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ABSTRACT 

Back ground: Congenital heart disease (CHDs) is the most 
common birth anomaly worldwide and it has a significantly 
increasing prevalence rate. Traditional evaluation for assessment 
depends on echocardiography (ECHO) and conventional 
angiography. Recent technological advances in computed tomography 
(CT), is increasingly used for noninvasive evaluation and proper 
diagnosis. 

Aim of work: To examine the validity of administering low 
exposure dose by MDCT with the aid of ECG gating technique and 
post processing 3D reconstruction in diagnosis and follow up of 
congenital heart disease in pediatrics. 

Patients & methods: This study was performed on 40 patients 
with age ranged from 3 days to 16 year old with suspicious or 
clinically /echocardiographically known to have congenital heart 
disease . The study was performed with MDCT machines (64 and 80 
slices spiral CT)with ECG gating technique. The radiation dose was 
kept to minimum by reducing the kilo voltage to 80 kvp . All patients 
underwent Nonionic contrast agent injection.  

Results: we found that there is overall no significant difference 
between the  low Kvp ECG gated MDCT and  high Kvp MDCT in 
detecting  congenital cardiac anomalies moreover , in our study we 
detected some anomalies which were not reported by high Kvp 
protocol in other studies. 

Conclusion: low Kvp ECG gated MDCT is superior to 
conventional method of CT scanning in assessment of congenital heart 
anomalies as it reaches to the same diagnosis with less radiation dose 
and hazards  
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INTRODUCTION: 

Congenital heart diseases affect about 1 % 
of total births per year in United States of 
America(1), and considered the cause of 30-
50% of birth defect mortality in infants and 
children(2). 

 Primary evaluation of CHDs tradition-
ally depends on echocardiography (ECHO) 

and conventional angiography, these two 
techniques have some limitations such as 
being operator dependant, insufficient 
evaluation or proper imaging of great 
vessels, missing extra cardiac assessment, 
being invasive in case of angiography with a 
potential risk for vascular injury, bleeding 
and  infection (3). 
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The development of recent advances of 
multidetector CT (MDCT), is   increasingly 
used in addition to ECHO for noninvasive 
evaluation of the morphological features of 
vessels and cardiac chambers in patients 
with CHDs in a short time (4). For infants 
with congenital heart disease, electro 
cardiogram (ECG)-gated cardiac CT 
angiography (CTA) is the modality of choice 
for imaging the coronary arteries, airways, 
cardiac anatomy and extra cardiac vascular 
structures with its fast scanning times and 
high-quality images, it aids in patient 
management and treatment planning(5). 

MDCT provides high-quality three-
dimensional (3D) images using methods 
such as volume rendering and maximum 
intensity projection the resulting images are 
valuable for assessing complex cardio-
vascular birth defects especially for 
surgeons(6). 

The degree of radiation exposure 
associated with MDCT is of concern, most 
notably in pediatric patients as they are more 
sensitive than adults to the effects of 
ionizing radiation, therefore, it is essential to 
balance image quality with radiation dose 
delivered when performing CTA in children. 
The dose should be kept as low as 
reasonably achievable (ALARA) (7).The 
estimated Radiation doses for prospective 
and retrospective ECG-gated protocols have 
been reported to be ranging from 1-10 mSv 
using low peak kilo voltage and low 
milliamperes per kilogram(8 &9). 

Three Dimensional CTA is typically 
performed with low tube voltages in children 
because the attenuation of contrast media 
becomes higher and also it can be easily 
reconstructed. Moreover, the amount of 
contrast media can be reduced by using a 
lower tube voltage(4). 

 

AIM OF THE WORK:  

To examine the validity of 
administering low exposure dose by MDCT 

with the aid of ECG gating technique and 
post processing 3D reconstruction in 
diagnosis and follow up of congenital heart 
disease in pediatric patients. 

 

PATIENTS & METHODS:  

This study included 40 patients (19 
females and 21 males with age ranged from 
3 days to 16 years old) suspected or 
clinically/echocardiographically known to 
have congenital heart disease. referred for 
MDCT examination, the study was 
performed in Ain Shams university hospitals 
& some private centers in Egypt. The study 
was performed after approval of the Ethical 
committee of scientific Research, faculty of 
medicine, Ain Shams University. Patients 
were examined in the period from 2016 to 
2018.  

Patient’s preparation:   

A written consent was gathered from all 
the care givers of all the patients included in 
the study. History taking, checking renal 
functions, fasting for at least 3 hours was 
required prior to the examination, 
calculation of height, weight & body surface 
area for calculation of  contrast material 
injected volume as well as radiation dose. 

MDCT imaging protocol 

CT study was performed by using 
64/80slice MDCT Toshiba scanner. 

Data acquisition was performed from 
the thoracic inlet level to diaphragm.  

Retrospective ECG gating  

Utilizing low dose protocol was 
performed in all cases complying with 
ALARA (As Low As Reasonably 
Achievable) principle. We used ALARA 
principle in form of reduction of Kvp and 
automatic adjustment of tube current 
according to body weight. 

Contrast media:  

Non-ionic contrast agent, (1-2 ml/kg) 
contrast agent  followed by saline 15-20 ml, 
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injection rate 1.5–3 ml/s injected by dual 
mechanical power injector. 

Examination of the heart was then 
performed. Sequential series of images in 
arterial and subsequent phases of 
enhancement were taken to ensure 
opacification of both sides of the heart and 
all extra-cardiac vessels. 

Image analysis: 

The acquired axial images were 
reconstructed in sagittal and coronal planes. 
Furthermore a variety of high quality 2D 
reformatted and 3D reconstructed images 
were generated that aided in the 
understanding of complex cardiovascular 
anatomy.  

MDCT data were reviewed to obtain all 
clinically relevant information using a 
combination of three dimensional maximum 
intensity projections (MIP), volume 
rendering (VR), multi planar (MPR) and 
curved planer reformations (CPR), also 
volumetric & functional analysis were done. 

Statistical methods : 

IBM SPSS statistics (V. 25.0, IBM 
Corp., USA, 2017-2018) was used for data 

analysis. Data were expressed as both 
number and percentage for categorized data. 
Chi-square test was used to study the 
association between each 2 variables or 
comparison between 2 independent groups 
as regards the categorized data. The 
probability of error at 0.05 was considered 
significant, while at 0.01 and 0.001 are 
highly significant and more than 0.05 is non 
significant. 

 

RESULTS: 

This study was carried out including a 
total of 40 patients presented with clinically/ 
echocardiographically known/ suspected to 
have congenital heart disease. They were 19 
(47.5%) females and 21 (52.5%) males. 
Their age ranged from 3 day to 16 years old. 
As most of patients found to have multiple 
anomalies, we categorized the results into 
most common findings and they were 21 
findings as shown in (table 1). Illustrated 
images of MDCT and 3D reconstruction of 
examples of the findings in the following 
figure. 
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Figure:  A case of 13 days old male with multiple congenital heart anomalies (Aortic coarctation, 
persistent left SVC, dextrocardia and right ventricular hypertrophy): 

 A and B) 3D reconstruction images ( A: green arrow pointed to aortic coarctaion, B: circled 
green annotation marked the site of  left sided SVC), C) MDCT axial images showing dextrocardia 
and the green arrow points to the hypertrophied right ventricle, D) MDCT coronal reconstruction : the 
green arrow points to the left sided  SVC 

Table 1: the findings detected in our study with its count and incidence percentage in the study sample. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

We compared the results of our study 
with other studies using High Kvp MDCT 
and the outcome of comparison was 
expressed as (probability of error and 

difference significance) as illustrated in 
(table 2) 

The blank cells referring to (not 
compared results) as these findings were not 
detected at the other comparing studies. 

Classification Finding Count % 
Septal anomlaies  Ventricular Septal Defect  (VSD) 14 35 

Atrial Septal Defect  (ASD) 14 35 
Aortic anomalies  Aortic Coararctation 6 15 

Right aortic arch 5 12.5 
Over riding of aorta 5 12.5 
Aortic  pseudocoarctaion 2 5 
Aortic  ectasia 1 2.5 

Pulmonary and 
great vessels 
anomalies  

Pulmonary stenosis /atresia 14 35 
Pulmonary dialation 7 17.5 
Pulomanry hypertension 6 15 
Perisitant left svc 6 15 
Anomlaous pulomnary venous return 3 7.5 
Transposition Of Great Vessels (TGA) 3 7.5 

Connection 
anomalies 

Patent Ductus Artreiosis  (PDA) 9 22.5 
Double Outlet Right Ventricle (DORV) 5 12.5 

Valvular Anomales 3 7.5 
Chamber anomalies  Ventricular dialation 8 20 

Ventricular  hypertrophy 3 7.5 
Single ventricle 3 7.5 
Single atrium 1 2.5 

Mixed  Fallot tetraology 6 15 
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Table 2: probability of error and difference significance  between our study findings and other 
comparing studies . 

Finding  P value Significance 
VSD 0.000 H. S. 
ASD 0.000 H. S. 
Aortic coararctation 0.844 N. S. 
Right aortic arch 0.026 S. 
Over riding of aorta 0.685 N. S. 
Aortic pseudocoarctaion 0.325 N. S. 
Aortic ectasia 0.841 N. S. 
Pulmonary stenosis /atresia 0.000 H. S. 
Pilmonary dialation 0.000 H. S. 
Pulomanry hypertension 
Perisitant left svc 0.130 N. S. 
Anomlaous pulomnary venous return 0.304 N. S. 
TGA 0.376 N. S. 
DORV 0.009 H. S. 
PDA 0.028 S. 
Valvular anomales 0.224 N. S. 
Ventricular hypertrophy 0.826 N. S. 
Ventricular dialation   
Single ventricle   
Single atrium   
Fallot Tetraology 0.130 N. S. 

P value: probability of error, VSD: ventricular septal defect , ASD: atrial septal defect, TGA: 
transposition of great vessels, SVC: superior vena cava,  H.S: highly  significant, N.S:  non significant, 
S: significant. 

Four findings were detected in our study 
and not found in other comparing studies: 
three single ventricle cases with percentage 
of 7.5 %, one single atrium case with 
percentage of 2.5 %, six pulmonary hyper-
tension cases with percentage of 15% and 
eight ventricular dilatation cases with 
percentage of 20%. 

 

DISCUSSION:  

In the last two decades, CT scan and 
MRI have emerged as worthy non-invasive 
cardiovascular diagnostic tools efficient in 
providing accurate anatomic and functional 
information not obtainable by other imaging 
modalities currently available(10) MDCT has 
the characteristics of fast scanning speed, 
high resolution, powerful image post-
processing and clear visualization of the 
anatomic structures of the cardiac chambers 
and great vessels (11) The sensitivity and the 
complications risks associated with radiation 

exposure of children are greater than that of 
adults yet decreasing the tube voltage and 
current can effectively reduce the dose of 
radiation received by a patient(11). MDCT is 
the preferred technique for morphological 
pre-operative evaluation of the aorta like 
aortic coarctation and aortic arch anomalies. 
It accurately identifies the aortic coarctation 
site, determines the degree of narrowing 
adding to definition of extent of hypoplasia 
of the aortic arch aiding in choice of surgical 
technique performed (12). The introduction of 
the ECG-synchronized scan with either 
retrospective gating or prospective triggering 
is an update for the CT imaging of 
congenital heart disease. ECG-synchroniza-
tion enables us to accurately evaluate the 
coronary arteries, the conotruncal and other 
intracardiac structures(13). 

We compared our results with two 
similar studies yet using high Kvp dose the 
first one was by  Bayraktutan et al (14)  dated 
2013 was on 102 paediatric cases suspected 
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to have congenital heart disease and the 
other study was by Al-Mousily et al(9). Dated  
2011 was on 22 paediatric cases suspected to 
have congenital heart disease. 

There was high significant difference 
between our study (low Kvp MDCT) and 
other studies (high Kvp MDCT) in favor for 
our study in detecting ventricular septal 
defect, atrial septal defect, pulmonary 
stenosis and atresia ,pulmonary dilatation 
and double outlet right ventricle. That was in 
agreement with what Shehata et al(15) 
reported in his study 2016 As regard 
pulmonary artery anomaly diagnosis by 
MDCT  

There was a significant difference 
between our study (low Kvp MDCT) and 
other studies (high Kvp MDCT) in favor for 
our study in detecting right aortic arch and 
patent ductus arteriorsis. 

That was in agreement with what Seif El 
Dien et al(16) reported in his study 2014 in 
depicting cases of PDA by MDCT 

There was no significant difference 
between our study (low Kvp MDCT) and 
other studies (high Kvp MDCT) in detecting 
aortic coarctation, aortic pseudo-coarctation, 
aortic ectasia, over riding of aorta, persistent  
left superior vena cava, anomalous 
pulmonary  venous return, transposition of 
great vessels, valvular anomalies, ventricular 
hypertrophy and fallot tetrology.  That was 
in agreement with what Kamala et al.(17) 
reported in his study 2011 about diagnosis of 
the coarctation of the aorta by MDCT . And 
in agreement with the study of Osama et al 

(18) done 2013 that MDCT correctly depict 
the TAPVR (Total anomalous pulmonary 
venous return) and PAPVR (Partial 
anomalous pulmonary venous return) types 
of pulmonary venous anomalies. Regarding 
great vessels anomalies, we found good 
agreement with what Shehata et al.,(15) 
reported in his study 2017. 

We found an agreement with what Bu et 
al.(11) reported in his study done 2016 in 

assessing of MDCT for the diagnosis of 
cardiac malformations  

Also, In agreement with what Shehata et 
al.(15) reported in his study done 2017 about 
The diagnostic function  of MDCT in 
congenital heart defects. 

Conclusion 

In our study we used retrospective ECG 
gating utilizing low dose protocol in all 
cases complying with ALARA (As Low As 
Reasonably Achievable) principle. ALARA 
principle was used in the form of reduction 
of Kvp to 80 and automatic adjustment of 
tube current according to body weight. As 
the majority of paediatric group had high 
heart rate and difficulties in breathing 
control so we used retrospective gating to 
get good quality reconstructed images so as 
not to miss an abnormality and to avoid 
repetition of the study and repetitive  
radiation exposure.   

Our aim in this study was to assess the 
role of ECG gated multidetector Computed 
Tomography in the detection and characteri-
zation of congenital heart diseases.  

Conclusion of the study results that low 
Kvp ECG gated MDCT can detect 
congenital cardiac anomalies as accurate as 
high Kvp MDCT, moreover, it can detect 
more anomalies as discussed, with less 
radiation hazards . 

Limitations: 

There were some limitations in this 
study; firstly not all patients included in this 
study were subjected to surgery or 
catheterization to get a full post- operative 
data. Second we could not perform both high 
Kvp and low Kvp MDCT examination to the 
same patient to compare precisely due to the 
risk of cumulative high radiation exposure to 
patients. Third, the sample sizes of the 
present study as well as the compared 
studies were relatively small and future 
studies with greater populations should be 
considered.  
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تقييم الأشعة المقطعية متعددة المقاطع  ذات الطاقة المنخفضة و المقترنة برسم القلب الكھربي لحالات 
 عيوب القلب الخلقية لدى الاطفال

 سوزان عادل علي عبد الرحيم/ د و ناصف محمد أمين/ د.أ و عبد الحميد عبير مغاوري/ د.أ و دينا حمدي أحمد/ د
  عماد حامد عبدالدايم/ دو

يعتمد التقييم الأولي لعيوب . تعتبر عيوب القلب الخلقية اكثرامراض العيوب الخلقية شيوعا في الأطفال  :المقدمه  
التطور الحديث في و قد ساعد  . و قسطرة الأوعية القلبية) الايكو(  القلب فحص الموجات الصوتية على القلب الخلقية على

مرضى  عيوب و التشخيص الجيد ل   تقييم التقنيات التصوير بالأشعة المقطعية متعددة المقاطع باستخدام الكمبيوتر في 
 .القلب الخلقية

تقييم دور التصوير  بالأشعة المقطعية متعددة المقاطع ذات طاقة أشعة منخفضة ومقترنة برسم  :الھدف من البحث
 .ب الخلقية لدى الاطفالحالات عيوب القل و متابعة صور ثلاثية الابعاد بعد الفحص في  تشخيصالقلب مع تكوين 

، جميع الحالات لھا تشخيص محتمل عاما ١٦ايام و  ٣حاله تتراوح اعمارھم بين  ٤٠شملت الدراسة  :طرق البحث 
عن طريق الفحص الاكلنيكي اوفحص الموجات فوق صوتيه للقلب او حالات تم تشخيصھا مسبقا بعيوب القلب الخلقيه 
  .  بعيوب القلب الخلقيه 

مع الحفاظ المقترنه برسم القلب ) مقطع  ٨٠و  ٦٤( تمت الدراسه باستخدام اجھزة الاشعه المقطعيه المتعدده المقاطع 
تم  اجراء الحقن الوريدي لكل .كيلو فولت  ٨٠ عنديت طاقه الاشعه علي تقليل جرعه الاشعه الي اقل جرعه و ذلك بتثب

  .حالات الدراسه بصبغه غير مأينه متبعه ب محلول ملح

بعد فحص نتائج الدراسه و بمقارنتھا بنتائج التصوير بالاشعه المقطعيه المتعددة المقاطع ذات الجرعه  :النتائج 
ملحوظ بين دقه نتائج الفحصين علاوة علي ذلك فقد اظھرت دراستنا بعض وجد ان لا يوجد فرق . الاشعاعيه العاليه 

أذين أوحد ، بطين أوحد ، تمدد بطيني ،ارتفاع ضغط (العيوب الخلقيه التي لم يتم تواجدھا في الفحص المقارن و ھي 
  ).الشريان الرئوي

شعاعيه  المنخفضة والمقترنة برسم التصوير  بالأشعة المقطعية متعددة المقاطع ذات الطاقة الاوجد ان  :همتاخال 
القلب افضل من طرق التصويرالاشعاعي المقطعي التقليدي في تشخيص عيوب القلب الخلقيه وذلك لوصولھا لنفس الدقه 

  .في التشخيص باستخدام جرعه اشعاعيه اقل و بالتالي مخاطر اقل للمريض

  


