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Email: jedrzejkosiuk@hotmail.com procedure since its inception. However, till now no clear standards regarding accept-

able x-ray exposure nor recommendation how to achieve them have been proposed.

Hypothesis: Current norms and quality markers required for optimal clinical routine
can be identified.

Methods: Centers participating in this Europe-wide multicenter, prospective registry
were requested to provide characteristics of the center, operators, technical equip-
ment as well as procedural settings of consecutive cases.

Results: Twenty-five centers (72% university clinics, with a mean volume of 526

+ 348 procedures yearly) from 14 European countries provided data on 1788 cases
[9% diagnostic procedures (DP), 38% atrial fibrillation (AF) ablations, 44% other sup-
raventricular (SVT) ablations, and 9% ventricular ablations (VT)] conducted by
95 operators (89% male, 41 + 7 years old).

Mean dose area product (DAP) and time was 304 + 608 cGy*cm?, 3.6 + 4.8 minutes,
1937 + 608 cGy*cm?, 15.3 + 15.5 minutes, 805 + 1442 cGy*cm?, 10.6 + 10.7 minutes,
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and 1277 + 1931 cGy*cmz, 10.4 £ 12.3 minutes for DP, AF, SVT, and VT ablations,

respectively. Seven percent of all procedures were conducted without any use of

Procedures in the lower quartile of DAP were performed more frequently by female
operators (OR 1.707, 95%Cl 1.257-2.318, P =.001), in higher-volume center
(OR 1.001 per one additional procedure, 95%Cl 1.000-1.001, P = .002), with the use
of 3D-mapping system (OR 2.622, 95%Cl 2.053-3.347, P < .001) and monoplane x-

Conclusion: Exposure to ionizing radiation varies widely in daily practice for all proce-

dure. Significant opportunities for harmonization of exposure toward the lower range

KOSIUK ET AL.

fluoroscopy.

ray system (OR 2.945, 95%Cl 2.149-4.037, P < .001).

has been identified.
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1 | INTRODUCTION

Interventional treatment of arrhythmias with catheter ablation is still
commonly performed under fluoroscopic guidance resulting in exposure
of patients and personnel to ionizing radiation. Exposure to ionizing radi-
ation may be harmful both for personnel and for patients, with inherent
risk of neoplasms due to long-term exposure representing the biggest
concern.! Electrophysiology procedures were initially performed solely
with the use of fluoroscopy but the development of novel mapping sys-
tems has led to a dramatic decrease or even a complete abandonment
of fluoroscopy during the last decade.? The U.S. Nuclear Regulatory
Commission recommends making every effort to keep exposure to ion-
izing radiation as low as reasonably achievable (ALARA), a statement
that is accepted and endorsed by all the major societies of physicians
working with ionizing radiation.> The purpose of “Go for Zero Fluoros-
copy” project is to assess current routine and practice with the use of
fluoroscopy in electrophysiology centers and to identify factors associ-

ated with low radiation dose during procedures.

2 | METHODS

2.1 | Primary objective

The study aimed to describe the real-life, contemporary use of fluoros-
copy in interventional electrophysiology across European countries. The
main goal of this analysis was to identify factors associated with the low

dose of radiation defined as procedures within the lower quartile of DAP.

2.2 | Study design and setting

The Go for Zero Fluoroscopy project is a prospective, international,

observational registry of consecutive patients undergoing any type of

interventional electrophysiological procedure. Design, oversight, and
logistics was conducted under the “Go for Zero Fluoroscopy Project”
of the European Hearth Rhythm Association's Young EP committee
(EHRA YEP). The study was conducted in 25 centers from 14 Euro-
pean countries (full list provided in the Appendix 1). Local principal
investigators obtained approval by the local Institutional Review

Board, depending on regulations in each country.

2.3 | Study participants

Centers were asked to provide anonymized data regarding the proce-
dural setting of maximum 20 consecutive electrophysiological inter-
ventions conducted by maximum five different operators. This limit
was introduced in order to prevent statistical bias resulting from data
overflow from high-volume centers or operators. Furthermore, precise
description of the operator characteristics as well center characteris-

tics was recorded.

24 | Data collection
All centers were asked to complete a one-time site questionnaire con-
sisting of three parts (a) description of the center, (b) operators char-
acteristics (c) procedural setting (details of the questionnaire are
provided in Appendix 2).

Data were collected using a web-based system with automatic

validation algorithm.

2.5 | Statistical analysis

Continuous variables are presented as mean + one SD, and categorical

variables as frequencies. Continuous variables were compared using
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the Student's t-test, or nonparametric tests in case of non-normal dis- TABLE 1  Center characteristics (n = 25)
tribution (tested with Kolmogorov-Smirnov test). Categorical variables Type of the center
were compared using the chi-square test. To calculate odds ratio Public hospital 5 (20%)
(OR) a logistic regression model was used. A P-value of < .05 was con- . .
. o o . . Tertiary nonacademic 2 (8%)
sidered statistically significant. Analysis was performed with SPSS v U " : e
niversity hospita
20.0 (SPSS Inc., Chicago, lllinois). yhosp °
Country
Austria 2 (8%)
3 | RESULTS Belgium 1 (4%)
Croatia 2 8 (%)
3.1 | Characteristics of participating centers and France 3 (12%)
operators Germany 3 (12%)
Hungary 1(4%)
Out of the 25 participating centers 18 were university hospitals Italy 3 (12%)
(72%) with an annual volume of 526 + 349 procedures, followed Poland 3 (12%)
by public hospitals 5 (20%) and tertiary nonacademic institutions B 1 (4%)
o . _ . . .
2 (8%) with a mode of 5 [3-6] electrophysiologist working in the Romania 1(4%)
department. The study was conducted across 14 European coun- .
. Rk Slovenia 1 (4%)
tries: three centers (12%) in France, Germany, lItaly, Poland, two Soai 2 8%)
ain
centers (8%) in Austria, Croatia, Spain, and one center (4%) in Bel- P ?
1 [»)
gium, Hungary, Portugal, Romania, Slovenia, Ukraine, and United U 1(4%)
Kingdom United Kingdom 1 (4%)
Majority of the 95 participating operators were male [n = 81 Number of procedures per year (n + SD) 526 + 349
(85%)] with mean age of 41 + 8 years. Level of experience varied Number of electrophysiologists, mode [IQR] 5 [3-6]
strongly among the population as the IQR for completion of the train-
ing spanned between 2 and 10 years with median of 5 years. Most of TABLE 2  Operator characteristics (n = 95)
the operators were at the mid-career (>5 years) level [41 (43%)],
Age, (years) 41+8
followed by early-career (<5 years) level [31 (33%)] and mentor
o Male, n (%) 81 (85)
(>15 years) level [23 (24%)]. The number of conducted procedures per
single operator was as follows: 1 to 9 procedures per month in 31% of Years out of training, (years) 5[2-10]
the cases, 10 to 19 in 25%, 20 to 40 in 22%, and >40 in 18%. Only Numbers of procedure per month, n (%)
18 operators (19%) also conducted coronary interventions on a regu- 1-9 29 (31)
lar basis, while the majority were also performing device implanta- 10-19 24 (25)
tions [70 (74%)]. 20-40 21 (22)
Detailed characteristics of the centers and operators are summa- >40 17 (18)
rized in Tables 1 and 2. Level of experience in EP, n (%)
Early-career (<5 years) 31 (33)
. Mid-career (>5 years) 41 (43)
3.2 | Procedural settings
Mentor (>15 years) 23 (24)
. Also conducting coronary interventions, n (%) 18 (19)
The most frequently conducted procedure in the current study was
Also conducting device interventions, n (%) 70 (74)

ablation of supraventricular tachycardia [794 (44%)], followed by atrial
fibrillation ablation [683 (38%)], ventricular tachycardia [157 (9%)] and
diagnostic procedure [154 (9%)]. The mean procedural duration was
110 + 65 minutes. During the majority of the procedures [966 (54%)],
some type of 3D mapping system was used. Contact force technology
was widely utilized [747 (42%)] while only in 141 cases (8%) a dedi-
cated multipolar mapping catheter was implemented. Remote naviga-
tion was used in seven cases (1%).

In 275 cases (15%), fusion with an additional image modality was
employed. One hundred and ninety-six cases (11%) were conducted
under general anesthesia.

Detailed case characteristic is summarized in Table 3.

3.3 | Use of fluoroscopy

The mean fluoroscopy time was 12 + 13 minutes during which a mean
DAP of 1236 + 2295 cGy*cm? was delivered. Both values varied
strongly between different types of procedures: 304 + 608 cGy*cm?,
3.6 +4.8 minutes for dose area product (DP) and 1937
+ 608 cGy*cm?, 153 +155 805 + 1442 cGy*cm?,
10.6 + 10.7 minutes, 1277 £ 1931 cGy*cmz, 10.4 £ 12.3 minutes for
AF, SVT, and VT ablation,

minutes,

respectively. Among 1788 cases,
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TABLE 3  Procedure-related data (n = 1788) The use of fluoroscopy is presented in Figure 1.

Type of EP procedure n (%)

Atrial fibrillation ablation 683 (38) . .

L 3.4 | Factors associated with reduced use of
Pulmonary vein isolation (RF) 392 (22)
S - ) fluoroscopy
Pulmonary vein isolation + additional lesions 122 (7)
(RF)
P d in | tile of DAP haracterized b |
Pulmonary vein isolation (single shot device) 126 (7) rocedures |2n ower quartiie o 2 were charactenzed by va uez
<52 cGy*cm* for DP, < 110 cGy*cm“ for SVT cases, <325 cGy*cm
Left sided AT 42 (2) k 5
for AF ablation and <972 cGy*cm” for VT procedures.
icul h i % 794 (44,

Supraventricular tachycardia, n (%) “4) In univariate analysis, female gender was significantly associated
Rt e with a reduced dose of fluoroscopy (OR 1.599, 95%Cl 1.202-2.127,
AVNRT 267 (15) P =.001). Furthermore, the number of procedures conducted by the
Typical flutter 301 (17) operator on monthly basis (OR 1.285, 95%Cl 1.017-1.623, P = .035
Right sided AT 38(2) for >10 cases) as well the level of experience (OR 1.219, 95%Cl
Left sided AP 64 (4) 1.019-1.464, P = .031 for >5 years) were also associated with lower
Right sided AP 41 (2) dose of fluoroscopy.

Scar-related SVT 17 (1) Use of a 3D-mapping system (OR 2.775, 95% Cl 2.199-3.503,

Ventricular tachycardia, n (%) 157 (9) P <.001) as well as monoplane X-ray equipment (OR 2.310, 95% ClI
Scar-related VT 66 (4) 1.718-3.105, P <.001) were significantly associated with reduced
PVC 91 (5) dose of fluoroscopy.

X . Finally, in centers with higher volume, procedures were more fre-

Diagnostic procedure 154 (9)

quently conducted within the lower DAP quartile (522 + 355 vs 606

Procedure duration (min + SD) 110 + 65 +395, P < 001)

+ ,P<. .

Fl ti in = SD 12+ 13 . .
uoroscopy time (min ) In the multivariate analysis only female gender (OR 1.707, 95% ClI

Dose area product (cGy"cm2 + SD) 1232295 1.257-2.318, P =.001) characterized operators conducting lower

- exposure procedures. Procedural setting including use of 3D-mapping

Procedures without use of fluoroscopy, n (%) 125 (7%) system (OR 2.622, 95% Cl 2.053-3.347, P < .001) and monoplane X-

i . , . .347, .

Type of 3D mapping system, n (%) ray equipment (OR 2.945, 95% Cl 2.149-4.037, P < .001) remained
None 822(4¢) also significantly associated with lower dose of fluoroscopy. Further-
Carto 549 (31) more, a significant correlation between number of procedures per-
NavX 293 (16) formed in a center and a lower exposure has been verified (OR 1.001
Rhythmia 35(2) per one additional procedure, 95% CI 1.000-1.001, P = .002).

Other 89 (5) The results of multivariate analysis are presented in Figure 2.

Contact force, n (%) 747 (42)

Multipolar mapping catheter, n (%) 141 (8)

Remote navigation, n (%) 7 (1) 4 | DISCUSSION

Image fusion, n (%) 275 (15) o

General anesthesia, n (%) 195 (11) 41 | Main flndlngs

Presence of X-ray technician, n (%) 814 (46) . . .

T fx —— %) The main goal of this study was to evaluate use of fluoroscopy in con-

e of X-ray installation, n . - .
?Ip v I ? temporary EP centers throughout Europe. An important finding of this

Biplane 826 (18) prospective, international registry is that female gender, the use of a

Monoplane 1366 (76) 3D-mapping system, monoplane X-ray equipment and procedures

X-ray C-arm 96 (5)

117 procedures (7%) were conducted without any use of fluoroscopy:
12 DP, 87 SVT, 7 AF, and 11 VT. In 814 cases (46%), a dedicated x-
ray technician was present during the complete procedure. In 1366
(76%) cases, a monoplane X-ray installation was used.

The correlation between applied dose of fluoroscopy and time of
exposure was poor, although statistically significant (R? =.37,
P <.001).

performed in a high-volume center are predictors of lower fluoros-

copy exposure during invasive electrophysiological procedures.

4.2 | Importance of fluoroscopy dose reduction

Electrophysiology procedures are traditionally performed under fluo-
roscopic guidance and are associated with ionizing radiation exposure
that may result a non-negligible health risk for both patients and labo-

ratory staff.*> Radiological exposure is a hot topic nowadays as
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FIGURE 2 Result of multivariate
analysis

FIGURE 1 Mean fluoroscopy use across different procedure types: A, DAP and B, fluoroscopy time

Female gender —— OR 1.707, p=0.001
>10 procedures monthly OR 1.120, p=0.375
>5 year experience I OR 1.062, p=0.646
3D-mapping system —— OR 2.622, p<0.001
Monoplane X-ray equipment —p  OR 2.945, p<0.001
Center volume (pro additional OR 1.001, p=0.002
case) r

Odds Ratio (OR)

cardiology is responsible for about 40% of the entire exposure from all
medical sources, as a consequence of widespread availability of X-ray-
based imaging techniques.®” Cardiac use of fluoroscopy almost never
reaches the threshold for deterministic radiation injury, but it gives an
additional lifetime risk of fatal and nonfatal cancers thus the amount
of used radiation should be as low as reasonably achievable.*® A cor-
nerstone of enhanced radiation safety is optimization, that is, reducing

as much as possible the use of X-rays for a given technique.® 1

4.3 | Different units of measurement

As the awareness of the relevance of fluoroscopy gets higher and
higher there is a need for a more precise description of radiation
exposure. Even these days many authors use the description of “fluo-
roscopy time” as a measure of radiation related to ablation proce-
dures. However, this may be misleading as there are many other
factors that influence radiation exposure such as frame rate, radiation
dose per pulse, collimation—each of which will determine effective
dose to a far greater degree than exposure time.'212 In line with this
statement, our registry also showed only a weak correlation between
fluoroscopy time and dose. Because dose area product is readily avail-

able from all imaging system vendors, and because it provides an

002040608 1 15 2 25 3 35 4

exposure dose that linearly correlates with true estimated effective
biological dose, it is probably a far better parameter for comparing

radiation exposure in this and other datasets.'*

44 |
and zero

Dose of fluoroscopy—low, near zero,

The goal of reducing exposure to ionizing radiation as much as possi-
ble is well accepted. Considering the stochastic effects of radiation it
is not likely that there will ever be a recommendation for a radiation
dose that is considered “safe,” as very low doses may still be harmful.
Thus, current best practice is to get close to (“near zero”) or ideally
achieve zero fluoroscopy. After numerous single-center experience
papers and feasibility studies the first prospective randomized trial
(NO-PARTY trial) showed that a minimally fluoroscopic approach sig-
nificantly reduces radiation exposure during electrophysiology proce-
dures while it does not compromise procedure time and does not
affect safety and efficacy.'®

Obviously, “near zero” and zero fluoroscopy involves an expense
both in terms of time (learning) as well as equipment, as additional
imaging modalities such as electroanatomical mapping systems or

intracardiac echocardiography (ICE) are typically used in these cases.
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Of note, a zero (or near zero) fluoro approach requires individual
training but the learning curve can be relatively short especially if the
physician is familiar with the use of electroanatomical mapping sys-
tems and/or ICE. Nowadays all types of procedures can be performed
with a (near) zero fluoroscopy approach, even complex ablations such
as pulmonary vein isolation—although some form of imaging such as
ICE or transesophageal echo might be necessary to perform specific

procedural steps such as transseptal puncture.t®

4.5 | European overview through our registry

The present registry provides a diverse European overview as 25 EP
laboratories from 14 countries across Europe were involved. High and
low volume centers are also represented, although the majority of
centers are university hospitals. A limit of five operators per center
and 20 consecutive cases per operator was set to avoid over-
representation of high volume centers and high volume operators. In
this registry, we observed that fluoroscopy doses are in a lower range
as compared to previous reports which may indicate a favorable trend
toward a better clinical practice in terms of reducing the use of ioniz-
ing radiation as much as possible.r” Moreover, in our registry 7% of all
procedures were performed without the use of any fluoroscopy. Mul-
tivariate analysis showed high volume centers and use of monoplane
systems to be independent predictors of lower DAP values which is
likely to be attributable to available expertise and availability of map-
ping systems in those centers. Of particular note is that female gender
is the only independent predictor of low exposure on the operator
level. The authors therefore speculate that a personal motivation for
radiation reduction seems to be a significant driver in achieving low
fluoroscopy exposure.*®

4.6 | Limitations

The main limitation of our dataset is its observational nature. How-
ever, real-life registries of consecutive patients at the level of indi-
vidual operators have the potential to provide insights into
contemporary practice across different regions with different prac-
tices, regulatory requirements, and resources. All data were pro-
spectively collected using the same method in all participating
centers, but some datapoints were incomplete for a minority of

procedures.

5 | CONCLUSIONS

This real-life registry of fluoroscopy usage across Europe shows that
contemporary practice and use of modern mapping technology results
in average exposure doses below previously reported values. Further-
more, gender and thus probably personal motivation is independently

associated with lower radiation exposure.
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