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Background: The aim of this work is to evaluate the validity of magnetic resonance (MR) imaging in assessment of
pulmonary arteries and ventricular functions with conotruncal anomalies in the pediatric population.

Results: Between March 2018 and December 2019, 42 patients ranging in age from 6 months to 18 years and
diagnosed with conotruncal anomalies by echocardiographic examination were submitted for cardiac MRI followed
by assessment of their morphological (intra- and extra-cardiac anatomy) and functional parameters. The most
common conotruncal anomaly was tetralogy of Fallot which represented 45% of the cases. Cardiac magnetic
resonance (CMR) compared to echocardiography showed 46% agreement in the assessment of right ventricular
volumes and function. There was only 37% agreement between echocardiography and MRI in delineation of MAPC

Conclusion: CMR provides a powerful tool, giving anatomical and physiological information that echocardiography
and catheterization alone cannot provide in conotruncal anomalies.

Background

Conotruncal anomalies are a group of congenital heart
defects that involve the outflow tracts of the heart and
the great vessels [1].

It accounts for approximately 30% of the congenital
heart disease being characterized by anomalies of the
cardiac outflow tract or of the great arteries [2].

Developmental abnormalities of the embryonic conus
arteriosus (infundibulum) and the truncus arteriosus re-
sult in abnormal ventriculo-arterial alignments and
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connections, outlet septation defects, outlet hypoplasia,
stenosis, or atresia [3].

The major conotruncal anomalies are tetralogy of Fal-
lot (TOF), transposition of the great arteries (TGA),
double-outlet right ventricle (DORV), truncus arteriosus,
and interrupted aortic arch [1].

Echocardiography remains the first-line cardiovascular
imaging modality in patients with congenital heart dis-
ease because of the portability, universal availability, be-
ing of low-cost, non-invasive with real-time assessment
of the anatomy, function, and valvular diseases [4]. How-
ever, the suboptimal penetration of ultrasound poses the
chief limitation of echocardiography, especially after car-
diovascular surgery [5].
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Where cardiac catheterization was traditionally used
to provide hemodynamic information and visualize
extracardiac great vessels, cardiovascular MR (CMR) is
progressively fulfilling this role [5].

CMR provides a powerful tool in displaying extra-
cardiac anatomy, including the great arteries, systemic,
and pulmonary veins. Vascular and valvular flow can be
assessed, shunts can be quantified, and myocardial func-
tion can be measured accurately with high reproducibil-
ity, regardless of ventricular morphology [6].

Finally, CMR surpasses both catheterization and echo-
cardiography in providing high-resolution, isotropic,
three-dimensional datasets [5].

The aim of this work is to evaluate the validity of mag-
netic resonance (MR) imaging in assessment of pulmon-
ary arteries and ventricular functions with conotruncal
anomalies in the pediatric population.

Methods

Study population and design

This is a retrospective comparative study between echo-
cardiography and CMR conducted between March 2018
and December 2019 on 42 pediatric patients.

This study was approved by the research ethic com-
mittee of the Radiology Department of our university.
All patients included in this study gave a written in-
formed consent to participate in this research. If the pa-
tient was less than 16 years old or unconscious at the
time of the study, written informed consent for their
participation was given by their parent or legal guardian.

The patients’ ages ranged from 6 months to 18 years
(25 females and 17 males). All patients were submitted
to both echocardiographic examination and cardiac MRI
study.

Echocardiography

It was performed for all patients using the commercially
available machines in the echocardiography unit and the
cardiology department

Magnetic resonance imager
A Philips Gyroscan Intera (1.5 T) super conducting mag-
net was used.

Patient selection and preparation

Inclusion criteria

Patients suspected clinically and diagnosed by echocardi-
ography with conotruncal anomalies during the period
of the study.

Exclusion criteria

Patients who have implanted electric and electronic de-
vices and in particular; heart pacemakers (especially
older types), insulin pumps, implanted hearing aids,
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neuro-stimulators, intracranial metal clips, and metallic
bodies in the eye.

Sedation

Infants and small children up to the age of 4 years were
sedated by oral chloral hydrate (75 mg/kg body weight),
while older children tolerated the examination without
sedation. Infants and small children were wrapped in a
blanket and placed on a thin, firm mattress. Instructions
were given to the older children and adults to avoid any
movement during the procedure.

Patient position

All patients were examined in supine position, head first.
ECG leads and PEAR (phase encoding artifact reduction)
sensors were applied. The infants utilized a C1 coil while
older children used a synergy body coil.

Imaging parameters

The imaging protocol depended on the age of the pa-
tient and the congenital cardiac anomaly. The pediatric
patient group was subjected to the conventional spin
echo sequences (black blood technique) due to failure to
execute breath hold as they were sedated. The older
children were subjected to the conventional spin echo
sequences (black blood technique) and fast gradient
echo pulse sequences (bFFE/BH) balanced fast field
echo/breath hold technique.

The three-dimensional (3D) whole heart approach
with respiratory navigator gating and ECG triggering
was used for comprehensive evaluation of thoracic vas-
culature to give detailed morphological information in
conotruncal anomalies.

Ventricular volumes were calculated for all patients in-
cluding; end diastolic volume, end systolic volume,
stroke volume, ventricular ejection fraction, and cardiac
output.

This was obtained through using ECG-gated steady-
state free precession (SSFP) imaging sequences (TE 1.5—
2.0 ms, TR 2.8-4.0 ms, flip angle 45°, views per segment
10-20, reconstructed images per cardiac cycle 20-30)
where a stack of 12 contiguous short-axis slabs perpen-
dicular to the long axis of ventricles (slice thickness 6—8
mm, interslice distance 0—2 mm) was obtained assuring
full coverage of ventricles.

A commercially available computer workstation (View-
Forum, Philips Medical Systems, Best, The Netherlands)
was used for image processing. Cross referencing of the
long- and short-axis cine images of the ventricles facili-
tated identification of the required ventricular function
parameters to be included in the analysis
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Image interpretation
Ventricular volumes were calculated using manual con-
tour tracing of short-axis slices from the apex to the
base to obtain end-diastolic and end-systolic volumes.
The stroke volume (SV) was calculated by subtracting
the end systolic volume (ESV) from the end diastolic
volume (EDV). The ejection fraction was calculated by
dividing the SV by the EDV.
The anatomical and functional data were correlated
with the echocardiographic findings.

Cardiac catheterization

It was performed for selected number of patients (7
cases) using the available machines in the cardiac
catheterization units in the children hospital.

Statistical method

The collected data were coded, tabulated, and statisti-
cally analyzed using IBM SPSS statistics (Statistical Pack-
age for Social Sciences) software version 18.0, IBM
Corp., Chicago, USA, 2009.

Results

This study included 42 patients with 25 males (60%) and
17 females (40%) with an age range of 6 months—18
years (mean age 6.3).

Twenty-seven of the patients were newly diagnosed
with conotruncal heart defects (64%) while the
remaining 15 (36%) were operated upon and came for
post-operative evaluation.

The most common conotruncal anomaly was tetralogy
of Fallot which represented 45% of the cases while the
least common was double outlet right ventricle repre-
senting 7% of the cases. Others were L-TGA: 26% and
D-TGA: 22%

In this study, the results were classified according to
the patients’ pathological finding as follows:

(1) Pulmonary artery anomalies.

(2) Aorto-pulmonary collaterals.

(3) Assessment of right ventricular volumes and
functions

(4) Assessment of post-operative cases

Pulmonary artery anomalies

Eighteen of the patients in our study had a variable de-
gree of pulmonary artery anomalies. Delineation of the
pulmonary arterial tree abnormalities were performed by
echocardiography and MRI in preoperative cases (Figs. 1
and 2). Points of consideration in the evaluation in con-
otruncal anomalies included pulmonary atresia, conflu-
ent and non-confluence of the pulmonary arteries,
pulmonary stenosis, and pulmonary agenesis (Table 1).
Non-visualization of the pulmonary artery especially the
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left pulmonary artery (LPA) was considered a consider-
able limitation of echocardiography and hence the su-
periority of MRI in delineation of the pulmonary arterial
tree.

The echo failed to detect eight of the pulmonary artery
anomalies. Those false-negative cases in which the pul-
monary arterial tree could not be visualized by echocar-
diography were due to various reasons including
technical difficulties during performing the study, non-
confluent pulmonary arteries, and LPA agenesis (Fig. 3).

Aorto-pulmonary collaterals
Eight of the examined cases had major aorto-pulmonary
collateral arteries (MAPCAS) detected by MRI, while
echo failed to detect five patients out of them (Fig. 4).
According to the above results, there was only 37%
agreement between echocardiography and MRI in delin-
eation of MAPCAS which is of great importance in pre-
operative evaluation of these patients. The technique
used for MR evaluation of these patients was conven-
tional spin echo, cine images, and the 3D navigator.
These techniques delineated the MAPCAS supplying the
lungs but neither the lobar nor the segmental distribu-
tion of those MAPCAS was delineated by conventional
spin echo. The difficulties with tracking vessels after they
entered the lung parenchyma resulted from their de-
creasing size as they arborized, and a lower contrast to
noise ratio in the lung tissue.

Assessment of right ventricular volumes and functions
Right ventricular end-diastolic and end-systolic volumes,
mass, stroke volumes, and ejection fractions were measured
in 37 of our patients. Measurements were made by a radiog-
rapher blinded to the echocardiographic data (Fig. 5). Based
on the published normal values for right ventricular ejection
fraction (RVEF), in this study, we followed Andrew M et al.
2011 in their classification as they roughly defined a RVEF of
40-50% as mildly decreased RV function, and RVEF of 30—
40% as moderately decreased RV function, and RVEF < 30%
severely decreased RV function.

Compared to echocardiography for assessment of right
ventricular volumes and functions, CMR was preferred
for its ability to overcome the underestimation of the
echocardiography to those measurements as echocardi-
ography significantly underestimated volumes in the 17
patients as a whole. Mean RV end diastolic volumes
were significantly greater when measured by CMR com-
pared to echocardiography with 46% agreement.

Assessment of post-operative cases

Pulmonary regurge in patients with repaired TOF

Six of the TOF cases came for post-operative evaluation
to assess the degree of pulmonary regurge (PR). This is
shown in Fig. 6 in details.
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Case 1:

showing the regurgitant jet at the tricuspid valve region (arrow)

Fig. 1 a, b Cine MRI image of 4-chamber cardiac view for a case of L-TGA showing the RA connected to a right-sided, smooth-walled,
morphologic LV and the left atrium connected to a trabeculated, left-sided, morphologic RV. The mitral valve displaced more basally than the
tricuspid valve. a The image shows the moderator band (MB) of the left sided morphologically right ventricle (b). ¢ Right ventricular outflow tract

(b)

According to our results, we discovered that echocar-
diography was less sensitive in the exact estimation of
the pulmonary regurge in cases when the regurge was
less than 20% as it overestimated regurgitation fraction
(RF) resulting in false-positive results, e.g., two cases
were diagnosed as moderate PR by echocardiography
while the MRI proved that the RF was < 20%, in con-
trary, echocardiography was sensitive in pulmonary
regurge > 20% as CMR.

Assessment of post-operative complications in patients with
transposition of great vessels

Eight of the patients with TGA came for post-operative
evaluation. Magnetic resonance imaging and echocardi-
ography were compared for their ability to demonstrate
the post-operative complications. MRI detected that
three cases of them with left pulmonary stenosis (37.5%)

and one case with left ventricular outflow obstruction
(12.5%) and one case with severe pulmonary arterial
dilatation to the extent of pulmonary hypertension
(12%). Echocardiography failed to show two cases with
left pulmonary stenosis due to poor acoustic window.

Other anomalies were detected as follows

L-TGA

Levo-transposition of the great arteries (L-TGA), also
called congenitally corrected TGA, characterized by
atrioventricular and ventriculoarterial discordance was
detected in 26% of the patients.

D-TGA
Dextro-transposition of the great arteries characterized
by ventriculo-arterial discordance was detected in 22%.



Saraya et al. Egyptian Journal of Radiology and Nuclear Medicine

(2021) 52:132

Page 5 of 9

Fig. 2 A case of pre-operative TOF. cine MRI images showing a axial view showing Dextrocardia with right ventricular hypertrophy. b SA view
showing infundibular pulmonary stenosis “red arrow”. ¢ SA view showing subaortic VSD

(b)

DORV

Double outlet right ventricle in which both great arteries
arise completely or predominantly from the right ven-
tricle represented 7% of the patients.

Discussion
Cardiac and vascular anatomy of patients with congeni-
tal heart disease (CHD) is complex and accurate evalu-
ation mandates MR image acquisition in several non-
standard planes. The most important sequences for ana-
tomical imaging in CHD are black-blood spin echo, 2D
SSFP, and 3D SSFP techniques as well as contrast-
enhanced MR angiography [6].

Greil et al. 2015 reported that the CMR is the current
clinical gold standard for measurements of ventricular
function and blood flow which are crucial components

of a CMR examination in patients with CHD. Ventricu-
lar volumes and ejection fraction are assessed by acquisi-
tion of a stack of SSFP cine slices covering the entire
heart [7].

In this study, the role of cardiac magnetic resonance
imaging in the evaluation of conotruncal anomalies was
assessed. The study enrolled 42 patients (25 males and
17 females) with an age range between 6 months and 18
years. All patients were at least subjected to one echo-
cardiographic examination while seven of them under-
went cardiac catheterization.

The most common conotruncal anomaly in our study
was tetralogy of Fallot which represented 45% of the pa-
tients while the least common was double outlet right
ventricle which represented only 7% of them. The pri-
mary goal of the cardiovascular MR imaging
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Table 1 Number of patients according to type of pulmonary
artery abnormality by echocardiography and MRI

Abnormality Echo % MRI %
Atresia 6 333 9 50
Non-confluent 2 1.1 5 27.8
Stenosis 2 1.1 4 222

examination of the patients in our study is to assess the
full anatomical details of the patients pre-operatively and
to follow-up the patients post-operatively for early detec-
tion of complications.

Cardiac MRI detected 18 patients in this study with
variable degrees of pulmonary artery stenosis ranging
from atresia to mild stenosis. While echocardiography
failed to detect eight of them due to left pulmonary ar-
tery agenesis, non-confluence of the pulmonary artery
branches and due to technical problems. The agreement
between CMR and echocardiography was 44%. Cardiac
MRI also successfully detected eight of the aorto-
pulmonary collaterals with 37% agreement with echocar-
diography as the latter did not visualize five of them.

In our study, no contrast-enhanced magnetic reson-
ance angiography (CE-MRA) was used for the patients
in our study because no bolus tracking software for de-
lineation of pulmonary vasculature was available and
manual injection of contrast with the rapid heart rate of
the pediatric group of patients makes it difficult to assess
pulmonary vessels without overlap of aortic and systemic
vessels.

We acknowledge that the lack of utilization of contrast
medium in our study as a limitation which probably

Technical
difficulty
25%

Fig. 3 Causes of non-visualization of the pulmonary arterial tree by
echocardiography as a percentage
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reduced the sensitivity of the examination in anatomical
measurements of the vascular structures. Biichel et al.
2005 stated that CE-MRA provides accurate quantitative
anatomical information, which highly agrees with con-
ventional angiographic data, and can therefore be used
for planning catheter-guided procedures [8].

However, free-breathing whole-heart 3D SSFP or
black-blood fast spin-echo sequence was efficient for
visualization of the atretic/hypoplastic pulmonary arter-
ies and visualization of the aorto-pulmonary collaterals.
In our study, the size of the hypoplastic pulmonary ar-
teries is well measured. The origin of the coronary arter-
ies was seen as well.

This study enrolled 9 patients with D-TGA and 11
with L-TGA. Cardiac MRI played an important role in
anatomical and functional assessment of those patients.
This agreed with Fogel et al. 2010 which reported that
CMR has been recognized as an accurate non-invasive
imaging tool to diagnose and evaluate patients with
TGA as it shows the discordant atrioventricular and
ventricular connections which can be visualized by iden-
tifying the right atrial (triangular atrial appendage with
wide ostium) and left atrial (tubular atrial appendage
with narrow ostium) anatomy and situs, and biventricu-
lar as well as large vessel anatomy with the aorta anter-
ior and to the left, and can also show the great arteries
side-by-side. Also, details of AV valve anatomy may be
visualized [9].

Assessment of right ventricular volumes and functions
was an important issue in our study as the conotruncal
anomalies affects them in different degrees. Thirty-seven
of our patients were subjected to right ventricular vol-
umes and functions measurements. They show 46%
agreement with echocardiography as echocardiography
significantly underestimated volumes in the 17 patients
as a whole and the mean right ventricular end diastolic
volumes (RVED) were significantly greater when mea-
sured by CMR. Furthermore, CMR was superior to
echocardiography for the assessment of the stroke vol-
ume and ejection fraction of the right ventricle. Minor
early changes in ventricular size and function are more
readily detectable, given the reproducibility of CMR, and
may lead to an early appropriate medical intervention

This was agreed with Andrew M et al. 2011 as they re-
ported that 3D-Echo systematically underestimates right
ventricular volumes compared to cardiovascular mag-
netic resonance in adult congenital heart disease patients
with moderate or severe RV dilatation [10].

Geva et al. 2014 also concluded that CMR is presently
the best diagnostic modality for assessment of RV size
and function in patients with CHD. Furthermore, a
growing literature informs clinicians on how to use
CMR data to guide patient management. Echocardiog-
raphy, which is more widely available, provides useful
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MAPCAs

B MAPCAs

MRI

Fig. 4 Number of cases of aorto-pulmonary connection by echocardiography and MRI. *MAPCAs: Major aorto-pulmonary collateral arteries

_
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diagnostic information in many clinical circumstances
that affect the right heart. However, when precise quan-
titative data are required to make important clinical de-
cisions (e.g, when to recommend pulmonary valve
replacement), CMR remains the diagnostic modality of
choice. As new echocardiographic, CMR, and other im-
aging techniques continue to evolve, it would be inter-
esting to revisit this controversy in the future [11].

Our results agreed with Laura et al. 2012; their study
concluded that in correlation between CMR and echo-
cardiography, the latter overestimated the pulmonary
regurge when the RF < 20% resulting in a false-positive
results of about 37% [12].

In this study, regarding the post-operative evaluation
for the patients with transposition of great vessels, eight
of the cases came for post-operative follow-up.

CMR quantified blood flow through valves and vessels
and provided valuable information concerning outflow
tract stenosis and regurgitation fractions that can be

Fig. 5 Percentage of patients according to the degree of right
ventricular dilatation by MRI

followed over time and aid in management decisions.
MRI can also depict the abnormal position of the great
arteries, with the aorta anterior to the pulmonary artery
and arising from the right ventricle in cases of D-
transposition of great arteries and double outlet right
ventricle with D-malposed vessels.

CMR was a very important tool in evaluation of post-
operative complications in those patients. The post-
operative evaluation requires a thorough evaluation of
the right ventricular function and possible tricuspid
valve regurgitation, left ventricular outflow tract

Severe
17%

Fig. 6 Percentage of patients according to the degree of PR in post-
TOF repair by MRI. *PR: pulmonary regurge, TOF: tetralogy of Fallot
.
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obstruction, arrhythmias, baffle leaks, and systemic and
pulmonary venous pathway obstruction.

Adam et al. 2012 studied the evaluation with cardio-
vascular MR imaging of baffles and conduits used in pal-
liation or repair of congenital heart disease and
concluded that CMR imaging is the imaging modality of
choice for evaluation of baffles and conduits used in re-
pair or palliation of complex congenital heart disease as
it provides a non-invasive assessment of anatomy, func-
tion, and flow without the use of ionizing radiation [13].

Sangeeta et al. 2015 studied managing heart failure in
transposition of the great arteries and reported that al-
though the right ventricle is difficult to evaluate because
of its complex shape, cardiac MRI is the gold standard
of right ventricular assessment because of its ability to
completely visualize the right ventricle. It is not only
used to quantify the size and function of the right ven-
tricle but also to identify associated structural abnormal-
ities and areas of concern after surgery, such as aortic
root, branches of pulmonary arteries, and right ventricu-
lar outflow tract [14].

One of the patients in our study with D-TGA who
underwent surgical intervention presented with symptoms
of pulmonary arterial hypertension. CMR revealed marked
dilatation of the pulmonary arteries. Pulmonary arterial
hypertension which is a rare complication has been re-
ported also by Janani et al. 2017 and reported that late-
onset pulmonary arterial hypertension (PAH) is a rare but
fatal complication in patients with childhood surgical re-
pair of dextro-transposition of great arteries (D-TGA).
The pathogenic mechanisms of pulmonary arterial hyper-
tension in patients with repaired D-TGA are not well
understood and treatment is not standardized [15].

Conclusion

Our study concluded that CMR provides a powerful
tool, giving anatomical and physiological information re-
garding the pulmonary arteries and ventricular functions
in pediatric conotruncal anomalies as it overcomes many
of the limitations of echocardiography (e.g., restricted
acoustic windows), computed tomography (e.g., expos-
ure to ionizing radiation, lack of functional information),
and cardiac catheterization (e.g., ionizing radiation ex-
posure and morbidity). CMR is also the diagnostic mo-
dality of choice in giving precise quantitative data that
are required to make important clinical decisions (e.g.,
when to recommend pulmonary valve replacement in
patients with repaired TOF).
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