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Summary
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The Thebesian system represents a unique component of cardiac microcirculation whose structural
and functional significance extends beyond the classical concept of the smallest cardiac veins. Tradi-
tionally described as Vv. cordis minimae, these vessels have been regarded as part of the minor cardi-
ac venous system, providing direct drainage of myocardial blood into the cardiac chambers. However,
accumulated morphological, embryological, and experimental evidence demonstrates that the term
“Thebesian vessels” encompasses a heterogeneous group of intramural vascular communications,
including true venous channels, sinusoidal structures, and arterial or mixed-type vascular connec-
tions. The present review summarises current concepts regarding the organisation, development, and
functional significance of the Thebesian system. Particular attention is given to its relationship with
the primitive sinusoidal circulation of the embryonic heart, which precedes the formation of the ma-
ture coronary vascular system. The persistence of elements of this early organisation in the adult my-
ocardium may explain the morphological diversity of these vessels and their dual association with
venous drainage and potential nutritive pathways. Modern imaging approaches and vascular recon-
struction techniques further support the concept that these structures are integrated into the overall
microcirculatory network of the heart rather than representing isolated anatomical formations. These
approaches expand the understanding of the Thebesian system as part of the complex interactions
between the coronary vasculature, myocardium, and cardiac chambers. Current evidence suggests that
the Thebesian system should be regarded as a morphofunctional link between embryonic and mature
patterns of cardiac circulation. Although its exact physiological contribution remains incompletely
understood, this system represents an important subject for future morphological, experimental, and
clinical investigations aimed at clarifying its potential role in myocardial adaptation and coronary
circulation.
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INTRODUCTION

The cardiac vasculature represents a high-
ly specialised and complex system that
ensures continuous myocardial function
under substantial metabolic and mechani-
cal demands. The coronary arterial system
is among the most extensively investigat-
ed components of cardiac circulation,
whereas venous drainage of the heart has
traditionally been described primarily
through the coronary sinus and its major
tributaries. Within this classical frame-
work, the smallest cardiac vessels, known
as Vasa cordis minimae or Thebesian ves-
sels, have remained a relatively understud-
ied component of cardiac circulation de-
spite their potential morphological and
physiological significance (von Liidinghau-
sen et al., 1995; von Liidinghausen, 2003).

The history of Thebesian vessels dates
back to the beginning of the eighteenth
century, with the observations of Ray-
mond Vieussens (1641-1713) and Adam
Christian Thebesius (1686—1732), whose
different interpretations initiated a long-
standing scientific debate regarding the
origin and function of these structures
(von Lidinghausen, 2003). Thebesius
recognised a relationship between these
small cardiac vessels and the coronary
circulation, whereas Vieussens described
them as non-coronary veins (von Liiding-
hausen et al., 1995). Subsequently, Wearn
(1928) and Wearn et al. (1933) confirmed
the existence of direct communications
between the myocardium and the cardiac
chambers, contributing to the establish-
ment of the concept of Wv. cordis
minimae.

Classical anatomical studies have de-
scribed Thebesian vessels as small intra-
mural vascular structures that open
through foramina venarum minimarum on

the internal surfaces of the cardiac cham-
bers (Tandler, 1926; Wearn et al., 1933;
McAlpine, 1975). These structures have
traditionally been regarded as components
of the cardiac venous system. However,
subsequent morphological investigations
have demonstrated that the Thebesian sys-
tem represents a heterogeneous group of
vascular communications, including ve-
nous channels, intramural conduits, sinus-
oidal structures, and arterial-sinusoidal
connections (von Liidinghausen et al.,
1995; Cendrowska-Pinkosz, 2004).

Recent morphological and embryolog-
ical studies have challenged the concept
of Thebesian vessels as merely passive
venous drainage pathways. The presence
of direct communications between myo-
cardial vessels and cardiac chambers sug-
gests a more complex organisation, in
which these structures may participate not
only in venous drainage but also in main-
taining additional pathways for myocardi-
al perfusion (Rosinia et al., 1986; Taylor
& Taylor, 2000). Of particular interest is
the concept that the Thebesian system
represents a persistent component of the
embryonic sinusoidal circulation that pre-
cedes the development of the mature cor-
onary vascular network.

Embryological studies have demon-
strated that during the early stages of car-
diac development, the myocardium re-
ceives blood supply through direct sinus-
oidal communications between the cardiac
chambers and the developing myocardial
tissue. With the maturation of the coro-
nary vascular system, these communica-
tions become reduced, although some
persist as Thebesian vessels (Taylor &
Taylor, 1999; 2000). Using vascular cor-
rosion casting techniques, Ratajska et al.
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(2003) demonstrated that complex interac-
tions between coronary vessels, capillary
networks, and intramural vascular com-
munications are already present during
early stages of cardiac development.

The potential functional significance
of the Thebesian system extends beyond
venous drainage and includes its possible
contribution as an additional pathway for
myocardial perfusion. Gates et al. (1993)
demonstrated the importance of Thebesian
vessels in retrograde blood delivery to the
myocardium, while von Liidinghausen et
al. (1995) considered these structures as
components of a specialised “small cardi-
ac venous system” distinct from the clas-
sical coronary venous drainage. Findings
by Taylor & Taylor (2000) further support
the concept that Thebesian sinusoids may
represent a preserved mechanism capable
of contributing to compensatory myocar-
dial perfusion under specific conditions.

Significant interspecies differences in
the distribution and morphological charac-
teristics of Thebesian vessels have been
reported in various animal models. Espe-
ran¢a-Pina et al. (1975) described mor-
phologically diverse Thebesian structures
in the canine heart, with a predominance
in the right cardiac chambers. Similar ob-
servations were reported in sheep, where
small cardiac veins were found to be most
frequently represented in the right ven-
tricular myocardium (Ansari, 2001).
Habermehl (1966) described variations in
the course and organisation of cardiac
veins in the cat, including specific charac-
teristics of vessels penetrating the right
atrium, emphasising the considerable var-
iability of the cardiac venous system. The
morphofunctional characteristics of the
feline coronary vasculature were investi-
gated by Vladova (2005, 2007), who de-
scribed coronary branching patterns, ven-
tricular vascularisation, and the organisa-
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tion of the myocardial vascular bed. Fur-
thermore, the microcirculatory architec-
ture of the feline myocardium has been
analysed using vascular corrosion casting
combined with scanning electron micros-
copy, allowing three-dimensional evalua-
tion of vascular organisation (Vladova et
al.,2017).

The development of advanced three-
dimensional approaches for studying vas-
cular architecture, particularly vascular
corrosion casting combined with scanning
electron microscopy, has significantly
expanded the understanding of cardiac
microvasculature. These techniques ena-
ble detailed visualisation of vascular bran-
ching patterns, terminal structures, anas-
tomotic connections, and spatial relation-
ships between different components of the
coronary vascular system (Hossler ef al.,
1986; Aharinejad et al., 1992; Motta et
al., 1992).

Despite extensive investigation of
Thebesian vessels, several aspects regard-
ing their morphological classification,
embryological origin, and functional role
remain unresolved. Evidence from classi-
cal anatomy, experimental morphology,
and contemporary clinical studies indi-
cates that the Thebesian system represents
a complex and functionally diverse com-
ponent of cardiac circulation that cannot
be interpreted solely as a venous drainage
mechanism (Habermehl, 1966; Aharinejad
et al., 1992; Mettenleiter, 2001; Vladova,
2007).

The aim of the present review is to
present the historical development of the
concept of Thebesian vessels, to analyse
current morphological and embryological
perspectives regarding their organisation
and discuss their potential functional sig-
nificance as a component of myocardial
circulation.
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HISTORICAL DEVELOPMENT OF
THE CONCEPT OF THE THEBESIAN
SYSTEM

The first descriptions of small intramural
vascular communications of the heart
marked the beginning of one of the long-
est-lasting morphological and physiologi-
cal debates in cardiac anatomy. Since the
early eighteenth century, these structures
have attracted the attention of anatomists
due to their unusual localisation and the
direct communication between the myo-
cardium and the cardiac chambers. The
observations of Raymond Vieussens and
Adam Christian Thebesius led to two dif-
ferent interpretations of the nature of these
vessels: either as components of the cardi-
ac venous system or as remnants of a
primitive mechanism for myocardial per-
fusion (von Lidinghausen et al., 1995;
von Liidinghausen, 2003). This duality in
the interpretation of the Thebesian system
has persisted into modern concepts, ac-
cording to which these structures repre-
sent a heterogenecous network of venous,
sinusoidal, and potentially arterial compo-
nents (Mazurak et al., 2019; Ghosh et al.,
2021; Nordick et al., 2023).

Raymond de Vieussens (1641-1715)
was among the first investigators to sys-
tematically study the anatomy of the heart
and coronary vascular bed. In his morpho-
logical observations, he described small
vascular structures distinct from the major
coronary vessels and interpreted them
primarily as non-coronary venous com-
munications. This early concept was sig-
nificant because it demonstrated that from
the very beginning of investigations into
cardiac vasculature, anatomists recognised
the existence of additional vascular path-
ways beyond the classical coronary sys-
tem (Ghosh et al., 2021; Kacur et al.,
2024).

Several decades later, Adam Christian
Thebesius (1686—1732) provided one of
the first detailed descriptions of the small
cardiac vessels that subsequently were
named after him. He described small
openings on the internal surface of the
cardiac chambers and suggested the exist-
ence of direct connections between myo-
cardial vessels and the ventricular cavi-
ties. In contrast to Vieussens, Thebesius
emphasised the possible relationship be-
tween these structures and the coronary
circulation, an idea that later contributed
to the concept of Thebesian vessels as
potential conduits between the coronary
vascular system and the cardiac chambers
(Mazurak et al., 2019).

The difference between these two ear-
ly interpretations — a venous drainage
structure versus a direct communication
between the coronary vascular bed and the
cardiac chambers — shaped the direction
of subsequent anatomical and physiologi-
cal investigations. Gradually, the term Vv
cordis minimae became established to
describe the small vessels opening directly
into the cardiac chambers (von Liiding-
hausen, 2003; Loukas et al., 2008). How-
ever, even in classical anatomical studies,
discrepancies remained between their
morphological appearance and their func-
tional classification, maintaining an on-
going scientific discussion regarding their
true nature and role (Taylor & Taylor,
2000; von Liidinghausen, 2003).

During the nineteenth century, the de-
velopment of injection techniques and
refinement of anatomical methods enabled
more precise investigation of the small
vascular structures of the heart. During
this period, Odilon Marc Lannelongue
(1840-1911) described endocardial crypt-
like formations, which later became
known as “Lannelongue’s crypts” (Met-
tenleiter et al., 2001). Although these
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structures are not considered part of the
Thebesian system in the strict anatomical
sense, their description expanded the un-
derstanding of the complex organisation
of relationships between the endocardium,
myocardium, and intramural vascular
network, stimulating further investigations
of small coronary-cameral communica-
tions (Mettenleiter et al., 2001).

A major milestone in the development
of the concept of Thebesian vessels was
achieved through the studies of Wearn
(1928) and Wearn et al. (1933). Using
injection techniques, histological analysis
and morphological investigations, these
authors demonstrated the widespread dis-
tribution of small vascular communica-
tions in different regions of the heart.
They showed that these structures were
not merely incidental anatomical varia-
tions but consistent components of cardiac
microcirculation. The studies of Wearn
(1928) and Wearn et al. (1933) estab-
lished the basis for considering Vv. cordis
minimae as a functionally significant
component of cardiac vascular organisa-
tion.

During the second half of the twentieth
century, advances in microangiography,
vascular corrosion casting, and scanning
electron microscopy provided new oppor-
tunities for three-dimensional investiga-
tion of the Thebesian system. The studies
of Habermehl (1966) contributed to the
morphological characterisation of small
cardiac vessels and emphasised the com-
plexity of their structural organisation.

Subsequent investigations in humans
and experimental animals demonstrated
that these vessels are not a homogeneous
group but rather include vascular commu-
nications with diverse structural and func-
tional characteristics. Von Liidinghausen
et al. (1995; 2003) developed the concept
of dividing the cardiac venous system into

BIVM, xx, No x

D. I Vladova

a major and a minor venous system. The
major venous system includes vessels that
drain the myocardium into the coronary
sinus, whereas Vv. cordis minimae are
considered a specialised component of the
minor cardiac venous system. This con-
cept contributed to a better understanding
of the drainage function of Thebesian ves-
sels, while simultaneously raising the
question of whether all structures traditio-
nally classified as “Thebesian veins” truly
possess an exclusively venous nature.

Morphological studies using corrosion
casting techniques and scanning electron
microscopy have demonstrated the pres-
ence of different types of vascular com-
munications between the myocardium and
cardiac chambers. Some of these struc-
tures display characteristics of venous
vessels, whereas others are associated
with sinusoidal and arterial-sinusoidal
communications (Rosinia et al., 1986;
Cendrowska-Pinkosz, 2004). These find-
ings have challenged the traditional use of
the term “Thebesian veins” as a universal
designation for all small intramural vascu-
lar structures.

The embryological studies of Taylor &
Taylor (1999, 2000) have been of particu-
lar importance for the modern interpreta-
tion of the Thebesian system. According
to the authors, Thebesian sinusoids are
persistent elements of the early stages of
cardiac development, when the myocardi-
um receives blood supply through direct
connections between blood within the
cardiac chambers and the primitive vascu-
lar network. Following the formation of
the mature coronary vessels, these com-
munications do not disappear completely
but may retain a complementary role as
potential nutritive or compensatory path-
ways.

The contemporary concept of Thebesi-
an vessels has gradually moved away from
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their narrow classification as small venous
structures. Accumulating anatomical, em-
bryological, and experimental evidence
indicates that the Thebesian system repre-
sents a heterogeneous complex compris-
ing venous drainage components, sinusoi-
dal and arterial-sinusoidal communica-
tions, as well as potential direct connec-
tions between the coronary circulation and
cardiac chambers (von Liidinghausen et
al., 1995; von Liidinghausen, 2003; Rosi-
nia et al., 1986; Cendrowska-Pinkosz,
2000; Taylor & Taylor, 1999, 2000;
Mazurak et al., 2019). This morphological
and functional diversity emphasises the
need for an integrated approach to the
study of the Thebesian system, incorporat-
ing comparative anatomical, embryologi-
cal, and functional investigations.

FROM ANATOMICAL DESCRIPTION
TO THE CONTEMPORARY MORPHO-
FUNCTIONAL CONCEPT

The interpretation of the Thebesian sys-
tem has gradually evolved from a purely
anatomical description of the smallest
cardiac veins toward a broader morpho-
functional concept. Traditionally, V.
cordis minimae have been defined as the
smallest cardiac veins, consisting of
intramyocardial vascular channels that
open directly into the atrial and ventricu-
lar cavities through small endocardial
openings known as foramina venarum
minimarum (Tandler, 1926; Wearn et al.,
1933). Within this classical anatomical
framework, Thebesian vessels were con-
sidered a component of the minor cardiac
venous system, distinct from the major
venous drainage pathway through the cor-
onary sinus and the large cardiac veins.
However, accumulating morphological
evidence has demonstrated that the organ-
isation of these structures is considerably

more complex and cannot be limited ex-
clusively to small venous vessels. Con-
temporary studies have revealed the pres-
ence of various types of intramural com-
munications, including vessels with dis-
tinct venous characteristics, intramyocar-
dial channels, sinusoidal spaces, and
structures exhibiting mixed or arterial-
sinusoidal features (Rosinia et al., 1986;
Aharinejad et al., 1992; von Liidinghau-
sen et al., 1995; Cendrowska-Pinkosz,
2004). Due to this morphological hetero-
geneity, the term “Thebesian vessels” is
currently used as a broader concept en-
compassing different types of myocardial-
cameral communications, whereas .
cordis minimae should preferably refer to
structures with demonstrated venous
origin.

Classical anatomical studies have
shown that foramina venarum minimarum
can be identified in all cardiac chambers;
however, their distribution is not uniform.
The highest density is generally observed
in the right atrium and right ventricle,
whereas these structures are less frequent-
ly encountered in the left-sided cardiac
chambers. This distribution pattern has
been described in classical anatomical
investigations as well as in modern com-
parative anatomical studies and is likely
related to differences in venous organisa-
tion, regional cardiac development, and
local haemodynamic conditions (Tandler,
1926; Wearn et al., 1933; Nickel et al,
1996; Gadjev, 1999; Konig ef al., 2004).

An important contribution to under-
standing the position of these vessels
within the overall organisation of cardiac
circulation was provided by von Liiding-
hausen et al. (1995), who distinguished
different components of the cardiac ve-
nous system and defined Vv. cordis mini-
mae as part of the “minor cardiac venous
system”. According to these authors, small
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cardiac veins differ from larger venous
vessels not only in size but also in their
terminal pattern of communication, as a
part of them does not drain into the coro-
nary sinus system but instead establishes
direct connections with the cardiac cham-
bers (Adyshirin-Zade & Gabain, 1984;
von Liidinghausen et al., 1995; von Lii-
dinghausen, 2003). This unique anatomi-
cal feature defines Vv. cordis minimae as
a specialised component of cardiac ve-
nous organisation, distinct from the classi-
cal model of venous return through the
major coronary veins.

Contemporary imaging methods have
expanded the classical anatomical con-
cepts regarding the organisation of the
cardiac venous system. Saremi et al.
(2012), through computed tomography-
based classification of coronary veins,
demonstrated the considerable anatomical
variability of the venous network and em-
phasised the importance of individual
anatomical characteristics in the assess-
ment of cardiac venous architecture. The-
se observations are also relevant for the
interpretation of small intramural vascular
communications, as they place the Thebe-
sian system within the context of a broader
and highly variable organisation of the car-
diac venous network (Saremi et al., 2012).

The morphological structure of Thebe-
sian vessels demonstrates considerable
variability. The application of injection
techniques, microangiography, and vascu-
lar corrosion casting has enabled the iden-
tification of different structural patterns,
including single tubular vessels, short and
long intramural channels, branching vas-
cular networks, and sinusoidal communi-
cations (Aharinejad et al., 1992; Cend-
rowska-Pinkosz, 2004). These differences
indicate that the Thebesian system does
not follow a uniform morphological pat-
tern but represents a structurally adaptable
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organisation in which individual compo-
nents may differ in their origin, architec-
ture, and relationship with other elements
of cardiac microcirculation.

Various morphological types of small
cardiac vessels have been described in
experimental animal models. Esperanca-
Pina et al. (1975) identified several major
forms of Thebesian vessels in the canine
heart, including tree-like, serpentine,
brush-like, tubular, and star-shaped struc-
tures. The authors demonstrated that these
vessels are distributed throughout differ-
ent regions of the heart, although their
concentration is higher in the right cardiac
chambers. These observations support the
concept that the organisation of the
Thebesian system depends on myocardial
architecture and local circulatory condi-
tions.

Similar species-specific characteristics
have been identified in other mammals.
Ansari (2001) reported a predominance of
small cardiac veins in the right ventricle
of sheep, confirming differences in the
number and distribution of these vascular
communications among species. Such va-
riations are likely associated with differ-
ences in myocardial thickness, coronary
vascular development, and functional re-
quirements of regional circulation.

Studies in the cat as an experimental
model are of particular importance for
comparative morphological interpretation
of the Thebesian system. Vladova (2005,
2007) described specific characteristics of
coronary vascular organisation and intra-
myocardial vascular networks in this spe-
cies. Further investigations using vascular
corrosion casting and scanning electron
microscopy demonstrated the complex
three-dimensional organisation of the fe-
line myocardium and its microcirculation
(Vladova et al., 2017). These findings are
particularly relevant because they indicate
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that small vascular communications in the
cat exhibit specific distribution patterns
among different cardiac regions and
should not be regarded as a completely
uniform system.

Recent comparative anatomical studies
further support the concept that coronary
vascular organisation in mammals demon-
strates considerable species-specific varia-
tion. Albuquerque et al. (2024) described
characteristics of coronary artery distribu-
tion and histological cardiac organisation
in the three-toed sloth (Bradypus varie-
gatus), emphasising the importance of
comparative anatomy for understanding
diversity in cardiac vascularisation. These
findings support the idea that myocardial
microvascular  organisation, including
small intramural vascular communicati-
ons, does not present a universal pattern
but is associated with species-specific
features of myocardial architecture, cardi-
ac wall thickness, and coronary vascular
organisation (Albuquerque ef al., 2024).

Contemporary experimental models
have further expanded the possibilities for
investigating evolutionarily conserved
mechanisms of cardiac development.
Angom et al. (2025) emphasised the im-
portance of zebrafish (Danio rerio) as a
model for studying cardiogenesis, vascu-
lar development, and genetic regulation of
the cardiovascular system. Although the
organisation of the fish heart differs from
that of mammals, the conservation of fun-
damental molecular and cellular mecha-
nisms provides valuable comparative in-
sight into the early stages of cardiac vas-
cular development (Angom et al., 2025).

Particular interest has been directed
toward the distribution of Thebesian ves-
sels within the ventricular myocardium
and interventricular septum. Studies by
Rosinia ef al. (1986) and Aharinejad et al.
(1992) demonstrated the presence of di-

rect myocardial-cameral communications
in different regions of the heart, with their
frequency and morphological characteris-
tics varying according to anatomical loca-
tion. These observations suggest that the
Thebesian system does not represent a
uniformly distributed network but rather a
structurally differentiated component of
myocardial microcirculation.

Contemporary discussions regarding
the terminology of small coronary-
cameral communications further accentu-
ate on the need for structural and func-
tional distinction among these vascular
structures. Snodgrass (2025) highlighted
that terms such as “microfistulae”,
“Wearn vessels”, and “Thebesian vessels”
have sometimes been used interchangea-
bly in the literature, despite potentially
referring to communications with different
morphological and possibly embryologi-
cal origins. The author proposed the use
of more descriptive terminology, such as
“coronary artery-cameral vessels”, which
reflects the established anatomical rela-
tionship between the coronary circulation
and cardiac chambers without prematurely
defining their physiological or pathologi-
cal significance (Snodgrass, 2025). This
terminological approach supports the mo-
dern concept that the Thebesian system
should be considered a morphologically
and functionally heterogeneous complex
rather than a group of small venous ves-
sels.

Modern approaches for three-dimen-
sional visualisation, including microangio-
graphy, vascular corrosion casting, and
scanning electron microscopy, demon-
strate that these vascular communications
are integrated into the overall architecture
of the coronary microcirculatory network.
They are not isolated anatomical struc-
tures but rather components of a complex
system of interactions between coronary
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vessels, myocardium, and cardiac cham-
bers (Hossler et al., 1986; Aharinejad et
al., 1992; Motta et al., 1992; Vladova et
al., 2005a,b; 2017).

The development of advanced imaging
techniques, particularly cardiac computed
tomography and high-resolution visualisa-
tion methods, has contributed to more
frequent identification and more accurate
characterisation of small coronary-came-
ral communications. Xu et al. (2021) af-
firmed that cardiac computed tomography
enables simultaneous visualisation and
differentiation of coronary-cameral fistu-
las, Thebesian veins, and abnormal coro-
nary venous structures, highlighting the
importance of imaging techniques for un-
derstanding the morphological diversity of
these vascular communications. These
observations support the concept that
some structures traditionally considered
rare or difficult to demonstrate anatomi-
cally may actually be more common than
previously assumed, but remain under-
recognised due to limitations of classical
investigative methods (Xu et al., 2021).

Thus, contemporary morphological
and imaging studies have transformed the
classical understanding of the Thebesian
system by placing it within the context of
a dynamic and heterogeneous microcircu-
latory organisation, where features of em-
bryonic vascular development and the
mature pattern of coronary circulation
converge.

EMBRYOLOGICAL ORIGIN AND
RELATIONSHIP WITH PRIMITIVE
SINUSOIDAL CIRCULATION

Understanding the morphological and
functional nature of the Thebesian vessels
requires their consideration within the
context of early cardiac vascular devel-
opment. The formation of the myocardium
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is a complex process of cellular organisa-
tion and remodelling, during which the
early cardiac muscle structure is estab-
lished through interactions between dif-
ferent cellular populations and local mor-
phogenetic  signals.  Eisenberg &
Markwald (2004) discussed the im-
portance of cellular interactions and spa-
tial organisation of the developing myo-
cardium in the formation of the mature
cardiac muscle. These processes are par-
ticularly relevant for understanding the
early trabecular architecture of the embry-
onic heart, in which the myocardium
maintains direct relationships with the
cardiac chambers before the definitive
coronary circulation is established.

During the initial stages of
cardiogenesis, the developing myocardi-
um lacks an organised coronary vascular
system, and its metabolic requirements are
supported through direct interaction be-
tween blood within the cardiac chambers
and myocardial tissue. This exchange oc-
curs through a primitive sinusoidal net-
work formed between the endocardium
and trabecular myocardium, representing
an early mechanism for nutritional support
of the developing heart (Viragh &
Challice, 1981; Ratajska et al., 2003).
During early embryonic development, the
trabecular organisation of the myocardium
allows direct penetration of blood from
the ventricular cavity into the deeper car-
diac wall layers.

With increasing myocardial thickness
and growing oxygen demands, this primi-
tive organisation is gradually supplement-
ed and replaced by the specialised coro-
nary vascular system. The development of
coronary arteries and veins is not an ab-
rupt substitution of the primitive circula-
tion, but rather a complex remodelling
process in which some early sinusoidal
communications regress, whereas others
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may persist as intramural vascular connec-
tions between the myocardium and cardi-
ac chambers (Taylor & Taylor, 1999;
Ratajska et al., 2003).

The concept of the embryological
origin of the Thebesian system has been
extensively developed by Taylor & Taylor
(1999, 2000). According to the research-
ers, Thebesian sinusoids are persistent
elements of an early phase of cardiac cir-
culation that precedes the formation of the
mature coronary vascular system. In the
embryonic heart, these structures provide
a direct pathway between blood within the
cardiac chambers and the developing my-
ocardium. Following the establishment of
the coronary circulation, some of these
communications may persist and retain a
complementary function as a potential
nutritive or compensatory mechanism.

This concept is supported by studies
on coronary vascular development, which
demonstrate that the formation of the cor-
onary system results from complex inter-
actions between the epicardium, subepi-
cardial mesenchyme, and myocardium.
Coronary vascularisation develops pro-
gressively through processes of vasculo-
genesis, angiogenesis, and subsequent
vascular remodelling, leading to the for-
mation of the mature vascular organisa-
tion of the heart (Ratajska et al., 2003;
Tomanek, 2005). Tomanek (2016) sho-
wed that in the human embryo, coronary
vessel development proceeds through the
sequential formation and differentiation of
vascular plexuses associated with the
proepicardial region, followed by the de-
velopment of arterial, venous, and capil-
lary components. These observations em-
phasise that the mature coronary vascular
pattern does not arise as an entirely new
structure but is rather the result of gradual
transformation of early vascular networks

10

and cellular interactions within the devel-
oping myocardium (Tomanek, 2016).

The persistence of such structures in
the adult heart raises the question of
whether Thebesian vessels represent
merely remnants of embryonic organisa-
tion or whether they retain functional sig-
nificance. From a morphological perspec-
tive, their direct communication with the
cardiac chambers, intramural localisation,
and absence of typical venous valve or-
ganisation distinguish them from classical
venous vessels. These characteristics sup-
port the possibility that some of these
communications may function as a dy-
namic interface between the coronary cir-
culation, myocardium, and cardiac cham-
bers (Bohning et al., 1933; Rosinia et al.,
1986).

The embryological origin of Thebe-
sian vessels also provides an explanation
for their functional duality. If these struc-
tures originate from the primitive sinusoi-
dal circulation, their organisation should
not be interpreted strictly within the
framework of either arterial or venous
anatomy. Some components may contri-
bute to myocardial venous drainage, whe-
reas others may retain characteristics of
arteriosinusoidal or arterioluminal com-
munications, potentially providing an al-
ternative pathway for myocardial perfu-
sion (Bohning ef al., 1933; Gates et al.,
1993; Taylor & Taylor, 2000).

Therefore, the embryological perspec-
tive places the Thebesian system as a per-
sistent component of an evolutionarily
older pattern of cardiac circulation. This
model provides an explanation for both
the observed morphological variability
and the contemporary concept of these
structures as an integral part of myocardi-
al circulation, combining drainage, com-
munication, and potentially nutritive func-
tions.
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FUNCTIONAL SIGNIFICANCE OF
THE THEBESIAN SYSTEM: FROM
VENOUS DRAINAGE TO A POTEN-
TIAL ROLE IN MYOCARDIAL MIC-
ROCIRCULATION

The initial functional interpretations of
Thebesian vessels were primarily associ-
ated with their role as an additional path-
way for myocardial venous drainage. Us-
ing injection techniques and morphologi-
cal analysis, Wearn et al. (1933) demon-
strated the widespread distribution of the-
se vessels within the myocardium and
identified their direct opening into the
cardiac chambers as a consistent feature
of cardiac vascular organisation. Subse-
quently, McAlpine (1975) incorporated
the small cardiac veins into the overall
organisation of the coronary venous sys-
tem, while the studies of Lendrum et al.
(1945) further contributed to the under-
standing of their significance as an addi-
tional route for venous blood outflow,
distinct from the major venous drainage
pathway through the coronary sinus.

The studies of von Liidinghausen et al.
(1995) contributed to the functional dif-
ferentiation of Vv. cordis minimae as a
component of the small cardiac venous
system, distinct from the major coronary
veins. According to the authors, the small
cardiac veins differ not only in size but
also in their mode of terminal communica-
tion, as some of them do not drain into the
coronary sinus system but instead estab-
lish direct drainage pathways into the atria
and ventricles (von Lidinghausen et al.,
1995; von Lidinghausen, 2003). This
concept extends the classical observations
of Wearn et al. (1933) and emphasises the
specific role of these vessels within the
organisation of cardiac venous outflow.

Studies employing microangiography,
vascular corrosion casting, and scanning
electron microscopy have demonstrated
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the presence of various types of vascular
structures, including sinusoidal, arteriosi-
nusoidal, and arterioluminal communica-
tions (Hossler et al., 1986; Rosinia et al.,
1986; Aharinejad et al., 1992; Motta et
al., 1992). These observations indicate
that some structures traditionally included
within the Thebesian system possess char-
acteristics that cannot be explained solely
by their role as terminal venous vessels.

Of particular interest are the commu-
nications between the coronary vascular
network and the cardiac chambers, which
may participate in the exchange between
circulating blood and myocardial tissue.
Bohning et al. (1933) and Gates et al.
(1993) discussed the functional signifi-
cance of these connections and their po-
tential role as additional pathways under
conditions of altered coronary perfusion.
Although the quantitative contribution of
this mechanism to normal myocardial cir-
culation remains insufficiently under-
stood, experimental data support the pos-
sibility that certain components of the
Thebesian system possess compensatory
potential under specific haemodynamic
conditions.

The embryological interpretation of
these structures further expands the under-
standing of their potential functional sig-
nificance. Taylor & Taylor (1999, 2000)
considered a proportion of Thebesian si-
nusoids as persistent elements of the early
organisation of cardiac circulation, when
the developing myocardium was supplied
through direct sinusoidal connections be-
tween blood within the cardiac chambers
and the primitive vascular network. The
findings of Ratajska et al. (2003) regard-
ing coronary system development support
the concept that some Thebesian system’s
components may represent preserved
characteristics of earlier stages in the or-
ganisation of myocardial blood supply.
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From this perspective, the functional
role of Thebesian vessels should be inter-
preted as dual in nature. On one hand,
some of these structures represent a well-
established component of the small cardi-
ac venous system and participate in the
direct drainage of myocardial blood into
the cardiac chambers (Wearn et al., 1933;
von Lidinghausen et al, 1995; von
Liidinghausen, 2003). On the other hand,
certain intramural communications exhibit
characteristics of primitive sinusoidal
structures and may potentially contribute
to myocardial perfusion maintenance un-
der specific physiological or pathological
conditions (Bohning et al., 1933; Gates et
al., 1993; Taylor & Taylor, 2000).

Therefore, the contemporary concept
considers the Thebesian system not as an
isolated group of small veins, but as a
functionally heterogeneous component of
cardiac microcirculation. Its significance
is likely determined by the combination of
its established drainage function, pre-
served embryological characteristics, and
potential role as an additional pathway for
myocardial perfusion. This view corre-
sponds with the modern concept of coro-
nary microcirculation as a dynamic mor-
phofunctional system in which vascular
architecture, endothelial regulation, and
adaptive mechanisms collectively deter-
mine the efficiency of myocardial blood
flow (Del Buono et al., 2021; Neffeova et
al., 2022; Crea & Montone, 2023; Rehan
et al., 2023; Alam & Pepine, 2024; Ji &
Liu, 2024; Elamin et al., 2025).

Within this context, the Thebesian sys-
tem may be regarded as a specific struc-
tural component of the cardiac microcir-
culatory organisation, whose functional
significance depends on the interaction
between local vascular architecture, hae-
modynamic conditions, and the adaptive
capacity of the myocardium.
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CLINICAL SIGNIFICANCE AND
PATHOLOGICAL ASPECTS OF THE
THEBESIAN SYSTEM

One of the major areas of ongoing discus-
sion concerns the potential involvement of
the Thebesian system in the maintenance
of myocardial perfusion. Experimental
studies have demonstrated that some in-
tramural communications may establish
connections between the coronary vascu-
lar network and the cardiac chambers
(Bohning et al., 1933; Gates et al., 1993).
However, the significance of this mecha-
nism under normal and pathological car-
diac conditions remains controversial, as
the quantitative contribution of these vas-
cular communications to overall myocar-
dial perfusion is difficult to evaluate.

Of particular clinical interest is the dif-
ferentiation between physiological Thebe-
sian communications and pathological
coronary artery fistulas. Although both
conditions involve direct communication
between the coronary circulation and the
cardiac chambers, they differ in terms of
size, morphological organisation, haemo-
dynamic significance, and clinical mani-
festations. Knowledge of the normal anat-
omy of vasa cordis minimae is essential
for the correct interpretation of coronary
angiographic and imaging findings and for
avoiding misclassification of normal ana-
tomical variants as pathological vascular
communications (Farandzha et al., 2024).

The application of modern imaging
techniques, three-dimensional reconstruc-
tion methods, and morphological ap-
proaches based on serial sectioning and
volumetric reconstruction enables more
accurate differentiation between physio-
logical Thebesian communications and
pathological coronary fistulas (Angelini et
al., 2005; Manghat et al., 2006; Faran-
dzha et al., 2024). The possibility of di-
rect visualisation of Thebesian veins du-
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ring coronary angiography further sup-
ports these observations and demonstrates
that some of these structures can be identi-
fied during invasive diagnostic proce-
dures. Scoglio & Cook (2020) described
angiographic visualisation of Thebesian
veins in a patient and emphasised the im-
portance of recognising these structures as
normal anatomical components that
should be distinguished from pathological
coronary fistulas. Similarly, Boeder et al.
(2017) reported angiographically detecta-
ble direct drainage of coronary vessels
into the cardiac chambers in a patient with
recurrent angina pectoris despite the ab-
sence of significant coronary artery dis-
ease. The authors characterised most
Thebesian veins as venoluminal structures
and concluded that their clinical signifi-
cance becomes relevant only in selected
cases. More recent clinical evidence sug-
gests that prominent Thebesian veins may
also represent a clinically relevant finding
in selected patients. Tannous et al. (2017)
demonstrated that angiographically de-
tectable Thebesian veins may be dynamic
and reversible in patients with congenital
heart disease, suggesting that their ap-
pearance may be influenced by haemody-
namic conditions rather than representing
a fixed anatomical characteristic. Despite
the advances provided by modern imaging
methods, the functional significance of
these communications under normal and
pathological conditions of myocardial
microcirculation remains insufficiently
understood. The main unresolved issues
concern their actual contribution to myo-
cardial blood flow and their possible in-
volvement in adaptive mechanisms under
different haemodynamic conditions (Aha-
rinejad et al., 1992; Taylor & Taylor,
1999; 2000; Ashokprabhu et al., 2024).
Clinical observations complement
morphological and imaging data by
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demonstrating that prominent Thebesian
communications may be present in pa-
tients with various cardiac conditions.
Dixit et al. (2021) reported a case of
markedly developed Thebesian veins in a
patient with Takotsubo cardiomyopathy
and discussed the possible relationship
between these vascular structures and al-
terations in myocardial perfusion. Similar-
ly, Snipelisky et al. (2016) reported an
association between prominent Thebesian
veins and structural cardiac changes, high-
lighting the potential clinical relevance of
marked development of these vessels and
the need for further investigation of their
relationship with cardiac morphology and
long-term outcomes. More recently, Mo-
hammed et al. (2024) described a patient
with typical cardiac chest pain associated
with Thebesian veins draining into the left
ventricular chamber. Their case report and
review of the literature suggest that prom-
inent Thebesian venous communications
may, in selected cases, be associated with
myocardial ischaemia and angina-like
symptoms, although the underlying mech-
anisms and long-term clinical implications
remain to be established. Although isolat-
ed clinical observations do not allow de-
finitive conclusions regarding their func-
tional role, they highlight the need for
further investigation of the significance of
the Thebesian system in conditions asso-
ciated with changes in coronary microcir-
culation (Snipelisky et al., 2016; Tannous
et al., 2017; Del Buono et al., 2021; Dixit
et al. 2021; Crea & Montone, 2023; Ma-
rano et al., 2023; Mohammed et al., 2024,
Smati et al., 2024; Tsuda & Patel, 2024).
From a broader clinical perspective,
knowledge of the coronary venous anato-
my and its anatomical variants is also im-
portant for interventional and surgical
procedures involving the coronary sinus.
Kesieme & Buchan (2025) emphasised
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that variations of the coronary venous
system, including abnormalities involving
the coronary sinus and the Thebesian
valve, may complicate coronary sinus
cannulation for retrograde cardioplegia
and procedures such as cardiac resyn-
chronisation therapy, electrophysiological
interventions, and percutaneous mitral
valve annuloplasty. Recent clinical per-
spectives further emphasize the im-
portance of detailed knowledge of coro-
nary sinus and cardiac venous anatomy for
cardiac resynchronisation therapy and
other interventions involving the coronary
venous system (Didenko et al., 2026).
Similarly, recent imaging-based studies of
coronary venous anatomy highlight the
diagnostic value of recognising anatomi-
cal variants and their spatial relationships
when planning cardiovascular interven-
tions (Protsak & Zabrodskyi, 2026). Alt-
hough these considerations concern the
broader coronary venous system rather
than the Thebesian veins alone, they fur-
ther demonstrate the clinical importance
of detailed knowledge of coronary venous
anatomy and its anatomical variability.
Therefore, current literature considers
the Thebesian system as a structure with
potential significance both for the normal
organisation of cardiac microcirculation
and for understanding certain pathological
coronary communications. The recent
clinical literature further suggests that
prominent Thebesian veins may be dy-
namic, may occur in association with
structural and congenital cardiac abnor-
malities, and, in selected cases, may be
associated with symptoms suggestive of
myocardial ischaemia. Nevertheless, the
available evidence remains largely based
on angiographic observations, case re-
ports, and observational studies, and
therefore does not establish a direct causal
relationship between prominent Thebesian
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veins and myocardial ischaemia. Further
clarification of their role requires integra-
tion of morphological, imaging, and func-
tional approaches to enable a more precise
assessment of their contribution to myo-
cardial microcirculation and the adapta-
tion of cardiac blood flow under different
physiological and pathological conditions.

EVOLUTIONARY-ONTOGENETIC
PERSPECTIVE OF THE THEBESIAN
SYSTEM

An intriguing aspect of cardiac develop-
ment is that the early stages of heart for-
mation include a number of morphologi-
cal features characteristic of more primi-
tive patterns of cardiac circulatory organi-
sation in vertebrates. During this period,
the developing myocardium is character-
ised by prominent trabeculation and the
presence of direct connections between
blood within the cardiac chambers and
myocardial tissue through a primitive si-
nusoidal network (Virdagh & Challice,
1981; Ratajska et al., 2003). Such an or-
ganisation resembles early evolutionary
patterns of cardiac structure among verte-
brates, in which direct exchange between
intracardiac blood and myocardial tissue
plays a fundamental role in maintaining
cardiac function. Contemporary studies on
coronary vascular development demon-
strate that the mature coronary pattern is
established through gradual remodelling
of the early myocardial organisation, in-
volving complex interactions between the
myocardium, endocardium, and develop-
ing vascular structures (Tomanek, 2016;
Kapuria et al., 2018; Lupu et al., 2020;
Ruiz-Villalba et al., 2024).

With the development of the coronary
circulation in higher vertebrates, this
primitive pattern is progressively trans-
formed into a more specialised system of
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myocardial perfusion, adapted to the in-
creasing thickness of the cardiac wall and
the growing metabolic requirements of the
myocardium. However, this process does
not result in the complete elimination of
all early myocardial-chamber communica-
tions. Some of these structures may persist
as intramural vascular connections be-
tween the myocardium, the coronary vas-
cular network, and the cardiac chambers
(Ratajska et al., 2003; Tomanek, 2016).

Within this context, the Thebesian sys-
tem is an interesting example of the
preservation of elements of an early cardi-
ac circulatory organisation within an al-
ready specialised coronary system. Stud-
ies by Taylor & Taylor (1999, 2000) sup-
port the concept that a proportion of
Thebesian communications may be con-
sidered persistent structures associated
with the early sinusoidal organisation of
the developing myocardium. The combi-
nation of characteristics derived from em-
bryonic vascular organisation and the ma-
ture microcirculatory pattern may explain
the observed morphological heterogeneity
of these vascular communications.

From this perspective, an important
question arises as to whether Thebesian
vessels represent merely residual struc-
tures from early stages of cardiac devel-

D. I Vladova

opment or whether they retain a certain
functional significance in the adult organ-
ism. The persistence of connections be-
tween the myocardium, the coronary vas-
cular system, and the cardiac chambers
suggests a potential role of the Thebesian
system in regulating local conditions of
myocardial blood flow, particularly under
changes in haemodynamic load or coro-
nary perfusion (Bohning et al., 1933;
Gates et al., 1993; Taylor & Taylor, 2000;
Vladova, 2007).

Therefore, the Thebesian system may
be regarded as a structure in which differ-
ent stages of cardiac circulatory organisa-
tion converge — from the embryonic si-
nusoidal network to the mature coronary
vascular pattern. This characteristic em-
phasises the need to consider the
Thebesian system not merely as an ana-
tomical remnant of early development, but
rather as a potentially adaptive component
of cardiac microcirculation (Fig. 1).

The historical development of scien-
tific concepts concerning the Thebesian
system reflects a gradual transition from a
primarily descriptive anatomical model
toward a contemporary morphofunctional
concept that integrates embryological,
morphological, microcirculatory, and cli-
nical perspectives (Table 1).

DEVELOPMENT OF THE CORONARY e ey
VASCULATURE i :

¥ i MATURE HEART i

i i

i
i
. . R . . v W
Endocardial-myocardial-epicardial interactions with : '
the developing vascular network; ! Coronary microcirculation; ]
Remodelling of the primitive myocardial vascular organisation; 1 } Persistent Thebesian '
Establishment of the specialised coronary circulation communications

i EARLY EMBRYONIC HEART
i

: v

: Trabeculated myocardium;

i Primitive sinusoidal network;

i Direct myocardial-cavitary sinusoidal
: communications

DEVELOPMENTAL TRANSITION

Fig. 1. Developmental transformation of myocardial blood supply organisation. Schematic represen-
tation of the transition from the early embryonic sinusoidal organisation of myocardial blood supply
to the mature coronary pattern. During development, primitive myocardial-cavitary sinusoidal com-
munications undergo remodelling parallel to the establishment of the coronary vasculature, while a
subset of these communications may persist in the adult myocardium as components of the
Thebesian system.
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CONCLUSIONS

The Thebesian system represents a com-
plex morphofunctional component of car-
diac microcirculation, whose organisation
extends beyond the classical definition of
the smallest cardiac veins. Accumulated
anatomical, embryological, and functional
evidence indicates that these structures
comprise various types of intramural vas-
cular communications with distinct ori-
gins, organisation, and potential function-
al significance, combining features of ve-
nous drainage with persistent elements of
the early organisation of cardiac circula-
tion.

Despite the significant advances in un-
derstanding its morphology and develop-
ment, the functional role of the Thebesian
system in the adult myocardium remains
insufficiently elucidated. Future studies
integrating comparative anatomy, embry-
ology, advanced imaging techniques, and
functional approaches are required to fur-
ther clarify the significance of these vas-
cular communications in the normal and
pathological organisation of cardiac mi-
crocirculation.
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