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OBJECTIVE. The purpose of this article is to review reasonable measures that commu-
nity radiologists can realistically implement as a response to the current increased public con-

cern regarding CT radiation risk.

CONCLUSION. Potential measures include provision of patient information material,
review of CT protocols and indications, promotion of alternative studies, use of decision sup-
port software, automatic tube current modulation, bismuth shields, improved image recon-
struction algorithms, empowerment of technologists to adjust protocols, and calculation of

radiation dose for possible reporting.

ublic concern regarding health

risks from ionizing radiation

peaked in the early 1900s, when

complications were first recog-
nized in heavily exposed workers, and
peaked again in the 1950s and 1960s at the
height of the Cold War [1]. We now appear to
be in another wave of radiation conscious-
ness, as evidenced by publications suggest-
ing that ionizing radiation from CT causes a
substantial number of cancers [2, 3] and that
CT radiation doses are unnecessarily high
and variable [4]. These concerns have been
compounded by widely reported gross errors
in diagnostic and therapeutic radiation dose
delivery [5, 6]. To some extent, the height-
ened radiation consciousness in North Amer-
icareflects a transatlantic migration of radia-
tion consciousness that has prevailed in
Europe for many years [7]. Some of the more
alarming recent claims are clearly suspect.
For example, a projected lifetime attribut-
able cancer risk of 1 in 80 from diagnostic
CT only applied when the highest observed
dose was delivered to a healthy 20-year-old
woman [4]. Despite more reasoned respons-
es to such selective data mining [8], the pub-
lic concern remains heightened regarding ra-
diation from imaging tests. We believe
radiologists are best positioned to take the
lead in responding. That being said, many
community radiologists are uncertain how to
address these concerns in their daily prac-
tice, particularly as MDCT technology has
become increasingly powerful and complex.

The purpose of this article is to review rea-
sonable measures that community radiolo-
gists can realistically implement in their
practices as a response to the current in-
creased public concern regarding radiation
risk. Many of the steps discussed reflect
changes we have successfully introduced at
our institution. The measures discussed deal
primarily with CT, since CT is the single
largest source of medical radiation delivered
to the general population [9]. For descriptive
purposes, these measures have been some-
what arbitrarily categorized as general mea-
sures and specific measures that can be taken
before, during, and after a test (Table 1).

Provision of Patient Information
Material

Ralph Waldo Emerson astutely noted,
“Knowledge is the antidote to fear.” Provision
of clear and straightforward information for
patients, either in a patient information leaf-
let or on a Website [10, 11], is a simple and ef-
fective first step in dispelling irrational or ex-
aggerated fears of radiation. Radiologists still
need to know a few critical facts about radia-
tion risk so that they understand such material
and can answer any residual patient questions.
We regard the following as fundamental and
useful data for handling such discussions.

Risk Must Be Balanced Against Benefit

Much of the recent publicity has focused on
the cancer risks of medical radiation, and the
widespread use of powerful modern technol-
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TABLE I: List of Reasonable Measures Community Radiologists Can
Realistically Implement in Their Practices in Response to the
Current Increased Public Concern Regarding Radiation Risk

Category Measure
General Provide patientinformation material
Review CT protocols and indications
Before the test Promote alternative nonionizing studies

During the test

After the test

Use decision support software

Modulate tube current automatically
Introduce Bismuth shields

Empower technologists to adjust protocols
Improve reconstruction algorithms
Calculate radiation dose

Reportradiation dose

ogy capable of delivering increasingly high-
er doses of radiation does raise legitimate
concerns. The risk must always be balanced
against the unquestionable benefits of contem-
porary diagnostic imaging. For example, in a
prospective study at Addenbrooke’s Hospital
in Cambridge, England, patients admitted be-
cause of severe abdominal pain were random-
ly selected to have a CT scan within 24 hours
of admission or to have standard care. None of
the 55 patients who got an early CT scan died,
compared with seven individuals who died in
the group of 63 patients who did not get an
early CT scan (p < 0.05) [12]. Such studies in-
dicate that the benefits of diagnostic tests us-
ing ionizing radiation are real.

All of Us Are Exposed Continuously to Radiation

All of us are exposed to radiation every
day, mainly from the sun and soil. The en-
tire body is exposed to this background ra-
diation, whereas medical imaging studies
typically expose only a portion of the body.
The preferred method of measuring radia-
tion dose in medical imaging is the effective
dose (equivalent) measured in milliSieverts
(mSv), which provides a conceptual whole-
body dose that has the same risk as a dose
given to just part of the body. For example,
a brain CT scan is associated with an effec-
tive dose that is about 0.14 of the effective
dose as the same amount of radiation used
for an abdominal CT scan, because the brain
is less radiosensitive. The small amount of
background radiation we all receive annual-
ly is about 3 mSv [8]. The dose from a com-
mercial coast-to-coast, round-trip airplane
flight is about 0.03 mSv, which is equivalent
to about 1% of annual background dose or
two chest x-rays [13].
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Radiation Doses From Most Medical Tests
Are Small

The typical radiation doses associated
with some common imaging tests are shown
in Table 2 [13-17]. The table includes the
equivalent period of background radiation
for each dose, which is a practical and useful
way of explaining dose to patients.

Risk Comparisons

It is useful to remember some real-life com-
parisons when discussing a fatal cancer risk
estimate of 1 in 2,000 for a dose exposure of
10 mSv. Such risks can be difficult for patients
to understand, because “...for many, the only
probability values they know are 50-50 and
one in a million” [18]. Based on 2008 statistics

[19], traveling 40,000 miles in a motor vehicle
carries a 1 in 2,000 risk of accidental death.
Obviously, this is a risk nearly all of us incur
from our routine activities, and it is not a risk
that generally causes undue anxiety or behav-
ioral change. Another way of thinking about
risk is to focus on the likelihood that some-
thing will not happen, rather than the odds that
it will happen. For example, a 1 in 2,000 risk of
cancer means a 99.95% chance of not getting
cancer. This approach can substantially change
how risk is perceived. For example, in a survey
of 372 health professionals and 209 profession-
als in other fields regarding risk perception in
the setting of prenatal screening [20], 16% re-
ported they would be “very worried” if “told
there was a 1% chance that your baby had a
serious abnormality.” When the same risk was
presented as “How would you feel if you were
told there was a 99% chance that your baby did
not have a serious abnormality?”” only 2% re-
ported they would be “very worried.”

Review CT Protocols and Indications

A simple step is to review existing CT pro-
tocols to ensure that radiation doses are as
low as reasonably possible. For example, un-
enhanced CT for renal colic can be obtained
with low-dose technique, because “noisy”
images can still show urinary stones with
high conspicuity. In addition to reducing the
number of phases acquired and other high-
level changes, the user can adjust the radia-
tion output of the CT scanner through four
scan parameters.

TABLE 2: Radiation Doses From Common Imaging Studies

Equivalent Period of
Test Dose (mSv) | Background Radiation |Reference
Chestx-ray (standard two views) 0.06-0.1 8-12 days 13,14
Mammography 0.13-0.7 16—88 days 13,14
Abdomen x-ray 0.5-0.7 62—-88 days 14
Lumbar spine x-rays 1.8 7 months 14
Head CT 2.0 8 months 13
ChestCT 8.0 3years 13
Abdomen and pelvis CT 10.0 3years 13
Virtual colonoscopy 10.2 3years 15
Whole-body PET/low dose CT 8.5-10.3 3years 16
Whole-body PET/full dose CT 23.7-26.4 8-9years 16
Prospective ECG-gated coronary CT angiography 3.0 1year 17
Retrospective ECG-gated coronary CT angiography 11.7-13.0 4 years 17
Coronary angiography (diagnostic) 4.6-15.8 2-5years 14
Coronary angiography (with intervention) 7.5-57.0 2-19years 14
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Fig. 1—33-year-old man with primary adrenocortical
carcinoma.

A, Axial 5-mm-thick, contrast-enhanced CT image
obtained at 5-mm collimation and 440 mAs shows
large necrotic mass in left adrenal gland.

B, Axial 5-mm-thick, contrast-enhanced CTimage
obtained in same patient 6 weeks later, inadvertently
attube current of 80 mAs, is grainier (noisier) but
diagnostically adequate, and results in radiation dose
82% lower than CT technique used in A. Appropriate
technical modifications can allow studies of similar
diagnostic information to be obtained at lower
radiation doses.

Maximum Tube Potential (kVp)

A higher kVp increases the flux and aver-
age energy of the x-ray spectrum produced
by the x-ray tube and thereby increases, in an
exponential fashion, the radiation dose. The
tube potential setting for a standard diagnos-
tic CT for an adult is usually between 120 and
140 kVp, owing to the need to adequately pen-
etrate the mass of a large body. That is, lower
kVp reduces dose but increases noise. More
research is required to define the “sweet spot”
at which dose is minimized while diagnostic
image quality is maintained, but it is reason-
able to use lower tube potentials (90-120 kVp)
for children or smaller adults [21].

Tube Current (mA)

Radiation dose is directly proportional to
tube current. In other words, doubling the tube
current doubles the radiation dose. Lower mA
studies are noisier but often allow diagnostically
adequate images at a much lower dose (Fig. 1).

Table Speed (cm/s)

Radiation dose is inversely related to ta-
ble speed. In other words, halving the table
speed results in doubling the radiation dose.

Fig. 2—12-year-old boy with known Crohn disease
and increasing abdominal pain.

A, Coronal reformatted CT image shows thick-
walled segment (arrow) of ileum with adjacent fatty
infiltration.

B, Coronal gradient-echo, T1-weighted, gadolinium-
enhanced, MR enterography image obtained 3 days
after A shows similar findings, with segmental bowel
wall thickening (arrow) and adjacent stranding.
Greater use of nonionizing tests such as MRI could
help reduce population radiation dose from CT.
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Gantry Rotation Time

Radiation dose is directly proportional to gan-
try rotation time. In other words, doubling the
gantry rotation time doubles the radiation dose.

The initial focus should be on high-dose
protocols, where dose reductions will be most
substantial. For example, in a survey of 1,119
adult patients undergoing CT at four Califor-
nia Bay Area hospitals, the mean effective
doses for a stroke CT and for a multiphase CT
of the abdomen were 14 mSv and 31 mSy, re-
spectively [4]. Described technical modifica-
tions for dose reduction during stroke CT in-
clude performing CT perfusion at 80 kVp and
70 mA, increasing time intervals between in-
dividual CT perfusion images, and using au-
tomatic dose modulation [21-25]. Methods of
reducing the dose at multiphase abdominal
CT include split-bolus technique for renal/he-
maturia studies, dual energy CT with creation
of virtual non-contrast-enhanced images, and
reduction of tube potential to 90 rather than
120 kVp for smaller patients [26—28]. The in-
dications for multiphase CT studies should
also be critically reviewed; a full multiphase
study may be required at baseline for patients
with suspected pancreatitis or pancreatic tu-

mor, but follow-up studies may reasonably
be limited to the portal venous phase. Given
the complexity of modern MDCT technology,
the expertise of a local medical physicist, if
available, is useful in adjusting scan param-
eters to minimize dose consistent with the im-
age quality requirements of the examination.
For example, in consultation with our medical
physicist, we recently implemented a variable
kVp protocol such that patients weighing less
than 100 Ibs are scanned at 100 kVp.

Promotion of Alternative
Nonionizing Studies

Although strategies to reduce dose are impor-
tant, the optimum radiation dose is zero, mak-
ing promotion of alternative nonionizing stud-
ies critically important. Some of the following
suggestions may be challenging to implement
for staffing or equipment reasons, but they are
specific indications worth considering.

Use of MR Enterography Rather Than CT
Enterography in Patients With Inflammatory
Bowel Disease

These patients are often young, have a
normal life expectancy, and receive multi-
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Fig. 3—33-year-old woman at 19 weeks gestation
with acute lower abdominal pain. Coronal T2-
weighted MR image shows a normal appendix (arrow).
MRl is accurate alternative for imaging of suspected
appendicitis in pregnant patients, because it
eliminates CT radiation risk for both mother and child.

ple tests with ionizing radiation. In a review
of 409 patients with Crohn disease seen at a
tertiary European referral center, the mean
cumulative effective dose of diagnostic radi-
ation received was 36.1 mSv, and 15.5% of
patients had a dose over 75 mSv [29]. With
modern techniques, MR enterography is a
robust alternative to CT enterography for
these patients (Fig. 2) [30].

Use of MRI Rather Than CT for Patients With
Suspected Appendicitis in Pregnancy

In the past, many centers performed CT for
suspected appendicitis in pregnancy if an ini-
tial ultrasound was inconclusive. In the last

Coakley et al.

decade, several reports have suggested MRI is
an accurate alternative that eliminates the risk
for both mother and child (Fig. 3) [31, 32].

Development of Referral Guidelines for
Patients With Flank Pain

In a study at Duke University Medical
Center, 79% of 356 patients with suspected
renal colic had two or more CT scans [33].
The authors noted that radiation exposures
from repeated CT scans are substantial, and
a clinical decision rule for this scenario is
needed. Certainly, the frequency of repeat-
ed studies is particularly disquieting, and it
may be time to revisit whether ultrasound
has a role in safely reducing the number of
CT scans performed for flank pain.

Decision Support Software

Decision support software refers to comput-
erized and automated provision of feedback in
response to data entry by a clinical decision
maker [34]. For example, in the setting of ra-
diology, a physician electronically entering an
order for a particular test may be given infor-
mation on recent similar studies (to avoid un-
intended repetition) or a utility score reflecting
the appropriateness of the test to the given in-
dication [35]. In a preliminary study at Massa-
chusetts General Hospital, the introduction of
a decision support system reduced the percent-
age of examinations deemed “low utility” from
6% to 2%. Over time and with system improve-
ments, such gains could be amplified and pro-
mote more rational use of imaging, in particu-
lar, studies using ionizing radiation. Of course,
decision support software is only a practical
option for practices with electronic order entry,

Fig. 4—75-year-old woman with history of right partial lung resection for cancer.

A, Photomontage of axial contrast-enhanced CT images of chest are displayed at soft tissue and lung windows.
B, Photomontage of corresponding images from subsequent CT obtained with bismuth shield (arrows) over breasts shows diagnostic quality of study unchanged, but
dose to breast significantly reduced.
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but both electronic order entry and decision
support software will undoubtedly become in-
creasingly prevalent in the coming years. To
ensure acceptance, decision support systems
should be embedded in routine work flow and
provide real-time, actionable, evidence-based,
and up-to-date feedback [34].

Automatic Tube Current Modulation

Automatic tube current modulation refers
to a system in which the CT tube current is
automatically adjusted to the minimum lev-
el required to obtain a constant prespecified
image quality according to the size and den-
sity of the tissue in the slice being scanned
[36]. The adjustments are based on patient
thickness and density from the scout imag-
es and can be made in both axial (x and y)
and longitudinal (z) directions. Use of this
“smart” technology can reduce radiation
dose by 20-44% [36, 37], but a number of
practical points should be remembered when
using automatic tube current modulation.

The prespecified image quality metric be-
comes the primary determinant of radiation
dose. The scanner will automatically adjust
tube current to maintain the prescribed im-
age quality even if other factors such as table
speed or gantry rotation time are changed.
For example, on GE Healthcare scanners im-
age quality is evaluated by the noise index,
which is a measure of the SD in the center
of the field [38]. The operator sets the noise
index. A higher noise index setting will give
a lower radiation dose at the cost of a noisi-
er image.

Do not use a high image quality metric for
thin slices. Noisy (grainy) thin slices can be

AJR:196, March 2011
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routinely reconstructed into thicker, less noisy
images for interpretation (scan thin, recon-
struct thick). Setting a low noise index for thin
slices is particularly dangerous, because the
radiation dose increases exponentially [39]. To
get the same image quality at 1.25 mm as at 2.5
mm requires four times as much radiation.

The operator can typically set minimum
and maximum tube currents to prevent over-
or underexposure of the patient. Remember
that high mA values or thresholds should not
cause undue alarm when using 64-MDCT
scanners, because these are generally offset
by greater table speed. For example, radia-
tion dose at 800 mA with a table speed of 55
cm/s is equivalent to that of 400 mA with a
table speed of 27.5 cm/s.

Bismuth Shields

Traditional radiographic shielding, such
as gonadal shielding applied during an x-
ray of the pelvis, works by nearly complete-
ly blocking the radiation beam. In-plane, bis-
muth shields for CT work by only partially
blocking the beam. This casts a shadow and
reduces the radiation dose to the underlying
structure while maintaining image quality
elsewhere. Bismuth shields are used primar-
ily on the breast (Fig. 4), although they are
also available for the eyes and thyroid. Clini-
cal studies of bismuth shielding have shown
a29% decrease in radiation dose to the pedi-
atric female breast [40] and a 40% decrease
to the adult female breast [41], with no differ-
ence in noise or diagnostic quality. One con-
cern when using bismuth shields is that auto-
matic tube current modulation might offset
the possible radiation reduction by increasing
current to maintain photon flux through the
shield. To prevent this, some have advocated
that the shield only be applied after the scout
view is obtained. A breast dose reduction of
52% was observed in a phantom model using
bismuth shielding, irrespective of whether the
shield was applied before or after the scout
view [42], although the mean dose reduc-
tion across all sites was 46% when the shield
was placed after the scout view versus 34%
when the shield was placed before the scout
view. Therefore, while either technique is an
improvement over not shielding, it is prefer-
able to shield after the scout view has been
obtained. While the role of bismuth shields
continues to be debated, we have successfully
implemented a policy of routinely using bis-
muth breast shields on all women. Some prac-
tical problems can be easily addressed. Streak
artifact may be seen if the shield contacts the
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Fig. 5—Screensaver shows
example of radiation report
generated by modern MDCT and
sentto PACS as separate series.
Total dose-length product
(arrow) is displayed in mGy/cm.

Patient Name:

Patient ID:
Exam Description: CT ABDOMEN PELVIS W

Series Type

1 Scout
2 Helical

skin, but the shields are generally supplied
with a foam spacer that creates a step-off to
prevent this problem. The shields are sold as
single-use items, possibly creating a signifi-
cant financial cost in a high-volume practice,
but they can be reused if wrapped in a sheet
or blanket to prevent skin contact. This wrap-
ping has the added benefit of contributing to
the air-gap needed to prevent streaking.

Empower Technologists to
Adjust Protocols

A variety of CT Dose Index (CTDI) mea-
surements have been described by regulatory
and other agencies to quantify CT radiation
dose. These measurements generally reflect
the dose delivered to a standard phantom by a
single axial CT acquisition. The CTDI ; is a
further refinement developed by the Interna-
tional Electrotechnical Commission that ac-
counts for helical CT [43]. CTDI_ is displayed
before scanning a patient and is a measure of
x-ray output for the technique factors (kVp, mAs
and table speed) that will be used. Based on
survey data obtained as part of the American
College of Radiology (ACR) CT accreditation
program, the ACR has established diagnostic
reference levels for CTDI | that approximately
reflect the 75th percentile at ACR accredita-
tion sites [44]. The ACR CTDI; diagnostic
reference level for a head CT is 75 mGy and for
an abdominal CT is 25 mGy. CT technologists
should be trained to check the projected CTDI
for each study and should be empowered to
adjust tube output downward or notify the
supervising radiologist if the diagnostic refer-
ence level is going to be exceeded. Over time
and with accumulated experience, it may be
possible to reduce this upper limit for dose even
further. Options to reduce output include in-
creasing gantry rotation time, decreasing mA,
lowering kVp, or setting a less demanding
image quality metric. Experienced CT technol-
ogists can make significant dose-reducing mod-

Accession Number:

Scan Range

14.250-1436.750 EER:1:]

Exam no:
Dec 17 2009
LightSpeed VCT

Dose Report

CTDlvol DLP UETTT]
(mm) (mGy) (mGy-cm) cm

168352 Body 32
Total Exam DLP: 168352

t

ifications while maintaining diagnostic image
quality. A noteworthy limitation of CTDI_ is
that it assumes the scanner will operate at a
constant mA and does not take into account
changes in mA that occur when automated
tube current (smart mA) is used.

Better Reconstruction Algorithms
Current CT scanners use filtered back
projection for image reconstruction, but this
method does not produce consistently diag-
nostic images at low tube currents. Iterative
reconstruction is an alternative approach to
image formation that uses an assortment of
advanced mathematic models to correct and
decrease noise in the image data so as to pro-
duce high-quality images at lower tube cur-
rents [45, 46]. Iterative reconstruction was
used by the earliest CT scanners but requires
prolonged computational times. A modified
and faster version of iterative reconstruction
known as adaptive statistical iterative recon-
struction has recently become commercially
available, and preliminary reports suggest CT
dose reductions of 32-65% can be obtained
while maintaining equivalent diagnostic im-
age quality [45]. Unfortunately, this novel al-
gorithm does involve a financial cost, because
it requires software and hardware upgrades.

Calculate Radiation Dose

CT scanners record the radiation exposure
as a DLP in mGy/cm. The reviewing radiolo-
gist can multiply this by the appropriate con-
version factor to convert it to effective dose
in mSv. Currently, the dose-length is typical-
ly saved on PACS within a radiation report
that appears as a separate series in the form
of a screensaver (Fig. 5). Conversion factors
for obtaining effective dose from the DLP
are shown in Table 3 [47]. In the absence of
automated or computerized translation of
DLP into effective dose equivalent, some
rules of thumb may be helpful in calculating
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TABLE 3: Current Conversion Factors for Obtaining Effective Dose From the

Dose-Length Product

Conversion Factor
Body Part Adult 10-year-old 5-year-old 1-year-old Neonate
Head 0.0021 0.0032 0.0040 0.0067 0.0110
Neck 0.0059 0.0079 0.0110 0.0120 0.0170
Chest 0.014 0.0130 0.0180 0.0260 0.0390
Abdomen/pelvis 0.015 0.0150 0.0200 0.0300 0.0490

effective radiation dose in mSv. For brain
studies, take 1% of the DLP and divide by 5.
For example, a brain CT with a DLP of 2,523
mGy/cm gives an estimated radiation dose of
5 mSv. For body studies, take 1% of the DLP
and add half of that figure. For example, an
abdomen and pelvis CT with a DLP of 1,678
gives an estimated radiation dose of 25 mSv.
It is important to recognize that these cal-
culations are approximations, not precise
measures of an individual’s radiation dose,
so rounding to the nearest whole number
of mSv is a reasonable approach. Reporting
to two or more decimal places gives a false
sense of precision. It should be noted that the
conversion factors for calculating effective
dose from DLP assume the patient is of stan-
dard size and do not account for individual
variation from such norms, nor do they ac-
count for patient sex. Nonetheless, calculat-
ing CT radiation dose is an important exer-
cise that raises radiation consciousness and
allows early recognition of unusually high
doses that may require protocol changes or
educational feedback to technologists.

Report Radiation Dose

Including an estimated radiation dose and
potentially the cumulative radiation dose in
CT reports is a controversial suggestion be-
cause of the inherent errors in calculating
dose and the dangers of causing anxiety or
alarm for patients or their referring physi-
cians. Arguably, dose reporting should occur
only in conjunction with the provision of ap-
propriate educational and informational re-
sources for both patients and physicians [11].
Whether or not this approach is wise, it may
well be the way of the future, given the con-
temporary focus on transparency, account-
ability, and patient empowerment. For exam-
ple, the National Institutes of Health Clinical
Center has started to routinely record CT
and PET radiation dose exposure in the hos-
pital-based electronic medical record, and
these data are trackable by patients in their
own personal health records [48]. An iPhone
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application, Radiation Passport, allows pa-
tients to track radiation exposure and calcu-
late cancer risk related to their radiology ex-
aminations and procedures [49].

Conclusion

In conclusion, potential measures to ad-
dress concerns regarding CT radiation dose
that could be adopted right now in many ra-
diology practices include provision of patient
information material, review of CT protocols
and indications, promotion of alternative non-
ionizing studies, use of decision support soft-
ware, use of automatic tube current modula-
tion, use of bismuth shields, empowerment of
technologists to adjust protocols, improved
reconstruction algorithms, and calculation
of radiation dose for possible reporting. All
of these measures may not be feasible for ev-
ery practice. Some at least should be consid-
ered, however, as ways to counter the wave of
alarm over the small and unproven risks of
low-dose radiation that is sweeping the coun-
try and threatens to undermine the consider-
able benefits that accrue from the careful and
judicious use of modern CT technology.
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FOR YOUR INFORMATION

For more information on this subject and for practical steps to create a patient radiation safety program, see
"For One Radiologist, CT Dose Safety is a Personal Matter," by Steven B. Birnbaum, in ARRS InPractice, Winter

2009, vol. 3, issue 2, page 30.
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