
Slowing the Increase in the Population Dose Resulting from CT Scans

D. J. Brenner

Center for Radiological Research, Columbia University Medical Center, New York, New York 10032

Brenner, D. J. Slowing the Increase in the Population Dose
Resulting from CT Scans. Radiat. Res. 174, 809–815 (2010).

The annual number of CT scans in the U.S. is now over 70
million. The concern is that organ doses from CT are typically far
larger than those from conventional X-ray examinations, and there
is epidemiological evidence of a small but significant increased
cancer risk at typical CT doses. Because CT is a superb diagnostic
tool and because individual CT risks are small, when a CT scan is
clinically indicated, the CT benefit/risk balance is by far in the
patient’s favor. Nevertheless, CT should operate under the ALARA
(As Low As Reasonably Achievable) principle, and opportunities
exist to reduce the significant population dose associated with CT
without compromising patient care. The first opportunity is to
reduce the dose per scan, and improved technology has much
potential here. The second opportunity is selective replacement of
CT with other modalities, such as for many head and spinal
examinations (with MRI), and for diagnosing appendicitis
(selective use of ultrasound + CT). Finally, a fraction of CT scans
could be avoided entirely, as indicated by CT decision rules:
Clinical decision rules for CT use represent a powerful approach for
slowing down the increase in CT use, because they have the
potential to overcome some of the major factors that result in some
CT scans being undertaken when they are potentially not clinically
helpful. In the U.S. and potentially elsewhere, legislative approach-
es are a possible option, to improve quality control and reduce
clinically unneeded CT use, and it is also possible that upcoming
changes in heath care economics will tend to slow the increase in
such CT use. g 2010 by Radiation Research Society

INTRODUCTION

It is estimated that more than 69 million CT scans
were performed in the U.S. in 2007 (1). Such use is a
reflection of the fact that CT is such an accurate, rapid
and convenient diagnostic tool. At the same time, at
typical organ doses relevant to most CT use [5 to
100 mSv (2)], the X-ray exposure represents a small but
well-established cancer risk. Clearly the goal is to
balance these two observations to provide the maximum
benefit/risk balance both on an individual and, crucially,
on a population basis.

CT USE

While CT use is most frequent in Japan, the U.S. and
Australia (3), the rates of increase of CT use are quite
similar in many other countries. For example, over the
past quarter century, CT use has risen about 12-fold in
the UK and more than 20-fold in the U.S. (1, 4, 5). The
current annual use is estimated to be more than 3 million
per year in the UK and more than 70 million per year in
the U.S. In the U.S., about 5 to 10% of all CT scans are
on children (6, 7).

The various CT-based health screening applications
(lung cancer screening, virtual colonoscopy, cardiac
screening) are not yet quite ready for mass use, but some
may be soon, resulting in an expected further jump in
CT use (2, 8–11).

Multiple CT Scans

While approximately 70 million CT scans are per-
formed annually in the U.S., the number of people
receiving these scans is likely to be closer to 30 million
because individuals who have a CT scan for a particular
medical issue have, on average, between two and three
CT scans (7, 12).

In terms of the number of CT scans that people
receive in the long term, Sodickson et al. (13) surveyed
31,000 individuals who had CT scans in 2007 and traced
the number of CT scans each had received in the
previous 20 years. The average number of CT scans was
six, with 1% of the individuals receiving at least 38 CT
scans. The maximum number of CT scans was 132.

POTENTIAL RISKS ASSOCIATED WITH CT SCANS

Concerns arise because a CT scan results in organ
doses that are much larger than those from conventional
radiological procedures such as chest X rays. The typical
maximum organ dose for a set (one or more) of CT
scans for a given ailment ranges from about 5 to 100 mSv
(2); this wide dose range is due to variability in the
number of scans, the type of scans, machine and
machine-setting variability, and age/size variability (2,
6). In this dose range (5–100 mSv), there is epidemio-
logical evidence (14, 15) of a small but statistically
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significant increase in cancer risk among A-bomb
survivors (see, for example, Table 1). Indeed, as early
as 2002, the International Commission on Radiological
Protection (ICRP) commented that: ‘‘The absorbed dose
to tissue from CT can often approach or exceed the
levels known to increase the probability of cancer’’ (16).

It is important to note here that, while there is
considerable uncertainty about the most appropriate
way to extrapolate radiation risks to doses below those
that are epidemiologically accessible, the organ doses
associated with CT are in a range that can be (and has
been) studied epidemiologically (14, 15). Thus the
debate, for example, about the validity of the linear
no-threshold (LNT) risk extrapolation, while pertinent
to possible risks associated with conventional radiolog-
ical examinations, is much less relevant for CT.

The individual risks associated with doses in the CT
range are small. For example, for the subgroup of A-
bomb survivors exposed in the dose range from 5 to
100 mSv, the estimated attributable fraction (proportion
of solid cancers attributable to the radiation exposure) is
only 1.8% (14, 15). CT use concerns thus largely relate to
population risk and public health (a small risk multi-
plied by a large population subject to this risk) rather
than to individual risks.

The epidemiological data in Table 1 are averaged over
a population of all ages. However, there is a strong
dependence of radiation risk on age at exposure, with
compelling evidence that children are considerably more
sensitive than adults to radiation-induced cancer (17).
While early CT scanners were rarely used for children
because they were comparatively slow and thus required
anesthesia, pediatric CT use is now increasing rapidly
(18). Consequently there is considerable concern about
the long-term consequences of pediatric CT, and a
retrospective study of mortality and cancer incidence in
over 200,000 young people scanned with CT in the UK
prior to 2002 has recently been initiated (19).

APPROACHES TO REDUCING THE COLLECTIVE

DOSE FROM CT

There are three ways to reduce or at least stem the
increase in the collective dose resulting from CT use
without compromising patient care. These are:

1. reducing the dose per CT scan,
2. replacing CT scans with other imaging modalities,

where possible, and
3. minimizing the number of CT scans given that are not

medically necessary.

Reducing the Dose per CT Scan

There have been considerable technological advances
in reducing the dose per scan (20), which is especially
important for children. This can be done either by
manually adjusting the mAs settings for individuals of
different sizes (21) or, as pioneered by Kalender and
colleagues (22), by automated current modulation.
These automated techniques are now built in to most
of the newer CT scanners, though how much they are
being used is less certain (23).

There is some evidence that doses per CT scan are
decreasing: In a comparison of the settings used by
members of the Society of Pediatric Radiology (SPR),
Arch and Frush (24) found that mAs settings decreased
significantly between 2001 and 2006 for pediatric CT;
they suggested that these changes may well be due to
increased awareness of radiation risks. This having been
said, members of the SPR are probably among the most
aware of radiation issues of any physician group, so this
decrease may not necessarily be generalizable.

Replacing CT Scans with Other Imaging Modalities

In appropriate situations, the two alternatives are
MRI and ultrasound. The selective application of
ultrasound for assessing pediatric appendicitis is dis-
cussed below. There are a variety of scenarios where
MRI can replace CT without loss of efficacy (25–31),
common examples being imaging of the brain (26) and
the lumbar spine (27). A recent study (29) suggested that
about 27% of CT scans in young patients could,
according to the European Community referral criteria
(32), be replaced by MRI examinations. In practice, of
course, there are currently not enough MRI machines in
the U.S. to perform an addition annual 0.27 3 70
million (<20 million) MRI scans; in addition, MRI
scans are typically almost twice as expensive as CT
scans.

Potential for Reducing or Slowing the Increase in CT Use

The issue here is whether there are a significant
number of CT scans being performed that are clinically
unhelpful and that could thus potentially be eliminated

TABLE 1
Solid Cancers (15) in A-bomb Survivors (1958–
1994), Limited to Individuals Exposed to Doses

Comparable to Organ Doses Associated with
Typical CT Exposure Seriesa

Study population (5–100 mSv) 30,524
Total solid cancers observed 4,119
Estimated radiation-related excess cancers 77b

Attributable fractionc 1.8%

a Note that the A-bomb survivors were exposed to an essentially
whole-body dose, as opposed to the highly localized exposure
associated with CT scans. This difference is, of course, taken into
account in the CT risk estimation process (2, 4).

b Statistically significant increase, P 5 0.05, one-sided test.
c Proportion of solid cancers in this low-dose subcohort of A-bomb

survivors that is attributable to the radiation exposure.
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without compromising patient care. This can be assessed
through the potential efficacy of clinical decision rules.
A clinical decision rule is a tool designed to help
clinicians make diagnostic and therapeutic decisions – in
this case providing sets of specific indications for which
a CT scan is recommended. There have been many
retrospective studies of the proportion of CT scans that
could have been avoided if a high-sensitivity clinical
decision rule for CT scanning had been applied; by high
sensitivity, we mean a decision rule that would not
exclude any clinically useful scans. An example is shown
in Table 2 for a variety of CT decision rules for patients
presenting with mild closed traumatic brain injury (33,
34). In this case, by following the decision rules, the
number of CT scans could be reduced by 30 to 50%
without compromising patient care.

As discussed below, similar reductions in CT use have
been estimated for other diagnostic end points (35, 36).
Common situations where there is considerable scope
for reduction in CT use include (37, 38) CT for renal
colic (39), CT for minor head injury (40), CT for
abdominal pain (41), CT for abdominal and chest
trauma (42), CT angiography for pulmonary embolus
(43), and CT of the lumbar spine (27).

Practical Approaches to Slowing the Increase in CT Use

Whatever the actual proportion of CT scans that
could potentially be eliminated, reducing or even
slowing down the increase in CT use will be an extremely
hard task for a variety of reasons. In particular the issues
of patient throughput, legal issues, economic issues, and
pressures from patients and parents to have the best
available treatment all tend to mitigate against slowing
or decreasing CT use.

This having been said, there clearly are approaches to
reducing CT use that are practical and that will not
compromise patient care. An example is in the
assessment of appendicitis – of particular importance
because it is typically a young person’s disease. Until a
few years ago, clinical observation and/or ultrasound
were the standard tools to confirm the diagnosis prior to
surgery. Currently, CT is the gold standard for
diagnosing appendicitis, and in many institutions all
patients get a CT scan prior to an appendectomy. An
alternative approach (Fig. 1B) is first to use ultrasound;
if the ultrasound is positive, then an appendectomy
follows, while if it is negative or equivocal, then a CT is
given. As shown by Garcia Peña (36), this can reduce CT
use by about 30%. More complex schemes (Fig. 1C) are
feasible with correspondingly greater potential reduc-
tions in CT use. For example, the Alvarado scoring
system (44), which is based purely on history, clinical
examination and routine laboratory tests, is a highly
sensitive and specific tool for identifying high-risk
patients who can go to surgery without imaging as well
as low-risk patients who can appropriately undergo just
observation, again without imaging. Intermediate-risk
patients would be imaged by the sequential ultrasound/
CT approach described above. This approach (Fig. 1C)
has the potential to cut the number of CT scans used to
diagnose appendicitis by more than a factor of two (36).

Utility of Clinical Decision Rules for CT

These alternate schemes for diagnosing appendicitis
represent examples of the potential use of clinical
decision rules. The American College of Radiology
(ACR), the Royal College of Radiologists, and the
European Commission have all published some decision
rules (also called appropriateness criteria) for the
appropriate use of CT (32, 45, 46), as have various
bodies associated with specific subspecialties (33, 47).

As an example of their application, Hadley et al. (35)
recently published a retrospective study of the ACR
appropriateness criteria (decision rules) for trauma. They
studied 200 trauma patients who had some radiation
imaging, the imaging decisions having been made without
the use of decision rules. A total of 169 had CT scans, for
a total of 660 scans. Had the ACR Appropriateness
Criteria been applied, 44% of the CT scans would not
have been carried out. None of the major injuries would
have been excluded from CT imaging, though 11 minor
injuries, none of which required followup, would have
been excluded from CT imaging.

It is also pertinent here to mention the financial
implications. In the retrospective study of appropriate-
ness criteria for trauma discussed above (35), the
estimated cost of the CT scans actually performed was
a little over $0.8 million. Had the ACR appropriateness
criteria been applied, as well as a 44% decrease in

TABLE 2
Retrospective Comparison (33) of Six Clinical

Decision Rules for CT Scanning of Mild
Traumatic Brain Injury in 8,000 Patients

Decision rule
Sensitivity for surgical

hematoma
Percentage of CT scans
that would be avoided

Canadiana 0.99 44
NCWFNSb 0.99 44
New Orleansc 0.99 31
Nexus-IId 1.00 44
NICEe 0.98 39
Scandinavianf 0.99 50

Note. All the decision rules have high sensitivity, i.e., correct
classification of lesion requiring surgical intervention, and all would
reduce CT use by approximately one half.

a The Canadian CT Head Rule.
b The Neurotraumatology Committee of the World Federation of

Neurosurgical Societies instrument.
c The New Orleans Criteria.
d The National Emergency X-Radiography Utilization Study-II

instrument.
e The National Institute of Clinical Excellence strategy.
f The Scandinavian Neurotrauma Committee guideline.
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collective dose, there would have been an estimated 38%
decrease in cost.

Application of Clinical Decision Rules for CT

It is argued here that clinical decision rules for CT use
represent a potentially powerful tool for slowing down
the increase in CT use, because they have the potential
to ‘‘trump’’ some, though not all, of the major factors
that result in CT scans being undertaken when they are
not strictly medically necessary.

Of course, the factors that feed into a decision rule are
complex, the data often incomplete, and the rules need
to be adjusted constantly to take into account new
evidence. However, in the examples given here, and in
other cases reported in the literature, clinical decision
rules would be effective in reducing the number of CT
scans (as well as the cost) without adversely effecting
diagnostic efficacy.

In fact, in the example discussed above (35), clinical
rules were not applied, and this situation is often the
norm (48). For example, the results of a recent study (49)
of awareness of and use of the Canadian CT Head
Decision Rule (awareness: 66% in the UK, 31% in the
U.S.; use of rule: 21% in the UK, 12% in the U.S.)
suggest that there is considerable room for improvement
in CT decision rule awareness and use.

Two practical approaches toward increased use of CT
decision rules are either to build them into a managed
care preauthorization program (50) or to incorporate
them into a computerized radiology order entry system
(51). Both these types of approaches, much considered
for purely economic reasons (52, 53), have proved
successful in curbing the growth of CT use:

N In the case of the managed-care preauthorization
approach, in the Israeli experience (50), before
preauthorization was required, CT use rates were
increasing by about 20% per year; after preauthoriza-
tion (by board-certified radiologists) was implement-
ed, CT use rates decreased by about 10% per year
between 2000 and 2003. In contrast, however, in
another setting, a CT preauthorization system did not
apparently decrease CT use (54).

N In the case of a computerized radiology order entry
system, one of which is in place at Massachusetts
General Hospital (51), the physician inputs into the
system a set of signs/symptoms, followed by the
requested imaging test; the system responds with a
quantitative assessment of the utility of the requested
imaging test, together with a list of alternate
procedures to consider, again with utility assessments;
the physician is then free to proceed with or change
the imaging request. At Massachusetts General

FIG. 1. Approaches to diagnosis of appendicitis (36). Panel A: All individuals with symptoms are given a
CT. Panel B: All individuals with equivocal symptoms are first examined with ultrasound: If the ultrasound is
positive, the patient proceeds to surgery; if the ultrasound is negative, a CT is given; a 30% reduction in CT use
is achievable with this approach. Panel C: A more complex decision rule: High-risk patients, as determined
without imaging (44), go directly to surgery, low-risk patients have in-patient observation, and intermediate-
risk patients are treated as in panel B; a 57% reduction in CT use is achievable with this approach.
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Hospital, before these decision support rules were in
place, outpatient CT volume was increasing by ,13%
per year; since they were put in place, in 2005, CT use
has stayed roughly constant (51).

CONCLUSIONS

The annual number of CT scans in the U.S. is now over
70 million. The concern is that radiation doses from CT
are typically 100 times those from conventional X-ray
examinations such as chest X rays or mammograms, and
there is direct epidemiological evidence of a small but
significant increased cancer risk at CT doses. Because CT
is a superb diagnostic tool and because individual CT risks
are small, when a CT scan is clinically indicated, the CT
benefit/risk balance is by far in the patient’s favor.

However, there is general acceptance that a significant
fraction of all CT scans could be avoided altogether or
replaced with a different diagnostic tool. So, while CT
risks are small, a small risk multiplied by many millions
of scans may translate into a public health concern some
years in the future, particularly from pediatric CT.

In conclusion, there are three major issues that are
commonly raised with regard to CT use:

1. ‘‘Increased cancer risks at very low doses are very
uncertain and depend on extrapolating risks from A-
bomb survivors who were exposed to high doses.’’ At
very low radiation doses, typical of most radiological
examinations, it is indeed uncertain whether cancer
risks are increased. However, at the higher doses
corresponding to a typical CT series (5 to 100 mSv),
there are direct epidemiological data from ,30,000 A-
bomb survivors who were on the peripheries of the
two cities and who were exposed in this low-dose
range (14, 15). This low-dose subpopulation has been
followed for more than 50 years and shows a small
but statistically significant increased cancer risk.
Thus, in the context of CT, we do not need to
extrapolate from higher doses, with all the attendant
uncertainties which that involves.

2. ‘‘Many who need CT scans will not have them because
of publicized cancer risk estimates.’’ The evidence does
not support this: for example, in a recently published
study (55), when parents were informed about CT
risks, their willingness to have their child undergo a
CT did not change significantly, although they
became more willing to consider other imaging
options, if equally effective; no CTs were cancelled
or deferred after receiving risk information. Indeed, it
seems the case that ongoing dialogues on these issues
among health care professionals (24), with industry
(56), and with the public (57) are practical drivers
toward reducing CT use and CT doses without
compromising patient care.

3. ‘‘It will be very difficult to reduce CT use.’’ This is true.
Although most prescribed CT scans are medically
informative, with a highly favorable benefit/risk balance,
there are often very real pressures from the medical
system, from the medico-economic system, from the
medico-legal system, and from the public (58) to use CT
when it is not necessarily medically informative or when
alternatives exist. Whether legislative approaches are
needed or are appropriate in this context is an issue under
much current debate (59, 60). On the other hand, in the
U.S. and potentially elsewhere, it is possible that
upcoming changes in heath care economics (52, 53, 61)
will themselves tend to slow the increase in CT use.
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