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anomalous origin of the left coronary artery from
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SUMMARY

Introduction/Objective The anomalous origin of the left coronary artery from the pulmonary artery
(ALCAPA) is rare congenital disease, which causes myocardial ischemia and subsequent heart failure in
infants. The aim is early and mid-term follow up evaluation of the heart function after surgical repair of
ALCAPA.

Methods Investigation was retrospective and included medical records of the ALCAPA patients treated
surgically, between 2009 and 2017, at the tertiary referent heart center.

Results Five patients (four girls) with coronary anomaly were included in the study. All patients had
significantly increased left ventricular end diastolic diameter (z-score 6.6 + 2.43) and left atria size (z-score
3.09 +0.37), along with decreased systolic function (ejection fraction 34.8 + 7.4% and fractional shortening
15.5 + 3.4%). The surgery was performed on average at the age of 8.2 + 7.8 months. Operative treatment
was associated with early improvement in echocardiographic parameters (except the size of the left
atria). Patients were followed for 4.5 + 2.6 years. Improvement in echocardiographic parameters was
age-related. Patients under four months had recovery early after surgery, those treated at 5.5-6 months
of age had normalization after 12 months, and patient who was recognized in the second year of life
had late recovery (after > 24 months).

Conclusion Operative treatment in the first 3-4 months of life is related with the most favorable prognosis

and rapid normalization of the echocardiographic parameters.
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INTRODUCTION

The anomalous origin of the left coronary ar-
tery from the pulmonary artery (ALCAPA),
also known as Bland-White-Garland syndrome,
is a rare congenital disorder with prevalence of
0.25-0.5% and produces postnatal myocardial
ischemia with the clinical presentation of the
heart failure and mitral regurgitation [1, 2]. The
symptoms occur after 6-8 weeks of life due to
decrease in pulmonary vascular resistance and
coronary steal phenomenon [1, 2, 3]. Ischemia
is initially transient and the symptoms present
only in periods of increased oxygen demand
(e.g. feeding and crying). However, persistent
myocardial ischemia induces microenviron-
ment changes and subsequent congestive heart
fajlure [2]. Historically, ALCAPA caused 90%
deaths in infants. Advanced surgical meth-
ods have significantly reduced mortality rate
(0-17%) [1, 3]. The aim of our investigation
was evaluation of the heart function and re-
verse remodeling during early and mid-term
follow-up after surgical repair.

METHODS

This study was conducted at the Dr Vukan
Cupi¢ Mother and Child Health Care Institute
of Serbia and it reflected a period of eight years
(2009-2017). We performed a retrospective
analysis of medical records. Five patients were
included in the study, and no patients were ex-
cluded.

The diagnosis was established by echocar-
diography and confirmed in two patients using
cardiac catheterization after symptoms (sweat-
ing, feeding, and thriving difficulties and recid-
ivism of bronchiolitis), specific ECG changes
(anterolateral wall ischemia) and biochemical
parameters appeared. The echocardiographic
finding included abnormal movements of the
anterolateral wall, left ventricular dilatation,
systolic dysfunction, mitral regurgitation, and
pathological origin of left coronary artery along
with reverse blood flow in the pulmonary ar-
tery. Congestive heart failure was treated with
diuretics (furosemide, spironolactone), ACE
inhibitors (captopril) and cardiotonics (milri-
none, dopamine, dobutamine), along with as-
pirin and fraxiparine during the average period
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of two weeks after diagnosis was established. All patients
were treated surgically. The anomalous coronary artery
is excised from pulmonary artery (PA) with button of PA
wall and reimplanted into the left sinus of Valsalva without
tension and torsion. For myocardial protection, crystalloid
cardioplegic solution was used. The associated mitral valve
surgery was not preformed.

Follow-up parameters were obtained every six months.
Left ventricular end-diastolic diameter (EDD), end-systolic
diameter (ESD), ejection fraction (EF), fractional shorten-
ing (FS), left atria (LA) and aortic dimensions, and mitral
regurgitation were observed by M-mode, 2-D, Doppler
echocardiography and z-scores estimations [4]. Mitral
regurgitation was classified as mild (1+), moderate (2+),
and severe (3+) [5].

Data are presented as percentages, mean, and standard
deviation (SD). The analytic strategy included paired t-
test for group comparisons. Relation between numeric
variables is presented graphically by means and 95% con-
tidence intervals. Analyses were performed in SPSS 23.0
for Windows, and 0.05 level defined statistically significant
result. The study was approved by the institutional Com-
mittee on Ethics.

RESULTS

Five patients were included in the study, and their pre-
operative characteristics are presented in Table 1. Four
patients had surgery in the first year of life (average 4.3 +
1.2 months), while one patient had a late diagnosis and in-
tervention at 22 months of age. All our patients underwent
surgery within 15 days after being diagnosed.

Trend toward statistically significant improvement in
echocardiographic parameters was revealed immediate
after surgery. Namely, left ventricular EDD decreased in
size (34.8 £ 9.9 mm; z-score 3.48 + 2.18; p = 0.053), and
both EF (52.8 + 14.6%; p = 0.069) and FS (27.0 + 7.2%;
p = 0.063) increased in early postsurgical period (Table 2).

Echocardiographic follow-up (FU) was 4.5 £ 2.6 years
(up to 8.1 years) after surgery. During follow-up, signifi-

Table 2. Echocardiographic parameters after operative treatment
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Table 1. Patient’s characteristics and initial preoperative echocardio-

graphic parameters

Age at the time of surgery (months) 82+78
Body weight (kg) 6.5+1.7
Girls 4/5
Left ventricle EDD (mm) 422 +7.56
Left ventricle all (z-score) 6.60 +2.43
Age 3.5-4 months 7.53+4.19
Age 5.5-6 months 552+1.37
Age 22 months 6.89

All (%) 348+7.4
Age 3.5-4 months 32+11.31
Age 5.5-6 months 39+ 5.66
Age 22 months 32

FS (%) 155+34
LA (mm) 225+13
LA (z-score) 3.09+0.37
LA:Ao 1.9+04
Mitral regurgitation (MR) Moderate (2/5), severe (3/5)

EDD - end-diastolic diameter; EF - ejection fraction; FS - fractional shorten-
ing; LA - left atria; Ao — aorta

cant improvement in cardiac remodeling and contractility
was registered (Table 2). Statistically significant improve-
ment in left ventricular EDD z-score was demonstrated
six months after surgical treatment (p = 0.02). However,
complete myocardial recovery with significant improve-
ment and normalization in both EF (64 + 15.3, p = 0.02)
and FS (36 £ 6.2, p = 0.01) was revealed after 12 and 18
months of follow-up, respectively. Normalization rate in
cardiac remodeling and systolic function was related to
age at the time of surgery (Figure 1). Patients who had
surgery at the age of 3.5-4 months had immediate recovery
of ejection fraction (> 60%), and those who were treated
at the age of 5.5-6 months had normalization in EF after
12 months. However, one patient who was recognized at
the age of 22 months had a late EF recovery (after > 24
months of FU). Similarly, normalization in left ventricu-
lar EDD was better in cases with early surgery. Neverthe-
less, one patient who had surgery at 3.5 months of age
had a slightly prolonged EDD normalization regarding
myocardial necrosis/infarction and serious dilation (EDD
z-score 10.5) at the time of diagnosis. Further improvement

Parameters After surgery 6 months FU 12 months FU 18 months FU > 24 months FU
Body weight (kg) 6.6%1.7 96+17 103+1.6 11511 19.6 £8.2
LVEDD (mm) 34.8+99 353+09.1 345+5.2 34.0+3.7 373+49
LVEDD (z-score) 348 +£2.19 222 +£2.28* 1.91 £1.05* 1.35+0.97* 0.65+0.17*%
(p=0.053) (p=0.02) (p = 0.009) (p = 0.005) (p=0.013)
EF (%) 528+ 14.6 56.0+13.8 64.0 + 15.3* 67.3 +9.2% 66.7 +6.7%
(p = 0.069) (p=0.05) (p=0.02) (p =0.007) (p <0.001)
FS (%) 27+72 27579 260+11.3 36.0 £6.2% 36.8 £3.4*
(p =0.063) (p=0.076) (p=0.40) (p=0.01) (p=0.013)
LA (mm) 21.8+48 21.0+5.0 245+2.1 243+28 239+22
LA (z-score) 2.72+147 1.89+1.57 2.59 +0.94 2.21+£0.63 1.47 +£0.50*
(p=0.633) NA (p=0.76) (p=0.64) (p=0.019)
LA:Ao 1.6+0.3 1.9+04 1.6+0.2 16+2 14+0.2
MR: mild/moderate/severe 0/2/3 0/2/3 1/2/2 1/2/2%*

LVEDD - left ventricle end-diastolic diameter; EF - ejection fraction; FS - fractional shortening; LA - left atria; Ao — aorta; NA - not available;

*statistically significant improvement regarding finding before surgery;

**one patient had mitral valve surgery
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Anomalous origin of the left coronary artery from the pulmonary artery

in echocardiographic parameters persisted
during long term follow-up (= 24 months)
in all patients, and included normalization
of the LA diameter (z-score 1.47 + 0.50;
p = 0.019). There were no death outcomes
in both early and late period after surgery.
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The anomalous origin of the left coronary
artery from the pulmonary artery causes
heart failure in the early infancy. Howev-
er, clinical symptoms are rare before 6-8
weeks of life resulting from appropriate
coronary blood flow due to high pressure
in pulmonary circulation. After the sec-
ond month of life, hemodynamic changes
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consequent ischemia and impaired left ven- =
tricular function [2]. In our study, patients
underwent surgical treatment at 8.2 + 7.8
months of age and diagnose was established
15 days earlier. Early diagnosis and surgi-
cal treatment of ALCAPA are crucial for favorable prog-
nosis, and the management of the mitral regurgitation
in the same procedure remains controversial (1-3). We
confirmed that the patients’ age at surgery influenced the
time needed for recovery. Normalization of the cardiac
function was reached in first days after surgery in patients
who were treated in the first four months of life; in those
who had operation at 5-6 months, normalization was pres-
ent after one year; and in patient with late surgery (second
year of life) recovery was demonstrated after 1.5-2 years.
In our investigation, mitral valve repair was not preformed.

The differences in recovery could be related to post-
natal development of the cardiomyocytes. Infantile car-
diomyocytes are small and round cells with 30% contrac-
tile proteins and 70% non-contractile mass (membranes,
connective tissues, and organelles). In normal conditions,
myocardial growth is based on cardiomyocytes enlarge-
ment and proliferation, along with cardiogenic/progenitor
cells differentiation. Dynamic proliferation changes are
revealed during the first year of life [6]. Namely, prolifera-
tive capacity in 1-3 months of age is 11 times bigger than
at the age of six months, and 27 times at the age of one
year [7]. Thereby, better recovery after cardiac surgery (not
only for ALCAPA patients) could be expected in younger
infants. Expected number of terminally differentiated car-
diomyocytes in older surgical age groups is smaller, and
those patients are much more sensitive to heart failure
development during adulthood [6, 7].

In addition, the duration of myocardial hibernation may
influences on postnatal development in patients with AL-
CAPA. Namely, normal circulation and microenvironment
is needed for sufficient myocardial maturation. Mollova et
al. [8] showed that manipulation with endogenous mecha-
nisms could change myocardial cell differentiation in in-
fancy. Similarly, survival, integration, proliferation, and
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Figure 1. Recovery of the left ventricular end-diastolic diameter (EDD) and ejection
fraction after surgical treatment (a. and b. lines represent means and 95% confidence
intervals); graphs do not include preoperative values of EDD and ejection fraction

differentiation of the STEM cells, and fetal cardiomyocytes
(with viability area increment that improves systolic func-
tion) is possible if extracellular matrix microenvironment
is optimal [9]. In addition, cyanosis and chronic hypoxia in
rat model increases cardiac mass in first four weeks of life
mainly due to myocardial proliferation [9]. Consequently,
hibernated myocardium should be rescued from irrevers-
ible ischemia as soon as possible [1, 2, 3, 10, 11].

The optimal change in the microenvironment after sur-
gical treatment of ALCAPA could stimulate postponed
proliferation and maturation, which cause significant im-
provement of both systolic and diastolic cardiac function
in our patients (Figure 1). Additionally, almost complete
resolution of the myocardial scar has been showed after
surgery [10]. Our results showed that normalization in
left ventricular remodeling (EDD z-score < 2) and sys-
tolic function (EF > 60%) could be expected 12 months
after surgery, with additional normalization in the left
atria size after two years of follow-up. Weigand et al. [12]
analyzed prognosis after surgery of ALCAPA and patients
were divided in two groups (infant and non-infant). They
have showed that the preoperative EDD was the only in-
dependent factor for time to normalization of LV function.
However, infant group (up to 12 months) was not subdi-
vided in that study [13]. Finally, patients with ALCAPA can
deploy irreversible changes and myocardial infarction. In
our patients, range of the myocardial injury before surgery
(presented as impaired echocardiographic finding) was
not significantly different, and age related capability for
myocardial recovering was essential for prognosis.

In spite of appropriate recovery of the LV function after
surgical treatment in majority of patients, complications
as persistent mitral regurgitation, congestive heart failure,
and coronary stenosis are noticed and lifelong echocardio-
graphic follow up is necessary [2, 3, 9]. During FU period,
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one of our patients had mitral valve repair. Pro-BNP analy-
sis can help in functional assessment of patients with heart
failure. Reoperation or heart transplantation are indicated
in cases with unsuccessful either surgical or conservative
treatment [2, 6].

Our clinical investigation can establish hypothesis about
age-related difference in myocardial recovery based on car-
diomyocytes proliferation in patients with ALCAPA. Fur-
ther basic studies in these patients should be conducted,
with aim to establish the relation between age at the time
of surgical treatment and cardiac recovery.
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CONCLUSION

ALCAPA is one of the most important causes of heart fail-
ure in infants. Normalization of the left ventricular systolic
and diastolic function is expected 12 months after surgery.
In our opinion, diagnosis and operative treatment done in
the first months of life are related to favorable prognosis
and fast normalization of echocardiographic parameters.
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PaHuW U1 cpearbOPOYHM PE3yNTaTU XMPYPLLKOT ledetba aHOMa/IHOT UCXOAMLLTA NeBe

KopoHapHe apTepuje u3 nayhHe aptepuje

Ceprej Mpujuh'? Crawa Kpacuh', JosaH KowyTuh'? Muna CrajeBuh'? Catba Huiuh', Cawa Monoswuh', bojko bjenakosuh’,

Mexo MaxmyToBuh*, Bnagncnae BykomaHosuh'2

"MHcTnTYT 33 30paBCTBEHY 3alWTUTY MajKe 1 aeTeTa Cpbuje, [p Byka Yynuh'’, beorpag, Cpbuja;

2YHuBep3uTeT y beorpapy, MegnunHckn dakynter, beorpag, Cpouja;

3YHuBep3uTet y Huwy, MeguumuHckun daxyntet, KnuHuukn uentap Huw, Knuivka 3a negujatpujy, Huw, Cpbuja;

“OnwTa 6onHuua Hosm MMa3ap, Hosu Ma3ap, Cp6uja

CAMETAK

YBoa/Linm AHOManHo NCXoauLLTe NIeBe KOPOHApHe apTepuje
n3 nnyhHe aptepuje (ALCAPA) peTKa je KOHreHuTanHa aHoMa-
nWja, Koja NPOYy3pOoKyje NCXemujy MnoKapaa v CpUaHy MHCYd-
numjeHurjy Kog ofojyagu.

Linrb ctyauje je eBanyaumja cpyaHe yHKLMje TOKOM paHor 1
cpeamber nepuoga npahera onepucaHrx 6onecHrka.
Metope Cryauja je 6una peTpocneKkTBHa 1 aHanu3upana je
MeAULIMHCKY JOKYMeHTaLujy 6oecHIKa KojuMa je onepaTviBHO
neyeHa ALCAPA'y nepuogy og 2009. go 2017. y TepumnjapHoj
YCTaHOBMW.

Pesynraru et 60necHrKa (YeTpm feBojumLie) YKIbyYeHO
je y ctyanjy. CBu 601ecHULM Cy Many 3HayajHO NOBULLEH
€HAANjacToNHM JnjaMmeTap fieBe Komope (z-ckop 6,6 + 2,43)
1 neBe npeTkomope (z-ckop 3,09 + 0,37), y3 ocnabrbeHy cuc-
TONHY GyHKUWjY (ejeKumoHa dpakumja 34,8 + 7,4% v dppakupja

‘ DOI: https://doi.org/10.2298/SARH180730032P

ckpahetba 15,5 + 3,4%). lMpoceyHa cTapocT 6o/1ecHKa Ha one-
pauuju je 6una 8,2 + 7,8 meceum. Onepauuja je noBesaHa ca
paHUM nobosbLlakeM exoKapAvorpadcKrx napametapa (ocum
AvjameTpa nese npeTkomope). MapameTpu cy npaheHn 4,5 +
2,6 roguHa. Mobosbluake exokaparorpadckmx napameTapa je
61no nosesaHo ca ctapolwhy 6onecHrKa. bonecHuum koju cy
611 onepucaHn < 4 mecelia UManu Cy paHy onopasak nocse
XVpYpruje, OHN Koju Cy TpeTupaHn y y3pacTy 5,5-6 meceuu
nmanu cy Hopmanusauujy nocne 12 meceuu og onepauuje, a
6051eCHUK KOj! je Mpeno3HaT y ApPYroj roAvHY XK1BOTa MMao je
KacHU onopaBsak (nocne > 24 mecewa).

3akmbyuak OnepaTrBHO neyetbe y NpBa 3—4 MeceLia XMBOTa je
MOBE3aHO Ca HajroBOJbHIjOM MPOrHO30M U Hajop>Kom HopMa-
nn3aunjom exokapamorpadckrx napamerapa.

KmbyuHe peun: ALCAPA; KaparomMyionaTuja; exokapavorpaduja
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