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ABSTRACT
Tunica adventitia was previously considered an inert fibrous layer only involved in nutritional and physical
support of the arterial wall. Recent studies reveal that it is an important dynamic layer actively involved
in the regulation of vascular structure, function, response to injury and disease processes especially
atherosclerosis. Many anatomical studies on arteries, however, still make only peripheral reference to it,
without elucidating its detailed structure. Knowledge of the latter is important in understanding
pathobiology and interventional approaches to atherosclerosis. This review, therefore, aims at
consolidating contemporary literature on the structure and clinical significance of the arterial tunica
adventitia. Google literature search was done using the key words tunica adventitia combined with:
artery, aorta, cells, cell types, collagen, elastic fibres, vasa vasora, lymphatics, nerves, atherosclerosis.
There is overwhelming evidence that the tunica adventitia comprises multiple types of collagen and
elastic fibres arranged in various directions, a wide variety of cells including fibroblasts, smooth muscle,
pericytes, myofibroblasts, leukocytes, mononuclear phagocytic, defence, mesenchymal stem and mast
cells; vasa vasora including microvasculature, lymphatics and neural elements. The exact cellular, fibre
composition and orientation vary between various arteries and regions of the same vessel. Its
components are involved in the initiation, progression and complications of atherosclerosis. In conclusion,
the tunica adventitia is an active dynamic layer which, besides mechanical and nutritive functions; has
metabolic, regulatory and defence roles that are critical in arterial homeostasis and atherosclerosis.
Vascular studies should always include detailed analysis of the biology of the tunica adventitia.
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INTRODUCTION
Tunica adventitia (TA) of arteries has previously
Simionescu and Sima, 2012; Campbell et al.,
been regarded as a passive compartment
2012). We recently described features of
involved in only physical and nutritive support of
atherosclerosis in the tunica adventitia of
the vessel wall. Recent data, however, reveal
coronary and carotid arteries (Ogeng’o et al.,
that it is actively involved in regulating the
2014) and further reported morphological
structure, function and disease processes of the
evidence that it is an active compartment
vessel wall (Stenmark et al., 2012, 2013; Tang
(Ogeng’o et al., 2015). In spite of this, most
et al., 2013). Its removal leads to degeneration
studies on structure of arteries focus more on
of the entire tunica media and disruption of
tunica intima and media with only peripheral
tunica intima (Fugundes et al., 2012).
reference to the tunica adventitia (Nowrozani,
Accordingly, there is renewed interest in its
2011; Popescu et al., 2013). Some of its
biology with many studies focusing on its role in
components are under emphasized. Data on the
atherosclerosis (Skilton et al., 2009, 2011, 2012;
structural components of tunica adventitia in
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normal arteries are important in enhancing
understanding of their physicomechanical
properties, functions, disease processes like
atherosclerosis, aneurysms and potential
interventional strategies. Indeed, the tunica
adventitia is currently an area of focus for
therapeutic intervention in atherosclerosis (Tian

et al., 2013; Kharlamov et al., 2013). This
review, therefore, aims at consolidating available
contemporary literature on various components
of the tunica adventitia, and their involvement in
atherosclerosis

LITERATURE
Relevant publications over the last 25 years in
anatomy, pathology, cardiology, biology,
cardiovascular surgery and therapeutics were
retrieved from Google search using the key
words tunica adventitia, combined with artery,
aorta, structure, disease, atherosclerosis,
organization, cells, cell types, collagen, elastic,
fibres, vascularity, vessels, tissues, vasa vasora,
lymphatics nerves and innervation in various
combinations. A few older classical reports were
included. Only the articles which were explicit on
structural components were included in the
review.
The TA is actively involved in regulating
structure, function and disease processes of the
vessel wall (Stenmark et al., 2012, 2013; Tang
et al., 2013). It contains connective tissue fibres,
heterogeneous population of cells, vasa vasora,
lymphatic networks and nervous tissue (Ponticos
et al., 2004; Kielty et al., 2007; Mulligan – Kehoe
and Simons, 2014). The details of the
organization of each of these different elements
and their involvement in atherosclerosis are
outlined below.
Fibre Composition
The TA of large blood vessels is typically a
fibroelastic jacket (Viegas et al., 2001; Orsi et al.,
2004; Mello et al., 2004; Nowrozani, 2011).
Although conventionally known to comprise
mainly collagen type I, 17 different collagen
types have been identified in the mouse aorta,
for example, with collagens I, III, IV, V, VI, VII,
VIII having the highest expression levels (Keller
et al., 1996; Plenz et al., 2003; McLean et al.,
2005; Megens et al., 2007; Wagensil and
Mecham, 2009; Stankovic et al., 2015).
Collagens I, III, and V are fibril-forming
collagens, with types I and III being mainly
www.anatomyafrica.org
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responsible for imparting strength to the vessel
wall. The distribution of collagen types I and III
varies depending on the specific region of the
vascular tree. In the ascending aorta, collagens
I and III colocalize. These collagens are
dispersed in all directions (Scacel and Bursa,
2013), confer structural stability, influence
cellular differentiation, adheshion, migration,
proliferation and apoptosis (Pontico and Smith,
2014; Stankovic et al., 2015).
The elastic fibres of the TA comprise fibrous
forms containing tubular elastin, cord like shapes
(Ushiki and Murakumo, 1991) and lamellar forms
of variable thickness with transverse, oblique
and longitudinal arrangements forming a mosaic
(Hass et al., 1990; Orsi et al., 2004). Apart from
mature elastic fibres which appear randomly
dispersed (Kielty et al., 2007), the TA also
contains oxytalan and elaunin fibres (Baba et al.,
1988; Ogeng’o, 2008). The quantity of elastic
tissue varies between arteries and also between
arterial segments (Csibi et al., 2015).
Cellular Composition
The TA has been reported to comprise only
fibroblasts and macrophages (Tonar et al., 2010;
Nowrozani et al., 2011). Further, the population
of cells in the TA was initially thought to be static
and passive with only structurally supportive and
protective roles. There is overwhelming data,
however, to show that TA also contains resident
populations of macrophages, T and B
lymphocytes, pericytes, myofibroblasts, mast,
endothelial, smooth muscle; mesenchymal,
dendritic cells (Galkina et al., 2006; Tieu et al.,
2009; Zhou et al., 2010; Swedenborg et al.,
2011) and adipocytes (Tang et al., 2013).
Further, it harbours stem/progenitor cells
(Campagnolo et al., 2010; Majesky et al., 2011;
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Simionescu and Sima, 2012; Stenmark et al.,
2012, 2013; Ogeng’o et al., 2015). Some of
these cells may represent an important source of
pericytes for angiogenesis during remodeling of
the artery in physiological and pathological
processes (Torsney et al., 2005; Corselli et al.,
2012) and also provide a convenient supply of
mural cells for vascular bioengineering
applications (Howson et al., 2005).
There are two types of perivascular cells, namely
pericytes and adventitial cells. These cells have
been implicated in constituting multipotent
progenitor cells similar to mesenchymal stem
cells (Corselli et al., 2012; Stenmark et al., 2013)
involved in routine remodeling and response to
injury. Some of them may also be involved in
immune surveillance. These numerous cell types
in the TA contribute to active cross talk between
TA, tunica media and intima of the vascular wall
in the maintenance of its structure, function and
response to injury (Campbell et al., 2012).

2007; Fugundes et al., 2012; Mulligan – Kehoe
and Simons, 2014).
Venous Vasa Vasora: These run parallel to the
AVV and drain the arterial wall into the largest
branches of feeder veins or companion veins
(Mulligan – Kehoe and Simons, 2014). Tunica
adventitia
also
harbours
a
dynamic
microvasculature comprising a dense network of
arterioles and capillaries (Majesky et al., 2011;
Simionescu and Sima, 2012; Ogeng’o et al.,
2015).
Lymphatic Vasa Vasora: The TA contains a
rich irregular plexus of various sizes of lymphatic
vessels (Sacchi et al., 1990; Drozdz et al., 2008;
2012). They form a network consisting of large
and sparsely distributed vessels with capillary
structure and occupy a more external position
than blood capillaries. They are involved in
reverse transport of cholesterol, and other lipid
from the arterial wall and immune cells to the
regional lymph nodes and regulate disease
processes of arterial wall especially inflammatory
and immune responses in atherosclerosis (Xu et
al., 2009; Kut Kut et al., 2015; Milasan et al.,
2015).

Vasa Vasora
Vasa vasora (VV) are the vessels of the vascular
wall. The tunica adventitia contains the external
vasa, that is those derived from external arteries.
There are three types of VV, namely arterial vasa
vasora (AVV), venous vasa vasora (VVV) and
lymphatic vasa vasora (LVV) [Sacchi et al., 1990;
Ritman and Lerman, 2007; Mulligan – Kehoe and
Simons, 2014]. The distribution and density of
adventitial VV differ between vascular beds and
different segments (Galili et al., 2004). For
example, the density of VV is higher in coronary
than in renal and femoral arteries (Hildebrandt
et al., 2008). With regard to regional variation,
the density of VV is higher in proximal than in
distal segments (Ritman and Lerman, 2007;
Tonar et al., 2016; Sano et a.l., 2016). The intra
and intervessel heterogeneity in VV anatomy is a
phenotypic variability that may determine a
differential local response to systemic risk factors
(Galili et al., 2004).
Arterial Vasa Vasora: The AVV consist of a
muscular main artery from which smaller arteries
branch dichotomously and interconnect to form
a plexus. They function like end arteries and
supply the TA and TM (Ritman and Lerman,
www.anatomyafrica.org

Nervi Vasora
Nervi vasora (NV) are the nerves that supply the
vessel wall. In the TA, NV take the form of nerve
terminals, fibre plexi, varicosities and ganglia
which vary depending on the size and location of
the artery (Appenzeller, 1964; Fisher, 1965).
Adrenergic and cholinergic axons often contain
many granular and agrannular synaptic vesicles
and are free of Schwann cell sheath (Iwayama
et al., 1970). The plexi comprise interlacing
nerve fibres of postganghonic sympathetic
nerves, Schwan cells and periodic axonal
swellings which are sites of synthesis, storage,
release and uptake of neurotransmitters (Bevan
and Su, 1973). Unmyelinated adrenergic nerve
fibres accompany small penetrating arteries and
travel within the adventitia for long distances
before reaching a branching site. The nerve
fibres are embedded in Schwann cell cytoplasm.
Each nerve fibre contains 10 – 40 axons
associated with the basement membrane,
presumably derived from Schwann cells. Axons
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display large central mitochondria and abundant
neurofilaments, microtubules and dense core
vesicles
typical
of
those
containing
catecholammes (Briggs et al., 1985). Sensory
nerve terminals characterized by abundance of
mitochondria are found in the deeper parts
(Kimani and Mungai, 1983). Functionally, the
nervous elements in the TA have been classified
into sympathetic, parasympathetic and sensory
(Bleys et al., 1996). Indeed, cholinergic
(Mitchell, 2004) and adrenergic terminals (Reddy
et al., 2011) have been described in TA of
various arteries.

neovascularization; lymphatic proliferation and
autonomic dysregulation.
Increased Adventitial thickness
Adventitial thickness increases in response to
atherogenic stimuli and during atherosclerosis
(Rioufol et al., 2006; Falk et al., 2009; Skilton et
al., 2009). Such adventitial thickening is
consistent with the outside-in mechanism of
atherogenesis in which the inflammation is
initiated in the tunica adventitia as the first
responder early in the disease process and
progresses inwards towards the intima
(Maiellaro and Taylor, 2007; Stenmark et al.,
2013; Wang et al., 2013). Indeed, adventitial
thickness
may
increase
before
intimal
hyperplasia (Ogeng’o et al., 2014). The increase
in thickness of TA correlates with cardiovascular
risk factor profile and occurs in tandem with
increase in IMT (Kazmierski et al., 2009; Skilton
et al., 2011, 2012). Measurements that capture
the intima, media and adventitia of the arterial
wall, have been found to be most closely
correlated with the number of cardiovascular risk
factors (Falk et al., 2009; Skilton et al., 2011).
Cellular invasion and proliferation
Fibroblasts are activated by atherogenic stimuli
to replicate, differentiate into myofibroblasts and
produce chemokines and cytokines that trigger
influx of inflammatory cells including monocytes,
macrophages, B and T – lymphocytes (Wick et
al., 1997; Caspers et al., 1997; Bush et al., 2000;
Gradus – Pizlo et al., 2003; Stenmark et al.,
2012). The inflammatory cells may directly
stimulate
medial
SMC
migration
and
proliferation, as well as disrupt ongoing
adventitial niche signaling to enable the
differentiation of resident progenitor cells
towards a SMC – like fate. The resident and
migrating cells deposit collagen and matrix
components, respond to and upregulate
inflammatory chemokines and/or antigens and
regulate the local redox state of the adventitia.
B and T lymphocytes generate local humoral
immune responses against local antigen
presentation by foam cells and other antigen
presenting cells. Indeed, these cells in the
adventitia contribute to intimal hyperplasia
synergistically with SMC and through cross talk

Regional and inter arterial differences
Regional differences in the size and composition
of TA have been described in several arteries. In
the goat aorta, for example, there is a
craniocaudal increase in thickness and elastic
fibre content such that in the ascending aorta,
aortic arch and proximal descending aorta, the
tunica adventitia is thin, and consists
predominantly of collagen fibres, with a few
scattered elastic fibres running in different
directions. In the abdominal region, on the other
hand it is much more prominent, compact and
contains more elastic fibres than in the thoracic
part (Ogeng’o et al., 2010). In lamb external iliac
arteries, the adventitia is very thick, occupying
about 45% of arterial thickness and with
numerous compact elastic fibres. In the left
common carotid artery of the same animal, on
the other
hand, the TA displays a loose
architecture with only a few elastic fibres (Csibi
et al., 2015).
Involvement in atherosclerosis
Tunica adventitia is actively involved in the
initiation, progression and complications of
atherosclerosis (Torsney et al., 2005; Campbell
et al., 2012) through the “outside –in”
mechanism (Maiellaro and Taylor, 2007;
Langreinrich et al., 2007; Mulligan – Kehoe,
2010).
The main structural events involved are
increased adventitial thickness, cellular invasion
and
proliferation,
vasa
vasora
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with the tunica media and intima (Tang et al.,
2013).
Vasa vasora neovascularization
Vasa Vasora neovascularisation is one of the
earliest events of atherosclerosis, preceeding
increase in IMT and development of plaque
(Herrmann et al., 2001; Fleiner et al., 2004;
Moreno et al., 2006). The channels serve as
conduits for delivery of a wide range of
inflammatory cells into the plaque, causing
chronic vascular inflammation and rapid
expansion of the atherosclerotic plaques
(Kolodgie et al., 2003; Sluimer et al., 2009).
They also serve as the sources of vascular stem
cells (VSCs) including multipotent pericytes and
endothelial progenitor cells. These VSCs
differentiate into several cells – VSMCs,
endothelial cells and fibroblasts and contribute to
atherosclerotic modeling (Kawabe and Hasebe,
2014). With progression of atherosclerosis and
increasing plaque thickness, ischemia of the
vessel wall induces release of angiogenic growth
factors
and
development
of
intimal
neovascularization (Koldgie et al., 2003; Staub et
al., 2010; Gossl et al., 2010). These new fragile
microvessels allow local extravasation of blood
(Sluimer et al., 2008). This intraplaque
hemorrhage expands the necrotic core and
induces
rapid
plaque
progression
and
subsequent atherothrombosis (Kolodgie et al.,
2003). Adventitial LVV also proliferate in
response to atherogenic risk factors (Xu et al.,
2009) and increase with progression of
atherosclerosis (Drodz et al., 2008; Drodz et al.,
2012; Milasan et al., 2015; Kut Kut et al., 2015).
Involvement of nerves

Sympathetic neurotransmitters may play a role
in the development of atherosclerosis (Li et al.,
2003; Sobey, 2003). Further, autonomic
dysregulation induces adventitial dysfunction
which is a critical event in atherosclerosis (Yun
et al., 2005). Hyperactivation of sympathetic
neural activity has pro – atherogenic effects on
vascular function by increasing vascular
vasoconstriction, accumulation of modified
lipoprotein in the vascular wall, induction of
endothelial dysfunction and stimulation of
oxidative stress and vascular remodeling
(Christiakov
et
al.,
2015).
Indeed,
Sympathectomy ameliorates progression of
atherosclerosis (Lichtor et al., 1987).
In conclusion, the tunica adventitia is a
heterogeneous, dynamic and active vascular
compartment with microvasculature, lymphatic
vessels and multiple populations of cells and
nerves. These components enable it to maintain
structural and functional integrity and are
involved in the initiation, progression and
complications of atherosclerosis. It is actively
involved in priming the tunica media and intima,
is sensitive to injury and constitutes a potential
target for therapeutic intervention. Tunica
adventitia should therefore be more robustly
studied and prioritized in evaluation of
vulnerable arteries for atherosclerosis and
therapeutic interventions.
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