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Abstract

A Dbetter understanding of the risks and benefits of
extracolonic findings and radiation dose will aid in the
safe and proper implementation of CT colonography in
clinical practice. The majority of extracolonic findings in
screening patients are benign and can be ignored by
referring physicians. Radiologists also need to be
responsible in reporting extracolonic findings. Referring
providers must be knowledgeable about the theoretic
risks and controversies regarding the use of ionizing
radiation. Screening CT colonography imparts a low-
level of radiation to patients that is equivalent or less
than annual background dose.
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This article will review two hot topics of debate in CT
colonography (CTC), namely extracolonic findings and
radiation dose. A better understanding of risks and
benefits of these issues will illustrate the safe and proper
implementation of CT colonography in clinical practice.

Part I: extracolonic findings (ECF)

CT colonography provides additional screening of or-
gans within the lower thorax, abdomen, and pelvis,
detecting in some cases, additional extracolonic disease.
The ability of CTC to evaluate these extracolonic find-
ings (ECF) outside of the colonic lumen can be beneficial
when clinically significant; extracolonic disease is diag-
nosed at an early stage and reduces morbidity, mortality,
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or cost, such as abdominal aortic aneurysms or early-
stage lung cancer. However, the controversy is fueled by
additional costs and anxiety generated from detection of
less significant extracolonic findings that lead to unnec-
essary tests or complications for these tests or late-stage
disease that does not improve patient outcome, such as
pancreatic cancer. Extracolonic findings and their
potential cost burden continue to be a point of contro-
versy that CMS has cited to negate expanded coverage of
CTC. This section will cover how ECF are categorized,
the recent healthcare policy decisions of CTC, the
prevalence of these findings in screening vs symptomatic
cohorts, their impact in generating additional studies and
subsequent costs, the pros and cons of the debate, and
the standardization and quality assurance efforts in
clinical practice.

Categorization of extracolonic findings

Consistency and standardization in reporting of findings
at CT colonography have been aided by a reporting
structure, called C-RADS, developed in 2005 [1]. This
reporting structure was modeled after the successful
development of Bi-RADS wused in mammography.
C-RADS describes how to report both individual col-
orectal findings and a per patient category scale sum-
marizing all colorectal findings, ranging from CO0
(incomplete/limited study) to C4 (suspected or known
cancer). In addition to the colorectal scores, a similar
scale of the extracolonic findings was developed,
including EO (incomplete/limited exam), El (normal
exam or anatomic variant), E2 (clinically unimportant,
no workup needed) (Fig. 1), E3 (likely unimportant,
incompletely characterized, may need work-up), E4
(potentially important work-up may be needed) (Fig. 2,
Table 1). The C-RADS reporting structure has become
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Fig. 1.

Fig. 2. Unsuspected 7 cm abdominal aortic aneurysm rep-
resents an important E4 finding. Detection of AAA can provide
high clinical efficacy at a low cost.

widely accepted in clinical practice. Furthermore, several
studies have used the E-scores for extracolonic findings
at screening CTC, which provides standardization in
reporting of study results.

Public policy decisions of colorectal screening,
2008-2016

In 2008, five years after the publication of the first large
screening trial for CTC [2], the American Cancer Society
with the US Multi-Society Task Force and the American
College of Radiology included CT colonography as part
of the recommended screening tests for colorectal cancer

Examples of E2 benign extracolonic findings include A simple renal cysts, B bilateral non-obstructing renal stones.

[3]. In that same year, this progress was negated by the
indeterminate rating for CT colonography by the US
Preventative Task Force (USPTF) [4]. Closely linked to
the negative response by the task force decision, CMS
gave a non-coverage decision later in 2009 [5], pointing
out a paucity of data and outcomes studies for incidental
extracolonic findings in asymptomatic patients for
screening. Their final conclusion was that the balance
between cost/harms and benefit was unknown. Since this
CMS decision, a large body of evidence now exists in the
literature, reflecting over a decade of clinical experience.

Most recently, USPTF in 2016 did include CT
colonography in the list of accepted tests for colorectal
screening, with no differences shown between modalities
[6]. However, they did continue to state concerns for
extracolonic findings. Specifically, the 2016 USPTF evi-
dence report for CRC screening cited 22 original research
articles (n= 38,293 patients) published from 2000 to 2012
to base its discussion on the extracolonic findings at CTC
[7]. These studies ranged in patient cohorts from less than
100 to over 1000 patients, including asymptomatic
screening (16 studies) to higher-risk patients. Although
some studies were published before or did not incorpo-
rate C-RADS, they reported prevalence across a wide
range of extracolonic findings, from low clinical signifi-
cance (E2) to high clinical significance (E4). As such,
USPTF stated that extracolonic findings are common,
occurring in 27-69% of screening tests, with 5-37%
having E3 or E4 findings, 1.4-11% requiring diagnostic
follow-up and 3% needing medical or surgical treatment
[7]. In summary, the report concluded that extracolonic
findings have the potential for both benefit and harm,
with potential harms including extra costs, anxiety, and
morbidity from additional diagnostic testing or treat-
ment.
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Table 1. C-RADS reporting structure of extracolonic findings

Category Description

EO Limited exam
Compromised by artifact, so that evaluation of extracolonic findings is severely limited
(example) Evaluation of pelvis in low-dose screening CT with hip arthroplasty
El Normal exam or anatomic variant
No extracolonic abnormalities are seen
(examples) Renal pelvic kidney, retroaortic left renal vein
E2 Clinically unimportant finding
Extracolonic findings of low clinical significance, with no work-up indicated
(examples) simple renal or liver cysts, cholelithiasis without inflammatory changes
E3 Likely unimportant finding, incompletely characterized”
Subject to local and patient preferences, these findings may require additional work-up
(examples) minimally complex cyst with septation, indeterminate hypodense liver lesion
E4 Potentially important findings®
If left untreated, these findings have potential to adversely affect patient. Communicate to referring physician as per accepted guidelines
(examples) solid renal mass, aortic aneurysm, pulmonary 1 cm non-calcified nodule

“The E3 and E4 categories are of importance, since these may be clinically significant and can cause extra costs due to additional imaging or
treatment. In screening cohorts at CTC, combined rates of E3 and E4 findings have ranged from 11 to 16%. Contrary to this, rates of E1 and E2 are
common but are clinically dismissed

Table 2. Key points for extracolonic findings at screening CTC

Prevalence of extracolonic findings is a key to understand the clinical impact; however, this is often misunderstood or misquoted. It depends on the
type of cohort, from screening to diagnostic patients, and type of finding, from clinically benign to clinically significant. USPTF 2016 review sited a
wide range of total extracolonic findings in screening patients of 27-69%

C-RADS reporting structure categories E1 and E2 extracolonic findings as normal or benign findings, requiring no additional work-up. This
represents 84-89% of screening patients and provides a peace of mind that no additional disease is present in the abdomen or pelvis

E3 and E4 are likely unimportant or potentially important findings, respectively, and may require additional work-up for further characterization.
Combined rates of E3 and E4 findings average from 11 to 16% at screening CTC

Average rates of additional imaging performed are 4.4-6%. Average additional costs of imaging range from $24 to $35 per patient. One study of over
2000 patients also determined additional costs of surgical treatment of $68 per patient, with laparoscopic salpingo-oophorectomy the most
common procedure for complex adnexal masses

The incidence of extracolonic cancer at screening CTC is 0.35% (about 1 in 200 patients), with 53% of these cancers being Stage I or localized at the
time of the screening CTC. Most common cancers were renal cell carcinoma, lung cancer, and Non-Hodgkin’s lymphoma (in a retrospective series
of over 10,000 asymptomatic patients)

Radiologists need to be responsible for their reporting of extracolonic findings and avoid over calling to minimize anxiety and additional costs.
Multiple ACR white paper algorithms for incidental findings and making comparisons to prior studies when available may help to decrease call
back rates

ACR National Radiology Diagnostic Registry (NRDR) has a CTC database, recently approved as a Qualified Clinical Data Registry (QCDR) for
CMS MIPS. One quality metric is the prevalence of clinically important extracolonic findings. This platform allows continual monitoring and
feedback to help monitor quality assurance

Prevalence of extracolonic findings, including anxiety. These El and E2 findings are common with no
cancer and aortic aneurysms clinical consequence. These, however, can be included in
studies of CT colonography, which falsely elevates
prevalence of findings which in reality are dismissed
clinically. On the other hand, the incidence of E3 and E4
findings have not only potential clinical significance but
also can lead to extra costs due to additional imaging or
treatment. As will be later discussed, it is critical, how-
ever, to understand that not all of these findings do lead
to additional imaging costs, depending on their signifi-
cance within the clinical context of the patient’s care or
whether they represent new vs already known the disease.

An important landmark series to report the rate of E3
and E4 extracolonic findings was in an analysis of 1,410
Medicare-aged population (mean age 75) who underwent
extracolonic findings with high clinical significance has screening of surlzfeﬁlance CF(FC fronigZOOé)l t0 2009 [21]. In
been reported as low as 4.5% (2] (Table 2). this cohort, 196 patients (13.6%) had E3 findings. Of the

In. chmcg I practice, the repor'gpg of benign ex.tra- patients with E3 findings, most common findings were
colonic findings do not lead to additional tests or patient . . . .
pulmonary nodules needing follow-up in 24.7%, renal

To accurately understand the prevalence of extracolonic
findings is important to appreciate the clinical impact. To
date, this continues to be debated and greatly misunder-
stood and misquoted. The prevalence of extracolonic
findings varies widely with the type of patient cohort, from
screening [2, 8-24] to diagnostic studies [25-28], and with
the type of extracolonic finding, from low to high clinical
significance. In symptomatic patients including colon
cancer patients with metastatic disease in patient cohorts
of 102-111 patients, the prevalence of extracolonic find-
ings has ranged up to 85-89% [26, 27]. In asymptomatic
screening cohorts of over 1200 patients, the prevalence of
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cyst or nodule in 23.4%, vascular aneurysmal
atherosclerosis in 12.6%, liver lesion in 5.6%, and gall-
bladder or biliary abnormality in 5.6%. In addition, 41
patients (2.9%) had E4 findings, with most common
findings in these patients of renal mass or cyst in 28.6%,
pulmonary nodule needing follow-up in 23.8% and
abdominal aortic aneurysm in 19.1%. This article helped
to establish that the prevalence of extracolonic findings
in Medicare-aged patients for combined E3 and E4 cat-
egories of 16.8%, far lower than the upper range of 37%
stated by USPTF [7].

Larger series have more recently reported rates of
extracolonic findings in average-risk screening cohorts
aged 50 years and older in clinical practice. At the
University of Wisconsin, the largest screening and re-
search program of CTC in the USA, two publications re-
ported that the combined prevalence of E3 and E4 findings
in their clinical practice was 11.7% [23, 24]. This is con-
sistent with prior studies that have reported combined
rates of E3 and E4 findings to range from 11 to 16%[13, 17,
20, 22]. In the Wisconsin studies, a cohort of 7952 con-
secutive patients who underwent first time CTC screening
examinations over an eight-year period from 2004 to 2012
were evaluated for E3 and E4 extracolonic findings. In one
study, a total of 9.1% (725/7952) had E3 findings; con-
sideration for further imaging was suggested in 84% (608/
725) [24]. Of the 660 patients who were able to be followed,
8.3% (55/660) required treatment or follow-up, including
eight malignancies (three renal cell carcinomas, three
lymphoma, one ovarian adenocarcinoma, and one meta-
static breast cancer) (Fig. 3). In the other study of the same
cohort, 2.5% (202/7952) of patients had C-RADS category
of E4, of which 58% (113/202) of patients underwent fur-
ther imaging and 44% (89/202) had clinical follow-up [23].
A total of 180/202 were able to be followed, with 68% (123/
180) proven to have clinically significant disease including
23% with a malignant or potentially malignant neoplasm
and 32% with abdominal aortic or visceral artery aneur-
ysms requiring treatment or surveillance.

The detection of abdominal aortic aneurysms deserves
specific attention. The overall prevalence of abdominal
aortic aneurysms in this asymptomatic cohort of 7952
patients was 0.6% (46 patients), or about 1 in 175 patients
[23]. It has been established that screening for abdominal
aortic aneurysms can provide high clinical efficacy at a low
cost [29, 30]. In one study, screening for aortic aneurysms
at age 65 years with ultrasonography resulted in a cost per
life years gained under $20,000 [29]. A modeling study of
CTC cost-effectiveness in a hypothetical cohort of 100,000
patients simulated the occurrence of colorectal cancer,
extracolonic cancer, and abdominal aortic aneurysms [31].
Simulated screening with CTC, using a 6 mm threshold for
polyp reporting was compared to optical colonoscopy
both with and without ultrasound for aortic imaging. In
this simulated population, CTC was the dominant
screening strategy, gaining an additional 1458 and 462 life

Fig. 3. A Incidental discovered adenocarcinoma at right
lung base, B Indeterminate ovarian mass (white arrow), which
was shown to be a fibroadenoma. Ovarian masses can lead
to more additional imaging tests and surgeries. Reproduced
with permission from the American Journal of Roentgenology
(Pooler et al. [35]).

years gained, compared to optical colonoscopy alone and
optical colonoscopy with ultrasound, respectively. The
additional gains for CTC were largely due to a decrease in
abdominal aortic aneurysmal deaths, whereas extra-
colonic cancer detection was a more minor influence.
Specifically, detection of the abdominal aortic aneurysms
contributed to 16% of the total life years gained and only
6% of the costs, whereas extracolonic findings contributed
to only 2% of the total life years gained but 55% of the
costs. A commentary on this article raised concerns that
quality of life, including anxiety, was not accounted for
and could result in overestimation of the value of aneur-
ysm detection, particularly in patients less than 65 years
old [32]. Despite these concerns, the detection of abdom-
inal aortic aneurysms at CTC likely represents one of the
most objective benefits in the debate of extracolonic
findings.

The incidence of extracolonic cancers at screening
CTC has been reported to be greater than the incidence
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of colorectal cancer. In a large retrospective analysis of
10,286 outpatients (mean age 60 years) undergoing
prospective screening CTC from 2004 to 2008 at two
institutions (the University of Wisconsin and Bethesda
Naval Center), unsuspected neoplasia was found in
0.56% (58 patients) [16]. Colorectal cancer was found in
about 1/500 cases (22 patients), whereas extracolonic
cancer was found in about 1/300 patients (36 patients).
The most common extracolonic cancers were renal cell
carcinoma (11 patients), lung cancer (8 patients), and
Non-Hodgkin’s lymphoma (6 patients). The clinical ex-
tent of disease at diagnosis of all cancers was Stage I or
localized in 53.4% (31/58 of the cancers). Regarding
treatment, 79.3% (46/58 patients) underwent surgery or
endoscopy, 33% (19/58 patients) had chemotherapy, and
13% (7/58 patients) had radiation. Thus, the finding that
over half of all unsuspected cancers detected were Stage |
in this large series of over 10,000 patients undergoing
screening CTC would raise hope that morbidity, mor-
tality, or cost could be reduced with earlier intervention,
depending on cancer type.

Additional imaging and costs

In clinical practice, it is critical to discern the difference
in the incidence of reporting of extracolonic findings
versus the smaller incidence of additional imaging and
subsequent costs which results from some of these find-
ings. For example, reporting of many common findings,
such as gallstones or kidney stones, which may or may
not be already known, typically do not require further
testing or intervention in asymptomatic patients. In
contrast, extracolonic findings that are new or increased
in symptomatic patients can lead to additional studies or
procedures for further characterization or treatment.

An important retrospective study which illustrates the
issue of radiological additional imaging in CTC was
performed as part of a low-dose CT colonography study
in both screening examinations and after incomplete
colonoscopy in 204 non-senior patients (mean age 52)
and 250 senior patients (mean age 69) [19]. In this study,
the percentage of patients with at least one reported
extracolonic finding was 55.4% in non-seniors and 74.0%
in seniors; however, the percentage of patients who were
recommended for additional imaging tests based on these
findings was 4.4% in non-seniors and 6.0% in seniors.
Overall 92% of seniors and 91.8% of non-seniors had
extracolonic findings that were of low clinical signifi-
cance which did not undergo additional examinations.
As previously stated, the systematic review by USPTF
noted that the work-up rates for extracolonic findings
ranged from 1.4 to 11% [7].

Consistent results have been reported in studies
evaluating costs for additional imaging. Large screening
studies have reported the mean cost for additional
imaging associated with extracolonic findings has con-

sistently ranged from $24 to $34 per patient [8-11, 15].
One study reported costs for both imaging and surgical
interventions. Specifically, in a retrospective review of
2195 patients undergoing screening CTC, additional
imaging or invasive procedures were performed in 6.1%
(133 patients), including ultrasound in 64 patients, CT in
59 patients, MR in 11 patients, and other diagnostic tests
in 11 patients [15]. The large number of pelvic ultra-
sounds in women for adnexal findings (25 patients) ac-
counted for the higher work-up rates in women
compared to men. Non-surgical invasive procedures were
performed in 19 patients (predominantly the US- and
CT-guided biopsies), and invasive surgical procedures
were performed in 22 patients. Laparoscopic salpingo-
oophorectomy was the most frequent surgical procedure
(9 patients). The mean cost per patient for non-surgical
procedures was $31.02 and $67.54 for surgical proce-
dures [15].

Debates—pros and cons

Arguments against extracolonic findings include con-
cerns that detection of the unsuspected disease may not
be clinically important or patients can suffer harms from
anxiety, costs, or complications of additional testing and
treatment [32]. Furthermore, untargeted screening of
cancers other than colorectal cancer that do not meet
public health criteria for screening at a population level
has been scrutinized, including lack of evidence that
earlier detection and treatment improves patient out-
comes [33]. A philosophical argument posed in the early
1970s emphasized that the moral obligation of screening
is different than everyday patient care [34]. Namely when
a patient seeks out medical care for a symptom, the
doctor does the best they can to diagnose and treat the
patient, recognizing that medical knowledge is not per-
fect. However, when a patient undergoes screening, there
is a very different assumption that conclusive evidence is
present that screening for a given disease can alter the
natural history of the disease in the majority of patients
being screened. So although screening for abdominal
aortic aneurysms in high-risk cardiovascular patients
likely has an added benefit, detection of other unsus-
pected diseases has less certain outcomes and yet is dif-
ficult to ignore once found [32].

What are the pros to offset these criticisms? As some
have asked, is the glass half empty or half full? One
important but often overlooked benefit of CTC is that
close to 90% of patients (namely the 84-89% of patients
with E1 and E2 findings) have no clinically significant
extracolonic findings, with no additional tests needed.
No other colorectal screening exam can comprehensively
evaluate the entire abdomen and pelvis and provide the
reassurance to exclude other diseases [35]. Of the
remaining 11-16% of patients with E3 and E4 findings
[13, 17, 20, 22-24], additional imaging averages 6% [15],
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with reasonable additional imaging costs averaging
about $30 per patient [8—11, 15]. A total of 0.6% of pa-
tients will have an abdominal aortic aneurysm [23],
shown to improve outcomes in 65-year-olds [29]. In
addition, 0.35% will have an extracolonic cancer of
which just over 50% will be Stage I [16]. Although we
know that lung cancer detection in high-risk cohorts has
met strict criteria for screening [36], early detection of
lung cancer in average-risk patients, and other early-
stage cancers may also improve patient outcomes on a
case by case basis. It is important to recognize that just
under 50% of remaining cancers found, based on later
stage or cancer type such as pancreatic or ovarian cancer
[16], may not improve outcomes and could increase costs
for the subset that undergo treatment; however, this
represents less than 0.18% of screening patients. To
model cost savings for early-stage disease vs cost burdens
for later stage disease is difficult, but these patients
represent less than 0.5% of the screening population.
Lastly, as will be discussed below, quality metrics that
track extracolonic finding rates can provide a safeguard
and give important feedback for quality improvement.

Standardization and quality assurance

Like all of the radiology, standardization of terminology
can help improve quality of reports and clarify man-
agement to follow. Use of the C-RADS reporting
structure, including the E categories for extracolonic
findings, is very helpful in both clinical practice and
reporting study results.

In addition to C-RADS, the ACR incidental findings
committee has published several comprehensive white
papers regarding the management of incidental findings
at abdominal CT [37—41]. In 2010, the first manuscript
discussed how to report incidental findings in the liver,
pancreas, kidneys, and adrenal glands. Important algo-
rithms were outlined of how to follow or ignore common
incidental findings based on size and morphology in both
the general population and patients with limited life ex-
pectancy and/or comorbidity [37]. Since its publication,
several other articles have been produced across other
organ systems, including adnexal [38], splenic and nodal
[39], and gallbladder and biliary [40] systems. One
additional topic discussed was the importance of reduc-
ing recommendations for additional imaging by a com-
prehensive review of prior imaging, which certainly is
very relevant to CTC [41]. The results of these efforts
have been promoted at national meetings in radiology,
such as the Society of Computed Body Tomography and
Magnetic Resonance (SCBT/MR), Society of Abdomi-
nal Imaging (SAR), and Radiological Society of North
America (RSNA).

In 2008, the National Radiology Diagnostic Registry
(NRDR) at the American College of Radiology estab-
lished quality metrics for CT colonography [42]. These

included both process measures of adequacy of exam
quality of bowel preparation, insufflation, and low-dose
protocol, along with outcomes measures of positive
predictive value of large polyps, rate of perforation, and
significant extracolonic findings that require additional
work-up. In 2017, NRDR has been approved as a
Qualified Clinical Data Registry (QCDR) for the CMS
Merit-based Incentive Payment System (MIPS) [42]. This
platform will allow continual monitoring and feedback
to participating centers to help monitor quality
improvement.

Part Il: low-radiation dose CT
colonography

As computed tomography (CT) scanner technology has
improved, there has been an increase in the use of CT for
various clinical applications. Concurrently there has been
an increase in awareness of the exposure to ionizing
radiation from CT. It is important that referring physi-
cians understand that multiple methods are now avail-
able to imaging specialists to help achieve the goal of
acceptable image quality while decreasing radiation dose
to patients. This is particularly important for CT
colonography (CTC) which is recommended at repeated
intervals for colorectal cancer screening at every five
years by the American Cancer Society, the US Multi-
Society Task Force, and the American College of Radi-
ology [3]. Over the past 5-10 years, there has been con-
certed and committed efforts from professional
organizations, radiologists, providers of medical imaging
services, and CT scanner manufacturers to work together
to reduce radiation dose to patients according to the As
Low As Reasonable Achievable (ALARA) principle.

History

The risks associated with radiation exposure from med-
ical imaging are theoretic, although it is generally agreed
that high levels of radiation exposure typically above
what is associated with most imaging tests are carcino-
genic through a stochastic effect. A high dose of radia-
tion can also cause cataracts and tissue damage such as
skin burns. Various states have instituted regulations
such as California though Senate Bill 1237 requiring that
estimated CT dose be included in the patient report [43].
This legislation has helped to increase dissemination of
dose monitoring programs throughout the imaging
community.

The linear, no-threshold (LNT) theory for estimating
health effects from radiation exposure is heavily debated
since it assumes that even very small amounts of radia-
tion dose can induce malignancy. This model proposes
that harmful health effects occur in proportion to the
amount of radiation received. However, no harmful ef-
fects have been identified or proven for low-radiation
dose imaging tests, but rather are theoretic and extrap-
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Table 3. Effective radiation dose of imaging tests in adults

Procedure

Approximate effective
radiation in adults (mSv)

Comparable to natural
background radiation for:

Positron emission tomography—
computed tomography (PET/CT)

CT abdomen and pelvis

Barium enema

CT chest

Upper GI series

CT colonography

Intravenous pyelogram (IVP)

CT-lung cancer screening

Mammography

Chest X-ray

25 8 years

10 3 years
3 years
2 years

6 2 years

< 3-6* < 1 year-2 years
1 year

L.5 6 months

0.4 7 weeks

0.1 10 days

Adapted from https://www.radiologyinfo.org/en/info.cfm?pg = safety-xray

#Using the strategies outlined in this article, the effective radiation dose for CTC is routinely < 3 mSv

olated from the effects of high-level radiation exposure.
The typical effective radiation dose of CT colonography
is low and ranges from < 3 to 6 mSv [44] (Table 3). Of
note, the Health Physics Society (HPS) which specializes
in radiation protection updated their position statement
in 2016 to state that “below levels of about 100 mSv
above background from all sources combined, the ob-
served radiation effects in people are not statistically
different from zero” [45]. Additionally, the HPS also
states that “the LNT hypothesis cannot provide reliable
projections of future cancer incidence from low-level
radiation” [45]. The 2017 American Association of
Physicists in Medicine (AAPM) updated policy states
that ““there is no convincing epidemiological evidence of
increased cancer incidence or mortality from low radia-
tion doses (< 100 mSv).” This dose is 15-30 times higher
than the dose range for CTC. The AAPM also states that
“the AAPM discourages describing potential risks asso-
ciated with medical imaging using predictions of hypo-
thetical cancer incidence and deaths. These predictions
are contrary to directives of radiation protection orga-
nizations, are highly speculative and can lead to sensa-
tionalistic coverage in the public media, leading some
patients to fear or refuse appropriate medical imaging”
[46]. In a study by Berrington de Gonzalez et al., the
benefit to risk ratio of the possible lives saved using CTC
to the possible deaths caused by radiation-induced can-
cers from CTC was calculated [47]. Any possible radia-
tion risk from additional imaging of extracolonic
findings identified on CTC was included in the calcula-
tion. All of the microsimulation models used identified a
large benefit to risk ratio in favor of screening CTC,
ranging from 24:1 to 35:1.

In 2010, major radiology organizations including the
American College of Radiology (ACR), the Radiological
Society of North America (RSNA), the American Soci-
ety of Radiologic Technologists (ASRT), and the
American Association of Physicists in Medicine (AAPM)
developed a collaborative initiative called Image Wisely
to encourage and aid in radiation safety in imaging,

particularly for CT imaging [48]. This initiative parallels
the successful Image Gently campaign which helps to
raise awareness of the opportunities to lower radiation
dose in imaging children [49].

How is radiation dose measured?

Many sites include measurements of radiation dose in
CT reports which are mandated in some states. It is
therefore important that referring providers understand
the metrics employed to measure radiation dose and help
to manage cumulative exposure. CT scanner dosimetry is
currently performed using two main measurements: the
volumetric CT dose index (CTDIvol) and the dose-length
product (DLP). These measurements display CT scanner
output and provide estimates of the amount of radiation
that the patient is exposed to, but do not represent the
actual amount of radiation absorbed by the patient. The
CTDlvol is presented in units of milligray (mGy) and
represents the dose within a scanned slice using a specific
CT protocol performed on a phantom [50]. The DLP is
presented in units of milligray-centimeter (mGy-cm) and
is equivalent to the CTDIvol multiplied by the scan
length. The DLP quantifies the amount of radiation
exposure for the irradiated scan length [51].

CT colonography requires scanning in two opposing
positions, typically in supine and prone. Alternatively,
patients with large body mass index (BMI) > 30 may be
scanned in the right and left lateral decubitus positions.
Therefore, the CTC dose report usually includes two
series each with CTDIvol and DLP. Individual DLPs are
added together and then converted to an effective dose
presented in mSv. The total DLP is multiplied by a
conversion factor (k) which is determined by the patient
size and the part of the body scanned. Since CTC occurs
in the abdomen and pelvis, a conversion factor of 0.015 is
employed to obtain the effective dose (Fig. 4) [52]. Flicek
et al. were able to reduce radiation dose for CTC by
using an effective tube current of 50 mAs in the supine
position and decreasing the effective tube current to 25
mAs in the prone position. This strategy results in a low
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Exam Description: CT COLONOGR#

APHY WITHOU

Dose Report

CTDlvol

P NN
U G ¥)

Scan Range
{(mm)
$5.000-1460.000
Scout =

12.500-1428.75
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Fig. 4. Sample CT colonography radiation dose summary page. The total exam dose length product (DLP) multiplied by 1.5%

equals the estimated effective dose in millisieverts.

CTC effective dose of about 3 mSv or less which is at
least 50% less than previously reported CTC dosage [53].
An effective dose of 3 mSv is also equivalent to the an-
nual background dose that each of us is typically exposed
to.

Methods to decrease CT
colonography radiation dose

There are multiple strategies currently available to assist
in lowering CT radiation dose. Referring providers
should assure that there is clear indication for perform-
ing CTC. The joint guideline from the American Cancer
Society, the US Multi-Society Task Force on Colorectal
Cancer, and the American College of Radiology include
CT colonography as an indicated test for colorectal
cancer screening every 5 years and is an exam that can
detect both the malignancy and the precursor polyp [3].
According to the joint practice parameters from the
American College of Radiology, the Society of Abdom-
inal Radiology, and the Society of Computed Body
Tomography and Magnetic Resonance, indications for
CTC include colorectal cancer screening, surveillance,
and diagnosis [54]. CTC may also be performed follow-
ing incomplete colonoscopy and for characterization of
colorectal lesions that are indeterminate on optical co-
lonoscopy. CTC is indicated for patients who may be at
increased risk for complications during optical colono-
scopy (e.g., advanced age, anticoagulant therapy, seda-
tion risk, and prior incomplete colonoscopy) and to
follow up patients with a colonic stoma or after colec-
tomy. CTC may also be performed prior to laparoscopic
surgery for colorectal cancer in order to accurately
localize the tumor or to search for synchronous lesions.

Communication between referring physicians and
radiologists can help assure that as many of these

strategies are employed as possible when sending patients
to imaging centers performing CT colonography.
Appropriate centering of the patient in the middle of the
scanner gantry is relatively simple to implement to lower
radiation dose. Decreasing tube current and/or voltage
and use of automatic dose modulation can help lower
radiation dose significantly. Iterative reconstruction
techniques should be incorporated in CT colonography
protocols whenever possible to maximize radiation dose
reduction.

Positioning the patient close to the center of the CT
gantry helps to optimize image quality and permits the
best use of automatic dose modulation. If a patient is not
centered correctly on the scanner table, this can result in
an unnecessary increase in radiation dose. Habibzadeh
et al. found that even a small amount of miscentering of
2.2 cm on a 64-slice CT scanner resulted in an increase of
approximately 23% in patient dose with images that were
slightly noisier [55]. Proper training of technologists in
the use of laser guides is needed in order to help correctly
position the patient in the isocenter of the scanner gan-
try.

Lowering tube current is one of the most common
techniques employed to reduce radiation dose. There is a
linear correlation between the tube milliampere-seconds
(mAs) and radiation dose so that as the mAs is reduced,
there is a concurrent proportionate decrease in radiation
dose [56]. Typically, low-dose CTC protocols employ
effective mAs of 25 to 50. However, image noise in-
creases significantly as the mAs decreases. We are for-
tunate since detection of intraluminal masses depends on
the high contrast between the soft tissue density of
polyps and the gas density of carbon dioxide or room air
in the lumen. Vogt et al. evaluated 115 patients with 150
colorectal lesions using an ultra-low-dose CTC protocol
with 10 mAs [57]. Results showed that the sensitivity and
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Fig. 5. Sessile polyp on low-radiation dose CT colonography
easily identified on filtered back projection and iterative
reconstruction images. Axial 2D (A—-C) and 3D (D—F) images
of a small sessile polyp (white arrow). Axial 2D and correlative

the specificity for detection of polyps 5 mm or larger
were 94% and 84%, respectively. For adenomatous le-
sions larger than 5 mm, sensitivity was 94%, and speci-
ficity was 92%. The calculated effective radiation dose
was very low and ranged between 0.75 and 1.25 mSv. In
a study by Iannaccone et al., 88 patients underwent ultra-
low-dose CTC with 10 mAs and sensitivities for detection
of polyps 6 mm in diameter or larger were comparable
for CT colonography and initial colonoscopy at 86 and
84%, respectively [58]. Ginsburg et al. evaluated 96 pa-
tients using 15 or 30 mAs on CTC and found that
radiation dose could be reduced by 40 and 70% for
overweight and normal body mass index (BMI)-patients,
respectively [59]. With large reductions in mAs, three-
dimensional images may contain artifacts or minor wall
irregularities which may be distracting although
smoothing filters can be applied. The use of low mAs
technique combined with iterative reconstruction has
allowed for improved image quality with significant dose
reduction. Readers of low-dose CTC scans will find that
extracolonic findings may be more difficult to identify or
characterize although this may be offset by using thicker
slices or iterative reconstruction.

Additional dose reduction may be achieved with the
use of automatic dose modulation. Automatic tube cur-
rent modulation is a technique where the user determines

3D images using filtered back projection (A, D) 40% adaptive
statistical iterative reconstruction (B, E), and model-based
iterative reconstruction (C, F).

the preferred image quality, and then the scanner auto-
matically selects the mAs. The tube current is then ad-
justed during the scan according to the size and density
of the part of the body examined also taking into con-
sideration the scan plane. Transverse or longitudinal
modulation is determined by referring to the scout ima-
ges. Both types of modulation may be combined with an
angular modulation into a three-dimensional automatic
dose modulation which is also termed automatic expo-
sure control (AEC) [60]. The majority of body CT scans
is performed currently with the use of AEC. Noisier
images are acceptable for many CTC readers given the
focus on the high contrast soft tissue—gas interface
allowing the ability for significantly higher dose savings
than in most other CT exams.

There is increasing use of tube voltage reduction as an
effective method to decrease radiation dose for CTC. An
exponential correlation occurs between tube voltage and
radiation dose so that as peak kilovoltage (kVp) de-
creases, there is an approximate dose reduction multi-
plied by a power of 2.6 [61]. Although lower kVp images
are noisier, there is a relative increase in the attenuation
of residual material tagged with oral contrast on CTC
since imaging occurs closer to the K-edge of iodine. This
means that readers are still able to identify soft tissue
polyps located within tagged fluid pools on low kVp
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Fig. 6. Flat lesion detectable on low-radiation dose CT
colonography-axial 2D (A—C) and 3D (D-F) images of a small
flat polyp (white arrow). Axial 2D and correlative 3D images

CTC images. Iterative reconstruction may be used in
conjunction with low kVp images to decrease image
noise allowing for additional dose reduction. Patients
with a large body habitus may not be able to undergo
low kVp CTC since there will be inadequate penetration
by low-energy photons and suboptimal image quality
[62]. Chang et al. studied 63 patients who underwent
supine (120 kVp) and prone (100 kVp) CTC [63]. A
reduction from 120 to 100 kVp resulted in a 20% de-
crease in CDI vol and a 16% decrease in DLP. Image
noise increased by 32%, but there was only a slight de-
crease in three-dimensional image qualities. In a phan-
tom study by Shin et al., an even lower tube voltage of 80
kVp was employed resulting in a very low effective
radiation dose on only 0.166 mSv [64]. However, there
was a significant increase in image noise and a decrease
in polyp detection sensitivity. Excellent polyp detection
sensitivity was achieved by using iterative reconstruction
with the 80 kVp scans which were similar to 100 or 120
kVp scans. It is expected that there will be continued
dose reduction for clinical CTC examinations to sub-
mSv levels.

Until recently filtered back projection (FBP) was the
primary reconstruction algorithm used for CT images.
However, limitations of FBP include noise and artifacts,
and with current increased computing power, iterative

using filtered back projection (A, D) 40% adaptive statistical
iterative reconstruction (B, E), and model-based iterative
reconstruction (C, F).

reconstruction is now used. Typically, iterative algo-
rithms are employed in conjunction with FBP and allow
decreased image noise on low-radiation dose CT images.
All major CT manufacturers offer versions of iterative
reconstruction and the latest CTC protocols typically
employ a blend of FBP and iterative reconstruction [65].
Flicek et al. performed a study evaluating 18 patients
undergoing low-radiation dose CTC using 50 mAs in the
supine position and 25 mAs combined with 40% adaptive
statistical iterative reconstruction (ASIR) in the prone
position [53]. This pilot study showed that CTC radia-
tion dose could be decreased by 50% below previously
achieved levels without any significant compromise of
image quality when ASIR is used. Similarly in a study of
30 patients by Fletcher et al., comparable image quality
for colonic evaluation on CTC was achieved for full-dose
and half-dose images reconstructed using iterative
reconstruction [66]. A larger study by Nagata et al.
evaluated 210 patients and found that supine CTC dose
was 1.88 mSv compared to < 0.92 mSv for low-dose
prone CTC with comparable image quality for supine
FBP images and prone images using iterative recon-
struction [67]. This study showed that dose could be
lowered even more to up to about 75% without signifi-
cant degradation of image quality. Other studies have
corroborated the finding that significant dose reduction
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of greater than 50% can currently be achieved for CTC
particularly when employing model-based iterative
reconstruction (MBIR) without compromise of image
quality. (Figs. 5, 6) [68-70]. MBIR is more computa-
tionally intensive and requires longer reconstruction
times although it allows greater noise reduction than
other iterative reconstruction algorithms.

Conclusions

Although the vast majority of extracolonic findings in
screening cohorts are benign and can be ignored, radi-
ologists need to be responsible in reporting extracolonic
findings so that the potential benefits of early detection
of significant disease offset the additional costs incurred.

Referring providers must be knowledgeable about the
theoretic risks and controversies regarding the use of
ionizing radiation. As a screening test, CT colonography
imparts a low level of radiation to patients. Using cur-
rently available techniques, CTC effective dose may be
significantly minimized according to the As Low As
Reasonable Achievable (ALARA) principle to a level
that is equivalent to the annual background dose of 3
mSv or less.
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