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SYNOPSIS

Background:

Anomalous left coronary artery from pulmonary artery (ALCAPA) repair has
excellent survival as when compared to their unrepaired counterparts in infantile
subsets. Myocardial strain abnormalities are described in patients even after
successful surgical repair of ALCAPA, even after recovery of ventricular function.
The factors that predispose to the persistence of these strain abnormalities in

presence of normal ventricular function are unknown.

Aims and objectives:

The aim of this study was to find out incidence of strain abnormalities in post
operative ALCAPA patients, factors predicting the abnormal global longitudinal
strain GLS-LV, effect of the GLS-LV on secondary outcomes and to find out
whether the age at repair influences the persistence of global and regional strain

abnormalities.

Hypothesis:

Strain abnormalities in the form of reduced GLS:LV exists even after successful

ALCAPA repair regardless of ejection fraction.

Methods:

Data regarding preoperative clinical presentation, perioperative period and

operative variables along with postoperative hospital stay events and follow-up

XiX



events of 59 patients who underwent ALCAPA repair were collected retrospectively
and crossectionally investigated with conventional detailed 2D echocardiography and
global longitudinal strain (GLS-LV) by speckle tracking echocardiography.
Segmental, regional, and territorial strains were analyzed in QLAB software as
postprocessing of 2D images with same Philips epiq 7 C machine to avoid vendor
specific error. With the obtained data predictors for abnormal strain by both
univariate and multivariate analysis was done. An ROC curve was plotted by keeping
age as continuous variable and normalization of strain as categorical variable to
determine cut off for the age at repair which produces normal strain on follow-up.
Subgroup analysis was done in patients basing on the obtained cutoff from ROC
curve into early (n=21) and late repair groups (n=18) and incidence of strain
abnormalities were studied in both groups. We used data from the metanalysis by

levy et al. for setting a benchmark for normal age wise values for GLS-LV.

Significant findings:

Out of 59 patients female to male ratio was 1.26:1. Median age of
presentation and diagnosis was 5 months (IQR:23.5). Median time duration from
diagnosis to admission for surgery was 12 hrs. (IQR: 8.75). Median duration of
follow-up was 7.4 years (IQR:10.19).62% of the patients were misdiagnosed as
VSD, myocarditis, dilated cardiomyopathy, coronary AV fistula, mitral valve
prolapse and referred to our center for management. Two patients at presntation were
in cardiogenic shock needing inotropes. 95% if the patients had q in atleast 2 of the 4

lateral leads. 64% patients had LVH on ECG. Almost all of the patients had

XX



subendocardial fibroelastosis and scarred anterolateral papillary muscle on echo.
Majority of the patients 75% have mild and moderate MR at presentation. Severe
MR in 12.5%. Anomalous coronary originating from non-facing sinus seen in 32%.
Global longitudinal strain was abnormal in 41 % of patients with normal ventricular
function. 16.9% (n=10) underwent mitral valve repair at index ALCAPA surgery.
Median time for recovery of EF was 4.8months (IQR:8). Mean GLS-LV was -18.06
+/- 5.05. Mean RCA territory strain was 18.55 +/-5.06 SD, whereas mean LCA strain

Is 17.3+/-5.25 SD.

Univariate model higher the translocation distance and non-facing nature of
sinus as origin of left coronary artery, higher the inotrope duration of usage and
perioperative EF, composite secondary outcomes were predictors of strain
abnormality. But none of these parameters predicted the strain abnormality in

multivariate prediction model.

The probability of having normal longitudinal strain on follow up was 81.6%
if surgery was done before 7.8 months of age (based on ROC curve) and odds of
having normal myocardial strain was 11 times higher if repaired before 7.8 months

of age.

Significantly more patients in the older repair age group had reduced global
longitudinal strain (67% vs 19%, p = 0.001). Regional strain abnormalities were
present in both left and right coronary artery territories and were more severe in the

older age group.
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Implications:

1. Approximately 50% of the patients post ALCAPA repair do have strain
abnormalities and 40% of the normal LV function do have lesser global
longitudinal strain which indicate though the clinical improvement and 2d
ECHO wise parameters normalised patients do have subclinical LV
dysfunction which might improve in early repair subsets and may not improve

in late repair individuals warranting the close follow-up of these individuals.

2. There is no significant correlation between strain abnormality and secondary
outcomes which may be due to shorter duration of follow-up of 7.4 years and
lesser number of events in the overall cohort which warrants more extensive
duration of follow-up and needs Holter and exercise stress test for unmasking

more events.

3. GLS-LV improved over the follow-up period in the patients who underwent

corrective repair early in life.

4. RCA territory strain abnormalities do exist in varying severity in post operative
ALCAPA patients which may signifies the extensive strain abnormalities
causing ischemia over the RCA territory or dominant left system associated

and have PDA supplying the inferior territory.

5. Early surgical repair before 7.8 months of age conferred 85% probability of

normal ventricular strain on follow up.

XXii



6. Though ventricular function was better in the older age group prior to repair
when compared to the younger age group, global and regional strain

abnormalities persisted more in the older age group after repair.

xxiii



1 INTRODUCTION

1.1 General Introduction

Anomalous origin of the left coronary artery (LCA) from the pulmonary artery
(ALCAPA), also known as Bland-White-Garland syndrome, is rare congenital heart
disease, occurring approximately in 1 per 3,00,000 live births(1). Retrograde flow in
the LCA supplied from the right coronary artery (RCA) through natural collaterals to
the low-pressure main pulmonary artery causes extensive myocardial ischemia.
Ischemia occurs due to loss of perfusion pressure in the coronary arteries resulting
from this specific steal syndrome. It often manifests in early childhood with symptoms
of congestive heart failure or myocardial ischemia, and if left untreated, the mortality
reaches 90% in the first year of life. Preoperative myocardial ischemia results in
reduced left ventricular (LV) ejection fraction (LVEF), mitral regurgitation, and LV
dilation(2). The treatment of choice is immediate surgical reimplantation of the LCA
into the aorta(3) or creation of an intrapulmonary baffle when coronary translocation
is not feasible (Takeuchi repair)(4). Due to the rarity of the condition, limited data
regarding long-term follow-up is available however most reports indicate that early
diagnosis and immediate surgical intervention lead to excellent results, with
normalisation of LV size and function, resolution of mitral regurgitation, especially
when operated in early childhood(5-7). However, other studies reported on persistent
mitral regurgitation, arrhythmia, sudden cardiac death, exacerbation of heart failure or
coronary stenosis, necessitating surgical reintervention or even heart

transplantation(2,8,9). As myocardial ischemia and fibrosis appear to deteriorate the

Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum 1



clinical course after corrective surgical intervention(10), detection of even minor
abnormalities in the ALCAPA population is of paramount importance. Hence, we need
an imaging study to identify patients with subclinical LV dysfunction. In the last few
years, myocardial strain imaging has frequently been used to assess and quantify
regional ventricular abnormalities. This very sensitive method enables the evaluation
of myocardial function, well beyond standard echocardiographic techniques, and
detection of early subclinical myocardial abnormalities, even in the presence of normal

LVEF (11).

Given the paucity of data, we undertake this study to evaluate the strain

echocardiographic parameters in post-operative ALCAPA patients.

Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum 2



PERTINENCE OF THE STUDY:

e Very few international studies assess association between LV STE post-

ALCAPA repair & LV dysfunction: outcome.

e No Indian data regarding the association between LV STE post-ALCAPA

repair & LV dysfunction; outcome.

Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum 3



HYPOTHESIS:

Strain abnormalities in the form of reduced GLS: LV exists even after successful

ALCAPA repair regardless of ejection fraction.

RESEARCH QUESTION :

Does strain abnormality/subclinical LV dysfunction exist after successful

ALCAPA repair?

Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum 4



AIM:

e Primary objective:

To assess myocardial function in post-ALCAPA repair patients by LV Speckle

Tracking Echocardiography (STE).

e Secondary objective :
To find correlation between abnormal strain by LV Speckle Tracking
Echocardiography (STE) and clinical outcome of patients after ALCAPA

repair.

Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum 5



2 LITERATURE REVIEW

Anomalous left coronary artery arising from the pulmonary artery (ALCAPA) is
a rare coronary anomaly. Mortality in untreated infants is more than 90% by the end
of 1 year (12). Commonly left main anomalously originates from the posterior
pulmonary sinus and rarely can originate from the anterior and non-facing sinus of the
pulmonary artery. The presentation can be extremely varied in the majority, as two
forms, infantile and adult type. The major difference in presentation is because of the
development of coronary collaterals with the right coronary artery. Approximately 18-
25% of the children remain asymptomatic due to extensive collateralization with RCA
and can present later in adolescence or in adulthood with varied presentations like

angina on exertion, ventricular arrhythmias, and mitral regurgitation(13,14).

Pathophysiological mechanisms:

The extent of collateral circulation establishment during the critical transition of
the pulmonary vascular resistance determines the type of presentation. Adult type is
seen in patients with extensive collateralisation, whereas infantile type is seen in

patients with fewer collaterals.

At birth, the aortic and pulmonary artery pressures are identical, making the flow
in left coronary artery antegrade. Once the pulmonary vascular resistance starts to fall,
the antegrade flow starts to decline and the myocardium experiences hypoxia and
ischemic cascade. As a result of hypoxia, local vasoactive and vasogenic factors favour

development and establishment of extensive collaterals with the right coronary

Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum 6



circulation. Thus, collaterals are established between the main pulmonary artery and
aorta via coronary arteries. As a result, it behaves as left to right shunt. It is not an
obligatory shunt because change in the pulmonary vascular resistance alteration alters

the shunt fraction.

If the infant is unable to develop a collateral circulation within the time of
normalisation of pulmonary vascular resistance (i.e., usually within 4-6 weeks) due to
reduced antegrade perfusion of the left coronary artery territory, it results in ischemia
and infarction of the corresponding territory, causing early presentation with
symptoms and signs of heart failure and failure to thrive. These are the sickest subsets
of the entire ALCAPA cohort and need immediate correction as soon as identification

because TIME IS MUSCLE as it is analogous to ST-elevation myocardial infarction.

Infants with adequately developed coronary collateral circulation survive the
initial critical period of normalization of pulmonary vascular resistance and thereby m
presentation in later stages of life. Despite well-developed collaterals, the myocardium
is essentially ischemic and usually hibernates. Though these mechanisms are initially
protective with higher pulmonary vascular resistance, as time advances due to
normalisation of PVR, flow in the left coronary artery is reversed and as a result, left
coronary artery fails to supply myocardium and instead shunts oxygenated blood via
the right coronary collaterals into the pulmonary artery causing steal phenomenon ,i.e.,
collaterals act as a shunt from aorta to low pulmonary pressure circulation than into
high-pressure myocardial circulation causing myocardial ischemia especially of the
subendocardial region. The conductance of a well-developed collateral system at

maximum serves only 1/3' of the native LCA(15). Because of this chronic subclinical
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ischemia, these patients are at risk for malignant ventricular arrhythmias and sudden

cardiac death, which was documented in 80-90% of cases (14).

MAP pressure < Ao
Retrograde flow to LMA

No collaterals between RCA
and LMA

RCA and LMA normal size

Ischemic cardiomyopathy
secondary to infarction

Infantile
90% death within the first year
2 ALCAPA
presentations
Adut MAP pressure < Ao

Retrograde flow to LMA
Collaterals from the RCA to
the LMA

Marked dilation of the LMA
and RCA from the increased
volume

Neonatal period ‘

MAP pressure = Ao
Antegrade flow in LMA

Chronic myocardial ischemia

No symptoms
ey Dysrhytmia

Pressure decrease in MAP
Ability to develop collaterals

between MAP and Aorta
Sudden death

Fig.1: Pathophysiological mechanisms and differences in infantile and adult
ALCAPA. MAP: main pulmonary artery, Ao: Aorta, LMA: left main artery, RCA:

right coronary artery (16).
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Factors enabling survival Description

1. Collateralisation between RCA | Retrograde ventricular perfusion from

and LCA RCA

2. Dominant RCA Smaller myocardial area supplied by
LCA leads to decrease in ischemic

burden.

3. Minimal coronary steal from | Ostial stenosis of left coronary artery
pulmonary artery Restrictive opening into the pulmonary

artery limits steal into pulmonary artery

4. Development of systemic blood | Bronchial artery collateral vessels
supply to LCA increase oxygenated blood flow and
increases the perfusion pressure to the

ischemic myocardium(17).

Table.1: Factors which enable improved survival to adulthood

Clinical suspicion is key for diagnosis. ECG hallmarks to diagnose are g waves
with or without ST elevations in V5, V6, |, aVL and associated T wave inversions in
the same leads. Echocardiography confirms the diagnosis in all cases. Dilated LV with
regional wall motion abnormality in LCA territory with scarred and hyperechoic
papillary muscle is confirmatory in all most all the cases. Subendocardial fibroelastosis
is also documented in majority due to sub endocardial ischemia. Characteristic flow

reversal in pulmonary artery is seen in most of the cases and is the hallmark feature on
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echo to diagnose. Numerous septal collaterals may mimic multiple Swiss cheese
ventricular septal defect. LV dysfunction and dilated LV is the striking
echocardiographic finding in infant with ALCAPA which is deceptively mistaken for

myocarditis, infantile dilated cardiomyopathies like Pompes disease etc.

Pediatric TIS1.4 MIO8B
S8-3

33Hz
58cm
Z14
2D

Fig.2: Modified short axis view of great vessels (Ao: aorta and PA: pulmonary
artery) showing the left coronary artery arising from the pulmonary sinus which is
non-facing and anterior (white arrow). Demonstration of red color flow into the

pulmonary artery is virtually diagnostic of ALCAPA.
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Fig.3: Modified parasternal long axis view with the probe tilted so as to visualize the
pulmonary artery is one of the other views useful in diagnosis of ALCAPA. Here
PA (pulmonary artery) is giving a branch (arrow)which divides into LAD and LCX

with red color flow into the PA suggesting flow reversal.
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TIS16 MI06

Pediatric
S8-3

66Hz
10cm

2D

M4

Fig.4: 2D image of apical 4 chamber view showing dilated LA and LV with

hyperechogenic anterolateral papillary muscle.

Pediatric TIS16 M08

S8-3

34Hz
10cm

2D

Fig.5: color flow assessment of the above image showing severe eccentric mitral

regurgitation secondary to tethering of the posterior mitral leaflet.
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Additional imaging is not generally required as the echocardiography offers
100% accuracy in showing the anomalous origin and flow pattern. But CT is useful in
picking up the cases who are naturally selected with collaterals and present in
adulthood with atypical symptoms. CT is often done for ruling out the coronary artery

disease in intermediate pretest probability of CAD in these cases.

Fig.6: Volume rendered cardiac CT image showing the dilated RCA and LCA
with extensive collateralization between them seen on epicardial surface (white
arrow head) with multiple collaterals from the bronchial arteries supplying the

dilated LCA(white arrows) (14).
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Cardiac MRI is not routinely done in patients with ALCAPA preoperatively. It
often demonstrates the sub endocardial perfusion defects and sub endocardial late
gadolinium enhancement in LCA territory. Flow assessment by phase contrast imaging

can demonstrate the flow reversal into the pulmonary artery.

Fig.7: Oblique short-axis Cardiac MRI image post LGE sequence shows
subendocardial enhancement (arrows) at the basal ventricular level in lateral wall
corresponding to LCA territory suggestive of ischemia.
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Table.2: Differences between infantile and adult ALCAPA syndrome

Factors

1. Clinical

manifestations

Infantile type
Symptomatic from infancy with heart

failure and failure to thrive

Adult type
Asymptomatic
Subclinical ischemia and sudden

cardiac death

2. ECG Ischemic changes Ventricular hypertrophy with or
without ischemic changes

3. RCA Mildly dilated Markedly dilated

4. Septal collaterals | Insufficient Abundant

5. RWMA Anterior and lateral wall hypokinesia | None or subtle hypokinesis in
in milder forms and severe LV | lateral wall.
dysfunction with global hypokinesia
usually.
6. LV Dilated Normal or associated with LVH.
7. Outcome Myocardial infarction and severe LV | Sudden cardiac death due to

failure and cardiogenic shock in
untreated infants cause mortality by

the end of 1 year

ventricular dysrhythmias.

Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum
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Fig. 8: Gross pathological cardiac specimen at mid ventricular level of an adult
ALCAPA patient showing extensive sub endocardial scarring (white areas); nearly

circumferential except for involvement of inferoseptal portion supplied by RCA (18).

Light microscopic studies often show similar findings of extensive sub
endocardial scarring in pre operative ALCAPA patients suggesting it as a state of
chronic hypoperfusion syndrome(19). Electron microscopic studies showed that these
areas of myocardium show altered myocytes with loss of volume fraction of
sarcomeres when compared to the healthy counterparts and the mitochondria are
smaller with abundant lipofuscin and glycogen with sparse sarcoplasmic

reticulum(19). Data on reversibility of these changes after correction are scanty.

Unlike that of epicardial coronary artery stenosis, the etiology of ischemia in adult
variant of ALCAPA is secondary to steal phenomenon, which can cause pathological
changes not only in subendocardial regions but also in other layers of heart like

perivascular hyalinization and with increased perivascular fibrosis often extending into
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the epicardium as demonstrated by recent histopathological and electron microscopic

study in two post operative adult ALCAPA patients in 2020 by Kubota etal.(20)

Hence these patients are still at risk of the future events, not only mere anatomical
narrowing at the implanted site of coronaries but also significant arrhythmic risk(20).
The data with infantile type gross and histopathological studies post repair are not

available.

endocardium

2.0mm

Fig.9: Histopathological image (light microscopy) of an adult with ALCAPA
after 9 months of surgical repair showing extensive fibrosis in sub endocardium
(panel C), which extends into the middle part of myocardium and severely hyalinized
and fibrosed perivascular stromal tissue seen in middle myocardial layers (panel B),
Epicardial portion (panel A) also shows perivascular stromal tissue fibrosis and

hyalinization with severely thickened arteriolar wall (20).
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Mechanisms of ventricular arrhythmias (20) in these patients described are

1. Local ischemia due to coronary steal phenomenon
2. Re-entry circuit in the border zone of myocardial infarction

3. Electrical instability secondary to fibrosis

Establishment of dual coronary system is treatment of choice which can be done
by various surgical procedures like direct coronary reimplantation, coronary artery
bypass grafting either with LIMA or saphenous venous grafts, rarely intrapulmonary
baffling of LAD (Takeuchi or modified Takeuchi repair). With return of antegrade
flow across LCA there is associated reduction of size of dilated RCA and regression
of inter coronary collaterals. Studies showed that direct coronary transfer is the most
physiological form of repair although it is technically more difficult amongst all repair

techniques (21).

Most of the previous studies document the improvement in EF post repair. The
improvement in the infantile type is marked when compared to adult type. Adult
variants have more LV asynergy. Postoperative MACE events are higher in adult type

(22-25),

Immediate perioperative period may be stormy with increased requirement of
ECMO in infantile ALCAPA because of absence or lesser collateral circulation as

shown by recent study by El-Louali et al (26).

Conventional Echocardiographic assessment in post operative ALCAPA patients
consistently showed improvement in most of the patients during follow-up in many

studies(11,22,23,25).
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Despite the presence of the residual fibrosis, conventional echocardiography
shows normal LV function and improvement of mitral regurgitation in most of the
patients (6,7,11-13,16,24,25,27,28) .Additional imaging modality which recognizes
the subclinical LV dysfunction is essential to diagnose these abnormalities. Strain
imaging was used as a tool in diagnosing these abnormalities as early as 2001 by Di
Salvo etal (11). He demonstrated persistent strain abnormalities and altered myocardial
despite normalization of ejection fraction in 13 patients with controls. Both strain and
strain rate are less in the subendocardial region selectively (11). Initially tissue doppler
based strain imaging was practiced later, switch to speckle tracking method of strain
assessment in 2008 lead to revolution in the myocardial functional deformation

imaging and assessment(29,30).

Castaldi et al. demonstrated with 10 post-operative ALCAPA patients with age
and sex matched controls compared global longitudinal strain, radial strain, and
circumferential strain and correlated with cardiac MRI and coronary angiography
wherever necessary and showed decline in GLS-LV and circumferential strain in
ALCAPA patients. They demonstrated LCA stenosis in 3 patients which was
confirmed by coronary angiography. These investigators concluded that the presence

of strain abnormalities may indicate residual coronary artery lesion(31,32).

Resynchronization of strain curves post ALCAPA repair was documented as early

as 35 days post repair by Fornwalt et al (33).

Di Salvo et al. in 2017 with 30 post operative ALCAPA patients demonstrated
correlation between GLS-LV and LV ejection fraction (Pearson coefficient of r = -

0.41, p = 0.02) among all studied strain parameters. GLS- LV was significantly lower

Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum 19



when compared to controls (- 17.6 +/-3.5 % Vs -23.4 +/- 3.1%) (p <0.0001). LV torsion
(9.1+/-4.9 ° vs 11.94/- 3.3 °) (p = 0.046) was significantly impaired in ALCAPA

patients (34).

Kugacka et al compared coronary territorial strains of 18 post-operative ALCAPA
patients with respective controls and demonstrated presence of diastolic dysfunction

and GLS-LV of cases in LCA territory(35).

Naqgvi etal compared pre and post operative strain imaging parameters in
ALCAPA patients, showed that all parameters of strain like GLS-LV, circumferential
strain, radial strain were significantly lower preoperatively and improved
postoperatively. Despite improvement postoperatively, most of the affected segments
demonstrated abnormal strain parameters and they concluded the necessity for

addition of these strain parameters in routine assessment (36).

There are no studies in literature so far from India pertaining to strain or strain
rate and recovery of cardiac mechanics or deformation imaging. Hence, we conducted
this study to see the patterns of strain imaging abnormalities and their effects over the

outcomes of these patients.

Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum 20



3 MATERIALS & METHODS

Design: Retrospective observational non interventional study with prospective

cross-sectional assessment and analysis by speckle tracking echocardiography.

Study Setting: Department of Cardiology, Sree Chitra Tirunal Institute of

Medical Sciences and Technology (SCTIMST), Trivandrum.

Study period: from 01.06.2020 to 30.04.2022

Sample Size: All consecutive patients post ALCAPA repair at SCTIMST from
Jan 2006 to till Dec 2021. Preliminary search of medical records suggested an

approximate sample size of 50.

INCLUSION CRITERIA:

All consecutive patients who underwent ALCAPA repair as primary procedure

in SCTIMST between 2006 — 2021 and can be traced for follow-up evaluation.

EXCLUSION CRITERIA:

Patients whose ALCAPA repair was performed in other hospitals with
insufficient data

e Those who refused consent

e Patients with significant acquired heart disease which is likely to alter the study

parameters
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DATA COLLECTION & PROCEDURE:

All patients who underwent ALCAPA repair in SCTIMST since 1998 were
included as per inclusion and exclusion criteria as laid in the study. Details regarding
admission, surgery, perioperative and postoperative events were extracted from

Electronic Medical Records.

Consent was taken from the patient for all patients above 18 years. Consent
from guardian and assent for children 12 — 18 years, consent from guardian for smaller
children prior to enrolment was obtained. Individual patients during follow-up were
reassessed and detailed history , functional class, clinical examination, complications

(if any) were recorded in a pre-designed proforma.

Age and Sex matched controls for normal strain values were identified and
included after consent. 2D ECHO & STE was performed in both groups by using

Philips Epiq 7 machine in detail and parameters were noted in a pre-designed format.

ECHOCARDIOGRAPHY:

2D ECHO parameters at the diagnosis and during follow-up was gathered
from medical records of the institute. LV Ejection Fraction was calculated on the basis
of Teichholz formula, with LV end diastolic (LVEDd) and end systolic (LVESd)
diameters measured in parasternal long axis view. Follow-up examination was
performed as per existing guidelines (37). Principal Investigator (PI) in supervision of
other investigators performed all echocardiographs. MR was graded based on vena
contracta width and ratio of MR area/ left atrial area to none (0), trivial (1+), mild (2+),

moderate (3+) and severe (4+), based on current guidelines (38-40).
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SPECKLE TRACKING ECHOCARDIOGRAPHY:

Myocardial strain was measured in all cardiac chambers. The degree of
deformation is reported as percentage of peak longitudinal strain (LS) in systole.
Decreased myocardial shortening (impaired function) is represented by lower absolute
values. Normal values vary by age as demonstrated in the study by Marcus et al., which
provided reference values of LV strain and trends of strain values in the pediatric

population. LS values were lowest in the youngest and oldest age groups (41).

We used data from metanalysis by Levy et al. (42) which looked at normal strain
values of 2325 children with mean normal GLS-LV of 20.2(95% CI -19.5 to -20.8).
As there is wide range in age distribution of the patients recruited in our study cohort,
we decided to use the age appropriate and vendor specific (Philips) reference strain
values derived from the Levy et al (42). Strain values below the lower limit of 95%
Confidence Interval (CI) of the normal age-appropriate values derived from the meta-
analysis were considered as abnormal. Normal strain parameters vary significantly
with vendor and software used(30,42,43). Hence for uniformity we performed all our

patient data in Philips Epig 7C machine using Q lab software.

Depth-adjusted two-dimensional (2D) LV images was acquired from the apical
2-, 3- and 4-chamber views for off-line measurements of LV-GLS using STE. Three
consecutive cardiac cycles using a frame rate >60 fps were acquired. It was verified,
whether peak systolic strain from each LV segment was measured prior to aortic valve
closure. The LS was calculated in each segment separately. LV-GLS was calculated

as the average of peak strain values from 18 LV segments. The LV was divided into 2
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regions: the LCA and RCA region according to the guidelines (29,37) and the mean

LS of each region was calculated.

L]
o

in imaging

Mid PSAX

Stra

Fig:11: Acquiring 2D images in apical 4,3,2 chamber views and Basal, mid, and apical short axis views.
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Four chamber e > Long axis
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Fig:12: Regional 2D images in apical 4,3,2 chamber views reconstruct the entire
18 segment myocardial model

Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum 26



For the short-axis images, a circular region of interest was automatically drawn,
and the LV was automatically segmented into 6 segments at the basal (mitral valve)
and mid (papillary muscle) level and into 4 segments at the apex. Circumferential peak
systolic strain was assessed from the 6 basal and mid-segments of the anteroseptal,
anterior, anterolateral, inferolateral, inferior, and inferoseptal walls (44). At the apical
level, circumferential peak systolic strain was measured from the septal, anterior,

lateral, and inferior walls (44,45)

Raw data was transferred to a workstation for off-line analysis using dedicated
two-dimensional speckle tracking software (QLab, Philips). If the automated tracking
was not satisfactory at visual assessment, manual adjustment of the region of interest

was performed. (Fig.13-15).

Fig:13: Regional 2D images of apical 4 chamber view over which region of interest
is laid down and respective myocardial segments are tracked in QLAB software
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Fig:14: Regional 2D image of apical 2 chamber view over which region of interest is
laid down and respective myocardial segments are tracked in QLAB software

Fig:15: Regional 2D image of apical 3 chamber view over which region of interest is
laid down and respective myocardial segments are tracked in QLAB software

A Dbulls eye plot was generated by integrating the regional and segmental
strains of the LV as GLS-LV for longitudinal strain and global circumferential strain

as GCS. (Fig. 16,17)
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PRIMARY OUTCOME:

Prevalence of Strain abnormalities by STE
SECONDARY OUTCOMES:
e Arrhythmia
e Deterioration in Severity of MR
e Heart failure Hospitalization
e Reoperation

Catheter intervention

Device Implantation

Primary Outcome Definitions
> Prevalence of subclinical » Type of abnormalities in global longitudinal
LV dysfunction by STE and segmental strains

» To look for coronary territorial strains

Secondary outcomes

» Arrhythmia » Any significant arrhythmia after index
hospitalisation for surgery which may or may
not need admission for stabilisation.

» Deterioration in Severity » Worsening of existing MR by at least > 1 grade
of MR during point of assessment or which changes
the management.
» Heart failure » Hospitalisation for management of heart failure
Hospitalisation
» Reoperation » Any cardiac surgical intervention after index

surgery , includes mv repair , replacement etc

indications of surgery as per existent guidelines

for intervention.

» Catheter intervention » Includes patients who underwent
revascularisation by PCI

» (Diagnostic) procedures like CAG were
excluded.

Table.3: Definitions of outcomes.
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STATISTICAL ANALYSIS

+ Statistical analysis was done using IBM SPSS version 28.0.1.1.

» Continuous variables were reported as means with SD or medians with IQR

for skewed data.

» Categorical variables were summarised as absolute frequencies and proportion

(%)

* Normalized Strain values using the mean and standard deviation were
compared with corresponding benchmarks of respective age groups using

unpaired t test and Mann Whitney's test.

* Univariate and multivariate logistic regression model was used to see
independent predictors of strain abnormalities and p value of <0.05 was

considered significant.

» Sub group analysis with age at repair was performed and baseline and
echocardiographic parameters were compared between the two age groups
using Mann Whitney U tests for continuous variables and Chi square or Fisher
exact test for categorical variables, and a p value <0.05 was taken as

statistically significant.

* We then computed a Receiver operating characteristic curve (ROC) taking age
at repair as the continuous variable to predict normalization of GLS. From the

obtained coordinate points, the cut-off with the maximum Youden’s J value
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was used to identify the optimal threshold value for the benefit of surgical

repair in reference to time of surgery.

+ Odds Ratio and 95% confidence intervals were also computed to express the

strength of association between age at repair and the outcome.

» Binary logistic regression analysis was considered to explore for potential
predictors as only one variable was significant and multivariable analysis was

therefore not warranted with this sub group analysis dataset.

» Avrepeated measure ANOVA analysis was performed for displaying marginal

means.
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3 RESULTS

Out of 59 patients included in this study, 55.93%(n= 33 ) were female and
44.07% (n=26) were male , with median age of diagnosis and presentation being
5 months (IQR 23.5). Median age at repair was 5.02 months (IQR 24). Median
time duration from diagnosis to admission for surgery was 0.5 days (12 hrs) (IQR

8.75 days). Median age during study period was 8 years (IQR 14).

Out of 59 patients, 62 % (n=37) were misdiagnosed and referred for evaluation.

Only 37.9% (n=22) were diagnosed as ALCAPA and referred for corrective

surgery.
PRESENTING DIAGNOSIS
Myocarditis CAVF
7% 2%
MVP-MR

14%

DCMP
27%

Fig. 18: Pie diagram showing distribution of various referral diagnosis
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Most of the patients, 66.7% (n=28) were in class Il NYHA or ROSS class at
presentation. Only 2.3%(n=2) were in class IV at presentation. 50% (n=30) were in
heart failure at presentation. 3% (n=2) were in cardiogenic shock needing inotropes at

admission.

Table: 4: Presenting complaints among the cohort

Presenting complaint

SOB 42 (91.3%)
FTT 1(2.17%)
Murmur 2(4.35%)
Angina 2(4.35%)
palpitations 1 (2.17%)
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ECG changes at presentation

Rhythm SR 56(94.9%)
Atrial 3 (5.08%)
fibrillation
QRS axis: | Normal 32 (71%)
LAD 9 (20%)
RAD 4 (8.89%)
STE in any 2 of 4 leads Present 5 (10.64%)

(I, avL, V5, V6) at

presentation Absent 42 (87.23%)

Qinl,avL 46 (95.83%)
TWI in I, aVL 45 (93.75%)
LVH 38 (64%)

Table: 5: Preoperative ECG changes in the cohort

94.9% (n=56) of the patients were in sinus rhythm at presentation. 71%(n=32) had
normal QRS axis in presenting ECG. 87% (n=42) of the patients did not show any ST
elevation in I, aVL ,V5,V6 at presentation. Q waves in I, aVL were seen in
95.83%(n=46). 64% (n=38) had evidence of left ventricular hypertrophy on presenting

ECG.

Chest x-ray showed cardiomegaly in 94.9% (n=56) of patients. 77% (n=46) had
PVH and 28% (n=17) had PAH on x-ray at presentation. Mean EF at presentation was

36.69 +/- 17.03 (SD). Regional wall motion abnormalities were present in 93% (n=55)
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of patients. Mean translocation distance (echocardiographic measurement from left

coronary cusp (LCC) to left coronary artery (LCA)) was 6.42 +/- 3.49 mm. All the

patients had flow reversal in LCA. Septal collaterals were documented in 30% (n=18)

of patients. 81% (n=48) of patients had subendocardial fibroelastosis with scarred

anterolateral papillary muscle. Mitral regurgitation (MR) was seen in 83% (n=49) of

patients at presentation. 98 % (n = 58) had ischemia as mechanism of MR. 16% (n

=10) had associated mitral valve prolapse (MVP) as mechanism of MR.

Moderate MR was seen in 50% (n = 24) at presentation. Severe MR was seen in

12.5% (n=6).

Degree of MR at presentation n (%)

None 1 (2.08%)
Trivial 5 (10.42%)
Mild 12 (25%)
Moderate 24 (50%)
Severe 6 (12.5%)

Table.6.: Table showing severity of mitral regurgitation at presentation
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SEVERITY OF PAH AT PRESENTATION

severe
22%

moderate
11%

Fig.19: Pie chart showing varying severity of PAH at presentation.

Surgical details:

91% (n=54) underwent LMCA translocation as primary procedure for ALCAPA,

5 patients (8.4%) underwent LMCA ligation with CABG — graft to LAD.

LCA was arising from anteriorly located non-facing sinus in 32% (n=19), and
from posterior sinus in 64.5% (n = 38), two patients (3.3%) had LCA originating from

the main pulmonary artery above the level of pulmonary sinus.

Other coronary abnormalities were seen in 8.4% (n=5), of which 2 have high RCA

origin and 3 have absent left main with separate origin of LAD and LCX.

Mean cardiopulmonary bypass time (CPB) time was 201 min +/-83 (SD). Mean
aortic cross clamp time was 102 min +/- 40 (SD). Mean length of hospital stay was
17.9 days +/- 7.6 (SD). 18.6 % (n = 11) underwent mitral valve intervention at index
surgery of which 10 patients (16.9%) undergone repair and 1 (1.69%) had mitral valve

replacement.
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Mean inotrope hours were 91 +/- 40 (SD). ECMO was used in 13 patients (n=8)
postoperatively. Immediate post operative complications like acute kidney injury
(AKI) managed with peritoneal dialysis was seen in 6%(n=4), seizures in 3.3% (n=2),
arrhythmias like atrial fibrillation seen in 3.3% (n=2), reintubation secondary to
worsening respiratory failure in 5% (3). 3.3% (n=2) were resuscitated from cardiac
arrest. 1 patient had mediastinal hematoma and hemothorax which needed re

exploration for control of bleeding.

Follow-up:

Median follow-up duration 7.4 yrs (IQR:10.19).

Trends of mean EF

70

64.19
60

50

40

30

Ejection fraction

20

10

At admission. At discharge. At 3 m of F/u. At 6m at 1yr of f/u. current

f/u duration :>

Fig.20: Trends of mean EF on follow-up
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Median time for normalization of ejection fraction EF (>60%) was 4.8 months

(IQR:8).

60
50
40
30
20

10

No. of patients

At admission. At discharge. At3 m of Ffu. At 6m

dn

at 1yr of f/u.

f/u duration

Fig.21: Trend of RWMA on follow-up

current

Median time for normalization of regional wall motion abnormality (RWMA) was 5

months (IQR:3).
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Primary outcomes:

Mean global longitudinal strain of left ventricle (GLS-LV) was 18.06 +/- 5.05

(SD). Other individual and segmental strain are tabulated below (table. 7)

Table.7: Speckle tracking echocardiographic data: segmental longitudinal strain

of individual segments and their mean segmental longitudinal strain of each view.

Myocardial segment imaged Mean Segmental

strain (- % +/- SD)

1.  Basal Inferoseptal segment 17.03 +/- 6.022
2. Mid inferoseptal segment 18 +/-6.3
Mean apical 4 chamber | 3.  Apical inferoseptal segment 20+/-7.1
strain (A4C) 4.  Apical anterolateral segment 18.8 +/- 7.618
-17.7%+/-5.59 (SD) = 5.  Mid anterolateral segment 16.5 +/- 6.29
6.  Basal anterolateral segment 16 +/- 7.6
1. Basal inferolateral segment 17.38 +/- 6.25
Mean apical 3 2. Mid inferolateral segment 17 +/-6.5
chamber (APLAX) | 3. Apical inferolateral segment 19 +/- 6.16
s 4. Apical anterior segment 19.6 +/- 6.16
-17.8% +/-5.72(SD) 5 Mid Anterior segment 17.2 +/- 5.93
6.Basal anterior segment 17 +/- 6.7
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Mean apical 2 chamber = 3.  Apical inferior segment

-18.4% +/- 5.42 (SD)

1. Basal Inferior segment 18.1+/-5.88
2 Mid inferior segment 19 +/- 6.1
19 +/- 6.7
strain 4. Apical anterior segment 19.72 +/- 7.23
5. Mid anterior segment 16 +/- 6.4
6. Basal anterior segment 15 +/-5.9

Table.8: Mean global longitudinal strain of individual regional strain and mean

coronary territorial strains.

Strain (- %) mean +/- SD

Apical 3 chamber (APLAX) strain 17.8 +/-5.72
Apical 2 chamber strain 18.4 +/-5.42
Apical 4 chamber strain (A4C) 17.7 +/- 5.59
GLS: LV 18.06 +/- 5.05
Mean RCA strain 18.55 +/- 5.06
Mean LAD strain 17.3 +/-5.28
Mean LCX strain 17.4 +/- 5.56
Mean LCA strain 17.3 +/- 5.25
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Secondary outcomes:

Overall composite secondary outcome events were seen in 8 patients in entire

cohort.

Table.9: Secondary outcomes of cohort

Secondary outcome n (%)

Heart failure hospitalization 2 (3.3%)
Arrhythmias 1(1.6%)
Catheter interventions (CAG) 1(1.6%)
Coronary revascularization 0

Device implantations 0

Reoperations: MV surgery (repair / replacement) 1(1.6%)
Deterioration in MR severity 1(1.6%)
Mitral stenosis post MV repair 1(1.6%)
New onset LV dysfunction 1 (1.6%)

Predictors of abnormal global longitudinal strain of LV (GLS-LV):

Predictors of abnormal strain were analyzed with univariate analysis using
Mann Whitney U test. Of all variables, mean translocation distance, left coronary
artery arising from the non-facing sinus, total inotrope hours, ejection fraction
recovery from baseline at follow-up and incidence of composite secondary outcomes

were significantly associated with abnormal global longitudinal strain (GLS-LV).
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Table.10: Preoperative predictors of abnormal GLS-LV (Univariate model)

Preoperative Variable P value

Age at surgery 0.063
Gender 0.5
Current age 0.18
NYHA class at presentation 0.14
Presence of heart failure at admission 0.60
EF at admission 0.058

LCA translocation vs LCA ligation with CABG | 0.32

Distance between LCC and LCA in mm 0.049
LCA arising from non-facing sinus 0.013
MR severity at presentation 0.87
Presence of PAH prior to surgery 0.49
Length of hospital stay for surgery 0.369
Time since surgery 0.23
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Table.11. Perioperative predictors of abnormal GLS-LV (univariate model)

Intraoperative variables P value

CPB time

ACC time

Post operative variables

Total inotrope hours 0.040
Total mechanical ventilation time 0.41
Preoperative EF 0.09
EF at discharge 0.40
EF at 3 months post op 0.03
EF at 6 months post op 0.047
EF at 1 year post op 0.012
EF at last follow-up 0.038
Post operative complications 0.76
Composite Secondary outcome which includes

» Arrhythmia,

» Deterioration in Severity of MR needing

intervention 0.044

» Heart failure Hospitalisation

> Reoperation

» Catheter intervention / revascularisation

» Device Implantation
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Table.11: Regional strain parameters in prediction of abnormal global longitudinal

strain LV (Univariate model)

Regional strain parameter P value

GLS: LV apical 3 chamber region <0.00001
GLS: LV apical 4 chamber region <0.00001
GLS: LV apical 2 chamber region <0.00001
Time to peak — apical 4 chamber <0.02
Time to peak - apical 3 chamber 0.058
Time to peak - apical 2 chamber 0.034
Time to peak: LV 0.0393
Mean RCA territory strain <0.00001
Mean LAD territory strain <0.00001
Mean LCX territory strain <0.00001
Mean LCA territory strain <0.00001
Mean Circumferential strain <0.00001

Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum

45



Multivariate predictor model with mANOVA used for prediction of abnormal global
longitudinal strain of LV failed to demonstrate significant association with individual

variables. However individual regional strain was statistically significant.

variable P value

Translocation distance 0.4
LCA from non-facing sinus 0.36
Total Inotropic hours 0.2
Total Inotrope hours 0.09
Preoperative EF 0.08
EF at discharge ns
EF at 3 months post op ns
EF at 6 months post op ns
EF at 1 year post op ns
EF at last follow-up ns
Composite Secondary outcome ns

Table.12: Multivariate predictors of abnormal strain (GLS-LV)
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On follow-up, prospectively strain imaging was done in the patients who
underwent surgery during the study period for assessment of global longitudinal strain

of LV along with conventional echocardiography, which showed interesting findings.

Circumferential and longitudinal strain gradually improved on follow-up. Right
coronary territory strain abnormality improved first, followed by left coronary territory

strain. GLS lags behind the ejection fraction in normalization.

On extrapolation to the other patient by patient years and we calculated the
significant correlation by means of Pearson coefficient test showed significant

correlation. (R score: 0.59, p value :<0.00001).

Scatter plot between GLS:LV and years of followup

0 5 10 15 20

years of followup

® GLs:LV

Expon. (GLS:LV)

Fig.24: Scatter plot showing the significance of median follow-up and ejection

fraction.

By using the age specific cutoffs from Levy etal, we compared patients with normal
and abnormal GLS-LV. In our cohort 30 patients (50.8%) were noted to have abnormal

strain. Normal strain was noted in 29 patients (49.1%).
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Abnormal GLS-LV Normal GLS - LV P value

(n=30) ; 50.8% (n=29) ,49.1%

Median (GLS: LV) -16.7% (8) | -21.5% (2.5) <0.00001
-%; IQR

Table .13: Distribution of normal and abnormal strain in the study cohort with

median GLS:LV

Median GLS-LV in patients with abnormal strain was 16.7% (IQR:8) and
median GLS-LV in patients with normal strain was 21.5% (IQR:2.5). The difference

between the two groups was statistically significant (p value :<0.00001).

Among the patients who have strain abnormalities, 23%(n=7) presented at a later

age with median age at presentation of 10.9 (IQR:9) and 33% (n=10) had LV

dysfunction. In patients with normal strain (n=29), none of the patients had LV

Patients with abnormal patients with P value
strain n = 30 normal strain n= 29
Late surgical repair n (%) | 7 (23%) 1 (3.4%) 0.022
LV dysfunction n (%) 10 (33%) 0 0.0008 *
Mean Preoperative EF 40% +/- 16.6 33% +/- 17 0.058 #
Mean current EF 57 +/- 15 66.7 +/- 6 0.0017 #

dysfunction.

*Fisher exact test
# unpaired T test

Table.14: Important factors affecting the strain
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A subgroup analysis done in patients with normal ejection fraction (>60%) and
patient who have confounding factors which affect the strain , like those who have
more than moderate mitral regurgitation, those who had mitral valve replacement
during the index procedure and those who underwent surgical repair other than direct

coronary translocation were excluded with a final cohort comprising of 39 patients.

Receiver operating characteristic curve (ROC curve) was obtained by using age
at repair as a continuous variable to predict the normalization of left ventricular strain
taken as a categorical variable. Area under curve (AUC) was 0.825 (p= 0.001); the
maximum Youden’s J value was 0.65. The probability of normalization of LV strain
Is 81.6% if surgical repair was done before 7.8 months of age. The odds of having
normal strain values on follow-up is 11.3 times higher, if repair was done before 6

months of age (95% CI 2.4 — 54.5).

ROC Curve age at sllérgical repair in prediction of strain abnormalities on followup

—

0.8

0.6

Sensitivity

]

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Fig.27: ROC curve for estimation of age cut off for surgical repair in prediction

of strain abnormalities.
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Based on the cut off obtained from this ROC curve, we divided the patients with
post operative ALCAPA who had normal ejection fraction into two groups as group 1
(patients who underwent early repair that is before 7.8 months of life) with 21 patients

and group 2 (patients who underwent surgery after 7.8 months of life) with 18 patients.

The ventricular function at presentation was significantly worse (ejection fraction
33.8 vs 54; p <0.05) for the group who presented early (group 1), but both groups had
comparable ejection fraction (EF) (67.6 vs 65.6, p=0.94) at latest follow up. In the
repeated ANOVA to depict the effect of surgical repair on ejection fraction, the
improvement in EF within each group (p <0.001) and between the two groups (p =

0.002) were statistically significant.

Estimated Marginal Means of EF
a0 Exposure
=== Early repair

== Late repair

70

60

a0

Estimated Marginal Means

40

30

Baseline Current

Ejection fraction

Error bars: 85% ClI

Fig.28: Repeated measure ANOVA to see the interaction between age of repair

and change in ejection fraction (EF).
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We compared the differences between two groups with respect to regional, arterial
territorial strain and global longitudinal and global circumferential strain. Abnormal
GLS-LV was seen in 19%(n=4) in early repair group whereas in late repair group

abnormal GLS-LV was seen in 67%(n=12).
Table.15: comparison of strain values between early repair and late

repair groups

Group 1 Group 2 (n=18) P value
(n=21) Late repair group

Early repair
rou

Abnormal Global

0 0
longitudinal strain (n, %) e 12 (67%) 0.004

Abnormal Global

0,
Circumferential strain (n, %) 0 16%) s

Regional strain

0 0
abnormalities LCA 21 (100%) 18 (100%) 1.0

territory (Any severity)

Regional strain

abnormalities LCA 9 (43%) 11 (60%) 0.34

territory (severe)

Regional strain

0 0,
abnormalities RCA 3 (14%) 6 (33%) 0.26

territory(any severity)

Along with strain abnormalities seen in left coronary territory, we also observed
strain abnormalities in RCA territory of varying severity in 22 patients (37%). 9

patients who had normal LV function also exhibited RCA strain abnormalities.
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4 DISCUSSION

Our study is one of the largest single-center analyses showing the strain
abnormalities in post-operative ALCAPA patients. It is the only study reported so far

from the Indian subcontinent.

Females predominated in this study, unlike in other studies where males were
predominantly affected. ALCAPA was diagnosed in 37% of the total cohort. Still, 63%
of the infants are misdiagnosed as other diseases and referred, reiterating the
significant knowledge gap in suspecting and diagnosing this rare, life-threatening

entity.

Atrial fibrillation was seen in 5% of the cohort. All were adult patients. None of
the cases had normal ECG at presentation. LVH was seen in 64% of patients, whereas
prevalence reported in prior studies ranged from 28 to 48%. Q waves were seen in

95% of cases.

Associated mitral valve abnormalities like mitral valve prolapse were seen in 16%
of our cohort, whose prevalence reported in other studies ranged from 10% to as high

as 59% (36).

None of our patients had coronary ostial narrowing documented from
echocardiography. The median time for normalisation of EF is 4.8 months, which is in

concordance with previous studies.

Mitral regurgitation post-operatively worsened in only one patient (1.6%) who

underwent surgery at the age of 4 years needing intervention by MV replacement. This
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indirectly indicates that MR improves in most infants with time. Those patients who
had severe MR preoperatively, presenting at a later age, may benefit from repair done

at index surgery. These findings correlate with the existing studies (46).

Most patients underwent direct coronary implantation, which is most

physiological, as seen in prior studies (21).

Strain imaging showed a mean GLS-LV of 18.6 +/-5.05. Strain abnormalities are
seen in 50% of the postoperative ALCAPA patients. Longer translocation distance,
coronary originating from the non-facing sinus, high total inotropic hours, and

secondary outcomes were major predictors of abnormal GLS-LV.

40% of the patients with normal EF had documented LV dysfunction, which was
in concordance with prior studies indicating the need for close follow-up and future
reassessment of the strain for progression of abnormalities which in the case may
warrant the additional imaging or coronary angiography to see for the patency of

coronaries.

Very low longitudinal strain values (less than -15) had been mentioned in a
previous study (31,32) to indicate the presence of coronary ostial narrowing. Inducible
ischemia on exercise stress testing and a subendocardial scar on cardiac MRI was
demonstrated in one of our patients with GLS <15. As there was no anatomic
narrowing of the coronary ostium, he was continued on optimal medical management.
The other two patients with GLS <-15 did not consent for exercise stress testing or
additional imaging stating asymptomatic status. All our study cohort patients ha

widely patent coronary ostia on echocardiography.
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As expected, the global longitudinal strain GLS-LV was lower in 50% of the
patients. The circumferential strain was consistently normal in 95% of the patients in
our study as in previous studies (11,34-36). The preferential involvement of the
longitudinal fibres, which were located subendocardially led to a preferential
abnormality in global longitudinal strain (GLS-LV) with normal and preserved

circumferential strain.

Most patients' presentation, course, and recovery pattern of infantile and adult
type ALCAPA were vastly different. Though the infantile type of ALCAPA has worse
baseline ventricular function, they recover much faster after repair than the patients
with adult type ALCAPA (23,47). In our study, the overall ventricular function was
better for the older age group before repair (mean ejection fraction 54% vs 34% in
younger age group; p<0.05). This apparent paradox has been explained by a rapid
recovery of function of hibernating myocardium in the infantile ALCAPA group

(24,25).

Subtle functional abnormalities of the left ventricular myocardium after complete
recovery of ventricular systolic function in repaired adult and infantile type ALCAPA

have been reported in previous studies (24,28,31,35,44,48).

Global longitudinal strain abnormalities were found in two third patients of adult
type ALCAPA in our study compared to only 19% in the younger age group(p=0.004).
In our study, the odds of normalisation of longitudinal strain on follow-up were higher
(OR 11.3; 95% CI 2.4- 54.5) if surgery was done before 7.8 months of age (groupl).
Though the ventricular function was worse before surgery in the younger age group,

they fared much better in normalising ventricular strain. The persistent subclinical
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dysfunction of the subendocardial myocardial fibres has been hypothesised to be partly
due to competitive flow between the collateral circulation and the newly established
antegrade flow in the left coronary artery (LCA) (47). This could imply that persistent
or recurrent subendocardial ischemia may be more in patients with better collateral
circulation, that is, the older age group. The collateral flow provided by the RCA in
the adult type of ALCAPA may be inadequate to compensate for the longer duration
of myocardial ischemia as it may not prevent the ongoing subendocardial ischemia.
As time passes, the profuse collateral flow may also cause coronary steal from the right
and left the coronary system to the pulmonary circulation (47). The development of
coronary abnormalities due to the collateral circulation like aneurysm or stenosis may
also result in inadequate antegrade flow in LCA after coronary reimplantation. The
development of good collateral circulation may thus provide an initial survival

advantage but may not necessarily translate to better functional outcomes on follow-
up.

Even in our favourable cohort of patients with good ventricular function at
baseline and with no more than moderate mitral regurgitation, we found that regional
strain abnormalities of the left coronary artery territory were universal, albeit mild. As
described in previous studies, apical segments were spared, though the reason for
apical sparing is not clear (44,49). In a few patients in both groups, the strain
abnormalities in a few segments of the LCA territory were severe. Identifying the
clinical impact of this finding is difficult, as no event happened to any of the patients
in both groups. Longer follow-up with additional investigations like exercise stress
testing and Holter may bring to light the risk for arrhythmias or inducible ischemia in

the subset with severely reduced regional strain values.
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The presence of strain abnormalities in RCA territory in both groups was
somewhat unexpected, though this has been described previously in a previous study
by Kugacka et al (35). The more frequent occurrence of RCA territory strain
abnormality in the older repair group suggests that this may be related to coronary steal
by the well-developed collateral circulation to the pulmonary artery. In some patients,
ischemia may also explain RCA territory strain abnormality to the inferior segments

supplied by dominant or codominant left coronary circulation.
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Table.16: Comparison of index study with previous studies
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Limitations:

1. No age and sex-matched controls were used in the study
2. Validation with cardiac MRI or stress exercise testing may be needed to

substantiate these findings.

3. A coronary angiogram or cardiac CT may be needed to look
for coronary ostial narrowing in cases with severe global or

regional strain abnormalities.

4. The small number of patients in the study (due to the rarity of
the disease) and the lack of clinical correlation with the
findings made it difficult to draw conclusions or to dictate
further management of those with significant strain

abnormalities.

5. Further prospective strain imaging can be performed in all
ALCAPA patients who underwent repair despite
normalisation of strain to foresee the occurrence of any

subtle subclinical myocardial dysfunction.
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5 SUMMARY AND IMPLICATIONS

1. Approximately 50% of the patients post-ALCAPA repair do have strain
abnormalities and 40% of the normal LV function do have lesser global
longitudinal strain which indicate though the clinical improvement and 2d
ECHO wise parameters normalised patients do have subclinical LV
dysfunction which might improve in early repair subsets and may not improve

in late repair individuals warranting the close follow-up of these individuals.

2. There is no significant correlation between strain abnormality and secondary
outcomes which may be due to shorter duration of follow-up of 7.4 years and
lesser number of events in the overall cohort which warrants more extensive
duration of follow-up and needs Holter and exercise stress test for unmasking

more events.

3. GLS-LV improved over the follow-up period in the patients who underwent

corrective repair early in life.

4. RCA territory strain abnormalities do exist in varying severity in post operative
ALCAPA patients which may signifies the extensive strain abnormalities
causing ischemia over the RCA territory or dominant left system associated

and have PDA supplying the inferior territory.

5. Early surgical repair before 7.8 months of age conferred 85% probability of

normal ventricular strain on follow up.
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6. Though ventricular function was better in the older age group prior to repair
when compared to the younger age group, global and regional strain

abnormalities persisted more in the older age group after repair.
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6 CONCLUSIONS

7. Abnormal GLS-LV was seen in 50% of the postoperative ALCAPA patients

8. GLS-LV was abnormal in 40% of patients despite normal LV function and no

wall motion abnormality on conventional 2D echocardiography.

9. There is no significant correlation between strain abnormality and secondary

outcomes.

10. GLS-LV improved over the follow-up period.

11. RCA territory strain abnormalities do exist in varying severity in post-

operative ALCAPA patients.

12. Early age of repair reduces the incidence of strain abnormalities on follow-up.

13. Surgical repair before 7.8 months of age conferred an 85% probability of

normal ventricular strain on follow-up.

14. Though ventricular function was better in the older age group before repair
when compared to the younger age group, global and regional strain

abnormalities persisted more in the older age group after repair.

15. Future research with concurrent imaging with cardiac MRI may throw light in

pathophysiological aspects.
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APPENDIX - A: ETHICS COMMITTEE APPROVAL LETTER
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SREE CHITRA TIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND TECHNOLOGY

TRIVANDRUM - 695 011,

(T JPT HE BT A, T gd Wenfrat fumT, HRa IRBR)

(An Institution of National Importance, Department of Sc

w7 H./Telephone No.: 0471-2443152 a9 /Fax: 0471-2446433, 2550728

) %

DST@

19712021

S—

KERALA, INDIA

e s

ience and Technology, Government of India)

£8e1/E-mail: sct@sctimst.ac.in  JTHTEE /Website: www.sctimst.ac.in

Institutional Ethics Committee
(IEC Regn No. ECR/189/Inst/KL/2013/RR-16)

SCT/IEC/1552 /OCTOBER/ 2020

Dr. Kakarla Saikiran

DM Resident

Department of Cardiology
SCTIMST, Thiruvananthapuram

Dear Dr. Kakarla Saikiran,

30.10.2020

The Institutional Ethics Committee reviewed and discussed your application to conduct the study entitled “SPECKLE
TRACKING ECHOCARDIOGRAPHY IN POST OPERATIVE ANOMALOUS ORIGIN OF THE LEFT CORONARY ARTERY
FROM THE PULMONARY ARTERY (ALCAPA) PATIENTS (IEC/1552)” on August 3- 21, 2020.

The following documents were reviewed:
Original submission

1
2.
3.
4.

Sl

Checklist for IEC
Study proposal
IEC Application form duly filled

Covering letter dated 10/07/2020 and endorsed by HOD

on 13/07/2020

Proforma

Approval from TAC-Clinical Studies without TAC
revisions

Patient information sheet and consent form/Assent form
in English

Patient information sheet and consent form/Assent form
in Malayalam

9. CVof Dr.Saikiran Kakarla with APMC registration
number

10. CV of Dr.KM Krishnamoorthy with TCMC registration
number

11. CV of Dr.Krishna Kumar Mohanan Nair with TCMC
registration number

12. CV of Dr.Arun Gopalakrishnan with TCMC registration
number

13. CV of Dr.Baiju S Dharan with TCMC registration number

14. Copy of cover letter endorsed by HOD on 13/07/2020

Revised submission on 25/09/2020

S ot 2
DEPARTMENT OF
SCIENCE & TECHNOLOGY

©00 NI I I

. New Patient information sheet for controls

. Consent form for adult patients for cases in

. New Consent form for adult patients for controls

Revised checklist 14.
Revised study proposal 15.
Revised IEC application form 16.
Forwarding letter from HOD dated 10/07/2020 | 17.
Proforma 18.
TAC clearance letter dated 07/07/2020 19.

Patient information sheet for cases (English)
Patient information sheet for cases (Malayalam) | 20.
New Patient information sheet for
controls(English) 21.

(Malayalaym) 22.

English 23.
. Consent form for adult patients for cases in 24.
Malayalam 25.

in English 26.

New Consent form for adult patients for controls in Malayalam

New Assent form for patients for cases (aged 13-17) in English

New Assent form for patients for cases (aged 13-17) in Malayalam
New Assent form for patients for controls (aged 13-17) in English
New Assent form for patients for controls (aged 13-17) in Malayalam
Parental consent form for patients (aged <12 years) for cases in
English

Parental consent form for patients (aged <12 years) for cases in
Malayalam

Parental consent form for patients (aged <12 years) for controls in
English

Parental consent form for patients (aged <12 years) for controls in
Malayalam

CV of Pl Dr.Karkala Saikiran with APMC registration number

CV of Co-PI Dr.KM Krishnamoorthy with TCMC registration number
CV of Co-PI Dr.Krishna Kumar Mohanan Nair with TCMC
registration number

CV of Co-PI Dr.Arun Gopalakrishnan with TCMC registration number
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The following members of the Students Sub-Committee of the Institutional Ethics Committee participated in
the discussions held between August 3-21, 2020 at the offices and residences of the members

SL. | Member Name Highest Degree Gender | Scientific /Non Scientific | Affiliation with

No. Institution(s)

1. Dr.RV G Menon M Tech, PhD Male Lay Person No
(Chairman)

2. | Dr. Harikrishnan S MD, DM (Cardiology) Male Clinician Yes

DNB (Cardiology)

3. Dr. Kala Kesavan. P MBBS, MD Female | Basic Medical Scientist No

4. | Smt. Sathi Nair MA (English Literature) | Female | Lay Person No

5. | Dr.RemaM.N MD Female | Basic Medical Scientist No

6. | Dr. Christina George MD Psychiatry Female | Clinician No

7. | Dr. Mala Ramanathan PhD Female | Social Scientist Yes
(Member Secretary)

IEC Decision

The IEC approved the conduct of the study in the present form.

Remarks:

The Institutional Ethics Committee expects to be informed about the progress of the study, any SAE occurring in the
course of the study, any changes in the protocol and patient information/informed consent and asks to be provided a
copy of the final report.

There was no member of the study team who participated in voting / decision making process. The ethics committee
is organized and operated according to the requirements of Good Clinical Practice and the requirements of the
Indian Council of Medical Research (ICMR).

Sincerely,

Mala Ramanathan
Member Secretary, [EC
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APPENDIX -B: PROFORMA

PROFORMA
Subject ID No: Name:
Age: Sex: Age of presentation: Age atdiagnosis:
Address: Mobile no:
Weight: Height: BSA: BMI:
Referral Diagnosis:
Presenting Complaint: Duration of
symptoms: NYHA /ROSS class at
h/o Dyspnea admission
h/o resuscitated SCD
Examination Findings +/-
JVP, CE, S3 , Murmurs
ECG Chest Xray | Findings +/-
CE, CTR:
Rate Rhythm PVH: grade
QRSd & Axis, PR PAH
ST segment T waves
Looping impressio
n

Date of Intervention

Intervention underwent

Mechanical Ventilation time

Use of Inotropes

Length of hospital stay

Operative Variables:

CPB time,

Aortic Cross Clamp time

Type of ALCAPA repair,

Graft used: ifany

Mitral Valve intervention,

additional surgical procedures

performed,

7. duration ofMechanical
Ventilation,

8. duration of hospital /ICU stay,

9. postoperative complications,

onkEwN R
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CURRENT STATUS:

1. Symptoms, Duration

2.NYHA class / ROSS class

3.Clinical examination findings

4. Medications (if Any) Duration

2D ECHO:

2D ECHO Parameters:

Pre-operative

Post-operative

e LVDd (Zscore),

e |LVDs(Zscore),

s FS%:
EF %
By Teichholz formula:
By Simpsons method:
MR & its severity (Gr. 0 -4)
RCA (in mm and Zscore),
LCA (in mm and Zscore),
Flow Reversal in LCA
LV Endocardial Fibro
Elastosis (LV EFE)

e Papillary Muscle FE

s MVP
Lateral Mitral annular E/é

e RWMA +/-
e |If present type and
distribution

e Coranary Artery Territory

Serial 2D ECHO if present:
Trend of MR and above
parameters
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SPECKLE TRACKING ECHOCARDIOGRAPHY:

IMAGING PARAMETER

PATIENT VALUE

NORMAL AGE & SEX
MATCHED CONTROL VALUE

1

. Segmental Strain:

Mean RCA region Strain:

Mean LCA region Strain:

.GLS—LV (%)

. GLS — APLAX (%)

. GLS—A4C

. GLS—A2C

| lwW|IN

. LV-- CPS(Circumferential Peak
strain)

7

. LV -RS (Radial Strain)

8

. Atrio-Ventricular Synchrony

9

. Interventricular Synchrony

1

0. LV Intra Ventricular Synchrony
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APPENDIX-C: CONSENT FORMS

PATIENT INFORMATION SHEET: ENGLISH

SREE CHITRA THIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND TECHNOLOGY, TRIVANDRUM
PATIENT INFORMATION SHEET

Study Title: SPECKLE TRACKING ECHOCARDIOGRAPHY IN POST OPERATIVE ANOMALOUS ORIGIN OF
THE LEFT CORONARY ARTERY FROM THE PULMONARY ARTERY(ALCAPA) PATIENTS

Name of the Investigators:
Dr. Kakarla Saikiran, Dr. K.M. Krishnamoorthy, Dr. Krishna Kumar.M,
Dr. Arun Gopalakrishnan, Dr. Baiju S Dharan

Dear Subject,

We welcome you and thank you for your interest in this research project titled “Speckle Tracking
Echocardiography in post-surgical repair of Anomalous origin of the Left Coronary Artery from the
Pulmonary Artery (ALCAPA)”. Before you participate in this study, it is important for you to
understand why this research is being carried out. This form will provide you all the relevant details
of this research. It will explain the nature, the purpose, the benefits, the risks, the discomforts, the
precautions and the information about how this project will be carried out. It is important that you
read and understand the contents of the form carefully. This form may contain certain scientific
terms and hence, if you have any doubts or if you want more information, you are free to ask the
study personnel or the contact person mentioned below before you give your consent and also at
any time during the entire course of the project.

What is Speckle tracking Echocardiography (STE)?
STE is a routine Echocardiographic procedure, after acquiring Echo images they will be specially
analyzed for it with an existing software in the Echo machine itself.

What is the Study about?
To assess LV function and outcomes in post ALCAPA repair patients by LV - STE.

If you take part what will you have to do?
You need to tell us about symptoms of your disease, allow us to collect your data (History, Clinical
and ECHO reports) from electronic medical records. You need to undergo 2D ECHO & strain imaging.

How long does it take?
During your OPD visit assessment will take 15 minutes & 2D ECHO will take 15 to 30 minutes.

Will you have to pay for above tests?
These tests are part of your routine care and amount paid for the tests would be the amount decided
by hospital as for all general patients at that time.

Is there any risk or benefit for this study?

There are no risks involved in the study, echocardiography is safe non-invasive procedure. If on
evaluation any reports are abnormal you will receive treatment according to the standard operating
procedure of the hospital for which you have to pay for the hospital and this is not part of the study.

Can you withdraw from this study after it starts?

Your participation in this study is entirely voluntary and you are also free to decide to withdraw
permission to participate in this study. If you do so, this will not affect your usual treatment.

What happens after the study is over?

2D Echo report will be available for your use and it will be stored in EMR in your Hospital I.D. Strain

values obtained from STE data will be used to analyse the LV function and outcomes.

Will participants be compensated for participation in this trial?
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You will not be paid for participation in the study.

Will your personal details be kept confidential?

The results of this study will be published in a medical journal but you will not be identified by
name in any publication or presentation of results. However, your medical notes may be reviewed
by people associated with the study.

If you have any further questions, please ask Dr. Kakarla Saikiran, Senior Resident,
Department of Cardiology, SCTIMST (Tel: 8019672629) or
email: kakarla63@gmail.com or
Saikirankakarla@sctimst.ac.in

For any clarifications regarding the study’s ethics clearance you may contact the
Member Secretary of the SCTIMST-IEC. The phone number is: 91-471-2524-234 and the email
id is iec.mem.sec@sctimst.ac.in
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PATIENT INFORMATION SHEET: MALAYALAM

110 2@ @loymoud Mgl candd eawsleedd m@Mavad ERMY assemogs],
@Oy UM Mal)@o
CoIN1a B 00)88 o0 allaioemall®o
alom  WI18aHdo:  alBamo]l  @Rdsoluladmimmlo, ®S® @896006mol  @RASOIW)es
@RAVIWOVEMAIDY  @RERA)SS (@@ &0q]) coovS&EIE AV G(SlVINMmon)Ss

MIalaelud (S98610l) af)C869BWIcwo(nadl.

NEAUHHOYOS Cald
GWO. ®0dAB8 MOWBI0eM, GWI. 6& afo BiademABED], GWI. &yaHEMEIAB  af)o,

GOWO. @ROYNM GUOAIORIG: aHMEMAB, GAWI. HOMNIR) af)y WO
(afl@ UyanyCED),

altd3amo] @RA501lE3mIM)o, WS 6HH0c0eMOl ERASOIWINS @RAVIWOIVEMAIN @R)OCRA)SS
(@R@0q]) cEIne:8163 M(OHIQIMMOR)SS mioalaelud (S086loU)
)80 WICWO(Nal]l  af)MM NEAUHUEM AlOMEMICLITES ®IB:OS MVIONMo H21Q)E:W)o

©B:08 (ald:Slafla) ®IGaIOIEWIN MM A0W)&H@)o OaIQ)MM).

@B DD AlOMEDIE ale®d:S)ENM@IM) A)MI MV NEOAIHEMo afTHIM MSEMYM)  ag)M
©@08B:03 AMLIOCHHEMEEG) (aIWOMAEM. DD NEUMMOTDYIIWISS (AIMVSOROW af)efo aflvd
B20(DEERG)0 D HOOJANAUEMA@EB]E3 MEBSIWVIFENE. NEAUUIMEBOM VIGO0, DEGUDO,
GMZEBRUB, @RAIOD MUORLIMB:UB, @RMVINOME U3, AYMBHEYMENHUT DD AlRV®] af)sEElom ms
afo#e)o agM@Neng allesaBud agmilal 0o &oejalaemal®@oe Alua]selee)e. Loleng o8s
S#60 (WALOaNABQYo ©IBUW AUOWVIEe B0 AMMILINSN B0 H2IEQEMEANE)  (AIWOMAIE.
oD $oo NlUEMA@SH]ed  aflel  OMI@I® BB  @RSERIVISIME  ag)M@IMOG3
@OB:UBOBOOMOB:IRN0  MVoDWEAD  &)S)ORIOWeME:IR)e AllIEEBU3 CAMORBIGRID, alom
O Vo ME@H:)M@IM) A)MBal)o, alOMEGILIVSANGd af®) MVAWED)o Al0Mo MSEM
QIGEIESD NITWOS)MB@IMIV]  @ROIW]l5)8801G0ESI GaldBleedMd  @IBUBHS MLIOGODYR)

v

6ns.

MUealssid (Sod600) af)eHe98:08WIe@I(Wanl (agimigle)agmosains?
80) ol®lal  ag)CeeoHoRWIECWIWadl MSaISIWOEM o)V, MEAR)HUZ  GUDELG]2EUDAHO
)60 VMEBIE3 @am mlanlenss 680) crLIadgeAIDO)alcINly] @R@IMIW] (alE® B0

afltodeimo ©alQ)o.

0D aloMo af)(BTOMagloem?
@R@H0] COIVIBEITE WMV(OBHIVTHH CUoado WSO eaUMBSIesISlOd  (aludEmmAlo
emgal)o 0s®) oUMSIHB agaiglmaianes aNeiwlo)Em)s:.

Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum

86



(01 afi(® @loymoud wMEg)S candd easleemd mMaury Eraf assacmog],
@0y UM Mal)@o
Al B:S)H6) GHWINEMEIGE @0B:UB af)(m) 621Q)6Mo?
©@OB:B)OS COOY)  BIHHUIMEBBOSa]] MEBBERIS al0W)d, ®IB:8)6S allaeeeRud (glmeees,
af)BLe0 0leqjods)&8)65 210)(@0) DRIBE(S06M1B6 all&)ErVoc 6B 8@ mlam)o
GUDALRILHIMSS @PM)AUOBo M@, @OBUB 20W] af)ceoDee)0 MiasWIM deazlonlm)o

aflewaodemo.

D@ ag)® MAWo af)S)Ee)o?
®08:8)65 ®)sBalleloro mumdrm mawed alleiloyemeala) 15 almlgie 2 W ageLeoWes 15

0)®@3 30 allmlg)lo ag)S)ee)o.

2)B8103 A0t AlBIGUIWMEUBHS OB aléMo MEBHEEMO?

OV alCleOLMBd ®oB:E8)0s ®SBallelonwenss alolal aEleILMES)OS BONAEM.

agiglen  (STE)esso @D  alomewl@d  alo®m:s)e0)m@lemo  ©@om:u3es  &)S)oenwi]

aflaianenzossley.

DY AlOMODIGI )OO0 @RAIODEAD GMFEAI DEENI0?
OV aloMEBIE8 @RAOWHRIM)AL, af)CHHd HIBWIECWIWadl (VElEEBIGE HSEOOOW)SS
msalslooe.  afleilo)Eem@d  01eaod51Ed  @RIVLIWICEM®Io  HENBIT3  @RGIMMMEGl2)SS

afl&lor ®os:udes elElea)o, @RMINT MOBUB alsMo ME@BHHEMo, @R mom(mﬂsmg coUaeY.

aloMo @RE0E]|GUdnHo ®OBUBLS aloMEBIEd MIM)o AllBA0oMIE:)E0?
DD alOMOBOLI @IBS)OS alB®ISIomo @dhafjo MVICAWDOW)o afi®) MAE@Do allidaooond
MDA SSOAEN).  @OBBEEBOM  H2IT®ORNo ®IBHBYOS aldlal  2l&lEVO® @R

smow’lesﬂ%.

aloMo @RAIMIM]ajGUdaHo ag)a®) (MUoRANee)o0?

201 af)GHe0 o’]c«aod&é‘ @OBH:BIOS  DalCINAWMIMIV] @IB:B)OS @U@  Bag)WwlIGEd
WAIHESEMIES  OaWSOEd  H08eWIT] MV eHlee)o. Mgl  afluessglcdmlm)ss
wesolm  aeyemsd os@  eamSlesglond  (aludommane emgale  afleileyemond

9alcWIN1E)o.

aloMEDIGD alOB:S)E8O)MAUBSHE (al®antlo M@DEH)EA0?

0D alOMEWIGY alo®:S)EOM@NN GOEUBSS (alGlanLlo MEBL1Q.

@08:8)65 AUJED a0 AflAIEBUd EanmiRW1Blee)cn0?
MWD aloMEONd anelERUd 6} §OABJIMI® eRAMANG (V1A 1®E1Ea 860 aleHY

©@IBOS  Cal0)OBINE (alMU1ELIB:EEMEmIERI (alddrdmemIealn @1@laol@omosslel. agamoa)o

Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum

87



o afile wiloymoud oadqilglls canod ealesdd cv@mmual Graf ashemogsl,
@®) UM (Dal)@o

aloMEBG  aleE:S)eeom quaa@la ol  @08:8)es  all&leruoceslditd alomanmow]

m.lmneﬁgcqmggaaus @IB\:8)6S @RUWlaeHnow c‘m@']g&oom @ROUICRIIHMo BalDemE600.

©IBHUBBE ]SO Gal0B)6IBS)HMEEITE BN MIMTWeS)E

WO, &HodhAg mowlelesnd, mlmled omlwad, wWlapdgeand 9.4 &odwlcwogs),

SCTIMST (eanosnd: 8019672629) eneqim)ed menwledkakarlab3@gmail.com w@eegeslcd

Saikirankakarla@sctimst.ac.in

alomelend eemals: @eMA0EN)ROR]  MIMWeqS uowtwsrudes SCTIMST-IEC
enMIBHIV(SO), @moel @OmMILO (Ganoerd. 91-0471-2524234) enwlod

iec.mem.sec(@sctimst.ac.in

Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum

88



CONSENT FORM FOR ADULTS >18 YRS : ENGLISH

SREE CHITRA THIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND TECHNOLOGY, TRIVANDRUM
DEPARTMENT OF CARDIOLOGY

CONSENT FORM FOR ADULT PATIENTS (FOR AGE > 18 YRS)

Participant’s name: Age: Y M;Sex:M /F
| (Name of Participant) aged (in years)
son/daughter of (Please tick boxes).

[11declare that | have read the above information provided to me regarding the study:
“SPECKLE TRACKING ECHOCARDIOGRAPHY IN POST SURGICAL REPAIR OF ANOMALOUS ORIGIN
OF THE LEFT CORONARY ARTERY FROM THE PULMONARY ARTERY(ALCAPA)” and agree to
participate in the study.

[11also understand that my participation in this study is entirely voluntary and that | am free to
withdraw permission to continue to participate at any time without affecting my usual treatment
or my legal rights.

[ 11 understand that the study staff and institutional ethics committee members may not need
my permission to look at my health records even if | withdraw from the trial. | agree to this

access.

[ 11 understand that my identity may not be revealed in any information released to third parties or
published.

[ 11voluntarily agree to take part in this study.

[ 11 received a copy of this signed consent form.

Name: Name & Signature of witness:
Signature: Relation to participant
Date: Date:

| attest that the requirements for informed consent for the medical research project
described in this form have been satisfied. | have discussed the research project with the
participant and explained to him or her in nontechnical terms all of the information contained in
this informed consent form, including any benefits and risk that may reasonably be expected to
occur. | further certify that | encouraged the participant to ask questions and that all questions
asked were answered.

Name and Signature of Person obtaining consent:

Dr. Kakarla Sai kiran,
Date: Senior resident, Dept. of Cardiology, SCTIMST.
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CONSENT FORM FOR ADULTS >18 YRS : MALAYALAM
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PARENTAL ASSENT FORM: 13-17 YRS : ENGLISH

SREE CHITRA THIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND TECHNOLOGY, TRIVANDRUM

DEPARTMENT OF CARDIOLOGY

STUDY ASSENT FORM FOR PATIENTS (13 —17 yrs.)

Participant’s name: Age: Y M; Sex: M/ F

| Father/ Mother / Legal Guardian
of (Please tick boxes below).

[ 11declare that | have read the above information provided to me regarding the study:
“SPECKLE TRACKING ECHOCARDIOGRAPHY IN POST SURGICAL REPAIR OF ANOMALOUS
ORIGIN OF THE LEFT CORONARY ARTERY FROM THE PULMONARY ARTERY(ALCAPA)” and
agree to participate in the study.

[ 11also understand that participation of my child in this study is entirely voluntary and
that | am free to withdraw permission to continue to participate at any time without
affecting my usual treatment or my legal rights.

[ 11understand that the study staff and institutional ethics committee members may not
need my permission to look at my health records even if | withdraw from the trial. | agree to
this access.

[ 11understand that my child’s identity may not be revealed in any information released to
third parties or published.

[ 11voluntarily agree for my child to take part in this study.

[ 1!l received a copy of this signed form.

Name: Name & Signature of witness:
Signature: Relation to participant
Date: Date:

| attest that the requirements for informed consent for the medical research project
described in this form have been satisfied. | have discussed the research project with the
participant and explained to him or her in nontechnical terms all of the information contained in
this informed consent form, including any benefits and risk that may reasonably be expected to
occur. | further certify that | encouraged the participant to ask questions and that all questions
asked were answered.

Name and Signature of Person obtaining consent:

Dr. Kakarla Sai kiran,

Date: Senior resident, Dept. of Cardiology, SCTIMST.
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PARENTAL ASSENT FORM: 13-17 YRS: MALAYALAM
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PARENTAL CONSENT FORM <£12 YRS : ENGLISH

SREE CHITRA THIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND TECHNOLOGY, TRIVANDRUM

DEPARTMENT OF CARDIOLOGY

PARENTAL CONSENT FORM FOR PATIENTS (< 12 yrs.)

Participant’s name: Age: Y M; Sex: M/ F

| Father/ Mother / Legal Guardian
of (Please tick boxes below).

[ 11declare that | have read the above information provided to me regarding the study:
“SPECKLE TRACKING ECHOCARDIOGRAPHY IN POST SURGICAL REPAIR OF ANOMALOUS
ORIGIN OF THE LEFT CORONARY ARTERY FROM THE PULMONARY ARTERY(ALCAPA)” and
agree to participate in the study.

[ 11also understand that participation of my child in this study is entirely voluntary and
that | am free to withdraw permission to continue to participate at any time without
affecting my usual treatment or my legal rights.

[ 11understand that the study staff and institutional ethics committee members may not
need my permission to look at my health records even if | withdraw from the trial. | agree to
this access.

[ 1lunderstand that my child’s identity may not be revealed in any information released to
third parties or published.

[ 11voluntarily agree for my child to take part in this study.

[ 11received a copy of this signed form.

Name: Name & Signature of witness:
Signature: Relation to participant
Date: Date:

| attest that the requirements for informed consent for the medical research project
described in this form have been satisfied. | have discussed the research project with the
participant and explained to him or her in nontechnical terms all of the information contained in
this informed consent form, including any benefits and risk that may reasonably be expected to
occur. | further certify that | encouraged the participant to ask questions and that all questions
asked were answered.

Name and Signature of Person obtaining consent:
Dr. Kakarla Sai kiran,

Date: Senior resident, Dept. of Cardiology, SCTIMST.
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PARENTAL CONSENT FORM <12 YRS: MALAYALAM
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APPENDIX :D : PLAGIARISM REPORT
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CURRICULUM VITAE

LAST NAME FIRST NAME MIDDLE NAME
KAKARLA SAI KIRAN
Date of Birth (dd/mm]yy)- 23/02/1993 | Sex- Male

Study Site Affiliation: PRINCIPAL INVESTIGATOR

Professional Mailing Address
(Include Institution name)

Study Site Address (Include Institutionname)

Dr. KAKARLA SAIKIRAN, Room No. 28, Old
PG Quarters, Sree Chitra Staff Quarters,
SCTIMST, Kumarapuram, Trivandrum- 695011

Department of Cardiology, SCTIMST

Telephone (Office):

Mobile Number: 8019672629;
8328106051

Telephone (Residence):

Email:
1. Kakarla63@gmail.com
2. kakarla63@sctimst.ac.in

Academic Qualifications (Most recent qualification first)

Degree/Certificate Year Institution, Country

MD (GENERAL MEDICINE) 2019 KURNOOL MEDICAL
COLLEGE, INDIA

MBBS 2016 KURNOOL MEDICAL COLLEGE,
INDIA

Details of professional registration: (MCl/State Registration/Bar Council/DCl/etc. including
Registration Number and Year of Registration:
APMC (ANDHRA PRADESH MEDICALCOUNCIL) 97454; 01/02/2017

Current and previous positions (most recent position first)

Month and Year Title Institution/Company,
Country
From 1/1/2020 Senior Resident, SCTIMST, INDIA
Department of
cardiology
29/05/2015 to 28/05/2018 Resident, KURNOOL
Department of MEDICAL

General Medicine

COLLEGE, INDIA

Brief summary of relevant research experience:
1. Aninteresting case of Systemic Lupus erythematosus -Rowell’s syndrome; J NTR Univ

Health Sci 2017; 6:60-3.

2. An observational clinical study of assessing the utility of PSS (poison Severity score) and
GCS (Glasgow Coma Scale) scoring systems in predicting Severity and clinical outcomes in
op poisoning; J. Evid. Based Med. Healthc., pISSN- 2349-2562, eISSN- 2349-2570/Vol.
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