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Abstract Surgical re-implantation of the left coronary
artery (LCA) is the treatment of choice in anomalous origin
of left coronary artery from pulmonary artery (ALCAPA).
Despite normalization of left ventricular function after sur-
gery, residual coronary lesions or myocardial fibrosis may
be found. The aim of this study was to detect regional left
ventricular dysfunction predictive of coronary lesions or
residual myocardial fibrosis using speckle tracking. We
enrolled ten patients treated with surgical re-implantation
of LCA for ALCAPA. All patients were asymptomatic, and
ejection fraction (EF) was normal. Using S-SR imaging, we
studied longitudinal, radial, and circumferential function. A
cardiac MRI was performed to assess myocardial fibrosis
and the anatomy of the coronaries. In case of suspected
coronary stenosis, a coronary angiography was performed.
Finally, 20 normal subjects were enrolled as control group.
Median age at surgery was 188 days, and mean follow-up
was 8.7 +4.7 years. Longitudinal and circumferential func-
tions were reduced in LCA territory compared to RCA
territory and normal. MRI showed LCA stenosis in three
of ten patients, confirmed by coronary angiography: these
patients had the lowest longitudinal strain values in LCA
territories (—11.7, —14.7 and —14.8%). Radial strain was
preserved (Normal 45.6+12.1, ALCAPA 43.5+10.7%,
p=ns), while circumferential strain was mildly depressed
(—23.5+3.8 vs. =203+2.0%, p<0.05). After LCA
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re-implantation, ALCAPA patients showed a residual sub-
endocardial damage in LCA territories. Despite a normal
systolic and diastolic function, the prevalence of residual
coronary lesions was high. A mean longitudinal strain
>—15% in LCA territories was able to identify those
patients.

Keywords Bland white garland syndrome - Thoracic
surgical procedures - Phantoms imaging - Myocardium

Abbreviations
ALCAPA  Anomalous origin of left coronary artery from
the pulmonary artery

C-MRI Cardiac magnetic resonance imaging
IVRT Isovolumetric relaxation time
LCA Left coronary artery

LGE Late gadolinium enhancement
LV Left ventricle

RCA Right coronary artery

RV Right ventricle

S Strain

SR Strain rate

TDI Tissue Doppler imaging
Background

Anomalous origin of the left coronary artery from the pul-
monary artery (ALCAPA) is a rare congenital heart defect,
occurring one in every 300,000 live birth with an incidence
of 0.25-0.5% in children with congenital heart defects [1,
2]. It usually presents in infancy with myocardial ischemia
and congestive heart failure, and if left untreated results in
90% mortality in the first year of life. However, 5-10% of
cases can go beyond infancy into adulthood with risk of
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myocardial infarction, left ventricular dysfunction, mitral
regurgitation, arrhythmia, cardiac insufficiency, silent myo-
cardial ischemia, and sudden cardiac death [3].

Successful revascularization sets in motion the process
of reverse left ventricular (LV) remodeling which in turn
accounts for the dramatic improvement in LV function and
resolution of mitral regurgitation. However, some degree
of chronic impairment from pre-operative ultra-structural
abnormalities may persist. Some workers have demon-
strated variable degree of fibrosis with altered but viable
myocytes, endocardial, and sub-endocardial fibrosis along
with patchy myocardial necrosis resulting in incomplete
reverse LV remodeling, and this may account for the few
patients with persistent decrease in LV functions as late
complications and late sequel of severe mitral valve regur-
gitation requiring valvular replacement [4-6].

Although most patients show good functional recovery
after successful surgical correction, there is still the pos-
sibility of subtle persistent functional disability which is
thought to exist in asymptomatic survivors of ALCAPA
repair. Also the possibilities of persistent or recurrent myo-
cardial damage, persistent subclinical ischemia, and new
onset of transmural myocardial scaring, even after success-
ful repair with subsequent recovery of LV function, have
been documented [7, 8]. The knowledge of these facts
brings to light the importance of long-term follow-up and
consideration of the modalities most appropriate for the
evaluation of survivors of ALCAPA repair. The optimal
means of evaluation of myocardial function for asympto-
matic long-term survivors of ALCAPA repair remains to be
determined.

Myocardial strain (S) and strain rate (SR) measurement
is an established echocardiographic technique that allows
reliable analysis of LV deformation of all myocardial seg-
ments in radial, circumferential, and longitudinal directions
and in addition provide information on myocardial torsion
[9-12].

The aim of this study is to detect regional left ventricular
dysfunction predictive of coronary lesions or residual myo-
cardial fibrosis using echo-derived S.

Methods
Study Population

Between 2000 and 2010, in our Institution, 20 patients
affected by ALCAPA were repaired using surgical LCA
re-implantation. Between all, two patients died over the
follow-up; three were lost to the follow-up; one presented
severe mitral regurgitation and LV dilatation; four con-
tinued the follow-up in other Institutions and refused to
participate to the study; and ten patients continued the

follow-up in our Institution and accepted to participate to
this study. After obtaining written informed consent, for all
the patients, an echocardiography and a Cardiac MRI were
planned on the same day. If coronary lesions were sus-
pected, a coronary angiography was planned for diagnostic
or interventional purposes.

Twenty healthy subjects with similar anthropometric
characteristics were identified as control group just to com-
pare echocardiographic data.

Local Ethical Committee approved the study (prot. N.
0015783—University of Padova).

Echocardiographic Data

Transthoracic echocardiographic recording was performed
using a GE Vivid 9 ultrasound machine (GE Vingmed
Ultrasound AS, Horten, Norway). A standard parasternal
long-axis view was used to derive M-mode measurements
of the LV end-systolic and end-diastolic dimensions and
the right ventricular (RV) diastolic dimension.

The LV ejection fraction was calculated according to the
modified Simpson rule. The global longitudinal ventricu-
lar function was assessed from standard apical views, with
measurement of lateral, septal, and inferior mitral ring seg-
ments (LV function) as well as lateral tricuspid ring (RV
function) displacement by conventional M-mode methods.
The mitral valve inflow pattern was measured using peak
E-wave, peak A-wave, and E-wave deceleration time.

To record mitral annulus velocities by Tissue Doppler
imaging (TDI), a two-dimensionally guided 5-mm Dop-
pler gate was placed at the site of the septal and the lat-
eral mitral annulus and the lateral tricuspid annulus. The
parameters measured were peak velocities (cm/s) during
early diastole (E’ wave) for each site.

Speckle tracking evaluation was performed offline with
the Echopacllsoftware (GE, Echopac, Horten, Norway).
Left ventricular longitudinal S and SR were assessed in
the apical four-chamber view, the apical three-chamber
view, and the apical two-chamber view. Left ventricular
segments were divided in right coronary artery (RCA) and
left coronary artery (LCA) territories taking in account the
pre-operative coronary angiography, performed in all the
patients enrolled. Measurements of radial and circumferen-
tial S and SR were calculated in the parasternal short-axis
view at the level of the mitral valve and apex. The timing
of any cardiac event was estimated from the blood-pool
Doppler recordings, with end systole defined as aortic valve
closure.

After manual tracing of the endocardial border in the
end-systolic frame of a two-dimensional image and selec-
tion of the appropriate wall thickness, the software auto-
matically determined six segments in each view. For lon-
gitudinal function, the apical, mid, and basal segments of
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the ventricular septum and lateral walls were determined
from the apical four-chamber view; the apical, mid, and
basal segments of the inferior and anterior walls from the
apical two-chamber view; and the apical, mid, and basal
segments of the posterior and antero-septal walls from the
apical three-chamber view. For radial and circumferential
function, the septal, antero-septal, anterior, lateral, poste-
rior, and inferior segments were determined from the par-
asternal short-axis views.

In each region of interest, the motion of the acoustic
markers in the myocardial tissue during the cardiac cycle
was tracked automatically (speckle tracking). The tracking
quality was scored as valid or poor. Segments with poor
tracking were subjected to manual readjustments of the
region of interest to improve the tracking score, and if this
was not achievable, they were excluded from the analysis.
Longitudinal, radial, and circumferential strain curves and
peak systolic strain values then were created automatically
and displayed by the Echopac software. All measurements
were obtained at end expiration and averaged from three
cardiac cycles. Inter- and intra-observer variability was
tested in ten patients for each group.

Cardiac- MRI

CMR studies were performed on a 1.5 T scanner (Philips
Achieva, Philips Healthcare, Best, The Netherlands) and a
five-channel surface coil. Biventricular end-diastolic vol-
ume, end-systolic volume, and ejection fraction were meas-
ured from a stack of cine steady-state free precession short-
axis images from atrioventricular junction to apex.

Free-breathing steady-state free precession cine cardiac
magnetic resonance with respiratory navigator gating was
performed to assess coronary origins and at least proximal
tract anatomy.

Assessment of the presence of late gadolinium enhance-
ment (LGE) imaging was performed in ventricular short-
axis planes and in four-chamber planes, 10-15 min after
contrast administration using a standard two-dimensional
breath-hold phase-sensitive inversion recovery sequence
with the inversion time selected to null the myocardial
signal.

The presence of LGE was classified into a) number
of cardiac segment involved; b) extension of the fibrosis:
transmural, sub-endocardial or intra-myocardial fibrosis.

Coronary Angiography

An invasive selective coronary angiography by right femo-
ral artery was performed in all the patients with suspected
coronary lesion by echo or by C-MRI. The exam was per-
formed in deep sedation and local anesthesia.
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Statistical Analysis

Statistical analysis was performed using the software
SPSS for windows version 18 (SPSS, Chicago, IL, USA).
One-tailed unpaired Student’s #-test was used to com-
pare left coronary artery and right coronary artery ter-
ritories. Two-tailed unpaired student z-test was used to
compare ALCAPA patients and control group. Continu-
ous variables are expressed as mean + standard deviation.
A p value <0.05 was considered as statistically significant.
Receiver operating characteristic curves of peak systolic
strain defined by STE were calculated for the distinction
of patients with and without myocardial fibrosis defined by
LGE CMR.

Speckle tracking reproducibility was determined in 20
randomly selected subjects (ten patients and ten control
subjects). Inter- and intra-observer variability was exam-
ined using both Pearson’s bivariate two-tailed correlations
and Bland—Altman analysis.

Results

General characteristics of the patients are shown in Table 1.
All the patients at diagnosis presented a severe dilated
cardiomyopathy; the coronary angiography showed a sig-
nificant left to right shunt due to the relevant collateral
vessels by RCA to LCA. The surgery was planned within
1 week from the diagnosis. Median age at surgery was
188 days (range 54 days—8 years), and mean follow-up was
8.7+4.7 years. Echocardiographic image quality was at
least sufficient for all the patients, and all segments were
successfully analyzed. Intra- and inter-observer variability
was <5% for both the comparisons.

ALCAPA patients presented a mean LVEF similar to
normal (65+5% for both groups). Diastole was normal
in all patients (E/A ratio 1.8+0.5; E/E'lat ratio 7.2+2.4).
Mitral regurgitation was mild or trivial in all the patients.

Longitudinal and circumferential functions were reduced
in LCA territories compared to RCA territories and nor-
mal subjects (Longitudinal S: LCA normal —21.3+1.1%,
LCA ALCAPA -16.4+2.4% p<0.0001; RCA normal
—-213+1.1%, RCA ALCAPA -21.6+1.1%, p=0,49;
Circumferential S: —23.5+3.8 vs. -20,3+2.0; p=0.019)
(Fig. 1; Table 2), while radial strain was preserved (Nor-
mal 45.0+12.5%, ALCAPA 40.1 +20.2%, p=ns). C-MRI
showed LCA stenosis in three of ten patients: these patients
had the lowest longitudinal strain values in LCA territories
(—11.7, —=14.7 and —14.8%). Late gadolinium enhancement
showed the presence of fibrosis in all patients: postero-
lateral papillary muscle was constantly involved. Patients
with LCA stenosis showed a higher extension of fibrosis
(27 over 170 segments involved in ten patients, between
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Peak Systolic Strain

Fig. 1 Longitudinal strain in a patient with chronic left coronary
occlusion. On the left, longitudinal strain showed the severe impair-
ment of longitudinal function in left coronary territories. The coro-

Table 2 Speckle tracking values in ALCAPA patients and in normals

nary angiography (on the right) confirmed the complete occlusion of
the left coronary artery

Normal Global Normal LCA Normal RCA ALCAPA Global ALCAPA LCA ALCAPA RCA
Longitudinal S -21.3+0.8 -213+1.1 -213+1.2 —19.0+1.4* —16.4+2.4% -21.6+1.1
Longitudinal SR -1.46+0.12 -1.5+0.15 -1.42+0.13 -1.28+0.15*% —1.18+0.09* -1.44+0.13
Circumferential S -23.5+3.8 —245+3.7 —229+52 -20.3+2.0* —20.3+£2.4* -203+1.6*
Circumferential SR -2.0+0.13 -2.0+0.20 -2.0+0.18 -1.84+0.3 -1.9+04 -1.8+0.4
Radial S 45.6+12.1 459+104 453+132 43.5+10.7 43.0+11.4 44.0+10.1
Radial SR 2.2+0.56 2.2+05 2.1+0.5 2.1+0.6 2+0.66 2.2+0.54

Legenda: S strain; SR strain rate; LCA left coronary artery; RCA right coronary artery

*p <0.05 versus normals

ALCAPA patients induced by stress test [7, 13, 14]. These
Authors advocated many possible causes for these findings,
mostly surgical variables such as myocardial protection
during cardioplegia, LCA stenosis after surgery or long
ischemic time. Our data showed that the damage was iso-
lated to LCA territories, and the sub-endocardial hypo-con-
tractility was present in all patients. The sub-endocardium
may be the most susceptible area to ischemia due to a com-
petitive flow between collateral and the “inverted” flow in
LCA after surgery. This hypothesis is supported by experi-
mental studies performed on pigs by Nordgaard et al. [19].
Schmitt et al. studied the prevalence of wall motion
abnormalities by stress MRI [17]. In their study, the prev-
alence of scar as well as of wall motion abnormalities in
one or more LV segments was high (67%), with inducible
perfusion deficit found in 3 over 12 patients. However, the
perfusion deficit was not apparently related to LCA steno-
sis. On the other hand, cardio-pulmonary exercise test did
not show any relevant impairment of exercise performance.
Accordingly, none of the patients enrolled in our Institution
showed inducible ischemia by exercise test or SPECT. The
false-negative results obtained by standard evaluation may
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be due to the adequacy of hetero-coronary collaterals or to
the intrinsic limits of the test commonly used [20]. On the
other hand, these patients may be at higher risk (unquantifi-
able at the moment) of events or clinical worsening in the
long-term follow-up.

Our data showed that the 30% of patients showed a silent
LCA ostial occlusion or sub-occlusion. The prevalence of
late LCA ostial lesions is unknown, because often these
patients have a normal LV function by echo, and the ana-
tomical imaging is not routinely assessed. Secinaro et al.
[7] studied six patients with evidence of inducible ischemia
10 years after coronary re-implantation and found out
that the LCA was occluded in three of them. However, all
patients were asymptomatic, and no standard echo param-
eter was able to identify systolic or diastolic dysfunction.

On the contrary, longitudinal strain was more specific
in these patients, confirming the value of this param-
eter in the identification of regional dysfunction. The
sub-endocardial layer is, in fact, the terminal layer for
coronary perfusion, so it is the most susceptible to the
ischemia despite the adequate hetero-coronary collater-
als, as well as may be sensible to the competitive flow



Pediatr Cardiol (2017) 38:794-800

799

between collaterals and LCA flow. On the contrary, radial
and circumferential strain are preserved in these patients.
The compensatory effect of external myocardial layers is
the reason of the preserved EF in these patients.

Our C-MRI data showed that fibrosis of one or more
segments was evident in all the patients studied and not
related to age at surgery. In particular, postero-lateral
papillary muscle was constantly involved. However, a
more extended fibrosis was evident in patient with LCA
occlusion. More interestingly, the evidence of a dilated
RCA (>5 mm) was evident in all except in patients with
LCA ostial stenosis/occlusion.

Study Limitations

This study is limited by the small number of patients
enrolled; however, the pathology studied is extremely
rare and is difficult to enroll a large number of patients
in a single center. Second, the study was cross sectional,
and S-SR values were not available before surgery.

Conclusions

After LCA re-implantation, ALCAPA patients showed
a residual sub-endocardial damage in LCA territories,
due to the low perfusion before, during or after surgi-
cal re-implantation. Radial function was generally pre-
served in patients with normal ejection fraction. Despite
a normal systolic and diastolic function, the prevalence
of residual coronary lesions was high (30%). For these
reasons, an anatomic imaging of proximal coronaries
arteries should be warranted to all asymptomatic patients
in adolescence. Speckle tracking may play a role in the
identification of ischemic or necrotic segments also in
this group of patients, improving the diagnostic capa-
bility of echocardiography. This tool could be particu-
larly useful in infants in order to limit the use of exams
requiring sedation, radionuclide infusion, or exposure to
radiations.Author: Kindly check whether the processed
reference 15 is correct or not.Yes. I tested successfully
the reference on pubmedAuthor: Figure [1] was received;
however, no citation was provided in the manuscript.
Please check and provide it.Fig. 1 was cited in the results,
together with Table 2
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