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Background. For the last 90 years, several authors have
focused on studying the blood supply to the conduction
system in the human heart. However, an important gap
has been maintained between this topic and cardiac
surgical procedures when they should have been closely
matched. This paper is aimed at clarifying the morphol-
ogy of the conduction system and its blood supply and
assessing its role in cardiac surgical procedures.

Methods. Twenty human hearts were dissected after
antegrade and retrograde injection. After dissection, dif-
ferent surgical procedures were simulated. Finally, we
assessed the damage that these procedures might have
caused either to the conduction system or to the vessels

supplying it.

y the end of 20th century, surgeons are likely to

change their surgical techniques if they are con-
vinced, with strong statistical correlation, of new proce-
dures having better results. Probably, purely anatomic
findings themselves are not enough to persuade a sur-
geon. But if they have clear surgical significance, they
may invite the surgeon to be more accurate and elegant
while performing the same operations.

The origin of the blood supply to the atrioventricular
(AV) node has been widely studied. Two new arterial
conduits supplying the conduction system were previ-
ously described by us [1]. These are the right superior
descending artery and Kiigel’s artery. Their role in car-
diac surgical procedures had been suggested by indirect
studies, but it had never been objectively proved. In this
paper, real surgical procedures were simulated on pre-
viously dissected hearts to show clear evidence of the
significance they have in certain operations involving the
aortic root and the mitral valve.

Material and Methods

For the present study, 20 hearts were removed from the
cadavers of subjects with and without coronary disease,
who had ranged in age from 15 to 65 years at the time of
death. They were injected in an antegrade and retrograde
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Results. Kiigel’s artery, the right superior descending
artery, and the sinoatrial node artery were found to be
harmed by the surgical procedures performed. In all
these cases, these vessels were supplying part of the
conduction system.

Conclusions. All the vascular structures described in
the paper play a very important role in the blood supply
to the conduction system, and they become vulnerable
during aortic root and mitral valve surgical procedures.

(Ann Thorac Surg 2000;70:1234-7)
© 2000 by The Society of Thoracic Surgeons

manner with a new technique followed by dissection, as
described previously [1]. Once the hearts were dissected,
they were placed and fixed on a board in surgical
position. After that, different surgical procedures were
simulated in separate hearts, trying to resemble the real
situation in as much as possible. In five of them, a Bentall
procedure was performed, whereas six hearts underwent
a Yacoub procedure, and a Guiraudon approach was
simulated in five different pieces [2-4]. On finishing the
simulations, we checked the integrity of the vessels
dissected. We considered that a vessel had been dam-
aged only in the cases that we found it either caught by
the suture or completely cut because of traction of the
coronary pedicles during the procedure. Lesion of the
vessels after any movement apart from the ones strictly
necessary in the procedure was not taken into account.
Photographs were taken before and after the simulations.

Results

In all the hearts in which a Bentall procedure was
performed, the right superior descending artery was cut
when pulling from the coronary pedicles for their attach-
ment (Fig 1). Kiigel’s artery was caught in all the samples
of the Yacoub procedure at the time of suturing the graft
to the aortic root at the level of the noncoronary cusp (Fig
2). After simulating a Guiraudon approach, we observed
that the sinoatrial node artery, as well as small branches
of Kiigel’s artery, was damaged in all cases (Fig 3). The
right superior descending artery artery supplied the AV
node in 14 of the 20 dissected hearts (70%), whereas
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Kiigel’s artery supplied blood to the conduction system
in 8 of the 20 hearts (40%).

Comment

The blood supply to the conduction system was a main
subject of study during the 1960s and 1970s owing to the
advent of coronary angiography and myocardial revas-
cularization procedures. At the same time, an increase
was evident in the frequency of surgical procedures
involving the aortic root with the attachment of the
coronary ostia. In this last type of operation, arrhythmias
are more frequent when stopping the cardiopulmonary
bypass and during the first few hours of the postopera-
tive course [5-8]. Most of these alterations are transitory,
with most patients regaining sinus rhythm soon after.
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Fig 1. Bentall procedure. (A) The right supe-
rior descending artery (arrow) surrounding the
aortic root. (B) Simulation of Bentall procedure
with aortic root replacement and attachment of
the coronary pedicles. (Ao = aorta; AV =
atrioventricular node; RC = right coronary
artery.)

One of the causes of these nonpermanent rhythm distur-
bances was thought to be the postsurgical edema of the
conduction system. However, some authors stated that
stunning of the conduction system was the main prob-
lem. We believe that direct harm of the blood supply to
the AV node during the operation should be acknowl-
edged as one of the main causes of postoperative ar-
rhythmias. A cardiac surgeon should, then, be aware of
the anatomy of the blood supply that nourishes the
conduction system, as well as which procedures threaten
its integrity.

Anatomy

The classic anatomic concept included the AV node
artery, or rami septi fibrosi, and the first septal artery
branch of the anterior descending coronary artery as the

Fig 2. Yacoub procedure. (A) Kiigel’s artery
(arrow) lying over the interatrial septum be-
hind the aortic root before the simulation. (B)
The aortic root was removed, preserving the
native valve. (C) The aortic valve and the cor-
onary pedicles ready for the grafting. (D)
Placement of the aortic graft and attachment of
the coronary pedicles. See how the suture
“captures” Kiigel’s artery (arrow). (Ao =
aorta.)
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Fig 3. Guiraudon approach. Kiigel’s artery (arrow) is surrounding
the aortic root, passing near the surgical incision. (Ao = aorta; IAS
= interatrial septum; MV = mitral valve [posterior leaflet]; RA =
right atrium.)

main conduits supplying the AV node [9-11]. As de-
scribed by us previously, Kiigel’s artery and the right
superior descending artery are an important source of
perfusion for the conduction system [1].

Some authors doubted the existence of Kiigel’s artery
(arteria anastomotica auricularis magna) [10], whereas
others suggested that it could be related to the blood
supply of the AV node but that its small caliber deterred
them from the attempt of proving it [11]. Added to the
clear pictorial demonstration of this vessel nourishing the
AV node, we inferred that the genetic information for this
artery might be present in the genetic code of all mam-
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mals as we were able to dissect it in the heart of a Minke
whale (Balaenoptera acutorostrata) [12].

Surgical Procedures

Regarding the anatomic evidence shown in this paper,
direct injury to the atrial vessels should be taken into
account when considering the factors causing postoper-
ative arrhythmias, especially after procedures like Ben-
tall, Yacoub, or even a classic aortic valve replacement
when the technique modality implies placing the suture
across the aortic wall. We believe that one way of
reducing the risk of lesion of these vessels is by giving the
least possible movement to the coronary pedicles, thus
preventing pulling from them as they originate at the
very beginning of the coronary artery. However, if the
possibility of kinking or tension in the line of suture
exists, this last consideration should be disregarded as
any complication at that moment would lead to a much
worse outcome than a perioperative arrhythmia.

In the case of a Guiraudon approach for mitral valve
replacement, the risk of injuring the atrial arteries is
quite high because of obvious anatomic relations. Fur-
thermore, the incidence of supraventricular arrhythmias
is increased in this kind of approach [13-16]. The cutting
of the sinoatrial node artery with posterior nodal isch-
emia was previously thought to be the cause. However,
there is evidence that supraventricular arrhythmias per-
sist even when section of the sinoatrial node artery does
not involve nodal ischemia [17]. To avoid this problem,
performing a lateral approach to the mitral valve is
advisable. Several surgical maneuvers, such as mobiliz-
ing both venae cavae, using Pacifico cannulas, dissecting
the interatrial sulcus, or placing a gauze on the apex of
the left ventricle and moving it toward the mitral annu-
lus, allow improvement in the approach, thus avoiding
lesion of the blood supply to the conduction system. If a
Guiraudon approach is still considered, incision of the
atrium should be as far as possible from its insertion in
the aorta.

Again, we encourage a full comprehension of these
anatomic findings to give elegance and accuracy to every
surgical procedure.

Fig 4. Atrial vessels supplying the atrioven-
tricular (AV) node. (A) Kiigel’s artery (KA)
and right superior descending (RSD) in a
posterior view of the heart. (B) Sinoatrial
(SA) node artery supplying the sinoatrial
node area in an anterior view of the heart.
(AO = aorta; AVNA = AV node artery; Cx
= circumflex artery; LCA = left coronary
artery; RA = right atrium; RCA = right cor-
onary artery; RV = right ventricle.)
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The Thoracic Surgery Foundation for Research and

Education

Harvard Executive Course

The next offering of the Harvard Executive Course, Un-
derstanding the New World of Health Care, will be Novem-
ber 11-19, 2000. Applications from Harvard can be ob-
tained by contacting Eleanor Brimley at (617) 496-1069.
Alley-Sheridan Scholarship materials will be available
from The Foundation. Please contact Lainie Castle at
(312) 644-6610, extension 4798.

2000-2001 Research Award Applications

Information and applications for 2000-2001 Thoracic Sur-
gery Foundation’s Research Grants, Research Fellow-
ships and Career Development Awards are available
now. To request an application, please contact Lainie
Castle at the Foundation office at telephone: (312) 644-
6610, extension 4798. Applications can also be down-
loaded from The Foundation’s home page, www.tsfre.org.
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Kennedy School Sabbatical

The Thoracic Surgery Foundation for Research and Ed-
ucation announces that applications for a yearlong sab-
batical to do graduate studies in health care policy at
Harvard University’s Kennedy School of Government are
now available. Candidates will be accepted early on a
rolling admission basis by the graduate school, and
scholarships will be awarded by The Foundation’s Edu-
cation Committee. The Kennedy School will review com-
pleted applications for the Program starting January 3,
2001, and is prepared to make decisions on applications
within two weeks of their receipt. The Foundation will
make a decision on an application for Alley-Sheridan
Scholarship within two weeks of its receipt to The Foun-
dation office. If an interested surgeon has applied to The
Kennedy School very early in January, it is possible to
have the admissions and scholarship decisions com-
pleted by February 1st. Please call Lainie Castle at The
Foundation office for more information at (312) 644-6610,
extension 4798.
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