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Radiation dose in 
interventional cardiology

The last 10 years have witnessed substantial 
improvements in medical imaging techno logy, 
leading to an increase in interventional cardi-
ology (IC) procedures [1,2]. New digital detec-
tors coupled with sophisticated, dedicated 
software and large advances in computing tech-
niques that extract valuable clinical informa-
tion within medical images have facilitated the 
expansion of applications of IC procedures [3]. 
Furthermore, the introduction of digital imag-
ing has improved workflow within the depart-
ment and final clinical outcome. The ability 
to easily view and store digital medical images 
using the picture archiving and communica-
tions system, and modify them at request at any 
time, at any site or at multiple sites at the same 
time, have boosted patient throughput in medi-
cal departments. Diagnostic and therapeutic IC 
techniques are becoming routine in numerous 
centers around the world, promising a success-
ful clinical outcome and better patient safety, 
owing to the fact that they are catheter based 
and do not require open surgery, extracorporeal 
circulation or a lengthy hospital stay. For exam-
ple, percutaneous coronary intervention (PCI) 
was considered a complex procedure in the past, 
and was only performed in highly specialized 
laboratories for cardiovascular research, but is 
now routine in many hospitals [4]. Previously, 
PCI was only performed in one occluded ves-
sel; it is now carried out in multivessel disease, 
multiple substenosis in the same vessel or even 
complete occlusions in acute myocardial infarc-
tion. The technique has evolved so as to include 

more urgent comorbidity cases, achieving high 
success rates with significantly reduced need for 
repeat revascularization [5]. Furthermore, cath-
eter-guided radiofrequency ablation of cardiac 
arrhythmias is generally accepted as an effective 
and safe procedure for the treatment of most 
supraventricular tachycardias, thus, exhibiting 
a rapid increase in frequency in the last decade 
[6]. Pediatric interventional procedures have also 
recently expanded owing to the successful treat-
ment of many congenital and structural heart 
problems. With evolving stent technology, they 
are currently applied in multiple areas, including 
pulmonary arteries, vena cava, aortic and arch, 
and descending aorta, for coarctation. A recent 
concept, hybrid surgery, involves the close collab-
oration of the interventional cardiologist and the 
cardiac surgeon, combining catheter intervention 
and surgery in the surgical theater, in procedures 
such as pulmonary artery stent implantation 
associated with pulmonary valve replacement [7]. 
Furthermore, in selected cases, pulmonary valve 
device implantation is an accepted approach to 
a surgical problem [7]. According to a recent 
European report, which was based on the data 
submitted by 29 countries, the number of IC pro-
cedures in Europe is increasing at a typical rate 
of 6.7% (range: 3.8–11.8%) with over 3 million 
coronary angiographies (CAs), 910,000 PCIs 
and 690,000 pacemaker insertions in the year 
2007 [2]. This increase was more prominent in 
developing countries, where the rate of increase 
over the last 4 years was approximately 6–196% 
(median: 76%), as shown in the initial results of 
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an International Atomic Energy Agency (IAEA) 
project [8]. This was not only found in adults, but 
also in pediatric patients, where the workloads 
reached the levels of the adult techniques in some 
of the hospitals [8]. 

Unfortunately, the use of x-ray equipment 
is inevitable in these procedures. Despite the 
advantages of IC procedures, the reports of 
patient radiation dose studies have raised 
concern regarding radiation-dose levels in IC 
[8–16]. This is extremely important in pediatric 
cardiology, since children have a higher radio-
sensitivity than adults and a longer lifetime 
expectancy [17]. Furthermore, the increasing 
number of reports on adult radiation injuries 
during these procedures has raised various 
issues of patient radiation safety [18–24]. Most 
operators are unaware of the high patient radia-
tion doses and risk of radiation injuries, which 
are possible even when using the latest equip-
ment [25]. Occasionally, these radiation burns 
can be chronically and severely painful, not 
to mention that both operators and hospitals 
may be subject to legal action [22]. Despite all 
the publications on radiation dose and harm-
ful radiation effects, the major cardiological 
conferences lack presentations covering radia-
tion protection issues [26]. Most operators use 
a ‘ learn-as-you-go’ approach instead of formal 
instruction concerning radiological equipment 
or radiation safety [27]. The consequences of no 
formal training in radiation protection are that 
operators are unaware of possible dose descrip-
tors (some of which are currently displayed on 
modern x-ray equipment), not familiar with 
the level of radiation dose and associated risk 
imparted to the patient or what are acceptable 
values of radiation dose. To date, review articles 
have mostly focused on radiation dose reduc-
tion techniques or are not recent enough to 
cover current radiation dose issues [28–31]. This 
article summarizes currently available informa-
tion regarding benefits and risks of radiation 
exposure during IC procedures, clarifies dose 
descriptors, especially those currently shown 
on the control unit of the x-ray systems, and 
presents the levels of patient radiation doses in 
various IC procedures. 

radiation-dose parameters
Generally speaking, the use of ionizing radia-
tion could lead to an increased probability of 
cancer induction, this probability increases as 
the radiation dose increases (also called sto-
chastic effect). Furthermore, the high radiation 
dose imparted during IC procedures may cause 

varying radiation injuries, including simple 
erythema, desquamation, cataracts, decreased 
white blood cell count, organ atrophy, fibrosis 
and sterility. The onset of any of these somatic 
effects depends on the absorbed dose, dose rate 
and extent of the body area exposed. Each fac-
tor has a dose threshold and the intensity of the 
effect increases with increasing dose (determin-
istic effects). For these reasons, interventional 
procedures have been recognised as a special 
case in the recent European Medical Exposure 
Directive [32]. The purpose of radiation protec-
tion in cardiology is to minimize the risk of 
cancer induction and to avoid, wherever pos-
sible, deterministic effects. Thus, radiological 
equipment must provide dosimetry information 
in a form that relates to both stochastic and 
deterministic effects. Unfortunately, no single 
quantity can provide unequivocal informa-
tion on the induction of both types of effect. 
Cardiologists are presented with a suitable dose 
display, one that will provide an indication of 
whether skin effects may occur and another to 
warn about the risk of cancer induction [33]. 
Therefore, it is appropriate that kerma area 
product (KAP) is the dose display that cor-
relates with the stochastic risk and peak skin 
dose (PSD) with deterministic skin injuries [33]. 
Both dose displays are usually shown on the TV 
monitor inside the interventional room and also 
in the control room. 

 n Kerma area product
Kerma area product was previously called dose-
area product and it is the integral of the air 
kerma free-in-air over the area, A, of the x-ray 
beam in a plane perpendicular to the beam axis 
(integration of air kerma over the area, A):

( )KAP AKa A dA= #
The unit Gy cm² is the most commonly used. 

Unfortunately, other units are also used, such 
as mGy cm², µGy m2 or cGy cm2, which causes 
unnecessary confusion, especially amongst inex-
perienced operators. The manufacturers should 
agree on a standard unit, such as Gy cm2, rather 
than using their preference, since the existence 
of so many units can create misunderstanding. 

Kerma area product can be measured using a 
large area ionization chamber placed in or by the 
tube housing. Most modern x-ray systems have 
KAP meters installed inside the x-ray tube hous-
ing. In older machines, KAP ionization cham-
bers are placed on the exit of the x-ray beam and 
arrangements are made to hold it in place. A 
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KAP meter is situated close to the exit window 
of an x-ray tube of the machine for practical 
reasons, as well as to eliminate the contribu-
tion of backscattered radiation from the patient 
to the meter readings. KAP measurement does 
not interfere with the interventional procedure. 
KAP can also be calculated using technical data 
from the generator. KAP is a parameter that cor-
relates reasonably well with the probability of 
stochastic effects. KAP is currently shown on 
the control unit of modern x-ray machines, not 
only as a dose value at the end of the procedure, 
but also as a real-time dose quantity. In this way, 
the operator knows at any time the radiation 
dose imparted to the patient and how this is 
changing according to the x-ray projection or 
phase of procedure. 

 n Peak skin dose
Kerma area product is a poor indicator of the 
onset of deterministic effects. A much better 
indicator is skin entrance dose and, specifically, 
PSD. PSD is the highest dose on any part of the 
patient’s skin during any interventional proce-
dure and is usually measured in Gy or mGy. 
Modern x-ray machines provide a quantity that 
correlates with patient skin dose and PSD, the 
reference point air kerma (RPAK). RPAK is a 
measure of the radiation level in a specific point 
relative to the fluoroscopic gantry of the system, 
named the interventional reference point. This 
point, which is along the central axis of the x-ray 
beam and 15 cm from the isocenter, is close to 
the patient’s skin surface and is provided by the 
manufacturer. RPAK was recently introduced by 
the International Electrotechnical Commission 
[34] for standardization purposes and is similar 
to the ‘reference dose’ and ‘cumulative dose’ used 
in the past. These three terms can be found in 
the control units of x-ray machines together with 
KAP. It does not take into account the scattered 
radiation and, therefore, is not the actual dose 
to the patient’s skin. For this reason, the lat-
est guidelines of the Society of Interventional 
Radiology (SIR) Safety and Health Committee 
presented a conversion formula to help opera-
tors estimate the PSD from the RPAK shown 
on the x-ray machine at the end of interventional 
procedure [35]:

206 0.513PSD RPAK#= +

However, it should be noted that this is a 
broad approximation and not an actual measure-
ment; it cannot be used when RPAK values are 
below 500 mGy [35].

According to the SIR guidelines, the operator 
should be notified at specific radiation trigger 
levels as follows [35]:

 � For units with RPAK capability, initial noti-
fication should be given at 3000 mGy and 
then every 1000 mGy thereafter (this corre-
sponds to an initial PSD of ~1800 mGy with 
increments of ~500 mGy);

 � For units with KAP capability, the notification 
level is based on a procedure-dependent nom-
inal x-ray field size at the patient’s skin. So, 
with use of a 100 cm2 field, the initial trigger 
would be at 300 Gy cm2 and, subsequently, at 
increments of 100 Gy cm2.

For x-ray machines that do not have a RPAK 
meter and when there are no other means of 
measuring PSD, the SIR guidelines report that 
the following formula can be used for a very 
crude estimation of PSD from KAP value if this 
is above 50 Gy cm2 [35]:

245 5.2PSD KAP#= +

At present, the dose is only displayed on the 
screen. However, the dose displays could be sup-
plemented by appropriate alarms, which would 
trigger at various premeditated levels prior to 
the onset of deterministic effects. This, in turn, 
will assist in ensuring the appropriate follow-up 
of interventional patients. Various international 
standards will need to be developed to implement 
these initiatives.

If any of these threshold values are reached 
or passed during an interventional procedure, 
any subsequent examination or procedure 
involving ionizing radiation performed within 
the next 60 days should be closely monitored. 
Furthermore, given the need to follow-up patients 
who have received high doses, it is important 
that the patient’s notes contain the previously 
mentioned relevant dosimetry data. The dose 
thresholds for patient follow-up are given in 
Table 1 according to the SIR guidelines [35] and 
according to the IAEA recommendations [101].

Peak skin dose can be directly measured 
using small detectors, such as thermolumines-
cent, scintillation or diode detectors, as well as 
large area radiotherapy verification films (slow 
or radiochromic films), which measure not only 
the skin dose at various anatomical positions, but 
also determine the location and actual value of 
PSD [36]. Film dosimetry provides a real-time 
skin dose map, which is a valuable tool for assist-
ing the operator in minimizing skin dose, albeit 
not in real time. The skin-dose map could be 
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added to the medical record at the end of the 
procedure, thereby indicating not only the mag-
nitude, but also the location of the skin dose, for 
future patient management.

diagnostic reference levels
Most patient-dose survey results indicate that 
there is a wide range of values for nominally the 
same interventional procedure [8–17]. For this 
reason, the concept of diagnostic reference lev-
els (DRLs) or guidance levels was included in 
the latest Medical Exposure Directive as a basic 
requirement for interventional techniques [32]. 
The concept of DRLs was first introduced by 
the International Commission on Radiological 
Protection in Publication 60 [37] and further 
expanded in Publication 73 [38]. The results of 
patient dose surveys could then be compared 
with DRL, to discover which IC departments 
have doses above the reference values. An audit 
process could then be initiated to determine 
the underlying cause of higher doses and an 
action plan developed to improve radiologi-
cal techniques for dose reduction purposes. 
In practice, the DRL may be regarded as an 
optimization tool for the reduction of patient 
doses in IC. 

European DRL were recently set by the 
Safety and Efficacy for New Techniques and 
Imaging using New Equipment to Support 
European Legislation) (SENTINEL) research 
subgroup, which was part of the European 
SENTINEL coordination action consortium 
comprising of 22 members from 19 member 
states, complemented by partners from candi-
date member states and international organi-
zations [39]. The DRLs were estimated using 
approximately 2000 procedures collected in 
cardiac centers by nine European partners [40]. 
DRLs were given for CA, percutaneous trans-
luminal coronary angioplasty (PTCA) and 

electrophysiology procedures in terms of KAP 
(45, 85 and 35 Gy cm2, respectively) and cumu-
lative dose (650 mGy for CA and 1500 mGy 
for PTCA). 

The IAEA launched a coordinated research 
program to investigate the feasibility of adopting 
guidance levels in IC procedures together with 
the concept of action levels [41]. Since a too low 
dose may also indicate an incomplete procedure 
or inadequate image quality, centers with mean 
dose values below action levels should investigate 
the quality of their procedures. During the proj-
ect, data on over 4000 techniques were collected 
from hospitals in Chile, Italy, Spain, Uruguay 
and the USA. Guidance levels of 50 Gy cm2 for 
CA and 125 Gy cm2 for PCI (medium complex-
ity) were suggested, providing DRLs for simple, 
medium and complex PCI techniques, as well as 
action levels of 15 Gy cm2 for CA and 25 Gy cm2 
for PCI [42].

It should be noted that DRLs are not yet set 
for pediatric patients. There is only one study 
that reports that instead of KAP, KAP/body 
weight is appropriate to describe pediatric DRLs 
and is recommended instead of using mean KAP 
values for age groups [43].

radiation risk
Radiation involves a probability of carcinogenic 
effects, the actual probability increasing with the 
magnitude of the dose. Such effects may take 
years to develop and we are currently unable to 
distinguish between cancers that are radiation-
induced and those that are not [26,44]. Effective 
dose (E) is the only dose quantity that enables 
medical examinations or techniques to be com-
pared in terms of radiation dose. E is estimated by 
adding the products of the dose in an organ or tis-
sue and the specific weighting factor for that tis-
sue. The weighting factors are values that express 
the sensitivity of each particular tissue or organ 
to radiation. Each weighting factor relates to the 
risk associated with stochastic effects and has 
specific value for every organ. E is expressed in 
millisieverts (mSv) and can be compared with the 
E from other sources of ionizing radiation (e.g., 
the radiation received by radon, cosmic radia-
tion or other medical examinations, such as CT 
or nuclear medicine). It is also used to estimate 
the detriment from cancer and hereditary effects. 

In order to understand the difference in radia-
tion dose between various radiological proce-
dures and where interventional procedures stand 
between them, various E values are presented in 
Table 2. As shown in Table 2, chest x-ray imparts the 
lowest radiation dose (0.02 mSv) to the patient, 

Table 1. radiation dose thresholds for patient follow-up.

dose parameter Threshold

According to the Society of Interventional Radiology Safety and 
Health Committee†

Peak skin dose 3 Gy 

Reference point air kerma 5 Gy

Kerma area product 500 Gy cm2

According to the International Atomic Energy Agency‡ 

Peak skin dose 2 Gy 

Reference point air kerma 5 Gy

Kerma area product 200 Gy cm2

†Adapted with permission from [35].
‡Data taken from [36].
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and is approximately 15-times lower than natural 
background radiation (3 mSv per year) [45]. The 
SENTINEL group has proposed reference E val-
ues for CA (8 mSv), PTCA (15 mSv) and elec-
trophysiology procedures (6 mSv), also shown 
in Table 2 [40]. Multislice CT (MSCT) CA is 
currently considered to be a promising, nonin-
vasive alternative to conventional angiography, 
radiation dose is a major concern, especially for 
repeated examinations [46]. The organs receiving 
the highest equivalent doses in MSCT CA are 
the female breasts, lungs, liver and esophagus [47].

In practice, it is very difficult to determine E, 
since the radiation doses in 12 organs would have 
to be measured during a cardiological procedure. 
Therefore, the use of a special conversion factor 
provides a practical way to estimate E. The most 
recent studies determine E from KAP using a 
conversion factor of 0.185 mSv/Gy cm2 [48,49]. 
Similar factors are available for pediatric cardio-
logy procedures in the order of 3.7 (neonate), 1.9 
(1 year), 1.0 (5 years), 0.6 (10 years) and, finally, 
0.4 mSv/Gy cm2 (15 years) [50].

In 1991, the International Commission on 
Radiological Protection report estimated radia-
tion risk to cause 50 additional fatal cancers per 
1 million individuals that are exposed to 1 mSv 
[37]. E is intended for use as a radiation protec-
tion quantity and not for epidemiological eval-
uations [37]. Accurate ana lysis of radiation risk 
requires detailed knowledge of organ doses, age 
and sex of patients. Risk estimations are subject 
to several sources of uncertainty owing to limi-
tations in epidemiological data and in under-
standing how radiation exposure increases the 
risk of cancer. Furthermore, the population for 
which the risk estimation is required is different 
to the one for which epidemiological data exist. 
Assumptions that introduce uncertainties to the 
estimation are required. The National Research 
Council committee in its Biological Effects of 
Ionizing Radiation (BEIR) VII report has devel-
oped various models for risk estimation for the 
US population [51]. According to these updated 
risk estimates, the attributable risk of cancer is 
one in 750 for 15 mSv exposure, corresponding 
to the dose estimate of a PTCA [51]. 

In order to have an approximate estimate of 
radiation burden received by an asymptomatic 
subject ‘at risk’ during screening, an E of over 
100 mSv (which corresponds to 5000 chest 
x-rays) can be reached following a combination 
of a MSCT scan, a thallium nuclear medicine 
scan, a CA examination, a coronary stenting 
procedure, a repeat MSCT for follow-up and 
a thallium scan. This cumulative dose poses 

an extra risk of cancer of one in 100 exposed 
patients [52]. Therefore, as the American College 
of Radiology white paper on radiation dose in 
medicine states, physicians have the duty to 
know the risks of what they do. Consequently, 
the present generation of cardiologists should be 
aware of the risks related to medical radiation 
exposure and patients have the right to know 
what the risks are [53,54].

As far as pediatric patients are concerned, 
they are generally amore susceptible to the risk 
of radiation-induced carcinogenesis compared 
with adults. Children with complex cardiac 
anomalies are at even greater risk as a result of 
frequent catheterization and long interventional 
procedures. In children, some radiosensitive tis-
sues, such as the eyes, thyroid and gonads, are 
closer to the heart than in adults as the organs 
are closer to the scattered and primary beam 
[55]. As seen in Table 2, pediatric radiation doses 
in interventional procedures reach the values of 
adults and, therefore, children are at a greater 
risk for stochastic effects [56].

radiation-induced injuries
Deterministic radiation injuries following 
angioplasty have been reported since the early 
1990s [44]. The threshold for the first radiation-
induced skin injury (erythema) is 2 Gy, whereas 
permanent hair loss, desquamation and necrosis 
occur at doses of 3–10, 7–10 and 12–25 Gy, 
respectively. The exposure necessary to cause 
chronic radiation dermatitis is 10–12 Gy. 
Recent literature reports doses of up to 59 Gy in 
four interventional procedures [25]. Experience 
has demonstrated that, generally, patients do 
not seek consultation for their skin lesions from 
the cardiologist who performed the fluoroscopy-
guided procedure, and these physicians do not 
routinely screen their patients prospectively for 

Table 2. effective dose in various x-ray examinations.

examination effective dose 
(millisievert)

ref.

Chest radiography 0.02 [45]

Cardiac stress rest test (thallium 201 chloride) 40.7 [45]

Cardiac rest stress test (technetium-99m-sestamibi 
1-day protocol)

9.4 [45]

Multislice CT coronary angiography 16 [45]

Interventional coronary angiography 8.0 [40]

Percutaneous transluminal coronary angioplasty 15 [40]

Electrophysiology procedures 6.0 [40]

Pediatric diagnostic catheterization 4.6 [54]

Pediatric therapeutic procedure 6.0 [54]

Annual natural background radiation 3.0 [45]
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long-term dermatologic adverse effects [57,58]. 
Skin injuries resulting from prolonged expo-
sure to ionizing radiation during interventional 
procedures has been documented in the radiol-
ogy and cardiology literature, but it has rarely 
been reported in the dermatologic literature [59]. 
As reported by a recently published study, only 
42 cases of fluoroscopic-induced radiation skin 
injuries have been reported in the dermatology 
literature. Of these 42 cases, 31 were defined as 
chronic radiation dermatitis, three were subacute 
and nine were acute dermatitis mainly follow-
ing PCI and/or CA (30 cases) [59]. Fluoroscopy-
induced chronic radiation dermatitis has also 
been associated with breast cancer. The delay 
between the interventional procedure and occur-
rence of symptoms, coupled with the lack of 
instruction to the patient by the interventionalist 
to report any skin irritation on ports of entry of 
the x-ray beam (typically the patient’s back) are 
responsible for misdiagnosis. There have been 
instances of misdiagnosis of fluoroscopy-induced 
chronic radiation dermatitis as insect bites, elec-
trical burns, chemical burns or contact dermati-
tis. In severe skin injuries, in addition to pain, it 
is possible that surgical grafting is required. This 
results in permanent disfigurement and com-
promised mobility. In some cases, the family’s 
lifestyle is radically altered owing to the need for 
daily changes of wound dressings, limited ability 
to perform simple tasks, inability to work, loss of 
income and debt caused by high medical costs 
[58]. In some cases, patients must learn to sleep in 
awkward positions because their wounds prevent 
them from sleeping in a normal way, whereas in 
others, the pain is permanent, requiring a life-
time of medication and treatment [58].

The most common sites of skin injury asso-
ciated with IC procedures include the right 
scapular or subscapular area, left scapular or 
subscapular area, right lateral trunk below the 
axilla, midback and the right anterolateral chest 
[60]. In a few cases where doses are very high, 
erythema can be observed a few hours after 
irradiation. This timing makes the recognition 
of the possible link between the irradiation and 
skin symptoms easier, but this situation is rare. 
In most cases, symptoms take approximately 
2–3 weeks to emerge, and it is 3–4 weeks before 
the symptoms are sufficiently irritating for the 
patient to see a doctor. For IC procedures, the 
patient should be advised about the areas on the 
skin of the back where erythema might develop. 
The patient should be asked to examine him- or 
herself until approximately 2–3 weeks after the 
procedure for any skin changes in those areas. 

Some facilities make a follow-up call to the 
patient during this period to check for any skin 
irritation, and this has been reported to be effec-
tive in ensuring that a patient who develops skin 
irritation does not seek medical help at a place 
where there may be a chance of misdiagnosis. 

Although the reported threshold for skin ery-
thema is 2 Gy, there are a number of factors that 
may cause the individual patient to be more or 
less sensitive to radiation exposure. Biologic fac-
tors, such as diabetes mellitus, systemic lupus 
erythematosus, scleroderma or mixed connec-
tive tissue disease, and homozygosity for ataxia 
telangiectasia, increase the sensitivity and, hence, 
potential for severe skin reactions [61]. The reason 
why some patients with collagen vascular dis-
ease are more sensitive to radiation is unknown. 
Furthermore, having the disease does not auto-
matically predispose patients to heightened sensi-
tivity. Only a few patients with collagen vascular 
disease have been identified to have greater radia-
tion sensitivity. Whether or not the skin type 
of an individual is correlated with sensitivity for 
radiation-induced erythema is still a matter of 
discussion. First-line therapies for chronic der-
matitis include topical and intralesional corti-
costeroid administration, whereas ulcerated or 
sclerotic lesions limiting mobility may require 
surgical excision with musculoskeletal skin flap 
repair [61]. 

No studies report radiation skin injury in 
pediatric patients. This can be expected, since 
maximum PSD reported was 481 mGy for chil-
dren younger than 10 years, which is much lower 
than the dose threshold of 2 Gy [62]. However, 
since these patients often undergo a substan-
tial number of interventional procedures, PSD 
should be monitored.

Advice on dose optimization
Numerous studies describing radiation dose opti-
mization strategies in interventional procedures 
have been published, and the reader is referred 
to these for more detail [28–31,35,46,52,53,55]. The 
skills of the interventionalist, knowledge of the 
angiographic machine, the medical history of 
the patient, the complexity of procedure, the 
type of procedure and the size of the patient are 
some of the factors that affect radiation dose 
[46]. However, some simple and cost-free dose-
reduction techniques, can be implemented with-
out any loss of diagnostic information during 
intervention, these include the following:

 � Planning the angiographic projections in 
advance
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 � Keeping the x-ray detector (image intensifier 
or flat panel) as close to the patient as possible 
and the x-ray tube as far away as possible

 � Not using fluoroscopy to make changes to the 
patient/table position or collimators/shields

 � Removing unnecessary body parts or 
 instruments from the field

 � Decreasing beam-on time (fluoroscopy, cine 
recording and number of runs)

 � Using the lowest acceptable fluoroscopy pulse 
and cine frame rate

 � Using the lowest acceptable magnification mode

 � Using collimators and an additional copper 
filter

 � Using less angulated projections whenever 
possible (left anterior oblique projections are 
the most radiation intensive)

 � Using the last image hold (it is the last fluoro-
scopic frame and it remains displayed on the 
monitor once the x-rays are turned off)

 � In very new x-ray systems, rather than one 
frame, the fluoroscopy of approximately the 
last 20 s are stored in the memory and are 
available for viewing

Creating awareness
Interventional cardiology procedures are often 
difficult and stressful, since the physician must 
keep in mind many technical and clinical aspects 
simultaneously. Additionally, the patient’s car-
diological condition carries a substantial risk 
compared with the radiation dose and operators 
are reluctant to discontinue a procedure [63]. 
Despite the fact that cardiologists use radiology 
rather intensively and they should know radio-
biology and radioprotection essentials, this issue 
is usually absent from the curriculum, meet-
ings, textbooks and scientific journals. In most 
cases, the radiation information is presented in 
an esoteric, clinically irrelevant way and, as the 
American College of Radiology white paper 
suggests, a profound remodelling of radiation 
protection teaching is needed [53]. Therefore, it 
is essential that the medical community create 
data-driven methodologies to quantify risk in 
objective terms, develop radiation standards and 
best practice guidelines (evidence-based medi-
cine), develop new technologies and applications 
to proactively minimize radiation dose while 
maintaining quality, and create accountability 
measures for all pertinent stakeholders [64]. The 

IAEA has taken the lead by organizing training 
courses in radiation protection, specifically tar-
geted to interventional cardiologists [65,66]. Many 
cardiologists who participated in IAEA train-
ing courses have, subsequently, taken the lead 
in organizing training courses in their respec-
tive countries. The IAEA has also launched a 
number of projects focused on IC. During one 
of these projects, the idea to create a network 
of Asian Cardiologists in Radiation Protection 
was proposed. The mission of this network was 
to enhance cooperation among cardiologists on 
radiation safety in cardiac catheterization proce-
dures. This was followed by the production of a 
newsletter for strengthening communication on 
radiation protection. Five issues of this newsletter 
have been issued so far and are available online 
[102]. This is the first ever newsletter on radiation 
protection devoted to IC and being maintained 
by cardiologists themselves.

Future perspective
Review of the literature has revealed certain 
shortcomings and possible items for future 
research regarding radiation dose optimization 
and avoidance of radiation-induced skin injuries 
in IC.

Real-time display of PSD is not currently 
required but has been demonstrated to be a very 
helpful tool for patient management. As shown 
by the results of the IAEA coordinated research 
program, such methods should be developed to 
facilitate the optimization of interventional pro-
cedures, especially in patients requiring multiple 
catheterizations [41].

Current dose displays could be supplemented 
by appropriate alarms, which would trigger at 
various predetermined levels prior to the onset 
of deterministic effects.

Despite the fact that children are more 
radio sensitive, publications on pediatric doses 
are scarce and DRLs have not been proposed. 
With the rapidly increasing frequency of these 
types of procedures, reported not only in western 
societies, but also in developing countries, it is 
a matter of urgency to determine specific DRL 
for pediatric patients. This will help to create a 
baseline on radiation dose and facilitate a dose 
optimization program in these procedures.

Conclusion
For a long time, radiation exposure has gener-
ally been underestimated by most interventional 
cardiologists, but it is currently a big concern. 
Owing to the fact that, in many occasions, the 
complex clinical problems are more important 
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than radiation protection of patients, it is diffi-
cult to develop a strategy for achieving improved 
radiation protection in IC. It is likely that a large 
number of operators do not know how to use the 
x-ray machine with optimal radiation protection. 
Furthermore, the medical community has found 
fluoroscopically induced injuries difficult to diag-
nose, owing to the lack of experience with radia-
tion-induced skin injuries. Profound remodeling 
of radioprotection teaching, data-driven method-
ologies to quantify risk, community-wide radia-
tion standards and best practice guidelines con-
stantly updated to incorporate new technologies 
and applications can facilitate implementation of 

radiation protection, minimize cancer induction 
and avoid radiation-induced injuries while simul-
taneously using x-ray equipment for successful 
clinical outcome.
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executive summary

 � Kerma area product (KAP) should be displayed on the monitor since it correlates well with the risk of cancer induction and/or reference 
point air kerma, since it correlates with peak skin dose (PSD) and possible radiation injuries. Each patient record should contain KAP 
and/or reference point air kerma (RPAK). Thresholds of 300 Gy cm2 and PSD of 3 Gy, respectively, are set and, if reached or passed, any 
subsequent ionizing radiation procedure should be closely monitored.

 � Broad estimation of PSD:
– PSD = 206 + 0.513 × RPAK (for RPAK >500 mGy)

– PSD = 245 + 5.2 × KAP (for KAP >50 Gy cm2)

 � The effective dose, a quantity that can be broadly estimated by KAP using a conversion factor of 0.185 mSv/Gy cm2, can be used for 
comparing interventional cardiology procedures with other medical examinations or the background.

 � The effective dose for coronary angiography is approximately 8 mSv, 15 mSv for percutaneous transluminal coronary angioplasty and 
6 mSv for an electrophysiologic study. According to updated risk estimates, the attributable risk of cancer for 15 mSv exposure is 
one patient in 750 patients exposed.

 � The threshold for the radiation-induced skin injury (erythema) is 2 Gy, whereas permanent hair loss, desquamation and necrosis occur at 
doses of 3–10, 7–10 and 12–25 Gy, respectively.

 � Recent literature reports doses of up to 59 Gy in four interventional procedures.
 � First-line therapies include topical and intralesional corticosteroid administration, whereas ulcerated or sclerotic lesions limiting mobility 

may require surgical excision with musculoskeletal skin flap repair.
 � Most common sites of skin injury include the right scapular or subscapular area, left scapular or subscapular area, right lateral trunk 

below the axilla, midback and the right anterolateral chest.
 � The patient should be advised about the areas on the skin of the back (in cardiac interventions) where erythema might develop. The 

patient should be asked to examine him- or herself for approximately 2–3 weeks after the procedure for any skin changes in those areas.
 � The reports on radiation skin injury in pediatric patients are very limited. Owing to the fact that these patients often undergo a 

substantial number of interventional procedures, PSD should be monitored. 
 � It should be noted that despite the increased radiosensitivity of these patients and the growing number of interventional procedures in 

western societies and developing countries, dose surveys are limited and specific diagnostic reference level are not yet set.
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