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Despite the low prevalence in the overall population,
congenital coronary artery (CA) anomalies are
frequently found as the cause of sudden death (SD) in
the young, particularly in the athletic field.1–11 These
anomalies are observed both in paediatric and adult
patients, with an equal incidence of SD. Why a
patient may survive asymptomatic until adulthood
and then suffer from angina, myocardial infarction
(MI) or SD without superimposition of coronary
atherosclerosis remains intriguing.

CA  A n oma l y  T y p e s

CA anomalies consist of a wide range of abnor-
malities, including anomalous origin, anomalous
course or both.1,7,8 Leaving aside the anomalous
origin of a CA from the pulmonary trunk – which
is in fact a ‘major’ CA anomaly, highly symptomatic
in infancy (‘Bland-White-Garland syndrome’) and
due to coronary blood steal from the aorta to the
pulmonary artery, accounting for extensive MI with
either SD or congestive heart failure (HF)18 – a wide
range of so-called ‘minor’ abnormalities exist that
are characterised by the fact that the CAs still arise
from the aorta.1,7,8

C o r o n a r y  O s t i a  M a l f o r m a t i o n s

Coronary ostia malformations consist of severe
lumen stenosis, either of the right or of the left, by
plication of the aortic wall leading to a valve-like
ridge that may act as a door, blocking the inflow
during diastolic filling with consequent ischaemia, as
to elicit life-threatening arrhythmias.1,19 This
anomaly is considered to be significant to possibly
account for SD if the surface area of the ridge
exceeds 50% of the coronary ostial luminal area.19 A
severe obstruction of coronary ostia and of the
proximal coronary segment course may also be
observed in the setting of hyperelastosis of the aortic
wall, i.e. ‘macarony disease’, which is a relatively
common observation in infants who die suddenly;20

a similar picture is described in William’s syndrome
with supravalvular aortic stenosis in which the
coronary ostia may be totally or partially insulated
from the aortic lumen, due to fusion of the aortic
leaflets with the wall.

H i g h  T a k e - o f f  o f  t h e  C A  f r o m  t h e  

A o r t i c  W a l l

High take-off of the CA from the aortic wall has been
mostly considered a variant within normal,19 without
consequences unless surgical procedures are performed;
however, it has been recently described in otherwise
unexplained SD cases.2 A take-off higher than 2.5mm
above the sino-tubular junction may account for a
vertical intramural aortic course of the CA, before
reaching the aortic root and then the atrioventricular
sulcus. Moreover, a funnel-like ostium with a slit-like
lumen along the intramural aortic course might
account for myocardial ischaemia.2

A n o m a l o u s  C A  O r i g i n  f r o m  t h e  

W r o n g  A o r t i c  S i n u s

Anomalous CA origin, either the left main CA from
the right sinus of Valsalva or the right CA from the
left sinus, represents a rare congenital defect that has
been found in 0.17% of patients undergoing autopsy21

and in 1.2% of all patients undergoing coronary
angiography.22 Recently, Davis et al.23 confirmed
these figures reporting a prevalence of 0.17% derived
from a population of 2,388 children and adolescents
prospectively evaluated by transthoracic echoca-
rdiography (ECG). Their population cannot be
considered ‘normal’ since it comprises asymptomatic
children and adolescents referred for cardiovascular
(CV) investigation; thus, the prevalence in a large and
unselected population is likely to be lower.24

Either the right CA origin from the left coronary
sinus or left CA origin from the right coronary sinus
are hidden conditions at highest risk of SD. In this
setting, the proximal segment of the anomalous CA
may run anterior to the pulmonary trunk, posterior
to the aorta or between the pulmonary artery and
the aorta itself. The latter condition is considered at
risk from myocardial ischaemia, particularly during
exercise, through CA squeezing due to the
increased cardiac output with diastolic expansion of
great vessels.1–3,25–28 Although both right and left CA
anomalous origin from the wrong aortic sinus are at
impending risk of SD, the anomalous left CA from
the right sinus is considered more malignant
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because of the large amount of left ventricular (LV)
myocardium at ischaemic risk. In the review by
Roberts3 of 43 necropsy patients, 34 (79%) died due
to the CA anomaly; of these, 26 (76%) died
suddenly in the first two decades of life and all but
one during or shortly after vigorous exertion. On
the contrary, anomalous right CA origin from the
left sinus may be an incidental angiographic or
autoptic observation and until recently has been
considered a minor congenital anomaly of no
clinical significance. In a recent paper it was found
that all the cases with anomalous left CA died
suddenly, compared with 43% of cases with
anomalous right CA.2 As far as anomalous origin of
left CA from the posterior aortic sinus, the coronary
malformation is quite rare and even more rarely
associated with SD.29

The anomalous origin of the left circumflex branch
from the right CA or sinus itself with a separate
ostium is considered the most frequent CA
anomaly,3,19 with an angiographic incidence of up to
0.67%.30,31 Although it is frequently an incidental
autopsy finding, it has also been described in victims
of unexpected arrhythmic SD.1,2,32 After the
anomalous take-off, the left circumflex branch
shows an abnormal retro-aortic course to reach the
left atrioventricular groove crossing the mitro-aortic
fibrous continuity. This anomaly has been
considered a benign condition having been observed
at autopsy or angiography in association with
obstructive coronary atherosclerosis, until cases have
been reported with evidence of MI or SD in the
absence of any explanation other than the
malformation itself. 

M y o c a r d i a l  B r i d g e  o r  

T u n n e l l e d  E p i c a r d i a l  C A

A coronary epicardial stem, usually the left anterior
descending branch, may become deeper within the
myocardium, thus presenting with an intramural
course.33,34 Thin loops of myocardium surrounding
a CA have been reported in up to 70% of patients
dying from different causes and thus should be
considered as a variant of normal.34 Myocardial
ischaemia has been reported in patients in whom
coronary angiography detected nothing but a vessel
constriction (the so-called ‘milking effect’) and in
whom surgical debridging revealed to be effective
in relieving both signs and symptoms.35–37

Moreover, SD has been described in patients with
myocardial bridge as the only plausible substrate
accounting for SD.5–7,38 Tunnelled CAs have been
reported in approximately 5% of athletics field
deaths by Maron et al.5,6 in the absence of any other
structural anomaly. Effort-induced ischaemia has
been attributed to tachycardia, which increases the
myocardial oxygen requirement and reduces the

coronary flow during diastole. Fine histopathologic
analysis has established that this anomaly presents
with pathologic significance when it has a long
(2–3cm) and deep (2–3mm) intramural course.39

Moreover, it was found that the myocardium
encircling the intramural coronary segment
presents with the feature of a sheath acting as a
sphincter and shows disarray and fibrosis, further
hindering diastolic vessel filling.7 All these features
are in keeping not only with a systolic lumen
obliteration, but also with persistent occlusion
during diastole, when coronary blood filling occurs
due to unpaired relaxation of the myocardium
surrounding the anomalous coronary segment. This
hypothesis has been recently confirmed by
intravascular ultrasound investigations.40 The
occurrence of myocardial ischaemia at rest could
also be due to vasospasm of the intramural coronary
segment41 and transient platelet aggregate
deposition and thrombosis provoked by mechanical
trauma of the vessel wall.35,36 As far as therapy goes,
not only surgical debridging but also interventional
therapy with stent implantation has been
successfully carried out.42

Anoma l o u s  C A  O r i g i n  f r om  t h e  
W r on g  A o r t i c  S i n u s

P a t h o p h y s i o l o g y  o f  

M y o c a r d i a l  I s c h a e m i a

Myocardial ischaemia is the consequence of several
mechanisms limiting the blood flow in the
anomalous CA, including the acute angle take-off
from the aorta, the narrowed slit-like lumen with a
potential for a flap-like closure of the orifice, the
proximal intramural course of the anomalous vessel
within the aortic tunica media, which may further
aggravate the obstruction, and the squeezing of the
vessel along its course between the aorta and the
pulmonary artery, particularly during exercise
when there is an increased cardiac output with
expansion of the great vessels. A spasm of the
anomalous CA, possibly as a result of endothelial
injury, has also been advocated.43 The authors’
findings showing normal ECG patterns associated
with pathologic evidence of acute myocardial
ischaemic damage and/or chronic ischaemic injury
with replacement-type fibrosis28 suggest that
myocardial ischaemia is episodic in nature,
probably occurring in infrequent bursts that may be
cumulative with time. In a recent study, by
comparing the various cardiovascular diseases
(CVDs) accounting for SD in athletes compared
with non-athletes, it was found that congenital
anomalies of CA occurred more frequently in
athletes than in non-athletes (12.2% compared with
0.5%), confirming that they are particularly prone
to cardiac arrest during effort.11
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I n  V i v o D i a g n o s i s

These CA anomalies are rarely suspected or identified
during life and are usually first recognised at autopsy,
largely due to insufficient clinical suspicion, as well as
the difficulties implicit in routine examination or
clinical testing. Although SD is frequently the first
manifestation of the disease, by studying a series of
young competitive athletes who died suddenly due to
these malformations, it was recently demonstrated that
premonitory cardiac symptoms commonly occurred
shortly before SD, particularly in the setting of
anomalous left main CA origin, suggesting that a
history of exertional syncope or chest pain requires
exclusion of this anomaly.28 The observation that the
conventional 12-lead ECG and even maximal exercise
stress test are usually within normal limits – i.e.
without evidence of myocardial ischaemia – suggests
that this event is only periodically present in this
disease. These findings have important implications for
preventive strategies and in vivo identification. In a
recent investigation describing the anatomical and
clinical profile of young athletes with wrong sinus CA
origin, it was reported that all the resting 12-lead and
exercise ECGs available during life were normal.
Moreover, by reviewing the literature concerning
exercise ECG findings in young patients with
documented CA anomalies, only four in 18 (22%),
including two who were already symptomatic,
showed ischaemic changes.

ECG stress testing and myocardial perfusion
scintigraphy may therefore provide little or no
diagnostic information in patients with suspected
anomalous CA origin. If the index of suspicion is
sufficiently high because of potential clinical
markers such as exertional syncope or chest pain,
even in the setting of normal 12-lead and effort
ECGs, the origin and proximal course of CA should
be defined non-invasively by transthoracic or
transesophageal ECG. Indeed, in young individuals
presenting with symptoms and/or ECG changes,
ECG provided the correct identification of
incorrect aortic sinus origin, which was subse-
quently confirmed by coronary angiography.44,45

ECG has the potential to address the correct
diagnosis, because it provides good anatomic
definition of the ostium and proximal epicardial
course of CA. Pelliccia et al.,24 in a series of 1,360
young athletes prospectively evaluated by ECG, were

able to visualise the ostium and proximal course of the
left CA in 97% and right CA in 80% of subjects. As a
consequence, the failure to demonstrate the fact that
CAs actually originate from their usual location in
young people with impaired consciousness or angina
suggests the need for further anatomic investigation
by angiography or possibly magnetic resonance
imaging (MRI) and computed tomography (CT).46–48

False negatives may occur when using transthoracic
ECG, as demonstrated by Davis et al.23 due to either
misinterpretations or the inability to fully identify CA
origin because of poor acoustic windows.

C l i n i c a l  M a n a g e m e n t

Timely in vivo diagnosis of CA anomalies raises a
question of the clinical management of affected
patients. The big challenge is the identification of
high-risk subsets to decide when and which patients
should undergo surgical therapy.

If such an anomaly, of either right or left CA
anomalous origin, is found in a symptomatic patient
or in an asymptomatic patient with clinical evidence
of myocardial ischaemia, surgery is mandatory. Since
it has been clearly demonstrated that SD is
precipitated by exercise, sport and strenuous effort
should be strongly discouraged.49 Surgical correction
may be accomplished either by CA bypass grafting or
newer techniques such as re-implantation of the
anomalous vessel in the proper coronary sinus or by
‘unroofing’ the common wall between the aorta and
the anomalous CA, resulting in a new orifice with a
more natural take-off.50,51

Treatment decisions for the asymptomatic young
patient without evidence of ischaemia in the
corresponding myocardial region are less clear. In
this setting, the type of anomaly, whether right or left
anomalous CA origin, would make the difference;
most of the physicians would still recommend
surgery since cardiac arrest remains unpredictable in
the setting of anomalous left CA, whereas right CA
anomalous origin seems to bear a more benign
clinical course. A clinical registry of affected patients
is warranted to gain an insight on the clinical profile
as well as on the impact of surgical correction on the
prognosis of patients with anomalous CA origin. ■

*Supported by MURST, Rom; and Fondazione Cassa di
Risparmi, Padova-Rovigo, Italy.
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