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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Radiation Exposure from Medical Imaging Procedures

To the Editor: In the August 27 issue, the arti­
cle by Fazel et al.1 and the accompanying Perspec­
tive article by Lauer2 create an opportunity for 
the medical community to learn more about the 
work of radiation protection professionals: medi­
cal physicists and diagnostic radiologists. Radiol­
ogists are the only physicians who receive sub­
stantive training in radiation biology and safety 
that is linked to their board certification. Radiolo­
gists are most knowledgeable in managing and 
minimizing radiation exposures associated with 
medical imaging, and they can recommend sonog­
raphy and magnetic resonance imaging (MRI) as 
alternatives to ionizing imaging.3 In a 2009 re­
port,4 the National Council on Radiation Protec­
tion and Measurements, which was chartered by 
Congress, provided a comprehensive analysis of 
medical and all other sources of ionizing radia­
tion to which the American public was exposed. 
The medical community should work together 
across disciplines to use existing knowledge about 
radiation protection to ensure that imaging is 
warranted and optimized. When patients do need 
imaging, they should ask if the imaging center is 
accredited, the imaging personnel are creden­
tialed, and the protocols used are weight-based 
and indication-based, to ensure quality.
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To the Editor: Fazel et al. used claims-based 
estimates of cumulative effective doses of medi­
cal radiation to calculate the annual effective 
doses for adults 18 to 64 years of age, and they 
corroborated a previous report of higher popula­
tion-based rates of exposure as compared with 
25 years ago.1 However, only small segments of 
the population (18.6 and 1.9 enrollees per 1000 
per year, respectively) received high and very high 
effective doses. In contrast, self-referral is wide­
spread and should have been discussed, since 
81.8% of the total effective dose was adminis­
tered to outpatients, mostly in physicians’ offices. 
Lauer stated, “most radiologic imaging tests of­
fer net negative results.” The truth is that, owing 
to computed tomography (CT), exploratory lapa­
rotomy in patients with undiagnosed abdominal 
pain and cerebral angiography to diagnose brain 
tumors are now practice relics such as trephina­
tion, bloodletting, and plombage. A survey of 225 
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internists on the relative importance of 30 medi­
cal innovations culled from JAMA and the Journal 
yielded three imaging-related innovations among 
the top five: MRI and CT scanning (number 1), 
balloon angioplasty (number 3), and mammog­
raphy (number 5).2 Net negative results?
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To the Editor: Like many authors, Lauer’s view­
point rests on acceptance of the linear, no-thresh­
old theory, which posits direct dose–response 
relationships between exposure to even small 
amounts of radiation and the development of 
solid cancers.1,2 Data most often cited to provide 
support for this hypothesis come from surveys of 
survivors of the Hiroshima bombing. No studies 
have verified the linear, no-threshold assump­
tions about cancer associated with the low doses 
used in diagnostic imaging; instead, Hiroshima 
data are extrapolated down to the lowest doses. 
Large-population studies of low-dose occupation­
al exposure have shown no radiation-related in­
creases in deaths from cancer.3 Nevertheless, the 
linear, no-threshold theory is invoked by scien­
tific professionals and the media, causing fear 
about even routine medical imaging. We harm 
our patients and ourselves by making assump­
tions that are not adequately supported by data. 
The time is right to initiate long-term studies in­
volving persons who have undergone imaging. 
Such studies could provide the data that would 
lead to a meaningful dialogue — one based on 
fact rather than conjecture.
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To the Editor: Fazel et al. do not comment on 
the variability among the five health care markets 
they studied: Arizona; Dallas; Orlando, Florida; 
South Florida; and Wisconsin. Crude pairwise 
t-tests show that these health care markets are 
distinct in their usage of radiation-based imag­
ing. The importance of such a finding is that it 
may shed light on the underlying reasons for the 
overuse of radiologic procedures, which seems to 
be more extensive in Florida than Wisconsin, for 
example. More than 90% of surveyed physicians 
have reported practicing “defensive medicine,” 
and nearly half have reported “using imaging in 
clinically unnecessary circumstances.”1 Baicker et 
al.2 found that increasing malpractice payments 
(according to the state) correlate with increased 
Medicare spending on imaging (P<0.01). The sim­
ple plot in Figure 1 shows that malpractice re­
ports per capita3 (according to the state) corre­
late with the mean dose of radiation in the same 
five health care markets. Defensive medicine clearly 
fuels increasing health care costs, but could it 
cause cancer too?
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Figure 1. Relationship between Mean Doses of Ionizing 
Radiation from Imaging Procedures and Malpractice 
Reports in Five Health Care Markets.

The mean annual effective doses of ionizing radiation 
from imaging procedures versus the adjusted number 
of per capita physicians’ reports of medical malprac-
tice payments are shown.
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To the Editor: In an otherwise thoughtful Per­
spective article, Lauer omits tort as a driving force 
in the ordering of unnecessary studies. Defensive 
medicine parallels evidence-based medicine as 
the standard of care in this country. Go to any 
busy emergency department and watch our youth 
being irradiated at a pace that is mind-boggling. 
Jim’s physician knows that if he does not order 
the study, and Jim has a myocardial infarction, 
he will be asked why he did not order the study 
or send Jim to a cardiologist who would. In court, 
Lauer will not be on the jury of his peers.

It is untrue that “our medical system sees 
nothing wrong with Jim’s care.” Many physicians 
are appalled by the need to practice defensive 
medicine. However, increasing patient loads and 
the threat of lawsuits make it less risky to order 
a test than to explain why it is not needed. The 
United States leads the world in per capita imag­
ing rates. It is the country with the highest mal­
practice liability. Nothing else explains the prob­
lem better.
B. Franklin Diamond, M.D.
Abington Memorial Hospital 
Abington, PA

Dr. Fazel and Colleagues Reply: We agree with 
Applegate and colleagues that there is an urgent 
need for the medical community to promote ra­
diation safety and to ensure that imaging is both 
justified and optimally performed. Radiologists 
and medical physicists will play a central role in 
this process, largely by developing strategies to 
reduce the doses of radiation in procedures with­
out compromising diagnostic accuracy (i.e., opti­
mization) and offering alternatives to imaging 
with ionizing radiation. However, ensuring that 
imaging is used appropriately (i.e., justification) 
will require the involvement of the broader medi­

cal community, with a focus on engaging the cli­
nicians who most often decide when to pursue 
imaging and what type of imaging best fits the 
clinical context.

In response to Becker and colleagues: we ac­
knowledged in our article that advances in imag­
ing have expanded our capacity to help patients 
and have radically transformed medical care. 
However, this issue is distinct from concerns 
about whether physicians are ordering tests that 
are unlikely to provide benefit. Given the extent 
of radiation exposure that we found in this study 
population, it is critically important that we 
avoid imaging that is unlikely to provide a net 
clinical benefit.

Mezrich points out the limitations of the lin­
ear, no-threshold model. Although epidemiologic 
studies are consistent with this model, even at 
lower doses (<100 mSv),1,2 we agree that these 
data are not definitive. We hope that studies such 
as ours promote further research to better define 
the biologic effects of low-dose radiation, given its 
considerable implications for the public’s health.

Finally, we agree with Budhraja and Diamond 
that defensive medicine is probably one of the 
factors driving the increased use of imaging in 
the United States. However, its relative contribu­
tion remains unclear, particularly since the rapid 
rise in imaging over the past decade has occurred 
during a relatively stable period of malpractice 
litigation.3 Other factors that are probably con­
tributing to this trend include improved technol­
ogy, widespread availability, favorable reimburse­
ment, and a general shift in the culture of 
medicine in which imaging is increasingly used 
as a substitute for a thorough history and physi­
cal examination.
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Dr. Lauer Replies: Applegate et al. argue that 
radiologists are most knowledgeable about the 
effects of ionizing radiation, and they call for 
stricter accreditation and credentialing standards. 
Although such efforts may well decrease radia­
tion exposure in the population, they would not 
provide the high levels of evidence needed to en­
sure that the use of imaging tests leads to im­
proved patient outcomes.

Becker and colleagues cite a survey of inter­
nists as evidence that most imaging procedures 
yield value, and in doing so these newer proce­
dures convert common old practices to “relics” 
such as bloodletting. Expert opinion, such as that 
derived from physician surveys, is the lowest form 
of clinical evidence.1 Indeed, medical history is 
replete with examples of questionable practices 
that leading physicians promoted contrary to 
existing evidence.2 Benjamin Rush and William 
Osler were strong supporters of bloodletting. 
More recently, despite expectations, CT scanning 
has failed to reduce the rate of false diagnoses 
among patients with suspected appendicitis.3

Citing the 15-Country Collaborative Study of 
Cancer Risk among Radiation Workers in the 
Nuclear Industry, Mezrich challenges purported 
associations between low-dose radiation exposure 
and harm. The study investigators analyzed the 
risk of death among 407,391 nuclear workers, 
and, in fact, found a significant association be­
tween the radiation dose and both all-cause and 
all-cancer mortality.4 The observed rates of death 
exceeded expected rates even at cumulative doses 
as low as 5 to 50 mSv. The authors of the study 
concluded that their data were consistent with 
the conclusions of Biological Effects of Ionizing 
Radiation (BEIR) VII, which showed “a linear, 

no-threshold dose–response relationship between 
exposure to ionizing radiation and the develop­
ment of cancer in humans.”4

I wholeheartedly agree with Mezrich that “we 
harm our patients and ourselves by making as­
sumptions  .  .  .  not adequately supported by 
data.” That is why it is essential to perform 
large-scale, randomized trials that will provide 
the data we and our patients need to make in­
formed decisions. For example, the 50,000-patient 
National Lung Screening Trial (ClinicalTrials.gov 
number, NCT00047385) was designed to deter­
mine whether CT scanning reduces the rate of 
death from lung cancer among smokers.

Budhraja and Diamond suggest that most, if 
not all, overuse of imaging tests can be attributed 
to defensive medicine. Defensive practices may 
account for a small, but real, proportion of over­
use.5 However, other factors also are at play, in­
cluding the practice culture, fee-for-service incen­
tives, aggressive marketing, patient perceptions 
that overestimate the capabilities of modern tech­
nology, direct-to-consumer marketing, and third-
party payments shielded from patient view.5 
Large-scale definitive trials may well help to 
align defensive with evidence-based medicine.
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Uterine Fibroid Embolization
To the Editor: In their article on uterine fibroid 
embolization (Aug. 13 issue),1 Goodwin and 
Spies highlight few contraindications to the pro­
cedure; among them are “pregnancy, suspected 
cancer, active infection, or indeterminate endo­
metrial or adnexal abnormalities.” They also cite 

the U.K. Hysterectomy or Percutaneous Emboli­
sation for Uterine Leiomyomata (HOPEFUL) study, 
which showed a 2.6% incidence of septicemia 
after uterine fibroid embolization, with 1.1% of 
the women requiring emergency hysterectomy.2

Severe infection, often necessitating urgent 
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