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 Introduction

Ever since the first ablation procedure was 
 performed by Dr. Scheinman in 1981 the field of 
interventional electrophysiology has made signif-
icant progress [1]. Electrophysiology (EP) stud-
ies and radiofrequency catheter ablation (RFCA) 
procedures are widely performed worldwide. 
Radiofrequency ablation has been established as 
a first-line treatment for supraventricular arrhyth-
mias and one of the accepted treatment modali-
ties for more complex atrial and ventricular 
arrhythmias [2–4]. Traditionally, EP procedures 
are performed in cardiac catheter laboratories and 
fluoroscopy is used as the key imaging modality 
to guide positioning cardiac catheters. As a con-

sequence, electrophysiologists are exposed to 
considerable ionising radiation as scatter emitted 
by their patients (Fig.  2.1) [5]. In fact electro-
physiologists seem to have even higher amount 
of radiation exposure compared to other medical 
personnel including interventional radiologists 
[5–7]. Several reports about possible radiation-
related serious complications amongst cardiolo-
gists who were previously exposed to ionising 
radiation have heightened the awareness about 
the need for better understanding and optimal 
utilisation of available technologies in cardiac 
catheter labs [8–10]. Females comprise 11% of 
electrophysiology trainees as well as a significant 
proportion of electrophysiology lab personnel 
[11]. Misconceptions regarding the risk of occu-
pational radiation exposure on pregnancy may 
lead to changes in family and career planning. 
Proper monitoring is essential to prevent harm to 
both the foetus and the mother.

 Quantification of Ionising Radiation

Radiation exposure can be quantified using dif-
ferent measures. Commonly used terminology 
includes absorbed dose, cumulative air kerma, 
dose area product (DAP) also referred to as kerma 
area product (KAP), equivalent dose, personal 
dose equivalent and effective dose. These terms 
are defined by the International Commission on 
Radiological Protection (ICRP) [12].
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Absorbed dose is the energy absorbed per unit 
mass of the absorbing tissue. It is expressed in 
grey units. One grey (Gy) equates to one joule of 
energy per kilogram of absorbing tissue.

Cumulative air kerma is a quantitative measure 
of X-ray energy delivered to air at the interven-
tional reference point (15 cm from the isocentre 
in the direction of the focal spot).

DAP is a product of the radiation dose to air 
and cross-sectional X-ray beam area at any given 
distance from the X-ray source. It is independent 
of the distance from the X-ray source. DAP is 
expressed as Gy cm2.

Equivalent dose is a measure of biological 
effect of ionising radiation. To allow comparisons 
of the risk of harm due to different ionising radia-
tions, each type of radiation is assigned a radia-
tion weighting factor (WR) as a measure of its 
biological effect. Equivalent dose is the product 
of absorbed dose and radiation weighting factor. 
Equivalent dose is measured in sieverts (Sv) and 
denotes potency of radiation (for example one 
grey of gamma rays is equivalent to 1 Sv whilst 
one grey of alpha rays is equivalent to 20 Sv).

Effective dose (ED) takes into consider-
ation the potency as well as the probability of 
a tissue being affected per unit dose of radia-
tion (e.g. the same amount of equivalent dose 
would equate to 20 times more equivalent dose 
to ovaries compared to skin). Effective dose is 
a tissue-weighted sum of all equivalent dose in 
different tissues of human body. Radio sensitiv-

ity in human tissues is highest in highly mitotic 
or undifferentiated tissues such as bone marrow, 
lens, basal epidermis and gonads. It reduces 
with age and as a consequence young children 
exposed to radiation are much more likely to be 
affected than the older ones [13, 14]. Effective 
doses are related to the whole-body risk associ-
ated with any given deposition of ionising radia-
tion in an individual.

Personal dose equivalent is measured by 
the personal occupational dosimeters and is 
expressed in millisieverts. It gives an estimate of 
the organ doses.

 Hazards from Exposure to Ionising 
Radiation

The harmful effects of ionising radiation are well 
known and can be classified as stochastic and 
deterministic effects.

Stochastic effects are not related to a par-
ticular threshold level of radiation exposure; 
however the risk of their occurrence increases 
with a lifetime cumulative increase in radiation 
exposure and severity independent of the dose. 
Typical example of a stochastic effect of ionis-
ing radiation is the risk of developing malignancy 
and genetic effect being the other. Stochastic 
risk from exposure to ionising radiation can be 
expressed using the concept of “effective dose”, a 
term first used by Wolfgang Jacobi in 1975 [15].

Fig. 2.1 Diagrammatic 
representation of X-ray 
equipment and scatter 
radiation in an EP lab. 
Please note that the X-ray 
beam is emitted from 
under the table, making the 
under-table protection 
apron very important
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The excessive relative risk of cancer mortal-
ity according to International Commission of 
Radiological Protection (ICRP) is 5% per Sv and 
0.2% per Sv for heritable effects.

Dose area product has been shown to correlate 
well with the total ionising energy imparted to a 
patient and total scatter radiation and therefore to 
the risk of stochastic effects such as malignancy 
both to patient and medical workers [16–22].

Deterministic effects only occur once a thresh-
old of exposure has been exceeded. The sever-
ity of deterministic effects increases as the dose 
of exposure increases. Deterministic effects are 
caused by significant cell damage or death. The 
physical effects will occur when the cell death 
burden is large enough to cause obvious functional 
impairment of a tissue or an organ. Radiological 
measurement that has been used to estimate deter-
ministic effects is cumulative air kerma (Gy). 
Some of the recognised deterministic effects of 
radiation include erythema, necrosis and epila-
tion of skin, cataract, reduced fertility and acute 
radiation syndrome. The skin and eyes are most 
vulnerable to X-rays with a suggested threshold 
radiation dose (for deterministic effects) of 2 Gy 
and 500 μGy, respectively [23–26].

 Monitoring Radiation Exposure 
in Electrophysiology Lab

The ICRP recommends the use of two personal 
dosimeters for staff exposed to radiation: one 
to be worn on the trunk of the body inside lead 
apron at about waist level and the other worn 
outside lead apron at collar or left shoulder. 
Inside dosimeter estimates radiation to internal 
organs including reproductive organs. However 
it may be an overestimate as it does not account 
for further attenuation of radiation through 
superficial tissues [11]. The outer dosimeter 
estimates radiation exposure to thyroid, lens, 
head and neck.

Female medical personnel working in cardiac 
labs should be encouraged to declare pregnancy 
as early as possible as it would help monitor ED to 
foetus. Additional dosimeter at the level of abdo-
men could be used to assess foetal exposure [27].

Compliance with dosimeter use is essential 
and should be made mandatory. Passive dosim-
eters are usually read monthly. Records of expo-
sure are kept for as long as required by national 
legislation/guidelines, and may depend on the 
type of radiation worker. Please note that it is 
not generally possible to establish whether an 
individual’s cancer has been caused by radia-
tion exposure. The causal relationship between 
radiation exposure and cancer incidence is only 
detectable through statistical analysis of large 
population samples. In some very rare circum-
stances it may be possible to conclude (on bal-
ance of probabilities) that an individual’s cancer 
is linked to their occupational exposure. This 
might be possible when the cancer is rare in the 
general population but observed in dispropor-
tionate numbers in an occupational group having 
very specific exposures to radiation, and the indi-
vidual in question has had the specific exposure.

 Historical Data About Radiation 
Exposure in Electrophysiology 
Procedures

Most of the studies looking at radiation expo-
sure in electrophysiology labs are patient centric 
with main focus on the radiation exposure to the 
patient [28–30]. Very few studies were aimed at 
physician radiation exposure [7, 31, 32]. Higher 
radiation exposure both to the patient and physi-
cian was noted with complex ablation procedures 
[33, 34]. It was also observed that there was 
operator variability; however average operator 
dose was quantitatively related to average patient 
dose. It was also noted that there was reduction 
in radiation exposure over time with development 
of newer non-fluoroscopic three-dimensional 
navigation and electroanatomical mapping sys-
tems [35].

Electrophysiologists have been shown to 
have high radiation exposure with a median of 
4.3 mSv per year (3.5–6.1) whilst interventional 
cardiologists averaged 3.3 mSv (2.0–19.6 mSv) 
and average background radiation received by 
a European resident is around 2.1 mSv per year 
[7, 36]. Casella and colleagues examined the 
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trend in radiation exposure amongst the vari-
ous electrophysiological procedures in a ret-
rospective study of 8150 patients over a 7-year 
period. There was a significant decrease in radia-
tion exposure in all procedures except cardiac 
resynchronisation therapy. This demonstrates 
the remarkable improvement in procedural influ-
ences, protective equipment, as well as opera-
tor experience and compliance with protection 
protocols. Radiation exposures of the various 
electrophysiological procedures in the year 2010 
and 2016 are summarised in Table 2.1. The fact 
that vast improvement was seen in ablation pro-
cedures and specially complex ablations, namely 
atrial fibrillation and ventricular tachycardia 
ablations, is testament to the increasing use of 
non- fluoroscopic techniques and their ability to 
reduce radiation exposure [37].

 Measures to Reduce Radiation 
Exposure in Electrophysiology 
Laboratory

There are three principles that govern the use of 
radiation in the electrophysiology lab: respon-
sibility, justification and optimisation. It is the 
physician’s responsibility to limit the exposure 
to radiation by utilising the knowledge of proce-
dural, operator and patient influences on radiation 
exposure. The use and dose of radiation must be 
justified in view of the patient’s clinical context. 
The benefits of the procedure and the need for 
fluoroscopy must be carefully weighed against 
the risk of exposure to radiation. In addition, all 
factors must be optimised to ensure the minimum 

exposure to radiation without compromising the 
safety and efficacy of the procedure [38].

Various measures to reduce radiation expo-
sure during electrophysiology procedures can be 
grouped under the following categories which 
include

 1. Awareness and education resulting in a change 
in culture

 2. Use of protective gear in cath labs (including 
thyroid shields, lead glasses, etc.)

 3. Effective use of radiological views
 4. Effective use of available fluoroscopic tech-

nology (such as collimation and lower pulse 
rates)

 5. Effective adaptation and implementation of 
local and national policies

 6. Effective use of mapping systems and newer 
technologies in electrophysiology labs

 7. Continued research to facilitate eventual zero- 
radiation procedures

 Awareness and Education Resulting 
in a Change in Culture

Unlike other professionals such as professional 
pilots involved with radiation exposure electro-
physiologists seem to be less educated about radi-
ation hazards and ways to minimise them [35]. 
Electrophysiology trainees need to be educated 
about awareness and need to use radiation as low 
as reasonably achievable (ALARA  principle) 
[39, 40], a concept that has been proposed by 
the International Commission for Radiation 
Protection to guide responsible radiation use.

Table 2.1 Radiation exposure of various electrophysiological procedures [37]

Procedure
Mean effective 
dose (mSv) 2010

Mean effective 
dose (mSv) 2016 Trend

Significance (P-value) of 
trend from 2010 to 2016

Electrophysiological study 1.0 0.5 −50% Significant

Pacemaker/implantable cardioverter 
defibrillator implantation

1.8 1.0 −44% Significant

Cardiac resynchronisation therapy 16.0 7.5 −53% Not significant

SVT ablation 5.4 2.2 −59% Significant

Atrial flutter ablation 11.0 3.2 −71% Significant

Atrial fibrillation ablation 34.0 7.3 −79% Significant

Ventricular tachycardia ablation 38.9 10.0 −74% Significant
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Education about radiation exposure hazards and 
ways to reduce it should start very early in elec-
trophysiology training and should be made manda-
tory. Electrophysiologists should be well equipped 
to utilise alternative non-fluoroscopic imaging 
modalities at every possible stage during the proce-
dure. Proper documentation of radiation doses and 
compliance with dosimeters should be ensured by 
the local authorities. It has been shown that use of 
fluoroscopy is not strictly a function of experience 
and that the awareness of the harm correlated with 
X-rays and the presence of a background in radia-
tion safety are the cornerstones for reducing radia-
tion exposure in interventional cardiology [41, 42].

 Use of Protective Gear in Cath Labs 
(Fig. 2.2)

Lead aprons (minimum of 0.5 mm lead equiva-
lence in front and 0.25 mm at the rear) have been 

shown to reduce radiation dose by over 95% 
for the operator [43, 44]. In addition, wearing 
a thyroid shield and lead glasses or the use of 
a radiation protection cabin and avoiding direct 
hand exposure help reduce radiation doses sig-
nificantly. Professional cataract is a well-known 
problem in invasive cardiology workers and is 
distinguished from naturally occurring cataract 
forms as it occurs in the posterior pole of the 
lens [45, 46]. Use of protective eyewear (leaded 
glasses with side panels) is highly recommended 
[47, 48]. Under-table lead shielding and over- 
table glass shielding help reduce scatter radiation 
to the operator and hence should be used rou-
tinely during EP procedures.

 Effective Use of Radiological Views

For a given amount of beam energy the resul-
tant image quality is inversely proportional to the 

Fig. 2.2 Diagrammatic representation of protective equipment used in an EP lab
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amount of tissue and distance it has to traverse. 
In lateral (or craniocaudal) angulations, X-rays 
cross more tissues, which increases attenuation 
and decreases image quality [49]. To compensate, 
the system increases the beam energy to maintain 
image quality. As a result there is more radiation 
to the patient as well as operator. The operator 
receives most of the radiation as a result of scatter 
from the patient. The operator is likely to receive 
higher radiation dose when standing on the same 
side of the patient as the tube (as a result of scatter 
from the patient) [50] and therefore when operating 
from right side of the patient the operator receives 
more radiation in a left lateral view compared to 
the right lateral view. Traditionally when ablation 
is carried out most operators view catheter position 
in a left anterior oblique view. Care should be taken 
that lead shied is protecting the operator during 
these lateral angulated views. Overall one should 
be mindful of the fact that higher radiation is being 
used during the use of angulated views [51]. Also 
operators have to be cautious using angulated views 
in patients with high body mass index as it would 
result in much higher doses of radiation [52].

 Effective Use of Available 
Fluoroscopic Technology

Electrophysiologists can reduce radiation to the 
patient and scatter radiation for themselves in 
turn by effective use of available fluoroscopic 
technology. Effective use of various strategies 
available with modern X-ray units can consider-
ably reduce radiation dose without significant 
change in fluoroscopy time. Use of lower pulse 
frequency and shorter pulse durations has been 
shown to reduce radiation dose [36, 53, 54]. This 
can be achieved by using lower frame rates such 
as 3–4  fps. Removal of the secondary radiation 
grid and programming an ultra-low pulsed fluo-
roscopy rate during ablation procedures were 
associated with significant reductions in radiation 
exposure [36]. Confining the X-ray beam to small 
area of interest can be achieved by using colli-
mation. Collimation reduces DAP as it reduces 
cross-sectional area at any given distance from the 
source. During interventional electrophysiology 

procedure collimation has been shown to signifi-
cantly reduce radiation exposure without compro-
mising on the image quality. These benefits have 
been more marked in simple ablation procedures 
where smaller areas are of interest during ablation 
[55]. Asymmetric collimation can achieve another 
60–80% reduction compared with normal colli-
mation [56]. Whilst fluoroscopy is used for cath-
eter placement, cine is used to acquire and store 
images. Cine acquisitions account for major-
ity of radiation exposure despite representing a 
smaller fraction of X-ray tube operation time [57, 
58]. Cine acquisitions can be minimised or even 
avoided by using the stored fluoroscopy feature 
(saving the last fluoroscopic loop) [59].

The X-ray tube output is proportional to the 
distance between the tube and the detector. The 
detector should therefore be lowered onto the 
patient throughout the procedure (Fig.  2.3). A 
15% reduction in radiation dose was noted with 
a combination of elevation of table and lowering 
detector by 10 cm [60]. Frame rate settings are 
programmable between 25–30 and 6  fps. Still 
lower frame rates may be achieved by using trig-
gered fluoroscopy. Lower frame rates are linearly 
related to lower radiation doses.

 Effective Adaptation 
and Implementation of Local 
and National Policies

European Commission has recognised the need 
to educate and train medical personnel involved 
in procedures using ionising radiation. The cur-
rent Medical Exposure Directive (MED) outlines 
the justification and optimisation of radiologi-
cal procedures, distribution of responsibilities, 
training of medical staff, procedural aspects and 
equipment use. Under the EURATOM Treaty 
the European Commission is responsible for the 
 protection of patients and other individuals in 
medical facilities [61]. It does this by consistently 
updating the Basic Safety Standards Directive 
which regulates, amongst other items, the safe 
use of ionising radiation in medical applications.

Directive 2013/59/Euratom—protection against 
ionising radiation—states that the member states 
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system of radiation protection shall be based on the 
principles of justification (benefits outweigh risks) 
and optimisation (exposure to as few, and as low as 
possible: dose constraints) and

Dose limitations (on the individual’s level) are 
as follows:

• For effective dose limit: 20 mSv in any single 
year

• In special circumstances: up to 50 mSv in a 
single year (the average annual dose over any 
5 consecutive years must not exceed 20 mSv)

• Eyes: 20 mSv in a year or 100 mSv in any 5 
consecutive years

• Skin and extremities: 500 mSv per year

The onus of medical staff’s awareness and 
protection from radiation exposure lies with the 
employer. Accordingly, the major cardiovascular 
associations have published detailed recommen-
dations about X-ray use and suggested practical 
ways to reduce it [62].

 Effective Use of Mapping Systems 
and Newer Technologies 
in Electrophysiology Labs

Electroanatomic mapping systems (EMS) have 
been developed for facilitating catheter locali-
sation, three-dimensional cardiac chamber 
description, obtaining three-dimensional elec-
trical activation sequences and voltage map 
within a cardiac chamber (Fig.  2.4). The two 
EMS that are mostly used include the NavX 
system (St. Jude/Abbott) which uses low-ampli-
tude high- frequency current fields [63] and 
CARTO (Biosense Webster) which uses mag-
netic fields and impedance measurements for 
catheter localisation [64]. These are also called 
“non- fluoroscopic” mapping systems as they 
do not utilise fluoroscopy. Whilst EMS greatly 
facilitates identification of appropriate abla-
tion sites during complex ablation procedures, 
operators need greater understanding of under-
lying principles and appropriate experience in 

Fig. 2.3 Diagrammatic representation of possible ways to 
reduce scatter radiation in an EP lab. Scattered radiation can 
be reduced by reducing the X-ray field size, the path length 
of the X-ray beam through the patient (i.e. projection) and 
the exposure parameters (e.g. pulse rate). The patient-detec-
tor distance is minimised and the focus- patient distance is 
maximised (within the constraints of available focus-to-

detector distances) in the first instance to reduce magnifica-
tion (image quality) and patient dose. The lower patient 
dose arises from lower exposure parameters, which in turn 
reduces scatter. In the case of interventional X-ray units 
with an isocentre, the focus-patient distance is essentially 
determined by the unit’s geometry; the operator however is 
able to control the position of the detector

2 Radiation Exposure and Safety for the Electrophysiologist
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their use. Use of EMS has been shown to reduce 
radiation dose during ablation procedures [53, 
65, 66]. EMS can be further enhanced by inte-
gration of 3D imaging obtained using cardiac 
MRI or CT prior to procedure [67].

Remote navigation systems have been devel-
oped on the premise that it would provide bet-
ter precision movement of ablation catheter and 
improve outcomes by enabling more effective 
lesions. The only system currently in use allows 
remote navigation by moving special catheter by 
a static magnetic field [68] (Niobe system from 
Stereotaxis). Whilst remote navigation does not 
reduce the radiation dose for the patient, it can 
facilitate near-zero radiation for the operator. 
However, as the image integration of the system 
allowed for better orientation of the operator, 
significant reduction of the patient’s radiation 
exposure has been demonstrated for a number of 
different arrhythmias [68–70].

 Continued Innovation to Facilitate 
Eventual Zero-Radiation Procedures

Whilst near-zero-radiation ablation procedures 
have been shown to be feasible amongst paediatric 

population they are still a work in progress amongst 
adult cohorts. In our experience it has been feasible 
to perform complex ablation procedures (including 
transseptal punctures) using no fluoroscopy with 
the aid of EMS and alternate imaging modalities 
such as transoesophageal echocardiography. The 
key step in transseptal punctures is to visualise 
the transseptal needle, which can be “faked” on 
the EMS system [71]. By using a radiofrequency 
needle (NRG, Baylis Medical) with an isolated tip 
that serves as small electrode, the exact location of 
the needle tip on the 3D reconstruction of the right 
atrium can be achieved.

 Radiation Effects on Fertility 
and Pregnancy

Radiation is toxic to tissues including reproduc-
tive organs. However, data is unfortunately scarce 
in humans. The testes are very sensitive to ionis-
ing radiation and therefore sperm count data pro-
vide a useful source of information on the effect 
of ionising radiation on the testes. In a study of 
healthy volunteer prisoners, aged 22–50  years, 
who were scheduled to undergo vasectomy, 
radiation exposure as low as 150 mGy resulted 

Fig. 2.4 Electroanatomical mapping (CARTO) image 
showing transseptal puncture being carried out without 
using fluoroscopy. The transseptal needle tip is visualised 

as a catheter which can be located in real time on corre-
sponding 3D projections
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in significant suppression in sperm production 
[72]. In addition, there was transient abolition of 
sperm production in most men after exposure to 
a dose of 500 mGy, with higher doses leading to 
more prolonged suppression of spermatogenesis. 
Higher doses also lead to histological changes 
in the testes [72]. With regard to sperm quality, 
exposure to ionising radiation in male health-
care workers leads to a significant decrease in 
sperm quality as evidenced by decreased motil-
ity, decreased viability and altered morphologi-
cal features [73]. Based on the available data, 
Rowley and colleagues adjudged that short-term 
exposure to ionising radiation of the magnitude 
of 110–150 mGy results in transient loss of sper-
matogenesis, whilst exposure to larger doses of 
2000 mGy or higher over a prolonged period may 
lead to male infertility [74].

The exposure of a pregnant operator to ionis-
ing radiation continues to be a difficult issue to 
handle. As a conservative measure, the radiation 
dose recorded on the dosimeter inside the apron, 
which should be worn on the abdomen, is used 
to estimate the radiation exposure of the foetus. 
Whilst the mother’s abdomen will provide some 
shielding, this should not be taken into account 
[62]. Low doses of radiation as would be expected 
from operators who are properly protected and fol-
low all of the abovementioned recommendations 
to reduce exposure do not pose an increased risk of 
prenatal complications or malformations beyond 
the incidence seen in the general population [75]. 
Therefore, proper and precise monitoring is essen-
tial to ensure that such doses are not exceeded. 
Current guidelines emphasise that the highest 
risk occurs in the first trimester, which is the time 
of organogenesis. Malformations are known to 
occur with exposures of around 100  mGy [75]. 
Current guidelines state that at the recommended 
exposure levels, malformations should not occur. 
Furthermore, current data suggests no altera-
tions in mental development of children who are 
exposed to radiation at recommended doses in 
utero [62]. The greatest uncertainty resides in the 
risk of childhood malignancy in children, who are 
exposed to radiation at recommended doses in 
utero. However, based on the currently available 
data, there appears to be a small increase in risk 
which is of uncertain significance [75]. Further 
research in this area would certainly be welcome.

Current guidelines recommend that the dose of 
radiation after declaration of pregnancy not exceed 
1 mSv. However, the authors state that this does 
not preclude the electrophysiologist from continu-
ing to work in the electrophysiology lab. In order 
to do so, the guidelines recommend that the fol-
lowing occur: (1) the electrophysiologist should 
understand the risks of further radiation exposure 
and willingly elect to continue working in the elec-
trophysiology lab; (2) to monitor the dose to the 
foetus, an extra dosimeter should be worn at the 
level of the abdomen monthly; the exposure dose 
values should be relayed to the electrophysiolo-
gist on a regular basis; (3) the electrophysiologist 
must be aware of all the aforementioned methods 
to reduce radiation exposure and should attempt to 
regulate her workload in fluoroscopy-guided pro-
cedures; and (4) a dedicated radiation monitoring 
and protection programme should exist in the hos-
pital, led by a competent expert [27].

The pregnant electrophysiologist should 
employ constant radiation awareness, appro-
priate use of monitoring and radioprotection 
measures to minimise exposure to the lowest pos-
sible level during pregnancy [62]. A significantly 
greater amount of scattered radiation occurs dur-
ing device implantation compared to ablation 
procedures. Therefore, great care should be taken 
to optimise positioning and shielding in order 
to reduce radiation exposure. A two-piece wrap 
around lead skirt and vest should be used with 
a minimum of 0.5  mm lead equivalence in the 
front [62]. As mentioned, 3D mapping systems, 
remote navigation systems as well as protection 
cabins should be utilised when available [76].

 Summary and Outlook 
for the Future

Using all the options of modern fluoroscopy sys-
tems and wearing all personal protection gear 
available, daily work in the EP lab can be per-
formed without significant increase of the profes-
sional risk. However, it is in the greatest personal 
interest of every operator to protect himself or 
herself as much as possible and apply ALARA 
principle whenever possible. Using all available 
3D imaging information and applying ZERO- 
radiation techniques if possible is only a matter 
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of dedicated training. Low personal exposure for 
the operator always equates to low exposure for 
the patient and vice versa, such that any attempt 
of radiation reduction will always benefit both 
parties. Future 3D EMS should aim to eliminate 
the need to use X-rays completely, which would 
open the opportunity to perform invasive proce-
dures outside cath labs.
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