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Anomalous Origin of the Left Coronary Artery from the
Pulmonary Trunk. Clinical Featuresand Midterm Results
after Surgical Treatment

Fernando Amaral, Julene S. Carvalho, Jodo A. Granzotti, Elliot A. Shinebourne

Ribeir&o Preto, SP - Brazil - London, England

Objective— To report the authors’ experience with
theanomalousorigin of theleft coronary artery (AOLCA)
fromthe pulmonary trunk, emphasizing preoper ative data,
surgical aspects and midtermresults of the follow-up.

M ethods — Retrospective analysis of 11 patients
operated upon at the Royal Brompton Hospital from
October, 84 to April, 97.

Results—Nineinfantshad heart failure (HF) and two
other children presented with dyspnea and chest pain. All
had ECG changes. The echocardio-gramidentified the
anomal ous origin of the coronary artery in 7 (64%)
patients and hemodynamic studies were performedin 7
patients. All infants wer e operated upon between the 2™
and 10" month of life. Sx patientswer etreated with aortic
reimplantation of the left coronary artery, whereas five
wer e operated upon according to the Takeuchi technique.
All patientsare alive, with clear improvement of the ECG
changes and ventricular function, as evaluated by echo-
cardiography. Two patients operated upon according to
the Takeuchi technique required additional surgery due
to severe supravalvular pulmonary stenosis.

Conclusion - AOLCAisararedisease. Most patients
showearly signsof severeHF associated with ECG findings.
Surgical therapy must beingtituted earlyinthedisease, prefe-
rentially through aortic implantation of the anomal ous co-
ronary artery, with a high possibility of success. Shortly after
surgery, clinical and ECG improvement, aswell asnorma-
lization of left ventricular function, should be expected.
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Garland syndrome, left ventricular function
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The anomalous origin of the left coronary artery
(AOLCA) from the pulmonary trunk, isawell described,
although rare, congenital anomaly, with an incidence of
about onecasefor each 300,000 livehbirths. Thiscondition
ismore often characterized by asingle origin of thewhole
left coronary artery (LCA) fromtheposterolateral wall of the
pulmonary trunk 2. Patients suffering from this anomaly
usually show findings consistent with heart failurein the
first few monthsof lifeand their survival dependson early
surgica management 4, The currently used techniquesfor
thecorrection of thisanomaly include aorticimplantation of
LCA 58, aswell asthe construction of an intrapulmonary
tunnel connected to the aortic wall 7. Both techniques are
performed under extracorporeal circulation. Theobjective
of thisreport isto present our experience with this curious
anomaly, with an emphasis on the clinical and surgical
aspects, aswell asto analyze the midterm results after
surgical intervention.

M ethods

Available records from 11 patients with AOLCA
operated upon at the Royal Brompton Hospital, London,
between October, 84 and April, 97 were retrospectively
reviewed. Eight (73%) patientswerefemale. All clinical
informationwasrecorded. Electrocardiogram (ECG), chest
X-ray and echocardiogram wereobtained from all patients
before surgery. Seven patients underwent hemodynamic
study. Among the nine infants, eight were operated upon
between the 2™ and 6'" month of life and one was operated
upon in the 10" month of life. Two other children were
operated upon when they were 6 and 12 years old. The
clinical and laboratory findings used in the analysis of the
resultswerethose obtained during the last outpatient visit.
All patients survived the surgery. The postoperative
follow-uptimeranged from 3monthsto 11years(mean=4.6
years), and the patients’ age at thetime of the study ranged
from2to 14years(mean=6.6years).
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Results

Preoper ative evaluation - The 11 patients studied
weresymptomatic: nineinfantshad heart failure; ineight of
these, the diagnosis of heart failure was made between the
1% and 3" months of life and in the remaining patientsthis
diagnosi swas made during the5th month of life. Two other
children showed late clinical findings: one had chest pain,
which started at three years of ageand another six-year-old
girl had dyspnea on exertion. Among the nineinfantswith
heart failure, 5 (55%) apparently had episodes of angina,
charac-terized by crying episodes with diaphoresis and
pallor, and 8 (88%) showed asystolic murmur consistent
with mitral regurgitation.

The electrocardiogram showed a mean QRS axis
between 0° and -60° in seven patients (64%), amean QRS
axisbetween +30° and +60° in three patients (27%) and, in
one patient, thisaxis could not be determined. All patients
with heart failure showed a pattern of ischemia/necrosisin
precordial leads. A deep Qwaveinlead AVL wasnotedin 10
(91%) patients, and 9 (82%) patients showed absenceof Q
waveinthelower leads(fig. 1).

Thechest X-ray showed anormal cardiac silhouettein

Fig. 1 - Electrocardiographic findingsin AOLCA. A) Electrocardiogram before
surgery (PRE), case#9: QRS at 0°, |eft chambers hypertrophy, deep Q waveinlead
AVL and significant ventricular repolarization abnormalitiesin the anterol ateral
wall. Six yearsafter surgery (POS): persistent hypertrophy of theleft chamberswith
improved ventricular repolarization; B) electrocardiogram before surgery (PRE),
case#5: QRSat -40°, deep Q waveinleads AVL and V2-V 6, with abnormalities of
ventricular repolarization. Four years after surgery (POS): improved ventricular
repolarization and disappearance of the deep Q wave; C) electrocardiogram before
surgery in case#8: QRS at -30°, left ventricular hypertrophy, deep Q wavein leads
AVL, V5and V6 and normal ventricular repolarization.
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the two oldest children, but, in all infants, an enlarged
cardiac silhouette with variable degrees of pulmonary
venous congestion wasfound (fig. 2).

Intheechocardiogram, an anomalousL CA wasmade
detected in 7 (64%) patients. In 2 patients, the left ventri-
cular functionwasnormal, andinthe 9infants, it wasmade
obviously abnormal. The gjection fraction, calculated in 4
patients, rangedfrom0.21t00.31.

A hemodynamic study was performed in 7 patients,
either because they showed equivocal echocardiographic
findingsin the beginning of our experience or in order to
confirm the diagnosis and obtain abetter anatomical defi-
nition. Theusual finding wasadilated right coronary artery
(RCA) withanormal aortic origin that communicated with
the LCA through collateral circulation. The anomalous
artery draining into the pulmonary artery was documented
during the late phase of injection into the RCA or through
directinjectionintothepulmonary artery (fig. 3) (tab. I).

Surgical ther apy - Theweight of theinfantsat thetime
of thesurgery ranged from 3.4t0 5.0 kg (mean=4.5kg), and
the other remaining patientsweighed 20 and 65kg. During
surgery, it was noted that the L CA originated from the left
posterior wall of thepulmonary artery in 6 patients, fromthe
lateral wall in 2, and from the posterior wall in one. Two
patients lacked a description of thisorigin. Six patients
received an aortic implantation of the LCA, and 5 were
operated upon according to the Takeuchi technique’. The
|atter consistsof the creation of an aortopulmonary window
that makesthe communication of theanomalousL CA with
theaorta. In5 patients, theimmediate postoperative period
was uneventful. Four patients showed persistent signs of
reduced cardiac output and two of theseremained withtheir
chests opened for 3-5 days. Two patients showed phrenic
nerve palsy and another had atrial premature beats.

Latefollow-up —All patientsarealive. Among the9
infants who showed heart failure before surgery, eight are
asymptomatic, but one patient recently operated upon still
shows symptoms and receives daily captopril. A heart
murmur was found in 9 patients, including the 5 operated
upon according to the Takeuchi technique.

The ECG showed marked improvement inthe pattern
of ischemia/necrosisin theinfants. One patient had anor-
mal ECG, but 10 still showed some abnormalities, such as
persistence of Qwaveinlead AVL, left ventricular hyper-
trophy, ST segment abnormalitiesand QRSaxisdeviationto
theleft. The deep Q wavein lead AVL observedin 10
patients before surgery returned to normal valuesin 5
patients(fig. 1).

Thechest X-ray showed anormal cardiac silhouette
in 7 patients, including the 6-year-old and 12-year-old
patients with normal chest X-ray before surgery. In 4
patients, there was areduction in the cardiac silhouette
compared to the pre-operative aspect, although this para-
meter wasstill abnormal (fig. 2).

The6 patientswho received aorticimplantation of the
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Fig. 2- Chest X-ray in AOLCA. Case# 4: A) Preoperative period: cardiomegaly; B) 22 months after surgery: improvement of the cardiomegaly, left phrenic nerve palsy; C) 5years

after surgery: normal radiological aspect; case# 1: D) preoperative period: normal.

L CA did not require an additional surgery. Among the 5
patients operated upon according to Takeuchi technique, 2
were reoperated upon due to the devel opment of severe
supravalvular pulmonary stenosis (80 and 100mmHg
gradients), and two other patients showed a 20mmHg

gradient acrosstheright ventricular (RV) outflow tract.
Thenormal origin of theL CA wasdocumentedinall
the 10 patients who had a postoperative echocardiogram.
L eft ventricular function was normal in 9, and arecently
operated upon patient still showed ventricular dysfunction.

Table| — Clinical and laboratory data from 11 patients diagnosed with AOLCA.
CN Sex Age Surg Age St At Seg Clin findings ECG X-ray ECHO Cat
(vears) (vears)
1 F 12y 14 2 Pain QRS L N ? +
2 M 2m 5.8 57 CHF STa CM + -
3 M 6m 35 3 CHF STa CM + +
4 F 5m 8.5 8 CHF STa CM + +
5 M 3m 53 4.8 CHF STa CM + -
6 F 5m 4 3.6 CHF STa CM + -
7 F 10m 2 1 CHF STa CM + -
8 F 6a 6.2 0.4 Dysp+ SM QRSL N ? +
9 F am 11.3 11 CHF STa CM ? +
10 F 4m 2.1 1.8 CHF STa CM + +
11 F 3m 9.5 9.1 CHF STa CM ? +
CN- case number; F- femae; M- mae; Age surg- age at thetime of the surgery; Age st- age at thetime of the study; At Seg- time frame between surgery and study; y- years;
m- months, CHF- congestive heart failure; Dysp- dyspnea; SM- systolic murmur; QRS L- QRS axisdeviated to theleft; STa- i schemic/fibrotic segment ST-T abnormalities;
N- normal; CM- cardiomegaly; ? - equivocal echocardiographic origin of the LCA from the pulmonary trunk; Cat- hemodynamic study.

316



Arq Bras Cardiol
volume 72, (n° 3), 1999

Four patients had dlight supravalvular pulmonary stenosis
(gradients between 12 and 20mmHg), 2 of them after
Takeuchi surgery. Mild mitral regurgitationwasdetectedin
2 patients.

Five patients underwent another cardiac catheteriza-
tion. All had anormal origin of LCA, and one had mild su-
pravalvular pulmonary stenosis(fig. 3) (tab. I1).

Discussion

TheAOL CA fromthepulmonary trunk isawell descri-
bed, although rare, congenital anomaly in humans and,
interestingly, inguineapigs(hamster of Syrianorigin) & Firt,
it must be noted that recent reports have presented
equivocal information on historical dataregarding this
entity. Krause, in 1865°, and Brooks, in 1886 °, werethefirst
authorsto report AOLCA. Thesereports, however, des-
cribed an accessory coronary artery originating from a
pulmonary artery and connected to 2 coronary arterieswith
anormal aortic origin. Thefirst detailed description was
givenby Abrikosoff in 1911, Later, Bland eta *2in 1933,
described a condition currently known as Bland-White-
Garland syndrome, including intheir study theangina-like
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findings, theimportant el ectrocardiographic abnormalities
and also the presence of cardiomegaly related to the
AOLCA.

Many reports have been published in the literature
since then, describing mainly the surgical experiencewith
this anomaly. In most cases, there is a single defect,
although some studies show that this condition is occasio-
nally associatedwith anatrial septal defect 4, coarctation of
the aorta™® and also with multiple anomalies . In most
patients, the LCA originatesfrom theleft posterior wall of
the pulmonary trunk and, occasionally, variations of its
trajectory may be surgically relevant *. The unique patho-
physiology in this situation was precociously understood:
after thedecrease of thearterial pulmonary pressureduring
birth, theflow through the LCA becomesretrograde ¥ and
distal coronary perfusion becomes dependent on an
adequate collateral circulation between the RCA and the
LCA. Thissituation usually doesnot preserve the myocar-
dium, leading to variable degrees of necrosis*®. These
children usually show clinical findings of severe heart
failuresecondary to myocardial damage soon after thefirst
month of life. Clinical findings resemble those of dilated
cardiomyopathy and the diagnosis of AOLCA must be

E F

Fig. 3— Cardiac catheterizationin AOLCA. Case# 9: A) apreoperative angiography of theright coronary artery: fistulous communication with the LCA and the pulmonary trunk.
B) angiography of the LCA 4 months after surgery: normal trajectory; case# 11: preoperative | eft ventriculography in diastole (C) and systole (D): increased volume and mitral
regurgitation. Postoperative left ventriculography in diastole (E) and systole (F), 3 years after surgery: decreased final systolic volume without mitral regurgitation.
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Table Il — Postoperative surgical and laboratory findings in 11 patients undergoing surgical correction for AOLCA

CN Surgery ECG X-Ray Echo Cat Reop
1 Implantation QRSL N LCAN+PS ---- No
2 Takeuchi better better LCA N LCAN +PS Yes
3 Implantation better better LCA N LCA N No
4 Takeuchi better N LCAN +PS - No
5 Takeuchi N N LCAN +PS Yes
6 Takeuchi better N LCA N - No
7 Implantation better better LCA N LCA N No
8 Implantation QRS A N LCA N --e- No
9 Implantation better N LCA N LCA N No
10 Takeuchi better better LCAN +PS - No
11 Implantation better N ---- LCA N No

ECG- electrocardiogram; Echo- echocardiogram; Cat- cardiac catheterization; Reop- reoperation; LCA- left coronary artery; PS- pulmonary stenosis.

alwaysremembered, especially inthe presenceof ischemic
electrocardiographicabnormalities. Another extremely rare
entity that must be remembered under these circunstances,
sinceit can be operated upon, isthe congenital atresiaof the
LCA’sostium. Inthisdisease, clinical aswell as electro-
cardiographicfindingsresemblethoseof theAOLCA 2. The
occurrenceof severemyocardial ischemiaduetoAOLCA in
thefirst days of lifeisexceptionally rare, but it has been
reported 2. Overall, anticongestive medication is used
temporarily and, as soon as the diagnosisis confirmed,
surgical correction is advised, in order to preserve the
myocardium.

Since the first report of LCA ligature ?2in 1959,
considerable advances have been made in the surgical
techniques employed in these cases. Procedures such as
myocardial revascularization and anastomoses of the LCA
to theright or left subclavian artery have been employed,
but their interest is currently considered exclusively
historical 2. The objective of modern heart surgery isto
establish asystem with 2 coronary arteries, either through
thedirect aorticimplantation of theanomal ousL CA,, initially
described by Nechesin 19745, or through the Takeuchi
technique, describedin 1979. Inthisingeniousprocedure, a
tunnel is constructed within the pulmonary artery in order
to allow the communication of the LCA with the aorta
through an aortopulmonary window ’. Overall, theworld-
wideexperienceinthetreatment of thisanomaly isencoura-
ging. Lambert et al 7 described themidtermresultsin 39 ca-
ses. There were 5 deaths during hospitalization, no late
deaths, and abnormal contractility of the ventricular wall
was observed in 39% of the cases. In 1988, Kakou et al %
presented the results of the study of 21 patients, reporting
anincreasein early mortality dueto delayed surgery.

In spite of thelack of investigationswith large num-
bers of patients, the national experienceisrelevant and
noteworthy. Thefirst surgical case appearsto have been
reportedin 1976 %. Subsequently, casereportsemphasizing
specific aspects such as surgical technique®, presentation
inadultlife®, benefitsof early surgery *, atypical origin of
L CA from the pulmonary artery branches®’, and simul-
taneous mitral surgery and correction of AOLCA * have
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been gradually documented. More recently, the simul-
taneous occurrence of stroke 3 and mitral valve replace-
ment * wasreportedin 2 patientswhoreceived aorticreim-
plantation of theLCA.

The material of this study represents a successful
experiencewith 11 patientsoperated upon early (9infants)
or at the time the diagnosis was established (2 children).
With regard to preoperative data, it isinteresting to note
that 2 of our patientsshowed lateclinical findings, withfew
symptomsand slightly abnormal ECG. Thisisnot common
inthiscondition. In spite of the difficulty in diagnosing an-
gina, thisfinding (55%), aswell asasystolic mitral murmur
(88%), werecommon, aspreviously described 2. TheECG
isawell-known valuable element in the diagnosis of
AOLCA. Inour cases, themarkedincidenceof left electric
axis deviation (64%), the pattern of ischemia/necrosisin
infants (100%) and the presence of adeep Q waveinlead
AVL (91%) areimportant findingswith regard to the diag-
nostic suspicion. Theabsenceof Qwaveinthelower leads,
recently descri-bed asarel evant diagnostic criterion *, was
also often noted in our patients (82%). It must be remem-
bered that atypical el ectrocardiographicfindingsmay mask
this disease when it is associated with lesions causing
significant increase in pulmonary flow 34, Anomalous
L CA isusually detected by echocardiography (64% of our
cases), andtheleft ventricular functionisoftensignificantly
impaired. The hemodynamic study may occasionally be
necessary in order to diagnose the disease or confirm the
echocardiographic findings, as occurred with 7 of our
patientsin the beginning of our experience.

Thesurgical treatment of thisanomaly brings unques-
tionable benefitsand, inrecent years, awidearray of reports
were published on these surgical approaches?2837490 The
importanceof early surgical interventioniswell documented,
and its objective isto interrupt the devel opment of myo-
cardial damage. All theinfantsin our study were operated
upon during thefirst year of life (eight were operated upon
between the 2™ and 6" month of life), and none of them died.
Theorigin of anoma ous L CA from the pulmonary trunk is
usually located in theleft posterior wall. Thiswassupported
in our study and also in the study by Moraeset a 2, which
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includes someof our patients. With regard to the technique
employed for the correction of this anomaly, the aortic
implantation of theL CA seemsavery logical approachand
it was performed in 6 of our patients. Recently, atechnical
detail wasdes-cribed “, which may facilitatetheuseof this
technique. Attention must be paid to the potential deve-
lopment of immediate postoperative complications, mainly
the persistence of low cardiac output. Thisoccurredin 4 of
our patients and can usually be managed by an intensive
postoperative therapy.

The surgical approach providesencouraging results.
We consider noteworthy the fact that 8 of the 9 infantsin
our study were asymptomatic during the last outpatient
visit. Thisis probably related to the fact that surgery was
performed early in the disease, allowing afaster myo-
cardial recovery. Focus has been given to the importance
of early surgical intervention®. Sauer et a *? considered
that an early age at the time of the surgery constitutes an
important risk factor. Thisfact must not be valued. The
benefitsof thesurgical approachinclude, inadditiontoan
increasein survival, the disappearance or marked impro-
vement of theischemia/necrosis patternin al theinfants
inour study, although someslight abnormalitieswerestill
presentinthe ECGtracings.

Inregard to the need of an additional surgery, we
found that the 6 patients who received aortic implantation
of LCA did not require a second surgical intervention.
However, among the5 patientsoperated upon according to
the Takeuchi technique, 2 were precociously reoperated
upon due to the presence of severe pulmonary supra-
valvular stenosis, and 2 additional patients showed a
20mmHg gradient acrosstheright ventricular outflow tract.
Inspiteof thissmall number of patients, webelievethat the
direct aortic implantation of the LCA should be the proce-
dureof choice. Although, in somecases, thistechniquemay
bedifficult to perform 3, other authorsbelievethat thisisa
viable procedurein any case?%,

Theleft ventricular function, usually assessed by the
echocardiogram, is another important aspect to be consi-
dered during the follow-up of these patients after surgery.
An interesting study recently published showsthat, in
spiteof the presenceof electrocardiographic abnormalities,
the exercise performance tendsto be preserved, as shown
by a negative thallium scintigraphy . Carvalho et al *°
found, in adetailed echocardiographic study, that the glo-
bal ventricular function returned to normal levels after
surgery, afinding that seemsto be common in these cases.
Bunton “° and, more recently, Jin 6, also documented these
findings. In spite of these optimistic data, new techniques
such as scintigraphy under dipyridamole stress* and
dobutamine stress echocardiography “ have been consi-
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dered useful in the detection of myocardia perfusion and
contraction abnormalities. However, moredetail ed studies
are needed to confirm thesefindings.

Little has been discussed about mitral valve function
after surgery. Some reportstry to relate the impaired
function of thisvalve before surgery with a poor outcome
after surgery . During latefoll ow-up, asdescribed %, some
patients may show severemitral regurgitation secondary to
preoperative ischemia, occasionally requiring valvular
replacement.

Inconclusion, wewouldliketo confirmthat AOLCA
isarare anomaly and that these patients tend to show
early clinical findings, such as heart failure and marked
electrocardiographic abnormalities. The echocardiogram
usually establishes the diagnosis; however, hemo-
dynamic studies may be required. In spite of the small
sample size of our study, aortic implantation of the LCA
seemsto be aviable approach and should be the proce-
dure of choice. Takeuchi’ s surgery should be the second
option and the possibility of an obstruction of theright
ventricular outflow tract must be remembered. Surgery
must be performed early, aiming to preserve myocardial
function, which tends to return to normal levels after
surgery in the short-term. We believe that additional
studies of this anomaly should focus on the surgical
results of alarger number of patientsin order to confirm
the possibility of achieving very favorable outcomes,
such as those presented here. The actual incidence of
pulmonary supravalvular stenosis after Takeuchi’s
surgery, aswell astheleft ventricular function in adult
life, must be determined.

Limitationsof thisstudy —Thesamplestudiedisnot
representative of the overall experience of theinstitution.
However, theinformation obtained during the data collec-
tion period shows the probable occurrence of 2 or 3
additional cases, thus completing the whole sample. The
€l ectrocardiographic documentationisnot optimal because
only copies of the electrocardiographic tracings were
available. Webedlieve, however, that ECG analysiscould be
performed without impairing the conclusion. The echo-
cardiographic evaluation of the left ventricular functionis
incomplete dueto the absence of these valuesin the exams
obtained. Thestudy tended tovalueprimarily thequalitati-
ve aspect of the contractility of theleft ventricle.
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