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 EDITORIAL

“...physicians ordering or performing cardiac imaging must be, to at least some 
extent, familiar with both the dosimetry of radiation from cardiac diagnostic tests 

and possible methods to minimize dose.”

Johannes Rixe
Author for correspondence: 
Department of Cardiology/
Cardiac Imaging, 
Kerckhoff Heart Centre, 
Benekestrasse 2–8,  
D-61231 Bad Nauheim, 
Germany
Tel.: +49 6032 996 2460 
Fax: +49 6032 996 2848
j.rixe@kerckhoff-klinik.de

Andreas Rolf
Department of Cardiology/
Cardiac Imaging,  
Kerckhoff Heart Centre, 
Benekestrasse 2–8, D-61231 
Bad Nauheim, Germany

Radiation dose in imaging of  
coronary artery disease:  
current status and perspectives

calculations, since there is no directly measur­
able quantity that adequately reflects radiation 
exposure [1,2]. Nevertheless, the most adequate 
approach to describe risks associated with ion­
izing radiation is to describe it in terms of dose. 
Adding up the weighted equivalent doses of all 
organs, the effective dose (E) is computed. Since 
it is a single number, E – which is measured 
in mSv – has become the most frequently used 
quantity to compare the radiation risks of differ­
ent diagnostic tests. Nevertheless, the effective 
dose must be applied with caution: its applica­
tion is defined for populations, not for the esti­
mation of radiation dose for one examination 
on one single patient. Accordingly, it is, in itself, 
not ideally suited to describe the individual esti­
mated cancer risk attributed to an examination 
using ionizing radiation, as it is always subject 
to uncertainty [3,4].

Radiation dose from conventional 
coronary angiography
The mean estimated dose in conventional coro­
nary angiography varies significantly in the lit­
erature, ranging from 2.3 mSv to a maximum 
estimated dose of 22.7 mSv for diagnostic angio­
graphy only [5–7]. Coronary angiography and 
percutaneous coronary intervention together 
may at least add up to a largely variable estimated 
dose of 5.4 to 41 mSv [8–10]. The United Nations 
Scientific Committee on the Effects of Atomic 
Radiation gives a standard value of 7 mSv for 
conventional coronary angiography only, but in 
general it should be noted that in the setting of 
coronary interventional procedures with long 
fluoroscopy times, a much higher estimated value 
may be delivered: an estimated dose of approxi­
mately 15 mSv for a percutaneous coronary inter­
vention has been reported by a scientific advisory 
of the American Heart Association (AHA) [11]. 
Furthermore, radiation dose in conventional 
angiography is largely dependant on parameters 

The number of cardiac diagnostic procedures 
that make use of ionizing radiation has increased 
rapidly over the last 20 years. Even though 
angiographic procedures play a central role in 
clinical cardiology and have contributed signifi­
cantly to the decrease in morbidity and mortality 
from coronary artery disease, it is important to 
remember that they are not without risk to both 
patients as well as examiners. Since the average 
effective dose of a posteroanterior chest x­ray 
is approximately 0.02 milliSieverts (mSv), the 
effective doses of cardiac imaging techniques 
cannot be c onsidered trivial. 

In addition, there have been tremendous 
advances in cardiac imaging in general as well 
as imaging of coronary artery disease in particu­
lar over recent years. Having served as the ‘gold 
standard’ for coronary imaging for decades, 
invasive coronary angiography is actually being 
challenged by different noninvasive imaging 
techniques that are suitable for sensitive detec­
tion of coronary artery disease and are more 
precise than ordinary treadmill testing. Next to 
established techniques, such as myocardial per­
fusion imaging using nuclear techniques, new 
modalities are emerging, most importantly the 
direct visualization of coronary arteries using 
multidetector­computed tomography. Most of 
these techniques use ionizing radiation.

Thus, physicians ordering or performing car­
diac imaging must be, to at least some extent, 
familiar with both the dosimetry of radiation from 
cardiac diagnostic tests and possible methods to 
minimize dose. This editorial presents an overview 
of imaging techniques requiring ionizing radiation 
and identifies possible methods to reduce radiation 
dose exposure in clinical practice.

Estimation of radiation dose
It should be noted that values of radiation expo­
sure for particular patients or particular studies 
are always statistical estimates resulting from 
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such as personnel experience, use of radiation­
reducing techniques such as reducing fluoroscopy 
and acquisition frame rates, procedural complex­
ity and laboratory equipment [12–16]. Moreover, 
angiographic procedures performed with a trans­
radial approach tend to result in higher estimated 
doses than a transfemoral access, and left ante­
rior oblique projections are generally associated 
with a higher dose than right anterior oblique or 
p osteroanterior views [17].

“...for coronary computed tomography 
angiography ... there are very effective tools 

to substantially reduce the dose.”

The wide variance of estimated dose related to 
conventional coronary angiography underlines 
the numerous possibilities to reduce radiation 
dose in the clinical setting. Amongst these are 
the employment of the slowest fluoroscopy and 
fluorography frame rates that maintain diag­
nostic image quality, the minimization of fluor­
oscopy/fluorography times, as well as minimiz­
ing the distance from patient to image detector 
and x­ray tube, and the number of views [18].

Radiation dose from nuclear 
cardiac imaging
The effective radiation dose administered in 
a nuclear myocardial perfusion scan is funda­
mentally dependant on the protocol chosen for 
the individual patient and the tracer or radio­
pharmaceutical agent used for the examination. 
Since there is no locally fixed source of ionizing 
radiation used in this setting, it becomes even 
more difficult to estimate the radiation dose for a 
nuclear scan: in fact, the estimation is performed 
by compilation of different dose coefficients, 
determined by biokinetic models quantifying the 
distribution and metabolism of ionizing agents 
in the (human) body. These models use organ­ 
and radionuclide­specific activity data over time, 
as well as data on absorption of energy in selected 
target organs [19]. Nevertheless, certain assump­
tions on radiation dose of nuclear studies can 
be made: the AHA reports an average dose of 
approximately 9 mSv for a sestamibi 1­day stress/
rest myocardial perfusion scan and 41 mSv for 
a thallium stress/rest myocardial perfusion scan 
[11]. However, current guidelines of the American 
Society of Nuclear Cardiology report levels of 
approximately 11 mSv for a 99mTc sestamibi 
stress/rest protocol and an estimated dose of 
32 mSv for a 201Tl stress/reinjection protocol [20]. 
Therefore, effective doses used in myocardial 
perfusion studies using nuclear techniques are 

by no means trivial, and they vary significantly: 
single­injection protocols achieve the lowest dose 
estimates, whereas dual­isotope studies, which 
are relatively common for outpatient settings, 
usually have the highest effective dose estimates 
of approximately 29 mSv. The lowest doses can 
be achieved with positron emission tomography 
protocols using 13N ammonia and 15O water, for 
which the estimated dose values are approxi­
mately 2.4 and 2.5 mSv [8]. Although the esti­
mated dose for nuclear techniques appears to be 
relatively high, there are not so many possibilities 
to reduce the radiation burden in these studies: 
the most evident one is the use of stress­first or 
even stress­only scanning protocols for selected 
patients with a low pretest probability for coro­
nary artery disease. Unfortunately, only 9% of 
sites performing nuclear cardiology in the USA 
offer single­injection protocols, and only 4% of 
nuclear studies actually use a single­injection 
protocol of a 99mTc agent [8]. 

Radiation dose from cardiac 
computed tomography
Coronary computed tomography angiography 
(coronary CTA) is the most recently developed 
technique in cardiac imaging. However, its 
application in clinical routines has so far not 
only been limited by the ongoing question of 
reimbursement, but also by reports suggesting 
that the radiation dose associated with a coro­
nary CTA examination is potentially extensive. 

“...there are very few investigators who know 
how to apply these techniques.”

In fact, there have been relatively poor data 
records on radiation dose estimates of cardiac 
CT. However, the recently published inter­
national survey including 50 study sites world­
wide, the PROTECTION I study, has changed 
this situation: in this study including almost 
2000 patients, the median effective dose asso­
ciated with coronary CTA was 12 mSv, which 
is at a slightly higher level than conventional 
angio graphy, but at the same level as a 99mTc ses­
tamibi stress/rest protocol [8,21]. The spectrum 
of median radiation dose estimates reported in 
this study – which is 5 to 30 mSv – is strik­
ing, since it reflects a phenomenon also found 
in conventional coronary angiography as well 
as nuclear cardiac imaging: estimated effective 
doses vary significantly, no matter what kind 
of imaging technique is chosen. However, for 
coronary CTA it can be said that there are very 
effective tools to substantially reduce the dose. 
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These include, amongst others, electrocardio­
graphically controlled tube current modulation 
or so called ‘ECG pulsing’, the use of 100­kV 
scanning protocols for nonobese patients or 
even sequential scanning using prospective 
ECG­triggering for patients with a stable and 
low­frequent sinus rhythm. Studies could prove 
that these techniques have great potential to sig­
nificantly reduce the estimated dose down to less 
than 4 mSv for patients routinely examined with 
a 100­kV protocol and retrospectively gated cor­
onary CTA, or even down to 2.1 mSv or lower 
using prospectively ECG­triggered coronary 
CTA [22–25]. Further on, the PROTECTION I 
trial could show that the implementation of 
dose­saving algorithms does not have any rel­
evant influence on image quality. Nevertheless, 
there is one major limitation of these effective 
techniques: only 73% of the PROTECTION I 
population were examined using ECG­pulsing, 
and the subgroups of patients undergoing coro­
nary CTA using a 100­kV protocol or prospective 
ECG­triggering were even smaller: 5 and 6%, 
respectively [21]. This shows, in spite of many 
possibilities to reduce radiation dose in coronary 
CTA, that there are very few i nvestigators who 
know how to apply these techniques. 

Conclusion
Radiation dose exposure to patients varies signif­
icantly not only among different cardiac imag­
ing modalities, but also between different pro­
tocols of one and the same imaging technique. 
While dose in conventional coronary angiogra­
phy is largely dependent on parameters such as 
operator experience and procedural complexity, 

it varies with different tracers in nuclear imag­
ing and with the simple and effective implemen­
tation of dose­saving scanning techniques for 
selected patients in coronary CTA.

“Understanding the dosimetry of 
cardiac imaging protocols is therefore  

a first step towards minimization of risk  
to patients while still providing optimal 

diagnostic accuracy.”

Even if the effect of a certain exposure to 
ionizing radiation may be extremely difficult to 
determine, it nevertheless should be emphasized 
that careful attention to technique, including 
the use of dose­reduction strategies, can mini­
mize dose to patients as well as to investigat­
ing personnel. Thus, selection of individual 
protocols for individual patients must always 
be determined from an approach guided by the 
ALARA philosophy (‘As Low As Reasonably 
Achievable’). Understanding the dosimetry of 
cardiac imaging protocols is therefore a first step 
towards minimization of risk to patients while 
still providing optimal diagnostic accuracy.
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