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ABSTRACT

a large series of patients.

the cardiovascular anomaly.

Background: Ultrafast CT (UCT) scan plays an important role in the evaluation of congenital cardiovascular
anomalies (CCVA). A major advantage of higher slice multi-detector CT (MDCT), is improved temporal as well as
spatial resolution, that helps accurately to delineate complex cardiac and extra-cardiac anomalies with relative ease.
Hence this study was aimed to highlight the utility of UCT in the evaluation of congenital cardiovascular anomalies in

Methods: All consecutive patients with suspected CCVA were evaluated by cardiac CT angiography (CCTA) on 256
slice CT scan in a multispecialty tertiary care teaching institute from June 2013 to December2015.

Results: A total of 160 cases of CCVA were evaluated by CCTA. 50 patients had multiple anomalies. A total of 216
anomalies were diagnosed. Tetralogy of fallot (TOF) dominated the list of CCVAs (60, 28%) than the other
abnormalities. Of them, 25 patients underwent Blalock Taussig (BT) shunt surgeries, 20 patients underwent total
repair operation like Rastelli’s operation or augmentation of pulmonary arteries (PAs) while 15 patients were lost to
follow up. Most of the patients diagnosed with CCV As were managed successfully based on the imaging diagnosis of

Conclusions: Ultrafast CT scans have immense role in the evaluation of various types of congenital cardiovascular
anomalies. It is particularly helpful in the evaluation of extra-cardiac systemic and pulmonary arterial and venous
system, postoperative complications, to see the status of shunts, stents and conduits.
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INTRODUCTION

Incidence of congenital heart disease is 6-8 per 1000 of
live births. Survival of the patients with CHD have
improved over a period of time due to early diagnosis by
the various imaging modalities like echo, CCTA
(coronary computed tomography angiography), cardiac
magnetic resonance imaging (CMRI) and coronary
angiogram (CA).!

Management of congenital cardio-vascular anomalies
(CCVA) primarily depends upon the diagnosis at any
stage of patient care; therefore, the assessment should
involve the various imaging modalities and should be
considered as complimentary to each other.?

Echo is the initial imaging modality of choice for the
diagnosis of most of the CCVA as it is widely available,
cheap, non-invasive and provides immediate high
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resolution anatomic and physiological information.?
However, due to its limited acoustic access, echo is not
sufficient for the evaluation of extra-cardiac vascular
structures.*

CA is primarily used to provide hemodynamic
information and for the evaluation of the extra-cardiac
vascular structures.® CA has limitations due to its 2D
nature, overlapping of adjacent cardiovascular structures
and simultaneous evaluation of the systemic and
pulmonary vasculature. The disadvantages of CA over
CCTA are higher catheter related complications, larger
volume of contrast, longer duration of sedation and higher
radiation dose.5® Because of these limitations of echo and
CA, CTCA and MRI are considered to be alternative,
complementary as well as problem solving diagnostic
tools for the evaluation of CCVA.°

CMRI can accurately give anatomical and physiological
information which cannot be provided by the echo and
CA alone.’ CMRI can provide functional information
and evaluation of the myocardial functions.!! But the
greatest challenge of CMRI is motion artifacts from
cardiac and respiratory movements. In infants and
pediatric patients. Various other disadvantages are its
higher cost, limited availability, general anesthesia for
longer duration and image degrading artifacts due to
implanted stents and coils.'?*®

The utmost challenge in imaging the beating heart has
been the main motivating force for the innovation of
ultrafast CT scanners. The latest ultrafast CT scanners
have significantly improved the diagnostic capabilities of
CCTA due to its high gantry speed, improved spatial and
temporal resolution and has been found to correlate well
with conventional CA. Ultrafast CTCA can acquire
volume acquisition of the entire heart and the coronary
arterial tree within 3-4 seconds with higher temporal and
spatial resolution than MRI.}* 256 and 320 Slices CT
scanner have brought a revolution in cardiac imaging
where the heart can been scanned in one tube rotation or
one heart beat and total scanning time is 3-4 seconds. The
reconstructed images like MIP and 3D-VR images are of
great help for the pre-operative planning and post-
operative evaluation of the complications, status of stent,
shunts and conduits. Tachycardia and arrhythmias are the
main limiting factors with these CT scanners. However,
these limiting factors have partially been overcome by the
dual source CT (DSCT) scanners. Somatom definition
flash (Siemens) is a latest ultrafast CT scanner where the
entire heart can be scanned in a fraction of heart beat and
total scanning time is 0.25 to 0.27sec.

CCTA can be considered as first imaging modality for
certain conditions like — evaluation of the MAPCAS,
vascular rings and in patients with pacemaker or metallic
implants.’? The present study was conducted to
accentuate the utility of UCT in the evaluation of
congenital cardiovascular anomalies in a large series of
patients.

METHODS

This prospective cross sectional observational study was
carried out at a tertiary care cardiovascular centre of
Armed Forces Medical Services from June 2013 to
December 2015. A total of 160 patients of various types
of CCVA referred to the radiology department for CCTA
during the study period were included in the study.

All the neonates and pediatric patients with suspected
CCVA were initially evaluated by echocardiography
(echo) in the cardiology department. Patients who were
detected to have CCVA on echo were further evaluated
by CCTA. Catheter angiography was done for further
evaluation in a select group of cases where CCTA
evaluation was deemed equivocal.

Cardiac CT angiography

CCTA were done on 256 slice CT scanner (Philips
Healthcare, Brilliance). Young pediatric patients were
given mild sedation while older children were responded
to verbal assurance. In the pediatric patients 1 to 1.5
ml/kg of low (300 mg I/ml) or iso-osmolar contrast (320
mg I/ml) was injected through the antecubital vein at a
rate of 1.5 to 2.5 ml/sec followed by 20-30 ml saline
bolus chase. The tube voltage varied from 80 to 100kVp
and tube current varied according to the weight of the
patient. Mean scanning time was 02-03 sec. After
completion of the scan, images were reconstructed in
various orthogonal as well as non-orthogonal planes
including three-dimensional volume-rendered (3D-VR)
images, two dimensional (2D) maximum intensity
projection (MIP). All images were analyzed at the
workstation by two radiologists trained in MDCT and
cardiac imaging. CCTA findings of all patients were
tabulated and analyzed later.

RESULTS

A total of 160 patients of various types of CCVA
underwent CCTA during the study period. Total number
of CCVA detected on CCTA was 216 as 50 patients had
multiple anomalies. A total of 21 different types of
CCVA were found in our study as presented in Table 1
and depicted in figures from Figure 1 to Figure 15 along
with their managements. Tetralogy of fallot (TOF)
dominated the list of CCVA (60, 28%), followed by
anomalies of pulmonary arteries (40, 18.5%), anomalous
pulmonary venous drainage (30, 14%), coarctation of
aorta (25, 11.5%), coronary anomalies (10, 5%) and
venacaval anomalies (5%). All other anomalies were
individually less than 5% of the total CCVA. Majority of
the patients were managed in our institution except those
who were lost to follow up.

Out of sixty cases of TOF, twenty-five patients
underwent Blalock Taussig (BT) shunt surgeries, twenty
patients underwent total repair operation like Rastelli’s
operation or augmentation of pulmonary arteries (PAS)
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while fifteen patients were lost to follow up as given in
Table 2. Out of twenty-five patients who underwent
minor surgeries, one patient died in early postoperative
period, nine patients were lost to follow up, four patients
developed blockage of BT shunt after one year, while
eleven patients had patent shunt.

Figure 1: Case of tetralogy of Fallot (TOF) with
Ballock Taussing (BT) Shunt. a) sagittal reformatted
image shows non-opacification of BT shunt except the

upper portion suggestive of non-patent BT shunt;

b) coronal oblique reformatted image ofa 58 yrs

malecase of TOF with BT shunt showspatent BT
shunt between left subclavian artery (LSCA) and left

pulmonary artery (LPA).

Figure 2: Operated case of TOF with right ventricle-
pulmonary artery (RV-PA) Conduit (Rastelli
operation). a) axial 2D maximum intensity projection
(MIP) image shows stenosis of the mid portion of RV-
PA conduit (red arrow) with mild stenosis at the LPA
origin b) 3D Volume rendered (VR) image showing
the RV-PA conduit (yellow arrow).

Figure 3: Operated case of TOF with augmentation of
pulmonary arteries (Pas). a) axial 2D MIP image
shows severe stenosis at the right PA (RPA) origin
with small calibre RPA and mild stenosis at the LPA
origin b) Volume rendered (VR) 3D image shows the
same.

18 Aug, 20151

1-55 Left Ventricle 15 fps

Figure 4: Case of right ventricular outflow tract
stenosis, associated saccular aneurysm of the
infundibular region. a) 2-D MIP coronal oblique
image shows stenosis of RVOT with saccular
aneurysm (white arrow) arising from the origin of
MPA b) Catheter angiography showing the same.

Out of twenty patients who underwent total repair, six
patients died during the operation or in early
postoperative period due to various complications, three
patients developed stenosis of the right ventricle-
pulmonary artery (RV-PA) conduits, one had stenosis of
augmented PAs as seen in Figure 3a and 3b while five
patients were lost to follow-up. Out of four patients who
developed stenosis in the conduits/augmented PA, three
patients improved with balloon angioplasty while one
patient underwent redo surgery.
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Figure 5: Cases of partial/total anomalous pulmonary
venous return (PAPVC/TAPVC). a) 3D VR image
ofsupra-cardiac PAPVR showing right pulmonary

veins draining into SVC b) 2D coronal MIP image of
infra-cardiac PAPVR showing RIPV draining into

IVC (inverted sword sign), ¢) 3D VR image of a
supra-cardiac & cardiac type of TAPVR showing

LSPV draining into LSCV (white arrow) and all other
PVs forming common trunk and draining through

coronary sinus into RA (red arrow) d) operated case
of cardiac type of TAPVR developed stenosis at the

site of opening of common trunk into LA.

Figure 6: Axial reformatted images of truncus
arteriosus. a) single trunk arising from LV b) MPA
arising from the single trunk and then branching into
two pulmonary arteries.

Figure 7: Case of VSD with transposition of great
arteries (TGA). a) VR image is showing aorta arising
from the RV and MPA from the LV with over-riding
of MPA seen b) MIP coronal image showing the same.

Left superior vena cava (LSVC) is also seen.
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Figure 8: Case of Aorto-pulmonary (A-P) window -
3D VR image is showing wide communication
between the ascending aorta and MPA distal to the
origin.
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Figure 11: Case of atrio-ventricular canal defect
(AVCD) with double outlet right ventricle (DORV).
a) 2-D axial MIP image showing large ASD & VSD

with common opening of both atria with both the

ventricles b) 2-D coronal MIP image showing Aorta &
MPA arising from right ventricle.

Figure 9: 3D VR image of coarctation of aorta. a)
showing preductal type of coarctation b) coarctation
with hypoplastic arch c) interrupted hypoplastic arch

d) absent arch of aorta with dilated PDA supplying
the descending thoracic aorta (DTA). Major arch
vessels are arising from the ascending aorta (AA).

Figure 12: Axial image of cortriatriatum shows single
atrium with multiple floating membranes in the left
atrial chamber.

16 Jun, 2015 1320:11.25
1

Figure 10: Anomalous origin of coronary arteries. a)
& b) volume rendered images showing anomalous

origin of RCA (right coronary artery) from the Figure 13: Vascular rings. a) 2-D axial MIP image
proximal ascending aorta above the left coronary cusp showing aberrant right subclavian artery compressing
¢) common origin of RCA & left coronary artery esophagus b) 2-D axial MIP image showing aberrant
(LCA) from left coronary sinus d) anomalous origin of left subclavian artery with Kommeral’s diverticula
left anterior descending (LAD) artery from proximal and right sided aortic arch are forming vascular ring
portion of RCA. around trachea.
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Figure 15: An operated case of dextrocardia with
single atrium & large ventricular septal defect (VSD)
with double outlet left ventricle (DOLV) and Glenn
shunt. a) axial image is showing single atrium and
large VSD b) axial image showing resected MPA near
its origin (yellow arrow) with normally opacified
MPA & LPA and non opacified RPA (white arrow)c)
coronal oblique 2D MIP showing aorta & MPA
arising from LV with MPA resected near its origin
(red arrow) d) Coronal 2D MIP image showing
peripherally opacified SVC anastomosed to RPA
(Green arrow - Glenn shunt).

Figure 14: Case of anomalous origin of pulmonary
trunk from right subclavian artery (RSCA) in a case
of TOF. a) Volume rendered image showing the origin
of pulmonary trunk from the dilated right subclavian
artery. MPA is coursing downwards and branching
into two Pas supplying both the lungs b) MIP coronal
oblique image showing the same.

Table 1: Types of congenital cardiovascular anomalies in the study participants.

\ Types of congenital cardiovascular anomalies

Total no of CCVA detected by CCTA: 216

Tetralogy of Fallot
Anomalies of pulmonary arteries

60 (28%)
40 (18.5%)

Anomalous pulmonary venous drainage 30 (14%)
Anomalies of pulmonary veins 5 (2%)
Truncus arteriosus 4 (2%)
Transposition of great arteries 4 (2%)
A-P Window 4 (2%)
Coarctation of aorta 25 (11.5%)
Congenital aneurysm of aorta 4 (2%)
Coronary anomalies 10 (5%)
Single ventricle 2 (1%)
Single atrium 4 (2%)
AVCD 2 (1%)
Double outlet right ventricle 4 (2%)
Double outlet left ventricle 2 (1%)
Cortriatriatum 1 (<1%)
Pulmonary agenesis 1 (<1%)
Hypogenetic lung 2 (1%)
Sequestered Lung 1 (<1%)
Vascular ring 3 (1%)
Vena Cava anomaly 10 (5%)

Table 2: Type of surgery in TOF cases and their complications.

USTEE @ LR 7 TOE) 7o @ No complications Mortality Complications Lost to follow
TOF cases
04 (Blockage of shunt
BT Shunt surgery 25 after Olyear) 09
Major surgery 20 05 04 (stenosis of conduit) 05
Lost to follow up 15 -
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DISCUSSION

Ultrafast CT (UCT) scan plays an important role in the
evaluation of congenital cardiovascular anomalies
(CCVA), nparticularly the extra-cardiac vascular
anomalies. UCT enables accurate delineation of complex
anatomy of cardiovascular system both before and after
surgery especially in pediatric patients.®'®> Cardiac CT
angiography (CCTA) is the modality of choice for
evaluation of postoperative complications and also to
evaluate the status of conduits, shunts and stents.

In the present study, tetralogy of Fallot, is the commonest
congenital cardiac anomaly which was evaluated by
CCTA in our department. In TOF due to pulmonary
atresia or pulmonary stenosis, the blood supply to the
lungs comes from the various collaterals arising from the
aorta and/or other systemic arteries know as major aorto-
pulmonary collateral arteries (MAPCAS).% This is easily
diagnosed by CCTA as it can demonstrate the caliber and
number of the mapcas. Hence, it is the modality of choice
for the evaluation of mapcas before embolization or
reimplantation.*>!>17 CT is also very useful for pre and
post- operative evaluation of PAPVR/TAPVR.41318

In this study, we had a case of Down syndrome (DS) with
TOF in which augmentation of MPA was done; two years
later developed severe stenosis of right pulmonary artery
(RPA) and mild stenosis of left pulmonary artery (LPA)
as shown in Figure 3. This condition was improved with
balloon angioplasty.

CTA can accurately delineate the presence, patency and
caliber of pulmonary arteries which is required for correct
surgical planning and it also helps in the pre and
postoperative evaluation of pulmonary artery stenosis or
dilatation.’®1® In this study, we observed an interesting
case of 2 cm size saccular aneurysm of the infundibular
region associated with right ventricular out flow tract
obstruction (RVOTO) and large ASD which was initially
missed on CT angiography. However, catheter
angiography clearly demonstrated the saccular aneurysm
and retrospectively was demonstrated on CT angiography
as shown in Figure 4 and then the patient was operated
thereafter.

In the study, a case report of 1 year old baby with large
ASD associated with aneurysmal dilatation of main
pulmonary trunk (MPA) compressing the left main
bronchus against the descending thoracic aorta (DTA)
leading to complete collapse of the left lung was
observed and this was corrected by operation with
complete regression of the extrinsic compression over the
left main bronchus.?

CCTA can accurately diagnose the arch hypoplasia,
interrupted or absent arch and coarctation of aorta. It can
accurately give the measurements of the aorta as well as
demonstrate the PDA and arterial collaterals in COA.?* It
can accurately depicts the site and degree of stenosis®,

classify the types and can help in surgical planning of
interrupted arch or COA."?2 It can also demonstrate the
various complication like residual/re-coarctation or
pseudo-coarctation formation and is also very useful in
the evaluation of stent patency and various complications
like stent migration or occlusion/stenosis.'>23

In this study, we had two known cases of Marfan’s
syndrome associated with huge aneurysm of the aortic
root and AA. Bentall surgery was done replacing the
aortic root along with the valves with artificial conduit
and the coronary arteries (CAs) were re-anastomosed to
the conduit.

In this study, we had an interesting case of two-year-old
male baby, known case of DS with situs inversus and
dextrocardia had single atrium with physiological single
ventricle due to large VSD as depicted in Figure 15a.
Aorta and MPA both were arising from the LV
suggestive of DOLV as seen in Figure 15¢. Due to this
high pressure blood was flowing into the pulmonary
circulation leading to pulmonary congestion. To reduce
the pulmonary congestion, the MPA was resected near its
origin and was permanently closed (Fig 15bandc). Then
the superior vena cava (SVC) was anastomosed to the
RPA so as to divert one third of the systemic blood into
the pulmonary circulation to maintain the oxygenation as
in Figure 15d. This is known as Glenn shunt which is
usually done in single ventricle.

ECG-gated CTA can accurate delineate the origin and
course as well as the various anomalies of the CAs.? It
was found that noninvasive CTA was more accurate in
the demonstration of the CAs than catheter
angiography.?®

CONCLUSION

Ultrafast CT scan has become the imaging modality of
choice for evaluation of CCVA in pediatric and adult
patients. It is primarily meant to evaluate the extra-
cardiac systemic and pulmonary arterial as well as venous
system. It is the modality of choice for the evaluation of
shunts, stents, conduits and post-operative complications.
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