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Abstract

The Hippocampus is a critical organ for memory storage and processing. The Blood supply of the hippocampus is
derived from the branches of the anterior choroidal artery and posterior cerebral arteries. Parts of the hippocampus are
identified as a head, body and tail; accordingly, hippocampal arteries are named as anterior short, anterior long,
posterior short and posterior long hippocampal arteries. Based on the origin of the hippocampal arteries, five different
types of hippocampal blood supply have been identified. The hippocampal head has six microanatomical layers; that
include the condensed pyramidal cell layer also. Hippocampal microvascular supply and perfusion depend on the
lumen and structure of the arterioles. Hippocampal microvascular density is comparatively lower than the neocortical

cerebral areas.

Introduction & Background

The hippocampus is a critical part of the limbic lobe involved in memory processing, learning, spatial navigation, and
emotions [']. The indusium griseum, gyrus fasciolaris, and longitudinal stria, along with the hippocampus proper, form the
hippocampal formation ['I?I3], The hippocampus can be divided into head, body and tail rostrocaudall'[?I3],
Developmentally hippocampus is paleocerebrum, hence hippocampus has six histological layers including three cortical
layers ['I2I3]. Hippocampal vascularization plays a significant role in various neurodegenerative pathologies, including
dementia and Alzheimer’s disease [¥14]. The microscopic vascular pattern and its density reduce as part of the ageing
process, which may lead to cerebrovascular rarefaction 4151, This critical review will summarize the arterial supply of the

hippocampus, including its branching pattern and density
Blood supply of the hippocampus

The hippocampus receives its blood from the posterior cerebral artery (PCA) and anterior choroidal artery (AchA)>lI6],

The hippocampal arteries can be classified into five different types based on the origin (Table 1) [7I€],
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Table 1. Classification of the hippocampal arteries based on their origin

Type Origin of the artery
Type A Hippocampal arteries originate from both the AchA and PCA
Type B Most of the hippocampal arteries originate from the PCA, specifically from all the inferior temporal arteries.

Hippocampal arteries originate exclusively from the PCA, specifically from all the inferior temporal

Type C
R arteries.

Type D Hippocampal arteries originate directly from the PCA or a common trunk

Type E Hippocampal arteries originate from the AchA

PCA = Posterior cerebral artery, AchA: Anterior choroidal artery

The cerebrum is supplied by the anterior cerebral artery, middle cerebral artery, and posterior cerebral artery, which are
branches of the internal carotid artery and basilar artery. The basilar artery is formed by the union of two vertebral
arteries [€1°]. Branches of the basilar artery (Posterior communication artery) join the branches of the internal carotid
artery to form the arterial circle at the inferior surface of the brain. Cerebral branches divide to supply the cortical area

(cortical branches) and the deep structure of the cerebrum (lenticulostriate /choroidal branches) [7181],

The posterior cerebral artery (a terminal branch of the basilar artery) joins with the posterior communicating artery and
completes the circle of Willis ['I°1l1%] The posterior cerebral artery divides into three major branches: cortical branches,
posterolateral striate branches, and the posterior choroidal artery PISI7IBICITOITIIZ] The posterior cerebral artery can be
divided into four segments: Pre-communicating segment (P1), Ambient segment (P2), Quadrigeminal segment (P3), and

Calcarine segment (P4). The segments can be further classified as deep and superficial parts.

The part of the posterior cerebral artery from the posterior communicating artery to the posterior margin of the midbrain is
considered the second part (P2). It gives the anterior inferior temporal artery and the anterior hippocampal para-
hippocampal artery supplying the entorhinal area PISI7IEIC] The posterior inferior temporal artery (a branch of the
posterior cerebral artery) gives a branch known as the posterior para-hippocampal artery. The fourth part (P4) of the
posterior cerebral artery gives a branch known as the parietooccipital arterial trunk supplying the para-hippocampal gyrus

and hippocampus [0/ 11112],

The anterior choroid artery (AChA) has a highly variable origin and distribution depending on the territory of the posterior
cerebral artery ['']. It originates from the distal part of the internal choroid artery after the posterior communicating artery
is given off [PI6I7I8] The anterior choroid artery runs into the subarachnoid space, and the part of it up to the inferior horn

of the lateral ventricle is called the cisternal segment [ 11[12],

The branches of the anterior choroid artery form the choroid plexus located in the inferior horn of the lateral
ventricle [101111112] It also supplies the optic tract, the globus pallidus, the uncus, the lateral geniculate body, and the
internal capsule [EI°PI10I11I12] The amygdala and the hippocampus are supplied by the perforating branches of the

anterior choroid artery [ 11[121[131[14]
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Classification of Hippocampal arteries

The hippocampal arteries can be classified according to the territories (Head, body, and tail of the hippocampus) supplied

by the arteries (Figure 1).
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Figure 1. Hippocampal arteries and their origin

Anterior Hippocampal arteries (AHA): Artery supplying the uncus and head of the hippocampus is known as anterior
hippocampal arteries P10 IIT2II13]114] The artery enters into the uncal sulcus to supply the head of the hippocampus

and reach the surface of the pyriform lobe [101[1111121[13](14]

Posterior Hippocampal arteries (PHA): Arteries supplying the body and tail of the hippocampus are known as the
posterior hippocampal arteries 2131141 Posterior hippocampal arteries give large perforating branches, and small

branches to supply the margo denticulatus and fimbria-dentate sulcus. A rich anastomosis is formed around the
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hippocampal sulcus by the large posterior hippocampal arteries [111[121[13](14],

Intrahippocampal arteries (deep branches): The intrahippocampal arteries are classified as small ventral, small dorsal,

larger ventral, and large dorsal branches [T 11121013101 4115][16],

The proximal part of the dentate gyrus is supplied by small ventral arteries while the fimbria-dentate sulcus and adjacent
areas are supplied by the small dorsal arteries ['3I[14I[151[16] The CA1, CA2 region, stratum lacunosum, molecular layer of
the dentata gyrus, and stratum pyramidalis are supplied by the large ventral branches. The CA3, CA4 areas, and granular

areas of the dentate gyrus are supplied by the large dorsal branches [ 11112][13][14][15][16]

Anastomosis: Major extrahippocampal anastomosis between the AChA and PCA is present at the head of the
hippocampus and transitional area between the mid and posterior part of the hippocampus !'4Il'5Il'6] various postmortem
and imaging studies have reported that deep arterial anastomosis and capillary anastomosis between hippocampal

arteries are less frequent [15I[161117][18][19]

Hippocampal microvasculature: Microvasculature of cerebrum has been widely studied in both humans and animals, but

14](15][16][17][18][19](20]1211[22](23] Resolution is

any significant classification of the microvasculature has not been reported |
the major limitation of the imaging method, because of which pre-capillary arterioles and post-capillary venules are missed

in the studies 221,

In combination with post-mortem studies using histological methods (e.g. compound microscopy, confound 3-D
microscopy, light sheet fluorescence microscopy) density of the intrahippocampal vasculature has been

studied [20I211221[23]1[24] 'Hippocampal vascular density is less than the vascular density in the neocortical areas??!. The
hippocampal microvasculature is sparse and arterioles enter the hippocampus perpendicular to the coronal plane.

Distance between vessels is comparatively higher than the other cortical areas [2°1261127],

The hippocampal microvasculature is arranged in alternative arcs of arterioles and venules creating a rake-like pattern.
Hippocampal arteriolar lumen diameter is critical for maintaining the perfusion of the nervous tissue; which is determined
by the vascular smooth muscles present in the wall [251[2611271128] |y addition, the capillary endothelium lining also plays a
pivotal role in hippocampal perfusion. Imaging studies using the Ferumoxytol-enhanced MRI reveal that the vascular
density is low in the head, as well as in the CA1 (Cornu Ammonis 1) field of the hippocampus in comparison to the body
and tail (241251261 gimilarly, hippocampal perfusion using high-resolution, multi-modal 7T MRI studies also shows the

1[27][28]

perfusion in the CA1 field is lower than the remaining fields of the hippocampus [2° . The reason behind the less

perfusion is that the CA1 field is the farthest from the origin of vessels ¢!,

Conclusions

Microvascular density and diameter of the hippocampal blood vessels are important parameters in vascular-induced
dementia and cerebrovascular pathology of the hippocampus. The head of the hippocampus and the CA1 field of the

hippocampus are the least perfused areas because of their higher distance from an artery of origin.

Qeios ID: O418PM - https://doi.org/10.32388/0418PM 4/6



Q Qeios, CC-BY 4.0 - Article, September 1, 2024

References

1.

10.

11.

12.

13.

14.

15.

16.

a.b,c.d.eTaty L, Vuillier F: Structure and vascularization of the human hippocampus. Front Neurol Neurosci. K. Szabo;
M.G. Hennerici (ed): S.Karger AG, 2014. 34:18-25. 10.1159/000356440

a0, ¢ Knjerim JJ: The hippocampus. Curr Biol. 2015, 25:1116. 10.1016/j.cub.2015.10.049

a,b, ¢, d. e Ten-Donkelaar HJ, Tzourio-Mazoyer N, Mai JK: Toward a common terminology for the gyri and sulci of the
human cerebral cortex. Front Neuroanat. 2018, 12:93. 10.3389/fnana.2018.00093

aPRao YL, Ganaraja B, Murlimanju BV, et al.: Hippocampus and its involvement in Alzheimer's disease: a review. 3
Biotech. 2022, 12:55. 10.1007/513205-022-03123-4

a.,b,¢.d. e Zimmerman B, Rypma B, Gratton G, et al.: Age-related changes in cerebrovascular health and their effects
on neural function and cognition: A comprehensive review. Psychophysiology. 2021, 58:13796. 10.1111/psyp.13796
a.b,¢. dGorelick PB, Scuteri A, Black SE, et al.: Vascular contributions to cognitive impairment and dementia: a
statement for healthcare professionals from the American heart association/american stroke association. Stroke. 2011,
42:2672-2713. 10.1161/STR.0b013e3182299496

a.b,c.d. e aplante F, Mnie-Filali O, Sullivan RM: A neuroanatomical and neurochemical study of the indusium griseum
and anterior hippocampal continuation: comparison with dentate gyrus. J Chem Neuroanat. 2013, 50:39-47.
10.1016/j.jchemneu.2013.03.004

a,b,c.d.e., 9 Farnandez-Miranda JC, de OE, Rubino PA, et al.: Microvascular anatomy of the medial temporal region:
part 1: its application to arteriovenous malformation surgery. Neurosurgery. 2010, 67:237-276.
10.1227/01.NEU.0000381003.74951.35

a,b,c.d.e.f.9pyrves D, Augustine GJ, Fitzpatrick D: The Blood Supply of the Brain and Spinal Cord.. Neuroscience.
Sinauer Associates, Sunderland (MA); 2001. 2:11042.

a,b,c.d.e. . 9yther G, Dorfl J, Van der Loos H, et al.: Microanatomic and vascular aspects of the temporomesial
region. Neurosurgery. 1998, 43:1118-1136.

a,b,c.d e f.0.ni0. kK IRysinek H, Brys M, Glodzik L, et al.: Hippocampal blood flow in normal ageing measured with
arterial spin labelling at 3T. Magn Reson Med. 2011, 65:128-137. 10.1002/mrm.22611

a,b,c.d.e.f,0.n ik lsolan GR, Stefani MA, Schneider FL, et al.: Hippocampal vascularization: proposal for a new
classification. Surg Neurol Int. 2020, 11:378-2020. 10.25259/SNI_708_2020

a,b,c.d.e..9. "\Marinkovic S, Milisavljevic M, Puskas L: Microvascular anatomy of the hippocampal formation. Surg.
Neurol. 1992, 37:339-349. 10.1016/0090-3019(92)90001-4

a,b,c.d.e.f.0. 1. ichauhan P, Jethwa K, Rathawa A, et al.: The Anatomy of the Hippocampus.. Cerebral Ischemia.
Pluta R (ed): Exon Publications, Brisbane (AU); 2021. 15-24. 10.36255/exon-publications-epilepsy-anatomical-basis
a,b,c.d.e.TJaved K, Reddy V, Lui F: Choroid Plexus. Neuroanatomy. StatPearls [Internet (ed): Treasure Island (FL):
StatPearls Publishing, 2023; https.//www.ncbi.nlm.nih.gov/books/NBK538156/:

a.b.c.d.e.fl iy T, Deng R, Wang X, et al.: Mechanisms of hypoxia in the hippocampal CA3 region in postoperative

cognitive dysfunction after cardiopulmonary bypass. J Cardiothorac Surg. 2022, 17:106. 10.1186/513019-022-01865-z

Qeios ID: O418PM - https://doi.org/10.32388/0418PM 5/6



Q Qeios, CC-BY 4.0 - Article, September 1, 2024

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

a, bDekeyzer S, De KI, Nikoubashman O, et al.: “Unforgettable” - a pictorial essay on anatomy and pathology of the
hippocampus. Insights Imaging. 2017, 8:199-212.

a.bpiizel E, Bunzeck N, Guitart-Masip M, et al.: ageing. Neurosci Biobehav Rev. 2010, 34:660-9.
10.1016/j.neubiorev.2009.08.006

a.bperosa V, Priester A, Ziegler G, et al.: Hippocampal vascular reserve associated with cognitive performance and
hippocampal volume.. Brain. 2020, 143:622-634. 10.1093/brain/awz383

a.bxy Y, Mohyeldin A, Nunez MA, et al.: Microvascular anatomy of the medial temporal region. Journal of
Neurosurgery. 2022, 137:747-759. 10.3171/2021.9.JNS21390

a.bHoque MM, Abdelazim H, Jenkins-Houk C, et al.: The cerebral microvasculature: basic and clinical perspectives on
stroke and glioma. Microcirculation. 2021, 28:¢12671. 10.1111/micc.12671

a,b.¢Baran U, Shi L, Wang RK: Capillary blood flow imaging within human finger cuticle using optical
microangiography. J Biophotonics. 2015, 8:46-51. 10.1002/jbio.201300154

a5 qurino A, Franceschini A, Pesce L, et al.: A guide to perform 3D histology of biological tissues with fluorescence
microscopy.. International Journal of Molecular Sciences. 2023, 24:6747. 10.3390/ijms24076747

a.bBuglak NE, Lucitti J, Ariel P, et al.: Light sheet fluorescence microscopy as a new method for unbiased three-
dimensional analysis of vascular injury. Cardiovasc Res. 2021, 117:520-532. 10.1093/cvr/cvaa037

a.b.c.dyamamoto Y, Hase Y, Ihara M, et al.: Neuronal densities and vascular pathology in the hippocampal formation
in CADASIL. Neurobiol Aging. 2021, 97:33-40. 10.1016/j.neurobiolaging.2020.09.016

a.b,c.d.eHaast RAM, Kashyap S, Ivanov D, et al.: Insights into hippocampal perfusion using high-resolution, multi-
modal 7T MRI. Proc Natl Acad Sci U S A. 2024, 121:€2310044121. 10.1073/pnas.2310044121

ab.¢1jC, Buch S, Sun Z, et al.: In vivo mapping of hippocampal venous vasculature and oxygenation using
susceptibility imaging at 7T. Neuroimage. 2024, 291:120597. 10.1016/j.neuroimage.2024.120597

a.bJohnson AC: Hippocampal vascular supply and its role in vascular cognitive impairment. Stroke. 2023, 54:673-685.

10.1161/STROKEAHA.122.038263

Qeios ID: O418PM - https://doi.org/10.32388/0418PM 6/6



	Exploring the Microscopic Maze: The Structure and Function of the Hippocampal Arterial Supply
	Abstract
	Introduction & Background
	Blood supply of the hippocampus
	Classification of Hippocampal arteries
	Conclusions
	References


