
The IHS is responsible for the syllabus of the fellowship and the
board exams and holds an annual board review course for fellows.
A physician who intends to become a cardiologist is initially trained
and board certified in Internal Medicine for 3.5 years including 6
months of research. Training in cardiology lasts 3 years during
which a fellow rotates and is exposed to all relevant fields including
intensive care, cardiac catheterization, echocardiography, electro-
physiology, paediatric cardiology, etc., preparing him/her to
become an independent cardiologist in the community or in the
hospital. If a fellow wants to pursue an academic career he/she is
expected to participate in research activity and publish scientific
papers. The journey is long and difficult and demands dedication.

The IHS has been conducting a bi-annual survey of all AMI
patients admitted to all ICCUs in the country since 1990. This
ACSIS survey, in addition to yielding many important publications,
has been an invaluable tool for quality control and benchmarking,
allowing individual departments to compare their performance
with that of the whole country. This effort has contributed to
the very high level of adherence to guidelines in contemporary
practice. The use of all evidence-based therapies has been increas-
ing steadily. In 2010, 97% of AMI patients in the country were

discharged on aspirin, 96% received statins, and over 80% received
beta-blockers and ACE inhibitors. Over the past 10 years, 30-day
mortality from AMI has decreased from 8.5 to 4.2% (P,0.0001).

Israeli cardiology faces a number of challenges today. Israel is
experiencing a shortage of physicians and this is apparent in cardi-
ology as well. There is a growing need for cardiologists that is unli-
kely to be filled by current medical school graduates. Funding for
research is another major challenge. Reimbursement for medi-
cations and procedures in Israel is determined by the government
every year, and there is always some gap between the introduction
of evidence-based therapies and reimbursement. The availability of
heart transplantation in Israel is very limited due to religious con-
siderations in large segments of the population.

I am confident that with the superb tradition of Israeli cardiology
and the dedication of our young generation Israeli cardiology will
remain at the forefront of medicine in Israel, maintaining and
expanding its contribution to European and international
cardiology.

Gad Keren, MD FESC FACC, Tel Aviv Medical Center, Tel Aviv, Israel
and Sackler School of Medicine, Tel Aviv University, Tel Aviv, Israel.

Rediscovering the third coronary artery
A second right coronary artery is not at all unusual, as described
here from Oxford, England

Introduction
Anatomy and functionality of the coronary circulation have been of
interest to physicians ever since it emerged that mammalian hearts
have their own blood supply. If asked how many coronary root
vessels the normal human heart has, most medical students (and
many practitioners) would answer ‘two’. Some might refer to a
possible abnormal supernumerary left coronary artery, present in
about 5% of patients. However, the frequent presence of two
right coronary artery (RCA) roots is not generally well appreciated,
even though it has been evident to anatomists and cardiac
surgeons for centuries.

Reference to this can be traced back in the European medical
literature to Giovanni Battista Morgagni’s 1761 De Sedibus et
causis morborum per anatomem indagatis (see Supplementary
material online, References). Justus Halbertsma (1863), author of
an early extensive case study in human coronary artery lay-outs,
commented: ‘two coronaries are all but rare and multiplication
of coronaries is so common that one is almost embarrassed and
has to question whether what we established as normal above
(two coronaries) really is the norm’. At about the same time,
Richard Quain’s seminal atlas of human vascular anatomy
illustrated the presence of three coronary root vessels, one left
and two right (Figure 1), as ‘the most frequent or standard
conformation of the vessels’.

That very configuration continues to be illustrated in modern
anatomy textbooks, such as Gray’s, although now in a graphically
less vivid fashion.

The second RCA-root arises from the right aortic sinus of
Valsalva, most commonly ventral to the main RCA. In cases
where there is no distinct additional RCA, it is usually replaced

Figure 1. Lithographic drawings by the surgeon Joseph
Maclise, showing the human aortic root with three coronary
arteries: two right and one left. Left: Plate 1; right: Plate 48,
Fig. 3; from Quain R. The Anatomy of the Arteries of the
Human Body. 1st ed. London, England: Taylor and Walton; 1844.
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by the first branch of the main RCA. In either configuration, this
vessel generally supplies the Conus venosus, and part of the upper
septum. Occasionally, a supernumerary artery arises dorsally to
the RCA, then usually feeding the sino-atrial node.

This anatomical insight is in contrast to how the coronary circu-
lation is portrayed in modern ‘functional’ textbooks, which
describe the presence of two coronary roots (left and right) as
the physiological standard. This view filters through even to
specialist communications on cardiovascular system function, diag-
nostics, or therapeutic interventions.

Three questions arise in this context:

(i) What is the relative propensity of a second RCA?
(ii) If cardiac surgeons and anatomists know that a second RCA is

common—why do the rest of us not?
(iii) Does this knowledge matter?

Second RCA propensity
In order to address the first question, it is helpful to recapitulate
past observations and relate them to technologies used to study
coronary artery configuration.

For the assessment of propensity, one should note that different
names have been applied to the second RCA. Arturo Banchi
(1904) called it the ‘adipose artery’, Georges Piquand (1910)
referred to it as ‘l’artère graisseuse de Vieussens’, and Al Crainicianu
(1922) used the term ‘arteria preinfundibularis’. Since the seminal
work of Monroe Schlesinger et al. (1949), ‘conus artery’ has been
preferred. However, the term has been used to refer to different
vessel2origin configurations: a ‘true’ second RCA (with separate
or shared aortic ostium, relative to the main RCA), or the first
branch of the main RCA. Even if one allowed the term conus
‘artery’ for the latter configuration, rather than conal branch of
the RCA, it should be applied only in the confirmed absence of a
true second RCA. Such exclusion criterion is not generally applied.

Further confusion may arise from variations in second RCA
ostium location, which may form an independent entity, or share
access to the aortic blood pool with the main RCA, both originat-
ing from a small ‘bulge-like’ extension of the aortic wall. A clear dis-
tinction between two RCAs (both vessels connected in-parallel to
an equally accessible aortic blood pool) and one RCA with a conal
branch (where conal access to the aortic blood pool involves
an in-series connection) may not always be possible, even if
attempted. This may account for some of the variation in reported
second RCA incidence. It may also contribute to an apparent
age-related increase in propensity, reported by Brooks Edwards
et al. (1981) and Motonobu Miyazaki and Morio Kato (1986), as
aortic growth could integrate lateral bulges more smoothly into
the aortic wall, making distinction of separate ostia easier.

With these limitations in mind, we conducted a meta-analysis of
35 case series (see Supplementary material online, bibliography)
involving 12 161 human hearts, revealing a mean prevalence of
the second RCA of 23.8%.

Reported incidence appears related to the method used for
vessel identification. Based on in-situ imaging, mean prevalence of
a second RCA was 14.5% (six studies; 4787 hearts; prevalence
2.4–40.9%). In contrast, ex-situ inspection revealed a second
RCA in 29.8% (29 studies; 7374 hearts; prevalence 7.6–93.8%).

This method dependence may be explained by the second
RCA-size:proximal vessel diameter is �1 mm in adult human,
which is at the limit of spatial resolution for non-invasive imaging
(one needs three voxels indicating wall/lumen/wall to discern a
vessel, yet few routine in-vivo imaging techniques have voxel
sizes ,0.5 mm). In addition, techniques requiring contrast agent
injection may fail to discover a second RCA (see below). This
suggests that the lower apparent incidence observed in situ may
result from false-negative detection errors, so that true prevalence
of a second RCA in humans is likely to be closer to ex-vivo
observations.

Thus, while we are not able to offer a firm value in response to
question (i), a second RCA in humans clearly is far from unusual,
with prevalence apparently exceeding one-third.

A knowledge gap?
If RCA propensity is indeed that high, why is this fact not much
more widely appreciated? One possible explanation is that the pre-
dominance of non-invasive imaging, in particular in functional car-
diovascular investigations, has helped us to be accustomed with
the picture of coronary root2vessel configuration that these
methods offer. In addition, classical anatomical training has been
de-emphasized in modern medical curricula (e.g. see Stanley
Monkhouse, 1992); so that a ‘functional imaging-compatible’ view
of anatomy may appear both opportune and convenient, perhaps
answering the second question.

If second RCA occurrence is indeed more common than generally
assumed by non-anatomists/non-cardiac surgeons, the final question
regarding relevance of the second RCA is even more important.

Second RCA relevance
In 1981, David Levin et al. analysed the frequency of failure to visu-
alize any conus artery during coronary angiography of 508 patients.
They reported that in patients with a separate conus artery ostium,
it was visualized only if there was reflux of contrast medium from
the main RCA injection site into the right aortic sinus. Such inadver-
tent filling of the second RCA was described in �30% of cases.
They speculated that another �20% of patients, in whom
noconus artery was visualized at all, also had a second RCA.
Similar occurrences of ‘missing vessel’ in myocardial tissue with
normal contractility prompted Javier Escaned et al. (1992) to
suggest searching for a second RCA, using narrow-gauge catheters
to facilitate engagement with small ostia, to resolve apparent dis-
crepancies between coronary anatomy, clinical history, and ventri-
cular function. However, indiscriminate injection of contrast
medium into the right aortic sinus has been associated with
arrhythmogenesis, including ventricular fibrillation. Therefore,
without an awareness-driven approach to RCA angiography, the
presence of (and abnormalities in) the flow-bed of a second
RCA may go undetected.

The functional relevance of second RCA blood supply has been
illustrated in several case reports, but has not been investigated
systematically. Ray Matthews and Stephen Oesterle (1989) found
that occlusion of the conus artery during angiography can result
in ST-segment elevation. Jonas Eichhöfer and Nicholas Curzen
(2005) reported similar results during angioplasty, as well as
chest pain and evidence of myocardial infarction. Matthews and
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Oesterle also highlighted the importance of a second RCA as a
source of collateral supply during chronic occlusion of the main
coronary arteries, potentially with the ability of maintaining ade-
quate myocardial perfusion even in severe coronary artery
disease. This was also demonstrated by Abdul Rathoret al.
(1970), Gregory Mishkel et al. (1991), Escaned et al. (1992),
Tuvia Ben-Gal et al. (1997), and José de Agustı́n et al. (2010).

In addition, undiagnosed disease of conus arteries with separate
ostia could represent a cause for unexplained cardiac pathologies,
including ‘idiopathic’RVOT arrhythmias. Therefore, in answer to
question (iii): it would seem that knowledge of the second RCA
may indeed matter.

Summary
It would appear that there is a chasm between anatomical insight and
its functional application regarding coronary artery root configur-
ation. Ongoing improvements in non-invasive imaging may help to
swing the pendulum back to a more anatomically grounded view,
and promote re-evaluation of the true prevalence of different coron-
ary artery root layouts in different patient cohorts in vivo. Awareness
of the fact that the right aortic sinus can contain multiple coronary
ostia, and that these give rise to a second RCA that feeds the
RVOT in a third of patients (possibly more), would seem to be rel-
evant to heart research, diagnostics, and treatment.

Supplementary material
Supplementary material is available at European Heart Journal
online.
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Cardiac centres of excellence

‘Royal Brompton’: the specialist centre in London
that specialist centres consult
It may be diagnosing Thalassaemia with magnetic resonance,
navigating catheters round tight corners with magnets, or treating
Marfan’s syndrome with the Brompton Sheath—but if it is state
of the art and it works, the Royal Brompton & Harefield NHS
Foundation Trust, London, will almost certainly have pioneered
it, reports Barry Shurlock MA, PhD

‘We don’t do things we are not good at, nor high volume
routine procedures like simple angioplasty or angiography, which
are done in every hospital [that treats heart disease]. We are a
national tertiary referral centre—perhaps best termed as a qua-
ternary one!—With referrals from the whole of the UK and inter-
nationally. We are a National Health Service facility, but we do
take private patients; out of our annual turnover of £270 million
(321 million Euros) private patient business contributes around
£23 million.

We have a lot of people from outside the UK doing research
here—more than 50% in my department—and we definitely try
to take on new people with a good CV and funding. For very
good people who might be having trouble with funding, we
would help them to write grant applications locally [in their own
country] and they then have a very good chance of coming
here, provided they allow a year or two. The nightmare is
someone who has published 3 papers in Nature and wants to
start next Tuesday!’
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