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Early and midterm results after surgical repair of anomalous origin
of the left coronary artery from the pulmonary artery

Panu 1 cpenmOpOUYHM PE3YNITATH XUPYPIIKOT JIEYEHA AHOMAIHOT UCXOIUIITA

JIeBe KOPOHAPHE apTepHrje U3 MyJIMOHATHE apTepHje

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 in the period 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%). Surgery was
performed at the average 8.2 £ 7.8 months of age.
Operative treatment was associated with early
improvement in echocardiographic parameters (except
the size of the left atria). Patients were followed for
45 * 2.6 years. Improvement in echocardiographic
parameters was age-related. Patients who were treated
in age < 4 months had recovery early after surgery,
those treated at the 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,

Keywords: ALCAPA; cardiomyopathy;
echocardiography

INTRODUCTION

CAXETAK

Yeoa/Inss AHOMATHO HCXOAMINTE JIeBE KOpPOHAPHE
aprepuje u3 mynmonanHe aprepuje (ALCAPA) je
peTKa KOHTEGHUTalHa aHOMaiHja, KOja MpPOY3POKYje
HCXEMUJy MUOKap/a U cpuaHy WHCY(HUIH|CHITH]Y KO
omojuaru. Llwe cTymuje je eBanyanmja _cCpuUaHe
(byHKIMje TOKOM paHOT U cpeimer neprona npahema
OTIEpUCaHMX MallHjeHara.

Mertone PerpocnekTuBHa ~aHanm3a  MEAWIMHCKE
JOKyMEHTalMje NalujeHaTa KojuMa. je OIepaTUBHO
neuena ALCAPA y mepuony ox 2009. no 2017. y
TEepILMjapHO] YCTAHOBH.

Pesynraru et wmanmjenara | (4 nesojumme) je
YKIJby4eHO Y| cTyaujy.. CBH TalWjeHTH Cy HMAald
3HAa4YajHO TOBUIICH eHO-OujacmoaHy IujameTap JieBe
KoMope (Z-cxop =6,6 £ 2,43) u neBe mpetkomope (Z-
ckop ' = 3,09 £ 0,37), y3 ocmaliheHy CHCTOIIHY
¢bynkujy (ejexnujona ¢pakumja = 34,8 £ 7,4% nu
¢bpaxuuja ckpahewa = 15,5 + 3,4%). Ilpoceuna
CTapoCT, MalujeHaTa Ha omnepamuju je omia 8,2 + 7,8
mecen.,  Ormepangja je 1OBe3aHa ca  pPaHUM
nobosplIambeM  exokapauorpacKkux — mapamerapa
(ocuMm nmujamerpa JieBe npetkomope). Ilapamerpu cy
mpahean 4,5 =+ 2,6 TrommHa. IloOospmmame
exoKapAuorpadCKuX mapamerapa je OUiIo IOBE3aHo ca
crapomthy mamnujanara. IlanmjeHTn Koju cy Owin
omepucaHu < 4 Mecela MMald Cy paHU OIOpaBaK
TOCIIe XUPYPTHUje, OHH KOjH CY TPETHUPAHU Y y3pacTy
5,5-6 Mecenn WManu cy HOpPMalH3alHjy HaKoH 12
MeCelr O] orepaliyje, a MalujeHT KOju je Mperno3HaT
y JAPYroj TOJAWHM >KUBOTa MMao je KacHU OIIOpaBak
(mmocne > 24 mecena).

3akspyuyak OnepaTHBHO JIeUeHE y MPBUX 3-4 Mecerun
JKUBOTA j€ TIOBE3aHO Ca HajIIOBOJFHUjOM MPOTHO30M U

HajOp)KOM  HOPMAaJHM3alHjOM  €XOKapAHOrpadCKux
rapamerapa.

Kmbyune peunm: ALCAPA;  xapanomuonaruja;
exokapauorpaduja

The anomalous origin of the left coronary artery from the pulmonary artery

(ALCAPA), also known as Bland-White-Garland syndrome, is a rare congenital disorder

with prevalence of 0.25-0.5% [1, 2] and produces postnatal myocardial ischemia with the

clinical presentation of the heart failure and mitral regurgitation. The symptoms occur after 6-
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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 microenvironment changes and subsequent congestive heart failure [2].
Historically, ALCAPA caused 90% deaths in infants. Advanced surgical methods have
significantly reduced mortality rate (0-17%) [1, 3]. The aim of our investigation was
evaluation of the heart function and reverse 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 for congenital heart disease and reflected.a period of eight years (from
2009 to 2017). Retrospective analysis of medical records was performed. Five patients were

included in the study, and no patients were excluded.

Diagnosis was established by echocardiography and in two patients confirmed using
cardiac catheterization after symptoms (sweating, feeding and thriving difficulties and
recidivism 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 artery.. Congestive heart failure was treated with diuretics (furosemide,
spironolactone), "ACE inhibitors (captopril) and cardiotonics (milrinone, dopamine,
dobutamine), along with aspirin and fraxiparine during the average period 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 at 6 month intervals. Left ventricular end-diastolic
diameter (EDD), end-systolic diameter (ESD), ejection fraction (EF), fractional shortening
(FS), left atria (LA) and aortic dimensions, and mitral regurgitation were observed by M-
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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% confidence intervals. Analyses were performed in
SPSS 23.0 for Windows, and 0.05 level defined statistically significant result. The study was
approved by the Ethics committee of the Institute.

RESULTS

Five patients were included in the study, and their preoperative 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 late diagnosis and intervention 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, significant improvement in cardiac remodeling and contractility was
registered (Table 2). Statistically significant improvement in left ventricular EDD z-score was
demonstrated six months after surgical treatment (p = 0.02). However, complete myocardial
recovery with significant improvement and normalization in both EF (64.0 £ 15.3, p = 0.02)
and FS (36.0 + 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 late EF recovery (after > 24 months of FU). Similarly, normalization in
left ventricular EDD was better in cases with early surgery. Nevertheless, one patient who
had surgery at the 3.5 months of age had slightly prolonged EDD normalization regarding
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myocardial necrosis/infarction and serious dilation (EDD z-score = 10.5) at the time of
diagnosis. Further improvement 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.

DISCUSSION

The anomalous origin of the left coronary artery from the pulmonary artery causes heart
failure in the early infancy. However, clinical symptoms are rare before 6-8 weeks of life
resulting from appropriate coronary blood flow due to high pressure in pulmonary
circulation. Haemodynamic changes after second month of life, are related with coronary
steal phenomena, consequent ischemia and impaired left ventricular 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 surgical treatment of ALCAPA are crucial for
favorable prognosis, and the management of the mitral regurgitation in the same procedure
remains controversial (1 — 3). We confirmed that age of patients at surgery had influence on
the time needed for recovery. In patients who had treatment in the first 4 months of life
normalization of the cardiac function was reached in first days after surgery; in those who
had operation at 5-6 months normalization was present after one year; and in patient with late
surgery (second vyear/ 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 postnatal development of the
cardiomyocytes. Infantile cardiomyocytes are small and round cells with 30% contractile
proteins and 70% non-contractile mass (membranes, connective tissues and organelles). In
normal conditions, myocardial growth is based on cardiomyocytes enlargement and
proliferation, along with cardiogenic/progenitor cells differentiation. Dynamic proliferation
changes are revealed during the first year of life [6]. Namely, proliferative capacity in 1-3
months of age is 11 times bigger than in 6-months of age and 27 times related to 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
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cardimyiocytes in older surgical age groups is smaller and those patients are much more

sensitive for development of the heart failure during adulthood [6,7].

Also, the duration of myocardial hibernation may influences on postnatal development
in patients with ALCAPA. Namely, normal circulation and microenvironment is needed for
sufficient myocardial maturation. Mollova et al. showed that manipulation with endogenous
mechanisms could change myocardial cell differentiation in infancy [8]. Similarly, survival,
integration, proliferation and differentiation of the STEM cells and fetal cardiomyocytes
(with viability area increment that improves systolic function) is possible if-extracellular
matrix microenvironment is optimal [9]. Also, cyanosis and chronicthypoxia-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 irreversible ischemia as soon
as possible [1, 2, 3, 10, 11].

The optimal change in the microenvironment after surgical treatment of ALCAPA
could stimulate postponed proliferation and maturation, which cause significant improvement
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 systolic
function (EF >60%) could be expected 12 months after surgery, with additional
normalization in the left atria size after 2 years of follow-up. Weigand et al. analyzed
prognosis after surgery of ALCAPA and patients were divided in two groups (infant and non-
infant). They have showen that the preoperative EDD was only independent factor for time to
normalization of LV function..However, infant group (up to 12 months) was not subdivided
in that study/[12]. 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 echocardiographic follow up is necessary [2, 3, 9].
During FU period one of our patients had mitral valve repair. Pro-BNP analysis 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].

DOI: https://doi.org/10.2298/SARH180730032P Copyright © Serbian Medical Society



Srp Arh Celok Lek 2019 | Online First April 17, 2019 | DOI: https://doi.org/10.2298/SARH180730032P 7

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

CONCLUSION

ALCAPA is one of the most important causes of heart failure in infants. Normalization
of 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 with

favorable prognosis and fast normalization of echocardiographic parameters.

Conflict of interest: None declared.

DOI: https://doi.org/10.2298/SARH180730032P Copyright © Serbian Medical Society



Srp Arh Celok Lek 2019 | Online First April 17, 2019 | DOI: https://doi.org/10.2298/SARH180730032P 8

REFERENCES

1.

2.

10.

11.

12.

13.

Barretta J. Anomalous origin of the left coronary artery from the pulmonary artery. Rev Argent Cardiol.
2010;78:393-4.

Dodge-Khatami A, Mavroudis C, Backer LC. Anomalous origin of the left coronary artery from the
pulmonary artery: Collective Review of Surgical Therapy. Ann Thorac Surg. 2002;74:946-55. DOI:
10.1016/S0003-4975(02)03633-0. PubMed PMID: 12238882

Ojala T, Salminen J, Happonen J-M, Pihkala J, Jokinen E, Sairanen H. Excellent functional result in
children after correction of anomalous origin of left coronary artery from the pulmonary artery — a
population-based complete follow-up study. Interact CardioVasc Thorac Surg. 2010; 1: 70-5.
DOI:10.1510/icvts.2009.209627.

Pettersen MD, Du W, Skeens ME, Humes RA. Regression Equations for Calculation of Z-scores of Cardiac
Structures in a Large Cohort of Healthy Infants, Children, and Adolescents: An Echocardiographic Study. J
Am Soc Echocardiog. 2008;21:922-34. DOI: 10.1016/j.echo0.2008.02.006. PubMed PMID:18406572
Zoghbi AW, Adams D, Bonow OR, Enriquez-Sarano M, Foster E, Grayburn AP, et al. Recommendations
for Noninvasive Evaluation of Native Valvular Regurgitation A Report from .the American Society of
Echocardiography Developed in Collaboration with the Society for Cardiovascular.Magnetic Resonance. J
Am Soc Echocardiogr. 2017 Apr;30(4):303-71. DOI: 10.1016/j.echo.2017.01.007. PubMed PMID:
28314623

Martinsen JB, Lohr LJ. Cardiac development. In: Laizo AP. Handbook of cardiac anatomy, physiology and
devices, 3rd edition. Switzerland: Springer 2015: 29-31.

Ye L, Qiu L, Zhang H, Chen H, Jiang C, Hong H, et al. Cardiomyocytes in young infants with congenital
heart disease: a three-month window of proliferation. Sci Rep. 2016;6:23188. DOI: 10.1038/srep23188.
PubMed PMID:26976548.

Mollova M, Bersell K, Walsh S, Savla J, Das LT, Park SY, et-al. Cardiomyocyte proliferation contributes to
heart growth in young humans. Proc Natl Acad Sci. 2013;110:1446-51. DOI: 10.1073/pnas.1214608110.
PubMed PMID: 23302686.

Cabrera A, Chen D, Pignatelli R, Khan MS, Jeewa A, Mery CM, et al. Outcomes of anomalous left
coronary artery from pulmonary artery repair: beyond normal function. Ann Thorac Surg. 2015;99:1342-7.
DOI: 10.1016/j.athoracsur.2014.12.035. PubMed PMID: 25725925.

Ben Ali W, Metton O, Roubertie F, Pouard.P; Sidi D, Raisky O, et al. Anomalus origin of the left coronary
artery from pulmonary artery: late results with special attention to the mitral valve. Eur J Cardiothorac Surg.
2009;36:244-9. DOI: 10.1016/j.ejcts.2009.03.014. PubMed PMID: 19372048.

Fratz D, Hager A, Schreiber C, Schwaiger M, Hess J, Stern HC. Long-term myocardial scarring after
operation for anomalous left coronary artery from the pulmonary artery. Ann Thorac Surg. 2011;92:1761-6.
DOI: 10.1016/j.athoracsur.2011.06.021. PubMed PMID: 22051271.

Azar N, Nasser M, Sabban ME, Bitar H, Obeid M, Dbaibo GS, Bitar FF. Cardiac growth patterns in
response to chronic hypoxia in a neonatal rat model mimicking cyanotic heart disease. Exp Clin Cardiol
2003;8(4):189-94. PubMed PMID;19649219.

Weigand J, Marshall CD, Bacha EA, Chen JM, Richmond ME. Repair of anomalous left coronary artery
from the pulmonary artery in the modern era: preoperative predictors of immediate postoperative outcomes
and long term. cardiac follow-up. Pediatr Cardiol. 2015;36:489-497. DOI:10.1007/s00246-014-1038-8.
PubMed PMID:25301273

DOI: https://doi.org/10.2298/SARH180730032P Copyright © Serbian Medical Society



Srp Arh Celok Lek 2019 | Online First April 17, 2019 | DOI: https://doi.org/10.2298/SARH180730032P 9

Left ventricular EDD z-score

&

Left ventricular EDD z-score

C.

6.00
5.505
5.003
4,50
4.00-
3.50
3.005
2503
2,00
1.505
1.003
0.503
0.003

®
(=]
|

S
=)

Ejection fraction (%)
5.5.3

(=]
(=}

-0.50
0

T
12

I
18

Follow-up (months)

6.00
5.50

5009 °

4,50
4.003
3.503
3.005
2503
2.003
1.505
1.003
0.503

age 3.5-4 months

............ age 5.5-6 months
_ age 22 months

0.005

-0.50
0

I
6

T
12

18

Follow-up (months)

—
(=}

N S e

&

I
6

I
12

Follow—;lp (months)

I
18

o
(=}

el

@
(=]

~
(=}

i Fram|

(=)
(=]

n
(=]
il

S
=)

w
(=}

N e

Ejection fraction (%)

(%]
(=]

—
(=}

age 3.5-4 months

age 5.5-6 months
age 22 months

Il
T

=

6

1I2

Follow-up (months)

18

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
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Table 1. Patient’s characteristics and initial preoperative echocardiographic parameters

10

Age at the time of surgery (months) 82+7.38

Body weight (kg) 6.5+ 1.7

Girls 4/5

Left ventricle EDD (mm) 42.2 +7.56

Left ventricle EDD (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

EF (%) 348+7.4
Age 3.5-4 months 32,0+ 11.31
Age 5.5-6 months 39.0 + 5.66
Age 22 months 32.0

FS (%) 155+ 3.4

LA (mm) 225+13

LA (z-score) 3.09 £ 0.37

LA:Ao 19+04

Mitral regurgitation (MR)

Moderate (2/5), severe (3/5)

EDD - end- diastolic diameter; EF — ejection fraction; FS — fractional shortening; LA — left

atria; Ao — aorta
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Table 2. Echocardiographic parameters after operative treatment

After 6 months 12 months 18 months > 24 months
surgery FU FU FU FU
Body weight (kg) | 6.6 + 1.7 9.6+17 103+ 1.6 115+1.1 19.6 8.2
LVEDD (mm) 34.8+9.9 35.3+9.1 345+52 34.0+3.7 373149
LVEDD (z-score) | 3.48£2.19 |222+228* |191+105* |1.35+£0.97* |0.65+0.17*
(p=0.053) | (p=0.02) (p =0.009) (p = 0.005) (p =0.013)
EF (%) 52.8+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 (%) 27.0+7.2 27579 26.0+£ 113 36.0 + 6.2* 36.8 + 3.4*
(p=0.063) | (p=0.076) (p =0:40) (p=0.02) (p=0.013)
LA (mm) 21.8+4.38 21.0+5.0 245+2.1 2431238 23.9+2.2
LA (z-score) 272+ 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 19+04 1.6+0.2 162 1.4+0.2
MR: 01213 0/2/3 1/2/2 1/2/2**

mild/moderate/se

vere

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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