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ABSTRACT

Objective: Cardiac catheterization remains a major source of radiation exposure for patients 
with congenital heart disease. This study reports the magnitude of radiation with a 3.75 frame 
per second (fps) pulse fluoroscopy rate and compares the reduction with the previous 15 fps 
protocol during cardiac catheterization for pediatric and adult congenital heart disease.

Material and Methods: All diagnostic and interventional cardiac catheterization procedures 
from a single tertiary center were analyzed from January 1, 2014 to December 31, 2015, one year 
before and after implementing lower starting pulse fluoroscopy rates. The radiation dose was 
quantified as air kerma dose (mGy) and dose-area product (DAP; µGy/m2). Radiation exposure 
was analyzed for diagnostic and interventional procedures; the diagnostic group was subdi-
vided into cyanotic and acyanotic patients, whereas the interventional group was subdivided 
according to the most common indications.

Results: A total of 786 procedures were analyzed. The median fluoroscopy times and contrast 
amounts did not show a statistically significant difference between both periods (487 vs. 456 sec-
onds and 42.5 vs. 45.3 cm3). The median air kerma for all procedures showed an 88% reduction 
after implementing lower pulse fluoroscopy rates (340-41 mGy). The doses were reduced sig-
nificantly for diagnostic and interventional angiograms from 470 mGy and 162 mGy to 40 mGy 
and154 mGy. Among all patient groups, the most striking decrease was observed in the diag-
nostic procedures we use, of which fluoroscopy is more prominent than cine angiography.

Conclusion: We claim that novel radiation dose reduction protocols could be easily applied 
without increasing fluoroscopy time or losing image quality.

Keywords: cardiac catheterization, congenital heart disease, radiation dose

INTRODUCTION

Cardiac catheterization is still one of the most important sources of radiation exposure in 
patients with congenital heart disease (CHD).1 Catheter interventions expose these groups 
of patients to high radiation doses due to the technically challenging procedures (patent 
ductus arteriosus stenting, percutaneous pulmonary valve implantation, etc.), complex ana-
tomic features, manipulation difficulties, prolonged procedure time, heart rate, and fre-
quent use of magnification result. In addition, the radiation dose may be further increased 
depending on the operative-dependent (distance between the patient and device) and the 
operative-independent (angiography device, image intensifier factors, the nature of pro-
cedure) factors.2,3

CHD patients are more prone to deterministic (direct dose–response relationship) and sto-
chastic radiation effects due to the growing organism's biological properties. A stochastic 
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effect is one in which the probability of the effect, rather than 
its severity, increases with dose. Radiation-induced cancer and 
genetic injuries are stochastic.1-3

Considering the long life expectancy of children and the cumu-
lative radiation doses that patients and laboratory workers are 
exposed to during catheter angiography, both groups are at 
risk of radiation's deleterious effects such as immune dysfunc-
tion, cataract, and congenital anomalies and malignancy.4,5 In 
order to minimize this risk, safe and effective new methods are 
required that reduce fluoroscopy time and radiation dose.1

These new methods aim to provide the most accurate diagnostic 
and therapeutic benefit with the lowest possible radiation dose 
by applying as low as reasonably achievable (ALARA) concept 
to cardiac catheterization, as radiation has no known safe-
dose range for the patient and health personnel. The second 
aim is to reduce the radiation dose without compromising the 
image quality. The use of low pulse rate fluoroscopy to achieve 
these 2 objectives was reported in a limited number of studies.6

In this study, we determined radiation doses using a 
3.75 frame rate per second (fps) pulse rate (lowest possible 
pulse rate) fluoroscopy during cardiac catheterization of 
patients with CHD, both children and adults. The results were 
compared with the 15 fps standard pulse rate fluoroscopy find-
ings that we previously used.

MATERIALS AND METHODS

We evaluated all the data of CHD patients who underwent car-
diac catheterization between January 1, 2014 and December 31, 
2015. All data were retrospectively obtained from the pediatric 
cardiology department's angiographic database. Fluoroscopic 
procedures for pericardiocentesis, central catheter insertion, 
electrophysiology studies, and hybrid cases were excluded 
from the study. A total of 4 primary interventional pediatric 
cardiology staff were involved in the study.

A descriptive table including age, weight, sex, echocardio-
graphic diagnosis, procedure and intervention type (if per-
formed), fluoroscopy time, procedure time, and radiation 
doses was obtained.

The catheter angiographies performed between January 1,  
2015 and December 31, 2015 at 3.75 fps were defined as 
group I. Catheter angiographies. The standard 15 fps 
method was used between January 1, 2014 and December 31, 
2014 formed group II.

Measurements of radiation dose are reported for each case 
by the catheterization system of Philips Allura Xper FD20/10® 
(Philips Medical Systems, Eindhoven, Netherlands), and cate-
gorized as those that are obtained through fluoroscopy alone 
versus those obtained through digital acquisition. To monitor 
radiation exposure, the patient dose was indirectly recorded 
using standard techniques, including total fluoroscopy time 
(minutes), air kerma (mGy), and dose-area product (DAP; 
µGy m2).

Air kerma dose is the dose measured in air at a fixed distance 
from the X-ray tube and is the best surrogate of the radiation 

absorbed at the skin surface at the site of beam entrance. It 
is correlated with the risk of skin injury; doses > 2000 mGy at 
a single skin site are known to increase the risk of acute skin 
injury.

DAP; µGy m2) is the instantaneous air kerma dose times the 
X-ray field area, reflecting the total dose given to the patient.

Radiation exposure was analyzed for diagnostic and interven-
tional procedures. The diagnostic group was subdivided into 
cyanotic and acyanotic patients (>30 procedures). The inter-
ventional group was subdivided according to the most com-
mon indications (>15 procedures). To minimize the effect of 
body weight and age, patient groups were subdivided accord-
ing to weight and age. There were 6 groups, according to the 
body weight of the patients, as 0-5, 5-15, 15-40, 40-55, 55-70, 
and >70 kg; the patients were also divided into 6 age groups, 
as newborn (0-30 days), infants (1-12 months), 1-5 years, 
5-10 years, 10-15 years, and >15 years.

Statistical Analysis
The Statistical Package for the Social Sciences for Windows 
(SPSS) Version 15 (SPSS, Chicago, IL, USA) was used for the 
statistical analyses. The distribution of each continuous vari-
able was tested for normality using the Kolmogorov–Smirnov 
test. Non-parametric tests were used in cases where normality 
was not provided. Continuous variables are expressed as the 
median and interquartile range (IQR, first, and third quar-
tiles); categorical variables are expressed as percentages. 
The Mann–Whitney U-test was used to compare the 2 groups' 
median values, while the chi-square and Fisher's exact tests 
were used to compare the findings between groups. P val-
ues < .05 were considered statistically significant.

Ethical Standards
The authors assert that all procedures contributing to this work 
comply with the ethical standards of the relevant national 
guidelines on human experimentation and the Helsinki 
Declaration of 1975, as revised in 2008, and approved by the 
institutional committees (Reference Number 2020-46). Written 
informed consent was obtained from all children and/or their 
parents.

RESULTS

A total of 786 cases were included in the study. Among them, 
415 patients were studied with 15 fps and 371 patients with 
3.75 fps. In the first year of study, the median air kerma for all 
procedures was 340 mGy; it was decreased to 41 mGy (≈88%). 
The most striking decrease was observed in diagnostic proce-
dures (470 mGy vs. 40 mGy), of which we use fluoroscopy more 
prominently than cine angiography. Although the median pro-
cedure (30 min vs. 30 min) and fluoroscopy times did not show a 
statistically significant difference for both periods (487 seconds 
vs. 456 seconds), DAP had changed dramatically (4731 µGy 
m2 vs. 3149 µGy m2). Again, the most important decrease was 
seen in the diagnostic group (9512 µGy m2 vs. 3490 µGy m2). 
Moreover, the mean contrast amount was almost identical 
without increasing the contrast for better visualization of the 
anatomic structure (42.5 cm3 vs. 45.3 cm3). Basic demographic 
and procedural data for the study cohort are summarized in 
Table 1.
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Table 2 summarizes the radiation doses of the patients accord-
ing to age distribution. According to age groups, there was a 
statistically significant decrease in radiation dose for newborns 
and infants.

Table 3 summarizes the radiation doses of the patients 
according to weight distribution. Air kerma and DAP values 
were  significantly decreased, especially in 15-40 kg group 
(P = .023 and P = .04, respectively). 

Table 4 summarizes the radiation doses according to the 
subgroup of diagnostic procedures, which includes at least 
30 cases. There was a striking reduction in dosage in radiation 
performed for evaluation before Glenn and Fontan operation 
(P < .05), especially in angiographies.

Table 5 summarizes the radiation doses according to the subgroup 
of interventional procedures, which includes at least 15 cases. It 
was determined that all radiation dose parameters decreased 
significantly, especially in atrial septal defect (ASD) and patent 
ductus arteriosus (PDA) closure procedures (P < .05).

DISCUSSION

In this study, radiation dose during fluoroscopy was signifi-
cantly decreased with a simple and easily applicable protocol—
changing 15 fps to 3.75 fps—during diagnostic or interventional 
catheterization in patients with CHD. It was proved that radia-
tion exposure could be significantly reduced without compro-
mising image quality and increasing the amount of radiopaque 
used. Besides, both patients and healthcare personnel could 
be significantly protected from radiation exposure.

Table 1. Comparison of Patient Groups According to Pulse Fluoroscopy Rates
Characteristics 15 fps(n = 371) 3.75 fps(n = 415) P
Age at procedure (month) (median, IQR) 16.6 (7.2-69.8) 22.3 (7.6-73) NS
Weight (kg) (median, IQR) 9.8 (6.7-19.4) 10 (6.2-20) NS
Body surface area (m2) (median, IQR) 0.46 (0.36-0.76) 0.48 (0.34-0.78) NS
Sex (Male/Female) 193/178 224/191 NS
Procedure type, n (%)* NS
 Diagnostic 250(60)
 Interventional 165(40)
Procedure time minutes (median, IQR) 30 (20-50) 30 (20-45) NS
Fluoroscopy time seconds (median, IQR) 487 (283-766) 456 (283-679) NS
Air kerma (mGy) total (median, IQR) 340 (190-460) 41 (25.6-79.1) .001
DAP (µGy m2) total (median, IQR) 4731 (2627-9388) 3149 (1936-6102) .04
Air kerma (mGy) diagnostic (median, IQR) 470 (310-550) 40 (27-71) .02
DAP (µGy m2) diagnostic (median, IQR) 9512 (3509-14 125) 3490 (2250-6340) .001
Air kerma (mGy) interventional (median, IQR) 162 (81-235) 154 (92-220) NS
DAP (µGy.m2) interventional (median, IQR) 11 325 (3420-18 952) 8623 (2786-6874) .01
DAP, dose-area product; IQR, interquartile range.

Table 2. Radiation Exposure According to Procedure Type and Age Groups
Newborn Infant 1-5 years 5-10 years 10-15 years >15 years

15 fps 3.75 fps 15 fps 3.75 fps 15 fps 3.75 fps 15 fps 3.75 fps 15 fps 3.75 fps 15 fps 3.75 fps
All procedures (N) 27 26 118 130 124 139 40 48 31 38 30 34
Diagnostic (N) 6 7 80 84 90 104 17 20 9 16 21 19
Interventional (N) 21 19 38 46 34 35 24 28 22 22 9 15
Air kerma (mGy), 
All procedures

87 59 168 109 103 44 82 71 389 120 2624 354

Air kerma (mGy), 
Diagnostic

50 54 173 45 68 43 83 66 864 131 3645 273

Air kerma (mGy), 
Interventional

100 63 163 227 205 61 81 74 195 110 245 455

DAP (µGy m2) All 
procedures

4604 2745* 4540* 3320* 8187 4260 8928 8996 23 890 11 985 35 923* 32 169

DAP (µGy m2) 
Diagnostic

2200 2862 4771 3136 6256 3938 9965 11 525 20 877 12 965 38 158 26 754

DAP (µGy m2) 
Interventional

5428 2744 3731 3430 12 961 4704 8051 6958 24 949 11 064 27 782 40 758

Fluoroscopy time 972 882 571 588 503 480 574 559 855 584 652 837
*Values are given as median. Interquartile ranges are not given, for simplicity. P values are given only for statistically significant results (P < .05). Newborns DAP P = 
.045, infants DAP P = .004, 10-15 age group DAP P = .027.
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Many patients with CHD undergo multiple cardiac catheter-
ization procedures; they are exposed to ionizing radiation, 
which can have both immediate and long-term effects. The 
negative consequences of ionizing radiation can also be cat-
egorized as either deterministic or stochastic effects. While 
deterministic effects, like cataract formation or skin injury have 
a somewhat predictable dose–response relationship with the 
degree of injury directly correlating with absorbed radiation 
dose, stochastic effects, like cancer and genetic mutations, are 
unpredictable without a threshold effect. Strides have been 
made, particularly in the past decade, in improving radiation 
safety profiles as well as public awareness. Initiatives such as 
the ALARA conference, conducted by the Society for Pediatric 
Radiology in 2006, concluded that fluoroscopy dose optimiza-
tion and reduction were critical areas of concern. Campaigns 
such as "Image Gently, Step Lightly," first launched in August of 
2009, incorporated a standard safety checklist to encourage 
proper preparation, technique, and lower radiation exposure. 
In particular, this checklist encouraged utilizing pulse fluoros-
copy rather than continuous fluoroscopy when possible, as well 
as using the lowest pulse rate possible.1-3

In their study, Covi et al.3 classified patients into 3 different 
groups, according to pulse fluoroscopy rates of 15, 7.5, and 
5 frames. All 3 groups were equivalent in terms of difficulty, 
duration, and complication rate of procedures. They showed 
that reducing the frame rate from 15 to 7.5 fps significantly 
reduced radiation dose without compromising on image qual-
ity. There were no significant differences in physician-per-
ceived ability to complete the procedure or impact of frame 
rate on the procedural length.

Lamers et al.7 compared radiation doses during the standard 
imaging method and the new generation pediatric imaging 
method (10 fps) in their study, including 21 patients of less than 
20 kg body weight undergoing PDA closure. Patient demograph-
ics, procedural technique, PDA dimensions, closure devices, and 
fluoroscopy time were similar for the 2 groups. Air kerma and 
DAP decreased by 65-70% by the new method (P values < .001).

Recently, Amdani et al.8 showed that it is possible to reduce 
radiation exposure by lowering the frame rate in children 
undergoing cardiac catheterization without compromising 
the efficacy and safety of catheterization. They reported that 
fluoroscopy time, contrast volume, and complication rates did 
not increase, while diagnostic image quality was maintained. 
Boudjemline9 applied a similar principle by reducing the frame 
rate from 7.5 to 4 fps during transcatheter atrial septal defect 
closure, while maintaining excellent clinical results. He argued 
that there was no increase in the median procedure and fluo-
roscopic times or complications.

Similarly, in our study, a significant decrease in air kerma 
and DAP levels was shown for diagnostic and interventional 
procedures. 

Although the link between high levels of radiation exposure 
and cancer risk is unequivocal,10-12 translating the relatively low 
level of radiation exposure from pediatric cardiac catheteriza-
tion into a demonstrably increased cancer risk is more chal-
lenging. There was no demonstrable increase in cancer risk or 
cancer-related mortality either in an initial study of 4891 chil-
dren exposed to pediatric cardiac catheterization13 or a later 
study of the same cohort with up to 35 years of follow-up.8 A 
separate study of 674 patients who underwent cardiac cath-
eterization as children between 1950 and 1970 did find a sig-
nificantly increased risk of lymphoma.11

Despite the difficulties in definitively proving an increased 
cancer risk after childhood radiation exposure, the theo-
retical possibility remains clear, as evidence for chromo-
somal damage has been seen immediately following cardiac 
catheterization.14-17

Limitations
This single-institution, a retrospective study has several limi-
tations. First, the air kerma and DAP doses reported here are 
directly reported from the X-ray system. It is important to 
understand that these measures reflect what is generated at 

Table 3. Radiation Exposure According to Body Weight
0-5 kg 5-15 kg 15-40 kg 40-55 kg 55-70 kg >70 kg

15 fps 3.75 fps 15 fps 3.75 fps 15 fps 3.75 fps 15 fps 3.75 fps 15 fps 3.75 fps 15 fps 3.75 fps
All procedures (N) 52 66 202 214 76 87 19 26 13 17 9 5
Diagnostic (N) 22 23 145 162 33 42 11 13 8 7 4 3
Interventional (N) 30 43 57 52 43 45 8 13 5 10 5 2
Air kerma (mGy) All 
procedures

140 56 66 85 118 71* 4126 209 241 338 1906 551

Air kerma (mGy) 
Diagnostic

47 47 65 45 118 65 732 178 293 382 2708 351

Air kerma (mGy) 
Interventional

206 61 69 210 118 76 124 240 158 307 1261 851

DAP (µGy m2) All 
procedures

3872 2850 6510 4442 13 
750*

7195* 21 272 20 195 27 
606

31 969 53 505 49 916

DAP (µGy m2) 
Diagnosti 

2861 2716 5550 4355 13 808 6771 26 819 17 576 32 171 37 927 59 170 34 425

DAP (µGy m2) 
Interventional

4591 2910 9011 4656 13 221 7227 13 580 22 795 20 
273

27 791 48 937 73 138

Fluoroscopy time 755 725 534 527 691 517 572 675 701 928 405 585
*P values are given only for statistically significant results (P < .05). 15-40 kg air kerma P = 0.023. DAP P = .04.
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the energy source and not necessarily what is actually absorbed 
by the patient. Effective dose and equivalent dose were not 
reported, but as simple logic, the reduction in generated radia-
tion should be reflected as a reduction in both parameters. 

CONCLUSION

In this study, we have demonstrated that by using the lowest pos-
sible fluoroscopy rate of 3.75 fps, the radiation dose can be sig-
nificantly reduced during cardiac catheterization. This method 
effectively reduces the radiation dose, especially in diagnos-
tic procedures where fluoroscopy is used extensively instead 
of cine angiography. Implementing this simple and effective 
radiation dose reduction protocol could minimize radiation's 
possible side effects, concomitantly increasing the safety of 
the patient and the health care provider without increasing the 
total fluoroscopy time and the amount of contrast.
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