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Abstract

Objective: Radiation exposure during paediatric cardiac catheterisation procedures should be
minimised to “as low as reasonably achievable”. The aim of this study was to evaluate the effec-
tiveness of a modified radiation safety protocol in reducing patient dose during paediatric inter-
ventional cardiac catheterisation. Methods: Radiation dose data were retrospectively extracted
from January 2014 to December 2015 (Standard group) and prospectively collected from
January 2016 to December 2017 (Low-dose group) after implementation of a modified radia-
tion safety protocol. Both groups included five most common procedures: atrial septal defect
closure, patent ductus arteriosus closure, perimembranous ventricular septal defect closure,
pulmonary valvuloplasty, and supraventricular tachycardia ablation. Results: Median air
Kerma was 48.4, 50.5, 29.75, 149, 218, and 12.9 mGy for atrial septal defect closure, pulmonary
valvuloplasty, patent ductus arteriosus closure <20 kg, ventricular septal defect closure <20 kg,
ventricular septal defect closure ≧20 kg, and supraventricular tachycardia ablation in Standard
group, respectively, which significantly decreased to 18.75, 20.7, 11.5, 41.9, 117, and 3.3 mGy in
Low-dose group (p< 0.05). This represents a reduction in dose to each patient between 46 and
74%. Among five procedural types in Low-dose group, dose of ventricular septal defect closure
was the highest with median air Kerma of 62.5 mGy, dose area product of 364.7 μGy.m2,
and dose area product per body weight of 21.5 μGy.m2/kg, respectively, along with the longest
fluoroscopy time of 9.9 minutes. Conclusion: We provided a feasible radiation safety protocol
with specific settings on a case-by-case basis. Increasing awareness and adequate training of a
practical radiation dose reduction program are essential to improve radiation protection for
children.

Transcatheter interventional therapy, which necessarily exposes children to ionising radiation
during the procedure, has gained increasing popularity in management of CHD. Compared to
adults, children are potentially at a greater risk of radiation-induced stochastic injuries resulting
from the greater radiation sensitivity of their tissues, along with the longer lifespan ahead of
them to accumulate further exposures or to develop potential neoplasms.1–3 As the stochastic
effects of radiation are unpredictable and threshold independent, there is no definite safe radi-
ation dose.2,4,5

Hence, the principle of as low as reasonably achievable has been strongly recommended by
the Society for Pediatric Radiology and the International Commission on Radiologic Protection
to minimise radiation exposure as low as reasonably achievable while maintaining acceptable
imaging quality for diagnostic and therapeutic purpose.1,6–8 Radiation dose during interven-
tional cardiac procedure greatly depends on the operator’s knowledge, training, and tactics of
radiation protection.1,6,9–13

The main goal of this study was to investigate how much radiation reduction could be
achieved during the most common paediatric interventional procedures by using a modified
radiation safety protocol with efforts to increase the awareness and refine the tactics of the
operators.

Materials and methods

The study period included the 2 years of initial default protocol from January, 2014 to
December, 2015 (Standard group) and another 2 years from January, 2016 to December,
2017 (Low-dose group) after implementation of the modified radiation safety protocol.
Radiation dose data were extracted from database of the catheterisation in our institution,
involving the following five most common interventional procedures: atrial septal defect clo-
sure; patent ductus arteriosus closure; perimembranous ventricular septal defect closure; pul-
monary valvuloplasty; and supraventricular tachycardia ablation, including atrioventricular
reentrant tachycardia and atrioventricular nodal reentrant tachycardia. The ablation procedures
were performed without application of three-dimensional mapping. Patients who underwent
two or more procedures simultaneously were excluded.
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All the procedures were performed using a flat-panel biplane
angiography system (AXIOM TrtisdBA DSA, Siemens, Germany).
The study was approved by Ethics Committee of our institution
(2017-162) and written consents were obtained from guardians
of the patients.

Radiation metrics

Our equipment is capable of reporting radiation dose by the end of
procedure. Total fluoroscopy time (minutes) and total air Kerma
(mGy) were recorded for all patients. However, dose area product
(μGy.m2) was only recorded prospectively and thus available for
the Low-dose group.

Radiation reduction approaches

The modified radiation safety protocol was introduced to all
the staffs involved in the catheterisation procedure (Table 1). All
procedures included in this study were carried out by two paedi-
atric interventional cardiologists with over 10 years of experience.
When performing procedure with the modified protocol, once
operators felt image quality was unacceptable, they could easily
switch back to the initial default protocol by one button.

Statistical analysis

Patients’ characteristics and radiation dosages were presented as
median with range for continuous variables. Comparisons between
two groups were conducted using Independent-sample t-test or
Mann–Whitney U-test for normally or not normally distributed
continuous variables, respectively. Kruskal–Wallis test was applied
for multiple-group comparisons. Statistical analysis was performed
by SPSS Version 23. A p value of <0.05 was considered statistically
significant.

Results

A total of 674 cases were enrolled, which included 117, 225, 142,
76, and 114 cases of transcatheter closure of atrial septal defect,
patent ductus arteriosus, ventricular septal defect, pulmonary

valvuloplasty, and supraventricular tachycardia ablation, respec-
tively. Patients’ characteristics and radiation doses of both groups
from the procedural types are listed in Table 2. There was no differ-
ence in patients’ weight and body surface area between Standard
group and Low-dose group in any procedural type.

Both operators were able to perform the procedures using the
modified radiation safety protocol. Switching to the initial default
protocol was not necessary in any case.

Comparison of radiation dosage between two groups

Median fluoroscopy time was 12.4, 7.1, and 14.2 minutes for pul-
monary valvuloplasty, patent ductus arteriosus <20 kg, and ven-
tricular septal defect <20 kg in Standard group, respectively,
which significantly decreased to 9.3, 5.5, and 8.8 minutes in Low-
dose group (p < 0.05). There was no statistical difference in fluo-
roscopy time between two groups in procedural type of atrial septal
defect, patent ductus arteriosus ≧20 kg, ventricular septal defect
≧20 kg, and supraventricular tachycardia.

Median air Kerma was 48.4, 50.5, 29.75, 149, 218, and 12.9 mGy
for atrial septal defect, pulmonary valvuloplasty, patent ductus
arteriosus<20 kg, ventricular septal defect<20 kg, ventricular sep-
tal defect ≧20 kg, and supraventricular tachycardia in Standard
group, respectively, which significantly decreased to 18.75, 20.7,
11.5, 41.9, 117, and 3.3 mGy in Low-dose group (p< 0.05). This
represents a reduction in dose to each patient between 46 and
74%. There was no difference in air Kerma between two groups
in the procedure of patent ductus arteriosus ≧20 kg (37.8 versus
34.25 mGy) (p= 0.26) (Table 2).

Comparison of radiation dosage among different procedures

The radiation dose levels of all five procedures in Low-dose group,
including fluoroscopy time, air Kerma, dose area product, and dose
area product per body weight (dose area product normalised to
body weight in kilogram), were compared (Table 3).

The fluoroscopy time of the procedure of patent ductus arterio-
sus closure was significantly shorter than that of the ventricular
septal defect closure, pulmonary valvuloplasty, and supraventric-
ular tachycardia ablation (p < 0.001), without significant differ-
ence with that of atrial septal defect closure.

The air Kermawas highest in the procedure of ventricular septal
defect closure and lowest in supraventricular tachycardia ablation
(62.5 versus 3.3 mGy); so was the dose area product value (364.7
versus 35.6 μGy.m2).

The median dose area product per body weight value was 21.5,
12.27, 8.71, 6.78, and 1.31 μGy.m2/kg for ventricular septal defect
closure, pulmonary valvuloplasty, atrial septal defect closure, pat-
ent ductus arteriosus closure, and supraventricular tachycardia
ablation cohort, respectively, from the maximum to the minimum.
The dose area product per body weight was highest in the pro-
cedure of ventricular septal defect closure, which was not signifi-
cantly different with pulmonary valvuloplasty but much higher
than that of any other three procedures (p < 0.001). The dose area
product per body weight in supraventricular tachycardia ablation
was significantly lower than that of either of the other four proce-
dures (p < 0.001).

Discussion

In the present study, we adopted a modified radiation safety
protocol in paediatric interventional procedures and compared
the radiation dose level with previous data. Despite the same

Table 1. Details of the modified radiation safety protocol.

Radiation safety approaches Procedures

ALARA concept education and
monthly review of procedures with
elevated radiation dose

All procedures

Removal of anti-scatter grid Patients with ASD, PS, and
SVT ; patients <20.0 kg
with PDA and VSD

Detector entrance dose of
fluoroscopy reduced from 36 to 23
nGy

SVT

Fluoroscopy pulse rate reduced from
10 to 3 pps

SVT

Detector entrance dose of cine loop
reduced from 170–200 to 120 nGy

ASD, PS, PDA, and VSD

Record mode frame rate reduced
from 30 to 15 fps

ASD, PS, PDA, and VSD

ALARA= As Low As Reasonably Achievable; ASD= atrial septal defect; PDA= patent
ductus arteriosus; PS= pulmonary valvular stenosis; SVT=supraventricular tachycardia;
VSD= ventricular septal defect.
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Table 2. Patient details and radiation dose of both groups.

Total no. Weight (kg) Body surface area (m2) Fluoroscopy time (min) Total air Kerma (mGy)

Procedure Standard Low dose Standard Low dose p value Standard Low dose p value Standard Low dose p value Standard Low dose p value

ASD 67 50 16.5 16.3 0.71 0.69 0.7 0.622 7.6 5.9 0.051 48.4 18.75 <0.001

(9.5–58) (9.5–55) (0.45–1.74) (0.48–1.62) (2.6–24.2) (2.8–15.0) (11.2–383) (5.1–76.1)

PV 41 35 8.5 8 0.222 0.37 0.37 0.289 12.4 9.3 0.045 50.5 20.7 <0.001

(2.9–28.5) (2.09–29.0) (0.19–1.02) (0.15–1.0) (5.1–23.1) (4.1–23.6) (12.8–89.3) (5.9–43)

PDA <20 kg 92 95 11.8 10 0.076 0.51 0.46 0.113 7.1 5.5 0.008 29.75 11.5 <0.001

(4.7–19) (4.5–18) (0.25–0.79) (0.26–0.71) (2.5–25.8) (2.4–19.8) (10.7–98.6) (2.9–34)

≥20 kg 24 14 23 27.5 0.076 0.9 0.99 0.128 7.95 5.15 0.102 37.8 34.25 0.26

(20.5–50) (20–60) (0.8–1.42) (0.82–1.72) (3.4–19.7) (3.0–16.1) (13.7–302) (11–171)

VSD <20 kg 54 41 15.9 15.5 0.516 0.66 0.65 0.426 14.2 8.8 <0.001 149 41.9 <0.001

(9.0–19.5) (12.0–19.0) (0.44–0.79) (056–0.8) (7.3–30.5) (2.2–26.9) (31.2–313) (11.3–198)

≥20 kg 29 18 24 23.5 0.913 0.93 0.88 0.974 13.9 10.8 0.052 218 117 0.001

(20–51) (20–30) (0.78–1.49) (0.82–1.14) (6.4–42.6) (6.3–25) (58.7–823) (38.7–259)

SVT 47 67 33 30 0.107 1.16 1.06 0.067 8.4 8.6 0.845 12.9 3.3 <0.001

(17.5–67) (5.9–77) (0.68–1.83) (0.3–1.89) (2.3–42.1) (1.7–38.1) (1.9–81.4) (0.8–27)

ASD= atrial septal defect; PDA= patent ductus arteriosus; PV= pulmonary valvuloplasty; SVT=supraventricular tachycardia; VSD= ventricular septal defect.
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equipment and operators, a significant reduction in radiation
exposure was achieved for all types of the procedures after the
implementation of our modified protocol. The result underscores
that increasing awareness and training of techniques of the oper-
ators and relevant staffs are the key factors to improve radiation
protection. Dose reduction is a team effort and every member
managing the angiography equipment plays an important role.

All the cases in Low-dose group were accomplished by using
the modified radiation safety protocol with a tendency of shorter
fluoroscopy time. It indicated that the low-dose strategy did not
increase the difficulty of performing the procedures; meanwhile,
it might reduce fluoroscopy time by avoidance of unnecessary radi-
ation exposure during the procedure attributed to as low as reason-
ably achievable concept education. Apparently, the influence of
other factors on fluoroscopy time could not be ruled out in the
present study, including the complexity of procedures and the skill
of operators.

Compared with the initial default protocol, our modified pro-
tocol resulted in the reduction of air Kerma values by 46–74% with
the exception of patent ductus arteriosus ≧20 kg cohort. Removal
of anti-scatter grid for patients lower than 20 kg, as well as patients
of any weight for atrial septal defect closure, pulmonary valvulo-
plasty, and supraventricular tachycardia ablation, was one major
component of our modified protocol. It was shown by previous
paediatric studies that the anti-scatter grid increased radiation dose
with limited improvement in image quality in patients under
20 kg.14–18 From an operator standpoint, given the relatively lower
image quality required for atrial septal defect closure, pulmonary
valvuloplasty, and supraventricular tachycardia ablation, removal
of grid for patient over 20 kg created the reduced but acceptable
image quality for the procedures in the current study. The strategies
of decreasing the detector entrance doses, pulse rate for fluoroscopy,
and frame rate for cine-digital acquisition also contributed to a sig-
nificant reduction in radiation dose.16,19–24 There was no significant
reduction in radiation dose for the patients of patent ductus arterio-
sus ≧20 kg due to less times of image acquisition required during
procedure in comparison to that of ventricular septal defect ≧20 kg.

Of the three metrics recorded, fluoroscopy time is not a good
measure of dose received by the patient, as the dose with any given
fluoroscopy time can be greatly variable, depending on the size of
the patient, and the equipment settings. Total air Kerma is a good
predictor of deterministic effects by estimating the radiation expo-
sure at the interventional reference point.25,26 Dose area product is
the best indicator of the risk of stochastic effects, representing the
products of radiation dose and exposed area.25,27,28 The dose area
product per body weight is regarded as a necessary standardised
adjustment to facilitate direct comparison of radiation dose level

among different procedures.25,29 Among the five procedures in
Low-dose group, the dose area product per body weight value
for ventricular septal defect closure (21.5 μGy.m2/kg) was highest
along with longest total fluoroscopy time, due to complexity of the
procedure. In contrast, the dose area product per body weight dose
for supraventricular tachycardia ablation is lowest (1.31 μGy.m2/kg)
in spite of similar total fluoroscopy time. The much lower dose
level was attributed to the radiation settings with least entrance
detector dose and fluoroscopy rate and removal of anti-scatter grid
during the procedure of supraventricular tachycardia ablation. It
indicates that fluoroscopy time is not a good measure of radiation
exposure to patient.

In comparison to radiation dose benchmarks established in
2017,25 the median dose area product per body weight values in
the present study for atrial septal defect and patent ductus arterio-
sus closure and pulmonary valvuloplasty are lower than those data
(8.7 and 34 μGy.m2/kg, 6.8 and 37 μGy.m2/kg, 12.3, and 53
μGy.m2/kg, respectively), supporting the effectiveness of ourmodi-
fied protocol. Radiation dose benchmark of ventricular septal
defect closure is not available, as transcatheter closure of perimem-
branous ventricular septal defect closure is still strictly restricted in
United States of America. Therefore, our data could be regarded as
a preliminary supplement to the reference for quality measurement
and comparative assessment among institutions.

The present study has several limitations. Firstly, the values of
dose area product were not recorded for initial baseline. Secondly,
3D navigation system has not been applied in supraventricular
tachycardia ablation in our institution, which should lead to a fur-
ther reduction of radiation exposure in electrophysiology interven-
tions.30–32 Finally, the equipment (AXIOM TrtisdBA) used in the
present study is old generation, and new generation equipment
may further result in substantial radiation dose reduction.18,19,22,30

Our study has provided a feasible radiation safety protocol with
specific settings on a case-by-case basis, which is able to substan-
tially decrease radiation exposure during paediatric interventional
cardiac catheterisation. Increasing awareness and adequate train-
ing of a practical radiation dose reduction program are essential to
improve radiation protection for children, no matter what equip-
ment is used.
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Table 3. Radiation exposure measures by procedure type in Low-dose group.

Procedure Fluoroscopy time (minutes) Total air Kerma (mGy) Dose area product (μGy.m2) Dose area product per body weight (μGy.m2/kg)

ASD 5.9 (2.8–15.0) 18.75 (5.1–76.1) 144.15 (59.3–1144.5) 8.71 (2.31–21.87)

PV 9.3 (4.1–23.6) 20.7 (5.9–43) 101.4 (22.2–234.0) 12.27 (4.44–39.28)

PDA 5.5 (2.4–19.8) 12 (2.9–171) 74.2 (15.6–2027.8) 6.78 (1.64–33.8)

VSD 9.9 (2.2–26.9) 62.5 (11.3–259) 364.7 (74.2–1606.4) 21.5 (4.12–68.94)

SVT 8.6 (1.7–38.1) 3.3 (0.8–27) 35.6 (9.3–388.9) 1.31 (0.3–14.55)

p <0.001 <0.001 <0.001 <0.001

ASD=atrial septal defect; PDA=patent ductus arteriosus; PV=pulmonary valvuloplasty; SVT=supraventricular tachycardia; VSD=ventricular septal defect.
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