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Cardiovascular disease remains the leading cause of death in the US, EU, Canada, 
Australia, and New Zealand, although coronary disease mortality has decreased due to 
improvements in prevention, diagnosis, and treatment.  In many developed countries, most 
cardiologists now perform procedures involving radiopharmaceuticals, CT, or fluoroscopy.  
Their increased utilization, while contributing to improved care for patients with known or 
suspected heart disease, has been accompanied by a sharp increase in collective doses from 
medical radiation.  E.g., an estimated ~10% (~0.6 mSv/person/y) of the collective dose to the 
US population is now attributed to nuclear stress tests.  Radiation risk from any modality is 
highly dependent on patient age and gender.  Cardiologists, like most non-radiologists, have 
had limited training in the safe use of radiation and are generally unaware of such facts. 

While one encouraging sign has been the development of appropriateness criteria for 
various cardiac imaging modalities, much work remains to advance radiological protection for 
the tens of millions of patients each year who receive cardiac imaging studies.  Here we 
address current efforts to balance benefits of cardiac imaging with radiation risks, dose-
reduction strategies, and future desiderata.  General themes are improvements in technology, 
education, clinical standards, and reimbursement policies for these examinations.  

The vast majority of nuclear cardiology studies are performed using SPECT, and the 
radiopharmaceuticals used most widely are 99mTc sestamibi and tetrofosmin, and 201Tl.  
Effective doses are considerably higher for standard injected activities of 201Tl than for 99mTc 
agents, and the highest doses, ~24 mSv, are associated with dual isotope (rest 201Tl, stress 
99mTc) protocols.  E.g., in the US, ¼ of nuclear stress tests are still performed using dual 
isotope protocols, a practice fostered by current structuring of reimbursement.  Although most 
stress tests are reported as “normal”, i.e. the absence of ischemia or infarction, single-injection 
stress-only 99m
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Tc protocols (~7 mSv) constitute just 4% of procedures and are offered in only 
7% of laboratories.  Technological developments, such as replacing dual [NaI(Tl)] detectors 
with an array of CdZnTe detectors, will be discussed in regards to potential dose reduction. 

Cardiac CT has generated great interest in the past 5 years due to its ability to 
visualize coronary arteries with high spatial resolution, and it is increasingly being positioned 
as the preferred test for patients with chest pain but low pre-test probability of disease, due to 
high negative predictive value.  Studies are typically performed using helical technique, 
resulting in high patient effective dose, typically ~20 mSv, which, by BEIR VII-based 
estimates, can translate into a worst-case lifetime attributable risk approaching 1% for young 
women.  Recognition of the associated stochastic risk has spurred efforts to develop and 
validate dosimetrically favorable CT protocols, employing techniques including prospective 
triggered gating, multiple sources, and lower tube voltages.  We present dosimetry and image 
quality data demonstrating that coronary assessment is possible at ~3 mSv. 

Fluoroscopically guided invasive coronary angiography is a standard method for 
evaluating the coronary arteries. It remains a necessary precursor to bypass surgery or 
percutaneous interventional procedures. While effective doses for procedures using general 
purpose fluoroscopes can exceed 10 mSv, these doses are typically <5 mSv when performed 
using fluoroscopes equipped with highly filtered X-ray beams and efficient image receptors.   
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