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SYNOPSIS

Background & Obijjectives: Tetralogy of Fallot (TOF) is the commonest form of
cyanotic congenital heart disease. Refinements in surgical repair techniques have led to
steadily increasing population of TOF survivors. Dilation of the root of aorta & of
ascending aorta has been frequently encountered in TOF in several studies. Studies are
lacking in the Indian TOF population. This study provides information which may fill the
knowledge gap & guide further re-intervention. The primary objective of this study is to
assess the presence of aortic disease or aortopathy in survivors of TOF on follow-up (with
or without surgical intervention). Secondary objective is to determine and identify the

various factors associated with aortopathy in such a cohort.

Methods: Single-centre cross-sectional follow-up study of a historical cohort of TOF
patients, who consecutively visited our institute during the study period of August 2021
to June 2023. Patients with age greater than 10 years age, who had established diagnosis
of TOF, TOF with pulmonary atresia or TOF with absent pulmonary valve and had
undergone corrective surgical repair at least 5 years prior or those who were unrepaired,
were included. Baseline data at initial presentation & surgical details were collected from
EMR. At enrollment, 2D echo along with clinical data were taken. Primary outcome
(Aortopathy) was defined as SOV/root diameter of > 40 mm (for age > 18 years),
SOV/root Z score (as per ASE) > + 2 (for age <18 years), aortic aneurysm (SOV/root >

50 mm) or > moderate aortic regurgitation.
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Results: The study enrolled 193 patients. Their mean present age was 25.05 + 11.87 years,
with male predominance (125, 64 %). Mean duration of follow-up after surgery was 17.42
+ 7.9 years. Mean aortic annulus, sinus of Valsalva (SOV) or root, sino-tubular junction
(STJ) & ascending aortic dimension were 22.8 + 4.26 mm, 33 £ 5.8 mm, 26.96 + 5.08 mm
& 29.41 + 5.46 mm respectively. Primary outcome (Aortopathy) was noted in 69 (35.8 %)
out of total 193 subjects. Features associated with aortopathy were TOF with pulmonary
atresia, unrepaired TOF, those who had univentricular palliation & non-confluent
pulmonary arteries. Mean increase in the ascending aortic dimension was 0.68 = 0.6 mm/

year for the entire cohort.

Conclusion: The most important finding in this study was the occurrence of significant
aortopathy (35.8%) among TOF patients on follow-up. Further prospective studies with
more homogeneous data sets are needed for better characterization of growth of aorta and

for defining aortic outcomes in TOF survivors.
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1 INTRODUCTION

Tetralogy of Fallot (TOF) is the commonest form of cyanotic congenital heart disease.
Improvement in early diagnosis and surgical management has led to increase in the number
of survivors among such cohort of patients. A steady rise in the number of people with TOF
over the past forty years has also been attributed to improvements in surgical repair methods.
Natural history of the disease is becoming more evident as more patients are surviving till
adulthood. The development of severe pulmonary regurgitation (PR), tricuspid regurgitation
(TR) due to right ventricular (RV) dilation, RV outflow tract obstruction, atrial or ventricular
tachyarrhythmia, residual ventricular septal defect, and the silent progression of dilation of
aortic root, which often leads to aortic regurgitation (AR), and with progression of time, to
left ventricular (LV) dysfunction, are some of the causes of late morbidity in TOF survivors,
that necessitate the need for further re-interventions. Dilation of aortic root & ascending aorta
has been frequently encountered in TOF patients either during initial presentation or on
follow-up. In the last decade, several studies have documented progressive dilation of aortic
root in patients with repaired as well as unrepaired TOF. Various theories have been
hypothesised regarding the etiopathogenesis, including genetic pre-disposition to intrinsic
aortopathy, as well as altered hemodynamics, to explain aortopathy in TOF survivors.
However, its exact underlying pathophysiological mechanism, incidence & natural history,
remains elusive. An improvement in understanding regarding the development of aortopathy
in TOF will equip us to implement effective interventions to prevent progressive aortic disease
as more survivors of TOF live onto adulthood. The primary objective of this study is to assess
the presence of aortic disease or aortopathy in survivors of TOF on follow-up (with or without
surgical intervention). Secondary objective is to determine and identify the various factors
associated with aortopathy in such a cohort.

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

It has been commonly reported that the aortic root undergoes progressive dilation over a long-
term period following repair of TOF, with incidence that ranges between 6.6 % - 88 %
depending on the definition used for aortic root dilation in various studies. The first case report
of progressive dilation of ascending aorta in patients with TOF was published as early as
1970s (Matsuzawa et al., 1979), where a repaired TOF patient, who required replacement of
aortic valve with mechanical prosthesis was reported. In 1997, Dodds et al. from Mayo clinic,
were the first to publish a series of cases with dilation of aortic root and AR after the complete
surgical repair of TOF, in a series of 16 patients. Aortic valve replacement was performed on
all 16 patients; 11 received mechanical prostheses and 5 received bio-prostheses. Five of the
16 patients additionally underwent lateral aneurysmoplasties to reduce aortic dilation, and one
patient required an ascending aorta replacement with graft. Despite complete and
uncomplicated repair, there was increasing AR in eleven patients (Dodds et al., 1997). Niwa
et al. (2002) published a series of 32 patients, out of which approximately 15% of adult
patients with repaired TOF had been noted to have dilated aortic root, with 12% requiring
surgical intervention (Niwa, 2005). Bhat et al (2004) found dilated aortic root in a cohort of
160 uncorrected TOF patients, which worsened in the first 36 months following palliative
shunt and persisted into adulthood in those who had their condition surgically corrected. In
children who had their aortic roots dilated as infants, the diameters had stabilized with age by
middle childhood, approximately by the age of seven (Bhat et al., 2004). Chowdhury et al. in
two different case series, reported that the diameter of aortic root, as measured by
echocardiography, showed progressive dilation in 66.3% and 68.9% patients with unrepaired
TOF patients respectively (Chowdhury, Mishra, Ray, et al., 2008). On histological

examination, it was discovered that 78.4%, 96.1%, and 50.9% of the aortic samples had elastic
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fragmentation, increase in ground substance, medio-necrosis, disarray and fibrosis of smooth
muscle respectively. Patients with histologically aberrant aortas and those with fibrillin-1
exonic DNA variations had a risk of aortic dilation that was 8.83 times higher and 8.11 times
higher, respectively (Chowdhury, Mishra, Balakrishnan, et al., 2008). Francois et al (2009)
found aortic root that was initially dilated in TOF patients, normalised in size at the within 7
years post early repair. BSA-indexed sinus dimensions showed a substantial decrease from a
mean of 51.4+13.4 mm/m2 to 28.9+£7.2 mm/m2. The mean indexed sinus diameter even
declined to 21.5+3.5 mm/m2 among patients who had more than 10 years of follow-up; this
equated to a reduction rate of -4.8+5.4 mm/m2/year. The regression was more pronounced at
the annulus and STJ level (Francois et al., 2010). Nagy et al (2013) observed the prevalence
of root or SOV dilation to be 51 % in repaired TOF patients, with 1.8 % requiring aortic valve
and 2.8 % requiring root or ascending aorta replacement surgery. Presence of AR, TOF with
pulmonary atresia and presence of residual ventricular septal defect (VSD) were associated
with increased odds of dilation (Nagy et al., 2013). Egbe et al (2018) found that in repaired
TOF, 12% patients had significant aortic valve or ascending aortic disease & 29% of them
underwent aortic surgery (Egbe et al., 2018). Most recently Kim et al (2021) found that in
repaired TOF, size of annulus of aorta was stable and steady, whereas SOV and STJ dimension
showed progressive increase with growing age. Male gender and TOF having pulmonary
atresia were noted to be associated with increased dimensions of aortic root (Kim et al., 2005).
Surgeries for repair of TOF increasingly include interventions on ascending aorta. In operated
TOF patients, the cause of dilation of root of aorta is postulated to be mainly secondary to the
long-term hemodynamic stress brought on by aortic volume overflow (Tan et al., 2005).
Significant histological abnormalities in the aortic root and wall of ascending aorta is another

contributing factor to progressive aortic root dilation (Tan et al., 2005).

Several studies have proposed hypotheses regarding the etiopathogenesis.
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Prior to surgical repair, it is believed that augmented flow of blood from both the ventricles
to the overriding aorta puts more strain on the aortic wall as compared to normal individuals.
Another possible mechanism involves the aortic media undergoing histological changes
similar to those seen in Marfan syndrome and those with bicuspid aortic valve. The
pathophysiology includes non-inflammatory reduction in smooth-muscle cells, mucoid
degeneration, and disintegration of the elastic fibres within the media (Chowdhury, Mishra,
Balakrishnan, et al., 2008). Chronic hypoxia, which is an inevitable consequence in TOF
patients until surgical repair, has also been demonstrated to produce growth factors as well
as matrix-proteins that can cause irreversible remodelling of vascular wall, proliferation
of smooth-muscles, and fibrosis within the wall of ascending aorta (Meguid et al., 2015).
Marelli AJ et al. in 1994, proposed that unrepaired TOF with progressive RVOT obstruction,
the most severe form of which is TOF with pulmonary atresia, leads to increase in the right to
left shunt across the VSD, which may, in turn cause volume overload and dilation of aortic
root (Marelli et al., 1994). The disproportionate and unequal distribution of cono-truncal
tissue between the pulmonary artery and aorta, is an additional factor that accounts for
aortic dilation in TOF patients, especially those having pulmonary atresia. Chowdhury et al.
found considerable loss of lamellar tissue and aberrant histopathology in 78% and 96% of
TOF patients respectively, while studying aortic histopathology in them (Chowdhury et al.,
2008). AR has also been postulated to be caused due to the prolapse of cusps of the aortic
valve into the subaortic VSD, that lack support in TOF patients, who do not undergo surgery.
Senzaki et al. demonstrated that alteration in hemodynamics, in the form of increased aortic
strain, is strongly linked to dilation of aortic root, in repaired TOF (Senzaki et al., 2008).
However similar studies have not been done in the Indian population. With increase in the
number of TOF survivors, living till adulthood, the current study provides important

information, that may guide further re-intervention for late morbidities in this cohort.
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3 MATERIALS AND METHODS

This is a single-centre cross-sectional follow up study of a historical cohort of TOF patients.
In the study, patients of Tetralogy of Fallot, who visited our institute, SCTIMST Trivandrum,
consecutively, for routine follow-up, during the study period of August 2021 to June 2023

were enrolled.

3.1 Inclusion Criteria: Patients with age greater than 10 years age having a diagnosis of
TOF, TOF with pulmonary atresia or TOF with absent pulmonary valve and had undergone
corrective surgical repair at least 5 years prior to the date of enrolment or those who were
unrepaired, were included. This was done, to allow for sufficient age & significant time-lapse

post-surgery, for the aortic root pathology to have evolved.

3.2 Exclusion Criteria: Patients, who were lost to follow-up, not willing for consent, died on
follow-up, who had at initial presentation, diseases involving aorta, history of infective
endocarditis induced aortic valve disease, other complex congenital heart disease, apart from

those mentioned in the inclusion list, were excluded from the study.

3.3 Sample Size: Based on pre-existing studies, proportion of proportion of similar outcome
(TOF with aortic disease/ aortopathy) was estimated to be 12% (p). Keeping the margin of
error (e) 5% & confidence Level (z) 95%, the calculated required sample-size comes to 162;

using the formula N= Z2 x p x (1-p)/e?.
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3.4 Data Collection: Baseline demographic & echocardiographic details at initial
presentation, surgical details and post-operative follow-up echocardiographic data, were
collected from Electronic Medical Records (EMR). Age, sex, anthropometry data, prior
palliative or surgical interventions, age at which intervention was done, duration of follow-up
after surgery or intervention, post-operative 5 year & 10-year echocardiographic data for
aortic measurements, were reviewed from the EMR, wherever data was available. At
enrolment, clinical parameters (Heart rate, blood pressure, pulse oximetry, NYHA functional
class, clinical examination), anthropometry (weight & height), electrocardiogram & other
imaging (CT/ MRI if available) data were collected. Body surface area (BSA) was calculated
using DuBois method (Du Bois and Du Bois, 1989). 2D Echocardiography was done for all
the subjects by the primary investigator under the supervision of guides. Aortic dimensions
were measured at four levels: annulus (1), sinus of Valsalva (SOV) (2), sino-tubular junction
(STJ) (3) & ascending aorta (4) (Fig 1) (Roman et al., 1989) on the parasternal (PLAX) long-
axis view in diastole according to the American Society of Echocardiography (ASE)
guidelines (Mitchell et al., 2019). Aortic arch dimensions- proximal, transverse & isthmus,
were taken in suprasternal view. Rate of increase in ascending aorta was calculated using
current echocardiographic dimension & retrospectively collected echocardiographic data
during time of first visit or at the time of surgery, from EMR records. Aortic-valve
regurgitation (AR) if present, was further quantified as absent, trivial, mild (regurgitant jet-
height/ LV outflow tract diameter < 30%, no flow reversal in the descending aorta, pressure
half-time (PHT) >400 ms), moderate (regurgitant jet-height/ LV outflow tract diameter 30%-
59%; early flow reversal in descending aorta or PHT 251 ms-399 ms), or severe (regurgitant
jet-height/ LV outflow tract diameter >60%; holo-diastolic flow reversal in descending aorta
or PHT <250 ms) as per ASE guidelines. Other associated measurements including LV

ejection fraction, RVOT dimension and obstruction severity, RV Fractional area change
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(FAC), pulmonary regurgitation (PR), were also evaluated and quantified.

Fig 1. 2D Echo Assessment of aortic root & ascending aorta (Roman et al., 1989)
Annulus (1), SOV (2), STJ (3) & ascending aorta (4); LA- Left atrium; LV- Left ventricle,

AO- Aorta

3.5 Statistical analysis: Kolmogorov-Smirnov test was used for assessment of the normality
of continuous variables. Continuous variables were conveyed as mean and standard
deviation (SD) if they were normally distributed. Continuous variables which did not have
normal distribution, were expressed as median and interquartile-range (IQR). Categorical
variables were expressed in the form of frequency and percentage. Comparison of normally
distributed continuous variables between two groups were analysed using independent
sample t test and those which were not normally distributed was analysed using Mann-
Whitney U-test. Association between the categorical variables was analysed by chi-square
test. A p value <0.05 was considered as statistically significant. Data analysis was performed

using SPSS version 24.
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4 RESULTS

This study is an observational analysis of patients with TOF, that was conducted in SCTIMST,
Trivandrum with the aim to identify aortopathy in such cohort of patients. 193 patients were
enrolled in this study in accordance with the inclusion criteria. Their mean present age is 25.05
+ 11.87 years, with male predominance (124, 64.2%), their mean height & weight is 157.8 +
11.92 cm & 52.9 £15.21 kg respectively. Out of the 193 patients, 158 (81.8 %) had classical
TOF, 30 (15.5 %) had TOF with pulmonary atresia, 5 (2.5 %) had TOF with absent pulmonary
valve. 182 (94.3 %) had confluent pulmonary artery anatomy, 15 (7.8 %) had additional VSD,
27 (14 %) had right aortic arch. Majority had normal situs & levocardia. One patient had situs
inversus, levocardia; one had situs solitus, dextrocardia. Coronary anomaly was seen in 8 (4.1
%) patients - 6 had LAD crossing RVOT, 1 had Common ostium & 1 had Double LAD. 2
subjects had Di-George syndrome.

Table 1: Patient present age & anthropometric parameter

Parameters (n=193) N Mean + SD Range
Present age (years) 193 25.05+11.87 10.12 - 65.17
Weight (kg) 193 5291 +1521 13-105
Height (cm) 193 157.85+11.92 114 -189

Table 2: Type of TOF

Type Frequency Percent age
TOF 158 81.8

TOF with Pulmonary Atresia 30 155

TOF with Absent PV 5 2.5

Total 193 100

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

HTOF
B TOF with Pulmonary Atresia

= TOF with Absent PV

Fig 2: Type of TOF

Table 3: Patient characteristics

Patient Characteristics (n=193) (%)
Sex Male 124 (64.2)
PA Anatomy Confluent 182 (94.3)
Additional VSD Present 15 (7.8)
Arch Left 166 (86)
Coronary anomaly Present 8(4.1)
Palliative Shunt Yes 23 (11.9)

* 1- Situs Inversus, Levocardia; 1-Situs Solitus, Dextrocardia

* Palliative Shunts: 20 Modified BT Shunt, 1 Classical BT shunt, 1 Modified Pott shunt, 1
Modified Melbourne shunt

* Coronary anomaly- 6 LAD crossing RVOT, 1 Common ostium,1 Double LAD
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Characteristics during first visit (at diagnosis):

Median age at first visit was 21 months (N=192, Range < 1 month to 600 months, IQR 8-60
months). Among patients whose data was available, median weight at first visit was 9 kg
(N=143, Range 1.9 - 69, IQR 5.5 — 14 kg). Median ascending aortic size at first visit was 17
mm (N=168, Range 8-34 mm, IQR 14-21 mm); median BSA indexed ascending aortic size at
first visit for those subjects whom data was available was 26.1 mm (N=38, Range 16.8 — 61.84
mm, IQR 18.28-32.58 mm/m2 BSA). Mean LV ejection fraction & RV dimension at first visit

was 66.28 + 7.73 % (N=50) & 14.74 £ 5.07 mm (N=47) respectively.

Table 4: Patient characteristics at first visit

N Median IQR
Age at first visit (months) 193 21 8-60
Weight at first visit (kg) 143 9 55-14
Height at first visit (cm) 38 1335 102.25 - 154
Ascending aortic size at first visit 168 17 14 -21
(mm)
BSA Indexed Aorta at first visit 38 26.1 18.28 - 32.58
(mm/m2)

N Mean + SD Range
LV EF at first visit (%) 50 66.28 + 7.73 50-81
RV at first visit (mm) 47 14.74 + 5.07 6-34

Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum
24



Details of surgery:

Among the 193 subjects, 176 (91.1 %) had complete biventricular repair, 3 (1.5 %) had
univentricular palliation alone (Bidirectional Glenn shunt), 16 (8.2 %) were unrepaired. Other
palliative shunts were needed in 23 (11.9 %) subjects, which include modified BT Shunt in
20, classical BT shunt in 1, modified Pott shunt in 1 & modified Melbourne shunt in 1. Median
age at definitive surgery, for those who were operated was 63.5 months (N=176, Range 2 —
447 months, IQR 30.2-128 months). Among patients whose data was available, median
weight, height at the time of surgery was 13 kg (N=173, Range 4.3 - 70, IQR 10 — 19.8 kg),
97.5 cm (N=166, Range 55 - 189, IQR 86— 126 cm) respectively. Median ascending aortic
size during surgery was 21 mm (N=174, Range 11-41 mm, IQR 17.8-25 mm); Mean BSA
indexed ascending aortic size during surgery was 33.38 mm/m2 (N=166, SD * 9.38 mm/m2
Range 15.4- 60.76 mm/m2 BSA). Mean cardio-pulmonary bypass time was 152.19 + 50.92
minutes (N=164). Among those who underwent surgical repair, 99 required trans-annular
patch, 18 underwent monocusp reconstruction of RVOT, 16 required PA plasty & 4 required
RV-PA conduit/graft. Redo-ICR for residual VSD was needed for 5 patients on follow-up
while 2 patients later underwent PVR.

Fig 3: Type of repair

M Biventricular Repair
B Univentricular Palliation

Unrepaired
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Table 5: Surgical Details

Surgical Details Frequency (n=176) Percentage
Trans Annular Patch 99 56.2
Monocusp Reconstruction 18 10.2
PA Plasty 16 9
RV-PA Conduit/ graft 4 2.2

Table 6: Patient details during surgery
Patient details at time of surgery N Range Median IQR
Age at surgery (months) 176 2 -447 63.5 30.25-128
Aortic dimension at surgery (mm) 174 11-41 21 17.75 - 25
Weight at surgery (kg) 173 43-70 13 10-19.8
Height at surgery (cm) 166 55-189 975 86 - 126

N Mean = SD Range

BSA indexed ascending aorta 166 33.38+9.38 15.4 - 60.76
size at surgery(mm/mz2)
CPB time (mins) 164 152.19+50.92 76 - 371

Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum

26



Follow-up characteristics:

Mean duration of follow-up after surgery was 17.42 + 7.9 years. Minimum follow-up after
surgery being 5 years & maximum being 42.25 years. Among the 193 subjects, clinical
evaluation showed mean heart rate of 85.5 = 15.02 per minute; median blood pressure
(SBP/DBP) of 116/70 mm Hg (Range: SBP- 81-194/ DBP- 43-101 mm Hg). Mean O2
saturation at room air was 97.5 £ 6.29 % (Range 70-100 %). 136 (70 %) had early diastolic

murmur & 16 (8.2%) had ejection systolic murmur on auscultation. 153 (79.3%), 36 (18.6 %),

2 (1 %) & 2 (1%) were in NYHA Functional class I, I1, Il & IV respectively.
Patient clinical details N Mean + SD Range Median IQR
at review
HR (/min) 193 85.54 +£15.02 43-191 845 76 -92.25
SBP (mm Hg) 193 117.07+16.91 81-194 116 105 -129.5
DBP (mm Hg) 193 72.06 +10.05 43-101 70 65-78
SpO2 (%) 193 97.53+6.29 70-100 100 99 - 100

Table 6: Patient clinical details at review

Table 7: Murmurs on auscultation

Clinical Murmurs Frequency Percentage
Early Diastolic Murmur 136 70.1
Ejection Systolic Murmur 69 35.6
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Fig 4: NYHA Functional class

NYHA FC

ECG evaluation showed RBBB in 142 (73.5 %) with mean QRS duration 132.1+29.48 ms,

LVH in 4 (1.9 %) & RVH in 157 (81.3 %) cases as per standard ECG criteria.

Table 8: ECG Characteristics

N Mean + SD Range

QRS duration (ms) 193  132.1+29.48 76 - 200

Frequency Percent
RBBB 142 73.5
LVH 4 1.9
RVH 157 81.3
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Echocardiographic evaluation for aortic dimensions showed mean aortic annulus, SOV
(Aortic Root), STJ & ascending aortic dimension (PLAX view) of 22.8 + 4.26 mm, 33 £ 5.8
mm, 26.96 + 5.08 mm & 29.41 + 5.46 mm respectively. Mean aortic arch dimensions at
proximal, transverse & isthmus level (suprasternal view) were 21.7 £ 4.66 mm, 19.93 + 4.55
mm, 16.17 £ 3.4 mm respectively. Mean indexed aortic root (SOV) size was 22.5 + 5.71
mm/m2 BSA. 30 (15.5 %), 10 (5.1 %) & 3 (1.5%) subjects had mild, moderate & severe aortic
regurgitation respectively. 1 patient had aneurysmal aortic root. Median LV ejection fraction,
RVOT dimension & RV Fractional area change were 64 % (Range 23-82 %; IQR 59-69 %),
26 mm (Range 10-51 mm; IQR 22.5-30 mm), 44.5% mm (Range 20-71 %; IQR 38.5-48 %)
respectively. 90 (46 %) had free pulmonary regurgitation, whereas mild & moderate
pulmonary regurgitation were noted in 25 (12.9 %) & 47 (24.3 %) subjects; while 10 (5.1 %)

& 5 (2.5 %) subjects had moderate & severe RV outflow tract obstruction.

Table 9: Echo parameters (A)

Echo parameters N Mean + SD Range
Aortic Annulus (mm) 193 22.8+4.26 14.4 - 40.9
Sinus of Valsalva(SOV) (mm) 193 33+5.38 17.0 - 50.7
Sino-Tubular Junction(STJ) (mm) 193 26.96 £ 5.08 14 -425
Ascending Aorta (mm) 193 29.41+5.46 16.7 - 47.5
Proximal Arch (mm) 193 21.7+4.66 10.4 - 40.3
Transverse Arch (mm) 193 19.93+4.55 10.0- 375
Isthmus (mm) 193 16.17+3.4 8.9-32.4
BSA indexed Aortic root size 193 225%5.71 10.81 - 57.17
(mm/cm2)
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Echo parameters N Median IQR

RVOT (mm) 193 26 22.5-30

LV Ejection Fraction (%) 193 64 59 - 69.25

RV Fractional Area Change (%) 19 44.5 38-48
Table 10: Echo parameters (B)

Echo Parameters on review (n=193) (%)

Aortic Regurgitation Frequency (%)

Nil 121 (62.6)

Trivial 29 (15)

Mild 30 (15.5)

Moderate 10 (5.1)

Severe 3(1.5)

Aortic Aneurysm 1(0.5)

Pulmonary Regurgitation

Nil 22 (11.4)

Trivial 9 (4.6)

Mild 25 (12.9)

Moderate 47 (24.3)

Free 90 (46.6)

RVOTO

Nil 121 (62.6)

Mild 57 (29.5)

Moderate 10 (5.1)

Severe 5(2.5)
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Primary outcome (Aortopathy) was defined as SOV/root diameter of > 40 mm (for age > 18
years), SOV/root Z score (as per ASE) > + 2 (for age <18 years), aortic aneurysm (SOV/root
> 50 mm) or > moderate aortic regurgitation. Primary outcome was noted in 69 (35.8 %) out
of total 193 subjects. Out of 126 adult patients (age > 18 years), 24 had SOV/Aortic root
dimension > 40 mm & out of 67 paediatric patients (age 10-18 years), 42 had SOV/Aortic root
Z scores > +2. 1 patient had aortic root aneurysm. 12 patients in all had more than moderate
aortic regurgitation. None of the patients had aortic dissection, and none of them needed any
aortic root or valve intervention. Mean increase in ascending aortic dimension in those who
were operated was 0.68 + 0.6 mm/ year (n=189) from the time of surgery or first visit (whom

data was available), till follow-up (mean duration of 17.42 + 7.9 years)

Aortopathy/Aortic root disease

No
64.2%

Fig 5: Primary outcome: Aortopathy
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Table 11: Distribution of Aortopathy

Frequency
Age: 10-18 years 67
SOV Z score (<+2) 25
AR 25
0-2

Age > 18 years 126
SOV <40 mm 102
AR 99
0-2

Grand Total 193

. Those with aortopathy
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Aortopathy was significantly noted to be higher among TOF with pulmonary atresia (p
<0.001), in those with non-confluent PA anatomy (p <0.001), in those who were unrepaired
(p <0.001) & those who had univentricular palliation (Bidirectional Glenn Shunt). Although
CPB time during surgery was higher in those with aortopathy (173 vs 151 minutes), it was not
statistically significant (p=0.214). Type of arch, presence of additional VSD, aberrant
coronary anatomy, palliative BT shunt were not significantly related to aortopathy. Also, use
of trans-annular patch, monocusp-reconstruction of RVOT, PA plasty & those who required

additional surgery, did not have significant association with aortopathy.

CPB time
400 5

350 =
300+

250 =

200+

CPB time (minutes)

150+

100

50

No Yes
Aortopathy

Fig 6: CPB time & aortopathy

The cohort who had aortopathy was found to be significantly younger (mean age 21.4 vs 27.1
years; p =0.001), had lower weight (46.9 vs 56.5 kg, p <0.001) & body surface area (1.4 vs
1.57 m2; p<0.001). There was significant statistical correlation between male sex and
aortopathy in comparison to female sex (p= 0.016). They had a younger age at definitive
surgery (73.2 vs 107.3 months; p=0.019; n= 176). Patients who persisted to have aortopathy,
already had significantly increased BSA indexed ascending aortic dimension, at the time of

surgery, (36.7 vs 32.1 mm/m2; n= 166; p=0.002). There was no significant correlation with
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duration after surgery and development of aortic root disease.

Without With p
aortopathy Aortopathy Value
Mean SD Mean SD
Present age (years) 27.1 11.4 21.4 11.9 0.001
Weight at review (kg) 56.5 13.9 46.9 15.2  <0.001
Height at review (cm) 159.2 9.9 155.3 14.7 0.028
BSA at review (m2) 1.57 0.23 1.40 0.29  <0.001
Age at surgery (months) 107.3 100.0 73.2 71.0 0.019
BSA indexed Aorta @ surgery 32.1 8.4 36.7 9.6 0.002

Table 12: Comparison between those without & with aortopathy as regard to patient
characteristics

Also patients with aortopathy also had significantly higher aortic annulus (25.2 vs 21.4 mm;
p<0.001), sino-tubular junction (29.3 vs 25.6 mm; p<0.001), ascending aorta (31.2 vs 28.3
mm; p < 0.001) & arch: proximal (23.5 vs 20.7 mm; p< 0.001), transverse (21.3 vs 19.1 mm;
p=0.001) & distal (16.9 vs 15.7 mm; p=0.022) dimensions, as compared to those who did not
have aortopathy. Clinically, those with aortic disease were significantly more symptomatic
(NYHA FC Il & above) (p =0.007) & had higher mean heart rate (87 vs 84 /min, p =0.037),
lower mean systolic & diastolic BP (112.4/68.9 vs 119.5/73.7 mm Hg; p=0.001), and lower
mean room air oxygen saturation (94.8 vs 99 %; p < 0.001), than those without aortopathy.

Among 4 cases with LVH on ECG, all 4 had aortic disease.
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Without With

aortopathy Aortopathy P

Mean sD Mean SD value
Aortic Annulus (mm) 21.4 2.7 25.2 5.3 <0.001
SOV (mm) 30.9 4.4 36.6 6.0 <0.001
STJ (mm) 25.6 4.1 29.3 5.8 <0.001
Proximal arch (mm) 20.7 3.5 235 5.8 <0.001
Transverse arch (mm) 19.1 3.4 21.3 5.7 0.001
Isthmus (mm) 15.7 2.8 16.9 4.0 0.022

Table 13 Comparison between those without & with aortopathy as regard to
echocardiographic aortic dimensions

Without With
aortopathy Aortopathy P
Mean SD Mean SD yalue
HR (/min) 83.4 12.2 87.4 12.8 0.037
SBP (mm Hg) 119.5 16.7 112.4 145 0.004
DBP (mm Hg) 73.7 10.0 68.9 9.2 0.001
Sp02 (%) 99.0 3.2 94.8 9.1 <0.001

Table 14: Comparison between those without & with aortopathy as regard to clinical
parameters

Among the repaired TOF patients, whose ascending aortic dimension on echo, at first visit, at
5 years & at 10 years post-surgery was available from EMR, when mean data was plotted
along with present mean ascending aorta dimension, it was noted that significant difference

among those with aortopathy & those without, started arising 10 years post-surgery.
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Mean ascending aorta dimension
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First visit At surgery 5 year after 10 years after Ascending
surgery surgery Aorta

Fig 7: Increase in mean ascending aortic dimension in those without (No) & those with

aortopathy (Yes)

Aortic disease P

Ascending aorta dimension Without With value
(in mm) aortopathy Aortopathy

Mean SD Mean SD
First visit 18.3 5.6 18.7 6.5 0.685
At surgery 21.7 5.6 22.7 7.1 0.307
5 year after surgery 24.0 4.1 25.5 5.9 0.162
10 years after surgery 26.1 34 29.2 4.7 0.002
Present 28.3 4.4 31.2 6.6 <0.001

Table 15: Comparison between those without & with aortopathy as regard to increase

in mean ascending aortic

dimension

The median rate of increase in ascending aorta dimension in 189 patients, as measured from

the time of surgery or first visit (for whom was available), till present day, was significantly

higher for those with aortopathy in comparison to those who did not develop aortopathy (0.

65 vs 0.39 mm/year; p <0.001).
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Table 16: Comparison between those without & with aortopathy as regard to rate of

increase in mean ascending aorta (mm/year)

Table 16: Aortic disease *p
Without aortopathy With Aortopathy value
N Median IQR N  Median IQR

Rate of increase in 115 0.39 0.15-0.69 74 0.65 0.36-1.218 <0.001
ascending aorta

dimension (mm/year)

Aortopathy
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Fig 9: 40 year male, underwent ICR for TOF 32 years back, now with dilated Aortic root in
echo

TIS1.5 MI1.1
$5-1/Adult

Fig 10: 27 year female,
TOF repaired (ICR) 21
years back, now has
severe AR on echo

149 bpm
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Adult Echo TIS0.6 Mi1

+ Dist 27.1mm
Dist 43.6 mm
Dist 36.5mm

w Dist 35.7 mm

Fig 11: 36 year male, underwent ICR for TOF 12 years back, now with dilated aortic root,
severe AR & LV dysfunction with dilated LV (CT & Echo images)
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Fig 12: 22 year male with
unrepaired TOF with
Pulmonary Atresia;
showing dilated aortic root
(echo & CT)

Fig 13: year old female, unrepaired TOF with Pulmonary Atresia in echo
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5 DISCUSSION

TOF is the commonest cyanotic congenital heart disease, with one in 2900 live-born affected
(van der Linde et al., 2011). A well-known characteristic of TOF is aortic root and ascending
aorta dilation, although the natural history of progression of aortic size over time is poorly
understood (Dodds et al., 1997). Though traditionally it has been considered to be a right-
sided condition, depending on the population examined and the criterion utilized, dilation of
aorta in this cono-truncal abnormality has been documented with a prevalence that ranges
from 6.6% to 88% (Chong et al., 2006), (Mongeon et al., 2013). There is increasing evidence
that supports an intrinsic aortopathy (Niwa, 2005), although long-standing volume overload
of the root, that leads to progressive root dilation, is also postulated as an important cause.
Aortic dilation in TOF may be detected very early during infancy & similar histological
characteristics are shared with other connective tissue disorders. (Chowdhury, Mishra,
Balakrishnan, et al., 2008). Risk for aortic dissection has however not been noted (Frischhertz
et al., 2015). Efforts that have aimed to characterize normal aortic dimensions in TOF have
been hindered by different and varying definitions used to quantify dilation. When it is defined
as SOV > +2 Z-score, 88% children (Chong et al., 2006) and 51% adults with surgically
repaired TOF have been found to have dilated aortas (Nagy et al., 2013) in different studies.
For normal adults, the upper limit of normal for aortic root or SOV extends from 37 to 40
mm for men and 33-39 mm in women depending on age (Devereux et al., 2012); If we use
this cut-off, and aortic dilation is defined as an absolute SOV dimension of > 40 mm, it is
found to be present in 23-29% adults having TOF (Mongeon et al., 2013), (Dennis et al.,
2014). In other similar studies, aortic SOV dilation has been reported to be as high as 51 % in

repaired TOF patients (Nagy et al., 2013) with SOV mean Z score of +2.03. Another study
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reported 29% of their cohort of TOF patients with significant aortic root disease (Dennis et
al., 2014). Along with aortic dilation, development of aortic regurgitation is a significant
complication noted in TOF survivors (Capelli et al., 1982). According to Chong WY et al.
2006, aortic regurgitation (AR) was present in 12% of TOF patients, who tended to have
higher Z-scores at all the aortic levels (Chong et al., 2006). Bhat et al., in 2004, reported more
than mild AR during post-infancy period in 18% of the TOF group who were surgically
repaired (Bhat et al., 2004). In unrepaired TOF patients, aortic regurgitation is postulated due
to the prolapse of cusps of aortic valve, that lack support, into the subaortic VSD (Bull et al.,
1995). In many of the previous studies, apart from aortic root dilation, significant aortic
regurgitation (more than or equal to moderate) has also been considered as a part of aortopathy

in TOF.

Several cardiac MRI studies have also noted increased aortic diameters in TOF
Patients, as compared with normal values. In one of such study, presence of aortic dilation in
28% has been noted in a cohort of 72 TOF patients (Ordovas et al., 2016). In another paediatric
MRI study of 483 patients, Z-scores for ascending aortic areas were noted to be higher in TOF
patients in comparison to normal controls (mean Z-score = 1.95, P=0.001). Some of these
studies have also published MRI based aortic Z-scores for children with TOF (Grothoff et al.,
2016), but these scores are not very widely used in routine clinical practice. Echocardiography
can be utilised better as it is a more easily accessible method of aortic assessment during

follow-up.

In this single-centre, cross-sectional follow up study of a historical cohort of
193 patients, we included patients with classical TOF, TOF with pulmonary atresia & TOF

with absent pulmonary valve. The cohort was age-wise heterogeneous, 126 out of them were
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adults (> 18 years) & 67 were of paediatric age group (10-18 years). 35.8 % (69) out of cohort
were found to have aortopathy. For defining aortopathy, our study used the criteria of SOV/
root diameter of > 40 mm (for age > 18 years), SOV Z score > + 2 (for age <18 years), presence
of aortic aneurysm (SOV > 50 mm) or > moderate aortic regurgitation, as evaluated by 2D
echocardiography. Mean (x SD) aortic SOV dimension in our study was 33 + 5.8 mm, with
mean ((x SD) indexed SOV 22.5 + 5.71 mm. 6.7 % (13) cases had moderate or more aortic
regurgitation. 1 case had aneurysmal SOV (= 50 mm). Our study, which is the largest such
cohort of TOF patient in Indian population, shows significantly high percentage of aortopathy,

which is consistent with results of previous studies.

The causes of larger sizes of aortic root in TOF have been the subject of numerous
studies. Age, gender, earlier age at repair, prior history of aorto-pulmonary shunt, pulmonary
atresia, and right sided aortic arch have all been noted to be associated in different earlier
studies, but the data is mixed. The more severe the obstruction of RV outflow tract, larger is
the size of aortic root, a relationship that is best demonstrated in TOF in its most extreme
form, that is TOF with pulmonary atresia, a correlation that has been observed in several
studies (Dodds et al., 1997), (Mongeon et al., 2013), (Meguid et al., 2015) , (Grotenhuis et al.,
2018). Similar finding has been noted in our study, in which 70 % (21/30) of TOF with
pulmonary atresia have aortopathy (p value < 0.0001). This is also consistent with the finding
that AR is likewise linked to larger aortic roots, which may be explained by greater flow over
the LV outflow tract. The disproportionate and unequal sharing of cono-truncal tissue between
the aorta and the pulmonary artery is another explanation for dilation of aorta in TOF patients,
especially those with pulmonary atresia (Anderson et al., 2010). Also, in our study, the
aortopathy was significantly higher among those who were unrepaired (88.2 %; p <0.001) &

those who underwent univentricular palliation (100 %; p =0.011). This finding also
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corroborates with previous studies. Apart from hemodynamic factor, another contributory
factor is chronic desaturation leading to tissue hypoxia in patients with unrepaired TOF
(Meguid et al., 2015). This has been evidenced to produce growth-factors as well as matrix
proteins that can cause irreversible remodelling of vascular wall, proliferation of smooth
muscles, and fibrosis in the wall of ascending aorta (Faller, 1999). This is supported by the
fact that our study also reported statistically significant lower room air oxygen saturation
(SpO2) in patients who had aortopathy in comparison to those who did not (94.8 vs 99 %; p
< 0.001). Male gender has consistently been associated with aortic dilation in repaired TOF
patients along with other congenital cardiac diseases while female sex has been found to be
protective against several adverse aortic outcomes in different studies (Nagy et al., 2013;
Dennis et al., 2014; Bonello et al., 2018). This has been postulated due to earlier decline in
aortic distensibility & elasticity with age in males as compared to females (Sonesson et al.,
1994). Our study also shows statistical correlation between male sex and aortopathy (p=
0.016), however since the entire cohort had male predominance, the finding may not be
significant. Studies have also indicated that early repair in infancy, at less than one year age
corresponded with smaller size of aortic root as compared to those who had been repaired late
(Bhat et al., 2004; Francois et al., 2010). It implies that reducing the excessive and
disproportionate flow across the aorta, can have beneficial effects on the size of aorta. Bhat et
al inferred that early surgical repair eliminated the requirement for palliative shunts and all of
their associated dilemmas, including distortion of pulmonary artery and dilation of aortic root
(Bhat et al., 2004). Thus, in order to prevent increase in aortic root enlargement, early
unloading of the volume through the aortic outflow by means of definitive repair, is
recommended. However, our study did not show that those who had earlier age at surgery,
were less likely to develop aortic disease. On the contrary, the cohort with aortopathy was

paradoxically noted to have a younger age at definitive surgery (73.2 vs 107.3 months;
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p=0.019; n= 176). Possible explanation could be that, higher proportion of aortopathy was
seen in paediatric age group of patients as compared to adult group and in whom, the
regression of aortic dilation post-surgical repair might not have been complete by the time of
follow-up, thus giving this unexpected result. Other variables which have been found to be
associated with aortic dilation in TOF patients in previous studies include palliative aorto-
pulmonary shunts (like BT shunt) with increased shunt-to-repair interval, right-sided aortic
arch, 22911.2 deletion (Chong et al., 2006; Marelli et al., 1994; Meguid et al., 2015). However,
our study did not find any significant association with these factors. There was no significant
difference in the duration of follow-up from the time of repair in our study as well. However,
when the trend of increase in the mean ascending aortic dimensions from the first visit, time
of surgery, 5- & 10-years post-surgery and till present day was analysed, among the aortopathy
and non aortopathy cohorts, who had undergone surgical repair, significant difference was
noted after 10 years of surgery, suggesting changes in aortic dimensions might become evident

even after significant duration post-surgery.

Natural history of rise in the size of aorta over time in TOF patients is poorly
elucidated in the paediatric and the young-adult population. One of the findings in our study
was that, aortopathy was higher in paediatric age group (10-18 years) of patients - 42 out of
67 cases (62.6 %) as compared to adult age group (> 18 years) - 27 out of 126 cases (21.4 %).
This resulted in the cohort with aortopathy, having significantly younger age (mean age 21.4
vs 27.1 years; p =0.001), with lower weight (46.9 vs 56.5 kg, p <0.001) & body surface area
(2.4 vs 1.57 m2; p<0.001). Two previous studies have recorded normalization of the initial
root of aorta enlargement by the time of school-going age. In one of the echocardiographic
study by Bhat et al, comparison of 43 patients with TOF, who were surgically repaired in

infancy (<1 year) to 342 patients, who were repaired after infancy, demonstrated that those
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who underwent early repair, had normalization of their aortas by the age of 7 years, whereas
those who underwent repair later in life, demonstrated to have persistent enlargement of aortic
dimensions (Bhat et al., 2004). Another study by Francois et al in which, 88 TOF patients,
repaired in infancy were followed up, echocardiography showed that while the annulus and
STJ normalized by the 7th post-operative year (Z-score < +2), the aortic root did not
normalize. Although the indexed root diameter showed notable regression over time, this
process appeared to be slowed in comparison to the annulus and STJ level, where the
regression was more pronounced (Francois et al., 2010). Both these studies, as well as findings
of our study, support the theory, that an intrinsic aortopathy affects patients with TOF at an
early age, however as the child grows, hemodynamic factors like volume overload of the aortic
root over a long-standing period, lead to perpetuation of this aortopathy. Early surgery arrests
this process to some extent, although complete regression of aortic dilation may not occur.
This was also supported by our study, where increased mean BSA indexed ascending aortic
size was noted at the time of surgery (33.38+ 9.38 mm/m2; N=166); whereas mean BSA
indexed aortic root/SOV dimension at the time of follow-up improved to 22.5 £ 5.71 mm/m2
(N=193). It was also noted that patients who persisted in having aortopathy on follow-up,
already had significantly increased BSA-indexed ascending aortic dimension, at the time of
surgery, (36.7 vs 32.1 mm/m2; N= 166; p=0.002). Contradictory to this finding, another
echocardiographic study by Grotenhuis et al found no discernible decline in the size of aorta
at the annulus or SOV in paediatric TOF patients, who had been monitored over a median
period of 3.7 years, and the dimensions continued to be steadily enlarged over time. Also, the
initial post-repair echocardiography revealed that ascending aorta was not dilated (Z-score <
2), but was dilated (Z-score > +2) during the final follow-up (Grotenhuis et al., 2018). In our
study cohort, no patient had been found to have any evidence of aortic dissection. There are

only four case reports of aortic dissection in TOF patients, reported in the literature, and almost
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all of these events occurred when aortic root dimensions were 70 mm or greater (Kim et al.,
2005; Konstantinov et al., 2010; Rathi et al., 2005). Aortic dissection has not been recorded
in any other studies, except for these four isolated case reports, a finding which is consistent
with results of our study. Incidence of aortic aneurysm is also rarely noted, our study had only
1 patient. None of those with dilated aorta or aortic regurgitation, nor the one with aortic
aneurysm, undergo any aortic root/ valve surgery or intervention. Based on this study,
standard recommendation guidelines for congenital heart diseases, for aortic replacement may
be followed for management of patients with TOF & any intervention on the aorta may be

opted for, on case-by-case basis as per the opinions of a multidisciplinary team.
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6 LIMITATIONS

Firstly, the study is a cross-sectional study of a retrospective cohort. Hence availability &
accuracy of retrospective data collected from the EMR review was a major limitation.
Secondly, a convenient sampling method was used, in which consecutive patients coming
for routine follow-up visit were enrolled. Also, this was a non-blinded study, so selection
& observer bias was not eliminated. Thirdly, echocardiography was used for the
measurement of outcome variable, which is subjective & user-dependent. Intra-observer
variability could not be assessed. Fourthly, another limitation was wide variability in data
set, especially age group & duration from the first presentation & surgery. Fifth, rate of
increase in aortic dimension was calculated from retrospective data and the normal rate of
growth of aorta was not accounted for during calculation. Finally, our study is not
powered for detecting associations with the various individual factors, and hence the

results might not apply to the entire population of TOF as a whole.
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7 SUMMARY AND CONCLUSIONS

In conclusion, this study done among an Indian cohort of TOF survivors, has important
clinical implications. In this study, we found that aortopathy is common in TOF patients,
present in 35.8 % (69 out of 193 patients). 6.7 % (13 out of 193 patients) had moderate or
more aortic regurgitation. All aortic measurements including annulus, STJ, ascending aorta
& arch dimensions were higher in those with aortopathy than those without. Features
associated with aortopathy were TOF with pulmonary atresia, unrepaired TOF, those who
had univentricular palliation & non-confluent pulmonary arteries. Rate of increase in
ascending aortic dimension was significantly higher in those with aortopathy than their
counterpart. Though our study is a cross-sectional study of a retrospective cohort, it is the
largest such study in India. Further prospective studies with more homogeneous data sets
are needed for better characterization of the growth of aorta and for defining aortic
outcomes in TOF survivors. Also the findings need to be compared with the normal
population. Optimal management of aortic root dilation & aortic regurgitation in TOF
patients is in an evolving phase because little evidence-based information is currently
available. The need aortic root or valve surgery or intervention is low. However judicious
follow-up of the aortic dimensions & monitoring the progression of AR, if present, is

recommended in TOF patients even after repair.
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APPENDIX B - SUPPLEMENTARY TABLES

PROFORMA
TOPIC: AORTOPATHY IN TETRALOGY OF FALLOT FOLLOW-UP
IN ATERTIARY CARE CENTRE IN INDIA

ADMISSION DETAILS
1. Patient Details:
Name: Date of first review at SCTIMST:
Hospital Number: Sex: M/F
Date of Birth
Address :
Phone No:
Age at First Contact: Years Months
Age & Date at First Diagnosis
Present Age Years Months

Repaired/ Unrepaired

2. Clinical Details at First Review:

Symptoms:

Heart Rate: /min
BP: /mm Hg
SpO2:

General Examination:

CVS Examination :

Syndromic: Yes/ No (Specify)
3. Anthropometry at First Review:

Weight: kg ( Zscore)
Height/Length cm (- Zscore)



Body surface Area: m

4. Investigations at first review & subsequent visits :

Investigation

Date

Result

Situs

Pulmonary anatomy

Additional VSD

Aortic dimension:
Annulus
Root (SOV)
Sino-Tubular Junction
Ascending Aorta
Transverse Arch (Proximal,
Distal, Isthmus)

Aortic Valve Morphology
LV/RV Function

Arch side

Coronary anomaly
Impression:

ECG

Other Radiological / Imaging:

e Cardiac CT Scan

e Cardiac MRI
e Others:
Genetic Study (if any)

5. Final Diagnosis: TOF/ TOF with pulmonary atresia (TOF/PA)/ TOF with absent

pulmonary valve/ Others ( Specify)
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6. Surgical Details

e Age & Date at definitive repair
o Type of definitive repair:
o RVOT reconstruction (transannular patch/ graft type/ conduit, monocusp
reconstruction/ PA plasty/ other associated surgery)
o Palliative Procedure if any:
e Other Details:
o Complications if any:
e Redo surgery if any:
o Weight (kg) Height/ Length (cm) BSA(m2)
e Echo-
o Ascending Aorta Dimension (mm) at surgery-
o Ascending Aorta Dimension (mm) at 5 years post-surgery
o Ascending Aorta Dimension (mm) at 10 years post-surgery

7. Follow-up Details
e Date of Follow up:
e Age at Follow-up
e Anthropometry at follow-up

Weight: kg (  Zscore)
Height/Length cm ( Zscore)
Body surface Area: cm?

e Clinical Details:

Symptoms:

NYHA FC:

Heart Rate: /min
BP: /mm Hg
SpO2:

General Examination:

CVS Examination:

Medications:

8. Echocardiography at Follow Up:

61



Date Results (Absolute) BSA indexed/ Z
score
AORTIC DIMENSIONS (PLAX)-
Annulus (mm)
Root (SOV) (mm)
Sino-Tubular Junction (mm)
Ascending Aorta (mm)
Transverse Arch (Proximal, Distal, Isthmus)

AORTIC REGURGITATION
(Nil/Trivial/ Mild/ Moderate/

Severe)

AORTIC STENOSIS
(Nil/ Mild/ Moderate/ Severe)

ANEURYSM
(Aortic root or ascending aorta dimension >50mm)

OTHER PARAMETERS
RVOT (mm)
LV Dimension (mm)
LVEF (%)
RV Dimension (mm)
RV FAC (%)
PR
RVOTO

Aortic Root Disease/ Aortopathy: Yes/No

SOV/root diameter of > 40 mm (for age > 18 years),
SOV/root Z score > + 2 (for age <18 years),

Aortic aneurysm (SOV/root > 50 mm)

> Moderate aortic regurgitation

9. Other Investigations:

Investigation Date Result

ECG

Other Radiological / Imaging: (if any)

Cardiac CT Scan
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Cardiac MRI

Others:

Blood Investigation:

63



INFORMED CONSENT FORM
Title of Study:

AORTOPATHY IN TETRALOGY OF FALLOT FOLLOW-UP IN A TERTIARY
CARE CENTRE IN INDIA

Principal Investigator: DR. USNISH ADHIKARI, DM Senior Resident

Guides DR KRISHNAMOORTHY K.M. HOD & Professor, Department of Cardiology,
DR ARUN GOPALAKRISHNAN, Associate Professor, Department of Cardiology
SCTIMST, Trivandrum

Please tick the following points:

(i) I agree to participate as a participant in the study described in the Participant
Information Sheet attached to this form.[ ]

(i)l acknowledge that | have read the Participant Information Sheet, which explains why |
have been selected, the aims of the study and the nature and the possible risks of the
investigation, and the information sheet has been explained to me to my satisfaction. [ ]

(iii)Before signing this consent form, | have been given the opportunity of asking any
questions relating to any possible physical and mental harm | might suffer as aresult
of my participation, and | have received satisfactory answers.[ ]

(iv)I understand that my participation is voluntary and that | am free to withdraw at any time,
without giving any reason, without my medical care or legal rights being affected.[ ]

(V)1 agree that research data gathered from the results of the study may be published,
provided that | cannot be identified.[ ]

(vi)l understand that if 1 have any questions relating to my participation in this
research, | may contact my doctor, who will be happy to answer them.[ ]

(vii)l acknowledge receipt of a copy of this Consent Form and the Participant
Information Sheet attached to this form [ ]

Name of Participant

Signature of Participant

Date Time




Name of Witness

Signature of Witness

Date Time

Name of Person conducting Informed Consent discussion

Signature of Person conducting Informed Consent discussion

Date Time

e If you have any questions, concerns or complaints about the research please contact:

Dr. Srinivas G

Member Secretary, Institutional Ethics Committee,
Sree Chitra Tirunal Institute for Medical Sciences and
TechnologyTel: 0471- 2524689, Email:
iec.mem.sec@sctimst.ac.in
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Assent Form (For minors < 18 years)

Study Title: AORTOPATHY IN TETRALOGY OF FALLOT FOLLOW-UP IN A
TERTIARY CARE CENTRE IN INDIA

PRINCIPAL INVESTIGATOR: Dr Usnish Adhikari

Name of Participant:

We are doing a research study. I am Dr Usnish Adhikari

We are doing this study to find out to Aortopathy in Tetralogy of fallot follow-up in a tertiary
care centre in india

We are asking you to take part in this study because you are eligible for the study.
But we will only take you if you allow us. If you do not want to do so your treatment will
continue as usual. If you decide to take part now but wish to discontinue later, you can tell us

and we will take you out of the study.

Once you agree to take part, you will have to answer a few questions and will be examined &
echocardiography will be done

It is possible that the study will help you feel better. It can also occur that you do not get any
benefit but the information we get from you may help other children in future.

We have asked your parents [or guardian] their permission and it is all right with them.

Do not hesitate to ask questions. You can also ask us about anything later on if there are no
questions right now.

68



Assent form

Child's signature

I have been explained about the study and | agree to take part in it.

Child’s Name: Date:

Certificate by the Investigator

Tick one |Signature of the
Investigator /
representative

The child can read the assent form and was able to understand it

The child was not capable of reading the assent form, but I verbally
explained the information.

Name of Investigator / representative: Date:
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SREE CHITRATIRUNAL INSTITUTE FOR MEDICAL SCIENCES
ANDTECHNOLOGY, THIRUVANANTHAPURAM, KERALA -
695011

PATIENT INFORMATION SHEET

Title of the study:

AORTOPATHY IN TETRALOGY OF FALLOT FOLLOW-UP IN A TERTIARY CARE
CENTRE IN INDIA_

Principal Investigator:
Dr. Usnish Adhikari J, Senior Resident, Department of Cardiology, SCTIMST

Co-Principal Investigator:
DR KRISHNAMOORTHY K.M, Professor, Department of Cardiology, SCTIMST,

Trivandrum
DR ARUN GOPALAKRISHNAN, Associate Professor, Department of Cardiology,
SCTIMST, Trivandrum

Sir/ Madam,

We invite you to take part in our study titled “AORTOPATHY IN TETRALOGY OF FALLOT

FOLLOW-UP IN A TERTIARY CARE CENTRE IN INDIA_

Before you agree to participate in this research study, it is important that you read and
understand this information sheet which will provide you with all the informationneeded
for participation in this study so that you can make a well informed and considered decision
about participation. In addition, should you have any questions, the investigator and his team
members will be happy to answer them and explain to you more about this research study, the
procedure involved and the related issues. You may ask them any questions you may have
regarding the study, or ask them to explain any word or information that you don’t clearly
understand.

Study Overview
You are invited to take part in this study as you have Tetralogy of Fallot and might be at risk

of developing aortopathy. As part of follow-up, you would be clinically &
echocardiographically evaluated in this study. Patients with TOF, reviewed from 2005 to
2015 at, SCTIMST will be included in the study.

Purpose of this study
The purpose of this study is to evaluate the development of Aortopathy in TOF follow-up.

Study Procedures
If you are willing to participate, you will be interviewed and examined by investigator and

the clinical findings will be noted. This shall be planned when you are followed up in OPD.
You will have to 2D/3D echocardiography as per standard protocol which will be done free
of cost as a part of the study. The investigators will share the details with you.
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Risks and Discomfort

This study involves only history, clinical examination along with echocardiography, which
will be completed in 30 to 40 minutes time. There are no specific risks associated with the
study.

Benefits

Taking part in this research study may benefit you in early detection of aortopathy. We also
do hope that this study will shed light on whether TOF patients are at risk of developing
aortopathy on follow-up and in future for decision making based on the same.

Confidentialit
Your privacy is very important to us and the results of the tests performed on you will be

treated as highly confidential, and nobody other than the investigators listed above will be
knowing the test results. Your name or any other identifiable details will not be published
in any researchpaper or scientific presentation arising out of the study.

Rights

Your participation in the trial is voluntary. You do not have to take part in this study if you
are unwilling and you will not be losing any of your rights as a patient if you choose
not toparticipate. You will also be at the liberty to withdraw from the study at any stage
(even after signing this consent form) of the study in case you want to withdraw.

Contact Information

e When you read this information, your treating doctor will be available to discuss and
answerany questions you may have. If you have any queries please contact:
Dr Usnish Adhikari
Senior Resident, Department of Cardiology,
Sree Chitra Tirunal Institute for Medical Sciences and
TechnologyTel: +91 9779249303, Email:
adhikari_usnish@sctimst.ac.in

e If you have any questions, concerns or complaints about the research please contact:

Dr. Srinivas G

Member Secretary, Institutional Ethics Committee,
Sree Chitra Tirunal Institute for Medical Sciences and
TechnologyTel: 0471- 2524689, Email:
iec.mem.sec@sctimst.ac.in
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