
 1 

Supplementary Material 

 

Canadian Cardiovascular Society Position Statement on Radiation  

Exposure from Cardiac Imaging and Interventional Procedures 

Madhu K. Natarajan et al 

 

Supplemental Text S1:  Preamble 

 Almost immediately after the discovery of x-rays by Wilhelm Roentgen in 

late 1895 the technique was utilized for therapeutic and diagnostic medical 

applications.  The following year reports of tissue reactions including hair loss 

and skin damage due to x-ray exposure were reported (59, 60).  By the 

beginning of the 20th century, there was increasing evidence that radiation may 

be responsible for tumors in radiologists, with supporting evidence of radiation 

induced cancers in pitchblende (uraninite mineral) miners and radium dial 

painters (61).  However, no formal standards for radiation protection existed until 

1913, and at that point they were initially established as thresholds for limiting 

skin erythema, and were subsequently expanded for internalized radionuclides to 

define the maximum permissible body burden.    

 Today, numerous organizations, including the International Commission 

on Radiological Protection (ICRP), National Council on Radiation Protection and 

Measurement (NCRP), United Nations Scientific Committee on the effects of 

Atomic Radiation (UNSCEAR), and the International Atomic Energy Agency 

(IAEA) advocate for radiation protection in a variety of industries including 
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medicine.  While it is understood that in many cases radiation exposure cannot 

be avoided, these organizations encourage a practice of minimizing exposures to 

levels “as low as reasonably achievable” (ALARA principle) without 

compromising the diagnostic utility of the study (62).  

 

 The benefits of cardiac diagnostics and procedures using ionizing 

radiation are typically well understood.  However, previous research indicates 

that physicians have relatively poor knowledge of the risks due to radiation 

exposure (63-66).  This might be expected due to the nature of how radiation 

injury develops and the difficulty in quantifying risk at relatively low 

exposure/exposure levels when executing epidemiologic studies (67).    

 To develop this Position statement commissioned by the Canadian 

Cardiovascular Society (CCS), a broad representation of content experts from 

cardiology, radiology, epidemiology and basic science were assembled.  The 

committee gathered and reviewed the available literature, developed consensus, 

and made specific recommendations and suggestions utilizing the Grading of 

Recommendations Assessment, Development, and Evaluation (GRADE) system 

where applicable.  While the GRADE system applies a structured method to 

weigh the evidence and to describe the strength of the conclusion or 

recommendation, the quality of evidence with respect to radiation effects from 

medical procedures is generally weak and continues to evolve.  Therefore, broad 

consensus for each recommendation and suggestion was achieved via multiple 

formal discussions involving the entire primary panel using a teleconference 
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format and circulation of evolving drafts. The Position Statement was then 

reviewed by a secondary panel and the CCS Guidelines Committee, who 

provided suggestions for revisions leading to this final document. 

   

Supplemental Text S2: Rationale for adoption of Linear Non Threshold 

Model (LNT) 

1.2 Theory and Evidence 

1.2.1 Deterministic Effects 

 Tissue and cellular reactions to radiation have been demonstrated in 

laboratory using both in-vitro and in-vivo (animal) studies, and have been 

observed in human populations (68).  These reactions can have detrimental 

effects on health.  Evidence of deterministic effects can be found in numerous 

case studies published over the past century (10, 59, 60).  Some of these case 

studies led the United States Food and Drug Administration (FDA) to issue a 

warning outlining the potential for skin injury as a direct result of radiation from 

fluoroscopy driven diagnostic and interventional cardiac procedures, such as 

percutaneous coronary intervention and electrophysiology procedures (69).  

Cohort studies (70-72) of individuals undergoing one or more cardiac 

catheterization laboratory procedure(s) found only a few minor injuries (26), and 

only among those who underwent multiple procedures in a short period of time.  

However, follow-up in these studies was incomplete and not standardized.  While 

no randomized controlled trials are published demonstrating such injuries in 

human populations, there is good basic science evidence for the development of 
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these injuries, as the mechanism for injury is cellular death due to DNA or 

chromosomal damage (73). 

 

1.2.2. Stochastic Effects and the “Linear Nonthreshold” Model 

 Demonstrated risk of stochastic effects in human populations, solid tumors 

and leukemia in particular, comes primarily from very large population studies of 

atomic bomb survivors, nuclear industry workers, and patients receiving radiation 

therapy (74-79).  These studies demonstrated that risk increased with exposure 

in a somewhat linear manner (78).  The estimated doses received by individuals 

in these studies were in a range typically higher than that from most radiologic 

and nuclear medicine modalities.    A recent study demonstrated a small absolute 

risk of leukemia or brain tumor in children undergoing a head CT scan with >50 

mSv effective doses. (80).  A few large epidemiological studies in noncardiac 

populations including children and young adults with very low exposures are still 

in progress (81).   At low levels of radiation exposure, the magnitude of risk, if it 

exists, is less clear (82).  

There is significant debate over 1) the magnitude of risk at low levels of 

radiation exposure  (in the range of many medical procedures using ionizing 

radiation), and thus, 2) how to best extrapolate risks from relatively higher 

exposures where such data exist to lower levels for which there is no robust 

epidemiologic evidence.   Tubiana and colleagues (83) claim there is no 

evidence (in animal experiments or human population studies) in favour of 

cancer risk from low linear energy transfer (i.e. x ray and gamma ray) radiation 
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below acute doses of 100mSv and protracted doses (i.e. multiple doses to an 

individual over time) below 500mSv.  On the other hand, based on a review of 

studies in human populations, Brenner and colleagues (84) argue that for both x 

ray and gamma ray radiation there is "good" evidence of cancer risk with acute 

doses of >50mSv and "reasonable" evidence of some cancer risk with acute 

doses above 5mSv.  For protracted exposure, "good" evidence exists for cancer 

risk at >100mSv dose, and "reasonable" evidence for some cancer risk at 

>50mSv dose (84).  Einstein (81) offers a good review of the current evidence 

framed in the context of cardiac imaging.  

 Below acute doses of 5mSv-50mSv and protracted doses of 50mSv-

100mSv, risk estimates are derived from projection models.  These models are 

based on a combination of evidence stemming from the principles of 

radiobiology, as demonstrated in laboratory experiments, and some 

epidemiologic studies (84).  The basic model is a linear extrapolation of risk.  

This is known as the “Linear Non-threshold” (LNT) model (85, 86).  Some argue 

that the LNT model does not account for adaptive (including hormetic 

(preconditioning)) responses and protective mechanisms at the cellular and 

tissue level (e.g. DNA repair, cell elimination) (83, 87, 88).  On the other hand, 

bystander effects may cause deviations from linearity in the opposite direction 

(89, 90).  In other words, due to potential inter-cellular interactions or immune 

surveillance for which we have little quantitative information in human 

populations, LNT may under or overestimate risks at very low exposures (86, 

91).  Possible alternatives to LNT include linear-quadratic, downward curving, 
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threshold, and hormetic models (85, 86).  Nevertheless, LNT is generally 

accepted by major radiation protection agencies, including NCRP, ICRP, and 

UNSCEAR, as the "best fit" and perhaps most conservative model based on 

current evidence, and they advocate its use as the basis for regulatory protection 

policies (3, 85, 86, 92, 93). 

 

1.2.3. Clinical Studies in Cardiology populations 

 There are no randomized controlled trials for stochastic risk in patients 

undergoing cardiac diagnostic studies or procedures using ionizing radiation, nor 

are there such trials for other medical procedures where exposures are in the 

same range as seen in cardiology.  Randomized controlled trials are unlikely to 

develop on ethical grounds, given our current knowledge of the potential harmful 

effects from radiation exposure.  Cohort studies may be performed, however, 

such studies may be prohibitively expensive given the need for large sample 

sizes (in the range of hundreds of thousands to millions of participants depending 

on the exposure level) and long follow-up periods (>2 years for leukemia, >5-10 

years for solid cancers) (68, 94).  A literature search identified only one study that 

outlined stochastic risk from adult cardiac procedures using ionizing radiation. 

(4).  Although this study determined that exposure to radiation from medical 

procedures (i.e. cardiac catheterization, PCI, Cardiac CT, myocardial perfusion 

imaging) increased the risk of cancer in a group of post myocardial infarction 

patients, the results should be considered with caution due to potential 

confounding variables (e.g. smoking status), and the manner in which dose was 
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measured (i.e. indirectly using average exposures for each procedure) (81, 95).  

Furthermore, many of the cancers appeared well before the expected 5-10 year 

latency period estimated in the BIER VII report (68). 
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