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ABSTRACT
Background and objectives:

Cyanotic heart disease refers to a type of conglehdart defect that causes
cyanosis, a bluish discoloration of the skin andcous membranes. This condition
occurs because the heart defect allows oxygen-plomd to mix with oxygen-rich
blood, resulting in decreased oxygen levels inbllledstream. Cyanotic heart defects
often involve structural abnormalities in the hehet affect how blood flows through

the heart and to the lungs.

Some most common cyanotic heart defects include:

=

. Tetralogy of Fallot

N

. Transposition of the Great Arteries

w

Tricuspid Atresia
4. Total Anomalous Pulmonary Venous Return (TAPVR)

5. Truncus arteriosus

Cyanotic heart defects typically require surgicaleivention early in life to
improve blood flow and oxygenation. Surgery aims dorrect the structural
abnormalities or to temporarily improve blood flamtil definitive repair can be
performed. The long-term outlook for individualsthvcyanotic heart disease depends
on the specific defect, the timing of interventiamd any associated complications.
Advances in surgical techniques and medical manegenhave significantly

improved outcomes for many patients with these itmms.
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The objective of the research was to evaluate the sensitivitgcisicity, and accuracy
of CT scan in detecting diverse cardiovascular abatties in individuals with
complex congenital heart disease. It also souglgatber additional information for
pre-operative patients with inconclusive resultsemmocardiography. Furthermore,
the study aimed to compare the findings of multed®r computed tomography
angiography (MDCTA) with 2D-echocardiography to wetely outline the
morphological characteristics of the cardiovascsjemtem. The goal was to determine
whether MDCT could potentially replace diagnostah@cardiography for assessing
complex CHD.

Approach: In a prospective, comparative, single-center \stadtotal of 42 patients
aged between 0 days and 17 years were enrolledatRedaardiologists referred all
patients between January 2023 and december 20Ri&l kchocardiography was
conducted on all patients, and final diagnosis wasfirmed on CTA and all the
findings correlated with echocardiography findings.

Results

We discovered that 39 (92.9%) had a 2D Echo didagraisSCCHD, while 41
(97.6%) had a CT angiography diagnosis. TOF wasrtbst prevalent CCHD of all.
CT and ECHO incidences were 15 (35%) and 14 (33#gpectively. Additional
findings from CT angiography included 5 (11.9%) witAPVC, 4 (9.5%) with
DORYV and pulmonary stenosis, PAPVC, Hypoplastict Mntricular Syndrome, 3
(7.1%) with coarctation of the aorta and interrdpé@rtic arch, 2 (4.8%) with TGA,
and 1 each with Truncus arteriosus and Tricuspigseat with Ebstein's anomaly. On

CT angiography, no missed diagnoses were found.
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According to our research, cyanotic cardiac diseese the most frequently
reported tetralogy of fallot. The inability of edwardiography to distinguish the
structure of the pulmonary arteries was its prinfeayw. CTA angiography provided
a more accurate diagnosis of pulmonary stenosisatmedia than echocardiography
did.

Congenital heart abnormalities that restrict opeahe blood flow through the
pulmonary arteries can result in the developmenmaftiple pulmonary collateral
arteries, or MPCAs. Six of the 14 cases with T@®eur investigation had collateral
arteries present, located, sized, and running, lwthie echocardiogram had evidently

missed. These cases were identified by CTA.

Additionally, CT angiography was essential in owveastigation for the
identification and characterization of these ag®risupporting clinical judgment and
patient management plans.

The CTA provided a clearer picture of the presesfdgypoplastic aortic arch coupled
with aortic coarctation, while most patients diagew by echocardiography did not

show these features.

Conclusions:

The overall sensitivity of the MDCT angiography tbe detection of intra &
extra cardiac anomalies is higher comparable teeth®cardiography predominantly
in pulmonary vascular anomalies, coarctation otaa&r hypoplastic aortic arch and
multiple pulmonary collateral arteries. It is a Hilig useful tool for preoperative
planning and postoperative follow-up, and it can used as an alternative for

echocardiography in complicated congestive hedrréa
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INTRODUCTION

Congenital heart disorders (CHDs), which accountlfé of all live births, are
the most common congenital birth defects. A grag®rt on hereditary heart diseases
advocates that, based on the former analysis, densg a natal prevalence of CHD
as 9/1000, the estimated incidence of progenies Wwiah CHD in our India would be
larger than 200,000 per yéaAmongst these about 11%ire about to progress serious
defects, who need an intervention in the first yafaheir life 12

Based on the physical examination results of cyian@uish discoloration of
the skin), there are two main categories of CH@®notic and acyanotic. The left
half of the heart receives systemic venous blostead of the pulmonary circulation
in cyanotic CHDs. The "5 Ts" are the most significayanotic CHDs and comprise.
34,5

- Tetralogy of Fallot

- Transposition of the great arteries (TGA) and

- Tricuspid atresia

- Total anomalous pulmonary venous connection (TARVR)

- Truncus arteriosus

In cyanotic congenital heart disease (CCHD) thereseen blue coloring
turning of the skin as usually happens in the tiiegers, and lip§.Echocardiography
has been the initial imaging modality for the assgnt and diagnosis of CHDs. This
technique is commonly operator's dependent witheplation error limited through

an acoustic window/

Page 1



| ntroduction

The gold standard method for detecting congestiarthfailure (CHD) is
usually traditional angiography, which has sevdralwbacks such as being invasive,
requiring general anesthesia, and exposing newbtwngdiation and iodinated
contrast chemicals.

Overall, the availability of advanced CT and MRheglogies has certainly
revolutionized cardiac diagnostics, offering saterd less invasive options for
evaluating heart health and reducing the needrfeasive procedures like cardiac
catheterization in many cases.

One of the most reliable methods for identifyindamtile congenital heart
disease (CHD) is diagnostic cardiac catheter amgpity, or CCA. Due to the
invasive nature of the treatment, large doses wiziog radiation, the necessity for
general anesthesia, and difficulties connected hi® ¢atheter, there are certain
limitations.®®

The sound structure and functionality of even egtrdiac circulation, such
as the pulmonary arteries, coronaries, aorta, gstmmic veins, or pulmonary, could
be expressed by multidetector computed tomogra@iyangiography). This would
even show the pulmonary parenchyma, the airway, thode vessel walls and
mediastinal anomalie8.

With the above knowledge, despite the advancenieritaging modalities,
there remains a need to evaluate the efficacy aledaf 128-slice CT angiography
specifically in the evaluation of congenital cyandteart diseases. The objective of
this research is to evaluate the overall accuraewsitivity, and specificity of CT
angiography in the diagnosis of cardiovascular am® in patients with congenital
cyanotic heart disorders. It also aims to inveséighe usefulness of CT angiography

in offering thorough anatomical data for preopematplanning and postoperative
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| ntroduction

monitoring. By addressing these objectives, thseaech aims to contribute to the
optimization of diagnostic strategies and managénpeotocols for patients with

congenital cyanotic heart diseases.

1.2 Significance of accurate evaluation in CHD management

Accurate evaluation of CHD is paramount for optim@nagement and outcomes.
Timely diagnosis and characterization of the cardiad extra-cardiac anatomy are
essential for planning appropriate interventioniethier surgical, interventional, or
medical. Furthermore, precise evaluation enabldg egentification of complications
and facilitates targeted therapeutic strategiesn@uto a precise diagnosis of CHD
begins with comprehensive imaging studies, whi@hiadispensable for the detailed
visualization required. Technologies such as edflimgraphy, cardiac magnetic
resonance imaging (MRI), and CT angiography (CTAJans have become
fundamental tools in the diagnosis and ongoing meament of CHD.
Echocardiography, for instance, provides essemtifgrmation on heart structure,
function, and blood flow without radiation exposumeaking it particularly useful for
initial assessments and routine follow-ups. Howgven cases where
echocardiography is limited by acoustic windowsmren more detailed images are
necessary, techniques like MRI and CT scans ardogegh These modalities offer
superior spatial resolution and the ability to captcomplex anatomical details and
are especially beneficial in pre-surgical plannamgl in assessing the relationships of
cardiac structures with surrounding tisséfes-

Moreover, the role of cardiac catheterization hasved from being primarily
diagnostic to more therapeutic, often used in awetjon with other imaging

modalities to provide a comprehensive overviewhef heart's anatomy and function.
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It allows for the measurement of pressure and axygeels in different parts of the
heart and blood vessels, which is critical in asisgsthe severity of the disease and
planning for interventions like stent placementdaltoon angioplasty.

The timing of these diagnostic interventions isoatsucial. Early diagnosis
through prenatal screening and immediate neonasésament can significantly
impact outcomes by allowing for prompt intervensiafter birth, thus preventing the
progression of the disease and the onset of coatigits. This early intervention
strategy is particularly important in severe cage€HD, where delays can lead to
detrimental outcomes such as heart failure, orgamagie, and in some cases,
death141®

Beyond the physical assessment, genetic testingbbaesme increasingly
relevant in understanding the etiology of congeértitart defects, which in many
cases have a genetic component. ldentifying gemetickers associated with CHD
can not only help in diagnosing the condition bdebaaid in family planning and the
assessment of recurrence risk in future pregnari€ies

The management of CHD does not end with the inida&gnosis and
intervention. Long-term follow-up using these sapicated imaging tools is essential
to monitor the patient's progress, manage ongomgneerging complications, and
adjust treatment plans as necessary. This ongoamitoning is vital, as many patients
with repaired CHD can experience residual issueb &8 arrhythmias, heart failure,
or pulmonary hypertension.

The implications of these diagnostic advancemergspaofound. They not
only enhance the quality of care but also imprdweduality of life for patients with
CHD. With early and accurate diagnosis, tailoreterwventions, and continuous

monitoring, patients can achieve be 2D echocardpmnyy developmental outcomes
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and lead fuller, more active lives. This comprehenapproach to the management of
CHD underscores the importance of an integratede da@am that includes
cardiologists, cardiac surgeons, radiologists, f@edans, and geneticists, all
working together to deliver optimal caté!®

The precise evaluation of CHD is more than a diagocchallenge; it's a
critical component of holistic patient managemérdt tinfluences every decision in
the treatment continuum. From the initial detecttbrough to long-term care, the
advancements in diagnostic technologies and melbgids have paved the way for
improved survival rates and be 2D echocardiographafity of life for those affected
by this complex group of diseases. As researchtecithology continue to advance,
the prospects for those living with CHD will onlgnprove, reinforcing the need for
continued innovation and application of the bestilable diagnostic and management

practices?®
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Aim & Objectives

AIM & OBJECTIVES

To evaluate the sensitivity, specificity, and aeayrof CT angiography in the
diagnosis of congenital cyanotic heart diseaseatiepts and to gather extra cardiac
anomaly information for the purpose of organizirg ttreatment for the patient
coming to the Radiology department of KLE's Dr. Ithakar Kore Hospital,

Belagavi.

Primary Objective

The primary objective of this project is to rigosby evaluate the diagnostic
performance of the 128-slice multi-detector comgutemography CT angiography
(MDCTA) in the detection of congenital cyanotic hediseases (CCHD). Specific
metrics to be assessed include:

This evaluation will help quantify the effectivesesf CT angiography compared to
current standard diagnostic practices and estaligshieliability and potential to

replace or supplement existing diagnostic modalitie

Secondary Objectives
The secondary objectives of the study are desigoetbrrelation with 2D-
echocardiography findings in both pre-operative post-operative patients.
o To compare the findings of CT angiography with thad echocardiography,
particularly focusing on the aspects where CT agmgiphy might provide

additional information or clearer imaging.
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Review Of Literature

REVIEW OF LITERATURE

Congenital heart disease (CHD) is the most fredueaturrently happening
congenital disorder, accountable for 28% of allorégd congenital birth defects. The
provincial partition of cases displays that northeart of India has pragmatic with
higher prevalence of cases than any other. Uttadddh, Bihar, Jharkhand and
Madhya Pradesh, which apparently have much gré&3#d burden as compared to

the rest of states, have coped much witse.

M North

M East

0 West

B South

M Central

O North East

Graph 1.- Piechart for prevalence of casesin India

Taleb AA et al had analysed Out of the 50 newbevits CCHD diagnoses,
39 (78%) had a M/F ratio of 3.55:1. At presentatitre average age was 11.78 £ 9.4
days. In our NICU group, the frequency of CCHD wegorted to be 9.5% (50/524).
D-transposition of the great arteries (D-TGA) acued for 66% of all cases of
CCHD, with complex CCHD (12%), hypoplastic left hesyndrome (HLHS) (12%),

and hypoplastic right ventricle (2%), being theslgarevalent types-
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Kapoor R et al in their epidemiology data seen phevalence of 26.4 per 1000
patients. VSD (ventricular septal defect) was théual lesion (21.3%), followed by
ASD (atrial septal defect) in 18.9% and PDA (patéattus arteriosus) in 14. 6%.
Tetralogy of Fallot was the frequent cyanotic hetisease (4.6%). Supreme number
of children with heart disease (82.9%) were diagddsetween 0-3 years of afe.
Chaudhary A et al studied 150 patients aged undgeas presenting with
signs and symptoms expressive of CHD were evaluatés study. 91 were found
to have congenital heart disease. VSD in 31.87%) A&29.98%, PDA in 9.9% TOF
in 5.49% and complex heart diseases in 16.48%ca$és. more number of cases
(46.15%) in 1 to 12 months of age, 37.37% caseasemnatal period,16.48% cases
there in were of 1 to the 5 years of age. In theennhost common at the time features

were difficulty in breathing, followed by feedingffitulty. 13

A VIEW OF CONGENITAL HEART DISEASE!>:16

The CHDs are mainly due to the following conditions;

1. Malpositions of Heart Dextrocardia may be accompanied by situs inversus

2. Shunts (Cyanotic CHD)

3. Obstructions (Obstructive CHD)

OBSTRUCTIONS

1. Coarctation of Aorta 5-7%

2. Aortic stenosis and atresia 4-6%

3. Pulmonary stenosis and atresia 5- 7%

Page 8
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SHUNTS

A. Left to Right shunts (Acyanotic or Late Cyanotic group) cyanosis months or years

after birth 17.18.19

1. Ventricular septal defect (VSD) -25-30%

2. Atrial septal defect (ASD)- 10-15%

3. Patent ductus arteriosus (PDA)- 10-20%

B. Right to Left shunts (Cyanotic group) 20-21.22

1. Tetralogy of Fallot (TOF)- 6-15%

2. Transposition of great arteries -4-10%

3. Persistent truncus arteriosus — 2%

4. Tricuspid atresia and stenosis 1%

Page 9
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Congenital heart disease CHD classification

. , oy

‘ ' dnbpediatrics.com
|

&

Volume Pressure Decreased Increased

overload overload Pulmonary Pulmonary
blood flow blood flow

s Left -> right shunts

» AV regurgitation + Tetralogy of Fallot ~ * TGA

+ Some cardiomyopathies o Tricuspid Atresia » TAPVC

* Truncus arteriosus
* Hypoplastic left heart
Outflow Inflow
obstruction obstruction
* Tricuspid stenosis
« Mitral stenosis and
+ Cor triatriatum.
2
At valve Below valve Above valve
* Valvular pulmonic * Double-chambered * Branch pulmonary
stenosis right ventricle stenosis
* Valvular aortic * Subaortic membrane  ® Supravalvular aortic
stenosis stenosis

* (Coarctation of aorta

Table 1. Classification of congenital heart diseases
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 Tetralogy of Fallot: Tetralogy of Fallot (TOF) as seen above, is the tmos
common cyanotic hereditary heart disease, on beldbo to 7% of all known
type CHDs. TOF is a conotruncal cardiac defect gmieed by a large and
anteriorly mal-aligned ventricular with septal dgfean overriding of the aortic
root, and even narrowing of the sub pulmonary dad pulmonary valves. Right
ventricular with hypertrophy is subordinate to tiestacle in the right ventricular

tract depletion and pulmonary valve as vi&f?

Normal heart Tetralogy of Fallot

Overriding aorta

Pulmonic
stenosis

Ventricular
septal defect

Right ventricular
hypertrophy

FIGURE 1: DIAGRAMMATIC REPRESENTATION OF NORMAL VSTETRALOGY OF FALLOT

» Transposition of great arteries: TGA is a childhood cardiac congenital defect
rising from an embryological discord between thgamaessel aorta and other
bigger vessel pulmonary trunk. During developmdrteart, the conotruncal, the
dividing septum helixes near the aortic sac thymsging the truncus arteriosus
into the pulmonary and separated aortic networkes& channels then developed
as pulmonary arteries and aorta, correspondinglA Thefalls when the
conotruncal septum flops to trail/track its spicalurse and rather it led to linear

orientations. Accordingly, the aorta ascends ashef right ventricle and the
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pulmonary trunk get up from the left ventricle. Tdgreatest commonest formed of

TGA is referred to as dextro-TGA (D-TGA}242526

Vessel connecting
aorta and pulmonary
artery (PDA)

Opening
between atria  §

(atrial septal

defect - ASD)

Right coronary =
artery |
|

FIGURE 2: DIAGRAMMATIC REPRESENTATION OF TRANSPOSITION OF GREAT ARTERIES

* Persistent truncus arteriosus. Truncus arteriosus is a occasional, inherited,
cyanotic cardiac incongruity considered the defedth ventricular septal defect
(VSD), common ventricular outflowing tract and angle truncal valve.
Systemically and pulmonary venous blooding mixethatVSD and desaturating
blood is ejecting into the outflow tract. The pulmaoy arisen arteries will be
directly from the truncus. Thus, pulmonary vascuksistance (PVR) regulates
the quantity of pulmonary blood flow (PBF). Deathbieginning is probable short

of surgical involvement’2®
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Aorta

Pulmonary
artery

Truncus
arteriosus

Wentricular
septal defect

Ventricles

B MAYD FOUNDATION FOR MEDICAL EDUCATION AMD AESEARTH. ALL AIGHTS RESEAVED.

FIGURE 3: DIAGRAMMATIC REPRESENTATION OF PERSISTENT TRUNCUS ARTERIOSUS

Tricuspid atresia: A cyanotic congenital heart flaw featuring withetbomplete

absence in formation of the tricuspid valve its&élierefore, the nonappearance of

communication among the right atrium and the velgrieading to cyanosis. This

situation will have various subtypes with wide-rangy clinical appearances

determined by the degree of pulmonary blood ffé#:!

Superior
vena cava

Atresic

valve ~---.)

Inferior vena cava

FIGURE 4 : DIAGRAMMATIC REPRESENTATION OF TRICUSPID ATRESIA
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Total anomalous pulmonary venous connection (TAPVC) : is a congenital
heart defect where the pulmonary veins, which caxygen-rich blood from
the lungs, connect abnormally to the heart or neaftbod vessels instead of
the left atrium. This condition leads to poor oxggton of blood, causing
symptoms like cyanosis and difficulty breathingriawborns. Diagnosis is
typically made through echocardiography, and saigiepair is necessary to
redirect the veins to the correct connection. Eanervention improves

outcomes significantly for affected childréh?®

Total Anomalous Pulmonary Venous Return

Different connection of
pulmonary veins to heart

Pulmonary veins do not
connect to the left atrium

FIGURE 5 : DIAGRAMMATIC REPRESENTATION OF TOTAL ANOMALOUS

PULMONARY VENOUS CONNECTION (TAPVC)
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Increased Pulmonary Vascularity Decreased Pulmonary
Vascularity

Total anomalous pulmonary venous connectiofetralogy of Fallot

(TAPVC)

Truncus arteriosus Tricuspid atresia

Transposition of great arteries Pulmonary atresia

Single ventricle Pulmonary stenosis and atrialisept
defect

Double outlet right ventricle Ebstein anomaly

Table2: By Singh SP et al on thetypes of CCHD?®

2.2EVALUATION FOR CONGENITAL HEART DISEASES

a) Fetal Echocardiogram

On of the safest modality of examination could fleefgrmed in all fetuses
who are either at greater the risk or already tippesed cases of cardiac aberration if

noted on obstetric/gestational ultrasoutid.
b) Pulse Oximetry Screening

In 2011, the American Academy of Pediatrics and theform Screening
Panel in the United States both advised pulse drymecreening for congenital

cardiomyopathy (CCHD) in newborns in 20%2.
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Only the identification of cardiac lesions with ogsis and a right to left shunt
benefited from this. Screening the right hand aitikdee foot is recommended. The

subsequent circumstances were considered abnormal:

* Oxygen Saturation <90%

* « An hour-long time interval between three readirgf®wing a variation in
oxygen saturation of more than 3% between the hight and foot;

* <95% Oxygen saturation in both hands/ feet on thmeasurements, separated by

an hour

c) Hyperoxia Test

The hyperoxia test helps distinguish between coitajdmeart disease (CCHD)
and pulmonary disease in newborns. It involves oméag arterial blood gases
initially on room air and after 10 minutes of bigag 100% oxygen. In CCHD, the
PaO2 typically does not rise significantly with #0@xygen, indicating circulatory
issues. In pulmonary disease, PaO2 usually incsealseve 100 mm Hg, indicating
lung-related problems. This test guides prompt &g and treatment decisions in

neonates presenting with cyanoés.

d) Electrocardiogram (ECG)

ECG identifies only the rhythm abnormalities, aulé or ventricular hypertrophy,

dextrocardias, or abnormal axis deviatfén.
€) Chest radiography

It can show the flow of blood in the lungs is notpacreasing, or diminished.
able to recognize particular unusual features ofHDC such as the excessive

cardiomegaly in Ebstein's anomaly, the "boot-shaedrt in TOF, the "snowman"
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in total anomalous venous circulation, and the “slggped” heart observed in
transposition of great arteries. further usefuldistinguishing between cardiac and

pulmonary disease'$:383°
f) Two-Dimensional Echocardiography

The gold standard non-invasive test for identify@igD. The gradient of outflow
tract blockage and the degree and direction of ghent can be ascertained by

echocardiography using Doppler technolotjy?°
g) Advancelmaging

Advance investigation includes cardiac cathetapmaangiography, magnetic
resonance imaging (MRI), and computed tomographyb&ERD echocardiography

visualization the structure of the heart prior &ah surgery®4°
" Invasive cardiac angiography

Gold standard and plays a important tool in the m@inensive evaluation of
congenital heart disease (CHD), providing detaidedtomical and hemodynamic
information essential for treatment planning. Invas angiography detailed
visualization of cardiac structures and precise ddymamic measurements are

required3®

1) Comparison of Echocardiography, Cardiac Catheter angiography (CCA), and

Multi-Detector Computed Tomography (CT angiography)

Echocardiography, Cardiac Catheter angiography Gihdngiography are the
three main imaging modalities used in the evalmaté CHDs, each with its own
strengths and limitations. Echocardiography is Widemployed due to its non-

invasiveness and ability to provide detailed r@aktimaging of cardiac morphology
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and function. However, it is limited by factors bBuas operator dependence and

suboptimal visualization of certain structures. CGé#though considered the gold

standard for CHD diagnosis, is invasive and assetiwith risks such as catheter-

related complications and ionizing radiation expesiCT angiography offers high-

resolution imaging of both cardiac and extra-cards&ructures in a non-invasive

manner, making it an attractive alternative to CCPhis section provides a

comparative analysis of these three modalitieeims of their diagnostic accuracy,

safety, and practicality in CHD evaluatidri®#4

Coronary CT angiography

Non-Invasive

Coronary angiography

Invasive

ECHO

Non-Invasive

Outpatient visit

Require day care admission

Outpaisit

iodine contrast

iodine contrast

No iodine contrast

Resume normal activity

Resume normal activity after 24

hours right after scanning

Resume normal activity

Risk: safer

Risk: death, stroke, CA

dissection about 1:1000

Safe

Gold standard

More emerging technique

First lineeéstigation

Table 3: Comparison of Multi-Detector Computed Tomography (CT angiography)
Cardiac Catheter angiography (CCA), and Echocar diography,
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FIGURE 6 : AXIAL & CORONAL CT PULMONARY ANGIOGRAPHY SHOWING
BILATERAL INFERIOR PULMONARY VEINS DRAINING INTO VERTICAL VEIN
FURTHER DRAINING INTO INFERIOR VENACAVA SUGGESTING- INFRACARDIAC
TOTAL ANOMALOUSPULMONARY VENOUS CONNECTION

FIGURE 7 : CORONAL & AXIAL CT PULOMANRY ANGIOGRAPHY SHOWING VSD
WITH PULMONARY  STENOSIS, RIGHT VENTRICULAR HYPERTROPHY
SUGGESTING- TETROLOGY OF FALLOT WITH LARGE PATENT DUCTUS
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CT IMAGING FOR CONGENITAL CYANOTIC HEART DISEASES

23CT IMAGING FOR CONGENITAL CYANOTIC HEART DISEASES

Multidetector computed tomography is a valuable afficient imaging
technique for evaluating congenital heart dise&sdike invasive procedures like
cardiac catheterization and to some extent carili¢, CT angiography provides

rapid and non-invasive assessméht.

Unlike conventional CT scans, CT angiography spealy tailored for
congenital heart disease evaluation requires irdgt&fion on a fully equipped
workstation. This workstation enables detailed iplabar 2D and 3D analysis,
facilitating comprehensive evaluation of cardiasiures and abnormalities. This
capability ensures accurate diagnosis and treatmpimning based on detailed

imaging datd?

Cardiac multidetector computed tomography offersessl advantages for
evaluating congenital heart disease. It providesefascanning with high speed and
extensive anatomic coverage, all while minimizingdiation exposure. The
technology includes flexible ECG-synchronized inmagicrucial for enhancing image

quality and reducing patient risk.

Current CT angiography methods excel in accuraasigessing extracardiac
structures such as lungs, great vessels, and a&@rwalgey also provide clear
visualization and detailed descriptions of cororemgries and intracardiac structures.
Radiologists conducting cardiac CT angiography hildcen must be proficient in

optimal scan procedures and interpreting typicediea CT imaging findingg?
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Compared to cardiac MRI, cardiac CT scanning offadvantages in
evaluating both right and left ventricular capasti These include rapid data
acquisition during a single breath-hold, shorteaging times, and superior spatial
and contrast resolutions. These factors faciligdsier and faster segmentation of
cardiac structures. However, cardiac MRI genenatlyvides be2D echocardiography

temporal resolution compared to cardiac CT scé¥ns.

Overall, the choice between cardiac CT angiogragtd/cardiac MRI depends
on the specific clinical scenario, balancing fasteuch as temporal resolution needs,
imaging duration, and the detail required for coemgnsive diagnosis and treatment

planning in congenital heart disedéé°

ECG-synchronized CT scans are increasingly utilice¢the modern era for
four-dimensional (4D) assessment of conotruncatraties across the cardiac cycle,
particularly when these anomalies are suspecteédbas clinical examination.
Similar to coronary CT angiography, the optimaldtac phase for ECG-synchronized
cardiac CT scans in these cases should be carskikgted based on heart rate and

clinical recommendations.

For anatomical evaluations, the choice typicallyorees around targeting a
specific cardiac phase: In patients with high hearés (>75 beats per minute), the
end-systolic phase is often selected due to itstshduration and reduced motion

artifact.

Conversely, in patients with low heart rates (<®atb per minute), the mid-
diastolic phase is preferred for its greater terapasolution and clearer depiction of

structures during diastole. This targeted appr@adures that ECG-synchronized CT
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scans provide detailed and accurate imaging oftconcal anomalies throughout the
cardiac cycle, optimizing diagnostic accuracy ariding in effective clinical

management44546

To achieve high-quality cardiac CT scans in paediagitients, it's essential to
use polyphase or dual-phase acquisition, captiriatly end-systolic and end-diastolic
phases. Placing ECG leads outside the scan rarnge teeluce metallic artifacts on
images. Optimizing scanning parameters tailoregaediatric patients, such as tube
settings and contrast dosage, improves image \cla@Gontrolling motion with
sedation, when necessary, minimizes artifacts,rargaccurate evaluation of cardiac

anatomy and condition&?

- The first step in designing a CT scanning stmecghould be to minimize gesture
artifacts by allocating the maximum through gantrtation time. Dual-source CT
scanning systems, on the other hand, provide thleebt temporal resolution (i.e.,
75-83 milliseconds), which is comparable to a portof a 360-rotation period.
-Another is that, in order to achieve higher-qyalinultiplanar reforma2D

echocardiography images, axial CT scan imagerieslghbe reproduced using as
thin as possible reconstructed sections that wowierlap at least roughly 50%
(such as 0.6 mm sections or 0.3 mm reconstructigrmissions). heart CT scan

images in two dimensions (2D) and three dimens{BD3.

Third: By using twofold selection in the z-direcatiothe z-flying focus spot of
technology can reduce windmill artifacts causedhgygeometrical aspect of the CT
angiography cone beam and increase longitudinalaspasolutions by a factor of

about 1.4.
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Lastly, an iterative reconstruction kernel or a &faptive noise-diminishing filter
may be used to lessen the picture sound on a catdiascan.

With 64-detector row CT angiography scanners, tl&imum anatomic exposure
appears to almost completely saturate the imagdityju@ddditionally, spiral
scanning may be replaced by sequential scannintg ukie most recent 320-CT
angiography scanners, which have a 16-cm z-axsitiag. The 128-slice CT now
has more detectors, indicating a greater volumesreme and faster scan times.

Alternatively, the low-tube that already existstwétppropriate photd$.

Mangal R et al studies a prospective, comparasuggle-centre study, 50
patients aged 6 days to 17 years were examined) usitiemens SOMATOM
Definition AS+ 128-slice CT scanner. Scans weredaaied from the thoracic inlet to
the L1-L2 level with detector collimation set at 280.6 mm. Slice thickness was
maintained at 3 mm. Contrast medium, a non-ionitutem at 320 mg/ml
concentration, was administered intravenously ahlXg with a flow rate of 2-3
ml/sec. For enhanced anatomical detail, at leastpfwases were captured per patient.
The specific region of interest varied dependingranstudy type; for instance, image
acquisition was synchronized with contrast enhamcgnn the ascending aorta when
imaging the aorta, such as in cases involving safgghunts or coarctation of the

aorta..

Collimation of the detector was 28 x 0.6 mm. Theeshas a 3 mm thickness.
Non-ionic contrast media with a dosage of 320 mgdmd a flow rate of 2-3 ml/sec
was used. For more anatomical information, at |eéast phases were recorded for
every subject. The focus area differed dependinghenkind of investigation. We

employed contrast enhancement imaging in the agsugrrta to get images of the
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aorta in patients who had aortic coarctation ogisat shunts. They found that, in

contrast, The CT angiography is just as effectwe€C&A in They activated scanning
of the left or right pulmonary arteries or the mgyalmonary artery when evaluating
the pulmonary vasculature. When dealing with irdrd@c shunts, the procedure is
more difficult. mage acquisition was triggered thié right atrium for suspected right-
to-left shunts and off the left atrium for suspeécleft-to-right shunts. The study
identified a total of 177 cardiovascular anomaligsluding three cases of ventricular
septal defects (VSD) and one atrial septal defA&DY) that were missed on CT
angiography. The overall efficacy of CT comparedctiheter angiography was
reported to be 97.1%, indicating high accuracy iagdosing cardiovascular

abnormalities in this cohort of patients.

In a study involving 50 patients, several anomalese identified, including
three cases of ventricular septal defect (VSD) and case of atrial septal defect
(ASD) that were missed on CT angiography. Oveth#, combined accuracy of CT

angiography compared to catheter angiography wazimnately 97.1%.

CT angiography demonstrated high accuracy in etigg various congenital
heart defects such as Tetralogy of Fallot (TOF)ulide Outlet Right Ventricle
(DORYV), Total Anomalous Pulmonary Venous Connec{ibAPVC), Transposition
of the Great Arteries (TGA), Coarctation of the tso(COA), right-sided aortic arch,
Partial Anomalous Pulmonary Venous Connection (PER\persistent superior vena
cava (SVC), Patent Ductus Arteriosus (PDA), Pulmgn@tenosis (PS), vascular
sling, and coronary cameral fistula, with accuradieported as percentages. While
CT angiography was comparable to catheter angibgrap diagnosing extracardiac

vascular anomalies, its sensitivity for intracacdianomalies was slightly lower.

Page 24



Review Of Literature

Despite this, CT angiography is deemed suitableamasalternative to catheter
angiography in complex congenital heart diseaséfd)Cand proves to be valuable

for preoperative planning and postoperative follgvevaluation$®

Even in Enaba et al they reported that the numbkthe anomalies in the
study diagnosed by CT angiography were as follgetsalogy of Fallot (15 patients,
25%), tricuspid atresia (12 patients, 20%), Eb&eamomaly (4 patients, 6.5%),
pulmonary atresia or stenosis (7 patients, 11.54ncus arteriosus (6 patients, 10%),
TGA (10 patients, 17%), and TAPVR (6 patients, 10%)e research revealed that
the sensitivity and specificity of CT angiographyer@ 91.2% and 98.2%,
respectively, for Tetralogy Fallot; 99.4% and 64,8%éspectively, for tricuspid
atresia; 96.9% and 90.8%, respectively, for diagmgpEbstein's anomaly; 98.2% and
95.5%, respectively, for pulmonary atresia or s$&370 98.6% and 47.1%,
respectively, for tricuspid atresia; 98.9% and 9&.Fespectively, for diagnosing
transposition of great arteries; and 97.7% and %5.tespectively, for diagnosing
TAPVR. All of these results were significantly hghthan those obtained from 2D
echocardiography. Therefore, they proposed that aifiography is a more

dependable imaging modality than 2D echocardiogfapy

Parikh P et al hadomparedmeasures of the major pulmonary vasculature,
right & left pulmonary arteries, and valve acquirétdm CT angiography and
transthoracic echocardiography. 49 patients unteage of 17 who were suspected
of having CHD were included in the study. AccordiegBland-Altman analysis, the
mean differences (with 95% confidence limits) imrdeter measurements between
echocardiography and CT angiography were as folle'§ mm (-3.1 to 2.2 mm) for

the right pulmonary artery, -0.6 mm (-3.3 to 2.1 )rfor the left pulmonary artery,
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0.7 mm (-2.5 to 3.9 mm) for the pulmonary valved dn2 mm (-6.9 to 4.5 mm) for
the main pulmonary artery. Based on these finditlys,researchers concluded that
there was adequate agreement between CT angiograptly echocardiography
measurements of the main pulmonary artery, branalmgnary arteries, and

pulmonary valve diameter§

Nie P et al investigated the value of prospecti@GEgated high-pitch 128-
slice dual-source CT (DSCT) angiography with traostcic echocardiography in the
diagnosis of congenital extracardiac vascular atiesyan infants and children. They
observed that In 75 patients confirmed by surgarakatheterization findings, 17
congenital heart diseases and 162 separate exti@carascular anomalies were
identified. High-pitch dual-source CT (DSCT) angiaghy showed a diagnostic
accuracy of 99.67%, whereas transthoracic echamgnajphy (2D echocardiography)
had a diagnostic accuracy of 97.89%. The sensitiaf high-pitch DSCT
angiography was 97.53%, significantly higher th&ECHO sensitivity of 79.62%

(x2=23.561 and 28.013, P<0.05).

Interobserver agreement for image quality scoringDBSCT was excellent
(x=0.81), with a mean image quality score of 4.1+0fe mean effective dose (ED)
of DSCT was 0.29+0.08 mSv, demonstrating its lodiaton exposure compared to

other imaging modalities.

These results indicate that high-pitch DSCT angipgy offers superior
diagnostic accuracy and sensitivity compared toe2Bocardiography in evaluating
congenital heart diseases and extracardiac vasamamalies. The method also
ensures excellent image quality with minimal radmexposure, making it a valuable

tool for clinical diagnosis and manageméi.
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Jadav SP et al also expressed that prospectivel@-gated volumetric
scanning using an CT angiography scanner offers enoms advantages for
cardiovascular imaging in neonates and infantss&heclude lower radiation doses,
enhanced image quality through iterative reconsttmcdechniques, high diagnostic
accuracy, and the capability to conduct studiefiaut the need for breath holding.

Their assessment specifically utilized a 320-deteCT angiography scann®.

Ramesh M et al had The angiograms were performiad as128-slice Philips
CT scanner with a paediatric protocol, employinggetwoltages (KV) ranging from 80
to 100 and tube currents (MAS) calculated basetherchild's weight. Out of 280
paediatric CT cardiac angiograms conducted:127 scasere diagnosed with
Tetralogy of Fallot,36 cases had total or partiabraalous pulmonary venous
return,21 cases were diagnosed with transpositiothe great arteries. Regarding
major aortopulmonary collateral arteries (MAPCABS), cases were confirmed with
surgery and conventional angiography. CT angiogrd@TA) correctly identified 72
of these MAPCAs, resulting in a sensitivity of %% 2nd specificity of 100%. These
findings underscore the effectiveness of CTA irgdi@sing complex congenital heart
conditions and MAPCAs specifically, highlighting ihigh sensitivity and specificity
compared to surgical and angiographic confirmatnecho in paediatric CHD

diagnosis but acknowledges the potential utilitCadtA in specific case¥.

Erkut Ozturk had conductedThis study that investigates the diagnostic
efficacy of echocardiography (echo) versus mulédi&ir computed tomography
angiography (CTA) in pediatric patients under eigbars of age undergoing cardiac
surgery for congenital heart disease (CHD). Coretlibietween August 1, 2019, and

December 31, 2019, the study adhered to the Hel§heklaration after obtaining
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institutional review board approval. Each casets,dacluding age, gender, weight,
transthoracic echo, and 320-row multidetector CBAuits, were recorded. Echo
assessments utilized a GE Vivid S5 system with dstath pediatric views and a
segmental approach for cardiac morphology evaloati@dwo experienced
cardiologists analyzed echo images. MultidetectbAQvas performed using a 320-
row scanner with a non-ECG gated protocol, adjgsparameters based on patient
weight and utilizing contrast injection and bolugeking technique. Images were
reviewed by two experienced radiologists, and deess were made by consensus.
The study found echo to have significantly grealiagnostic accuracy compared to
CTA across various CHD subtypes. This researchrgndees the importance of echo
in pediatric CHD diagnosis but acknowledges thespival utility of CTA in specific

cases®®

Page 28



Materialsand Me&thods

MATERIALSAND METHODS

A hospital based one-year cross sectional studyamaducted by including
the patients of different age groups diagnosed wathigenital cyanotic heart disease
referred from different out-patient & inpatient @ejments in KLES Dr. Prabhakar
kore hospital and medical research Centre, Belagaring the 01-year period from

January 2023 to December 2023.

A. SAMPLE SIZE:

Formula used for sample size calculation is,

p(100 — p)Z?
n="mpg

where n is the sample size required, p is the pé&age occurrence of a state or
condition (proportion or prevalence), E is the patage maximum error required, Z
is the value corresponding to level of confidenegquired.12.5% coarctation aortic

were detected by CT. Considering similar resul@% confidence level and 10% of

maximum error, the sample size is given by,

_ 12.5x (100 — 12.5) x 1. 967
B 102

n

n=42.0175 = 42

B. INCLUSION CRITERIA

Patients with probability of congenital cyanoticaltedisease diagnosed by 2D
Echocardiography & referred for CT angiography sacndy, who will qualify
underlying criteria:

a. Patient who will give written & informed consent.
b. Age group between Day 0 to 17 years
c. Cyanotic congenital heart disease patients.

d. Clinical case of cyanosis with concomitant congadriieart disease suspected.
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C. EXCLUSION CRITERIA

a. Patients who had history of allergy to Intravenmginated contrast agent.
b. Patients with deranged renal function tests.
c. Patients with life threatening cardiac arrhythmias.

D. DATA COLLECTION PROTOCOL

Ethical clearance was obtained. Written & informmzhsent was obtained
from all the patients and parents for pediatrice ggoup after explaining about the
need for these radiological evaluations, theicontes and about the data collection
in their understandable language using simple terms

Patients coming to KLEs Dr. Prabhakar Kore hospiB¢lagavi during
January 2023 to December 2023. Patients of age(Odag 17 years, probably
diagnosed as case of congenital cyanotic hearaskseere evaluated and enrolled for
the study.Examination had been conducted by usiteyolution EVO Wipro GE
128 slice Computed tomography. All the findings were correlated with 2D ECHO in

both pre operative & post operative subjects byngethe case sheets.

128 Slice CT Scan

Figure 8: Revolution EVO Wipro GE 128 slice Computed tomography.
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+ The specific parametersto be used include:

o Scan Range: From the thoracic inlet to the pelvic to covel @rdiac and
major vascular structures.

o Slice Thickness: 0.5 mm for high resolution.

o Contrast: Injection of non-ionic iodinated contrast, adgdtfor the patient’s
weight and kidney function. A 1.5 -2.0 ml/kg boloe$ iodinated contrast
medium was administered using a dual-head powesctioy preferably by
cannula in the lower limb than the upper limb.

o Patient Positioning: Patients were scanned in the supine positionchvis
standard for CCTA to ensure consistent imagingityual

o Anesthesia and Sedation: General anesthesia and sedation were routinely
required for the procedure in this cohort speciadlpewborns.

o Imaging Protocol: The entire volume of the heart and great vessels
covered in approximately 5 seconds during one brkald. This quick
acquisition helps minimize motion artifacts.

o Reconsgtruction Techniques: Multiplanar reconstruction (MPR), maximum
intensity projection (MIP), and three-dimension&@DJ reconstructions to

enhance the visualization of anatomical structures.

E. Data Recording: All imaging findings will be recorded systematigaldetailing
normal and pathological findings relevant to CCHRalditional data on patient
demographics, clinical presentation, and pre-séagnadstic assumptions will also

be collected.
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3.1 STATISTICAL ANALYSIS

As the obtained data were fitting into descriptamgalysis, the values were
assessed as percentages, mean and standard devidtie difference in number of
the patients with various anomalies were unabldittéhe criteria for calculating
diagnostic values of sensitivity, specificity, PRYd NPV as all the included study
population had neither undergone surgery nor thelima MRI to consider any
modality as gold standard. Hence, we had considéeedtatistical software Medcalc
for obtaining the P values based on percentagerdiites in 2D-echocradiograpy and
CT angiography. Whereas for diagnostic values vamsessed by considering the
findings among operated cases to obtain the trgéip®, true negative, false positive

and false negative.
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RESULTS
A. Table 4: Distribution of age
Age in months N=42 %

0.5 7 16.7%

1to 6 9 21.4%
71012 9 21.4%
13to0 24 4 9.5%
2510 36 3 7.1%

37 to 48 4 9.5%
>48 6 14.3%

N=42

0.5 1706 7T0O12 13TO 24 25TO 36 37T0 48 >48

m N=42

Graph 1: Age distribution
We can observe that the patients aged betweed 2 twonth were more in our study

followed by 15 days old infants.
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B. Table 5: Distribution of gender

Gender N %
Female 19 45.2%
Male 23 54.8%

® Female

H Male

Graph 2: Gender distribution

We can see there a greater number of male sulgiectsinting for 23 (54.8%) and 19

(45.2%) females in this study. There was no stesiby significant difference.
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C. Table 6: Duration of symptoms

Duration of symptoms N =42 %
On the day of birth 17 40.5%
Upto 1 week 3 7.1%
1 week to 1 month 4 9.5%
1 to 6months 17 40.5%
>6 months 1 2.4%
N=42

mOn the day of birth

m Upto 1 week
40%

=1 week to 1 month
1to 6months

B >6 months

Graph 4 — Duration of symptoms
Majority of them, 17 (40.5%) had the symptoms athbiOther 17 (40.5%) had 1 to 6

months prior visiting the OPD.

Page 35



Results

D. Table 7 : Distribution of symptoms

Symptoms N=12 %
Failure to thrive 40 95.2%
Cyanosis 42 100.0%
Tachycardia 42 100.0%
Recurrent URTI 36 85.7%
Lower limb oedema 5 11.9%
Breathless ness 42 100.0%

All the patients had tachycardia, breathlessnedsganosis. Rest all distributed as

above.

45

40

35

30

25

20

15

10

42 42 42
40
36
I 5-
Failure to Cyanosis Tachycardia Recurrent Lower limb Breathless
thrive URTI odema ness
HN=12

Graph 5 — Distribution of symptoms
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E. Table 8 : Associated conditions

Comorbidity/past medical N=42 %

Preterm birth 14 33.3%

Low birth weight 11 26.1%

No comorbidities 10 23.8 %
Operated TOF 5 11.9%

Type 1 DM 2 3.4%

Asthma 1 2.4%
Bud chiari syndrome 1 2.4%

Commonest associated comorbidity iPasterm birth in 14 (33.3%).

16
14

12

14
11
10
10
8
6 5
4
2
2 1 1
o R | L]
No

Low birth
weight Type 1 DM

W N=42 1 1 5 14 11 2 10

Asthma Bud chiari  Operated TOF Preterm birth -
comorbities

W N=42

Graph 6 — Associated conditions
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F. Table 9 : Final diagnoses based on both 2D echoc@&draphy and CT

angiography (CTA)
Cardiac anomaly Diagnosed by | Diagnosed by
CTA ECHO
(N=42)
(N=42)

Tetralogy of Fallot (TOF) 15 (35%) 14 (33%)
Total Anomalous Pulmonary Venous 5 (11.9%) 3 (7.1%)
Connection (TAPVC)
Partial Anomalous Pulmonary Venous 3 (7.1%) 2 (4.8%)
Connection (PAPVC)
Transposition of great vessels (TGA) 2 (4.8%) 3949).
Truncus arteriosus 1 (2.4%) 1 (2.4%)
Tricuspid atresia with Ebstein’s anomaly 1 (2.4%) (73%)
DORYV with pulmonary stenosis 4 (9.5%) 4 (9.5%)
Single ventricle with severe pulmonary 2 (4.8%) 3 (7.1%)
stenosis
Hypoplastic left ventricle syndrome 3 (7.1%) 2804)
Coarctation of aorta with interrupted aortiq 3 (7.1%) 2 (4.8%)
arch
Diagnosed as CCHD 41 (97.6%) 39 (92.9%
Normal study 1(2.4%) 0
Misdignosed as CCHD 0 3 (7.1%)

41 were diagnosed with CCHD on CT angiography wame&9 were diagnosed with
this on echocardiography. TOF was the commonestngmadl on both imaging

modalities.
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Misdignosed as CCHD M s
Normal study 11
Coarctation of aorta with interrupted aortic arch l 23
Hypoplastic left ventricle syndrome l 23
Single ventricle with severe pulmonary stenosis ' 23
DORV with pulmonary stenosis
Tricuspid atresia with Ebstein’s anomaly Fl 3

Truncus arteriosus I

TGA ' 23
PAPVC l 23
TAPVC l3 5
Tetralogy of Fallot _ 1;15

0 5 10 15 20 25 30 35 40 45

M Diagnosed by ECHO  m Diagnosed by CTA

Graph 7- final diagnosis both on CT angiography & ® echocardiography
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. Table 10 : Other anomalies diagnosed based on bo?®D echocardiography

and CT angiography (CTA)

OTHER ANOMALIES

ECHO

(N= 42)

CTA

(N= 42)

Patent ductus arteriosus

15 (35.7%)

18 (42.9%)

Right sided aortic arch 3 (7.1%) 5 (11.9%)
Double superior venacava 2 (5%) 4 (9%)
Aberrant subclavian artery 0 3 (7.1%)
Dextrocardia 3 (7.1%) 3 (7.1%)
ASD 11 (26.2%) 12 (28.6%)
VSD 28 (66.6%) 29 (69.1%)

Major aortopulmonary collateral

arteries MAPCAS)

7 (16%)

Hypoplastic aortic arch

2 (4.8%)

6 (14.2 %)

Cardiomegaly

28 (66.7%)

30 (71.4%)

Coarctation of aorta

5 (11.9%)

6 (14.3%)

Lung problems

0

12 (28.6%)
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Other anomalies
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Graph 8-Other anomalies diagnosed both on CT angiogphy & 2D

echocardiography
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H. Cases missed on 2D echocardiography vs diagnosatd CTA
Out of 05 cases of TAPVC, one of the cases diaghasea case of supracardiac
total anomalous venous connection (TAPVC) on ecdbography but on CTA
both supra & intra cardiac component of TAPVC weisggnosed.
One of the cases diagnosed as a case of transposftigreat vessels (TGA) on
echocardiography, but on CTA there was no tranfiposof great vessels was
observed.
Out of 14 cases of tetralogy of fallot (TOF), orhecardiography anatomy of the
pulmonary arteries were not clearly demonstrated. @'A pulmonary artery
anatomy was clearly delineated.
Out of 2 cases of coarctation of aorta diagnoseearocardiography. On CTA
these 2 cases were associated also associatetiypiblastic aortic arch and type
of coarctation were more clearly explained in ielatwith left subclavian artery
which were not clearly demonstrated on echocardigiy and CTA was
demonstrated more sensitive for diagnosis of hygsija aortic arch and type of
coarctation of aorta.
The cases of tetralogy of Fallot, echocardiograptwid not be proved beneficial
in the diagnosis of the Major aortopulmonary celtat arteriesNIAPCAS) but in
comparison CTA proved to be more accurate in tagriisis of the MAPCAs. As
in our study none of the out of 14 cases, nonehefdchocardiography report
showed presence of collaterals arteries but on @UA of 14 cases 07 cases
showed presence of collaterals.
Out of 05 operated cases tetralogy of fallot, the@ldg&k-Taussig shunt (BT shunt)
patency wasn't clearly demonstrated, but on CTAmixbf stenosis & thrombosis

was more accurately diagnosed.
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I. Diagnostic markers

Though we did not conduct any gold standard testctinfirming the CT
angiography or 2D-echocardiography findings, as @iheur objectives was already
mentioned as sensitivity markers, to fulfil that wensidered the true positive, true
negative, false positive and false negative acogrdo the outcome mentioned for
those operated cases of 5 TOF and extra-politesdme and used Medcal by
ourselves to obtain the below values. Prevalencmestioned as 100% as all the

cases we included were cyanotic heart diseases.

3.2 Diagnostic Results

Table 11 : Diagnostic Results of CT angiography

Statistic Value 95% ClI
Sensitivity 97.50% 86.84% to 99.94%
Specificity 50.00% 1.26% to 98.74%
Positive Likelihood Ratio 1.95 0.49to 7.80
Negative Likelihood Ratio 0.05 0.00 to 0.54
Disease prevalence (*) 100.00%

Positive Predictive Value (*) 100.00% 91.19% to D006
Negative Predictive Value (*) 0

Accuracy (*) 97.50% 87.24% to 99.93%

(*) These values are dependent on disease preealenc
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Table 12 : Diagnostic Results of CT angiography

Statistic Value 95% ClI
Sensitivity 89.74% 75.78% to 97.13%
Specificity 33.33% 0.84% to 90.57%
Positive Likelihood Ratio 1.35 0.60 to 3.02
Negative Likelihood Ratio 0.31 0.05t01.96
Disease prevalence (*) 100.00%

Positive Predictive Value (*) 100.00% 90.51% to J00%
Negative Predictive Value (* 0

Accuracy (*) 89.74% 76.44% 10 96.95%

(*) These values are dependent on disease prewalenc
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DIAGNOSTIC COMPARISON OF CTA VS 2D
ECHOCARDIOGRAPHY

= CTAngiography & ECHO

120.00%
97.50%
100.00%
’ == 89.74%
80.00%
60.00%
40.00%
20.00%
0.00%
SENSITIVITY
= CTAngiography 97.50%
=ECHO 89.74%

97.50%

89.74%

50.00%

SPECIFICITY ACCURACY
50.00% 97.50%
33.30% 89.74%

Graph 9- Diagnostic comparison of CT angiography V&D Echocardiography
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DISCUSSION

Out of 42 patients we had included, 9 (21.4%) emefe aged between 1 to 6
years and 7 to 12 years followed by 6 (14.3%) dgsslthan 18 years. 4% each were
aged between 13 to 14 and 14 to 18 years. 23%@4s&les and 19 (45.2%) females.
Three of them were aged between 25 to 36 monthkghi S et al, 39 children under
the age of 2 years with diagnosed cyanotic CHD veswduated. The mean age was
0.88 + 0.95 years (range: 7 days—2 years) with m@ponderance (n = 28, 68.3%).

In our study population, 17 (40.5%) had the symptceh birth. Other 17
(40.5%) had 1 to 6 months prior visiting the OP§9O4%), 3(7.1%) and 1(2.4%) had
the symptoms for 1 week to 1 month, upto 1 week afchonths before OPD
consultation respectively. All 42 patients had ©ss, breathlessness and
tachycardia, either constantly or on excretion.(99.2%) had Failure to thrive. 36
(85.7%) had Recurrent URTI. Lower limb odema wasepbed among 5 (11.9%).

14 (33.3%) had Preterm birth, 11 (26.1%) had hystdrlow birth weight, 5
(11.9%) were already operated cases of TOF. Twiherh had type | Diabetes and
were on treatment. One each were presented withmastand Bud Chiari
malformation. Even in Joshi S et al, commonest ofianCHD was TOF among
24/39. The spectrum of CHD included TOF, TOF withinponary atresia, double
outlet right ventricle-TOF type, pulmonary atresaad pulmonary stenosis. This was
common finding in both CT and echo.

On CT angiography, we found 41 (97.6%) of them wiagnosed as CCHD
whereas 39 (92.9%) on 2D Echo. Of all the CCHDs TWd&s the commonest.
Incidence on CT and ECHO were 15 (35%) and 14 (339ther findings on CT
angiography were, 5 (11.9%) with TAPVC, DORV withlmonary stenosis among 4

(9.5%), PAPVC, Hypoplastic left ventricle syndrom@parctation of aorta with
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interrupted aortic arch in 3 cases (7.1%), TGA &idgle ventricle with severe
pulmonary stenosis in 2 (4.8%), one each had Taderiosus and Tricuspid atresia
with Ebstein’s anomaly. There was no missed diaigrms CT angiography.

In our study, the tetralogy of fallot was most coomly observed cyanotic
heart disease. The main drawback on echocardiogrags is to delineate the
pulmonary artery anatomy.

Pulmonary stenosis & atresia was better diagnosethe CTA angiography
as compared to echocardiography. Multiple Pulmor@oilateral Arteries (MPCAS)
develop in response to congenital heart defects dbatruct or limit blood flow

through the pulmonary arteries.

In our study, out of 14 cases of TOF, CTA diagno3éctases with presence,
location, size, and course of these collaterati@gavhich were clearly missed on the
echocardiography. For identification of MPCAs us@@A is crucial for assessing the
overall hemodynamic and functional status of thegtuin patients with cyanotic heart
diseases. In our study also CT angiography playedtiaal role in identifying and
characterizing these vessels, aiding in clinicatiglen-making and management

strategies for patients.

Presence of hypoplastic aortic arch associated wo#rctation of the aorta
was better demonstrated on the CTA as most of thsesc diagnosed on
echocardiography was missed these findings.

In Enaba MM et al, tetralogy of Fallot (25%), trépid atresia (20%),
Ebstein’'s anomaly (6.5%), pulmonary atresia or aten(11.5%), truncus arteriosus
( 10%), TGA (17%), and TAPVR (10%) on CT angiodrammong Sixty cases.

Whereas other cardiac findings on 2D echocardidyragere DORV with pulmonary
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stenosis in 4 (9.5%). 3 (7.1%) each had TAPVC, PBPVGA, Tricuspid atresia
with Ebstein’s anomaly (missed in 2 cases by CTiagrgphy), Single ventricle with
severe pulmonary stenosis (missed in 1 case coohpareCT), two each had
Hypoplastic left ventricle syndrome and Coarctatgdraorta with interrupted aortic
arch (missed in one each compared to CT). there amasnormal study on CT
angiography whereas non on echo. Similarly, missegs on CT were zero whereas
3 were missed on 2D echocardiogragHy.

Joshi S et al described their outcome, in whicly theeve reported that in both
echocardiography and CTA, the pulmonary artery vegp®rted as normal in course
and caliber in four patients. Pulmonary artery et atresia, and hypoplasia were
observed in 20, 3, and 2 patients, respectively.p@tients with pulmonary atresia
reported on echocardiography were found to haveosts on CTA!

On analyzing the other findings only, 28 (66.6%0 héSD, and 28 of them
with associated cardiomegaly on 2D echocardiograptwther 15 (35.7%) with
PDA, ASD in 11 (26.2%), 5 (11.9%) with right aortéech, 3 (7.1%) of them had
Dextrocardia and 3 (7.1%) right sided aortic afohvo each had Double superior Ven
cava and Hypoplastic aortic arch. Whereas on CTiogragphy, 30 (71.4%) had
cardiomegaly, 29 (69.1%) with VSD, 18 (42.9%) hdaAR 12 (28.6%) with ASD, 6
(14.3%) each with Right sided aortic arch and Hyastic aortic arch. 5 (11.9%) with
Right sided aortic arch, 4 (9%) Double superior agava, 7 (16%) Major
aortopulmonary collateral arteriesMAPCAs), 3 (7.1%) each with Aberrant
subclavian artery and Dextrocardia. With this we see that additional findings were
more efficiently diagnosed on CT angiography th@nhezhocardiography. Also, the
pulmonary changed were observed among twelve caieh we could not of 2D

echocardiography. With respect to this CT angiogyapad radiologically significant
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in diagnosing both common cardiac, extra-cardiac auditional features in
cardiovascular components.

With respect to this difference, the description3tin B et, Ghnaati H et al
and Rajesh Kannan R et al would help us. In thejragate works have explained
about the advantages of CT angiography. This has bae of the High-definition
imaging producing the accurate radiological outcoimeseconds. Also, vascular
structures as lesser as 1 to 2 mm could also bedfetfectively on CT angiography.
Computed tomography (CT) has emerged as a relmrianvasive first-line imaging
modality for detecting coronary abnormalities arldeo cardiac diseases. It excels in
accurately identifying shunt size, location, anowfldirection. Importantly, patients
with metallic devices and pacemakers can safelyergod CT imaging. CT also
enables analysis of cardiac dimensions and functtthough segmental contraction
definition may be less precise compared to MRI theep modalities. Assessment of
prosthetic valve function is another area wherep@Wes efficient>®>*

Research by Hayabuchia Y et al demonstrated Cpabdéty in detecting 53
out of 54 intra-cardiac and extra-cardiac anomaheseonates with congenital heart
disease (CHD). Similarly, studies by Paul JF dtighlighted CT's value in assessing
extracardiac systemic and pulmonary vascular feaftir

For radiologists specializing in cardiovascular iodthgnosis, possessing
precise knowledge of cardiovascular anatomy, phygig and surgical techniques is
indispensable. This knowledge ensures accuratepnetation and effective utilization
of CT imaging in clinical practice.

Sensitivity, specificity, PPV, NPV and accuracy fGT angiography are
97.5%, 50%, 100%, 0% and 97.5%. similarly, for 2Enhacardiography it was

89.74%, 33.3%, 100%, 100% and 89.74% respectivéigugh the PPV is 100% for
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both, the specificity and accuracy had moderatglyicant difference. Similarly, in
Enaba MM et al stated sensitivity and specificity multidetector computed
tomography (CT angiography) for diagnosing Tetrglag Fallot were reported as
91.2% and 98.2%, respectively. These metrics inelitat CT angiography is highly
effective in correctly identifying individuals withetralogy of Fallot (sensitivity) and
accurately ruling out those without the conditiorspdcificity). but 2D
echocardiography also had almost similar outcomendd, they had calculated
agreement value which was 0.776 for complex featiue87 for major cardiac and
0.57 for complex vessel involved cases as well. shbbstantiate our outcome,
However, echocardiography may misdiagnose certages of valvular or arterial
stenosis as atresia or may fail to visualize threctires entirely. Such patients
necessitate further evaluation with CTA as per U8skt al. In addition, they even
further produced that CTA is recommended for thasneement of the calibers of the
pulmonary arteries and the pulmonary valve in alignts with pulmonary stenosis
and/or atresig.’51:53

They elaborate that due to the above reasons aks asethe additional
information provided by CTA in the form of coronaaytery variations, extracardiac
vascular abnormalities like major aortopulmonaryllaterals, or extracardiac
structural abnormalities (such as the lung andht@rabronchial tree), the authors
recommend CTA in all cases of CHDs with right ventiar outflow tract obstruction.
Even Malik et al demonstrated poor agreement betveebocardiography and CT in
the evaluation of extracardiac findings of CHDs ias pulmonary atresia and
transposition of great arteries which was way letsgn our outcome and hence, they

concluded as CT to be considered as first-line itgda the detecting CCHDs.
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CONCLUSION

Commonest age group presented to us was 1 to 18.ydale children were
more than females. TOF was the most common anoofaigrved. Cardiomegaly was
commonest associated feature on both 2D echocaagibg and CT angiography.
There was no missed diagnosis on CT angiography tlmge missed on 2D
echocardiography. Sensitivity, specificity, PPV, \WPand accuracy for CT
angiography are 97.5%, 50%, 100%, 0% and 97.5%.ilaslyy for 2D
echocardiography it was 89.74%, 33.3%, 100%, 100&689.74% respectively. The
diagnostic markers were higher for CT angiographgmgared to 2D
echocardiography. There were 12 pulmonary pathetofpund on CT and none on
2D echocardiography.

» Firstly, CT angiography has demonstrated high $eigi and specificity in
identifying CCHD, surpassing traditional methodslsas echocardiography. This
superior diagnostic capability stems from CT antaply ability to provide
detailed and comprehensive visualizations of batindiac and extracardiac
anatomies, which is crucial for accurate diagnasis effective surgical planning.

» Echocardiography, for instance, although non-inkasand widely accessible,
often struggles with image clarity in patients withmplex anatomical structures
or those who have undergone previous cardiac sasgeZardiac catheterization,
despite its precision, carries risks associatedh vt#t invasive nature, including
potential vascular complications and the generakainfort associated with
invasive procedures. In contrast, CT angiograpfgrsfa non-invasive alternative
that provides comprehensive and detailed visuabizat of the cardiac and

extracardiac anatomies without these associatksl. ris
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The superior diagnostic capability of CT angiogragtems from its ability to
capture high-resolution, cross-sectional imagesthaf heart and surrounding
structures within seconds. This capability allows &n unparalleled view of the
cardiovascular system, revealing subtle anomatiat might be missed by other
imaging modalities. By providing a detailed roadmafp a patient's cardiac
anatomy, surgeons can plan procedures with grpegersion, anticipate potential
challenges, and strategize more effective inteigast

The study's findings suggest that CT angiography significantly improve the
diagnostic workflow for CCHD by providing a fasterpn-invasive, and highly
accurate diagnostic tool. This can lead to eamied more precise treatment
interventions, potentially improving clinical outoes and reducing the need for
more invasive diagnostic procedures, which cargatgr risks and discomfort for
podiatric patients.

Based on these findings, several recommendatianthdouse of CT angiography

in clinical practice can be made:

Incorporation into Standard Diagnostic Protocols

Utilization in Pre-surgical Planning

Training and Protocols for Optimal Use

Ongoing Research and Development

In conclusion, the incorporation of CT angiographio the diagnostic and

management pathways for CCHD represents a signifiadvancement in pediatric

cardiology, offering a blend of speed, precisiond asafety that is paramount for

treating vulnerable pediatric populations. Theseefies underscore the importance of

broader adoption and optimized use of CT angiograplelinical settings worldwide
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SUMMARY
The study was a cross-sectional study.
Patients presenting to the department of radiology with history of cyanoss
and suspected or confirmed case of cyanotic congenital heart disease.
42 cases were included in the study after observing the inclusion and exclusion
criteria
All  patients first underwent Multidetector computerized pulmonary
angiography.
Findings of cardiac and vascular anomalies were evaluated and diagnosis was
made based on clinical history and findings were correlated with the 2D-
Echocardiograpy.
A 128-slice CT scanner is highly valuable in the management of congenital heart
diseases (CHD) due to its advanced imaging capabilities. It offers high spatia
resolution, fast scanning speeds, and 3D imaging capabilities, which are crucial
for detailed assessment of complex cardiac structures and anomalies. The
scanner allows for accurate evaluation of the heart chambers, vaves, and
coronary arteries, aiding in diagnosis, surgical planning, and monitoring of CHD
patients. Importantly, it provides these benefits in a non-invasive manner with
reduced radiation dose, making it particularly suitable for pediatric patients and
adults with CHD. Overall, the 128-slice CT scanner enhances the precision and
safety of diagnostic imaging in congenital heart diseases, contributing
significantly to improved patient care and outcomes.
Echocardiography (Echo) is noninvasive and Initial choice for evaluating cardiac
function, structure, and dynamics of blood flow with few Limitations in

visualizing detailed anatomical structures and coronary arteries.
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In comparison CT Angiography (CTA) offers High-resolution Imaging and good
for surgical Planning.

Initial Evaluation: Echocardiograpy is typically the first-line modaity due to its
non-invasiveness and ability to assess cardiac function and Complex Cases, CT
Angiography is reserved for cases requiring detailed anatomical evaluation
where echo aone isinsufficient.

Together, echo and CT Angiography provide a comprehensive evauation of
CHD:

Echo offers functional assessment and dynamic monitoring.

CTA provides detailed anatomical information necessary for precise diagnosis
and treatment planning.

In managing congenital heart disease, the choice between echocardiography and
CTA depends on the clinical question, patient characteristics, and imaging goals,
ensuring a balanced approach that optimizes diagnostic accuracy while

minimizing risks associated with radiation and contrast exposure.
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LIMITATIONS

Despite its strengths, this study is not withouatifations, which could open

avenues for further research:

a)

b)

Neither the operative findings were noted nor atheogold standard tests had
been conducted to compare the actual outcomes afcBDcardiography and CT
angiography to find their diagnostic accuracy. €alculation of the same, we had
assumed that operative findings of the study sasripééng similar to the findings
before. Hence, these values might differ if theualkcgold standard test such as
CCE would be compared.

Sample Size and Diversity

One significant limitation in the current studytiee sample size and demographic
diversity, which may restrict the generalizabildf the findings. The diversity in
genetic backgrounds, environmental factors, antthewae access can profoundly
affect disease presentation and outcomes, as welhe efficacy of diagnostic
tools like CT angiography. Future studies aimingatidate and expand upon the
current findings should consider including a broagkographic and demographic
sample. This expansion would not only enhancedheility of the data but also
provide deeper insights into how demographic factaright influence the
performance and utility of CT angiography in diverpatient populations.
Increasing the sample size would also improve thtstical power of the study,
thereby providing more robust data for evaluatig teffectiveness of CT

angiography in diagnosing CCHD.
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¢) Long-term Outcomes

Another critical aspect that requires further erglion is the impact of CT
angiography-based diagnosis on long-term clinicét@mes. While the current study
primarily focuses on immediate diagnostic outcom® ultimate value of any
diagnostic tool lies in its ability to improve lotgrm health outcomes, including
survival rates and quality of life. Longitudinaludtes are needed to track these
outcomes over time, providing essential data onetifieacy of CT angiography in
improving the clinical trajectory of patients withCHD. Such studies would help
clarify whether early and accurate diagnosis with &hgiography leads to be 2D
echocardiography-targeted treatments, reduced ccetiph rates, and ultimately,

enhanced long-term survival and quality of life foese patient§!

d) Technological Advancements

As with any medical technology, the continuous atioh of CT angiography
poses both opportunities and challenges. Ongoingresments in CT angiography
technology promise improved imaging capabilitieastér processing times, and
reduced risks, particularly in terms of radiatictp@sure—a significant concern in
pediatric imaging. Continued research is necesgargvaluate these technological
advancements, ensuring that they not only enhamgnaistic precision but also
prioritize patient safety (Bu et al., 2016). Itasucial that future studies continuously
monitor the safety profile of newer CT angiographgdels, especially concerning
radiation doses, to mitigate any potential risksoamted with cumulative radiation

exposure in childrei}?

Page 56



Limitations

€) Comparative Effectiveness Resear ch

Finally, there is a need for comparative effecte@nresearch that evaluates
CT angiography in relation to other emerging imggiechnologies, such as cardiac
Magnetic Resonance Imaging (MRI). While CT angipisa offers specific
advantages in speed and detail, MRI offers exceflefi tissue contrast and does not
involve radiation exposure, making it an appealohgice for repeated imaging in
pediatric patients. Comparative studies could mleveritical data on the relative
effectiveness, safety, and cost-efficiency of thiestinologies, helping to establish a
more evidence-based approach to selecting apptepmaaging modalities for

specific clinical scenario&
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ANNEXURES — |
INFORMED CONSENT FORM

“Role of 128 slice multi-detector computed tomograpy in evaluation of

congenital cyanotic heart diseases: hospital basede year cross sectional study
at KLES Dr. Prabhakar kore hospital and medical regarch center”

PRINCIPAL INVESTIGATOR: BS0121001
Objective: To study role of 128 slice multi-detector congalittomography in
evaluation of cyanotic congenital heart diseasektarcorrelate the findings with 2D
echocardiography in both pre-operative and postative patients.
Introduction : Your child is being invited to participate in $hétudy to see the role of
the 128 slice MDCT angiography in diagnosis of amital cyanotic heart disease.
Explanation of procedure If, you agree to be part of the research studpemalf of
your child and as a guardian, you will be asked télevant history and your

child/ward will be subjected to relevant clinicalaenination and investigations.

BENEFITS:

1. Accurate diagnosis.

2. Non-invasive.

3. Short duration of study.

4. Cost effective.

ALTERNATIVES: If patient is not willing to take part in the studiis / her
treatment or any other further investigations thatigmt wants to undergo, in

future, in KLE will not be affected by his / heraigion
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VOLUNTARY PARTICIPATION/WITHDRAWAL: Taking part in this study

is voluntary on behalf of my child as a guardiammay choose not to take part in
this study, or if | decide to take part, | can tatkange my mind and withdraw from
the study. My decision will not change the presantfuture health care or other
services that | receive. The study doctor or theonspr may stop my

participation in this study. | will tell if any ingytant new findings that may change
my willingness to continue to take part. If | cheasot to take part in the study |

will receive the standard treatment for patienthvmy condition.

COSTS: NIL (The study is to be conducted on the participamho are advised CT
angiography by the referring consultant and thetigpants will bear the charges

for it.)

PAYMENT FOR PARTICIPATION: No incentive will be paid to you for

participating in this study.

COMPENSATION: In the event that | become injured as a resulta&fng part
in this study, treatment whatever available at Kliespital, Belagavi, will be

offered to me. No reimbursement, compensation @& fmedical care is given.

CONFIDENTIALITY: All information collected from me about my child rihg
the course of the study will be kept confident@lthe extent permitted by the law.
The code numbers will identify me in this researelcord. Information from this

study may be published but my identity will be ddehtial in any publication.
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If any enquiries in the future or in case of resbarelated injury illness, you may

contact following person.

REGISTRATION NO: DR. DR.HARSHA HEGDE,
BS0121009

Post-Graduate, Guide, CHAIRPERSON,
Department of Professor, Department ¢ JNMC,IEC& SCIENTISTD,
Radio-Diagnosis. Radio-Diagnosis ICMR, NATIONAL INSTITUTE OF
J.N. Medical College, J.N. Medical College, TRADITIONAL MEDICINE,
Belagavi Belagavi BELAGAVI
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CONSENT TO PARTICIPATE IN RESEARCH STUDY:

1. lunderstand that | am participating in the studybehalf on my child as

a guardian.

2. | confirm that | have read and understood the métion in the patient
information sheet. Procedure is explained to medeétail along with
information about the advantages and disadvantageaking part in the
study. | have been given the opportunity to discasaspects of the
trial,to ask questions and hereby consent togyaation in the trial outlined

above.

3. | understand that the decision to take part in gtisdy is completely
voluntary and | am aware that | can choose to wéwdfrom the study
atany point of time.

4. | consent to the photographing or recording of thecedure to be
performed including portions of my body, for medijcacientific or
educational purposes provided my identity is noteaded in the pictures

or by the descriptive texts accompanying them.

5. | understand that there is no significant risk iwed in the test that
would be done in this study.
6. No guarantee or assurance has given by anyone dketagesults that

maybe obtained.

7. My signature on this form signifies that | have lingly decided to

participate after understanding the above inforomati
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Participant’s / legally authorized representativiesne

Signature

Name and signature of witness

Investigators name and Signature:

Date:

Place: Belagavi
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ANNEXURE Il -PROFORMA

PROFORMA

ROLE OF 128 SLICE MULTI-DETECTOR COMPUTED TOMOGRAPH Y IN
EVAULATION OF CONGENITAL CYANOTIC HEART DISEASE: ON E YEAR
HOSPITAL BASED CROSS SECTIONAL STUDY

Patient identification number:
Age & sex:
Referred by: Self/ Physician

Presenting complaints:

Symptoms Present Absent | If present then Duratior
of iliness

Breathlessness

Failure to thriv

Cyanosis

Lower limb swelling

Tachypne:

Cyanoaotic spell

Weak pulse

Tachycardi

Past medical history:
H/o TB H/o Allergies (pleaseecify):-

Page 70
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Past surgical history:
Birth history:
Hospital admission history:

Family history:

Echo findings:

Ct pulmonary angiography findings with ECHO correlation:

Ct findings ECHO correlation

Provisional diagnosis on 2D echocardiography:

Final diagnosis on CT angiography:

Extra findings diagnosed on CTA
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ANNEXURE Il - PHOTOGRAPHS

CASE -1

Figure 1 & 2 : Axial & coronal section of CTA showdateral inferior pulmonary veins
seen to drain into single vertical vein transvergeriorly through diagram into the

inferior venacava (infra-cardiac TAPVC)
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‘ 4D Pulmona

'8

’
‘
'n
|
L
A

Figure 3 & 4 : Coronal & axial section of CTA shawi stenosis at the origin of
pulmonary artery with right ventricle hypertrophythvwentricle septal defect- Tetralogy
of fallot with large patent ductus arteriosus betwelescending aorta & pulmonary

artery
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CASE -3

» Figure 5 & 6 - suggestive of hypoplastic and inipted aortic arch (distal to origin
of left subclavian - type Al) with large patent thicarteriosus

» Figure 7 - Large ventricular septal defect
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CASE-4

» Figure 8, 9,10,11 - features are suggestive of ¢texnfcombined supra and infra
cardiac) Total anomalous pulmonary venous circotefTAPVC) - Type IV
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CASE-5&6

sion (JPEG 2000)

Figure 13- Single ventricle
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CASE-7

Angio 60m|@

Figure 14 & 15 - Double outlet right ventricle
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CASE- 8

Operated case of tetralogy of fallot

* Figure 16, 17- chronic thrombosed BT shunt with dd@orto-pulmonary collaterals

» Figure 18- Situs inversus totalis
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CASE9& 10

Figure 20 — Operated case of tetralogy of falldhvpiartially thrombosed Blalock—

Taussig Shunts
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Annexures

CODING FOR CONGENITAL CYANOTIC HEART DISEASES AND
ASSOCIATED ANOMALIES

S.NO| ANOMALIES CODING
1. | NO ANOMALY 0
5 | TETRALOGY OF FALLOT (TOF) 12345 6
. VENTRICULAR SEPTAL DEFECT (VSD) 1
. OVERIDING OF AORTA 2
« PULMONARY STENOSIS 3
«  RIGHT VENTRICULAR HYPERTROPHY 4
(RVH)
«  PATENT BLALOCK THOMAS TAUSSING 5
SHUNT (BT SHUNT)
. STENOSED BT SHUNT 6
3 | TRUNCUS ATERIOSUS 7
4. | TRICUSPID ATRESIA TA) 8
5. | TRANSPOSITION OF GREAT ARTERIESTGA) 9
6. | PARTIAL ANOMALOUS PULMONARY 10
VENOUS CONNECTIONSPAPVC)
7.
TOTAL ANOMALOUS PULMONARY 11,12,13
VENOUS CONNECTIONSTAPVC)
11
«  SUPRACARDIA TAPVC 19
«  INTRACARDIAC
13
«  INFRACARDIAC
8. | DOUBLE OUTLET RIGHT VENTRICLE(DORV) 14,15
«  DORV WITH SUBAORTIC VSD
14
«  DORV WITH SUB PULMONARY VSD
15
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8. EBSTEIN ANOMALY 16
9 SINGLE VENTRICLE 17
10 PULMONARY ATRESIA 18
11 ATRIAL SEPTAL DEFECT (ASD) 19
12 PATENT FORAMEN OVALE 20
13 HYPOPLASTIC AORTIC ARCH 21
14 RIGHT SIDED AORTIC ARCH 22
15 23
PATENT DUCTUS ARTERIOSUS (PDA)
16 DOUBLE SUPERIOR VENCACAVA 24
17 25
PULMONARY ARTERY HYPERTENSION (PAH)
18 HYPOPLASTIC RIGHT VENTRICLE 26
19 HYPOPLASTIC LEFT VENTRICLE 27
20 CARDIOMEGALY 28,29
21 MULTIPLE AORTO-PULMONARY 30
COLLATERALS (MAPCAS)
22 CORONARY CAMERAL FISTULA 31
23 ABERANT SUBCLAVIAN ARTERY 32
24 COARCTATION OF AORTA 33,34
25 35
SITUS INVERSUS WITH DEXTROCARDIA
26 OUFLOW OBSTRUCTION 36
26 37

INTRUPPTED AORTIC ARCH
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ADDITIONAL CT

SNO | AGE [SEX CTNO DURATION (since days of life) (:OMCELIirNTS CO-MORBIDITIES B’Tglﬁ’mygé‘\( Operative history ECHO FINDINGS PROV DIAGNOSISON ECHO cr A:ilgﬁgngY PROV DIAGNOSISON CT CORIE’EI'_—'AOTION El?\lglljllugcs ADDITIONAL CT EXTRA-CARDIAC FINDINGS
FAILURE TO THRIVE | CYANOSIS | TACHYCARDIA [RECURRENT URTI Lo‘gDE:";AMB BRE:‘EHSSLES

1 05 (M 1176400 0 - . + - - . Preterm LSCS Nil 10, 19, 25,29 Partial anomolous TAPVC 13,19, 23,25, 29 Tota Infracardiac TAPVC No 13,23 NIL

2 | 05| M| 48002 0 : . + . o, Low birth weight Lscs Nil 20,23, 29 m“aﬁ°":'c:;[‘;g:2\?/g’)”p‘ed ortic | 1 190,23,29 | Coarctation of aortawith intruppted aortic arch YES 1,19 23 NIL

3 60 | M 223360 0 + . + + - . Nil NVD Nil 28,31 ? coarctation of aorta 28,31,21 Coarctation of aortawith hypoplastc aortic arch YES 21 length & exact course of fistula

4 16 | M 1161903 0 + . + + - . Low birth weight, LSCs Operated fr;rotr;;arctation of 34 ? Hypoplastic aortc arch 34,15 Coarctation of aortawith intruppted aortic arch NO 15 NIL+V6

5 12 F 12991807 0 + . + + - . Very low birth weight LSCS Nil 1,3,35 tricuspid atresia 1,13, 8, 22, 24, 35, tricuspid atresia YES 1,13,22,24 Focal area of ground glass opacity involving left lower lobe
6 12 F 12898567 30 + . + + - . NIL NVD Nil 1,8,19,28 truncus arteriosus , Ebstein anomaly 1, 8,19, 22, 28,36 truncus arteriosus , Ebstein anomaly YES 22,36 Trace pleural effusions and dependent atelectasis

7 |3 | M| 207840 0 + . + + -, Type 1 diabetes NVD Nil 1,3,35,20,23 | Snde ’;%ﬁ:‘;gifi‘g’y:rﬁ:"d'gﬂgéfms 1317, 2395’ 23,24, Singlerigt ‘g“greii?gl:g:"c?e‘?:efams and YES 17,24 NIL

8 | 02 | M| 12087634 2 + . + - -, Nil NVD Nil 13 Infracardiac TAPVC 13 Infra cardiac TAPVC YES 0 bilateral crazy Wingm;ig";’sgx?;gﬁa‘ lung Suggestive of
9 | 05| F| 207640 0 + . + . -, Nil Lscs Nil 11,19, 23, 25, 29 supra.cardiac TAPVC 19, 23,2529 supra& cardiac TAPVC YES 0 consolidation involving right "‘Iigxﬁ ';';Z& posterobasal segment of left
10 | 06 | M 1180765 0 + . + + - . Low birth weight NVD Nil 13 Infracardiac TAPVC 13,23,26 Infracardiac TAPVC NO 23,26 NIL

11 14 | F 275940 60 + . + + - . NIL LSCS Nil 3,28,19,9 Transposition of great vessels 1,3,19,23,28,9 transposition of great vessels YES 1,23 Bilateral basal consolidations

12| 06| f| 10021431 0 + . + + -, il NVD Nil 1,3,14,9 Tansposition of great vessels 124, 33’019’ 9,29, Tansposition of grezt vessels YES 2,3,19,30 NIL

13 | 04 | M | 10023062 0 + . + + -, low weight Lscs Nil 1,3,23,19 Pulmonary stenosis and atrial septic defect | 1,3,23,19,13 | "irec cardiac Total ??;"F‘f\’l'g‘s venous connection YES Nil bilateral basal consolidations

14 | 24 | F 1208958 60 + . + + - . Nil NVD Nil 1,2,3,4,28 Tetrology of fallot 1,2,3,4,22, 32, Tetrology of fallot YES 22,32 NIL

15 ( 02 | M 10048242 0 + . + + - . low weight LSCs Nil 14 DORV with VSD 14,28 DOuble otlet right ventricle with subaortic VSD YES 23 NIL

16 | 12 | M 200283967 0 + . + + - . Very low birth weight NVD Nil 1,34, 22 Tetrology of fallot 1,2,3,4,22,27,28 Tetrology of fallot YES 2,27,28 NIL

17 | 48 | F| 10013575 0 + . + + -, ) a%'fg;? glot NVD Operated I‘a’lrlgf"""’gy Of | 1,3,4,52328 | Tetrology of fallot with Patent BT sunt | 1,2, 3,4, 6,23,28 | Tetrology of fallot with thrombosed BT shunt NO 26,23 NIL

18 (72 | M 212121 60 + . + + - . NIL LSCs Nil 14,25,28 Tetrology of fallot 1,2,3,4,22,27,28 Tetrology of fallot yes 19,23 NIL

19| 84| m 2405114 0 . . . . . . tag;ﬁggé;ﬁ I:Irl o NVD Operated I:Irl (t)r;ztrology of 1,2,4,5,828 Tetrology of fallolt3 _\I/ilﬁu%a:rtial trombosisof |1,2, 4 63 (%)3 23, 28| Tetrology of fallot wﬁu%atlrtial trombosis of BT YES 5,23, 30 NIL
20 | 120 E 7264797 20 . . . . R . tag;ﬁggé;ﬁ I:Irl o LsCs Operated I:Irl (t)r;ztrology of 1,2,4,6,35,28 Tetrology of gla;:g:: g\r:grr::s Wg:[: r:thrombosis of| 1, 2, 4,3% 2,523, 28, Tetrology of gla;:g:: g\r:grr::s Wg:[: r:thrombosis of YES 23,30 NIL
21| 48 | F| 10020423 240 o, + + -, Nil Lscs Nil 17,18 Single venttrcle ith pulmonery stenosis | %% 5+ 3017 Pulmonary stenosis YES 30 NIL
22 | 48 | M 7142894 120 + . + + - . NIL LSCS Nil 28,19,7 Truncus arteriosus 28, 3,18,19 Pulmonary stenosis YES 3,18 Nil
23 | 06 | F| 10012072 60 + . + + -, Nil NVD Nil 13,28 Double otlet right ‘\//eggic'e""“h subaortic | 13 58 1924 | Double otlet right ventricle with subortic VSD YES 19,24 bilateral basal consolidations
24 | 48 | M| 7155209 60 + . + + -, Kicio f‘;r;m’y of NVD Operated I‘a’lrlgf"‘""gy of | 12342 tetrology of fallot wit patent shunt 1,2,3,4,23,30 tetrology of fallot YES 23,30 NIL
25 120 | M 1196048 60 + . + + - . Nil NVD Nil 1,29,10 ?TAPVC 1, 10, 20, 24, 29 Partial anomolous venous connection YES 20,24 NIL
26 | 07 | M 7076642 0 + . + + - . Nil LSCS Nil 1,2,3,4,9 Transposition of great vessels 1,2 3,4,23,30 Tetrology of fallot No 23 NIL
27 | 120 | F 7066699 100 + . + + - . Nil NVD Nil 1,3,4,23 Tetrology of fallot 1,2,3,4,23 Tetrology of fallot NO 0 NIL
28 | 60 | M 283784 180 + . + + - . Nil NVD Nil 29,7 Truncus arteriosus 0 NIL YES 0 Nil




ADDITIONAL CT

SNO | AGE |SEX CT NO DURATION (since days of life) COMC;'LIi'l:NTS CO-MORBIDITIES BAIEIENHAI;.IA_IE):Y Operative history ECHO FINDINGS PROV DIAGNOSISON ECHO cT A:ilgﬁgngY PROV DIAGNOSISON CT CORIEEI'_—'ETION ElANlR;ljrl\‘AGCS ADDITIONAL CT EXTRA-CARDIAC FINDINGS
FAILURE TO THRIVE
20| 12 | F| 205163 130 + Nil Lscs Nil 1,234 tetrology of fallot 1,2,3,4,24,32 tetrology of fallot YES 24,32 NIL
30 | 02 | F| 100482421 4 + Nil NVD Nil 27,18 Hypoplastic left "::‘;.c;e with pulmonary 27,18, 19, Hypoplastic left ventricle with pulmonary atresia YES 19 NIL
31| 12 | M| 11651803 100 + Nil NVD Nil 1,2,3,4,28 tetrology of fallot 1,2,3,4,28,30 tetrology of fallot YES 30 NIL
2 |05 | M| 1100717 0 + Nil NVD Nil 1,19,9,23,28 transposition of great vessels 1,2,3,4,28,30 Tetrology of fallot NO 10, 8, 18, 23, 2g | CONSlidation im°'7m§?$?ﬁ'ﬁ$?$ﬁ,§iﬁﬁ$ﬁ segment of left
33|36 | M| 257881 100 + Nil Lscs Nil 1,14, 27 DORV with V'SD 1,214,28 DOuble otlet right "e'\}‘gcc)'ew“h subapulmoric YES 23,30 NIL
34 |130 | M | 10051727 180 + K/ C’;{z‘r‘gﬁghia” Lscs Nil 1,2,3.4,28 tetrology of fallot 1,2,3,4,28,30 Tetrology of fallot NO 0 Nutmeg liver , mr?\ag;;olu\;i%nggs?f o r':‘i‘s and prominet
35 | 05| F 10056377 7 . Nil LsCs Nil 1, lszisig 19, | double 3%& v;:g]h;[\ﬁq\t;lﬂcalrey \A;Er;:;baortic 12, 19: ig 21,37 Double aortic righ;\;e)r;tsrliscle with pulmonary YES 2,37 Consol idaim:gggr;;;w;;;b?ear?glﬂz?i;:ttﬁﬁz :)n;nalis, large
36 | 05| M | 10055601 15 : Nil NVD Nil 1, 28,19 hypoplasic left ;:n“é:‘; with pulmonary 1, 19, 3?’2238’ 2,26 hypoplastic left ventricle syndrome YES 23, 25,2633 Nil
37 |10 | F 219049 0 + Very low birth weight LSCs Nil 118, 13’526’ 2, single ventricle with pulmonary atresia 118, 19’327’ 26,28, Hypoplastic left ventricle syndrome No 23 Consolidation involving rigt lower lobe with situs inversus totalis
38 | 100 | M 10004571 50 N g:gg;ﬂ c::fafs;gt NVD Operated ;:fafs;lc;ft tetrology 12345, 28 Tetrology of fallzy;hg?ﬂ Blalock thomas 12345, 23, 30 Tetrology of fallo: ;Aj/ggpglﬁ:\]tt Blalock thomas - YES 23,30 Nil
30 | 12 | F| 10043001 30 + Nil NVD Nil 1234,23 Tetrology of fallot 124,2823,18, 22 Tetrology of fallot YES 2 Nil
40 | 24 | F| 1208958 180 + NIL Lscs Nil 12,18, 23 Pulmonary atresawith VSD 1,2,18,23,27 |Hypoplastic right V?ﬂﬁ'i%“ Pulmonary atresia YES 8,18 Nil
41 [136 | F | 275040 20 + History of Asthma NVD Nil 14,27,28,23 | Doubleotletright ‘\//eggic'e"""h subaortic | 14 57 28 23,19 | Double oflet right ventricle with subaortic VSD YES 19 Consolidation involving bilateral lower lobes
42 | 10 | F 10040484 10 + Nil NVD Nil 10,19, 27 Partial anomolous venous circulation 10, 19, 25, 27 Partial anomolous venous circulation YES 25 Consolidation involving bilateral lower lobes




