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Abstract Cardiac imaging with ionizing radiation pro-

vides immense diagnostic and therapeutic benefits, and also

determines a corresponding increase in long-term cancer

risk that should be included in the tailored, individualized

benefit-risk balance. Cardiologists have a particular

responsibility to avoid inappropriate and non-optimized

use of radiation, since they are responsible for about 40 %

of overall exposure from medical radiation, but they

sometimes show suboptimal radiological awareness. The

radiological dose of common radiological examinations

can range from the equivalent of 1–60 milliSievert (mSv),

with a reference dose average of 15 mSv (corresponding to

750 chest x-rays) for a percutaneous coronary intervention,

a cardiac radiofrequency ablation, a multidetector coronary

angiography, or a myocardial perfusion imaging scintig-

raphy. The tendency of the previous generation of cardi-

ologists to ignore radiological doses, neglect risks and

forget long-term consequences is no longer conscionable

considering medical and ethical reasons, but also medico-

legal. Institutions, scientific societies and political gover-

nance of health care should implement policies to reduce

the unacceptablly high rate of inappropriate examinations,

not infrequently performed on the wrong patient, with the

wrong dose, at the wrong moment. Appropriateness and

optimization are a difficult, moving, and elusive target, and

there are so many clinical nuances in patient presentation

and factors of variability regarding dose determination that

it is not easy to have a sharp cut-off between appropriate

and optimized vs inappropriate and nonoptimized exam-

inations, but the wrong indication and dose is certainly one

that is not audited and remains undisclosed. The 2014

European Society of Cardiology position paper on the use

of medical radiation in cardiology provides a simple

roadmap for clinical cardiologists to achieve the chal-

lenging yet fundamental goal of making our cardiology

wards, imaging laboratories, and catheterization suites a

safer place for doctors and patients.
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Introduction

During the past 20 years, radiologic imaging procedures

have dramatically increased in number and complexity

with a corresponding increase in radiation dose to popu-

lation [1]. The main cause of this increase has been

attributed to the advancement of technologies in the field of

diagnostic imaging [2]. Additional factors in this growth

may be the increased demand from the users themselves,

greater accessibility to laboratories and availability of

services, and introduction of disruptive new diagnostic

techniques such as computed tomography, whose use has

grown dramatically over the years from about 3 million in

1980 to 70 million in 2007 [3]. Other growth factors for

imaging overuse are the heterogeneous level of compe-

tence of the doctors, and their variable and subjective

adherence to the guidelines, with increasingly frequent

recourse to defensive medicine. The aging of society and
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the consequent greater severity of the clinical condition are

also contributing factors to the increasing use of imaging.

Most importantly, despite the vast implications for societal

costs and population safety, the imaging field remains

highly deregulated, and any specialist can prescribe a high-

tech, risky imaging procedure, also with non-negligible

radiation exposure, as many times as it deems appropriate

without being obliged to provide each patient with a log of

the imaging procedures they have undergone over the

years. The net effect of these complex factors is that the

increased quantity of imaging has not been matched by an

increase in rationality of its use, with a rise in cost dis-

proportionate to the increase in quality of care.

These procedures have provided not only immense

clinical benefit but also an increase in radiation exposures

to patients. Medical radiation from x-rays and nuclear

medicine is the largest manmade source of radiation

exposure in Western countries. The estimated per capita

per year dose in the United States increased approximately

600 % in the last 30 years from about 0.53 milliSievert

(mSv) in the early 1980 s to about 3.0 mSv (corresponding

to 150 chest x-rays) in 2006 [2]—the latter including about

1.5 mSv per capita from CT scans, 0.8 mSv from nuclear

medicine procedures, 0.4 mSv from interventional proce-

dures, and 0.3 mSv from standard radiographic procedures.

This increase was due mostly to the nearly 100-fold

increase in per capita dose from CT scans and the 5-fold

and 2.5-fold increases from nuclear medicine and inter-

ventional procedures, respectively [4]. Exposure from

medical applications is now higher than that due to the

sources of natural background radioactivity [4].

This increase in radiation exposure has underlined the

need to include long-term consequences such as cancer in

the risk–benefit assessment of diagnostic or therapeutic

testing. These risks have two different aspects, the popu-

lation risk and the individual risk. From the population

viewpoint, small individual risks multiplied by millions of

examinations become significant population risks [5]. It has

been estimated that 72 million CT scans performed in the

United States in 2007 (of which at least 4 million were

children) can produce at least 2 percent of all cancers in the

coming decades [6]. The almost 10 million myocardial

perfusion scintigraphies performed each year in the USA

will cause about 8,000 new cancers years in the future [7].

Overall, the attributable cancer risk from medical radiation

rose from 0.5 % in the early 1980s [8] to 2 % in the years

1991–1996 [5] up to an estimated 5–10 % with current

volumes of radiological imaging [9, 10]. Also from the

perspective of the individual patient, the risk may be far

from negligible, especially in light of the cumulative nature

of the damage, in which exam adds to exam, dose to dose,

and risk to risk. Moreover, the long-term risks are not

always weighed against the benefit of immediate diagnostic

evaluation of risk–benefit comparison of various methods.

This can lead to repeat tests with significant exposure [11],

which may be particularly inappropriate in patients with an

underlying benign disease such as chronic stable coronary

artery disease. Reports describe cumulative doses from

cardiological examinations in which 1/4 cases exceed

100 mSv (5000 chest radiographs) for the individual dis-

ease [12], sometimes in the setting of a single admission

[13], and even for the same type of exam serially repeated,

such as myocardial perfusion scintigraphy [14].

Radiation Exposure Dose in Cardiology Practice

The cardiologists prescribe or directly perform over 50 %

of all imaging tests and cardiological practice using high-

impact/high radiation exposure dose technology for diag-

nostic and/or interventional techniques. The median radi-

ation exposure of four very common cardiology

examinations (myocardial perfusion imaging, cardiac CT,

PCI, cardiac arrhythmia radiofrequency ablation) is

15 mSv, with a wide variation between 3 and 50 mSv [1,

15••].

A decade ago, the ‘‘radiation issue’’ was raised in car-

diology, which refers to the need to include long-term

cancer risks due to ionizing radiation in the risk–benefit

assessment of diagnostic or therapeutic testing in cardiol-

ogy. It was initially focused on the area of non-invasive

diagnosis of coronary artery disease, where the high vol-

ume of stress imaging per year, the high dose of perfusion

imaging and the availability of competitive non-ionizing

techniques highlighted the problem of avoidable long-term

cancer risk [16]. This position was disruptive for the

imaging practice of cardiology which de facto ignored

radiation risks as merely theoretical or insignificant [17],

but the reinforcement of an appropriate and justified pre-

scribing attitude was already well rooted in European law

[18] and European Commission medical imaging referral

guidelines [19].

Within the last 20 years, cardiologists have become

modern imaging specialists, responsible for at least 40 %

of the radiation exposure dose delivered in medical diag-

nostics [1, 15••]. Unfortunately, more intensive use is not

necessarily correlated with better knowledge, or better

outcomes, and the awareness of doses and risks of common

cardiological imaging testing is still very limited among

cardiologists, interventional cardiologists, radiologists and

nuclear cardiologists who prescribe and/or perform these

exams [20, 21, 22••]. An important reason for this is that

information on the radiation dose of various studies is often

difficult to find and—once found—not easy to understand,

given the variety of largely exotic measurement terms used

(milliampere and megabecquerel, millicuries and rad,
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dose-area product and centigray) and described with

obscure wording [23, 24••]. Poor knowledge among cardiac

healthcare professionals suggests that current training in

the field is insufficient. However, it should also be easily

correctable, with targeted training mediated by communi-

cation experts [25] and with the support of user-friendly

software [26].

A consequence of the lack of knowledge is that inap-

propriate aspects to imaging in cardiology is unacceptably

high, especially worrisome for procedures with high radi-

ation exposure [1, 15••, 27, 28], and that patient informa-

tion is vague and insufficient, resulting in an undermined

informed consent process.

For all these reasons, the cardiology community can no

longer ignore responsible management of radiation imag-

ing. The ‘‘linear-no threshold’’ model of radioprotection

accepted by all major scientific societies states that no safe

dose exists and the risk increases linearly with increasing

radiation dose, and all doses are additive in determining

cancer risk [29].

The radiation dose for common cardiological imaging

examinations is shown in Table 1, which we also express

as multiples of chest radiographs to provide a basis for Ref.

[15••]. The dose can be significant: 500 chest x-rays for a

stress scintigraphy with sestamibi, 750 chest x-rays for a

coronary CT angiography or for an angioplasty with

stenting, with large variations from 100 to 2,500 radio-

graphs according to patient type, age of the equipment,

protocol, expertise and especially, the awareness of the

radiological operator [4]. It is not surprising that in patients

with ischemic heart disease a common radiological

cumulative average dose reaches 60 mSv (3000 chest

X-rays) [12], and is steadily increasing [13] (see Fig. 1).

Radiation Exposure of Interventional Cardiologists

Interventional cardiologists who perform angioplasty and

ablations experience a high occupational exposure per year,

about three times higher than that of diagnostic radiologists

[30]. The high level of radiation exposure for the patient

during a single procedure (from 5 to 50 mSv) implies a

significant professional exposure for the interventional

cardiologist, who needs to operate near the patient and the

radiation source. The single dose per procedure of the

operator is 1000 times lower than the exposure of the

patient, depending upon the shielding employed [31].

Effective occupational doses per procedure range from

0.02 to 38 microSv for a diagnostic catheterization,

0.2–31.2 microSv for a percutaneous coronary interven-

tion, 0.2–9.6 microSv for an ablation, 0.3–17.4 microSv for

pacemaker or intracardiac defibrillation implantations [32].

The operator dose may reach even higher values per

procedure, up to 50 microSv for dilation of chronic total

coronary occlusion and up to 100 microSv for a transcu-

taneous aortic valvuloplasty [33]. Although the exposure

per exam is limited, each operator can perform hundreds

(sometimes thousands) of procedures per year, and thus the

cumulative dose in a professional lifetime is not negligible.

After 30 years of work, an experienced interventional

cardiologist in high-volume cath labs with an annual

exposure equivalent to around 5 mSv (below apron) per

year cumulates a projected professional lifetime attribut-

able excess cancer risk of 1 in 100 [34]. The left side of the

operator is more exposed than the right side due to the

usual way of working at the right side of the patient [30].

Scattered radiation from the patient can reach the physi-

cian’s head, which is often unprotected since the brain was

(erroneously) considered in the past radio-resistant, due to

its low mitotic activity [35•]. Unfortunately, in the past

interventional cardiologists had suboptimal perception of

radiation risk and a negligent use of radiation protection

tools [36]—with little protection of the body and no pro-

tection at all of the head. We now know that radioprotec-

tion awareness by operators is effective at reducing

professional exposure by 90 % [37]—but until recently this

radioprotection was low. The unfortunate consequence has

been that the professional exposures of cardiologists and

radiologists was unprecedented, exposing this unique

cohort of workers (rapidly expanding in number of prac-

titioners since the mid-1980s) to largely avoidable health

damage.

Several studies indicated that chronic low doses of

ionizing radiation can lead to significant somatic DNA

damage in professionally exposed physicians [38, 39]. The

recent report of a cluster of 31 brain cancers in interven-

tional cardiologists involving the left side 7 times more

frequently than the right side is a striking, albeit as yet

small scale, evidence of how patterns of asymmetrically

received doses may translate into lateralized cancer risk for

exposed professionals [40••]. In general, there is a striking

lack of systematically collected data in exposed medical

professionals. In 2006 the National Academy of Sciences

BEIR VII committee identified as one of the top ten

research needs ‘‘future occupational radiation studies’’,

which should include highly exposed populations with full

record of exposure [29]. High and unprecedented levels of

radiation exposure in the contemporary population of

interventional cardiologists and paramedical staff working

at the catheterization laboratory clearly represent a chal-

lenge and an opportunity, and several studies are now

ongoing (in Italy and the USA) on exposed cohorts of

interventional cardiologists to assess cancer and non-can-

cer effects via a classic epidemiology and a more advanced

molecular epidemiology approach. Among non-cancer

effects, of particular concern are eye cataract [41, 42],
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brain aging [43] and—of special interest to cardiolo-

gists—atherosclerosis. In particular, atherosclerosis has

been linked to radiation exposure by considerable epi-

demiological evidence from hundreds of thousands of

subjects [44, 45] and by mechanistic studies showing

under controlled in vitro setting a pro-inflammatory

effect of very low doses of radiation on endothelial cells

[46, 47].

Table 1 Standard average reference doses of common cardiological examinations

Diagnostic procedures Effective dose (mSv) Equivalent CXRs Background radiation (years)

Conventional radiography

CXR (PA) 0.02 1 2–3 days

Invasive fluoroscopy

Diagnostic coronary angiography 7 (2–16) 350 2.9

PCI 15 (7–57) 750 6.3

Thoracic angiography (pulmonary or aorta) 5 (4–9) 250 2.1

Abdominal angiography or aortography 12 (4–48) 600 5.0

Pelvic vein embolization 60 (44–78) 3000 25.0

TIPS placement 70 (20–180) 3500 29.3

Aortic valvuloplasty 39 1950 16.2

Dilation chronic coronary occlusion 81 (17.194) 4050 33.7

ETAAAR procedure 76–119 3800–5950 31.6–49.5

Renal angioplasty 54 2700 22.5

Iliac angioplasty 58 2900 24.1

Cardiac electrophysiology

Diagnostic EP studies 3.2 (1.3–23.9) 160 1.2

Ablation procedure 15.2 (1.6–59.6) 760 5.7

AF 16.6 (6.6–59.2) 830 6.9

AT-AVNRT-AVRT 4.4 (1.6–25) 220 1.8

VT 12.5 (3–C45) 625 5.2

Regular PM or ICD implant 4 (1.4–17) 200 1.6

CRT implant 22 (2.2–90) 1100 9.1

CT

64-slice coronary CTA 15 (3–32) 750 (150–1,600) 6.25

Calcium score 3 (1–12) 150 1.25

Nuclear cardiology

PET F-18 FDG rest (350 MBq, viability) 7 350 2.9

PET Rubidium-82 stress-rest (3700 MBq) 4.6 230 1.9

PET N-13 ammonia stress-rest (1100 MBq) 2.4 120 1

PET 15O–H2O stress-rest (2200 MBq) 2.5 125 1.04
99Tc-labeled erythrocytes (1110 MBq, cardiac function) 7.8 390 3.25

SPECT-201Th stress/redistr. (130 MBq, single injection) 22 1100 91.6
201Thallium stress/rest reinj. (185 MBq, double injection) 40.7 2035 16.9
99Tc-Sestamibi (1100 MBq, 1 day) stress-rest 9.4 470 3.9
99Tc-Tetrofosmin (1500 MBq, 1 day) stress-rest 11.4 570 4.7

Lung Scintigraphy
99Tc-MAA (185 MBq, lung perfusion) 2 100 0.8
133Xenon (740 MBq, lung ventilation) 0.5 25 0.2

Technegas (50 MBq, lung ventilation) 0.75 40 0.3

AF atrial fibrillation, AT atrial tachycardia, ASD atrial septal defect, AVRT atrio-ventricular reciprocal tachycardia, CXRs chest x–rays, CRT

cardiac resynchronization therapy, ETAAAR endovascular thoraco abdominal aortic aneurysm repair, FDG fluorodeoxyglucose, MAA macro-

aggregated albumin, PA antero-posterior, PCI percutaneous coronary intervention, TIPS transjugular intrahepatic portosystemic shunt
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What Cardiologists have Done

Scientific Societies have a central, proactive role in pro-

moting what is necessary to raise the cultural level of

doctors, administrators and patients. Several initiatives

were proposed at the international and national level to

assess the needs, review standards, and foster clinical

research relating to several aspects of radiation issues. In

the United States, the social marketing campaign ‘‘Choose

Wisely’’ was developed to emphasize the importance of

appropriateness in medical practice and interventions to be

implemented, especially in the field of imaging, and to

limit the practice of inappropriate services, which can be

clinically of little value and potentially dangerous [47].

Several software programs have been developed to

educate professionals about radiation dose and cancer risk

associated with medical imaging procedures, to keep track

of radiology and imaging-related exams and procedures,

and to provide an estimate of the risk of developing cancer

secondary to this radiation [48••].

Innovative dose reduction and dose management solu-

tions and applications have been set by leading providers

[49]. Web-based patient radiation dose monitoring soft-

ware was implemented to capture and report radiation dose

directly from any imaging device or PACS and track

patients’ cumulative dose over time. These applications

could foster awareness and transparency for patients and

staff with quantifiable dose value reports. Limited exposure

for users and automated system settings and controls can be

obtained with the aim of managing and reducing dose

while still producing diagnostic quality images.

In January 2014, the European Society of Cardiology

joint working group on cardiovascular imaging, interven-

tional cardiology and electrophysiology, published the

Joint Position Paper on medical radiation [15••], whose

primary purpose is the reduction of image testing required

in an inappropriate manner and/or performed with unop-

timized x-ray dose. A catalogue of updated reference doses

of the most common cardiac exams was provided.

Before prescribing an examination with ionizing radia-

tion the doctor should establish the expected benefit to the

patient, and whether the information can be obtained

through other radiation-free procedures such as magnetic

resonance or ultrasound, particularly in patients at high risk

for radiation exposure as children, as well as women during

pregnancy.

The communication of doses and risks is often based

on a highly specialized technical language, difficult to

understand even for practitioners and cardiologists. In

radiological informed consent, communication of doses

and risks is often absent or difficult to understand even

for practitioners and radiologists. As a result, both

patients and doctors often are unaware of what they are

doing, in terms of doses and radiation risks. The

informed consent form should spell out, in tabular form

and possibly with a figure, the specific reference dose

[14]. After the examination, the dose actually delivered

should be stored in the patient’s record. The radiation

dose should be reported in mSv, and comprehension may

be aided using equivalent number of chest radiographs,

with a straightforward numerical description of the can-

cer risk (Table 2).

Fig. 1 Secular trends of

cardiovascular medical

radiation exposure over the last

40 years in in-hospital patients

admitted for cardiovascular

disease. Radiation exposure is

expressed as cumulative

estimated effective dose/patient.

On the left panel the trend of

non-ischemic (non-IHD)

patients, and on the right the

one of ischemic (IHD) patients.

Modified from Carpeggiani

et al., Ref. 13
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Several rules are provided to improve the imaging

clinical practice as listed in Table 3.

All other considerations being equal, it is not recom-

mended to perform tests involving ionizing radiation when

the desired information can be obtained with a non-ioniz-

ing test with comparable accuracy.

Unnecessary tests should be avoided, such as the ones

indicated for cardiac patients from ‘Choose Wisely’ (such

as coronary CT and myocardial perfusion scintigraphy in

healthy, asymptomatic, low-risk subjects).

If a test is performed that utilizes ionizing radiation,

choose the one with the lowest dose and be aware of the

many factors modulating dose.

The radiation delivered dose should be always known

and reported in the final report that is delivered to the

patient. This is particularly important in cardiology, where

the dose for each individual invasive test can vary by a

factor of 10 (from 10 to 100 mSv) and where patients often

perform the same procedure several times over the course

of a remaining lifetime (such as stress myocardial scin-

tigraphy once a year after percutaneous coronary

revascularization).

Due to the numerous sources of variability, there is no

clear threshold between acceptable and unacceptable

exposure for any given examination, but any dose that is

not necessary is certainly unacceptable. The dose should be

expressed clearly in understandable terms, and we employ

multiple x-rays of the chest.

X-rays and g-rays used in radiology and nuclear medi-

cine are proven (class 1) carcinogens, and cardiologists

should make every effort to give ‘the right imaging exam,

with the right dose, to the right patient’.

The priority given to radioprotection in every cardiology

department is an effective strategy for primary prevention

of cancer, a strong indicator of the quality of the cardiology

division, and the most effective shielding to enhance the

safety of patients, doctors, and staff. An informed cardi-

ologist cannot be afraid of the essential and often life-

saving use of medical radiation, but must be very afraid of

radiation unawareness.

What to do Next

A simple way to improve cardiology management of

radiation imaging is to make sure that cardiologists adhere

to the indications supported by the world’s largest profes-

sional association of cardiology, the European Society of

Cardiology [15••]. This includes understanding the long-

term risk of cancer, proportional to the delivered dose, in

the risk–benefit balance.

Collaborative initiatives such as Choose Wisely [48••]

and the European Slow Medicine [47] campaigns should be

fostered to change imaging practice by increasing aware-

ness, with the goals of eliminating unnecessary imaging

exams and lowering doses in those exams that are

necessary.

Formal training in radioprotection is a part of the

interventional cardiology curriculum and even required by

law in many European countries as a prerequisite for

entering the cardiac catheterization laboratory. In practice,

at least one-fifth of interventional cardiologists did not

receive any formal training in radioprotection and, with or

without training, their radiation awareness is disappoint-

ingly low.

The Interventional Cardiology Society should require

invasive cardiologists to be familiar with radiation safety

issues in order to obtain Board Certified medical imaging

professionals. Radiation management should be a compo-

nent of their board certifying examinations.

All cardiac cath labs should have a periodic radiation

safety program with active participation from the

Table 2 Terminology that should be used

Investigation

(example)

Effective dose

range (mSv)

Additional lifetime risk of

fatal and non-fatal cancer

RCR symbolic

representation

Proposed

risk term

CXR \0.1 1 in 1 million to 1 in 100 000 Negligible

Abdominal x-ray 0.1–1 1 in 100 000 to 1 in 10 000 Minimal

Chest CT 1–10 1 in 10 000 to 1 in 1 000 Very low

PCI 10–100 1 in 1 000 to 1 in 100 Low

RCR Royal College of Radiology, CXR chest x ray, PCI percutaneous coronary intervention, CT computed tomography
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physicians, staff and physicists. All interventional cardi-

ologists should apply two basic principles of radiation

protection to their practice: reduce radiation exposure to

‘‘as low as reasonably achievable’’ (ALARA); and ensure

procedure justification, so that no patient receives radiation

without potential benefit. Courses on radioprotection

should also be implemented for general practitioners and

cardiologists. A limited (one-day) teaching program can

dramatically improve awareness regarding radiation dose

and risks; it is not necessary to have in-depth knowledge of

health physics and radiobiology to become familiar with

the essential information needed for the responsible prac-

tice of medicine [48••].

Accreditation programs from Cardiology Societies, such

as those offered by the American College of Radiology,

have to be organized to accredit cardiology facilities that

have established their imaging competence, adherence to

guidelines, and personnel qualifications, and have also

demonstrated their awareness of the need for ongoing

quality control involving their equipment and personnel.

Facilities must perform audit activity and show that their

doses do not exceed established levels.

A repository of national radiation dose-related infor-

mation should be implemented to provide a mechanism for

comparing exams throughout facilities, nationally, region-

ally and locally. The position statement recommends that

patients be given the estimated dose before a procedure,

and the actual dose in writing afterwards if they request it.

This could become a legal requirement through the Euro-

pean Directive Euratom Law 97/43, with local committee

control.

Appropriateness should be mandatory for all prescribers,

with a clear understanding of the indications, risks, and

costs of the various tests in various clinical situations. A

panel of experts could be set up in hospitals in order to

establish criteria for access to ionizing and invasive pro-

cedures and screening requests, and set priorities. We must

prescribe an easier and more harmless exam, avoiding

more expensive and risky tests, and provide verification of

appropriateness of the prescription. Appropriateness grids,

developed by the principal Scientific Societies, accessible

in the office, on PC and mobile, should be designed to

assist referring physicians in prescribing the best radiology

examination for their patients based on guidelines. This

will reduce the number of examinations by assuring that

the most suitable exam is done first.

Cardiologists should work with manufacturers to obtain

innovative technological solutions that reduce doses and

risks. Since 2006, all fluoroscopic equipment sold in the

United States identifies, records, and displays patient dose

during the procedure. This measure should be taken

worldwide. Radiological sustainability is becoming a

competitive marketing advantage. Standardized open sys-

tems using a common standard to display the dose and

archive it in digital patient records should be developed. By

comparing themselves to others, facilities can determine

whether the radiation dose from their procedures is within

appropriate ranges.

The responsibility to wear a dosimeter should not be up

to the individual but belongs to companies and institutions

regarding their employees. At least a single dosimeter

should be worn and protective shields used routinely.

The use of ionizing radiation during an imaging proce-

dure should be disclosed to the patients by the ordering

provider at the time of ordering, and reinforced by the

performing provider team in terms of shared decision-

making and should be written in the informed consent.

Radioprotection will be best achieved through close

interaction and communication between cardiologists,

radiologists, health physicists, radiology technicians,

industry and patients.

The implementation of the 3A Intenational Atomic

Energy Agency strategy based on: Audit, Awareness,

Appropriateness [50••] will lead to redesign the clinical

practice in cardiology increasing cardiologists’ knowledge.

Currently, the employment of this strategy is hampered by

a healthcare system that reimburses for volume rather than

appropriateness. Action at the political level is fundamen-

tal. New models of reimbursement should be implemented

to pay for more doctors who prescribe and/or perform the

appropriate procedures. A system that pays for quality and

not only quantity would be of enormous support to

implement appropriateness in clinical practice.

Table 3 Simple rules to increase the quality of radiation imaging

1. Avoid performing unnecessary radiation imaging procedures

2. Use a non-ionizing comparable test when the desired

information can be obtained

3. If you perform a test that utilizes ionizing radiation, choose the

one with the lowest dose

4. Be aware of the many factors modulating radiation dose

5. The actual delivered dose should always be recorded and

included in patients’ records

6. The informed consent form should spell out, in tabular form and

possibly with a figure, the specific reference dose and risks

7. There is no clear threshold between acceptable and

unacceptable exposure for any given examination, but a dose

that is not even considered is certainly unacceptable

8. Systematic clinical audits are necessary to avoid

inappropriateness and to increase awareness

9. Applying radioprotection rules is the best way to increase staff

and patient safety and is a strategy to reduce cancer risk

10. A good cardiologist cannot be afraid of lifesaving radiation,

but must be afraid of radiation unawareness and negligence
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Conclusions

The development of cardiac imaging technologies has

changed the practice of cardiology and can save lives.

Evaluating patients using medical radiation may be an

essential part of modern medicine, but this is not a viable

argument for using radiation without wisdom, knowledge,

and prudence. Special care should be taken regarding the

use of radiation in children, adolescents, and young

women, when the radiation risks are higher for any given

dose; and in research projects—where radiation should be

used only when strictly needed and after detailed infor-

mation of the associated risk to the patient. It is now

imperative within the imaging community to create a

framework to safely drive justified and optimized radiation

imaging use. Cardiologists have to recognize the impor-

tance of radiation management. The concept of minimizing

radiation exposure to patients and to practitioners should

become standard practice. Improved radiation awareness

will lead to a reduction in unnecessary tests and better dose

optimization, with consequent reduction of health care

costs in cardiology—both direct costs of imaging and

indirect, downward costs due to development of avoidable

cancers. This process must be accompanied by an inno-

vative model of governance that does not cut health care

costs but discourages and underpays inappropriate medi-

cine. The doctor has a duty to know the risks in diagnostic

imaging, and the patient has the right to be aware. Better

knowledge of radioprotection basics will make our Cardi-

ology wards and imaging laboratories a safer place for both

doctors and patients.
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