
making. Interfacing with these are the possible contribu-
tions of anxiety and stress.

6. Which treatments work for OCD, and how? Cognitive
behavioral therapy based on exposure combined with
response prevention (ERP) appears to be the preferred
psychological procedure, at least for compulsive
behavior. Medication strategies employ drugs boosting
serotonin (5-hydroxytryptamine, 5-HT) such as the
selective serotonin reuptake inhibitors (SSRIs), the tricy-
clic drug clomipramine, and in more severe cases,
dopamine (DA) receptor blocking agents. The precise
rationale for SSRI treatment (which is moderately effec-
tive), especially at the high doses employed, is unclear,
as it does not appear to be simply related to antidepres-
sant effects.
Surgical approaches require a firmer neural circuit basis
(Greenberg et al., 2010). For example, do anterior cingulot-
omy and ventral capsulotomy interrupt the same circuit at

different points? Similar considerations apply to the more
modern use of deep brain stimulation (DBS) in OCD. Both
ventral capsule (and ventral striatum) and subthalamic nu-
cleus sites have been reported to be effective treatments
for severe patients, often reducing clinical ratings by
35% or more. The neural circuit rationale for promising
less invasive, neuromodulatory methods such as repeti-
tive transcranial magnetic stimulation (rTMS) and direct
current stimulation (tDCS) will require similar analysis.

7. Are current animal models of OCD useful? While much
of the basic neuroscience underlying our present
understanding of OCD has depended on animal experi-
mentation (for example, the definition of functional
neuroanatomical systems with their specific cell types,
connectivities, and neurotransmitters), the utility of animal
models for assessing etiological (e.g., genetic) factors,
pathophysiological mechanisms, and possible treatments
of simple repetitive behaviors is still being evaluated.

In this Review, we will address these various questions and
assess the progress that is being made from a neuroscientific
approach to OCD and related disorders.

Genetics of OCD
The position little short of a decade ago was that OCD is familial,
with twin studies suggesting the involvement of genetic factors
(Pauls, 2010). However, the mode of transmission was unclear,
and the speculation was that OCD appeared to be a classic het-
erogeneous, polygenic neuropsychiatric disorder for which there
was only suggestive evidence for genes of moderate-to-large

Figure 1. Compulsivity as a Transdiagnostic Dimension, Definition, and Measurement
The diagnoses can extend from OCD to Tourette tic disorder, drug addiction, eating disorders, and behavioral addictions such as compulsive gambling and
compulsive internet use. Compulsivity as defined above can bemeasured in a variety of ways, including of stereotyped behavior, neuropsychological assessment
of cognitive flexibility, inappropriate perseveration in reversal learning tasks, or response inhibition, and by questionnaires. BES, Binge-Eating Scale; OCI,
Obsessive-Compulsive Inventory; OCDUS, Obsessive-Compulsive Drug Use Scale; PI-WSUR, Padua Inventory-Washington State University Revision; YBOCS,
Yale-Brown Obsessive-Compulsive Scale.
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The presentation of ScA infarction is 
anterograde amnesia, sometimes associated 
with other symptoms such as retro-grade 
amnesia, behavioral or personality changes, 
psychomotor retardation, or Korsakoff 
psychosis.

Michel, P.et al. Bilateral Fornical Columns Infarction Secondary to an Arteriovenous Malformation 
Embolization, World Neurosurg. 2020 Mar;135:113-117.

The ScA is replaced by the median cal-
losal artery (MdCA) in 21% of cases. Both
arteries do not coexist. The mean diameter
of the ScA is 0.5 ! 0.1 mm; for the MdCA
the mean diameter is 1.1 ! 0.6 mm. In a
study analyzing the heads of 33 adults, 26
(79%) had ScA, whereas 7 (21%) had
MdCA. Because the MdCA reaches the
body and splenium of the corpus cal-
losum, it can therefore be considered as a

variant of the ScA with a longer
trajectory.8,9

The diameter and length of the ScA was
greater in the fornix vascularized group in
a study of 21 cadaveric brains.6 Ischemia of
the ScA during surgery or endovascular
treatment of AcoA aneurysms might be
more likely to result in memory
disorders, especially in large-diameter
arteries.
The presentation of ScA infarction is

anterograde amnesia, sometimes associ-
ated with other symptoms such as retro-
grade amnesia, behavioral or personality
changes, psychomotor retardation, or
Korsakoff psychosis.2,10

Magnetic resonance imaging can show
a goblet sign, which is a Y image formed
on magnetic resonance imaging axial view
by an acute infarct of the corpus callosum
genu and both anterior columns of the
fornix and is often seen in cases of
amnestic syndrome of the ScA.11 However,
we were unable to identify this sign in the
presented case.
ScA strokes can be explained by iatro-

genic or noniatrogenic causes. The latter
ones are the most frequent, especially
microangiopathy rather than car-
dioembolism. However, iatrogenic causes
are well known by neurosurgeons. Indeed,
some cases of memory impairment have
been reported after AcoA aneurysm treat-
ment (clipping or coiling).2-5

To our knowledge, fornix infarction
caused by embolization of frontobasal
paramedian AVM supplied by the ACA has
never been reported in the literature.
Our assumption is that this fornix

infarction took place during the emboli-
zation procedure that was performed
through the A2 branches. Indeed, SQUID
18 (Emboflu, Gland, Switzerland) was
used, which is a nonadhesive liquid
embolic agent and has the ability to get
deeper into the nidus of the AVM to reach,
in counterflow, the distal microvessels of
other small feeders of the AVM. This
means that the ScA or one of its branches
was probably contributing to the AVM.
This hypothesis was reinforced retrospec-
tively when a small vessel that looked like
the ScA was visible on digital subtraction
angiography until the last embolization
(Figures 5 and 6).
Other less probable hypotheses are

worth mentioning. The first one is an
anatomic variation of the ScA, arising from
the ACA. However, such anatomic varia-
tions have not been described in the liter-
ature. In terms of anatomic variations, the
ScA can arise either from the side of the
artery or from themidportion of the artery.6

However, emergence of the ScA has never
been found elsewhere than from the
ACoA. Further anatomic research should
be carried out to exclude any anatomic
variations arising in the ScA and to

Figure 3. Digital subtraction angiography, profile views. (A) First
embolization of the arteriovenous malformation (AVM) by Onyx 34 and
Onyx 18 (a nonadhesive liquid embolic agent composed of ethylene vinyl
alcohol dissolved in dimethyl sulfoxide) (Ev3 Inc., Plymouth,

Massachusetts, USA). (B) Second embolization of the AVM by SQUID 18
(a nonadhesive liquid embolic agent composed of ethylene vinyl alcohol
copolymer with suspended micronized tantalum) (Emboflu). (C) Third and
final embolization of the AVM by SQUID 18.

Figure 4. Postoperative cerebral magnetic
resonance imaging. Diffusion sequence in
an axial plane. The white arrow indicates a
hyper signal that corresponds to a bilateral
infarction of the anterior columns of the
fornix.
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investigate local vascularization of anterior
columns of the fornix.
Another hypothesis is a ScA infarction

secondary to a localized cerebral

vasospasm of the ACoA complex second-
ary to the embolization procedure
occurred.12 However, there was no
subarachnoid hemorrhage at the time of

the last embolization session. Indeed, a
subarachnoid hemorrhage had happened
8 months before the last embolization.
This hypothesis is therefore less likely.

CONCLUSIONS
We report an unusual and rare case of
infarction of the anterior columns of the
fornix consecutive to the embolization of an
ACA vascular pedicle of an AVM. Such in-
farctions are well described in ScA stroke
but not in peripheric embolization.
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Right anterior oblique view on digital subtraction angiography 
(DSA). (A) DSA performed after the first arteriovenous 
malformation (AVM) embolization. A small subcallosal a. is visible 
(black arrow); it arises from the anterior communicating artery. (B) 
DSA performed at the end of the last AVM embolization. The 
subcallosal a. is not visibly seen anymore. due to the plugged by 
SQUID 18.  

Arterial anatomy of the limbic system 
Anterior ethmoid artery 
Recurrent artery of Heubner  
Olfactory artery 
Anterior choroidal artery (Uncal artery)  
Posterior choroidal artery (Artery of Uchimura) 
Pericallosal artery (Cingulate gyrus)  
Posterior cerebral artery (isthmus part of CG)
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Cranial division of internal carotid artery 
= Primitive olfactory artery

Ruptured aneurysm of the left primitive olfactory artery

Ruptured aneurysm of the left primitive olfactory artery
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ANTERIOR CEREBRAL ARTERY OF RAT 
D. B. Moffat 

PLATE 1 

25 

primitive olfactory a.

MCA

ICA caudal division (P.com.)

ICA cranial (rostral) division

ICA caudal division (P2)

ICA caudal division (P2)

ICA

A1

Moffat DB. The development of the anterior cerebral artery and its related vessels in the rat. Am J Anat 1961;108:17–29.

ANTERIOR CEREBRAL ARTERY OF RAT 
D. B. Moffat 

PLATE 2 

27 

primitive olfactory a.

A1

Primitive network (A.com.)

Primitive maxillar a.  
(ventral ophthalmic a.) 

Moffat DB. The development of the anterior cerebral artery and its related vessels in the rat. Am J Anat 1961;108:17–29.

ANTERIOR CEREBRAL ARTERY OF RAT 
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PLATE 3 

29 

primitive olfactory a.
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ICA cranial (rostral) division

A1
A.com.

Moffat DB. The development of the anterior cerebral artery and its related vessels in the rat. Am J Anat 1961;108:17–29.

20 D. B. MOFFAT 

To sum up, the adult anterior cerebral 
artery (fig. 1) is formed from the stem of 
the primitive olfactory artery, the prox- 
imal part of its recurrent branch, one of 
the cranially directed branches of the lat- 
ter, and a single midline vessel which 
develops in situ between the two telen- 
cephalic vesicles. The distal portion of the 
primitive olfactory artery becomes the ol- 
factory branch of the anterior cerebral, 
while the distal part of the recurrent 
branch becomes a chiasmal branch of the 
anterior cerebral artery. 

Fig. 1 Diagram of the base of the brain to 
show the derivation of the anterior cerebral ar- 
tery. The adult vessels are shown in solid black 
while the embryonic vessels are shown on the op- 
posite side of the diagram. The optic stalk has 
been divided. MC, middle cerebral artery; A, 
anterior cerebral artery; 0, olfactory branch of 
anterior cerebral artery; C, chiasmal branch of 
anterior cerebral artery; I, infundibular artery; 
horizontal hatching, primitive olfactory artery; 
diagonal hatching, primitive maxilIary artery; 
stipple, recurrent branch of primitive olfactory 
artery. 

DISCUSSION 
The primitive maxillary artery is a rela- 

tively large and important vessel up to 
the 6 min stage and may, in fact, be as 
large as the continuation of the internal 
carotid artery. It is therefore surprising 
that it has been described by so few 
authors since it appears to be equally 
prominent in human embryos of the ap- 
propriate age. The artery was named by 
Sabin (’17) who did not describe the 
artery but labeled it in a 6.5-mm pig 

embryo in her plate 7. The term was re- 
tained by Padget (’48), who found this 
vessel prominent up to the 5-6 mm stage 
in human embryos; it supplies the cra- 
nial pole of the forebrain and the optic 
outgrowth. Rosenbauer (’55) also used 
this term in describing the vessel in a 24 
somite human embryo, and it is therefore 
not intended to change it here in spite of 
its slightly misleading nature. The ves- 
sel bas been mentioned or illustrated by 
other authors, sometimes with inaccurate 
labeling. Piper (’00) shows a vessel in a 
6.8-mm human embryo which resembles 
the primitive maxillary artery but which 
is labeled the “a. corporii callosi.” Tandler 
(’02), in his stage 2, describes and illus- 
trates in his plate 3 ,  figure 4 the “anterior 
branch of the internal carotid artery 
which passed just in front of the stomato- 
daeum, and as Padget (’48) has pointed 
out, this vessel must represent, in fact, 
the primitive maxillary artery, although 
the anterior division of the internal car- 
otid in a 5-mm human embryo is correctly 
described as passing dorsal to the optic 
outgrowth. Fuchs (’05), who studied rab- 
bit embryos, described the appearance of 
the “erste Augenarterie” on the 9th day. 
This vessel passes ventral to the optic out- 
growth and is succeeded by the “hypoph- 
thalmic artery” which is probably derived 
from it. Elze (’07) described an unidenti- 
fied vessel passing ventral to the optic 
outgrowth, which appears to be a primitive 
maxillary artery. 

The recurrent branch of the primitive 
olfactory artery on the other hand does 
not appear to have been described before, 
although a number of authors have shown 
that the base of the optic outgrowth is 
almost, or completely, surrounded by an 
arterial ring. Thus Fuchs (’05) men- 
tioned an almost complete circle in this 
situation, which in two embryos was, in 
fact, completed by capillaries, while Elze 
(’07) similarly illustrates an almost com- 
plete circle. More complete reconstruc- 
tions are seen in Padget’s (’48) paper and 
in her figure 3,  which shows a 5.5-mm 
human embryo, there is a large primitive 
maxillary artery which, together with what 
appears to be a small recurrent branch 
of the primitive olfactory artery, all but 
completes a peri-optic ring. Her figures 

Diagram of the base of the brain to show the 
derivation of the anterior cerebral artery. The 
adult vessels are shown in solid black while 
the embryonic vessels are shown on the 
opposite side of the diagram.  
The optic stalk has been divided. MC, 
middle cerebral artery;  
A, anterior cerebral artery;  
O, olfactory branch of anterior cerebral 
artery;  
C, chiasmal branch of anterior cerebral 
artery;  
I, infundibular artery;  
horizontal hatching, primitive olfactory artery;  
diagonal hatching, primitive maxilIary artery;  
stipple, recurrent branch of primitive 
olfactory artery.  

primitive 
olfactory artery

primitive 
maxilIary artery 
(lateral branch)

recurrent branch of 
primitive olfactory 
artery
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Am J Anat 1961

57 years ago

Adult form under development

Olf

ICA

rostral branch

caudal branch

primitive maxillary 
artery (lateral br)

optic vesicle

primitive olfactory 
artery

recurrent branch of 
primitive olfactory 

artery

Moffat DB. The development of the anterior cerebral artery and its related vessels in the rat. Am J Anat 1961;108:17–29.

primitive 
olfactory artery

recurrent branch of 
primitive olfactory artery

A1 M1

Lateral Olf. Stria

Medial Olf. Stria
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20 seconds acquisiion of CBCT 
showed the venous phase of 
olfactory system

Primitive olfactory artery is a vestiges of dominant artery in the 
development of rhinencephalon.

courtesy by Dr.Kominami
Primitive olfactory artery is a vestiges of dominant artery in the 
development of rhinencephalon. courtesy by Dr.Kominami
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Fig.2-A Lateral image, an angiogram obtained after injection into the right internal carotid artery 

shows a hairpin turn in a persistent primitive olfactory artery type1 (black arrow) 9).

Fig.2-B A 57-year-old woman with a history of clipping of ruptured aneurysm of the left middle 

cerebral artery. Lateral (a) and left anteroinferior oblique (b) projections show that the A1 seg-

ment of the right anterior cerebral artery courses extremely anteroinferiorly, makes a hairpin 

turn (arrows), and connects posterosuperiorly to the A2 segment of the ACA, indicative of a 

persistent primitive olfactory artery type1 5).

Niche Neuro-Angiology Conference 2012

Katayama M, et al

Fig.2-A Lateral image, an angiogram obtained after injection into the right internal carotid artery 

shows a hairpin turn in a persistent primitive olfactory artery type1 (black arrow) 9).

Fig.2-B A 57-year-old woman with a history of clipping of ruptured aneurysm of the left middle 

cerebral artery. Lateral (a) and left anteroinferior oblique (b) projections show that the A1 seg-

ment of the right anterior cerebral artery courses extremely anteroinferiorly, makes a hairpin 

turn (arrows), and connects posterosuperiorly to the A2 segment of the ACA, indicative of a 

persistent primitive olfactory artery type1 5).

Niche Neuro-Angiology Conference 2012

Katayama M, et al

Cranial division of internal carotid artery = primitive olfactory artery Cranial division of internal carotid artery = primitive olfactory artery
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1. Functional anatomy of the limbic system 
2. Arterial anatomy of the limbic system 

Anterior ethmoid artery, Olfactory artery, Recurrent artery of 
Heubner  
Anterior choroidal artery (Uncal artery)  
Posterior choroidal artery,Artery of Uchimura, 
Cingulate gyrus (CG), isthmus part of CG, 

3. Venous anatomy of the limbic system
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54 S. Takahashi

�PROXIMAL	�BRANCHES�OF�THE�-3!�ARE�LARGER�IN�NUMBER�AND�OFTEN�IN�SIZE��AVERAGE�DIAMETER��
����PM	� THAN� THE�MEDIAL�BRANCHES� �AVERAGE�DIAMETER������PM	� ;������=��4HESE�VESSELS�
CONSTANTLY� PERFUSE� THE� REGION�OF� THE� ANTERIOR� HYPOTHALAMUS� AND� THE�MEDIAL� THIRD� OF� THE�
ANTERIOR�COMMISSURE�AND�ONLY�OCCASIONALLY�SUPPLY�THE�CAUDATE�NUCLEUS�AND�GLOBUS�PALLIDUS�
;������=�
4HE�RECURRENT�ARTERY�OF�(EUBNER��2!(	�USUALLY�ORIGINATES�FROM�THE�!#!�AT�THE�LEVEL�OF�

THE�ANTERIOR�COMMUNICATING�ARTERY��!#O!	��!�ǻ!��JUNCTION	�AND�COURSES�LATERALLY�ALONG�
THE�!�� SEGMENT� OF� THE�!#!� ;��� ���� ��=��WHICH�MAY�BE� SEEN� ON� CONVENTIONAL� CEREBRAL�
ANGIOGRAMS��&IGS������AND����	��4HE�2!(�MAY�GIVE�OFF�TWO�OR�MORE�VESSELS�TO�THE�OLFACTORY�
SYSTEM��RECTAL�GYRUS�AND�PARATERMINAL�GYRUS��AND�ʄNALLY�END�UP�AS�PERFORATORS�TO�SUPPLY�THE�
BASAL�GANGLIA��)TS�EXTRACEREBRAL�MEAN�DIAMETER�IS����ǻ������PM��AND�THAT�OF�THE�TERMINAL�
BRANCHES��MEAN������PM�;����������=��&IG�����	�

0HYLOGENETICALLY��THE�2!(�REPRESENTS�THE�REMNANT�OF�AN�ANASTOMOTIC�CHANNEL�OVER�THE�
TUBERCULUM�OLFACTORIUM�BETWEEN�THE�!#!�AND�THE�ORIGINAL�STEM�OF�THE�-#!��AND�IT�GIVES�
RISE�PRIMARILY�TO�THE�STRIATE�ARTERIES��AS�SEEN�IN�MARSUPIALS�AND�UNGULATES�;�����=��&IG�����	��
)N�PRIMATES��THE�MEDIAL�HALF�OF�THIS�ANASTOMOTIC�CHANNEL�ENLARGES�SO�THAT�THE�!#!�SUPPLIES�
THE�MEDIAL�STRIATE�BRANCHES��-3!	��AND�THE�COMMUNICATION�WITH�THE�-#!�EVENTUALLY�DIS
APPEARS��&IG�����	��4HUS��THE�!#!�EVENTUALLY�SUPPLIES�REGIONS�ONCE�FED�BY�THE�-#!�VIA�
THE� ENLARGED� ANASTOMOTIC� CHANNEL� OF� THE� 2!(�� 4HE� REMAINING� POSTEROLATERAL� STRIATE�
BRANCHES�� OR� LENTICULOSTRIATE� ARTERIES� �,3!	�� ORIGINATE� FROM� THE� -#!�� 4HEREFORE�� THE�
BRANCHES�OF�THE�2!(��WHICH�MAY�ALSO�BE�CALLED�-3!��AND�THE�,3!�CAN�BE�SAID�TO�REPRESENT�
THE�SAME�KIND�OF�ARTERIESȪTHE�-3!��THE�MEDIAL�STRIATE�BRANCHES��AND�THE�,3!��THE�LATERAL�
STRIATE��OR�LENTICULOSTRIATE�BRANCHES�
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Fig. 2.1� /UTLINE�OF�THE�BASAL�PERFORATING�ARTERIES��ADAPTED�FROM�!ITKEN������	��!#!�ANTERIOR�CERE
BRAL�ARTERY��!#H!�ANTERIOR�CHOROIDAL�ARTERY��!#O!�ANTERIOR�COMMUNICATING�ARTERY��!M�AMYGDALOID�
BODY��"!�BASILAR�ARTERY��#D�CAUDATE�NUCLEUS��'0�GLOBUS�PALLIDUS��)#�INTERNAL�CAPSULE��)#!�INTERNAL�
CAROTID�ARTERY��,0#H!�LATERAL�POSTERIOR�CHOROIDAL�ARTERY��,3!�LENTICULOSTRIATE�ARTERIES��-#!�MIDDLE�
CEREBRAL�ARTERY��-0#H!�MEDIAL�POSTERIOR�CHOROIDAL�ARTERY��-3!�MEDIAL�STRIATE�ARTERIES��/4�OPTIC�
TRACT��0#!�POSTERIOR�CEREBRAL�ARTERY��0T�PUTAMEN��2!(� RECURRENT�ARTERY�OF�(EUBNER��4'!� THALA
MOGENICULATE�ARTERY��40!�THALAMOPERFORATE�ARTERY��4H�THALAMUS��44!�THALAMOTUBERAL�ARTERY

Outline of the basal perforating arteries (adapted from Aitken, 1928). Am amygdaloid body; BA basilar artery; Cd 
caudate nucleus; GP globus pallidus; IC internal capsule; 
LPChA lateral posterior choroidal artery; LSA lenticulostriate arteries; MCA middle cerebral artery; MPChA medial 
posterior choroidal artery; MSA medial striate arteries; OT optic tract; PCA posterior cerebral artery; Pt putamen; 
RAH recurrent artery of Heubner; TGA thala- mogeniculate artery; TPA thalamoperforate artery; Th thalamus; TTA 
thalamotuberal artery 
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CONTRALATERAL�SIDE��PERHAPS�FROM�INVOLVEMENT�OF�THE�RED�NUCLEUS�OR�VENTRAL�LATERAL�NUCLEUS��6,	�
OF� THE� THALAMUS�� BOTH� OF�WHICH� RECEIVE�ʄBERS� OF� THE� DENTATORUBROTHALAMIC� TRACT� ;���� ��=��
(EMIHYPESTHESIA�IS�OBSERVED�WITH�OR�WITHOUT�THALAMIC�PAIN��WHICH�INDICATES�INVOLVEMENT�OF�
THE�VENTRAL�POSTERIOR�NUCLEUS��-ANY�PATIENTS�WITH�INFARCTION�OF� THE�4'!�MAY�PRESENT�WITH�
MINIMAL�OR�NO�DISTURBANCE�OF�FACIAL�SENSATION�BECAUSE�THE�MEDIAL�PORTION�OF�THE�VENTRAL�POSTE
RIOR�NUCLEUS�IS�PRIMARILY�SUPPLIED�BY�THE�40!�;��=��7HEN�INFARCTION�IS�SMALL��PURE�SENSORY�OR�
SENSORY�MOTOR�STROKE�CAN�RESULT�;�=��!�UNILATERAL�LESION�OF�THE�MEDIAL�GENICULATE�BODY�USUALLY�
CAUSES� NO� CLINICAL�MANIFESTATION�� AND� VISUAL� ʄELD� DEʄCITS� FROM� INVOLVEMENT� OF� THE� LATERAL�
GENICULATE�BODY�ARE�RARE�

1012 Intracranial Arterial System: Basal Perforating Arteries  

Pt
NAc

IThP

CP

CdT

CP

SN

GPlPt

CdT
LGB

MGB ML

GT Dar

MLF

SCo

PAg

Hth

MTTSth

APd

GPm

POp
FxCo

RN

ICp

CdT

ThF

CdH

Pt
GPl

GPm

ICa FxCo

AC

AL

Fsc

MTT
VL

ICp

CdT
P

Hb

DM

CM

ThF

VPL

a

b

CONTRALATERAL�SIDE��PERHAPS�FROM�INVOLVEMENT�OF�THE�RED�NUCLEUS�OR�VENTRAL�LATERAL�NUCLEUS��6,	�
OF� THE� THALAMUS�� BOTH� OF�WHICH� RECEIVE�ʄBERS� OF� THE� DENTATORUBROTHALAMIC� TRACT� ;���� ��=��
(EMIHYPESTHESIA�IS�OBSERVED�WITH�OR�WITHOUT�THALAMIC�PAIN��WHICH�INDICATES�INVOLVEMENT�OF�
THE�VENTRAL�POSTERIOR�NUCLEUS��-ANY�PATIENTS�WITH�INFARCTION�OF� THE�4'!�MAY�PRESENT�WITH�
MINIMAL�OR�NO�DISTURBANCE�OF�FACIAL�SENSATION�BECAUSE�THE�MEDIAL�PORTION�OF�THE�VENTRAL�POSTE
RIOR�NUCLEUS�IS�PRIMARILY�SUPPLIED�BY�THE�40!�;��=��7HEN�INFARCTION�IS�SMALL��PURE�SENSORY�OR�
SENSORY�MOTOR�STROKE�CAN�RESULT�;�=��!�UNILATERAL�LESION�OF�THE�MEDIAL�GENICULATE�BODY�USUALLY�
CAUSES� NO� CLINICAL�MANIFESTATION�� AND� VISUAL� ʄELD� DEʄCITS� FROM� INVOLVEMENT� OF� THE� LATERAL�
GENICULATE�BODY�ARE�RARE�

102 S. Takahashi

Pt

CdH
ICa

Cla

A

DM

VL

LP
PICp

CdT

ICg

Cla

CdB

IC / CR

c

d

MSA (medial striate arteries)
from A1 segment of ACA 

MSA from
RAH (recurrent artery of Heubner)

Perforators from
ACoA (anterior communicating artery)

LSA (lenticulostriate arteries)

AChA (anterior choroidal artery)

ICAp (perforators of the ICA)

TTA (thalamotuberal arteries)

TPA (thalamoperforate arteries)

TGA (thalamogeniculate arteries)

MPChA (medial posterior choroidal artery)

LPChA (lateral posterior choroidal artery)

White zone in the midbrain tectal region
mainly represents the area of collicular
arteries (See Figs. 3.24 and 3.25)

Fig. 2.46� �CONTINUED	

2.4.5  
 Medial Posterior Choroidal Artery

4HE�-0#H!�ARISE�FROM�THE�0#!�OR�ITS�BRANCHES�AND�ENTER�THE�ROOF�OF�THE�THIRD�VENTRICLE��
&UJII� ET� AL�� REPORT� �ǻ�� �AVERAGE� ���	�-0#H!� PER� HEMISPHERE�� WITH� THE� SINGLE� VESSELS�
OCCURRING�IN�HALF�OF�HEMISPHERES�;��=��4HE�VESSELS�ARISE�PREDOMINANTLY�FROM�THE�0�!�AND�
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MdA

InA

LSA

AChA

CST

Fig. 2.62� !RTERIAL�SUPPLY�OF�
THE�CORTICOSPINAL�TRACT�IN�THE�
POSTERIOR�LIMB�OF�THE�INTERNAL�
CAPSULE�AND�THE�CORONA�
RADIATA��!#H!�ANTERIOR�
CHOROIDAL�ARTERY��)N!��
INSULAR�ARTERIES��,3!�
LENTICULOSTRIATE�ARTERIES��
-D!�MEDULLARY�ARTERIES��
OF�THE�CEREBRUM

PORTION�OF�THE�CEREBRAL�PEDUNCLE��WHEREAS�THE�,3!��WHICH�ARE�THE�PERFORATORS�OF�THE�-#!��
SUPPLY�THE�SUPERIOR�PORTION�OF�THE�POSTERIOR�LIMB��&IG������	��4HE�MEDULLARY�ARTERIES�OF�THE�
INSULAR�SEGMENT�OF�THE�-#!��I�E���LONG�INSULAR�ARTERIES�DESCRIBED�BY�4UREȀS�TEAM�;��������=��
AND�MANY�MEDULLARY�ARTERIES�FROM�THE�OPERCULAR�SEGMENT�AND�CORTICAL�BRANCHES�OF�THE�-#!�
TAKE�PART�IN�VASCULARIZING�THE�CORONA�RADIATA�MORE�SUPERIORLY�;��=�
3UCH�KNOWLEDGE�OF�THE�ANGIOARCHITECTURE�IN�THESE�REGIONS�IS�CRUCIAL�FOR�SURGICAL�PROCE

DURES� INVOLVING� TUMORS� OF� THE� BASAL� GANGLIA� AND�OR� INSULOOPERCULAR� TUMORS��WHICH� ARE�
DISCUSSED�ELSEWHERE��#HAPS����AND����BY�+UMABE�AND�ASSOCIATES	�

2.6.2  
 MR Imaging of the Basal Perforators

!LTHOUGH�CONVENTIONAL��OR�DIGITAL�SUBTRACTION��ANGIOGRAPHY��$3!	�IS�CONSIDERED�THE�GOLD�
STANDARD�FOR�ANGIOGRAPHY��ESPECIALLY�FOR�DELINEATING�SMALL�ARTERIES��INCLUDING�BASAL�PERFO
RATORS�� IT� IS� HIGHLY� INVASIVE� AND�OFTEN� RISKY�� REQUIRING� A� SUBSTANTIALLY� COMPLEX� IMAGING�
PROCEDURE�AND�ADMINISTRATION�OF�AN�IODINE�CONTRAST�MEDIUM��4HEREFORE��NONINVASIVE�TOOLS�
FOR�VISUALIZING�PERFORATORS�HAVE�LONG�BEEN�SOUGHT�

Arterial supply of the corticospinal tract in the posterior limb of the internal 
capsule and the corona radiata. AChA anterior choroidal artery; InA 
insular arteries; LSA lenticulostriate arteries; MdA medullary arteries 
of the cerebrum

LSA infarctio, post AIS

Cross point of striatal division (LSA) and hippocampal division (choroidal a.)　

108 Chapter 3

Fig. 3.87A,B. The striate arteries of the
interbrain structures. A Macroscopic
section and corresponding diagram (B)
of a brain specimen and correlated an-
giogram. ACH, choroidal arteries (su-
perior group); ACM, callosomarginal
artery; AH, artery of Heubner; AINS,
insular arteries; ALS, lenticulostriate
arteries; e, external striate; i, internal
striate; APC, pericallosal artery; APR,
prerolandic artery; AR, rolandic artery;
ASB, arteries of the white matter (LF) of
the frontal lobe; AYA, anterior temporal
artery; ATM, middle temporal artery.
(From Salamon 1971)
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Anterior Choroidal a.
(telencephalic segment)
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Post mortem
In vivo

AChA AChA

108Chapter 3

Fig. 3.87A,B. The striate arteries of the
interbrain structures. A Macroscopic
section and corresponding diagram (B)
of a brain specimen and correlated an-
giogram. ACH, choroidal arteries (su-
perior group); ACM, callosomarginal
artery; AH, artery of Heubner; AINS,
insular arteries; ALS, lenticulostriate
arteries; e, external striate; i, internal
striate; APC, pericallosal artery; APR,
prerolandic artery; AR, rolandic artery;
ASB, arteries of the white matter (LF) of
the frontal lobe; AYA, anterior temporal
artery; ATM, middle temporal artery.
(From Salamon 1971)
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anteriorFig. 2.26� 3AGITTAL�SECTION�
MICROANGIOGRAMS��A	�����CM�
AND��B	���CM�FROM�THE�
MIDLINE��DIFFERENT�SPECI
MENS	��REPRODUCED�FROM�
;��=	���A	�4HE�PROXIMAL�
CISTERNAL�PART�OF�THE�!#H!�
�ARROW	�IS�SHOWN�ARISING�
FROM�THE�POSTERIOR�ASPECT�OF�
THE�DISTAL�INTERNAL�CAROTID�
ARTERY�AND�GIVING�OFF�A�
NUMBER�OF�ʄNE�SUPERIOR�
PERFORATING�BRANCHES�
�ARROWHEADS	��3OME�OTHER�
ʄNE�VESSELS�ANTERIOR�TO�THEM�
�OPEN�ARROWHEAD	�MAY�BE�
DIRECT�PERFORATORS�OF�THE�
INTERNAL�CAROTID�FORK���B	�
3LIGHTLY�MORE�LATERALLY��ʄNE�
PERFORATING�VESSELS�FROM�THE�
DISTAL�CISTERNAL�PART�OF�THE�
!#H!��SOLID�ARROWHEAD	�
ASCEND�TO�THE�REGIONS�OF�THE�
GLOBUS�PALLIDUS�AND�INTERNAL�
CAPSULE�BETWEEN�THE�
STRIATUM��,3!	�ANTERIORLY�
AND�THALAMUS��4H	�
POSTERIORLY��3OME�OTHER�ʄNE�
VESSELS�ANTERIOR�TO�THEM�
�OPEN�ARROWHEAD	�MAY�BE�
CAROTID�PERFORATORS��!�TINY�
UNCAL�BRANCH�IS�ALSO�SHOWN�
�SMALL�YELLOW�ARROW	��-#!�
MIDDLE�CEREBRAL�ARTERY��0#!�
POSTERIOR�CEREBRAL�ARTERY��5�
UNCUS

4HE�CORTICAL�BRANCHES�OF�THE�!#H!�HELP�SUPPLY�THE�UNCUS��POSTERIOR�MEDIAL�PART�OF�THE�
AMYGDALOID�BODY��AND��OCCASIONALLY��THE�ANTERIOR�END�OF�THE�HIPPOCAMPUS��THE�OPTIC�TRACT��
AND�THE�LATERAL�HORN�OF�THE�LATERAL�GENICULATE�BODY�AND�THE�BEGINNING�OF�THE�OPTIC�RADIATION�
;����=��4HE�LATERAL�POSTERIOR�CHOROIDAL�ARTERY��,0#H!	�ENTIRELY�SUPPLIES�THE�MEDIAL�HORN�OF�
THE�LATERAL�GENICULATE�BODY��AND�THE�!#H!�AND�,0#H!�ANASTOMOSE�WITH�EACH�OTHER�TO�SUP
PLY�THE�INTERVENING�HILAR�REGION�;������=�
!�RECIPROCAL�RELATIONSHIP�HAS�BEEN�NOTED�BETWEEN�THE�ʄELD�OF�SUPPLY�OF�THE�!#H!�AND�THE�

NEARBY�ARTERIES��)N�CASES�WITH�A�SMALLER�NUMBER�OF�!#H!�PERFORATORS��THE�IPSILATERAL�)#!�
GIVES�RISE�TO�SEVERAL�MORE�PERFORATORS�THAN�USUAL�THAT�ARE�DISTRIBUTED�TO�THE�AREAS�COMMONLY�
SUPPLIED�BY�THE�PROXIMAL�PERFORATORS�OF�THE�!#H!�;������=��7HEN�THE�0#O!�IS�ABSENT��WHICH�
IS�RARE��OR�VERY�SMALL�IN�DIAMETER��SOME�OR�MOST�OF�THE�HYPOTHALAMIC��PREMAMILLARY	�ARTERIES�
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Fig. 2.29� 3TRUCTURES�FED�BY�THE�!#H!��MODIʄED�FROM�;��=	���A	�#ORONAL�SECTION���B	�,ATERAL�VIEW��
!M�AMYGDALOID�BODY��#D�CAUDATE�NUCLEUS��#H0�CHOROID�PLEXUS��#0�CEREBRAL�PEDUNCLE��'0�GLOBUS�
PALLIDUS��)#!�INTERNAL�CAROTID�ARTERY��)#P�POSTERIOR�LIMB�OF�THE�INTERNAL�CAPSULE��,'"�LATERAL�GENICU
LATE�BODY��,0"R�LATERAL�PLEXAL�BRANCH�OF�THE�!#H!��-0"R�MEDIAL�PLEXAL�BRANCH�OF�THE�!#H!��/4�
OPTIC� TRACT��0T� PUTAMEN��2.� RED� NUCLEUS�� 3.� SUBSTANTIA� NIGRA�� 3TH� SUBTHALAMUS�� 4H� THALAMUS��
5�UNCUS
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Fig. 2.30� !NASTOMOSES�OF�THE�!#H!�WITH�THE�0#O!0#!�SYSTEM��REPRODUCED�FROM�;���=	��4HE�!#H!�
HAS�ANASTOMOTIC�CHANNELS���	�OVER�THE�OPTIC�TRACT�WITH�BRANCHES�FROM�THE�0#O!����	�OVER�THE�CERE
BRAL�PEDUNCLE�WITH�THE�PROXIMAL�0#!����	�OVER�THE�PYRIFORM�CORTEX��UNCAL�BRANCHES	�WITH�THE�0#!�
BRANCHES� �TEMPORAL� AND�HIPPOCAMPAL�BRANCHES	�� ��	�OVER� AND�AROUND� THE� LATERAL� GENICULATE�BODY�
�,'"	�WITH�THE�0#!�BRANCHES��INCLUDING�THE�LATERAL�POSTERIOR�CHOROIDAL�ARTERY��,0#H!	��AND��ʄNALLY��
��	�IN�THE�CHOROID�PLEXUS��#H0	�WITH�THE�,0#H!��!#!�ANTERIOR�CEREBRAL�ARTERY��)#!�INTERNAL�CAROTID�
ARTERY��)4!�INFERIOR�TEMPORAL�ARTERY�OF�THE�POSTERIOR�CEREBRAL�ARTERY��-#!�MIDDLE�CEREBRAL�ARTERY��/#H�
OPTIC�CHIASM��/.�OPTIC�NERVE��/4�OPTIC�TRACT��5"�UNCAL�BRANCH�OF�THE�ANTERIOR�CHOROIDAL�ARTERY
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ARISE�FROM�THE�!#H!��!LSO��RARELY��BRANCHES�USUALLY�BELONGING�TO�THE�!#H!�MAY�ARISE�FROM�
THE�0#O!�TO�SUPPLY�THE�GENU�AND�THE�ANTERIOR�THIRD�OF�THE�POSTERIOR�LIMB�OF�THE�INTERNAL�CAP
SULE�;������=��3UCH�INVERSE�RELATIONSHIPS�OCCUR�BETWEEN�THE�0#!�AND�THE�!#H!�IN�THE�SUPPLY�
OF�THE�CEREBRAL�PEDUNCLE��SUBTHALAMIC�NUCLEUS��LATERAL�GENICULATE�BODY��AND�SO�ON�;��=�

!NASTOMOSES��4HE�!#H!�HAS�RICH�SUPERʄCIAL�ANASTOMOSES�WITH�ADJACENT�ARTERIES�;����
���=��!NASTOMOSES�WITH� THE�0#O!�OCCUR�ON� THE� SURFACE�OF� THE�OPTIC� TRACT� AND�CEREBRAL�
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Fig. 2.27� #ORONAL�SECTION�
MI�CROANGIOGRAMS�THROUGH�THE�
INTERPEDUNCULAR�FOSSA��REPRODUCED�
FROM�;��=	���A	�4HE�TRANSITIONAL�
PORTION�OF�THE�CISTERNAL�AND�PLEXAL�
PARTS�OF�THE�!#H!�CAN�BE�SEEN�
�ARROW	��4HE�MOST�DISTAL�PART�OF�
THE�CISTERNAL�SEGMENT�OF�THIS�ARTERY�
GIVES�OFF�A�PROMINENT�PERFORATOR�
THAT�RAMIʄES�A�NUMBER�OF�ʄNE�
BRANCHES��ARROWHEADS	��WHICH�RUN�
UPWARDS�TO�PENETRATE�THE�GLOBUS�
PALLIDUS�AND�THE�INFERIOR�PORTION�OF�
THE�POSTERIOR�LIMB�OF�THE�INTERNAL�
CAPSULE��BARELY�TERMINATING�AT�THE�
LATERAL�BORDER�OF�THE�THALAMUS��4H	�
BUT�NOT�REACHING�THE�LATERAL�
VENTRICULAR�WALL��4HE�BRANCHES�OF�
THE�!#H!�ALSO�SUPPLY�THE�ROOF�OF�
THE�TEMPORAL�HORN��PROBABLY�
INCLUDING�THE�TAIL�OF�THE�CAUDATE�
NUCLEUS��LONG�ARROW	��4HEY�MAY�
REPRESENT�A�KIND�OF�SUBEPENDYMAL�
ARTERIES��3%!	�OF�CHOROIDAL�
ARTERIES��,ATERALLY�AND�SUPERIORLY��
MORE�ROBUST�BRANCHES�OF�THE�
LENTICULOSTRIATE�ARTERIES��,3!	�
DISTRIBUTE�IN�THE�PUTAMEN�AND�THE�
SUPERIOR�PART�OF�THE�INTERNAL�
CAPSULE�AND�REACH�THE�CAUDATE�
NUCLEUS�ALONG�THE�LATERAL�WALL�OF�
THE�BODY�OF�THE�LATERAL�VENTRICLE��
4HE�UNCAL�BRANCH��OPEN�ARROW
HEAD	�RUNS�DOWNWARD�ALONG�THE�
MEDIAL�MARGIN�OF�THE�UNCUS�INTO�
THE�UNCAL�SULCUS�TO�THE�HEAD�OF�THE�
HIPPOCAMPAL�FORMATION��4HE�
PROXIMAL�PART�OF�THE�0#!�IS�SHOWN��
�B	�#ORONAL�MICROANGIOGRAM�
THROUGH�THE�MOST�PROXIMAL�PART�OF�
THE�0#!�FROM�ANOTHER�SPECIMEN�
AGAIN�SHOWS�VERY�SIMILAR�FEATURES�
OF�THE�!#H!��,6T��TEMPORAL�HORN�
OF�THE�LATERAL�VENTRICLE
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internal carotid artery, before the origin of the middle cerebral artery,
and rans posteriorly and dorsally along the optic tract and diencephalon
to terminate in the posterior cerebral artery (fig. 2). On its way it
supplies part of the pyriform cortex and underlying amygdaloid nucleus,
part of the corpus striatum, the optic tract and part of the lateral

Anterior \
eboroidal)
branches i

Pes peduncali
Lateral
ceniculate
Body

HiUr
anastomosis

Intermediate
and lateral
anastomoses

Posterior
choroidal
artery
(anterior system)

POB tenor
cboroidal
artery
(middle system)

Posterior
cerebral
artery

Polvinar

FIG. 9.—Human : dissection to show the termination of the anterior choroidal artery (black)
in the posterior cerebral. The injection has Dot entered all the finer branches.

geniculate body, part of the cerebral peduncle and snbthalamic region,
part of the internal capsule and the antero-inferior part of the choroid
plexus. The beginning of the caudal division of the internal carotid
artery is represented by the posterior communicating artery; the
posterior cerebral artery is so strongly connected with the basilar as to

238 OEIGINAL ARTICLES AND CLINICAL CASES

cortex anastomose with branches from the middle and posterior cerebral
arteries ; those to the uncus and fascia dentata with branches of the
posterior cerebral artery.

More posteriorly a series of branches pierces the optic tract; these
play little part in the supply of the tract, but pass dorsally into the base
of the brain to reach the posterior two-thirds of the posterior limb of

Optic
rbiasma

Internal carotid
artery

Anterior
cboroidal artery
Posterior
communicating
artery

Corpus mamiUaxe
Optic tr«c*

Posterior cerebral
artery

Pes pedunculi

Subttaatia
oigi-a

Lateral geniculate
body

Posterior
choroidal artery
(anterior «ystem)

Pulvinar thalanu

lorotd plexus

FIG. 4.—Human : dissection to show the general coarse and relations of the anterior
choroidal artery.

the internal capsule (which they supply to the level of the upper border
of the middle segment of the lenticular nucleus); the medial segment
and medial part of the middle segment of the lenticular nucleus (that is,
most of the globus pallidus); and the beginning of the optic and,
probably, acoustic radiations as far laterally as the lateral wall of the
descending horn of the lateral ventricle (fig. 5). The arteries of supply
to the optic tract pass medially and dorsally between the tract and the
peduncle, they then turn laterally to enter the dorso-medial aspect of

Abbie AA,Brain.1933
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!M�AMYGDALOID�BODY��#D�CAUDATE�NUCLEUS��#H0�CHOROID�PLEXUS��#0�CEREBRAL�PEDUNCLE��'0�GLOBUS�
PALLIDUS��)#!�INTERNAL�CAROTID�ARTERY��)#P�POSTERIOR�LIMB�OF�THE�INTERNAL�CAPSULE��,'"�LATERAL�GENICU
LATE�BODY��,0"R�LATERAL�PLEXAL�BRANCH�OF�THE�!#H!��-0"R�MEDIAL�PLEXAL�BRANCH�OF�THE�!#H!��/4�
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Fig. 2.30� !NASTOMOSES�OF�THE�!#H!�WITH�THE�0#O!0#!�SYSTEM��REPRODUCED�FROM�;���=	��4HE�!#H!�
HAS�ANASTOMOTIC�CHANNELS���	�OVER�THE�OPTIC�TRACT�WITH�BRANCHES�FROM�THE�0#O!����	�OVER�THE�CERE
BRAL�PEDUNCLE�WITH�THE�PROXIMAL�0#!����	�OVER�THE�PYRIFORM�CORTEX��UNCAL�BRANCHES	�WITH�THE�0#!�
BRANCHES� �TEMPORAL� AND�HIPPOCAMPAL�BRANCHES	�� ��	�OVER� AND�AROUND� THE� LATERAL� GENICULATE�BODY�
�,'"	�WITH�THE�0#!�BRANCHES��INCLUDING�THE�LATERAL�POSTERIOR�CHOROIDAL�ARTERY��,0#H!	��AND��ʄNALLY��
��	�IN�THE�CHOROID�PLEXUS��#H0	�WITH�THE�,0#H!��!#!�ANTERIOR�CEREBRAL�ARTERY��)#!�INTERNAL�CAROTID�
ARTERY��)4!�INFERIOR�TEMPORAL�ARTERY�OF�THE�POSTERIOR�CEREBRAL�ARTERY��-#!�MIDDLE�CEREBRAL�ARTERY��/#H�
OPTIC�CHIASM��/.�OPTIC�NERVE��/4�OPTIC�TRACT��5"�UNCAL�BRANCH�OF�THE�ANTERIOR�CHOROIDAL�ARTERY
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Fig. 58. Superior aspect of the uncus. Intravascular India ink
injection. Bar, 2.7 mm
1, semilunar gyrus; 2, ambient gyrus; 3, uncinate gyrus;
4, band of Giacomini; 5, uncal apex; 6, the anterior choroidal
artery courses in the semianular sulcus to reach the choroid

plexuses of the temporal horn (7); 8, uncal branch of the ante-
rior choroidal artery running along the uncal part of the super-
ficial hippocampal sulcus (9) to reach the uncal sulcus (10);
11, posterior cerebral artery

92 Chapter 5 Vascularization

Uncal branch of the anterior 
choroidal artery running along 
the uncal part of the superficial 
hippocampal sulcus

Duvernoy HM, 2013

In Vivo CBCT

Fig. 52. Intravascular India ink injection. On this prepara-
tion, the middle group of hippocampal arteries (1), arising
from an inferior temporal artery (1’), are the main arterial
supply to the hippocampal body. Bar, 2.5 mm

1, middle group of hippocampal arteries; 1’, inferior temporal
artery; 2, the posterior hippocampal artery with a territory
restricted to the terminal segment of the tail; 3, large arterial
branches penetrating in the sulci between the dentes of mar-
go denticulatus (4); 5, venous arch of the fimbriodentate sul-
cus; 6, subiculum; 7, posterior cerebral artery

84 Chapter 5 Vascularization

Duvernoy HM, 2013In Vivo CBCT

Fig. 46. A Superficia
l arteries and veins of hippocampal body

and tail. The temporal horn has been opened and the fimbria

removed, as seen in B

Superficia
l arteries: 1, posterior cerebral artery; 2, middle

hippocampal artery arising from the trunk of the posterior

cerebral artery; 3, posterior hippocampal artery arising from

an inferior temporal artery (3’); 4, arterial branches to the
B

78
Chapter 5 Vascularization

Duvernoy HM, 2013
In Vivo CBCT In Vivo CBCT
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The distance from the origin of AChA and the 
plexal point is around 22 mm.

In Vivo CBCT

40 S. Takahashi and S. Mugikura

RUN�MORE�OR�LESS�PARALLEL�TO�EACH�OTHER�ACROSS�THE�FREE�SURFACE�OF�THE�DENTATE�GYRUS��MARGO�
DENTICULATUS	�;������=��4HE�SUBICULUM�IS�SUPPLIED�BY�NUMEROUS�SUBICULAR�BRANCHES�FROM�THE�
SUPERʄCIAL�HIPPOCAMPAL�ARTERIES�AND� THEIR� LONGITUDINAL� TERMINAL�SEGMENTS�AS�WELL�AS� THE�
STRAIGHT�HIPPOCAMPAL�ARTERIES�
4HE� HIPPOCAMPAL� ARTERIES� RICHLY� ANASTOMOSE�WITH� EACH� OTHER��!NASTOMOSES� BETWEEN�

THEIR�LONGITUDINAL�TERMINAL�SEGMENTS�MAY�FORM�A�COMPLETE�ARTERIAL�ARCADE�ALONG�THE�HIP
POCAMPAL�FORMATION��A�RATHER�RARE�ʄNDING�IN�HUMANS�;����������=�

Fig. 1.30� -ICROANGIOGRAMS� DEMONSTRATING� VASCULAR� SUPPLY� OF� THE� INTRAHIPPOCAMPAL� ARTERIES�� �A	�
#ORONAL�SECTION�THROUGH�THE�HIPPOCAMPAL�HEAD��)N�THIS�CASE��THE�RELATIVELY�PROMINENT�UNCAL�BRANCH�OF�
THE�ANTERIOR�CHOROIDAL�ARTERY��!#H!�ARROW	�ENTERS�THE�UNCAL�SULCUS���53	��WHERE�IT�GIVES�OFF�NUMER
OUS�INTRAHIPPOCAMPAL�ARTERIES�UPWARDS��ARROWHEAD	���B	�#ORONAL�SECTION�THROUGH�THE�HIPPOCAMPAL�
BODY�SHOW�SUPERʄCIAL�HIPPOCAMPAL�ARTERY��LARGE�RED�ARROW	��3UBICULAR�ARTERIES��CURVED�ARROW	�ARE�
NOTED��4HE�LARGE�VENTRAL��SOLID�ARROWHEAD	�AND�DORSAL��OPEN�YELLOW�ARROWHEAD	�INTRAHIPPOCAMPAL�
ARTERIES� FOLLOW� THE� ROLLING� LAYERS�OF� THE�HIPPOCAMPUS�� AND�VERY�ʄNE�ARTERIES� THAT�PARALLEL� THEM� IN�
BETWEEN�MAY�REPRESENT�SMALL�VENTRAL�INTRAHIPPOCAMPAL�ARTERIES���C	�!NOTHER�CORONAL�SECTION�THROUGH�
THE�HIPPOCAMPAL�BODY�SHOW�STRAIGHT�HIPPOCAMPAL�ARTERY� �BLUE�ARROW	��3UBICULAR�ARTERIES� �CURVED�
ARROW	�AND�THE�LARGE�VENTRAL��SOLID�ARROWHEAD	�AND�DORSAL��OPEN�YELLOW�ARROWHEAD	�INTRAHIPPOCAM
PAL�ARTERIES�ARE�NOTED���D	�#ORONAL�SECTION�THROUGH�THE�HIPPOCAMPAL�TAIL�SHOWS�SUPERʄCIAL�HIPPOCAM
PAL�ARTERY��LARGE�ARROW	�AND�NUMEROUS�INTRAHIPPOCAMPAL�ARTERIES��ARROWHEADS	�

AChA

US

a b

c d
Microangiograms demonstrating vascular supply of the intrahippocampal arteries. (a) Coronal section 
through the hippocampal head. In this case, the relatively prominent uncal branch of the anterior 
choroidal artery (AChA arrow) enters the uncal sulcus, (US), where it gives off numerous 
intrahippocampal arteries upwards (arrowhead). (b) Coronal section through the hippocampal 
body show superficial hippocampal artery (large red arrow). Subicular arteries (curved arrow) are 
noted. The large ventral (solid arrowhead) and dorsal (open yellow arrowhead) intrahippocampal 
arteries follow the rolling layers of the hippocampus, and very fine arteries that parallel them in 
between may represent small ventral intrahippocampal arteries. 
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411 Intracranial Arterial System: The Main Trunks and Major Arteries of the Cerebrum 

 Intrahippocampal Arteries

.UMEROUS� INTRAHIPPOCAMPAL� ARTERIES� ARISE� DIRECTLY� FROM� THE� LONGITUDINAL� TERMINAL� SEG
MENTS�OF�THE�SUPERʄCIAL�HIPPOCAMPAL�ARTERIES�OR�THEIR�BRANCHES��THE�STRAIGHT�HIPPOCAMPAL�
ARTERIES���&IG������	�AND�CAN�BE�SUBDIVIDED�INTO�THE�LARGE�VENTRAL��LARGE�DORSAL��SMALL�VEN
TRAL��AND�SMALL�DORSAL�INTRAHIPPOCAMPAL�ARTERIES�;������=�
"OTH�LARGE�VENTRAL�AND�LARGE�DORSAL�INTRAHIPPOCAMPAL�ARTERIES�ENTER�THE�HIPPOCAMPUS�

AT�THE�SULCI�BETWEEN�THE�DENTES�OF�MARGO�DENTICULATUS�AND�FOLLOW�THE�ROLLING�LAYERS�OF�THE�
HIPPOCAMPUS��&IG������C	��4HE�LARGE�VENTRAL�INTRAHIPPOCAMPAL�ARTERIES�SUPPLY�THE�#!��
AND�#!���AND�THE�LARGE�DORSAL�INTRAHIPPOCAMPAL�ARTERIES�SUPPLY�THE�#!���#!���THE�DISTAL�
PART�OF�THE�DENTATE�GYRUS��AND�SOMETIMES�THE�#!��;������=�
4HE�SMALL�VENTRAL�INTRAHIPPOCAMPAL�ARTERIES�VASCULARIZE�THE�PROXIMAL�PART�OF�THE�DENTATE�

GYRUS��4HE�SMALL�DORSAL�INTRAHIPPOCAMPAL�ARTERIES�VASCULARIZE�THE�#!��AND�PART�OF�THE�#!���
"ECAUSE�OF�THEIR�RECTILINEAR�AND�PARALLEL�PATH�ON�THE�SURFACE�OF�THE�MARGO�DENTICULATUS�AS�FAR�
AS�THE�ʄMBRIODENTATE�SULCUS��$UVERNOY�REFERRED�TO�THE�SMALL�DORSAL�INTRAHIPPOCAMPAL�ARTERIES�
AS�THE�ȃSTRAIGHTȄ�ARTERIES��WHICH�WAS�THE�TERM�ʄRST�ADOPTED�FOR�THE�STEM�ARTERIES�OF�INTRAHIP
POCAMPAL�ARTERIES��BRANCHES�FROM�THE�LONGITUDINAL�TERMINAL�SEGMENT	��&IG������	�

Microangiograms of hippocampal arteries and MR images of infarction of hippocampal region

3OME�OF�HIPPOCAMPAL�ARTERIES�CAN�BE�SEEN�ON�MICROANGIOGRAMS��&IG������	�AND�INFARCTION�
INVOLVING�THESE�ARTERIES�MAY�BE�CLINICALLY�SEEN�ON�-2�IMAGES�IN�PATIENTS�WITH�INFACTION�IN�
THE�TERRITORY�OF�THE�0#!��&IG������	�

e f

Fig. 1.30� �CONTINUED	� �E	�!XIAL� SECTION�MICROANGIOGRAM� THROUGH� THE� ANTERIOR� HIPPOCAMPAL� REGION�
SHOWS�ANTERIOR�AND�MIDDLE�HIPPOCAMPAL�ARTERIES��ARROW	�AND�THEIR�LONGITUDINAL�TERMINAL�SEGMENTS�
�SMALL�BLUE�ARROW	��FROM�WHICH�NUMEROUS�INTRAHIPPOCAMPAL�ARTERIES�ORIGINATE�AND�DISPLAY�A�RAKELIKE�
APPEARANCE� �ARROWHEADS	�� �F 	� 3AGITTAL� SECTION� MICROANGIOGRAM� THROUGH� THE� HIPPOCAMPUS� SHOWS�
NUMEROUS�INTRAHIPPOCAMPAL�ARTERIES��ARROWHEADS	

intrahippocampal arteries (arrowheads)
Anterior and middle hippocampal arteries (arrow) 
and their longitudinal terminal segments (small blue 
arrow)

40 S. Takahashi and S. Mugikura

RUN�MORE�OR�LESS�PARALLEL�TO�EACH�OTHER�ACROSS�THE�FREE�SURFACE�OF�THE�DENTATE�GYRUS��MARGO�
DENTICULATUS	�;������=��4HE�SUBICULUM�IS�SUPPLIED�BY�NUMEROUS�SUBICULAR�BRANCHES�FROM�THE�
SUPERʄCIAL�HIPPOCAMPAL�ARTERIES�AND� THEIR� LONGITUDINAL� TERMINAL�SEGMENTS�AS�WELL�AS� THE�
STRAIGHT�HIPPOCAMPAL�ARTERIES�
4HE� HIPPOCAMPAL� ARTERIES� RICHLY� ANASTOMOSE�WITH� EACH� OTHER��!NASTOMOSES� BETWEEN�

THEIR�LONGITUDINAL�TERMINAL�SEGMENTS�MAY�FORM�A�COMPLETE�ARTERIAL�ARCADE�ALONG�THE�HIP
POCAMPAL�FORMATION��A�RATHER�RARE�ʄNDING�IN�HUMANS�;����������=�

Fig. 1.30� -ICROANGIOGRAMS� DEMONSTRATING� VASCULAR� SUPPLY� OF� THE� INTRAHIPPOCAMPAL� ARTERIES�� �A	�
#ORONAL�SECTION�THROUGH�THE�HIPPOCAMPAL�HEAD��)N�THIS�CASE��THE�RELATIVELY�PROMINENT�UNCAL�BRANCH�OF�
THE�ANTERIOR�CHOROIDAL�ARTERY��!#H!�ARROW	�ENTERS�THE�UNCAL�SULCUS���53	��WHERE�IT�GIVES�OFF�NUMER
OUS�INTRAHIPPOCAMPAL�ARTERIES�UPWARDS��ARROWHEAD	���B	�#ORONAL�SECTION�THROUGH�THE�HIPPOCAMPAL�
BODY�SHOW�SUPERʄCIAL�HIPPOCAMPAL�ARTERY��LARGE�RED�ARROW	��3UBICULAR�ARTERIES��CURVED�ARROW	�ARE�
NOTED��4HE�LARGE�VENTRAL��SOLID�ARROWHEAD	�AND�DORSAL��OPEN�YELLOW�ARROWHEAD	�INTRAHIPPOCAMPAL�
ARTERIES� FOLLOW� THE� ROLLING� LAYERS�OF� THE�HIPPOCAMPUS�� AND�VERY�ʄNE�ARTERIES� THAT�PARALLEL� THEM� IN�
BETWEEN�MAY�REPRESENT�SMALL�VENTRAL�INTRAHIPPOCAMPAL�ARTERIES���C	�!NOTHER�CORONAL�SECTION�THROUGH�
THE�HIPPOCAMPAL�BODY�SHOW�STRAIGHT�HIPPOCAMPAL�ARTERY� �BLUE�ARROW	��3UBICULAR�ARTERIES� �CURVED�
ARROW	�AND�THE�LARGE�VENTRAL��SOLID�ARROWHEAD	�AND�DORSAL��OPEN�YELLOW�ARROWHEAD	�INTRAHIPPOCAM
PAL�ARTERIES�ARE�NOTED���D	�#ORONAL�SECTION�THROUGH�THE�HIPPOCAMPAL�TAIL�SHOWS�SUPERʄCIAL�HIPPOCAM
PAL�ARTERY��LARGE�ARROW	�AND�NUMEROUS�INTRAHIPPOCAMPAL�ARTERIES��ARROWHEADS	�

AChA

US

a b

c d
Coronal section through the hippocampal head. In this case, the relatively prominent uncal branch of the 
anterior choroidal artery (AChA arrow) enters the uncal sulcus, (US), where it gives off numerous 
intrahippocampal arteries upwards (arrowhead). 

By courtesy of Takahashi S HRCBCT
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AChA

US

a b

c d In Vivo CBCTTakahashi S, 1997

US

955.2 Intrahippocampal (Deep) Blood Vessels

  Fig. 5.21    Coronal section of the hippocampal body. Intravascular 
India ink injection.  Bar  : 1 mm.  1  CA1,  2  CA2,  3  CA3,  4  CA4  fi elds of 
the cornu Ammonis,  5  gyrus dentatus, Note the high capillary density 
in the strata molecularia of the cornu Ammonis ( 7 ) and the gyrus den-

tatus ( 6 ) separated by the vestigial hippocampal sulcus ( 8 ),  9  large dor-
sal intrahippocampal artery with a preponderant territory,  10  small 
dorsal intrahippocampal arteries ( straight arteries ),  11  temporal horn 
of the lateral ventricle,  12  choroid plexus,  13   fi mbria       

 

9: Large dorsal intrahippocampal artery with a preponderant territory

4. CA4 fields of the 
cornu Ammonis

Note the high capillary density 
in the strata molecularia of the 
cornu Ammonis (7) and the 
gyrus dentatus (6)
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40 S. Takahashi and S. Mugikura

RUN�MORE�OR�LESS�PARALLEL�TO�EACH�OTHER�ACROSS�THE�FREE�SURFACE�OF�THE�DENTATE�GYRUS��MARGO�
DENTICULATUS	�;������=��4HE�SUBICULUM�IS�SUPPLIED�BY�NUMEROUS�SUBICULAR�BRANCHES�FROM�THE�
SUPERʄCIAL�HIPPOCAMPAL�ARTERIES�AND� THEIR� LONGITUDINAL� TERMINAL�SEGMENTS�AS�WELL�AS� THE�
STRAIGHT�HIPPOCAMPAL�ARTERIES�
4HE� HIPPOCAMPAL� ARTERIES� RICHLY� ANASTOMOSE�WITH� EACH� OTHER��!NASTOMOSES� BETWEEN�

THEIR�LONGITUDINAL�TERMINAL�SEGMENTS�MAY�FORM�A�COMPLETE�ARTERIAL�ARCADE�ALONG�THE�HIP
POCAMPAL�FORMATION��A�RATHER�RARE�ʄNDING�IN�HUMANS�;����������=�

Fig. 1.30� -ICROANGIOGRAMS� DEMONSTRATING� VASCULAR� SUPPLY� OF� THE� INTRAHIPPOCAMPAL� ARTERIES�� �A	�
#ORONAL�SECTION�THROUGH�THE�HIPPOCAMPAL�HEAD��)N�THIS�CASE��THE�RELATIVELY�PROMINENT�UNCAL�BRANCH�OF�
THE�ANTERIOR�CHOROIDAL�ARTERY��!#H!�ARROW	�ENTERS�THE�UNCAL�SULCUS���53	��WHERE�IT�GIVES�OFF�NUMER
OUS�INTRAHIPPOCAMPAL�ARTERIES�UPWARDS��ARROWHEAD	���B	�#ORONAL�SECTION�THROUGH�THE�HIPPOCAMPAL�
BODY�SHOW�SUPERʄCIAL�HIPPOCAMPAL�ARTERY��LARGE�RED�ARROW	��3UBICULAR�ARTERIES��CURVED�ARROW	�ARE�
NOTED��4HE�LARGE�VENTRAL��SOLID�ARROWHEAD	�AND�DORSAL��OPEN�YELLOW�ARROWHEAD	�INTRAHIPPOCAMPAL�
ARTERIES� FOLLOW� THE� ROLLING� LAYERS�OF� THE�HIPPOCAMPUS�� AND�VERY�ʄNE�ARTERIES� THAT�PARALLEL� THEM� IN�
BETWEEN�MAY�REPRESENT�SMALL�VENTRAL�INTRAHIPPOCAMPAL�ARTERIES���C	�!NOTHER�CORONAL�SECTION�THROUGH�
THE�HIPPOCAMPAL�BODY�SHOW�STRAIGHT�HIPPOCAMPAL�ARTERY� �BLUE�ARROW	��3UBICULAR�ARTERIES� �CURVED�
ARROW	�AND�THE�LARGE�VENTRAL��SOLID�ARROWHEAD	�AND�DORSAL��OPEN�YELLOW�ARROWHEAD	�INTRAHIPPOCAM
PAL�ARTERIES�ARE�NOTED���D	�#ORONAL�SECTION�THROUGH�THE�HIPPOCAMPAL�TAIL�SHOWS�SUPERʄCIAL�HIPPOCAM
PAL�ARTERY��LARGE�ARROW	�AND�NUMEROUS�INTRAHIPPOCAMPAL�ARTERIES��ARROWHEADS	�

AChA

US

a b

c d

In Vivo CBCT

No obstruction with the region of non-interestTakahashi S, 1997

US

792 Intracranial Arterial System: Basal Perforating Arteries  

ARISE�FROM�THE�!#H!��!LSO��RARELY��BRANCHES�USUALLY�BELONGING�TO�THE�!#H!�MAY�ARISE�FROM�
THE�0#O!�TO�SUPPLY�THE�GENU�AND�THE�ANTERIOR�THIRD�OF�THE�POSTERIOR�LIMB�OF�THE�INTERNAL�CAP
SULE�;������=��3UCH�INVERSE�RELATIONSHIPS�OCCUR�BETWEEN�THE�0#!�AND�THE�!#H!�IN�THE�SUPPLY�
OF�THE�CEREBRAL�PEDUNCLE��SUBTHALAMIC�NUCLEUS��LATERAL�GENICULATE�BODY��AND�SO�ON�;��=�

!NASTOMOSES��4HE�!#H!�HAS�RICH�SUPERʄCIAL�ANASTOMOSES�WITH�ADJACENT�ARTERIES�;����
���=��!NASTOMOSES�WITH� THE�0#O!�OCCUR�ON� THE� SURFACE�OF� THE�OPTIC� TRACT� AND�CEREBRAL�

b

LSA

AChA

PCA
LVt

a

AChA

PCA

LSA

Th

LVt

Fig. 2.27� #ORONAL�SECTION�
MI�CROANGIOGRAMS�THROUGH�THE�
INTERPEDUNCULAR�FOSSA��REPRODUCED�
FROM�;��=	���A	�4HE�TRANSITIONAL�
PORTION�OF�THE�CISTERNAL�AND�PLEXAL�
PARTS�OF�THE�!#H!�CAN�BE�SEEN�
�ARROW	��4HE�MOST�DISTAL�PART�OF�
THE�CISTERNAL�SEGMENT�OF�THIS�ARTERY�
GIVES�OFF�A�PROMINENT�PERFORATOR�
THAT�RAMIʄES�A�NUMBER�OF�ʄNE�
BRANCHES��ARROWHEADS	��WHICH�RUN�
UPWARDS�TO�PENETRATE�THE�GLOBUS�
PALLIDUS�AND�THE�INFERIOR�PORTION�OF�
THE�POSTERIOR�LIMB�OF�THE�INTERNAL�
CAPSULE��BARELY�TERMINATING�AT�THE�
LATERAL�BORDER�OF�THE�THALAMUS��4H	�
BUT�NOT�REACHING�THE�LATERAL�
VENTRICULAR�WALL��4HE�BRANCHES�OF�
THE�!#H!�ALSO�SUPPLY�THE�ROOF�OF�
THE�TEMPORAL�HORN��PROBABLY�
INCLUDING�THE�TAIL�OF�THE�CAUDATE�
NUCLEUS��LONG�ARROW	��4HEY�MAY�
REPRESENT�A�KIND�OF�SUBEPENDYMAL�
ARTERIES��3%!	�OF�CHOROIDAL�
ARTERIES��,ATERALLY�AND�SUPERIORLY��
MORE�ROBUST�BRANCHES�OF�THE�
LENTICULOSTRIATE�ARTERIES��,3!	�
DISTRIBUTE�IN�THE�PUTAMEN�AND�THE�
SUPERIOR�PART�OF�THE�INTERNAL�
CAPSULE�AND�REACH�THE�CAUDATE�
NUCLEUS�ALONG�THE�LATERAL�WALL�OF�
THE�BODY�OF�THE�LATERAL�VENTRICLE��
4HE�UNCAL�BRANCH��OPEN�ARROW
HEAD	�RUNS�DOWNWARD�ALONG�THE�
MEDIAL�MARGIN�OF�THE�UNCUS�INTO�
THE�UNCAL�SULCUS�TO�THE�HEAD�OF�THE�
HIPPOCAMPAL�FORMATION��4HE�
PROXIMAL�PART�OF�THE�0#!�IS�SHOWN��
�B	�#ORONAL�MICROANGIOGRAM�
THROUGH�THE�MOST�PROXIMAL�PART�OF�
THE�0#!�FROM�ANOTHER�SPECIMEN�
AGAIN�SHOWS�VERY�SIMILAR�FEATURES�
OF�THE�!#H!��,6T��TEMPORAL�HORN�
OF�THE�LATERAL�VENTRICLE

Takahashi S, 1997 In Vivo CBCT, Tanaka M. 2019

Niche Neuro-Angiology Conference 2018

Fig. 1. AChAとPCAの発生（A, C：胎生5週，B：胎生7週）．telencephalon後部内側を栄養する皮質枝は
AChAの分枝からcaudal divisionの分枝へと移行する（矢頭）．1: ICA, 2: cranial division, 3: caudal   
division, 4: ACA, 5: AChA, 6: posterior choroidal artery, 7: diencepharic artery, 8: mesencephalic artery, 
9: basilar artery, 10: MCA, 11: choroid plexus

Fig.2. 
AChAの走行．AChAは起始部からinferior choroidal pointまでがcisternal segment，inferior choroidal 
pointから側脳室内がplexal segmentで，cisternal segmentはさらにpreoptic part，postoptic partに分
けることができる． 
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40 S. Takahashi and S. Mugikura

RUN�MORE�OR�LESS�PARALLEL�TO�EACH�OTHER�ACROSS�THE�FREE�SURFACE�OF�THE�DENTATE�GYRUS��MARGO�
DENTICULATUS	�;������=��4HE�SUBICULUM�IS�SUPPLIED�BY�NUMEROUS�SUBICULAR�BRANCHES�FROM�THE�
SUPERʄCIAL�HIPPOCAMPAL�ARTERIES�AND� THEIR� LONGITUDINAL� TERMINAL�SEGMENTS�AS�WELL�AS� THE�
STRAIGHT�HIPPOCAMPAL�ARTERIES�
4HE� HIPPOCAMPAL� ARTERIES� RICHLY� ANASTOMOSE�WITH� EACH� OTHER��!NASTOMOSES� BETWEEN�

THEIR�LONGITUDINAL�TERMINAL�SEGMENTS�MAY�FORM�A�COMPLETE�ARTERIAL�ARCADE�ALONG�THE�HIP
POCAMPAL�FORMATION��A�RATHER�RARE�ʄNDING�IN�HUMANS�;����������=�

Fig. 1.30� -ICROANGIOGRAMS� DEMONSTRATING� VASCULAR� SUPPLY� OF� THE� INTRAHIPPOCAMPAL� ARTERIES�� �A	�
#ORONAL�SECTION�THROUGH�THE�HIPPOCAMPAL�HEAD��)N�THIS�CASE��THE�RELATIVELY�PROMINENT�UNCAL�BRANCH�OF�
THE�ANTERIOR�CHOROIDAL�ARTERY��!#H!�ARROW	�ENTERS�THE�UNCAL�SULCUS���53	��WHERE�IT�GIVES�OFF�NUMER
OUS�INTRAHIPPOCAMPAL�ARTERIES�UPWARDS��ARROWHEAD	���B	�#ORONAL�SECTION�THROUGH�THE�HIPPOCAMPAL�
BODY�SHOW�SUPERʄCIAL�HIPPOCAMPAL�ARTERY��LARGE�RED�ARROW	��3UBICULAR�ARTERIES��CURVED�ARROW	�ARE�
NOTED��4HE�LARGE�VENTRAL��SOLID�ARROWHEAD	�AND�DORSAL��OPEN�YELLOW�ARROWHEAD	�INTRAHIPPOCAMPAL�
ARTERIES� FOLLOW� THE� ROLLING� LAYERS�OF� THE�HIPPOCAMPUS�� AND�VERY�ʄNE�ARTERIES� THAT�PARALLEL� THEM� IN�
BETWEEN�MAY�REPRESENT�SMALL�VENTRAL�INTRAHIPPOCAMPAL�ARTERIES���C	�!NOTHER�CORONAL�SECTION�THROUGH�
THE�HIPPOCAMPAL�BODY�SHOW�STRAIGHT�HIPPOCAMPAL�ARTERY� �BLUE�ARROW	��3UBICULAR�ARTERIES� �CURVED�
ARROW	�AND�THE�LARGE�VENTRAL��SOLID�ARROWHEAD	�AND�DORSAL��OPEN�YELLOW�ARROWHEAD	�INTRAHIPPOCAM
PAL�ARTERIES�ARE�NOTED���D	�#ORONAL�SECTION�THROUGH�THE�HIPPOCAMPAL�TAIL�SHOWS�SUPERʄCIAL�HIPPOCAM
PAL�ARTERY��LARGE�ARROW	�AND�NUMEROUS�INTRAHIPPOCAMPAL�ARTERIES��ARROWHEADS	�

AChA

US

a b

c d
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ARISE�FROM�THE�!#H!��!LSO��RARELY��BRANCHES�USUALLY�BELONGING�TO�THE�!#H!�MAY�ARISE�FROM�
THE�0#O!�TO�SUPPLY�THE�GENU�AND�THE�ANTERIOR�THIRD�OF�THE�POSTERIOR�LIMB�OF�THE�INTERNAL�CAP
SULE�;������=��3UCH�INVERSE�RELATIONSHIPS�OCCUR�BETWEEN�THE�0#!�AND�THE�!#H!�IN�THE�SUPPLY�
OF�THE�CEREBRAL�PEDUNCLE��SUBTHALAMIC�NUCLEUS��LATERAL�GENICULATE�BODY��AND�SO�ON�;��=�

!NASTOMOSES��4HE�!#H!�HAS�RICH�SUPERʄCIAL�ANASTOMOSES�WITH�ADJACENT�ARTERIES�;����
���=��!NASTOMOSES�WITH� THE�0#O!�OCCUR�ON� THE� SURFACE�OF� THE�OPTIC� TRACT� AND�CEREBRAL�

b

LSA

AChA

PCA
LVt

a

AChA

PCA

LSA

Th

LVt

Fig. 2.27� #ORONAL�SECTION�
MI�CROANGIOGRAMS�THROUGH�THE�
INTERPEDUNCULAR�FOSSA��REPRODUCED�
FROM�;��=	���A	�4HE�TRANSITIONAL�
PORTION�OF�THE�CISTERNAL�AND�PLEXAL�
PARTS�OF�THE�!#H!�CAN�BE�SEEN�
�ARROW	��4HE�MOST�DISTAL�PART�OF�
THE�CISTERNAL�SEGMENT�OF�THIS�ARTERY�
GIVES�OFF�A�PROMINENT�PERFORATOR�
THAT�RAMIʄES�A�NUMBER�OF�ʄNE�
BRANCHES��ARROWHEADS	��WHICH�RUN�
UPWARDS�TO�PENETRATE�THE�GLOBUS�
PALLIDUS�AND�THE�INFERIOR�PORTION�OF�
THE�POSTERIOR�LIMB�OF�THE�INTERNAL�
CAPSULE��BARELY�TERMINATING�AT�THE�
LATERAL�BORDER�OF�THE�THALAMUS��4H	�
BUT�NOT�REACHING�THE�LATERAL�
VENTRICULAR�WALL��4HE�BRANCHES�OF�
THE�!#H!�ALSO�SUPPLY�THE�ROOF�OF�
THE�TEMPORAL�HORN��PROBABLY�
INCLUDING�THE�TAIL�OF�THE�CAUDATE�
NUCLEUS��LONG�ARROW	��4HEY�MAY�
REPRESENT�A�KIND�OF�SUBEPENDYMAL�
ARTERIES��3%!	�OF�CHOROIDAL�
ARTERIES��,ATERALLY�AND�SUPERIORLY��
MORE�ROBUST�BRANCHES�OF�THE�
LENTICULOSTRIATE�ARTERIES��,3!	�
DISTRIBUTE�IN�THE�PUTAMEN�AND�THE�
SUPERIOR�PART�OF�THE�INTERNAL�
CAPSULE�AND�REACH�THE�CAUDATE�
NUCLEUS�ALONG�THE�LATERAL�WALL�OF�
THE�BODY�OF�THE�LATERAL�VENTRICLE��
4HE�UNCAL�BRANCH��OPEN�ARROW
HEAD	�RUNS�DOWNWARD�ALONG�THE�
MEDIAL�MARGIN�OF�THE�UNCUS�INTO�
THE�UNCAL�SULCUS�TO�THE�HEAD�OF�THE�
HIPPOCAMPAL�FORMATION��4HE�
PROXIMAL�PART�OF�THE�0#!�IS�SHOWN��
�B	�#ORONAL�MICROANGIOGRAM�
THROUGH�THE�MOST�PROXIMAL�PART�OF�
THE�0#!�FROM�ANOTHER�SPECIMEN�
AGAIN�SHOWS�VERY�SIMILAR�FEATURES�
OF�THE�!#H!��,6T��TEMPORAL�HORN�
OF�THE�LATERAL�VENTRICLE

Uncal branch from A.Ch.A.

Course of A.Ch.A.

Course of A.Ch.A.

Basal Arteries of Forebrain, their Functional Significance 29
The ligatures applied by Duret and Beevor must have been placed on

the medial side of this series of vessels, and they had presumably regarded
any vessels arising lateral to the lateral striate as cortical. This view is at
once true and false: phylogenetically the claustrum is cortical, but as it is
a definite part of the corpus striatum, from the point of view of blood
vascular relationship, it may be considered quite as definitely basal.

tPix 'Lenticular Nucleus
*he---- Midd le Cerebral Artery

~.-----Anterior Cerebral Artery
- Internal Carotid Artery

Fig. 1
In order to demonstrate this series of vessels I placed a cannula in the

middle cerebral artery at its origin and applied a ligature medial to the
claustral arteries. I next placed a cannula distal to the claustral arteries but
proximal to those of the insular cortex. I then injected the proximal segment
of the middle cerebral in red and the distal segment in blue, with the result
that the insular cortex was unstained, the claustrum stood out as a blue
crescent and the portion of the lenticular nucleus injected stood out in red.

Unfortunately this specimen was not ready when this paper was read
before the Society. It is however to be seen in the Museum of the Royal

Pallium-subpallium boundary
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ARISE�FROM�THE�!#H!��!LSO��RARELY��BRANCHES�USUALLY�BELONGING�TO�THE�!#H!�MAY�ARISE�FROM�
THE�0#O!�TO�SUPPLY�THE�GENU�AND�THE�ANTERIOR�THIRD�OF�THE�POSTERIOR�LIMB�OF�THE�INTERNAL�CAP
SULE�;������=��3UCH�INVERSE�RELATIONSHIPS�OCCUR�BETWEEN�THE�0#!�AND�THE�!#H!�IN�THE�SUPPLY�
OF�THE�CEREBRAL�PEDUNCLE��SUBTHALAMIC�NUCLEUS��LATERAL�GENICULATE�BODY��AND�SO�ON�;��=�

!NASTOMOSES��4HE�!#H!�HAS�RICH�SUPERʄCIAL�ANASTOMOSES�WITH�ADJACENT�ARTERIES�;����
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Fig. 2.27� #ORONAL�SECTION�
MI�CROANGIOGRAMS�THROUGH�THE�
INTERPEDUNCULAR�FOSSA��REPRODUCED�
FROM�;��=	���A	�4HE�TRANSITIONAL�
PORTION�OF�THE�CISTERNAL�AND�PLEXAL�
PARTS�OF�THE�!#H!�CAN�BE�SEEN�
�ARROW	��4HE�MOST�DISTAL�PART�OF�
THE�CISTERNAL�SEGMENT�OF�THIS�ARTERY�
GIVES�OFF�A�PROMINENT�PERFORATOR�
THAT�RAMIʄES�A�NUMBER�OF�ʄNE�
BRANCHES��ARROWHEADS	��WHICH�RUN�
UPWARDS�TO�PENETRATE�THE�GLOBUS�
PALLIDUS�AND�THE�INFERIOR�PORTION�OF�
THE�POSTERIOR�LIMB�OF�THE�INTERNAL�
CAPSULE��BARELY�TERMINATING�AT�THE�
LATERAL�BORDER�OF�THE�THALAMUS��4H	�
BUT�NOT�REACHING�THE�LATERAL�
VENTRICULAR�WALL��4HE�BRANCHES�OF�
THE�!#H!�ALSO�SUPPLY�THE�ROOF�OF�
THE�TEMPORAL�HORN��PROBABLY�
INCLUDING�THE�TAIL�OF�THE�CAUDATE�
NUCLEUS��LONG�ARROW	��4HEY�MAY�
REPRESENT�A�KIND�OF�SUBEPENDYMAL�
ARTERIES��3%!	�OF�CHOROIDAL�
ARTERIES��,ATERALLY�AND�SUPERIORLY��
MORE�ROBUST�BRANCHES�OF�THE�
LENTICULOSTRIATE�ARTERIES��,3!	�
DISTRIBUTE�IN�THE�PUTAMEN�AND�THE�
SUPERIOR�PART�OF�THE�INTERNAL�
CAPSULE�AND�REACH�THE�CAUDATE�
NUCLEUS�ALONG�THE�LATERAL�WALL�OF�
THE�BODY�OF�THE�LATERAL�VENTRICLE��
4HE�UNCAL�BRANCH��OPEN�ARROW
HEAD	�RUNS�DOWNWARD�ALONG�THE�
MEDIAL�MARGIN�OF�THE�UNCUS�INTO�
THE�UNCAL�SULCUS�TO�THE�HEAD�OF�THE�
HIPPOCAMPAL�FORMATION��4HE�
PROXIMAL�PART�OF�THE�0#!�IS�SHOWN��
�B	�#ORONAL�MICROANGIOGRAM�
THROUGH�THE�MOST�PROXIMAL�PART�OF�
THE�0#!�FROM�ANOTHER�SPECIMEN�
AGAIN�SHOWS�VERY�SIMILAR�FEATURES�
OF�THE�!#H!��,6T��TEMPORAL�HORN�
OF�THE�LATERAL�VENTRICLE

↑ Anterior choroidal a.

The hippocampal head can be 
involved in anterior choroidal  
artery infarctions (up) 

The entire hippocampus in 
posterior cerebral artery 
infarction (down). 

Ischemic stroke. 
Infarction limited to the 
hippocampus is rare.

Akert K, Yonekawa Y:Japanese scientists at the Hirnanatomisches Institut and the Brain Research Institute of the University of Zürich, Brain 
Nerve 49:483-488, 1997.

So wird z.B. das Corp. genicul. ext. nicht nur von einem Seitenast der 
hinteren Hirnarterie, sondern auch von Abzweigungen aus der dem Carotis 
gebiet entstammen den Art.chorioidea mit Blut gespeist. 

→ For example, the lateral geniculate body supplied with blood not only 
from a side branch of the posterior cerebral artery, but also from branches 
from the art. chorioidea originating from the carotid area

Constantin von Monakow (1853 –1930)
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Tanaka M

脳血流，エネルギー代謝の低下を来す現象をBaronら
が2），Positron Emission Tomography（PET）で発見し，
Crossed cerebellar diaschisis（CCD）と命名しており，
これを特にMonakow現象という．またMonakowは1�0�

年に外側膝状体がanterior choroidal arteryの還流を受
けていることを記述していることから，anterior choroidal 
arteryの閉塞により生じる症状もMonakow症候群（別名
Abbie症候群）と命名されており混乱しやすいので注意

が必要である．
　Diaschisisという概念を提唱し，またこれを造語した
Monakowはその後も多くのneurologist達とdiscussionし
た．脳卒中後の鬱状態や精神医学的な症状の説明にも
diaschisisが使われることがあった．Monakowの研究手
法は脳切片標本を淡々と精緻にスケッチするのである．
当時は単眼の光学顕微鏡しかなかった時代なので，
axialだけでなくsagittal viewでも観察を行い，神経核の
細胞密度や深部白質の線維構造を積み上げ，ついには
association fiberを解明していった．こうした血の滲む
ような努力の上に描かれた所見や図譜は現代でも充分通
用する解像度と明解さであり，pathophysiologyが良く理
解できる．例として，脳神経外科医なら誰でも持ってい
るYasargilによる名著Microneurosurgery Vol.ⅢB中のDeep 
Central AVMsの稿2�）ではAVMに対するmicrosurgical 
approachを行う上で重要なdeep fiber architectonicsが精
緻な画で描かれている．AVMというvascular diseaseに
おいても，そのlocationがneopalliumなのか，archipallium
なのかあるいはpaleopalliumなのかを認識して治療戦略
に生かすというYasargilらの発想はMonakow以来の考え
方でありZürich学派に共通している特徴である．こうし
たartisticなfigureにはMonakowが手書きで書いた時代の
tractographyの概念が随所に盛り込まれているのであ
る．
　20世紀に入り同研究所は世界の学会から認知され，ヨ
ーロッパのみならず，北米や日本からも多くの留学生を
受け入るようになった．

Legacy of von Monakow and his Japanese pupils

　Zürichという街の名前は古代ローマのTuricumいわゆ
る水上所，または税関の意味に由来するといわれ，北海
と南の地中海およびアドリア海を結ぶ陸路の中心地であ
り，Zürichよりやや南に位置するスイスアルプスの北側
に降った雪解け水は北海に，南側に降った雪解け水は地
中海に流れる．古代より西ヨーロッパ大陸の交通や通商，
文物や人の交流地であり，特にZürich大学は他のスイス
国内の大学に比べて外国人の割合が高い．私の所属して
いたInstitute für NeuroradiologieのValavanis教授はギ
リシャ人，脳血管内治療室のナースはフィンランド人で
他科を見渡しても純スイス人を見つけるのが難しい程で
あった．こういう土地柄か，当時の脳解剖研究所にも全
世界から留学生が集まり，Monakowは多くの脳科学者と
コミュニケーションをとっていた．多くの留学生の中で

Fig. 2   The pathology showing long-term massive
         asymmetries of the cortico-cerebellar and pyramidal 

systems due to multiple long-term perinatal lesions 
(‘Porenzephalie’� in the right cortical hemisphere and 
the left cerebellar hemisphere.
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(‘Porenzephalie’) in the right cortical hemisphere and the left cerebellar hemisphere.

Diaschisis : Asymmetry between supra and infratentorial neuronal tissue
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CCD: Crossed Cerebellar Diaschisis
Baron JC, Bousser MG, Comar D, et al: Crossed cerebellar diaschisis in human supratentorial brain infarction. Trans Am 
Neurol Assoc 105:459-461, 1980.

Prof.Gennosuke Fuse graduated from Tokyo Imperial 
University medical school. Then he studied abroad in 
Switzerland. He studied micoanatomy in University of Zurich 
from 1907 to 1911 and from 1914 to 1916 with Constantin 
von Monakow. 
His name is lent to the Kölliker-Fuse nucleus.

Fuse’s collection:  one million of histological 
sections (100 types of specimnes)
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Arterial anatomy of the limbic system 
Anterior ethmoid artery, Olfactory artery 
Recurrent artery of Heubner  
Anterior choroidal artery (Uncal artery)  
Posterior choroidal artery (Artery of Uchimura) 
Pericallosal artery (Cingulate gyrus)  
Posterior cerebral artery (isthmus part of CG) 

Kristina Szabo. Stroke. Hippocampal Lesion Patterns in Acute Posterior Cerebral Artery 
Stroke, Volume: 40, Issue: 6, Pages: 2042-2045, DOI: (10.1161/STROKEAHA.108.536144) 

Artery of Uchimura
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1 hippocampal tail, cornu Ammonis, 1’  inferior part of CA1 with 
a folded aspect, 2 hippocampal tail, gyrus dentatus,  
3 crus of fornix, 4 atrium of the lateral ventricle, 5 isthmus

Transient Global Amnesia for few hours 
associated with the focal ischemia of the 
hippocampal tail, gyrus dentatus,

158 7 Sectional Anatomy and Magnetic Resonance Imaging

cFig. 7.10 (continued)

1 hippocampal tail, cornu Ammonis, 1’  inferior part of 
CA1 with a folded aspect, 2 hippocampal tail, gyrus 
dentatus, 3 crus of fornix, 4 atrium of the lateral 
ventricle, 5 isthmus

Transient Global Amnesia for few hours 
associated with the focal ischemia of the 
hippocampal tail, gyrus dentatus,

Arterial anatomy of the limbic system 
Anterior ethmoid artery, Olfactory artery 
Recurrent artery of Heubner  
Anterior choroidal artery (Uncal artery)  
Posterior choroidal artery (Artery of Uchimura) 
Pericallosal artery (Cingulate gyrus, Indusium griseum)  
Posterior cerebral artery (isthmus part of CG) 

spheres with an average number of 0.8 (0–2) for
each hemisphere; the mean diameter at their origin
was 0.54 mm (range: 0.37–1.06 mm) (Fig. 4). These
vessels originated from the inferolateral surface of
the pericallosal artery in all hemispheres, coursed
parallel to the pericallosal artery within the callosal
sulcus, reached the corpus callosum, and ended after
giving multiple perforating branches to the corpus cal-
losum in the midline, especially to the body of the
corpus callosum. They also gave rise to multiple
branches that contributed to the pericallosal pial
plexus. These vessels supplied the corpus callosum,
adjacent cortex, septum pellucidum, septal nuclei,
and column of the fornix. The long callosal arteries
were similar to the short callosal arteries in regard to
their origin and distribution, but had longer courses.

Median Callosal Arteries

These vessels were present in 33.3% of the
brains; their mean diameter at their origin was
1.28 mm (range: 0.50–1.97 mm). These vessels
usually originated from the ACoA as a single trunk.
After their origin, these vessels were observed to run
anterosuperiorly to the rostrum, curve around the
genu of the corpus callosum, and end in the cingu-
late gyrus at the level of the body of the corpus cal-
losum. During their course, they gave rise to perfo-
rating branches to the rostrum, genu and body of
the corpus callosum, and to the cingulate gyrus. We
found one atypical median callosal artery that origi-
nated from the junction of the A1 and A2 segments

Fig. 1. Short callosal artery originating from the pericallosal artery. [Color figure
can be viewed in the online issue, which is available at www.interscience.wiley.com.]

Fig. 2. Cingulocallosal arteries originating from the
pericallosal artery. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com.]

385Callosal Arteries

Kahilogullari G et al. Clin Anat. 2008 Jul;21(5):383-8. 
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spheres with an average number of 0.8 (0–2) for
each hemisphere; the mean diameter at their origin
was 0.54 mm (range: 0.37–1.06 mm) (Fig. 4). These
vessels originated from the inferolateral surface of
the pericallosal artery in all hemispheres, coursed
parallel to the pericallosal artery within the callosal
sulcus, reached the corpus callosum, and ended after
giving multiple perforating branches to the corpus cal-
losum in the midline, especially to the body of the
corpus callosum. They also gave rise to multiple
branches that contributed to the pericallosal pial
plexus. These vessels supplied the corpus callosum,
adjacent cortex, septum pellucidum, septal nuclei,
and column of the fornix. The long callosal arteries
were similar to the short callosal arteries in regard to
their origin and distribution, but had longer courses.

Median Callosal Arteries

These vessels were present in 33.3% of the
brains; their mean diameter at their origin was
1.28 mm (range: 0.50–1.97 mm). These vessels
usually originated from the ACoA as a single trunk.
After their origin, these vessels were observed to run
anterosuperiorly to the rostrum, curve around the
genu of the corpus callosum, and end in the cingu-
late gyrus at the level of the body of the corpus cal-
losum. During their course, they gave rise to perfo-
rating branches to the rostrum, genu and body of
the corpus callosum, and to the cingulate gyrus. We
found one atypical median callosal artery that origi-
nated from the junction of the A1 and A2 segments

Fig. 1. Short callosal artery originating from the pericallosal artery. [Color figure
can be viewed in the online issue, which is available at www.interscience.wiley.com.]

Fig. 2. Cingulocallosal arteries originating from the
pericallosal artery. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com.]
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of the anterior cerebral artery (Fig. 5). After its ori-
gin, it followed the same course, as that of a normal
median callosal artery, extended as posteriorly as
the splenium, and anastomosed with branches of the
posterior part of the pericallosal artery. This atypical
median callosal artery covered an atypical territory.
During its course, a new arterial variation arising
from the anterior surface of the atypical median cal-
losal artery was also observed, which we described
as an atypical subcallosal artery. It ran anterosuper-
iorly to the rostrum, curved around the genu, and
ended at the junction of the genu and body of the
corpus callosum.

DISCUSSION

The anatomy of the corpus callosum is important
to clinicians (e.g., radiologists, neurologists) and
neurosurgeons during such procedures as interhemi-
spheric approaches to intraventricular lesions, ante-
rior cerebral artery aneurysms, and epilepsy surgery
(e.g., callosotomy) (Yaşargil, 1984; Malobabic et al.,
1989; Goncalves-Ferreira et al., 2001). The corpus

callosum is functionally well-defined. Its arterial sup-
ply, however, has not been comprehensively
described, except for scant anatomical studies
(Perlmutter and Rhoton, 1978; Ture et al., 1996;
Kakou et al., 2000) (Table 2). The callosal arteries
have been classified differently by various authors.
There is no classic and/or standard definition for the
callosal branches of the pericallosal artery. We based
our classification on that used by (Ture et al., 1996).
We found that the pericallosal artery coursed at a
variable distance superior to the corpus callosum in
some hemispheres. The short callosal arteries and
the cingulocallosal arteries were found to be the
major arterial supply for the corpus callosum. These
arteries arose from the inferolateral surface of the
pericallosal artery. Therefore, they might not be
seen during surgical procedures that retract the cin-
gulate gyrus (e.g., interhemispheric approach to the
third ventricle). Although we found that all callosal
arteries contributed to the pial plexus, the long cal-
losal arteries were the primary contributors to this
network. The recurrent cingulocallosal artery is a
very thin branch that arose from large cortical
branches of the pericallosal artery and would be sus-

Fig. 3. Recurrent cingulocallosal artery seen originating from the cortical branch of
a pericallosal artery. [Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]
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Pre Post

Fig.10

Pre Post

Cingulate sulcal AVM (limbic AVM) : complete obliteration with two sessions.
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Fig.9
Pre Post

Pre Post@3months mRS2

Arterial anatomy of the limbic system 
Anterior ethmoid artery, Olfactory artery 
Recurrent artery of Heubner  
Anterior choroidal artery (Uncal artery)  
Posterior choroidal artery (Artery of Uchimura) 
Pericallosal artery (Cingulate gyrus, Indusium griseum)  
Posterior cerebral artery (isthmus part of CG) 
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Embolization of ruptured callosal AVM A 39 year-old-man presented with sudden onset of loss of 
consciousness.

WFNS grade 5, H&H grade 5, 
Comatose (GCS 4, JCS200), flaccid extremities. 
pupils 4.0/4.0, no marked light reflex
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Duvernoy H, 2013

The indusium 
griseum is a thin 
layer of grey matter 
which forms the 
terminal segment of 
the hippocampal tail 
which belongs to the 
limbic system.

The indusium griseum and the longitudinal striae of the corpus callosum

T˻˸ ̃˸r˼˶˴˿˿̂s˴˿ ˴rt˸ry w˴s ˹̂ú˷ t̂ ˺˼v˸ r˼s˸ t̂ ˹̂ur tỹ˸s ̂˹ ˵r˴́˶˻˸s t˻˴t sũ̃˿y t˻˸ ˶̂r̃us ˶˴˿˿̂sù: 1) t˻˸ ˶˴˿˿̂s˴˿ ˴rt˸ry, 2) t˻˸ 

˶˼́˺u˿̂˶˴˿˿̂s˴˿ ˴rt˸ry, 3) t˻˸ ˿̂́˺ ˶˴˿˿̂s˴˿ ˴rt˸ry, ˴́˷ 4) t˻˸ r˸˶urr˸́t ˶˼́˺u˿̂˶˴˿˿̂s˴˿ ˴rt˸ry. T˻˸ ˶˴˿˿̂s˴˿ ˴rt˸r˼˸s, t˻˼́ ˵r˴́˶˻˸s ˴r˼s˼́˺ ˹r̂̀ t˻˸ 

̃˸r˼˶˴˿˿̂s˴˿ ˴rt˸ry, ˷˼r˸˶t˿y sũ̃˿˼˸˷ t˻˸ ˼́˶˿us˼ù ˺r˼s˸ù ˴́˷ t˻˸ sũ˸r˹˼˶˼˴˿ sur˹˴˶˸ ̂˹ t˻˸ ˶̂r̃us ˶˴˿˿̂sù ˼́ t˻˸ ̀˼˷˿˼́˸. T˻˸y w˸r˸ ̃r˸s˸́t 

˼́ 50% ̂˹ t˻˸ ˻˸̀˼s̃˻˸r˸s ˴́˷ ˷˼˷ ́̂t ˵r˴́˶˻ ˼́t̂ t˻˸ ˶˴˿˿̂s˴˿ su˿˶us. T˻˸˼r ́ù˵˸rs v˴r˼˸˷ ˵˸tw˸˸́ 0 ˴́˷ 3 (˴v˸r˴˺˸, 0.7) ̃˸r ˻˸̀˼s̃˻˸r˸, ˴́˷ 

t˻˸˼r ˷˼˴̀˸t˸rs r˴́˺˸˷ ˵˸tw˸˸́ 0.15 ˴́˷ 0.3 ̀̀ (˴v˸r˴˺˸, 0.2 ̀̀)(F˼˺s. 5A ˴́˷ 11 ˴́˷ T˴˵˿˸ 2).

TABLE 2. C˻˴r˴˶t˸r˼st˼˶s ̂˹ Br˴́˶˻˸s ˹r̂̀ t˻˸ P˸r˼˶˴˿˿̂s˴˿ Art˸ry T˻˴t Sũ̃˿y t˻˸ Ĉr̃us C˴˿˿̂sù

T˻˸ ˶˼́˺u˿̂˶˴˿˿̂s˴˿ ˴rt˸ry ̃˿˴y˸˷ t˻˸ ̀̂st ˼̀̃̂rt˴́t r̂˿˸ ˼́ t˻˸ ˵˿̂̂˷ sũ̃˿y ̂˹ t˻˸ ˶̂r̃us ˶˴˿˿̂sù. It ˴r̂s˸ ˹r̂̀ t˻˸ ˼́˹˸r̂˿˴t˸r˴˿ ˴s̃˸˶t 

̂˹ t˻˸ ̃˸r˼˶˴˿˿̂s˴˿ ˴rt˸ry ˴́˷ r˴́ ˿˴t˸r˴˿˿y ˼́t̂ t˻˸ ˶˴˿˿̂s˴˿ su˿˶us, w˻˸r˸ ˼t ˷˼v˼˷˸˷ ˼́t̂ t˻r˸˸ ˴rt˸r˼˴˿ su˵˺r̂ũs, ̂́˸ ̂˹ w˻˼˶˻ sũ̃˿˼˸˷ t˻˸ 

˶̂r̃us ˶˴˿˿̂sù. T˻˸ s˸˶̂́˷, ˴rr˴́˺˸˷ ˼́ ˴ ˵rus˻-˿˼˾˸ ˹̂r̀˴t˼̂́, sũ̃˿˼˸˷ t˻˸ ˶˼́˺u˿˴t˸ ˺yrus; t˻˸ t˻˼r˷ ˹̂˿˿̂w˸˷ t˻˸ ˷˸̃t˻s ̂˹ t˻˸ ˶˴˿˿̂s˴˿ 

su˿˶us ˴́˷ ˶̂urs˸˷ ˿˴t˸r˴˿˿y t̂ sũ̃˿y t˻˸ r˴˷˼˴t˼̂́ ̂˹ t˻˸ ˶̂r̃us ˶˴˿˿̂sù. T˻˸ ˶˼́˺u˿̂˶˴˿˿̂s˴˿ ˴rt˸r˼˸s ˴́˴st̂̀̂s˸˷ w˼t˻ ˸˴˶˻ ̂t˻˸r ˴́˷ w˼t˻ 

˵r˴́˶˻˸s ˴r˼s˼́˺ ˹r̂̀ t˻˸ su˵˶˴˿˿̂s˴˿, ̀˸˷˼˴́ ˶˴˿˿̂s˴˿, ˴́˷ ˿̂́˺ ˶˴˿˿̂s˴˿ ˴rt˸r˼˸s t̂ ˹̂r̀ t˻˸ ̃˸r˼˶˴˿˿̂s˴˿ ̃˼˴˿ ̃˿˸xus. T˻˼s ̃˿˸xus w˴s ̀̂st 

˷˸v˸˿̂̃˸˷ ˼́ t˻˸ r˸˺˼̂́ ̂˹ t˻˸ s̃˿˸́˼ù, w˻˸r˸ ˼t r˸˶˸˼v˸˷ ˴ ˹urt˻˸r ˶̂́tr˼˵ut˼̂́ ˹r̂̀ t˻˸ ̃̂st˸r˼̂r ̃˸r˼˶˴˿˿̂s˴˿ ˴rt˸ry, ˴ ˹˸˴tur˸ t˻˴t w˴s 

̂˵s˸rv˸˷ ˼́ ˴˿˿ ˻˸̀˼s̃˻˸r˸s. T˻˸ ˶˼́˺u˿̂˶˴˿˿̂s˴˿ ˴rt˸r˼˸s r˴́˺˸˷ ˼́ ́ù˵˸r ˹r̂̀ 3 t̂ 23 ̃˸r ˻˸̀˼s̃˻˸r˸(˴v˸r˴˺˸, 9). T˻˸˼r ˷˼˴̀˸t˸rs r˴́˺˸˷ 

˵˸tw˸˸́ 0.15 ˴́˷ 0.6 ̀̀ (˴v˸r˴˺˸, 0.25 ̀̀) (F˼˺s. 5B, 6, ˴́˷ 11 ˴́˷ T˴˵˿˸ 2).

FIGURE 6. Br˴́˶˻˸s ˹r̂̀ t˻˸ ̃˸r˼˶˴˿˿̂s˴˿ ˴rt˸ry t̂ t˻˸ ˶̂r̃us ˶˴˿˿̂sù  (2), t˻˸ r˴˷˼˴t˼̂́ ̂˹ t˻˸ ˶̂r̃us ˶˴˿˿̂sù  (4), ˴́˷ t˻˸ ˶˼́˺u˿˴t˸ 
˺yrus(1) ˼́ ˶̂r̂́˴˿ v˼˸w. T˻˸ ˶˼́˺u˿̂˶˴˿˿̂s˴˿ ˴rt˸ry( t˻˼́ ˴rr̂w) ˴r˼s˸s ˹r̂̀ t˻˸ ̃˸r˼˶˴˿˿̂s˴˿ ˴rt˸ry ˴́˷ ˶̂urs˸s w˼t˻˼́ t˻˸ ˶˴˿˿̂s˴˿ su˿˶us w˻˸r˸ 
˼t ˺˼v˸s ˵r˴́˶˻˸s t̂ t˻˸ ˶̂r̃us ˶˴˿˿̂sù (˼́˹˸r˼̂r˿y), t˻˸ r˴˷˼˴t˼̂́ ̂˹ ˶̂r̃us ˶˴˿˿̂sù (˿˴t˸r˴˿˿y), ˴́˷ t˻˸ ˶˼́˺u˿˴t˸ ˺yrus (sũ˸r˼̂r˿y). T˻˸ ˿̂́˺ 
˶˴˿˿̂s˴˿ ˴rt˸ry ( t˻˼˶˾ ˴rr̂w) ˴r˼s˸s ˹r̂̀ t˻˸ ̃˸r˼˶˴˿˿̂s˴˿ ˴rt˸ry, ˶̂urs˸s ̃˴r˴˿˿˸˿ t̂ ˼t ˼́ t˻˸ ˶˴˿˿̂s˴˿ su˿˶us, ˴́˷ ˻˴s ˶˴˿˿̂s˴˿ ˴́˷ ˶˼́˺u˿̂˶˴˿˿̂s˴˿ 
˵r˴́˶˻˸s.3, ˹̂ŕ˼x.

T˻˸ ˿̂́˺ ˶˴˿˿̂s˴˿ ˴rt˸ry, ˴́̂t˻˸r ˵r˴́˶˻ ˴r˼s˼́˺ ˹r̂̀ t˻˸ ̃˸r˼˶˴˿˿̂s˴˿ ˴rt˸ry, ˶̂urs˸˷ ̃˴r˴˿˿˸˿ w˼t˻ ˼t ˼́ t˻˸ ˶˴˿˿̂s˴˿ su˿˶us ˴́˷ ˻˴˷ ̀u˿t˼̃˿˸ 

˵r˴́˶˻˸s t˻˴t ˶̂́tr˼˵ut˸˷ t̂ t˻˸ ̃˸r˼˶˴˿˿̂s˴˿ ̃˼˴˿ ̃˿˸xus. It w˴s ̃r˸s˸́t ˼́ 55% ̂˹ t˻˸ ˻˸̀˼s̃˻˸r˸s stu˷˼˸˷. T˻˸ ́ù˵˸r r˴́˺˸˷ ˹r̂̀ 0 t̂ 3 ̃˸r 

˻˸̀˼s̃˻˸r˸(˴v˸r˴˺˸, 0.62), ˴́˷ t˻˸ ˷˼˴̀˸t˸rs r˴́˺˸˷ ˵˸tw˸˸́ 0.2 ˴́˷ 0.9 ̀̀ (˴v˸r˴˺˸, 0.45 ̀̀). T˻˸ ˴rt˸ry t˸r̀˼́˴t˸˷ ˼́ t˻˸ ˵̂˷y ̂˹ t˻˸ 

˶̂r̃us ˶˴˿˿̂sù (24%) ̂r ˼́ t˻˸ ̀˸˷˼˴˿ ˿̂́˺˼tu˷˼́˴˿ str˼˴˸ ˴t t˻˸ s̃˿˸́˼ù (16%). T˻˸ r˸̀˴˼́˷˸r ˸˼t˻˸r ˴́˴st̂̀̂s˸˷ w˼t˻ t˻˸ ̃̂st˸r˼̂r 

̃˸r˼˶˴˿˿̂s˴˿ ˴rt˸ry ̂˹ t˻˸ s˴̀˸ ˻˸̀˼s̃˻˸r˸(48%) ̂r ˶r̂ss˸˷ t˻˸ ̀˼˷˿˼́˸ ˴́˷ ˴́˴st̂̀̂s˸˷ w˼t˻ t˻˸ ̃̂st˸r˼̂r ̃˸r˼˶˴˿˿̂s˴˿ ˴rt˸ry ̂˹ t˻˸ ̂̃̃̂s˼t˸ 

˻˸̀˼s̃˻˸r˸ (12%), ˵̂t˻ w˼t˻˼́ t˻˸ ˶˴˿˿̂s˴˿ su˿˶us ˼́ t˻˸ s̃˿˸́˼˴˿ r˸˺˼̂́ (F˼˺s. 5C, 6, ˴́˷ 11 ˴́˷ T˴˵˿˸ 2).

T˻˸ r˸˶urr˸́t ˶˼́˺u˿̂˶˴˿˿̂s˴˿ ˴rt˸ry, ˴ t˻˼́ ˵r˴́˶˻, ˴r̂s˸ ˹r̂̀ ̀˴˽̂r ˶̂rt˼˶˴˿ ˵r˴́˶˻˸s ̂˹ t˻˸ ̃˸r˼˶˴˿˿̂s˴˿ ˴rt˸ry: t˻˸ sũ˸r˼̂r ˼́t˸ŕ˴˿ 

̃˴r˼˸t˴˿ ˴rt˸ry (40%), t˻˸ ̃˴r˴˶˸́tr˴˿ ˴rt˸ry (20%), t˻˸ ˶˴˿˿̂ŝ̀˴r˺˼́˴˿ ˴rt˸ry (16%), t˻˸ ˴́t˸r˼̂r ˼́t˸ŕ˴˿ ˹r̂́t˴˿ ˴rt˸ry (10%), t˻˸ ˼́˹˸r˼̂r 

˼́t˸ŕ˴˿ ˹r̂́t˴˿ ˴rt˸ry (10%), ̂r t˻˸ ˹r̂́t̂̃̂˿˴r ˴rt˸ry (4%). It ˶̂urs˸˷ ̂́ t˻˸ ̀˸˷˼˴˿ sur˹˴˶˸ ̂˹ t˻˸ ˶˼́˺u˿˴t˸ ˺yrus t̂w˴r˷ t˻˸ ˶˴˿˿̂s˴˿ su˿˶us, 

w˴s ̃r˸s˸́t ˼́ 45% ̂˹ t˻˸ ˻˸̀˼s̃˻˸r˸s, ˴́˷ ˶̂́tr˼˵ut˸˷ t̂ t˻˸ ̃˸r˼˶˴˿˿̂s˴˿ ̃˼˴˿ ̃˿˸xus. T˻˸ r˸˶urr˸́t ˶˼́˺u˿̂˶˴˿˿̂s˴˿ ˴rt˸r˼˸s r˴́˺˸˷ ˼́ ́ù˵˸r 

1.5Fr.MC entering through the indusium griseum
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@2 months post Op. 
mRS2

mRS1@2 months post Op. 
Recent memory disturbance improved significantly.

Menu 
1. The phylogeny and the functional anatomy of the limbic system 
2. Arterial anatomy of the limbic system 

Anterior ethmoid artery, Olfactory artery, Recurrent artery of Heubner  
Anterior choroidal artery (Uncal artery)  
Posterior choroidal artery (Artery of Uchimura) 
Pericallosal artery (Cingulate gyrus)  
Posterior cerebral artery (isthmus part of CG) 

3. Venous anatomy of the limbic system

Telencephalic cortex and its functional regions in vertebrates Phylogenetically, 
paleopallium, archipallium, and neopallium are the oldest.

Pallium Area involved

Paleopallium 
(Rhinecephalon) 

the olfactory bulb, olfactory tract, tubercle 
and striae, the anterior olfactory 
nucleusm 
parts of the prepyriform cortex

Archipallium the hippocampal formation, 
the dentated gyrusm the fasciolar gyrusm 
the indusium giseum ( supracallosal 
gyrus)

Neopallium　 others of the cerebral cortices
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Venous system of the Neopallium, Paleopallium and Archipallium. 

Four regions of the supratentorial telencephalon of vertebrates:  
the neocortex, the archaecortex, the paleocortex, and the ventricles and associated 
venous groups

Venous system Related area Venous structures compare to 
man

Dorsal venous 
system 

Neopallium SSS, ISS, straight sinus, 
Falcine sinus, transverse sinus

Lateral- Ventral 
venous system

Paleopallium Tentorial sinus (middle cerebral 
vein)

Ventral-Lateral 
venous system

Archipallium Basal vein of Rosenthal

Ventricular system lateral and 
3rd ventricle

Tributaries of the forerunner of 
the median prosencephalic 
vein of Markowski, internal 
cerebral veins

Infratentorial (cerebellar, midbrain, and hindbrain) venous groups of 
vertebrates Neocortex, Paleocortex, Paleocortex, Ventricles, Brainstem

Venous system Related cerebellum area 
and brain stem

Venous structures compare to 
man

Dorsal venous system Neocerebellum transverse sinus, occipital sinus 
marginal sinus

Lateral- Ventral venous 
system

Archi-cerebellum, 
Cerebellar peduncles, 
Choroid plexus of 4th 
ventricle, 
Brain stem

mesencephalic pontine 
medullary veins, vein of 
cerebello-pointone fissure, vein 
of lateral recess of 4th ventricle

Ventricular system Paleocerebellum, 
tectum of the midbrain

paracentral and superior 
vermian 
veins, tectal vein

Summary… 

1.  Vasculature in the paleopallium and archipallium has different arrangement.  
2. Paleopallium is the dominant part of the telencephalon phylogenetically 

corresponding to the olfactory system.  
3. The function area of archipallium (like Ammon’s horn) is highly vascularized. 
4. Anterior choroidal artery is the fundamental architecture for diencephalon 

and limbic system.  It forms the limbic arcade and annexation with posterior 
choroidal artery. 

5.  Recurrent artery of Heubner and subcallosal perforators supply the nuclei 
accumbens. 
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