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Abstract

Coronary anatomy has traditionally focused on ventricular circulation. This is largely due to the extent to
which coronary artery disease contributes to ischemic heart disease through ventricular myocardial dam-
age. Atrial fibrillation and other tachyarrhythmias that involve the atria, however, remain a major cause
of morbidity and mortality. In order to increase mechanistic research and therapeutic interventional pro-
cedures for diseases of the atria, an optimal knowledge of atrial anatomy is necessary. While substantial
clarity exists regarding the distribution of nerve terminals and the organization of muscle bundles, the
anatomy of coronary atrial circulation remains understudied. Historically, the high anatomical variabil-
ity of atrial coronary branches led to unstandardized nomenclature in the literature. In this review, we
delineate the anatomic courses of key atrial coronary branches and their perfusion territories, clarify
their nomenclature, and propose unifying anatomical concepts of atrial circulation that we believe to be
critical to the success of modern electrophysiologic and surgical procedures.

well as in the pathophysiology of atrial fibrillation
itself. Atherosclerotic disease in atrial coronary
branches serves as a mechanism for AF.>” Con-

Introduction

Therapeutic approaches to tachyarrhythmias have

improved significantly during the past decade.
In atrial fibrillation (AF), for example, treatment
strategies have evolved into sophisticated inter-
ventional procedures that involve local applica-
tion of radio-frequency (RF) or other energies." 2
These techniques, which hold an excellent safety
record,’profoundly modify atrial substrate through
scar formation with marked success in preventing
AF recurrence.*

Atrial coronary circulation plays an important role
in the safety and efficacy of ablation procedures, as

sequent application of RF in close proximity to
coronary branches may result in coronary vessel
injury. This complication is rare, however, most
likely due to the ‘heat sink’ effect. Blood flow
within a coronary branch located near an RF elec-
trode provides a protective effect through convec-
tive cooling and thereby prevents RF energy from
substantially heating the vascular endothelium.?
However, while this ‘heat sink’ is protective to
coronary arteries, it may also limit the success of
ablation procedures by the phenomenon of the
‘shadow effect.” ' Flow through small intramyo-
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cardial vessels is known to disrupt transmural le-
sion formation, preserve conduction through an
RF lesion, and thereby prevent complete conduc-
tion block." Atrial coronary perfusion, therefore,
plays a significant role in AF pathophysiology,
determines the extent of injury to nearby vessels
through the ‘heat sink’ effect, and influences the
success of lesion formation through the ‘shadow
effect’.

As the eminent Mount Sinai Hospital physi-
cian, M.A. Kugel, alluded to: “The blood supply
to a tissue is often a key to the understanding of
pathological processes which may occur in the
tissue.”?Currently, scarce literature and unstan-
dardized nomenclature present challenges to un-
derstanding detailed atrial coronary anatomy and
perfusion territories. In general, the sinus nodal
artery (SNA) and the atrioventricular nodal artery
(AVNA) have been described as major atrial coro-
nary branches. Although they play a significant
role in the pathophysiology of atrial fibrillation
and other tachyarrhythmias, no unanimous char-
acterization of atrial coronary arteries exists in the
cardiology literature In this light, we present an
extensive literature review of atrial circulation for
the purpose of clarifying the anatomy and nomen-
clature of major atrial coronary branches. In addi-
tion, we propose unifying principles of atrial coro-
nary arterial circulation relevant to interventional
electrophysiologists.

Atrial coronary anatomy, nomenclature

In 1907, London Hospital Medical College anato-
mist, Arthur Keith, and physiologist, Martin Flack,
well-known for their seminal description of the si-
nus node, were the first to describe atrial coronary
branches.'* > SNA nomenclature fluctuated over
the years. In 1921, the anatomist, Dr. Gross named it
the ramus ostii cavae superioris.'® It was also known
as the Keith-Flack artery, named after the British
physicians who first described the vessel."” Here
we use the Baroldi and Scomazzoni nomenclature,
which refers to the SNA as the “main atrial branch”
emphasizing that it is the largest branch supplying
the sinus node irrespective of its side of origin."

In 55% of the population, the SNA arises from the
right coronary artery (RCA), usually from the ante-
rior branch. In the remaining 45% of cases, the SNA

arises from the left coronary artery (LCA), also
usually from the anterior branch. ' In this review,
for best clarity, we have mostly retained Spalte-
holz classification which is consistent with the ma-
jority of studies on atrial coronary anatomy, where
branches of the RCA and left circumflex artery
(LCX) are named by their site of origin as anterior,
intermediate/marginal and posterior branches.”

Right atrial branches

Arteries supplying the right atrium (RA) are among
the earliest branches of the RCA after the conus ar-
tery and originate along the right atrioventricular
(AV) groove (Figure 1). They are usually classified
into the right anterior, intermediate/marginal and
posterior atrial branches. The right anterior atrial
branch is the first branch arising on the anterior
aspect of the RA and ascends posteriorly along
the body of the RA to reach the anterior aspect of
the interatrial groove. Angiographically, in a right
anterior oblique (RAQO) projection, the right an-
terior atrial branch is slender, arises at a variable
distance from the conus artery, and courses to the
left and superior aspect of the atrium.” It gives off
branches to both atria and the interatrial septum
and terminates by encircling the lower portion of
the superior vena cava (SVC). When it is the main
atrial branch, it supplies the sinoatrial node (SAN).

The right intermediate atrial branch, also called
the marginal branch, arises from the acute right
margin of the heart, ascends over the anterolateral
surface of the RA, and supplies surrounding atrial
tissues (Figure 1). In only 13.3% of cases it is the
main atrial branch that supplies the sinus node.*"
*The origin of this branch is usually marked by the
presence of a small fatty excrescence or by a small
cardiac vein that drains into the RA wall.* Angio-
graphically, the right intermediate atrial branch is
uneasy to visualize due to its small size and vari-
ability. For the same reason, the right posterior
atrial branch is difficult to locate. When present,
the right posterior branch arises on the posterior
aspect of the RA and supplies the right posterior
atrial wall and left atrial (LA) posterior surface.

Notably, Busquet et al. proposed another classifi-
cation scheme in which right atrial branches are
classified based on cross sectional diameter into
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two rather than three groups, the major and ac-
cessory branches. * Major branches are usually
found in groups occupying anterior, lateral and
posterior positions relative to the tricuspid orifice.
Accessory branches arise from the RCA in the AV
groove and have an average diameter of less than
0.5 mm and a length not exceeding 10 mm. They
are covered by fatty tissue in the AV groove and
supply the lower atrial wall and the adjacent right

ventricle.

Left atrial branches

Arteries supplying the LA are among the earliest
branches of the LCA, usually from the LCX, and
originate along the AV groove. Similar to right atri-
al circulation, left atrial branches are usually clas-
sified into the left anterior, intermediate/marginal,

Figure 1: Atrial arterial branches.
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Dark brown dotted line represents the outline of the atrial walls.

1. Right coronary artery, 2. Right anterior atrial branch (main atrial branch in this fig), 3. Right intermediate branch, 4. Right
posterior branch, 5. Kugel arterial anastomosis, 6. Left circumflex artery, 7. Left anterior atrial branch, 8. Left intermediate
atrial branch, 9. Left posterior branch, 10. Left atrial circumflex, 11. Atrioventricular nodal artery.

Figure 2: Schematic representation of the heart shows the three anatomic variations of the arteria anastomotica auricularis
magna, superior view.

A. Artery arises from LCX or its branches meet with the vessels at crux, B. Vessel arises from LCX or its branches and takes an
abrupt turn to meet the vessels at the RA anterior wall; C. Vessel arises from LCX and fans out to meet with vessels from RCA.
1. Aorta, 2. Pulmonary trunk, 3. Mitral valve, 4. Tricuspid leaflet, 5. AV nodal artery, 6. right coronary artery, 7. Left circumflex
artery, 8. Anastomotica auricularis magna.
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and posterior atrial branches. The left anterior
atrial branch arises on the anterior aspect of the
LA (Figure 1). When it is the main atrial branch, it
courses upwards along the LA via the anterior in-
teratrial groove to reach the SAN. In RAO projec-
tion, it is an early branch which ascends leftwards
and upwards. * The remaining left atrial branches
are variable and feed adjacent atrial tissues along
their course over the LA. Another variant is the
left atrial circumflex artery (LACX), which may
branch early from either the LCX or its main atrial
branch (Figure 1).>?! Early in its course, the LACX
ascends through the LA and travels along its low-
er margin parallel to the left AV groove. It extends
around the left heart margin and terminates in the

posterior wall of the LA. Sometimes, the LACX ex-
tends farther, crossing the crux of the heart along
the right AV groove to give off right posterior
atrial branches. Rarely, the LACX may supply the
SNA itself as the main atrial branch, which in a
study of 118 patients, occurred 11% of the time.?!

Right and left atrial anastomoses and Kugel's
artery

Several anastomoses between atrial coronary ar-
terial systems have been described. Generally,
these anastomoses exist as either small intra-atrial
or atrioventricular branches, or as a single vessel.
Kugel’s artery is the major transatrial pathway

Figure 3: Three dimensional reconstruction shows the sinus nodal arteries (superior view).

Posterior

A. Artery arises from LCX or its branches meet with the vessels at crux, B. Vessel arises from LCX or its branches and takes an
abrupt turn to meet the vessels at the RA anterior wall; C. Vessel arises from LCX and fans out to meet with vessels from RCA.
1. Aorta, 2. Pulmonary trunk, 3. Mitral valve, 4. Tricuspid leaflet, 5. AV nodal artery, 6. right coronary artery, 7. Left circumflex

artery, 8. Anastomotica auricularis magna.
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that bridges the right and left coronary systems
(Figure 2). The SNA can also serve as a major
anastomotic channel. It is the largest atrial artery
and can connect right and left coronary systems
throughout its course; it forms a vascular loop
around the base of the SVC where it sends tribu-
taries to small branches of the left and right inter-
mediate arteries.' **In other variants, the poste-
rior termination of the LACX can also anastomose
with the distal RCA or AVNA.*

In 1927, Dr. Kugel described a free anastomo-
sis between the right and left coronary arteries
formed by a conspicuous vessel that runs in the
interatrial septum.'”? He coined the name, arteria
anastomotica auricularis magna, acknowledging
its relative large size and role in anastomosis. As
the major anastomotic channel between left and
right atrial coronary systems, Kugel's artery sup-
plies both the SA and AV nodes. It can therefore
function as a backup for collateral flow in the set-
ting of procedural damage to vessels supplying
the SA or AV nodes.

Anatomically, Kugel described that the posterior
portion of the interatrial septum divides anterior-
ly forming a “Y” shape where the stem represents
the interatrial septum posteriorly and wings to
form the anterior walls of both atria. Kugel’s ar-
tery lies along the anterior atrial walls and travels
into the interatrial septum. * In a study of 50 nor-
mal hearts, three major variations of Kugel’s ar-
tery were proposed (Figure 2). The most common,
found in 66% of cases, is an artery that originates
from either the LCX or its early branches. It passes
posteriorly into the LA wall and terminates near
the crux of the heart where it connects with either
the posterior branches of the distal RCA, poste-
rior descending artery (PDA), or AVNA. Kugel's
artery can therefore serve as an AV anastomotic
pathway in addition to a transatrial pathway. In
26% of cases, a branch originates from the LCX,
penetrates the interatrial septum, abruptly turns
on itself, retraces its entire course though the in-
teratrial septum and terminates in the RA anterior
wall. In 8% of cases, the artery diverges from the
LCX early, divides into smaller branches and fans
out over the LA anterior wall to connect with fine
vessels from the proximal RCA in the anterior RA
wall.Kugel’s artery also supplies the aortic cusp
of the mitral valve (MV), aortic valve (AOV), com-

missures, and aortic base, implying its role in the
pathogenesis of lesions within these structures.'?
Interestingly, in several hearts with atherosclerotic
disease, the vessel was notable for its unusually
large caliber, evidencing its contribution to collat-
eral circulation in ischemic territories.

Sinus nodal artery: origin, course, termina-
tion

PWhile atrial branches vary substantially in their
distributions, the SNA is the most preserved artery
within the atrial circulation. "It arises either from
the RCA or LCX. In 55% of human hearts, the RCA
supplies the SNA within 2 cm of the coronary os-
tium and corresponds to the right anterior atrial
branch.'®® In 45% of cases, it originates within the
first few mm of the LCA and usually corresponds

Figure 4: Courses of the right sinus nodal artery.

A) sinus nodal artery does not reach the anterior inter atrial
groove, B) sinus nodal artery reaches the anterior inter atrial
groove but not beyond, C) sinus nodal artery crosses the
anterior inter atrial groove, D) left sinus nodal artery crosses
the anterior inter atrial groove. 1. Superior vena cava, 2.
Anterior interatrial groove, 3. Aortic sinus, 4. Right coronary
artery, 5. Appendage of the right atrium, 6. Right sinus nodal
artery, 7. Left sinus nodal artery, 8 Left circumflex artery.
(Concept adapted from Sow M L et al. The artery of the sinu-
atrial node: anatomic considerations based on 45 injection-
dissections of the heart. Surg Radiol Anat 1996;18:103-9 with
permission of Springer Science+Business Media)
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to the left anterior atrial branch.”The SNA arises
from the proximal LCX in 95% of these left-sided
cases, from the left main coronary trunk in 3%
of cases, and from the distal portion of the cir-
cumflex branch in the remaining 2% of cases.”
Importantly, several authors suggest that the si-
nus node region could also be fed by two arteries
rather one.”" %

When the SNA corresponds to the right anterior
atrial branch, it arises 0.2-2.2 cm from the right
coronary ostium with a cross-sectional diameter
of 1-3 mm.”® When it corresponds to the right in-
termediate atrial branch, the SNA arises about
3.0-7.5 cm from the right coronary ostium with
a diameter of 0.8-2.1 mm.” The right SNA trav-
els along the body of the adjacent atrium from
the left side to the anterior interatrial myocar-
dial band (Bachmann’s Reviewbundle) to reach
the base of the SVC.?® At the SVC base, the artery
circles clockwise or counterclockwise before pen-
etrating the sinus node at the auriculocaval junc-
tion. Busquet et al. highlighted the variability in
the termination of the SNA relative to the au-
riculocaval junction as precaval (58%), retrocaval
(36%), and pericaval (6%) (Figure 3).” This varia-
tion is also supported by Saremi et al.*’

Relevant to ablationists, the right phrenic nerve
is situated anterolateral and in close proximity
to the SVC base, around which the SNA circles.
This anatomic relationship is not influenced by
whether the SNA courses clockwise or counter-
clockwise at the SVC base. However, during pro-
cedures that target areas neighboring the sinus
node region, both the phrenic nerve and the SNA
may be susceptible to injury. The mean distance
from the right phrenic nerve and the SVC-right
atrial junction is 5.8-7.8 mm and its mean distance
to the anterolateral wall of the SVC ranges 0.3-
1.3 mm.* Therefore, ablation procedures which
have the potential to endanger the phrenic nerve
in the area of the superior venoatrial junction or
the anterolateral wall of the SVC may also impact
the SNA.

The sinus node capillary network

An appreciation of the microvascular blood sup-
ply within the SAN is also essential to under-
standing the perfusion of this vital structure. In
70% of postmortem angiographic and histologi-

cal studies of SAN’s, Verhaeghe et al. showed a
fairly uniform arterial distribution pattern.*The
SNA enters from one pole of the spindle shaped
SAN, traverses the central part, sends off several
parallel branches, and exits at the opposite pole.
The arterial density of the SAN is approximately
eight times greater than that of the adjacent free
atrial wall, which highlights its teleological signifi-
cance.’

In addition to AF, atrial arterial anatomy is clini-
cally relevant, for example, to SAN dysfunction
and sick sinus syndrome (SSS). We now know that
the pathobiology of SAN dysfunction involves ath-
erosclerotic disease of the SNA.* Initial studies of
depressed sinus node function, however, did not
find a relationship between SNA atherosclerotic
lesions and markers of SAN dysfunction such as
prolonged sinus node recovery time (SNRT), heart
rate, or advanced age.*”'t was not until

Jordan et al. that sinus-to-atrium conduction time
(SACT) was proposed as the electrophysiologic pa-

Figure 5: S-shaped sinus nodal artery.

Three-dimensional CT shows S-shaped sinus nodal artery.
LAA - left atrial appendage, LSPV — left superior pulmonary
vein (arrow), LCX - left circumflex artery, AAo — ascending
aorta, LAD — left anterior descending artery, RAA —right
atrial appendage, SVC — superior vena cava, LA — left atrium,
LAD - left anterior descending artery, Orientation: A - ante-
rior, L- left, P - posterior, R - right. (Adapted from Saremi B
et al. Arterial supply to sinuatrial and atrioventricular nodes:
Radiology 2008;246:99-107 with permission from RSNA)
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rameter that correlated with SNA atherosclerotic
disease.* SACT was found to be significantly lon-
ger in patients with severe SNA stenosis,* which
established it as a more sensitive early indicator
of SAN dysfunction than SNRT or basal heart
rate.*The role of SNA atherosclerotic disease in
SAN dysfunction and SSS was therefore estab-
lished and highlighted the need for a greater un-
derstanding of atrial coronary circulation.

Procedural importance of the SNA

The course of the right and left SNA has important
procedural significance. In a study of 50 patients
by Berdajs et al. found that the SNA crosses the
interatrial septum in all left-sided SNA patients.
In right-sided SNA patients, the SNA crosses the
interatrial septum when the vessel originates from
the anterior atrial branch (Figure 4). Consequent-
ly, 54% of all SNA arteries in this study crossed the
interatrial septum, which is used in the superior

Reviewtransseptal approach to the MV. * There-
fore, inadvertent damage to the SNA may occur
during procedures involving the interatrial sep-
tum as well as other regions throughout the SNA
course.” ? *Injury to the terminal SNA may oc-
cur during RA appendage cannulation or if a liga-
ture is placed too low at the base of the SVC. Right
atriotomy may also predispose the SNA to injury,
particularly at the anterior and lateral RA wall op-
posite the proximal RCA. The Fontan procedure
often involves the atrial roof, which may also be a

Figure 6: Atrial coronary perfusion territories in sheep.

LSNA Dominant LA Ferftusion

site for SNA exposure. Finally, the transseptal ap-
proach of Dubost’s procedure, Mustard’s proce-
dure, and Dacron plaque suture, may all threaten
the SNA as it courses through the interatrial sep-
tum.

S-Shaped Sinus Nodal Artery

In left-sided SNA patients, Nerantzis and Av-
goustakis reported the existence of an artery that
originates from the LCX below the LA appendage
and supplies the SNA (Figure 5). This was named
the S-shaped sinus nodal artery (SSNA).”” The
SSNA was present in 21.5% of 111 patients stud-
ied and appeared either as a branch of the LCX
(13.5%), as an upper part of a divided LCX (5.4%),
or as a main continuation of the LCX (2.7%). It is
larger than the normal SNA and follows the same
course to the SAN. This is consistent with findings
by Kyriakidis et al. and Saremi et al.***In addition
to feeding the SAN region, the SSNA feeds the LA,
a large part of interatrial septum, RA, and part of
the AV nodal area. The likelihood of SSNA occlu-
sion is low as atherosclerotic disease often occurs
within the first few centimeters of the LCX. ¥

Territories of atrial perfusion

While we have focused on the origin, course and
termination of the SNA, we also aim to describe
the territories it supplies. A precise anatomic de-
lineation of atrial coronary perfusion

territories does not exist in the literature. Perfu-
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(left) triple vessel PLA perfusion, (middle) LSNA dominant PLA perfusion, (right) Balanced double vessel PLA perfusion.
Black solid line delineates regional perfusion territories. RSNA; right sinus node artery, LSNA; left sinus node artery, RSPV;
right superior pulmonary vein, RIPV; right inferior pulmonary vein, LSPV; left superior pulmonary vein, LIPV; left inferior
pulmonary vein. (Adapted from Yamazaki M et al. Left atrial coronary perfusion territories in isolated sheep hearts Heart

Rhythm 2010;7:1501-1508 with permission from Elsevier)
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sion of the posterior LA wall (PLA) and pul-
monary veins (PVs), is especially relevant as
these are crucial regions for AF maintenance.
Recently, our group conducted an investigation
in isolated ovine hearts to address this question.
Concordant with human descriptions, *we re-
ported that in sheep hearts, three atrial coronary
branches, left SNA (LSNA), right SNA (RSNA),
and atrial branches of the LCX perfuse the PLA
including PV regions. We also delineated atrial
coronary perfusion territories by selective per-
fusion of Congo red into the RSNA and Evan’s
blue into the LCX (figure 6 left and middle pan-
els) or the LSNA (right panel). Both atria, includ-
ing the PLA and PVs were then dissected for ac-
quisition of photographic snapshots. As shown
in figure 6, each atrial branch (RSNA, LSNA, and
LCX branches) supplied a well-defined territory
it the PLA.

Interestingly, the contribution of individual ar-
teries to the perfusion of the PLA-PV myocardi-
um varied between specimens. Three anatomical
variants were observed with equal frequency:
triple vessel PLA perfusion (figure 6 left, 29.5%),

Figure 7: Atrial coronary perfusion territories in sheep.

double vessel PLA perfusion (middle, 23.5%)
and single vessel PLA perfusion (right, 29.5%).
These data suggest that the complexity of atrial
vessel origin and course may translate into in-
tricate perfusion and collateral flow to territo-
ries well-known to harbor electrical sources of
AF initiation and maintenance. Implications in
patients with adFigure vanced coronary artery
disease remain to be elucidated, as the severity
of atherosclerotic burden associated with atrial
infarctions may relate to the type of atrial coro-

nary perfusion to the PLA-PV.

Factors of variability: dominance, race, and
gender

The origin of the SNA has not been associated
with coronary dominance.In regard to race,
some authors proposed a higher incidence of
right-sided SNA origin in African Americans
and Caucasians,? but others have shown no as-
sociation between race and SNA origin.*” Gender
has not been correlated with SNA origin either,?
% though some investigators describe a high-

(left) triple vessel PLA perfusion, (middle) LSNA dominant PLA perfusion, (right) Balanced double vessel PLA perfusion.
Black solid line delineates regional perfusion territories. RSNA; right sinus node artery, LSNA; left sinus node artery, RSPV;
right superior pulmonary vein, RIPV; right inferior pulmonary vein, LSPV; left superior pulmonary vein, LIPV; left inferior
pulmonary vein. (Adapted from Yamazaki M et al. Left atrial coronary perfusion territories in isolated sheep hearts Heart

Rhythm 2010;7:1501-1508 with permission from Elsevier)
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er incidence of right-sided SNA origin in men.>
#Given that preliminary studies show conflicting
associations between SNA origin and coronary
dominance, race, and gender, larger and more het-
erogeneous patient populations are needed to de-
finitively answer this question.

AV Nodal Artery: origin, course, termination

The AVNA is well known under this name, but has
also been referred to in the literature as the ramus
septi fibrosi, which acknowledges that its source
also supplies the membranous part of the inter-
ventricular septum. This concept was supported
by Spirina and Soskin, who named the AVNA,
the arteria septi fibrosi.*'Its mean length is 0.5-3
cm and mean external diameter at the beginning
of its course is 1-3.5 mm.” Usually, the artery that
crosses the crux of the heart is the artery that feeds
the AV node. In 90% of the population, this artery
is the RCA and in the remaining 10%, it is the LCX.
(19) The AVNA is associated with coronary domi-
nance, where the vessel that gives rise to the PDA
also gives rise to the AVNA.

The main vessel that reaches the crux of the heart,
be it the RCA or LCX, makes a sharp U-turn un-
der the middle cardiac vein before giving rise to
the PDA. This is often used as a landmark during
angiogram interpretation.* The ‘U’ or V' shape of
this arterial segment has an embryologic origin.
In the embryo, the AV node is located in the epi-
cardium, which is retracted into the heart when
the myocardium invaginates during the forma-
tion of the interatrial septum.” The AVNA arises
at the apex of this abrupt turn' * and merges into
the cardiac wall towards the right fibrous trigone
passing closer to the MV ring before entering the
AV node.” Once it enters the AV node, it usually
bends at a right angle beneath the aortic valve and
ramifies into the interventricular septum to sup-
ply the posterior portion of the left branch of the
bundle of His. Three final courses are proposed for
the AVNA (Figure 7).** It may follow close to the
tricuspid valve (TV), between the TV and MV, or
closer to the MV. The right superior descending ar-
tery and Kugel's artery supply collateral blood to
the AV node.®

Any ablation procedure involving the AV node,
mainly those for drug-resistant atrial tachyar-

rhythmias and AV nodal reentrant tachycardias,
carry a risk of damaging the AVNA.* Specific
sites of unintended injury to the AVNA include
the crux of the heart, the sinus venosus orifice,
or the base of the septal cusp of the TV.* Compli-
cations can be avoided by setting angiographic
landmarks prior to ablation. The distal end of
the AVNA serves as a useful landmark to depict
the location of the AV node. It also serves as an
anatomical landmark within Koch’s triangle to
predict the risk of AV block during RFA of AV
nodal re-entrant tachycardia. When the distance
between the distal end of the AVNA and the ab-
lation target site exceeds 2 mm, AV block rarely
occurs.”

Atrial venous system

As with the arterial system, atrial venous drain-
age is understudied and variable but here we
describe its anatomy and elucidate overarching

concepts. The majority of the venous drainage

from the atria, similar to that of the ventricles,
occurs through the epicardial venous system,
which joins progressively larger vessels that ulti-
mately flow into the RA via the coronary sinus.*
The remainder of the venous drainage occurs
through the Thebesian venous system, where
veins drain directly into the cardiac chambers.
The left atrial veins are divided into three dis-
tinct groups: the posterolateral veins, the pos-
terosuperior veins, and the septal veins.*” *The
right atrial veins are divided into small, large,
short, or long intramyocardial tunnels and small
intramural veins.

A prominent vessel of the atrial epicardial ve-
nous system is the oblique vein of the left atri-
um, which is commonly described as the Vein
of Marshall. It has an average diameter of 1
mm and rarely exceeds 2-3 cm in length.>" It de-
scends along the lateral and inferior wall of the
LA, passing between the left pulmonary veins
and the left atrial appendage. It then joins the
great cardiac vein at which point the coronary
sinus begins. Clinically, this region is implicated
as a substrate for left atrial arrhythmias. Specifi-
cally, the ligament of Marshall, which consists of
fibrous and muscular bands, nerves and small
blood vessels, including the Vein of Marshall,
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is thought to function as a left atrial arrhythmo-
genic focus.”***Finally, it should be noted that the
vein of Marshall has been suggested to be a con-
duit by which retrograde ethanol infusion might
achieve regional atrial ablation. > %

Future research directions

Our understanding of atrial coronary anatomy
is growing, but several research directions are

needed to investigate its application to disease
pathophysiology. For example, atrial circula-
tion, unlike ventricular circulation, courses up-
ward against gravity and coronary flow occurs
only during diastole. Whether this mode of cir-
culation has implications for atrial arrhythmias
needs further study. In addition, radiofrequency
induced coronary arterial injury though rare, is
a well-documented phenomenon with serious
complications. '"New ablation strategies that
take atrial coronary anatomy of the posterior
atrial wall and SAN into consideration need fur-
ther elaboration to mitigate this problem. Finally,
our understanding of coronary anatomy is lim-
ited by our technology, which calls for continued
development of smaller catheter tips capable of

accessing narrower arteries.
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Abbreviations

AF = atrial fibrillation

AQOV = aortic valve

AV = atrioventricular

AVNA = atrioventricular nodal artery
LA = left atrium

LACX = left atrial circumflex artery
LCA =left coronary artery

LCX = left circumflex artery

LSNA = left SNA

MYV = mitral valve

PDA = posterior descending artery

PLA = posterior wall of LA

RSNA = right SNA

PVs = pulmonary veins

RA =right atrium

RAOQO =right anterior oblique

RCA =right coronary artery

SACT = sinus to atrium conduction time

SAN = sinoatrial node
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