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Abstract 

Background and objective: Children diagnosed with congenital heart disease often undergo 

cardiac catheterization for their treatment, which involves the use of ionizing radiation and 

therefore a risk of radiation induced cancer. Our objective was to calculate the effective (E) 

and equivalent organ doses (HT) in those children and estimate the risk of radiation induced 

cancer (REID). 

Materials and methods: Fifty three children were divided into three groups, atrial septal 

defect (ASD), ventricular septal defect (VSD), and patent ductus arteriosus (PDA), depending 

on their heart condition. In all procedures, the exposure conditions and the Dose-Area 

Product (DAP) meters readings were recorded for each individual acquisition. Monte Carlo 

simulations were run using the PCXMC 2.0 code and mathematical phantoms simulating 

children anatomy. The HT values to all irradiated organs and the resulting E and REID 

values were calculated. 

Results: The average DAP values were respectively 40±12 Gy.cm2 for the ASD, 17.5±0.7 

Gy.cm2 for the VSD and 9.5±1 Gy.cm2 for the PDA group. The average E values were 40±12, 

22±2.5 and 17±3.6 mSv for ASD, VSD and PDA groups, respectively. The respective 

estimated REID values per procedure were 0.109, 0.106 and 0.067 %. For all groups the 

most heavily irradiated organs were the thymus, heart, breast, lung and stomach.  
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Conclusion: Cardiac catheterization of children involves a considerable risk for radiation 

induced cancer. However, this risk is acceptable in view of the therapeutic benefit and the fact 

that the alternative therapeutic method (surgery) also involves the risk of moderate to lethal 

complications 

 

Introduction 

Roughly 1% of infants born yearly are diagnosed to have a type of congenital heart disorder. 

The most common disorders are: atrial septal defect (ASD), ventricular septal defect (VSD) 

and patent ductus arteriosus (PDA). In such cases, the physician has to choose between 

surgical treatment and cardiac catheterization taking into account the special characteristics of 

each individual case.  

Cardiac catheterization involves the use of ionizing radiation and therefore a risk of radiation 

induced cancer. This risk is higher for children than adults and increases with the decrease of 

the child’s age at the time of the intervention. It is believed that is both the rapidly dividing 

cells and the long life expectancy of children which are responsible for the increase of their 

susceptibility to cancer as a result of radiation exposure. 

Our objective was to calculate the effective dose (E) and equivalent organ doses (HT) the risk 

of radiation induced cancer (REID) in these three different types of cardiac catheterization.  

 

Materials and Methods 

Fifty three children aged between 3 months and 11 years, diagnosed with congenital heart 

disease and treated with cardiac catheterization (under general anesthesia), were studied. 

These were divided into three study groups, according to the type of heart disorder. The first 

study group consisted of 19 patients (6-11 years old with an average age of 8.5 years) with 

ASD. The second study group consisted of 16 patients (7-11 years old with an average age of 

8.8 years) with VSD. The third study group consisted of 18 patients (3-12 months old with an 

average age of 6.8 months) with PDA. 

In all procedures, the exposure conditions, tube orientations and the Dose-Area Product 

(DAP) meters readings were recorded for each individual acquisition. Monte Carlo 

simulations were run using the PCXMC 2.0 code and mathematical phantoms simulating 

children anatomy. The equivalent organ doses (HT) to all irradiated organs and the resulting E 

and REID values were calculated. 



 

European	Medical	Physics	and	Engineering	Conference,	Sofia,	October	18‐20,	2012	
227

The calculation of E and HT was made using the PCXMC 2.0 Monte Carlo simulation 

software. The PCXMC (STUK – Radiation and Nuclear Safety Authority, Helsinki, Finland) 

is a Monte Carlo program for calculating organ doses and effective doses in patients which 

undergo medical x-ray examinations. The program calculates the effective dose with both the 

present tissue weighting factors of ICRP Publication 103 [1] and the old tissue weighting 

factors of ICRP Publication 60 [2]. In our study however the ICRP 103 data were used. The 

anatomical data used by this program are based on the mathematical hermaphrodite children 

phantom models of different age categories: new-born, 1, 5, 10 and 15-years old [3,4].  

PCXMC allows a free adjustment of the X-ray beam and other examination parameters used for 

projection radiography and fluoroscopy, as seen in Figure 1. All organ doses calculated by 

PCXMC are relative to the incident air kerma at the point where the central axis of the x-ray beam 

enters the patient (free-in-air without backscatter) and it is given in units of milligray (mGy). The 

user must supply this information to the program or alternatively the DAP value (in mGycm2). 

 

 

Figure 1. The interface of the PCXMC 2.0 Monte Carlo simulation software used to 

determine the geometric set-up of different projections is shown.  
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The projections most often used were the anteroposterior (AP) with 0 degrees cranial 

angulation (0o/0 o) and the lateral oblique (left lateral at 35o for ASD, left lateral at 40o for 

VSD and right lateral at 37o for PDA) with 0 degrees cranial angulation. For every patient 

included in the sample a number of simulations were run at the respective angles using the 

DAP values recorded at each one of the different projections used during the interventional 

procedure.  

For estimating the cancer risk resulting from exposure to ionizing radiation a set of models 

has been developed by the BEIR [5]. The BEIR VII committee has derived risk models both 

for cancer incidence and for cancer mortality. These models, which are included in the 

PCMXC 2.0 software package, take into account the cancer site, sex, age at the exposure and 

attained age. PCMXC 2.0 allows the estimation of the relative risk as a result of a single or 

multiple radiation exposures. The risk estimation for each therapeutic group was performed 

by using the average values of the cumulative organ doses and the cumulative air kerma from 

all exposures. 

 

Results 

The average DAP values were respectively 40±12 Gy.cm2 for the ASD, 17.5±0.7 Gy.cm2 for 

the VSD and 9.5±1 Gy.cm2 for the PDA group. The average E values were 40±12, 22±2.5 and 

17±3.6 mSv for ASD, VSD and PDA groups, respectively. For all groups the most heavily 

irradiated organs were the thymus, heart, breast, lung and stomach as can be seen in Figure 2. 

The respective estimated REID values per procedure were 0.109, 0.106 and 0.067 %. 

 

Discussion 

There is limited number of studies in the literature reporting DAP and E data for such 

procedures in children [6-9] and only one reporting REID estimates [6]. The reported E values 

for ASD range from 2.8 to 6.6 mSv, for VSD they are around 2.2 mSv and for PDA range 

from 4.9 to 7.6 mSv [6,8,9]. In another study values among 8.6 and 18 mSv are reported for 

different age categories, however, these do not refer only to ASD, VSD and PDA procedures 

but to other types of interventions as well [7].  

The E values observed in the present study are relatively high compared to those reported by 

other authors. However, it must be noted that in the referred studies, estimations of E are 

based on Monte Carlo simulation software packages of older versions that were using the 

ICRP 60 data where the tissue weighting factors for the heart and the chest are much lower 
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than in ICRP 103. Another reason for observing these high values may be the fact that the 

image intensifier is rather old (15 years) and in order to obtain a good image quality the 

entrance dose levels to the image intensifier, for fluoroscopy and digital cinematography 

mode, have been adjusted close to the maximum allowed limits.  

 

 

Figure 2. The average organ doses are shown for the three types of cardiac catheterizations.   

 

Conclusion 

Cardiac catheterization of children involves a considerable risk for radiation induced cancer. 

However, this risk is acceptable in view of the therapeutic benefit and the fact that the 

alternative therapeutic method (surgery) also involves the risk of moderate to lethal 

complications.  

Efforts to reduce the dose to the patient should be always pursued (e.g. by reducing the 

number of views acquired, reducing to the extent possible the entrance dose levels to lower 

values or even by modifying the interventional techniques used), taking always into account 

that the successful outcome of the intervention is what matters most and therefore image 

quality should not be compromised if this may endanger the intervention success.  
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