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Anomalous Origin of the Left Coronary Artery from the
Right Pulmonary Artery with Intramural Aortic Trajectory.
Clinicosurgical Diagnostic Implications

Edmar Atik, Miguel Barbero-Marcial, Carla Tanamati, Luis Kajita, Munir Ebaid, Adib Jatene

Sao Paulo, SP - Brazil

Objective - Anomalous origin of the left coronary
artery from the right pulmonary artery (AOLCARPA), is a
rare entity that is usually associated with other defects. Of
the 20 cases of AOLCARPA reported in the literature, 14
(70%) had associations. We describe four patients with
AOLCARPA without associated defects, but with a pecu-
liar intramural aortic trajectory.

Methods - Fifiy-five patients with anomalous origin of
the left coronary artery were operated upon at INCOR-
FMUSP. Four of the patients had the anomalous origin from
the right pulmonary artery (RPA) without associated defects
butwith intramural aortic trajectory. Clinical and laboratory
examinations were analyzed, as well as surgical findings.

Results - All patients had congestive heart failure
(CHF) and 3 also had angina pectoris. Two patients had a
murmur of mitral regurgitation, signs of myocardial infarc-
tion on the ECG and cardiomegaly. The shortening fraction
varied from 9% to 23%. The hemodynamic study confirmed
the diagnosis of anomalous origin of the coronary artery,
but the intramural trajectory and the origin from the RPA
were established only at surgery. In 3 patients, the techni-
que of side-to-side anastomosis was performed with a good
outcome. One patient, who underwent end-to-side anasto-
mosis, died 6 months after the surgery.

Conclusion - Association with other defects usually
occurs in the AOLCARPA, and the intramural aortic trajectory
is difficult to clinically diagnose but easy to surgically correct.
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Anomalousoriginof theleft coronary artery fromthe
pulmonary arterial tree (AOLCAPA) isarareanomaly with
ahighmortality rate, eveninthefirst monthsof life. Surviva
clearly relates to the magnitude of the collateral arteries
originating from theright coronary artery to theleft coro-
nary artery 2,

AOLCAPA israrely associated with other congenital
defects, unlesstheright pulmonary artery (RPA) takes part
intheanomaly. The presence of associated defectsin 70%
of the20 casesof origin of theleft coronary artery fromthe
RPA reportedintheliteratureiswell known*2 (tablel).

In some of these cases'>5%7, in addition to the ano-
malousoriginfromtheRPA, arareanatomical characteristic
—theintramural aortic course— complicated the clinical
diagnosis but, on the other hand, facilitated the surgical
correction.

Theobjective of thisstudy isto report our experience
with this anatomical peculiarity, rarely described in the
literature 1517,

Methods

Between 1987 and 1997, at thel nstituto do Coragéo of
the Medical School of the University of Sdo Paulo, 55
patientswith AOL CAPA underwent the surgical correction
for theisolated defect. Four (7.2%) patientshad theanoma-
lous origin directly from the RPA with intramural aortic
trajectory, comprising the objects of this study.

Three patients were males and onewasfemale, and
agesranged from 3to 15 months(mean = 6.75 months). All
infantsshowed clinical evidenceof congestiveheart failure
(CHF) at theinitial examination. Three of the patients
showed great irritability as an expression of theclinical
syndrome of anginapectoris.

All clinical findingsand laboratory testswerereeva-
luated, including the el ectrocardiogram (ECG), thechest X -
ray and theechocardiogram. Thesurgical findings, aswell
astheevolutional characteristics, wererevised. Theopera-
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Table I - Reports in the literature of anomalous origin of the left coronary artery and of the circumflex* coronary artery from the right pulmonary artery
Cases Author Year Age Associated Death
defects
1 Masel LF 1960 3w TF Yes
2 Rao BNS 1970 3y VSD Yes
3 * Honey M 1975 13y CoAo -
4 Doty DB 1976 10m -
5 * Ott DA 1978 8y -
6 Driscoll DJ 1982 3w CoAo+ AoS
+AVC+PDA ?
7 * Daskalopoulos 1983 13m CAT Yes
8 Bharati S 1984 3m CoAo Yes
9 Hamilton JRL 1986 3m - -
10 Atik E 1988 5m -
11 Levin SE 1990 7sem CoAo Yes
12 Levin SE 1990 7m CoAo -
13 Henglein D 1990 8m VSD Yes
14 Atik E 1991 15m - -
15 Igarashi H 1993 12m MR
16 Turley K 1995 6m -
17 Tanaka SA 1996 12y MR
18 Sarris GE 1997 9m LHH
19 * Sarioglu T 1997 10y CoAo+SubAoS
20 Bitar FF 1998 2m TF
AVC - atrioventricularis comunis; VSD- ventricular septal defect; CoAo- coarctation of the aorta; AoS- aortic stenosis, SubAoS- subaortic stenosis; LHH- |eft heart
hypoplasia; MR- mitral regurgitation; m- months; PDA- persistence of the ductus arteriosus; w- weeks; CAT- common arteria truncus; TF- tetrlogy of Falot; y- years.

tion was performed through median sternotomy and
cannulation of the two venae cavae, with extracorporeal
circulation at 20°Cto 25°C of hypothermia. Withtheaorta
clamped, cardioplegic solution was administered to the
aorticroot at adose of 20ml/kg of weight. Atthesametime,
the pulmonary arterieswere distally occluded to keep the
pressure elevated inthe pulmonary trunk.

The first patient underwent surgery in 1987, the
secondin 1988, thethirdin 1991 andthefourthin 1997.

Results

On cardiovascular examination, in addition to the
classical signsof CHF, precordial bulging wasnotedin 3
infants, aswell as systolic impulsions at the left sternal
border andictuscordisshifted fromthemidclavicular linein
all of them. The cardiac soundswerenormal inall infants
and asmooth and mild systolic murmur wasevidentinthe
mitral areaintwo patients.

Hepatomegaly was evident and varied from 2 to 4cm
fromtheright costal margin.

Heartratewasincreasedinall patientsand ranged from
120to 160bpm.

Blood pressurewasnormal inall infants (mean =90/
60mmHgQ). Therewasho edema.

On chest X-ray, cardiomegaly was evident, varying
from moderateto marked, and the pulmonary vascular marks
wereincreased dueto congestioninall patients.

ECG showed sinus rhythm, with deviation of the
electrical QRSaxistotheleftindl infants, correspondingto
+80°, +60°,-40°, and -20°, with necrosisandischemiainthe
anterolateral wall, represented by deep and enlarged Q

wavesand negative T wavesinD,,avL,V toV . Prominent
Rwavesintheleft precordial leadsindicated |eft ventricle
hypertrophy (LV).

Echocardiographic study confirmed the severe | eft
ventricular dysfunction. The shortening fraction of the
myocardial fiber varied from 9%to 23%, with dilation of the
left cavitiesand subvalvar mitral fibrosis. AOLCARPA was
accurately diagnosed in 2 out of the 4 patients, and in no
patients were anomal ous intramural aortic trajectories
suspected. In regard to hemodynamic and angiographic
studies, they proved accurate in the diagnosis of the
anomalous origin of the coronary artery from the pulmo-
nary arterial tree, but they were not useful in the charac-
terization of thepeculiar intramural aortictragjectory andalso
of theoriginfromtheRPA (tablell).

In 3 patients, dissection of the left coronary artery
during surgery showed that theorigin of that artery wasina
high position, directly from the RPA. The coronary artery
passed behind the pulmonary trunk and entered the aortic
wall, running parallel to thisvessel’ slumen and spreading
normally through thewallsof theLV. Through theopening
of the ascending aorta, the vertical intramural coursewas
clearly visualized. A direct side-to-side anastomosis was
performed by linking theintimaof thecoronary artery with
theintimaof the ascending aortato avoid dissection of the
latter. Then, ligation of the coronary artery wasperformed
intheRPA. These 3infantssurvived for along-term period
that varied from 9 monthsto 10 yearsin functional classl
and without any medication. There wasinvolution of the
el ectrocardiographic, radiographic and echocardiographic
abnormalitiestolevelsconsidered normal (tablelll).

In the fourth patient, whose origin of the coronary
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Table II - Results of laboratory tests of anomalous origin of the left coronary artery from the right pulmonary artery
with intramural aortic trejectory
Clinical Suspicion Electrocardiogram Cardiomegaly Echocardiogram Angiography
Coronary Intramural AQRS Diagnosis EF DD Diagnosis Potential diagn. of
anomaly course the anom. origin of the
Ieft coron. from the RPA
1 Yes No +80° Antlat Marked 41 17 Dilated Yes
MI+LVH cardiomyopathy
2 Yes No -40° Ant MI Marked 55 23 Dilated Yes
ST elev. cardiomyopathy
3 Yes No +60° Antlat M| Marked 38 15 Anomalous Yes
coron
4 Yes No -20° Antlat Marked 20 9 Anomalous -
Ml +LVH coron
Antlat - anterolaterd; RPA - right pulmonary artery; AQRS - eectricd axis of the QRS complex; Coron - coronary artery; DD - shortening fraction of the myocardia
fiber; diagn - diagnosis; EF - gection fraction; M| - myocardid infarction; LVH - left ventricle hypertrophy; ST elev. - elevation of the ST segment.

artery wasin thebifurcation of the pulmonary trunk with the
RPA, adirect end-to-side anastomosis of theleft coronary
artery with the aortawas performed. This patient develo-
ped, in the early postoperative period, a syndrome of low
output, requiringintensiveinotropic support and peritoneal
dialysisfor treatment of acute renal failure. Hospital
discharge occurred on the 40" day of the postoperative
period. Theinfant evolved to functional classll, using di-
goxin, furosemideand captopril until the6™ month, whenthe
patient suddenly died.

Discussion

AOLCAPA israrely associated with other cardiac
defects, except when the origin isthe RPA, avery rare
anatomical situation. Of the 20 cases of AOLCARPA
reported in the literature > (table ), 14 had associated
defects3®81013141818-21 ‘half of which were coarctation of
the aorta®8101320 |nterventricular septal defect “** and
tetralogy of Fallot*2' were also observed. Inthe 4 cases of
AOLCARPA reported in this study, we did not find asso-
ciated defectsbut wedid find anintramural aortic coronary
course, whose diagnosi s was established during surgery.

These anatomical peculiarities do not modify the
functional alteration usually observed in the anomalous
origin of theleft coronary artery fromthe pulmonary trunk.
Its main manifestation is represented by ischemic cardio-
myopathy, and its evolution essentially depends on the
degree of anterograde coronary perfusion fromthe pulmo-
nary artery or retrograde coronary perfusionfromtheright
coronary artery.

Theflowisanterograde, fromthepulmonary artery to
the anomal ous coronary artery, during fetal life and the
neonatal period, when pulmonary vascular resistanceisstill
elevated. The flow turnsinto retrograde, from another
coronary artery, after the decrease in pulmonary arterial
pressure. From then on, collateral circulation hasasigni-
ficantimportancein determining theclinical andevolutiona
findings. Myocardial ischemia occursin situations of
inadeguate collateral circulation.

Clinical diagnosis of anomalous origin of the left
coronary artery should be suspectedin young infantswith
symptomsof CHF andsignsof LV cardiomyopathy. Inthe
majority of the patients, thereis electrical evidence of
ischemiaand necrosison the classic ECG, but the definite
diagnosis should be confirmed by echocardiogram, in a

Table III - Anatomical, surgical and evolutional characteristics of anomalous origin of the left coronary artery from
the right pulmonary artery with intramural aortic trajectory

Surgical Age Postoperative evolution
technique Date FC Time Murmur Liver ECG X-ray SF EF
1 Direct side-to 5m | 10y - - nl nl 35 70
side anastomosis 6.10.87
2 Direct side-to 15m | 9y +AM Icm ST elevation + 28 61
side anastomosis 4.22.88
3 Direct side-to- 6m | 6y - - nl nl 36 72
side anastomosis 8.15.91
4 Direct end-to-side 2m Death 6m - 3cm LVO ++ - -
anastomosis 3.5.97 antlat MI

MA - mitral area; ant - anterior; FC - functional class; ECG - electrocardiogram; SF - shortening fraction of the myocardia fiber; EF - gjection fraction; MI - myocardial
infarction; lat - lateral; m - months; nl - normal; LVO - left ventricle overload.
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conjunct analysis. The most accurate diagnosis requires
cardiac catheterization.

Sitesof anomalousorigin of the coronary artery from
the pulmonary arterial treevary and may includetheright
sinus, theleft sinus, and yet the anterior and posterior sinu-
ses, depending onthe position of the pulmonary trunk . In
addition tothesemoreusual positions, theoriginmay bethe
left pulmonary artery itself > and, ashappenedinour 4 ca-
ses, theorigin may behighinthe RPA or eveninthebifur-
cation of thepulmonary trunk withthisartery.

Inthedirect origin from the RPA, the left coronary
artery oftenfollowsavertical course behind theascending
aortainaninferior direction, for anextension of about 2cm,
passing then close to the posterior portion of the pulmo-
nary ring, and spreading normally throughtheLV. Although
the actual incidence of thispeculiar anatomisnot knowh,
the descending course of the coronary artery, observed by
us, occursinthe posterior wall of theascending aorta, inthe
tunicamedia, emerging fromthe aortanear theleft sinus—
hencethe difficulty for the echocardiographic diagnosis—
passing then behind the pulmonary ring, before the usual
distributionthroughtheLV.

In our experience, the echocardiogram also failed to
show theintramural aortictrajectory of thisanomaly. This
may be explained by the close relation between the aorta
and theleft coronary artery and by the vertical and espe-
cialy parale courseof thisartery. Thisrendersdifficultits
characterization, unliketheobliqueor transversetrajectory
incasesof intramural coronary anomalies, such astranspo-
sitionof thegreat arteries.

Cardiac catheterization isthe most sensitive method
for thedefinitive diagnosis of anomalousorigin of theleft
coronary artery. Aortography points out adilated right
coronary artery with subsequent filling of the anomalous
left coronary artery throughinterarterial collateral vessels,
with dlight opacification of the pulmonary arterial tree.

However, theintramural aortictragjectory of the coro-
nary artery was not diagnosed in any of our patientsinthe
preoperative period.

Neverthel ess, retrospective and careful analysisof the
angiography shows some points that may suggest the
presenceof anintramural aortictrajectory (fig. 1), suchas:
1) highoriginof theleft coronary artery fromthe pulmonary
arterid tree; 2) ascending and parallel courseof theanoma-
lous|eft coronary artery between the origin in the pulmo-
nary artery and the aortic ring; 3) presence of aleft right
angleformed by thejunction of thevertical intramural aortic
trajectory and its subsequent horizontal portion until
reaching the LV; 4) superoinferior relation between the
anomalousostium of theleft coronary artery inthe RPA and
theostium of theright coronary artery intheaorta.

In 1988, we published areport of acase of anomal ous
origin of the left coronary artery from the RPA with an
intramural aortictrajectory, asanisolated defect. Thiswas
thefirst report of such acaseintheliterature?. Thediag-
nosiswasmadeduringthesurgical correction. In 1991, we

Atik et al
Anomalous origin of the left coronary artery

- s el ! g 1l
Fig. 1 — Coronary angiography in A (filling of the |eft coronary artery (LC) by
collateralsfrom theright coronary artery (RC), in lft anterior obliqueview) andin B
(LC inright anterior oblique view), showing the characteristicimages of LC origin
from theright pulmonary artery: 1) superoinferior relation of the ostium of the LC (1)
and of theRC (I1), respectively; 2) right angle (arrow) formedinthe LC by thevertical
(intramural aortic-1A) and the horizontal portion before the bifurcation into anterior
interventricular artery (AlA) and circumflex coronary artery (CX); 3) ascending and
paralel vertical trgjectory of the LC corresponding to theintramural aortic portion;
4) highoriginof the LC (A) inrelation to the origin of the RC (B).

published the second report of thisrare anomaly *°, using
the same surgical technique asinthefirst case, i.e., direct
side-to-sideanastomosisof the structures, with success. In
1995, Turley et a * published another similar case, and the
samesurgica procedurewasemployed. From 1991101997,
two other patients with this same anomaly underwent
surgery inour service.

Accurate characterization of the vertical course of
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theanomal ousleft coronary artery inthe posterior wall of
the ascending aorta should be performed through the
introduction of an explorer of 1 millimeter of intraostial

diameter. With the ascending aortaopened, mobilization

of theexplorer allowsidentification of theintramural aortic
coursethat isintraluminally connected, throughout the
whol e extension of the aorta, creating alarge aortocoro-
nary window. A very important subsequent step isthe
union of the 2 vascular intimal layers, sutured with sepa
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rated stitchesto avoid dissection of theaorticwall, aswell
asocclusion of thecoronary lumen.

Inour experience, thistechnique providessimpleand
safe management of thisanomaly with the creation of a
large intraluminal aortocoronary window. Usually, the
postoperative evolution is good 223, and here we include
our 3 patientswho underwent this surgical technique and
who survived with normalization of theclinical parameters
andventricular function.
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