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We recently recalled in these pages the discovery of ionising radia-
tion by Roentgen, the fate of atomic bomb survivors of Hiroshima 
and Nagasaki and how – 75 years later – we still use their outcome 
data to estimate harms from radiation exposure, and the impacts of 
both on modern interventional cardiology1. It is only through the 
leveraging of the benefits of ionising radiation technology that the 
success of interventional cardiology has been possible. The detri-
mental effects of radiation exposure for both patients and health-
care workers – both tissue effects and stochastic (probabilistic) 
effects – are the price that must be paid for its use.

At the patient level, cardiology procedures represent an impor-
tant source of medical radiation2. One survey in 2014 showed that 
interventional cardiology contributed about 1/5 of the medical 
radiation doses received by patients despite being derived from 
less than 1% of the medical radiation procedures performed3. 
Entrance air kerma and kerma-area product (also known as dose-
area product) are the most meaningful measurement parameters 
for patient exposure, much better than total fluoroscopic time 

for example, which does not account for a variety of parameters 
including patient-related factors and technical aspects of radiation 
hardware4. The range of patient doses from individual procedures 
is highly variable, ranging from low or zero dose in electrophysio-
logy studies to cumulative entrance air kermas of multiple Gy for 
certain complex coronary procedures such as interventions for 
chronic total occlusions. Indeed, in these latter procedures the 
entrance air kerma may exceed the threshold for skin injury ery-
thema with levels in the range of radiotherapy fractions.

In the same article1, we reflected on the old public health adage 
that the first indications of toxicity from a technology often come 
from those who are occupationally exposed. We mentioned the ill-
nesses suffered by the miners of Schneeberg in Germany due to 
radon gas exposure in the early part of the last century and those 
suffered by the so-called “radium girls” who painted the faces of 
watches with radium so that they could be read in the dark5. In 
terms of medical radiation, it was relatively early in its experi-
ence that occupational illnesses such as leukaemia and anaemia 
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were noted, leading to the publication of safety standards as early 
as 1916. Occupational exposure in interventional cardiology is of 
particular concern and, unfortunately, many of us know of col-
leagues who have been significantly affected by this issue.

In the European Union, the current dose limits for occupa-
tional exposure are defined by a European Council Basic Safety 
Standards (BSS) Directive (2013/59/EURATOM)6. This is a direc-
tive which was required to be transposed into law in each mem-
ber state by February 2018; it differs from a regulation, like 
the Medical Device Regulation or the General Data Protection 
Regulation, which automatically becomes law in the member 
states. The limit on the effective dose for whole body occupational 
exposure is defined in Article 9 of the directive as 20 mSv in any 
single year. This is well above the typical effective dose received 
by an interventional cardiologist of 2-4 mSv/year7. The limit on 
the equivalent dose for the lens of the eye is also 20 mSv in a sin-
gle year (or 100 mSv in any five consecutive years). Importantly, 
this latter dose limit represents a sevenfold reduction in com-
parison with prior legislation. In Article 40, the directive also 
mandates classification of workers according to exposure doses. 
High-risk workers (Category A) are defined as those who are lia-
ble to receive an effective dose >6 mSv per year or an equivalent 
dose >15 mSv per year for the lens of the eye. Changes in the eye 
dose limit are important and affect interventional cardiologists in 
two ways. First, a higher proportion of interventional cardiologists 
will be classified as Category A workers. These workers are sub-
ject to closer scrutiny regarding fitness to work, including require-
ment for annual medical examination. Second, it is possible that 
selected, high-volume operators might exceed the cumulative dose 
threshold from clinical work over a five-year period.

In the current issue of EuroIntervention, the results of two ran-
domised trials examining strategies for operator radiation expo-
sure are reported8,9. Taken together, these papers represent a useful 
addition to the literature in this field. In the ESPRESSO trial, 
Remzi Anadol and colleagues examined the impact of a lead cur-
tain attached to the underside of the ceiling-mounted lead shield 
and the use of the same curtain in association with a lead drape 
placed across the waist of the patient8.

Article, see page 663

In this single-centre, open-label study, both strategies were 
compared against a control group where only a ceiling-mounted 
lead shield was used. About half of the procedures were coro-
nary angiography alone, and about half were coronary interven-
tions. The main finding was that use of the shield-attached curtain 
plus an additional patient drape reduced operator radiation expo-
sure but that the shield-attached curtain alone was only partially 
effective. The primary endpoint – the ratio of operator-to-patient 
radiation exposure – was 5.5 (4.1-7.5) versus 4.9 (3.3-6.7) ver-
sus 4.6 (3.3-5.8) for control, curtain only, curtain + drape respec-
tively, p for across group comparison = 0.025. In terms of operator 
dose, the effective dose received was 13.0 (6.0-20.5) uSv versus 
12.3 (6.1-21.0) uSv versus 9.0 (4.9-16.0) uSv, p for across group 
comparison = 0.002. The findings are largely confirmatory in 

relation to the use of lead drapes and build on the experience of 
other investigators in recent years10,11. It is somewhat surprising 
therefore that they remain largely underutilised in clinical prac-
tice. The findings also support, albeit to a lesser extent, the use of 
shield-attached lead curtains, which are part of the standard equip-
ment in many laboratories.

In the second report, David Leistner and colleagues report the 
results of the RAMBO trial, which examined the use of biplane 
versus monoplane imaging in relation to operator radiation expo-
sure in coronary angiography and intervention (mainly diagnos-
tic angiography), also in the setting of a single-centre, open-label 
study9.

Article, see page 672

The main result was that operator effective dose measured at 
the level of the left arm was significantly higher in the biplane as 
compared with the monoplane group (median [interquartile range] 
4 [1-13] uSv versus 2 [1-7] uSv, p<0.001). Fluoroscopy time was 
similar between the groups. The expected advantage with biplane 
imaging in terms of contrast reduction could be demonstrated. In 
many respects, and within the limits of a single-centre experience, 
this study too reinforces what we do in routine clinical practice: 
it suggests that biplane imaging is best reserved for selected indi-
cations (e.g., certain structural interventions); it is not the optimal 
modality for day-to-day coronary work in the cath lab. It should be 
noted that neither study accounted for the effect of personal pro-
tective equipment, which can reduce the effective dose received 
by the operator by a factor of around 20 (Table 1). Moreover, it 
might be argued that neither assessed a metric of image quality or 
diagnostic or therapeutic procedural efficacy, which should also be 
assessed in parallel to capture unexpected effects of any change in 
work practices.

The trials reported address just some of a number of approaches 
which have recently been investigated for reduction of both 
patient and operator radiation exposure (Table 1). Adherence to 
the standard overriding principles of radiation protection remains 
a cornerstone of good practice. Additional dose reduction strat-
egies can be considered under four categories: radiation time 
reduction, increasing distance from the source, enhanced use of 
shielding, and improved a priori knowledge. Some recent interest 
has centred on robot-assisted PCI12. While this reduces radiation 
exposure to the main operator, procedural efficiency may be com-
promised (increased procedure time) and the technology has not 
enjoyed widespread adoption. Studies have also investigated auto-
mated algorithms using partially X-ray attenuating plates which 
are controlled by a table-mounted operator-controlled tablet, or by 
eye-control technology13. This technology focuses radiation expo-
sure to where the operator is looking on the screen while leaving 
the peripheral fields of view partially visible (e.g., so that the dis-
tal wire position may be monitored). While initial experiences are 
encouraging, further investigation including randomised trials on 
clinical fixed c-arm systems is warranted.

The long-term success of interventional cardiology for the diag-
nosis and treatment of coronary and structural heart disease will 
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Occupational radiation exposure

depend not only on high safety and efficacy of patient outcomes 
but also on sustainability in relation to the occupational health of 
catheterisation laboratory workers. Healthcare systems which rely 
on delivery of care by high-volume operators must improve the 
protection of their frontline catheterisation laboratory personnel. 
Approaches to improve occupational health must be multifaceted, 

taking into account both mental and physical wellbeing. Ongoing 
improvements in work practices relevant to occupational expo-
sure to radiation are a critical component. The active engagement 
both of interventional cardiologists at an institutional level and of 
interventional professional societies at a national and international 
level is a sine qua non.

Table 1. Approach to occupational radiation protection in the cardiac catheterisation laboratory.

Application of overriding principles of radiation safety7

1. Justification Only indicated procedures; individual risk:benefit assessment, use of non-ionising alternatives

2. Optimisation of protection Appropriate training, planning, technology; alerts for high doses; clinical audit, work with multidisciplinary 
team; quality assurance

3. ALARA principle “As low as reasonably achievable”; age- and size-optimised protocols, low pulse rate without loss of image 
quality, electronic processing tools

4. Monitoring of limits Use of accurate dosimeters worn properly, assessment of PPE compliance and dose reduction performance; 
dose sharing between institutions; feedback of doses to badge wearers; aware of dosimeter limitations

Specific approaches for occupational radiation dose reduction

Parameter Intervention Example

Time –  Minimise time near source
–  Adjust pulse rates
–  Minimise pedal time to what is needed for 

visualisation
–  Minimise high dose time with image processing 

–  Rotation and adequate availability of staff

–  Robotic PCI
–  Lower frame rates
–  Dynamic road map 

–  Tube algorithms, automated ROI, stent visualisation 
software

–  Two physician operator cases

Distance –  Stepping back (inverse square law going from 1 to 
2 metres reduces exposure by four)

–  Spacious rooms
–  Restriction of in-lab personnel

–  Guide catheter extension tubing 

–  Physical infrastructure planning
–  Workflow planning, only necessary staff near source

Shielding –  Fixed/mounted shielding 

–  Patient drapes
–  Mobile shield 

–  Personal protective equipment

–  Overhead shields, shield-attached curtains, 
under-table curtains

–  Single or multiple use
–  Dedicated mobile shields for selected personnel 

(e.g., echo imagers, zero-gravity)
–  Well-fitting CE-marked lead aprons, thyroid shields, 

facial-contour-fitted glasses

A priori knowledge –  Training 

–  Awareness of doses and risk assessment, high dose 
practices, e.g., angulation, appropriate planning of 
equipment procedures

–  Statutory radiation protection training, fixed 
refresher interval

–  Continuous education programmes

Potential dose saving from shielding and personal protective equipment

PPE/equipment Potential dose reduction factor Comment

Shielding drapes 2 Potential to increase dose to patient, sterility, and 
cost issues

State-of-the-art hardware, tube 
detectors, image processing 2-3 May not translate into occupational dose benefit 

without training

Overhead shield 4 Manoeuvrability and mechanical integrity important, 
visibility must be maintained by proper cleaning

Lead apron 10-20 CE-mark garments with appropriate left-sided 
shielding

Lead glasses 1-10 Fitting to facial contours important to avoid gaps.  
No protection if not worn.

Lead cap

0.1

Must be worn low just above the eyes, limited impact 
due to the incident angle of the majority of scatter 
radiation. Controversy exists over whether it confers 
a cancer risk reduction benefit which is minimal at 
best.

PCI: percutaneous coronary intervention; PPE: personal protective equipment; ROI: region of interest
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