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Abstract This review attempts to give practical advice for
invasive electrophysiologists on personal radiation protection.
Applying all measures of the “As low as reasonably achiev-
able” ALARA concept should be a daily and indeed routine
practice for all staff in the electrophysiology laboratory. A
substantial number of technical options have been recently
introduced which may enable the physician to lower the total
radiation exposure significantly, but all require a substantial
learning curve. Using these measures can arrive at very low or
indeed close to ZERO fluoroscopy exposure even in complex
ablation cases.
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Introduction

As the first imaging modality of the living human body, x-rays
or fluoroscopic imaging has been probably the most important
technical tool in modern medicine (Roentgen). It allowed one
to see the inside of the body, and after contrast injection even
of soft tissues like the beating heart [1]. Most of today’s
interventional procedures in cardiology are carried out under
fluoroscopic imaging guidance [2]. The advent of novel 3D
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imaging technologies such as computed tomography has even
allowed 3D reconstructions of an individual’s heart. However,
these advances come at the cost of higher radiation exposure,
which carries a risk of both stochastic (inducing malignancy)
and deterministic effects (tissue reactions like erythema, hair
loss and cataracts) [3].

Patient Exposure: Where does it Start and Where
does it End?

Because of an increase of interventional procedures and im-
aging studies in the last decades, patients are being exposed to
a substantial amount of radiation over their lifetime (Table 1)
[2, 4, 5]. Whilst radiation exposure from cardiac interventions
is only one of the many possible exposures for a given patient,
more and more complex ablation procedures are carried with
substantial exposure to it. Some procedures like catheter ab-
lation of atrial fibrillation frequently requires more than one
ablation procedure, thereby adding a substantial amount of
radiation [6].

Comparisons of radiation exposure from imaging and cath-
eter interventions are somewhat difficult to perform. In cath-
eter interventions estimates of the radiation exposure require
detailed knowledge of the exposed tissue, beam quality and
radiographic projection. The radiation dose rate in air, the x-
ray field size and the duration of exposure allow calculation of
a dose area product (DAP) in centiGray centimeter squared,
¢Gy cm?. For a given projection, the DAP generally increases
with patient BMI and exposure time. Using a factor of 0.2, one
can roughly arrive at the effective dose in millisievert (mSv)
[7]. However, most physicians simply refer to the radiation
time in minutes when reporting their procedural parameters
(ESC abstract EPIC). This however is over simplistic,
underestimating the exposure in obese patients, whilst in
children the radiation exposure may be overestimated [8,
Qee]. Effective dose permits a comparison of radiation
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Table 1 Overview on various exposures to radiation (modified from
Rogers et al. [40])

1-year natural background radiation 2.5 mSv
Chest x-ray examination 0.02 mSv
Intercontinental flight return trip 0.05 mSv

1 hr within 10 km from Fukushima (March 2011) 0.1 mSv
Coronary angiography 0.4 — 15 mSv
Radiofrequency catheter ablation 33-12mSv
With additional dose-reduction measures 1.2 -2.8 mSv
Cardiac CT angiography 0.8 -22 mSv

exposures for imaging and catheter interventions, although it
has limitations when used for medical exposures that need to
be considered (ref ICRP report 103).

Integration of Pre-acquired 3D Images in 3D Mapping
Systems

Many patients that need complex ablation procedures nowa-
days also undergo 3D imaging to facilitate the procedure itself
and to allow adequate planning of access and choice of the
necessary tools. This allows to “learn” 3D geometry and
identify variants such as additional PVs, left SVC, etc.
[10-12]. Correct registration is again key to success [13].
While 3D imaging for image integration in 3D mapping
systems (such as CARTO or NAVX) only specifies a DICOM
format, many physicians automatically choose CT rather than
alternative imaging techniques [14, 15] ENREF 7.

Alternatives to 3D CT Scans as Roadmaps for Ablation
or Follow-up

However, 3D cardiac magnetic resonance imaging can be
performed reproducibly and with excellent image quality by
either angiography or even by non-contrast whole blood se-
quences (true fisp imaging) [10, 16]. The so acquired 3D
DICOM information can be reconstructed with little extra
effort on all available 3D mapping systems and thereby reduce
the overall patient exposure significantly.

Equally, 3D imaging after an ablation procedure (eg. to
exclude a significant PV stenosis) can be performed by CMR
scans or alternative (non-fluoroscopic) studies such as TOE
[17, 18]. In an exemplary calculation the avoidance of 2 CT
scans before and after AF ablation could avoid an average of 4
to 40 mSv. Given the fact that the patient might need more
than one ablation procedure, any additional 3D imaging
should be carefully assessed with regard to its contribution
to the overall radiation “bill”.
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Professional Exposure for Health Care Workers

So far attention has been applied to the radiation exposure of
patients but only recently the catheter lab staff who expose
themselves professionally have come into focus [19e, 20e].
Being close to the patient during an interventional procedure,
the first hand operator is exposed to scattered radiation, whilst
other health care professionals are better protected by their
position at a greater distance to the radiation source and the
patient itself. The reduction of radiation exposure with dis-
tance is governed by the inverse square law. This means that
when distance from the patient doubles, the exposure is
quartered. Color-coding of the floor to depict a 2 m radius
from the radiation source gives a good marker to where
relevant exposure starts for catheter lab staff.

Alarming number of malignancies has been reported for
interventional cardiologists and a concerning scary risk of 1:
100 of malignancy has been reported recently [21¢]. The effect
of more and more complex ablation procedures, with longer
exposures, being carried out by more and more electrophysi-
ologists, may lead to a larger future problem for this profes-
sional group, if operators do not adopt techniques that could
mitigate this risk.

Unlike other professionals with significant exposure during
their work such as airline pilots, interventional cardiologists
are not that as a matter of course informed about their personal
exposure to the same degree and also seem to care less about it
[22, 23]. While pilots are required to wear a personal “active”
radiation badge with numerical display of their exposure
during long distance flights, health care workers generally
only wearing “passive” badges that do not give any direct
numerical output [24]. Also, pilots have very strict log book
documentation of their exposure that allows direct feedback
and thereby generating potentially a greater level of awareness
of their radiation exposure.

Variability of Radiation Exposure

When comparing different operators and the amount of medi-
an exposure for a given procedure, a large variability of results
is apparent. This is probably an expression of personal training
and experience of the individual operator, but possibly also to
some amount of ignorance of the potential dangers for them-
selves (EPIC abstract ESC).

Five major steps for personal radiation protection could
help to reduce personal radiation exposure [9ee, 25]:

1. The basic personal protections starts with wearing protec-
tion “lead” aprons with emphasis covering the most radi-
ation sensitive body areas (lungs, breasts, red bone mar-
row colon and stomach). Two piece aprons overlap in this
area and are an excellent protection whilst dividing the
weight between the hip and the shoulders. It is noticeable
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that many interventional cardiologists report on chronic
back pain or indeed require surgery [26]. Additional per-
sonal shields for other areas such as thyroid shields are
used to a lesser extent, however depending on the proce-
dure carried out even shin covers can be useful. An import
“organ” is the eye and cataracts have been reported as a
consequence of unprotected exposure. As a simple rule a
patient’s chest should only be seen through lead glass
shield (e.g., ceiling suspended). Personal dosimeters
should be worn routinely in every single procedure to be
able to document exposure. One dosimeter is typically
worn under the lead to monitor the exposure to the repro-
ductive organs and one typically outside on an exposed
area (e.g., arm closest to the radiation source or at the
collar outside the lead apron).

2. The position of the patient at the unit’s center of rotation,
with the detector (image intensifier or flat panel imager) as
close as possible to them, is crucial to obtaining good
quality images. There are in fact two sources of radiation:
the greater being the scatter emitted from the patient and
the lesser leakage radiation from the x-ray tube itself.
Importantly, scattered radiation levels are highest under
the patient’s table for the AP projection such that the
under table apron is of crucial importance to the
exposure of the operator. When using angulated pro-
jections and especially in the left anterior oblique
position, the operator stands within 50 cm of the
second radiation source, the x-ray tube, which emits low
levels of leakage radiation radially in all directions. Posi-
tioning of additional lead protection and the use of a
ceiling mounted protection screen does reduce the opera-
tor’s exposure significantly [9ee].

3. Choosing the best program to image the electrode cathe-
ters with appropriate exposure parameters such as higher
tube voltages and additional copper filtration, reduced
frame rates and as low as possible input dose per frame
to the detector. Much lesser detail is necessary in electro-
physiology (EP) procedures as compared to coronary
interventions where discrete lesions in small vessels are
imaged. This amount of contrast resolution is mostly
unnecessary in EP procedures where the metal tip cathe-
ters are easily identified on the image. All efforts should
be made to remove all other items that may show on a
given image. One example is a trans-oesophageal echo-
cardiography (TOE) probe that is visible during an atrial
fibrillation case (after a left atrial appendage clot has
already been ruled out). If the TOE is required to guide
a transseptal puncture, it is unavoidable that it will ob-
struct the view, however during the mapping and ablation
part it can be removed. If in doubt about pericardial
collection it can easily be advanced again. Of note is that
current fluoroscopy systems can automatically respond to
the presence of metal objects by increasing the exposure

parameters in order to penetrate through the object, and in
doing so increasing the exposure to the patient and the
operator.

4. Operators should always try to employ the “as low as
reasonably achievable” ALARA concept [25]. Rather
than reviewing the same location of a given catheter
position over several cardiac cycles, a single cycle should
be enough to ascertain this information. Using the “last
image hold” LIH feature, the relationship between the
catheter position and the electrical signals can be assessed
and corrected if necessary. Choosing the optimal radiation
projection for a given task requires detailed knowledge of
the cardiac anatomy and its correlation in the fluoroscopy
image. Storage of catheter positions for archiving should
be performed using the “store fluoroscopy” feature rather
than cine acquisitions (that are carried out at 5 to 10 times
the dose rate of fluoroscopy). Using reference images in
various projections can allow the operator to visually
remind him- or herself to previously visited locations or
could mark important areas like the His bundle recording
site. Making use of freeze framing of angiographies such
as contrast injections into pulmonary veins or the coro-
nary sinus in various projections can be toggled to allow
best orientation of the operator when navigating in these
delicate areas.

5. Optimization of the image by using all available means of
collimation and shielding of lung fields should be readily
applied and adjusted whenever possible. Where applica-
ble the removal of the antiscatter grid can be considered.
A recent innovation is the use of asymmetric collimation
which allows keeping the table in the iso center position
whilst “homing in” on the specific region of interest [27].

Use of 3D Mapping Systems to Reduce Radiation
Exposure in Complex Procedures

Orientating the operator to the exact location of the catheters is
paramount in any given invasive procedure. The information
provided by fluoroscopy is limited since it is a 2D display of a
complex 3D situation. The transparency of the cardiac tissue
only allows visualization of the contours exactly, but fails to
identify inner structures like AV valves or vessel openings.
Using 3D mapping systems, a virtual 3D map is created of any
given cardiac chamber and ideally the catheters can be navi-
gated without the need of fluoroscopy [28, 29]. An important
caveat using these virtual geometries is to assure its accuracy
and to realize that an area not reached in a given chamber will
not be displayed on these systems and thereby might be
overlooked. Similarly, if a shift of the patients position rela-
tively to the mapping system occurs than accuracy might be
lost and positioning needs to be re-established in reference to
the “real” fluoroscopy image. Using 3D mapping systems like
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CARTO allows one to actively navigate with the help of the real
time depiction of the catheter tip. The color coding does facili-
tate the catheter manipulation. This is especially helpful when
using bidirectional catheters and transition from uni- to bidirec-
tional can be facilitated. Choosing to deflect using the “D” curve
(equalling toward red) or “F” curve (toward blue) makes the
catheter navigation more intuitive and helps reduce the radiation
exposure during the mapping and ablation process itself.

Transfer of Location Information from Fluoroscopy to 3D
Mapping Systems

Contrast-enhanced imaging may be of assistance, e.g., when
PV ostia are displayed but due to the fleeting nature of the
contrast and the need for imaging in two (ideally orthogonal)
projections it is sometimes a tedious endeavor. When using 3D
mapping systems in addition, common practice is to mark
ostial sites with colored tags to transfer the angio 2D informa-
tion to the 3D mapping system, respectively [30, 31]. This also
allows navigating more precisely on the 3D mapping system
without using fluoroscopy to navigate the catheters eg along
the ablation line. If unsure about the “real” rather than “virtual”
position, fluoroscopy can be used for a single cardiac cycle
rather than for seconds or even minutes in one go.

Picture in Picture Display and Real Time Depiction
of Catheters

When using an image in image display with real time depic-
tion of the catheter tip, need for “real” fluoroscopy is auto-
matically reduced since the catheter is displayed on the famil-
iar “background”. After spot checks on the accuracy of the

systems, most operators rely on the electrical signal informa-
tion and the 3D location. Seeing the 3D map evolving on the
fluoroscopy background pictures allows transferring the 3D
mapping information directly to the 2D fluoroscopy informa-
tion, however this requires consequent and exact registration.
The same is true for the use of pre-acquired 3D images (see
above). The most important step in using these volumes is the
accurate registration, which should not rely on single or three
point landmark registration but require stepwise adjustment to
the virtually created 3D map and or registration on the fluo-
roscopic contour of the patient’s heart (Fig. 1). Recently, a
new localization system (MEDI GUIDE) was introduced to
the EP lab which is mounted on the image intensifier/ flat
panel detector and picture in picture display of all catheters is
enabled, similarly to the already available system on the
navigation platform of the remote magnetic navigation system
[32]. Whilst the reported reduction of radiation exposure for
various procedures are significant, the overall exposure in
comparison to previous reports of experienced operators
employing the ALARA technique or using other 3D mapping
systems like Navx or CARTO have not been met yet [33, 34].

Radiation Exposure in Young Patients or Patients
with many Exposures to Radiation During Their Life
Time

A special effort should be made to avoid unnecessary expo-
sures to radiation of children and adolescents whenever pos-
sible. Employing all available technologies such as image
integration, remote magnetic navigation should be considered
when planning procedures in this cohort [35-37]. Reports on
larger single center experience have demonstrated a substan-
tial reduction of radiation exposure as compared to the

Fig.1 Example of a real time “picture- in-picture” display of a right
atrial 3D reconstruction using CARTO RMT (Biosense Webster) on
the background of corresponding RAO and LAO (both about 30
degrees) using the Odyssey system (Stereotaxis Inc, St. Louis MS).
Depicted is a frame during “propagation” of the cardiac activation (in
red) on the 3D virtual map in blue to demonstrate the information
transfer from the CARTO system onto the background fluoroscopic
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images. Also depicted is the 3D reconstruction of a non-contrast cardiac
magnetic resonance imaging study (light green). The overall fluoroscopy
exposure time of this patient with re-inserted pulmonary vein and ASD
closure who underwent catheter ablation for recurrent supraventricular
tachycardias was 90 sec. Abbreviations: His His bundle recording cath-
eter (see also yellow tag, red arrow), CS coronary sinus electrode, RV
right ventricular catheter
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reported results from larger registries. Using all available tools
is key in performing procedures in these more vulnerable
patients and the ultimate choice lies with the operator.

In special circumstances such as pregnant or very young
patients, EP procedures can be carried out with zero exposure
or very low exposure to radiation seems safe to apply [38].

Another special group of patients are those requiring
multiple cardiac procedures over their lifetime and start
being exposed at an early age: patients with congenital
heart disease frequently present several decades after
their operation(s) with sustained arrhythmias that can
be treated successfully by catheter ablation. Using all
available tools (such as 3D mapping and image integra-
tion) a major improvement in outcome of these proce-
dures can be achieved. Recently, several centers have
independently demonstrated that the use of remote mag-
netic navigation in these patient cohort results in even
better outcome and reduction of fluoroscopy exposure to
levels equal or lower than reported for “normal” anato-
my patients [35, 39]. Since these patients also may still
need hemodynamic interventions in the future, any re-
duction of radiation is of major benefit for these young
patients.

Conclusion

Radiation exposure is not only an important issue for
patients but is of even greater relevance for the invasive
electrophysiologist. By protecting him- or herself against
the professional health risk of radiation induced malignan-
cy by applying five simple steps of personal and structural
protection measures, the patient is automatically benefitting
as well. Using all available technical options and tailoring
non-fluoroscopic imaging options to the individual patient
and procedure, radiation exposure can be minimized. Fur-
ther simplification by arriving at a single measure to make
exposure data easily comparable and the use of “active”
dosimeters for physicians with help to increase awareness
and change current practice patterns.
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