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Concept of Large Artery
and Small Vessel

Seung-Hoon Lee

Abstract

In the TOAST classification of ischemic
strokes, large-artery atherosclerosis and small-
vessel occlusion are major subtypes. However,
the meaning of “large artery” and “small ves-
sel” is unclear. Histologically, the arterial sys-
tem of the human body comprises of elastic
and muscular arteries, arterioles, and capillar-
ies. Among them, muscular arteries are dis-
tributed to each organ in the body and are
present in the subarachnoid space of the brain.
Arterioles usually have a diameter of
10-100 pm and are mostly located in the
brain. “Large arteries” and “small vessels”
under the TOAST classification system are not
found in the histological classification of
arteries. This discrepancy causes a major hur-
dle in the understanding of stroke pathophysi-
ology. In this chapter, we will thoroughly
explore the different concepts of large arteries
and small vessels and provide a basis to under-
stand the stroke pathophysiology.
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The TOAST classification system of ischemic
strokes is based on its pathophysiology and
includes some unique subtypes, such as large-
artery atherosclerosis and small-vessel occlusion,
that are uncommon in other classifications [1]. It
is important to understand the meaning of “large
artery” and “small vessel.” Histologically, the
arterial system of the human body comprises of
elastic and muscular arteries, arterioles, and cap-
illaries, determined by their size and proximity
from the heart and does not include large arteries
or small vessels, the strokes of which are the
main subtypes in the TOAST system. Therefore,
early career physicians and physicians-in-training
of neurology intuitively assume that “large arter-
ies” mean aorta and muscular arteries, while
“small vessels” mean arterioles and capillaries.
Such intuitive assumptions may not be correct,
and because these words are key to the proper
understanding of stroke pathophysiology, they
must be clearly defined. Nevertheless, most text-
books and articles on stroke pathophysiology
have not provided any obvious explanation of the
terms.

The paper by Adams Jr. et al., Stroke 1993
on TOAST classification described large-artery
atherosclerosis as “clinical and brain imaging
findings of either significant (>50%) stenosis or
occlusion of a major brain artery or branch cor-
tical artery” [1]. In their description, large
arteries referred to the major brain arteries and
branches to the brain cortex, and their histolog-
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ical categories were not mentioned. Moreover,
they described the strokes caused by small-ves-
sel occlusion as “strokes are often labeled as
lacunar infarcts in other classifications,” with-
out explaining the concept of small vessels. The
global confusion on large arteries and small
vessels must have begun here. To understand
the pathophysiology of ischemic strokes, we
must know the vessels involved and the patho-
logical conditions they are involved in. In this
chapter, we will thoroughly explore the differ-
ent concepts of large arteries and small vessels
and provide a basis to understand the stroke
pathophysiology.

3.1 Histological Classification

of Arteries

Table 3.1 describes the histological classification
of the arterial system. The arteries from the heart
to the individual organs are generally catego-
rized as elastic and muscular arteries and arteri-
oles [3, 4].

The elastic arteries are the aorta and pulmo-
nary arteries, which begin directly from the heart.
They are the largest in diameter among all arter-
ies in the body. However, the vessel walls are
relatively thin. They are abundant in elastin, and
the elasticity is necessary to take blood from the

Table 3.1 The histological classification of the arterial system

Subtype Details
Intima Media Adventitia
Elastic artery (conducting artery)
A single layer of It consists of It contains elastic
Togicaining endothelial cellsis ~ abundant and collagen fiber,
supported by concentrating layers  vasa vasorum, and

Elastic artery

Muscular artery (distributing artery)

Muscular artery

Tunica Intima

Tunica Medi

J
. Tunica Externa

Arteriole (local regulating artery)

External elastic lamina
Internal elastic lamina

Tunica Intima

Tunica Media l

Small arter

Tunica Externa

Tunica Externa

elastin-rich collagen
IEL is not distinct

It is relatively thin
with well demarcated
IEL

It is made up of an
endothelium

It is very thin and
consists of only a
single layer of
endothelium

of elastic laminae
EEL is not distinct

It is consisted mainly
by smooth muscle
fibers

It is separated from
tunica adventitia by
prominent EEL

It consists of one to
six layers of smooth
muscle cell

There is no EEL

IEL internal elastic laminar, EEL external elastic laminar. Adapted from EC cardiology [2]

nervi vascularis

It consists of elastic
and collagen fibers
There is few
fibroblasts, vasa
vasorum and nervi
vascularis

It is about the same
size as tunica media
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heart and deliver it. The tunica intima is com-
posed of a single layer of endothelial cells and is
supported by elastin-rich collagen. The tunica
media is thick and has concentric sheets of elas-
tin, but the smooth muscle cells are few. The
tunica adventitia has a vasa vasorum for its own
blood supply. The internal and external elastic
lamina (IEL and EEL) are not found in elastic
arteries.

The muscular arteries are the blood vessels
distributed in the individual organs of our body,
which course through the subarachnoid space in
the brain. The tunica media contains many
smooth muscle cells that can shrink and relax
while supplying blood to the organs, and the elas-
tin component is less. The tunica intima is com-
posed of a single layer of endothelial cells, while
the tunica adventitia is thick and composed
mainly of collagen and elastin. Muscular arteries
characteristically have distinct IEL and EEL.

Arterioles usually have a diameter of
10-100 pm and almost always course through the
brain tissue. The three layers of tunica intima,
media, and adventitia are intact but are much
thinner compared to muscular arteries. The tunica
media consists of 1-6 layers of smooth muscle
cells, and the tunica adventitia has almost the
same thickness as tunica media. The IEL is intact,
but there is no EEL.

In the histological classification of the arterial
system, large arteries and small vessels are not
present. In addition, it is unclear why one of the
terms has “arteries” and the other “vessels.” It
might have been an attempt to include venous
diseases, but that is unlikely. It can be concluded
that the concept of large arteries and small ves-
sels in the arterial classification are clinical, and
not histological.

3.2 Differentiation of Large

Arteries and Small Vessels

Dr. Leonardo Pantoni et al. published an interest-
ing research in 2006 [5]. Considering that small
vessels have been defined poorly for clinical neu-
rologists, they conducted a survey on the defini-
tion of a small vessel among principal investigators

responsible for the top neuropathological centers
around the world. The answers for the definition
of small vessels had the agreement of less than
50%. This result is surprising because the respon-
dents to this survey were prominent experts in the
field of neuropathology. Their answers diversely
ranged from the diameter of less than 50 pm to
less than 500 pm and to only arterioles, etc. In
view of the situation of no material agreement on
the definition of large arteries and small vessels,
we have clinically dealt with the diseases of those
vessels.

Small vessels do not generally course through
the subarachnoid space. As mentioned above,
vessels present in the subarachnoid space are
muscular arteries histologically [6]. Hence, it is
reasonable to regard muscular arteries coursing
through the subarachnoid space as large arteries.
Moreover, these large arteries penetrate the brain
parenchyma in a perpendicular fashion [7, 8].
They are also called as deep perforating arteries,
which are the previously defined large arteries.
Deep perforating arteries representatively include
(1) posterior circulation: perforators to thalamus
and brain stem arising from the posterior cerebral
artery and the basilar artery, and (2) anterior cir-
culation: lenticulostriate arteries to basal ganglia
arising from the middle cerebral artery [9]. The
lenticulostriate arteries have a diameter of 300—
700 pm at the branching site on the middle cere-
bral artery, but the other perforators have a
smaller diameter [9, 10]. After branching into the
deep perforating arteries, the large arteries course
through the subarachnoid space in the brain, and
finally, penetrate the cerebral cortex [8]. These
vessels are called superficial perforating arteries,
which are the previously defined small vessels.

Large arteries coursing through the brain
undergo progressive narrowing of the internal
diameter with decreasing blood pressure, so the
superficial perforating arteries have lower blood
pressures and smaller diameters than the deep
perforating arteries [11]. Small vessels do not
have a vascular network with the adjacent small
vessels without a collateral circulation [12].
Thus, regardless of the cause, if one small vessel
is obstructed, lacunar infarction can occur
because of no alternative blood supply.
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The histological category of the clinical small
vessels must also be determined. As the vascular
microangiopathy of small vessels damaged by
long-standing hypertension is called ‘“arteriolo-
sclerosis,” there have been prejudices that the
small vessels are arterioles [13]. However, as men-
tioned above, because the internal diameters of
arterioles are 10-100 pm and of deep perforating
and leptomeningeal arteries are approximately
50-800 pum, the small vessels are larger than arte-
rioles. We can conclude that small vessels are his-
tologically (1) “small” muscular arteries and (2)
“large-sized” arterioles. As shown in Fig. 3.1,
small vessels do not histologically belong to a
single category and range from small-size arteries
to large-size arterioles [14, 15]. Therefore, they are
called “small vessels” rather than “small arteries,”

Leptomeningeal artery

Cortical and
leptomeningeal
arterioles

Middle cerebral artery

and it should be noted that the venous system is
not included in the category of small vessels. From
large arteries to small vessels, the lumen diameter
dramatically reduces, but the blood pressure is
almost constant as shown in Table 3.2 and Fig. 3.2
[11]. Hence, small vessels are the most vulnerable
to long-standing hypertension. Chronic or long-
standing hypertension leads to hypertensive
microangiopathy (arteriolosclerosis), which ulti-
mately causes lacunar infarction or intracerebral
hemorrhage [14, 15]. Moreover, small vessels do
not include capillaries. Disorders of the capillary
circulation in the brain are generally not associated
with strokes because the proportion of blood flow
through the capillaries is too small to cause isch-
emia or hemorrhage. Chapter 6 describes cerebral
microangiopathy in detail.

White matter (superfical)
perforating arteries

Basal ganglia
perforating
arteries

Penetrating arterioles originating
from pontine arteries (short of
long circumferential)

Fig. 3.1 Anatomical location of small vessel diseases. The red spots in the brain parenchyme is frequent regions of
small vessel disease. Adapted with permission from Nature Reviews Neurology, Copyright Springer Nature [14]
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Table 3.2 Diameter and arterial pressure at several cerebral arterial locations

Subtype Diameter (mm) SBP (mmHg) DBP (mmHg)
Internal carotid 4.84 117 77
Basilar 345 113 73
Poserior cerebral 1.63 111 71
Distal medial striate 0.55 110 70
Prefrontal 0.96 95 61
Temporal branch of MCA 0.92 98 62
Lenticulostriate 0.58 113 73
Arterioles of lenticulostriate bed 0.19 102 65
Posterior parietal branch of MCA 1.04 85 54
Arterioles of posterior parietal bed 0.19 66 42

SBP systolic blood pressure, DBP diastolic blood pressure, MCA middle cerebral artery. Adapted with permission from
Stroke & Vascular Neurology, Copyright BMJ Publishing Group Ltd. [11]
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3.3  Conclusions

The terms “large arteries” and “small vessels,”
used in the clinical classification of ischemic
strokes, have caused confusion among physicians
in neurology. This is because they have not been
covered in basic medical contexts, such as anat-
omy and histology. Large arteries refer to the
extracranial cerebral arteries (carotid and verte-
bral arteries) and intracranial muscular arteries
coursing through the subarachnoid space, while
small vessels refer to the deep perforating arteries
and superficial perforating arteries that penetrate
the brain tissue. Histologically, small vessels are
the small-size muscular arteries and large-size
arterioles and are most vulnerable to high blood
pressure. Long-standing hypertension may result
in cerebral microangiopathy (arteriolosclerosis),

Perforating Arterioles Capillaries Venules,
arteries Veins

Right
Atrium

ultimately leading to lacunar infarction or intra-
cerebral hemorrhage. The descriptions of large
arteries and small vessels would aid in under-
standing stroke pathophysiology.

References

1. Adams HP Jr, Bendixen BH, Kappelle LJ, Biller J,
Love BB, Gordon DL, et al. Classification of subtype
of acute ischemic stroke. Definitions for use in a mul-
ticenter clinical trial. TOAST. Trial of Org 10172 in
Acute Stroke Treatment. Stroke. 1993;24(1):35-41.

2. Man WCA, Wang Y. Age-associated arterial remodel-
ling. EC Cardiol. 2017;4(4):137-64.

3. Kumar V, Abbas AK, Aster JC. Robbins and Cotran
pathologic basis of disease. 9th ed. Philadelphia, PA:
Elsevier/Saunders; 2015. p. xvi, 1391.

4. Man WCA, Wang Y. Age-associated arterial remodel-
ling. EC Cardiol. 2017;4(4):137-64.



36 S-H.Lee
5. Pantoni L, Sarti C, Alafuzoff I, Jellinger K, Munoz  10. Marinkovic SV, Milisavljevic MM, Kovacevic MS,
DG, Ogata J, et al. Postmortem examination of Stevic ZD. Perforating branches of the middle cerebral
vascular lesions in cognitive impairment: a sur- artery. Microanatomy and clinical significance of their
vey among neuropathological services. Stroke. intracerebral segments. Stroke. 1985;16(6):1022-9.
2006;37(4):1005-9. 11. Blanco PJ, Muller LO, Spence JD. Blood pressure
6. Weller RO, Sharp MM, Christodoulides M, Carare gradients in cerebral arteries: a clue to pathogenesis
RO, Mollgard K. The meninges as barriers and facili- of cerebral small vessel disease. Stroke Vasc Neurol.
tators for the movement of fluid, cells and patho- 2017;2(3):108-17.
gens related to the rodent and human CNS. Acta 12. Caplan LR. Lacunar infarction and small vessel
Neuropathol. 2018;135(3):363-85. disease: pathology and pathophysiology. J Stroke.
7. Kim JS, Caplan LR, Wong KS. Intracranial athero- 2015;17(1):2-6.
sclerosis : pathophysiology, diagnosis, and treatment.  13. de Jong G, Kessels F, Lodder J. Two types of lacunar
Basel: Karger; 2016. p. vii, 226. infarcts: further arguments from a study on prognosis.
8. Caplan LR, Van Gijn J. Stroke syndromes. 3rd ed. Stroke. 2002;33(8):2072-6.
Cambridge: Cambridge University Press; 2012. p. x,  14. Yakushiji Y, Werring DJ. Cerebrovascular disease:
621. lobar cerebral microbleeds signal early cognitive
9. Marinkovic S, Gibo H, Milisavljevic M. The surgi- impairment. Nat Rev Neurol. 2016;12(12):680-2.
cal anatomy of the relationships between the perfo-  15. Pantoni L. Cerebral small vessel disease: from patho-

rating and the leptomeningeal arteries. Neurosurgery.
1996;39(1):72-83.

genesis and clinical characteristics to therapeutic
challenges. Lancet Neurol. 2010;9(7):689-701.



