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Abstract
Purpose Cardiologists are among the health professionals that are most exposed to ionizing radiation, but there is no study
comparing the level of exposure of physicians during different electrophysiology procedures. We aimed to measure and compare
cardiologists’ exposure to radiation during different electrophysiology procedures.
Methods The study population comprised all electrophysiology procedures performed over a 6-month period in a large
referral centre. The endpoint was operator radiation exposure, assessed using a personal electronic dosimeter located
on the operator’s left arm.
Results In total, 150 electrophysiology procedures were analyzed. Compared with electrophysiology studies (reference catego-
ry), physician radiation exposure was 3-fold greater during ablation of atrial fibrillation, 9-fold greater during ablation of
atrioventricular nodal reentrant tachycardia (AVNRT)/atrioventricular reentrant tachycardia (AVNT), and 10-fold greater during
ablation of atrial flutter (p < 0.001). Physician exposure was mainly related to X-ray time (R2 = 0.28).
Conclusions Our study showed significant differences in cardiologists’ exposure to ionizing radiation depending on the type of
electrophysiology procedure. Atrial flutter and AVNRT/AVNTablations are the procedures in which operators are most exposed
to ionizing radiation.
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1 Introduction

Cardiologists are among the health professionals that are
most exposed to ionizing radiation [1]. Recent publica-
tions have suggested that through deterministic effects,

there may be an increased risk of radiation-induced cata-
racts in personnel working in catheterisation laboratories
(cathlabs) [2–5], while stochastic effects may contribute
to an increased frequency of left-hemisphere brain tu-
mours in this population [6].

Radiation exposure of physicians working in cathlabs
has been studied in the past, with a reported mean dose
per procedure of 2 to 7 μSv [7]. In the field of electro-
physiology, patient exposure has previously been studied
[8–11], but the only available data regarding operator
exposure are either outdated [12–14], or in vitro data
(anthropomorphic phantom) [15]. To the best of our
knowledge, there is no study comparing the level of ex-
posure of physicians during different electrophysiology
procedures.

The aim of our study was thus to measure and compare
operator exposure to radiation during different types of elec-
trophysiology procedure.
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2 Methods

2.1 Study population

This was a prospective, analytical, epidemiological single-
centre cohort study carried out in a large university hospital
in France. The population for analysis included all consecu-
tive electrophysiology procedures performed in our centre
from November 2017 to May 2018. Diagnostic electrophysi-
ology studies and radiofrequency ablation procedures (atrio-
ventricular nodal reentrant tachycardia (AVNRT), atrioven-
tricular reentrant tachycardia (AVRT), common atrial flutter
and atrial fibrillation) were included. Atrioventricular node
and ventricular tachycardia ablations were not included be-
cause of the small number of procedures.

2.2 Electrophysiology procedures

During electrophysiology procedures, 1 to 3 venous femoral
sheaths of 6 to 8.5 Fr were implanted. Electrophysiology stud-
ies, AVNRT, AVNT and flutter ablations were performed un-
der local anaesthesia without electroanatomical mapping.
Atrial fibrillation ablation procedures were preceded by a car-
diac angio-CT to use the CARTO 3 software (Biosense
Webster, Johnson & Johnson, Irvine, CA, USA). They were
performed under general anaesthesia, and trans-septal punc-
ture was performed under trans-oesophageal echocardio-
graphic and fluoroscopic control.

Three cardiologists with 8 or more years’ experience in
electrophysiology and who were permanent, full-time practi-
tioners in the Department during the study period performed
the procedures in a single electrophysiology laboratory,
equipped with the Arcadis Avantic system (Siemens
Healthcare, Erlangen, Germany), in service since January
2011, with an image intensifier with a frame rate of 4 fps,
and 33 cm size of field. The equipment undergoes half-
yearly control by the manufacturer, and annual external qual-
ity control. The electrophysiology laboratory is equipped with
lead screens and table drapes with 0.5-mm Pb equivalent used
consistently. All operators wear a leaded apron and a thyroid
shield with 0.5-mm Pb equivalent. They also have a passive
dosimeter with quarterly statements (Landauer, Glenwood,
USA) and an active dosimeter (APVL, Saint-Cyr-sur-Loire,
France). A nurse was present for all procedures.

2.3 Endpoints

The primary endpoint was cardiologist radiation exposure, as
assessed using personal electronic dosimeters (APVL, Saint-
Cyr-sur-Loire, France) with a silicon diode (μSv) located on
the operator’s left arm outside the apron (Fig. 1) in order to
optimise angular response, with the ideal position placing the
dosimeter at an angle of 0° in relation to the radiation source,

namely, the patient’s body in this instance [16]. The dosimeter
has an energy response between 15 keV and 1.5 MeV and a
dose range displayed from 0 to 9999 mSv in increments of
0.1 μSv. Radiation doses were recorded at the end of each
procedure. This measurement corresponds to the dose re-
ceived at 10 mm under the site of the dosimeter (HP10), and
represents the probability of stochastic health effects from
radiation.

Patient radiation exposure was assessed by dose area prod-
uct (DAP), as measured by an ionisation chamber on the ra-
diology apparatus. DAP is related to the overall patient body
dose for standard patient geometry (stochastic risk) [17, 18].
Other variables recorded were x-ray time, patient body mass
index (BMI) and age and sex of the patient. Data were obtain-
ed using the Dosimetric Archiving and Communication
System (DACS) Radiation Dose Monitor (Medsquare, Paris,
France). All patients have given, at the time of their
hospitalisation, their informed consent for an anonymous ret-
rospective use of their medical data.

2.4 Statistical analyses

Quantitative variables are described as median and (interquar-
tile range) and qualitative variables as number (percentage).

Fig. 1 Illustration of the personal electronic dosimeter located on the
operator’s left arm used to measure operator radiation exposure
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Quantitative variables were compared using the Kruskal–
Wallis test. Qualitative variables were compared using
Fisher’s exact or the chi-square test as appropriate. Relations
between quantitative variables were investigated using simple
linear regression. Analyses were performed using SPSS ver-
sion 21 (IBM SPSS Statistics, Chicago, USA). A p value <
0.05 was considered statistically significant; all tests were
bilateral.

3 Results

During the study period, 150 electrophysiology procedures
were included, namely, 29 electrophysiology studies, 46 atrial
fibrillation ablations, 47 common atrial flutter ablations, 15
AVNRT ablations and 13 AVRT ablations.

Characteristics of the procedures are shown in Table 1.
Radiation exposure of operators and patients (as assessed by
DAP) differed significantly according to the electrophysiolo-
gy procedure (p < 0.001). Compared to electrophysiology
studies, median physician radiation exposure was 3-fold great-
er during ablation of atrial fibrillation, 9-fold greater during
ablation of AVNRT/AVNTand 10-fold greater during ablation
of atrial flutter (Fig. 2). Median DAPwas 3-fold higher during
atrial fibrillation ablations, 5-fold higher during atrial flutter
and 6-fold greater AVNRT and AVNT ablations (Fig. 3).
Median X-ray time and BMI were on average 13.6 min and
28.1 kg/m2 during atrial flutter ablations and 21.3 min and
23.8 kg/m2 during AVNRT and AVNT ablations.

Both physician radiation exposure and dose area product
were strongly related to X-ray time (R2 = 0.28 and R2 = 0.55
respectively).

4 Discussion

4.1 Operator radiation exposure

Our study found significant differences in cardiologists’ ex-
posure to ionizing radiation depending on the type of proce-
dure, and this variability is directly related to changes in X-ray
time. Operators are significantly more exposed during abla-
tion procedures, with the exception of atrial fibrillation abla-
tion procedures in which X-ray time is low thanks to mapping
systems.

We recently demonstrated with the same methodology that
the average exposure of cardiologists to radiation in the
cathlab ranged from 2 to 7 μSv per procedure, for an average
X-ray time of 8 min [7], whereas in the present study, median
exposure of cardiologists working in the electrophysiology
laboratory ranged from 1 to 10 μSv, depending on the type
of procedure. Operator exposure therefore appears to be sim-
ilar in electrophysiology than in the cathlab.

Table 1 Comparison of population characteristics between different electrophysiology procedures

Variables Electrophysiology study
(n = 29)

Atrial fibrillation ablation
(n = 46)

Atrial flutter ablation
(n = 47)

AVNRT/AVNT ablation
(n = 28)

p value

Patients

Male, n (%) 18 (64) 34 (74) 34 (72) 15 (54) 0.4

Age (years) 56 (39–72) 61 (56–67) 66 (59–76) 30 (18–48) < 0.001

BMI (kg/m2) 26.1 (23.4–30.5) 28.4 (26.4–31.2) 28.1 (24.4–31.2) 23.8 (21.2–25.5) < 0.001

Procedures

X-ray time (min) 4.2 (1.8–5.4) 6.6 (4–9.8) 13.6 (7.4–20.5) 21.3 (10.9–35.6) < 0.001

DAP (cGy cm2) 148.2 (97.2–231) 429.6 (269.1–845.1) 786.6 (341.4–2880.9) 884.4 (318.5–1872.6) < 0.001

Operator radiation dose
(μSv)

1 (0–3) 3 (1–4) 9 (4–22) 10 (5–19) < 0.001

BMI body mass index, DAP dose area product, AVNRT atrioventricular nodal reentrant tachycardia; AVNT atrioventricular reentrant tachycardia

Fig. 2 Box and whisker plots showing the distribution of operator
radiation dose according to the electrophysiology procedure (p < 0.001).
The boxes represent the median with the 1st and 3rd quartiles, and the
Bwhiskers^ represent the upper and lower limits excluding the extreme
values
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4.2 Patient radiation exposure

The exposure of patients undergoing an electrophysiology
procedure also varies significantly depending on the type of
procedure, in the same manner as operator exposure. This is
unsurprising, since the main source of operator exposure is the
scattered radiation from the patient [17, 19]. In the cathlab,
patients are exposed to a radiation dose ranging from 1900 to
3300 cGy cm2 [20], while in the present study, we found that
patients were exposed to a median dose ranging from 148 to
884 cGy cm2. Patient exposure to radiation therefore seems to
be considerably lower in the electrophysiology laboratory
than in the cathlab, although operator exposure is similar.
This could be explained by greater awareness among interven-
tional cardiologists as compared to rhythmologists about the
rules for reduce the dose of radiation (increasing table height
at maximum, optimizing source-to-image distance, use of low
frame rate, use of collimation and contour filters) and
protecting against scattered radiation from patient (optimizing
the use of lead screens and table drapes) [18], as reflected by
the low number of publications pertaining to X-ray exposure
of operators in the electrophysiology laboratory compared to
the catheterisation laboratory.

4.3 Atrial flutter and AVNRT/AVNT ablation
procedures

Surprisingly, operator exposure was similar during AVNRT/
AVNT ablations and atrial flutter ablations, whereas the me-
dian X-ray time was 57% higher during AVNRT/AVNT abla-
tions. This could be explained by the fact that median BMI of
patients with AVNRT/AVNTablations was 23.8 kg/m2 versus
28.1 kg/m2 for patients with atrial flutter ablation. Indeed,

BMI is an important determinant of scattered radiation [18],
and the main source of exposure for cardiologists is radiation
scattered from the patient [17, 19]. In addition, the left anterior
oblique (LAO) incidence is mostly used during atrial flutter
ablation, and this incidence is known to be the most irradiating
[18].

4.4 Study limitations

Our study has some limitations, namely, the single-centre de-
sign and the relatively low number of procedures. However,
these findings are original and relevant since, to the best of our
knowledge, there are no recent data on operator exposure to
ionizing radiation in the electrophysiology laboratory, collect-
ed using a methodology that has already been proven to be
valid.

Our study showed significant differences in cardiologists’
exposure to ionizing radiation depending on the type of elec-
trophysiology procedure, and this is during ablation of atrial
flutter and AVNRT/AVNT that operators are the most
exposed.

Despite a considerably lower patient exposure to radiation
in the electrophysiology laboratory than in the cathlab, oper-
ator exposure appears to be similar. It will therefore be neces-
sary to reduce operator exposure in the future, and to this end,
to develop new technologies as well as optimizing radiation
protection practices in the electrophysiology laboratory.
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