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Abstract
Congenital abnormalities, including anomalous origin of the left coronary artery from the pulmonary artery
(ALCAPA), and lethal arrhythmias in a structurally normal heart explain about 5-10% of sudden cardiac death (SCD)
cases. In this narrative review, the available literature pertaining to the rare congenital coronary artery malformation,
ALCAPA, shall be comprehensively reviewed and summarized.
The majority of patients with ALCAPA present in early life with symptoms of ischemic heart disease often causing
death. Alternatively, if sufficient collateral formation between the right and the left coronary arteries is present, these
patients may be asymptomatic throughout their entire childhood. Since ALCAPA is rarely seen in pediatric patients
and even less in adults, the diagnosis requires a high index of suspicion. The development of novel non-invasive
high resolution imaging techniques such as echocardiography, multi detector computed tomography (MDCT) and
cardiac MRI has allowed detailed visualization of the origin and course of the anomalous artery. Currently, surgical
correction of the malformation is the optimal treatment option which can lead to significant improvement in
myocardial ischemia. It is important to note, despite ALCAPA as a rare condition, this differential diagnosis should
be always considered in an otherwise healthy young adult individual who presents with SCD, syncope, exercise
intolerance or chest pain.
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Epidemiology
Heart disease represents the leading cause of death in the US as
confirmed by the Centers of Control of Disease (CDC) in 2011 [1].
ALCAPA is infrequent (1 of 300,000 births), although suspected to be
under diagnosed accounting for 0.25-0.5% of congenital heart disease
anomalies and is a rare cause of SCD in completely asymptomatic
adults [2,3]. It is also infrequent that an individual with ALCAPA
achieves adulthood without corrective surgery, as 90% of these
patients would die within the first year of life without surgical
correction of the abnormality [4,5].

Etiology
Theories have been described to explain the origin of a coronary
artery from the pulmonary trunk specifically related to the
embryologic division of the truncus arteriosus. Assuming that the
coronary arteries arise as two endothelial buds, displacement of the
site of origin of one or both coronary artery buds could assign either of
both coronary arteries to that portion of the truncus arteriosus
destined to become the pulmonary artery [6]. Another possibility is
the abnormal division of the truncus by the developing truncal septum
incorporating one of both normally located coronary artery buds into
the pulmonary artery [6].
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Clinical Presentation
Patients with ALCAPA usually present with symptoms early within
the first year of life with chronic ischemia due to this coronary artery
malformation leading to congestive heart failure. Patients can also
present with significant mitral valve regurgitation. Infants with
ALCAPA typically have feeding difficulties, irritability, diaphoresis,
tachypnea and tachycardia. Associated chest pain can occasionally be
due to myocardial ischemia which may be confused with infantile
colic. If there is enough collateral formation between the right and the
left coronary arteries, patients can pass through childhood with silent
manifestations. Adult patients with this malformation can complain of
dyspnea, chest pain, syncope and exercise intolerance, or they can
present with SCD due to acute ischemia during exercise or malignant
ventricular arrhythmias generated from myocardial scar tissue [7,8].
Physical findings include a gallop or murmur of mitral regurgitation
secondary to ischemic papillary muscle dysfunction. A continuous
murmur resembling a patent ductus arteriosus with flow from the
aorta to the pulmonary circulation can be found reflecting collateral
flow. A retrospective study examining coronary arteriography of 5400
adult patients found that all coronary artery anomalies have an 80%
association with arteriosclerotic disease and 40% with significant
stenosis (>50%) in anomalous coronary arteries [9]. These results can
partially explain the potential presentation of ALCAPA as acute
coronary syndrome in the adult population.
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Diagnosis

Discussion

The diagnosis of ALCAPA is based on clinical symptoms and
requires a high index of suspicion. Due to its potential catastrophic
presentation, an increased awareness in health care providers during
pre-athletic screening is needed. The electrocardiogram (ECG) of
patients with ALCAPA usually shows typical signs of anterolateral
myocardial infarction in 55-80% while ECG changes in infancy have
also been delineated [10,11].

Heart disease persists as the leading cause of death in the US as per
the Centers for Disease Control and World Health Organization [1].
Each year in the United States, 180,000 to 250,000 people die of
unexpected SCD in an emergency department (ED) or before reaching
a hospital [25].

In the past, ALCAPA was diagnosed exclusively by cardiac
catheterization and angiography. However, recent technical advances
in echocardiographic imaging and multidetector computed
tomography (MDCT) coronary angiography provide better
visualization of the anomalous coronary artery origin and associated
findings [12]. Transthoracic echocardiographic signs of ALCAPA
include abundant septal color flow doppler signals, dilation of the right
coronary artery (RCA) and, according to Ghaderi et al., a unique
finding of pulsed-wave doppler at the right coronary ostium showing
systolic coronary flow predominance [13]. MDCT is used as a
confirmatory test with direct visualization of the coronary arteries
origins including a dilated tortuous right coronary artery and
intercoronary collateral vessels [14]. Conventional angiography has
limitations due to its projectional vascular overlap, inability to
correctly identify an interarterial course and invasive nature [15].
Other techniques recently developed include transesophageal
echocardiography and magnetic resonance angiography (MRCA). In
numerous studies comparing the reliability and diagnostic accuracy of
MRCA with coronary angiography, MRCA unambiguously visualized
the proximal coronary artery, even in cases where coronary
angiography was equivocal [16-19].

Treatment
Prior to treatment, assessment of myocardial ischemia is identified
by exercise treadmill, 201TI SPECT, or dobutamine stress
echocardiography [20]. Moreover, echocardiographic post-systolic
shortening and altered longitudinal strain have recently been
described as a potential useful marker of subclinical ischemic
dysfunction in a patient with ALCAPA [21].
The definitive treatment of this anomaly is surgical intervention.
Zheng et al, described the treatment of 23 patients aged 2.5 months to
65 years utilizing four surgical interventions; left coronary artery
(LCA) ligation, LCA ligation plus coronary artery bypass grafting, the
Takeuchi procedure or LCA reimplantation [22].
Six patients in this series died in hospital after surgery and the
remainder of the cohort had no overt symptoms during a 6 to 166
months follow-up period. Survivors' abnormal Q waves gradually
regressed or disappeared, and left ventricle (LV) ejection fraction (EF)
and LV size returned to normal range with alleviation of mitral
regurgitation [22].
In a report of 151 adult patients with ALCAPA by Yau et al. 21% of
the patients underwent LCA ligation, whereas 79% had establishment
of dual coronary perfusion [23]. The overall surgical mortality was
1-4% with postoperative stress ECG and imaging studies
demonstrating improvement in ischemia in 90% and 93% of cases
respectively [23]. Of the 7 medically treated patients with reported
follow-up, 5 were described as stable 5 years after diagnosis.
Establishment of a dual coronary system with coronary transfer is
preferred even if an interposition graft is required in adults [24].
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The majority of cases of SCD in women are currently
undetermined, whereas in men coronary artery disease is the leading
cause [25]. ALCAPA is one of the coronary artery anomalies that can
potentially produce SCD in an adult. The symptoms of this disease,
ranging from silent to exercise intolerance, chest pain, syncope,
dyspnea or SCD can mimic an otherwise common coronary ischemic
equivalent. The ECG in patients with ALCAPA similarly shows nonclassic findings of ischemia. As such, novel imaging modalities have
been described as superior in identifying the anomalous origin of the
coronary artery as seen in ALCAPA more so than invasive coronary
angiography. Literature has described common doppler
echocardiographic changes of this disease and expanded use of this
imaging technique could potentially serve as screening tool in preathletic evaluation particularly in individuals with a clinical index of
suspicion. The use of more advanced imaging modalities like MDCT
and cardiac MRI should then be used as a confirmation. The
importance of the early identification of ALCAPA in this clinically
challenging diagnosis is based on the favourable clinical outcome in
surgically treated patients.

References
1.
2.
3.
4.

5.
6.
7.
8.

9.
10.
11.

Murphy SL, Xu J, Kochanek KD (2013) Deaths: final data for 2010. Natl
Vital Stat Rep 61: 1-117.
Dodge-Khatami A, Mavroudis C, Backer CL (2002) Anomalous origin of
the left coronary artery from the pulmonary artery: collective review of
surgical therapy. Ann Thorac Surg 74: 946-955.
Khanna A, Torigian DA, Ferrari VA, Bross RJ, Rosen MA (2005)
Anomalous origin of the left coronary artery from the pulmonary artery
in adulthood on CT and MRI. AJR Am J Roentgenol 185: 326-329.
Wesselhoeft H, Fawcett JS, Johnson AL (1968) Anomalous origin of the
left coronary artery from the pulmonary trunk. Its clinical spectrum,
pathology, and pathophysiology, based on a review of 140 cases with
seven further cases. Circulation 38: 403-425.
Ramana RK, Varga P, Leya F (2008) Late presentation of an anomalous
origin of the left coronary artery from the pulmonary artery: case report
and review. J Invasive Cardiol 20: 564-566.
Kaushal SK, Radhakrisnan S, Dagar KS, Shrivastava S, Iyer KS (1998)
Anomalous origin of the left anterior descending coronary artery from
the pulmonary artery. J Thorac Cardiovasc Surg 116: 1078-1080.
Nielsen HB, Perko M, Aldershvile J, Saunamäki K (1999) Cardiac arrest
during exercise: anomalous left coronary artery from the pulmonary
trunk. Scand Cardiovasc J 33: 369-371.
Frescura C, Basso C, Thiene G, Corrado D, Pennelli T, et al. (1998)
Anomalous origin of coronary arteries and risk of sudden death: a study
based on an autopsy population of congenital heart disease. Hum Pathol
29: 689-695.
Conde D (2013) Anomalous origins of coronary arteries: frequency and
association with coronary disease. Am J Emerg Med 31: 1528.
Hoffman JI (2013) Electrocardiogram of anomalous left coronary artery
from the pulmonary artery in infants. Pediatr Cardiol 34: 489-491.
Johnsrude CL, Perry JC, Cecchin F, Smith EO, Fraley K, et al. (1995)
Differentiating anomalous left main coronary artery originating from the
pulmonary artery in infants from myocarditis and dilated
cardiomyopathy by electrocardiogram. Am J Cardiol 75: 71-74.

Volume 5 • Issue 10 • 341

Citation:

Pachon R, Bravo C, Niemiera M (2014) Anomalous Origin of the Left Coronary Artery from Pulmonary Artery (ALCAPA). J Clin Exp
Cardiolog 5: 1000341. doi:10.4172/2155-9880.1000341

Page 3 of 3
12.

13.
14.

15.
16.
17.

18.

Byung-Ho Kim, Yon Woong Park, Seung-Pyo Hong, Ja-Yung Son,
Young-Soo Lee, et al. (2012) Anomalous origin of the left coronary artery
from the pulmonary artery initially visualized by echocardiography and
multidetector computed tomography coronary angiography. J
Cardiovasc Ultrasound 20: 197-200.
Ghaderi F, Gholoobi A, Moeinipour A (2014) Unique echocardiographic
markers of anomalous origin of the left coronary artery from the
pulmonary artery (ALCAPA) in the adult. Echocardiography 31: E13-15.
Attili A, Hensley AK, Jones FD, Grabham J, DiSessa TG (2013)
Echocardiography and coronary CT angiography imaging of variations
in coronary anatomy and coronary abnormalities in athletic children:
detection of coronary abnormalities that create a risk for sudden death.
Echocardiography 30: 225-233.
Tariq R, Kureshi SB, Siddiqui UT, Ahmed R (2012) Congenital anomalies
of coronary arteries: Diagnosis with 64 slice multidetector CT. Eur J
Radiol 81: 1790-1797.
Hejmadi A, Sahn DJ (2003) What is the most effective method of
detecting anomalous coronary origin in symptomatic patients? J Am Coll
Cardiol 42: 155-157.
Post JC, van Rossum AC, Bronzwaer JG, de Cock CC, Hofman MB, et al.
(1995) Magnetic resonance angiography of anomalous coronary arteries.
A new gold standard for delineating the proximal course? Circulation 92:
3163-3171.
Taylor AM, Thorne SA, Rubens MB, Jhooti P, Keegan J, et al. (2000)
Coronary artery imaging in grown up congenital heart disease:
complementary role of magnetic resonance and x-ray coronary
angiography. Circulation 101: 1670-1678.

J Clin Exp Cardiolog
ISSN:2155-9880 JCEC, an open access journal

19.

20.

21.

22.

23.

24.
25.

Hubert WV, Joost D, Albert de R, Wouter JJ, Martijn AB, et al. (1997)
Value of fast gradient echo magnetic resonance angiography as an
adjunct to coronary arteriography in detecting and confirming the course
of clinically significant coronary artery anomalies. Am J Cardiol 79:
773-776.
Courand PY, Bozio A, Ninet J, Henaine R, Veyrier M, et al. (2013) Focus
on echocardiographic and doppler analysis of coronary artery abnormal
origin from the pulmonary trunk with mild myocardial dysfunction.
Echocardiography 30: 829-836.
Iriart X, Jalal Z, Derval N, Latrabe V, Thambo JB (2009) Twodimensional strain as a marker of subclinical anterior ischaemia in
anomaly of left coronary artery arising from pulmonary artery. Eur J
Echocardiogr 10: 732-735.
Zheng JY, Han L, Ding WH, Jin M, Zhang GZ, et al. (2010) Clinical
features and long-term prognosis of patients with anomalous origin of
the left coronary artery from the pulmonary artery. Chin Med J (Engl)
123: 2888-2894.
Yau JM, Singh R, Halpern EJ, Fischman D (2011) Anomalous origin of
the left coronary artery from the pulmonary artery in adults: a
comprehensive review of 151 adult cases and a new diagnosis in a 53year-old woman. Clin Cardiol 34: 204-210.
Rajbanshi BG, Burkhart HM, Schaff HV, Daly RC, Phillips SD, et al.
(2014) Surgical strategies for anomalous origin of coronary artery from
pulmonary artery in adults. J Thorac Cardiovasc Surg 148: 220-224.
Chugh SS, Reinier K, Teodorescu C, Evanado A, Kehr E, et al. (2008)
Epidemiology of sudden cardiac death: clinical and research implications.
Prog Cardiovasc Dis 51: 213-228.

Volume 5 • Issue 10 • 341

