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Technological advances have led to increased uti-
lization of computed tomography (CT) for cardiovascular
imaging. Common indications include coronary calcium
assessment, detection of obstructive coronary artery dis-
ease (CAD) with coronary CT angiography (CCTA), and
for attenuation correction (CTAC) when using myocar-
dial perfusion imaging with single-photon emission-
computed tomography (SPECT) or positron emission
tomography (PET)."! CTAC is known to improve diag-
nostic accuracy by reducing attenuation artifact and has
been shown to improve the specificity of SPECT and PET
in the detection of obstructive CAD.'

In addition to the heart, the imaging field of view of
cardiovascular CT usually includes portions of the lungs,
pleura, mediastinum, chest wall, bones, upper abdomen,
and the thoracic aorta. The entire thorax is usually never
imaged during normal acquisition as the superior and
inferior borders of the heart serve as landmarks to the
image. The usual small field of view for cardiac CT and
the restricted superior and inferior borders allow only
~10% of lung tissue to be visualized. Thus, a lung study
derived from a cardiac CT study will always be incom-
plete and will exclude at least the apices and possibly the
bases.” Limiting the number of slices by reducing the
length along the z-axis is done to reduce the patient
radiation exposure.”
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The benefits of cardiovascular CT including the high-
spatial and temporal resolution and attenuation correction
are accompanied with risks of radiation exposure and the
unintended consequences of extracardiac incidental
findings on patient quality of life, outcomes, and costs
related to downstream resource utilization.

An incidental finding (IF) may be defined as an
incidentally discovered mass or lesion, detected by an
imaging examination performed for an unrelated rea-
son.> Common extracardiac IFs seen with cardiac CT
include pulmonary nodules, emphysema, bronchiectasis,
pleural effusion, diaphragmatic hernia, liver nodule/cyst,
liver steatosis, aortic dilation, other vascular anomalies,
adenopathy, and many others.* The prevalence of non-
cardiac IFs ranges from 8% to 69% depending on the
type of CT protocol used and age of the participants with
the most frequent IFs being pulmonary nodules.’ IFs can
be classified as benign, i.e., of no clinical importance
and requiring no additional work-up or follow-up or a
clinically significant finding, which is a potentially or
definitely important lesion requiring additional investi-
gation. This second category can be subdivided into
indeterminate findings requiring clinical correlation or
follow-up and major findings requiring immediate
evaluation or management. Approximately 4% to 25%
of findings are reported to be potentially significant, and
5% to 11% are reported to be major, requiring imme-
diate evaluation or intervention.® Interestingly, IFs are
reportedly found more frequently than the diagnostic
entities for which studies are primarily targeted.” A
study of CT angiography for pulmonary embolism,
reported incidental findings requiring follow-up were
nearly 3 times more common than emboli.”

Although most IFs prove to be benign, their dis-
covery often leads to a cascade of testing that is costly,
and exposes patients to unnecessary additional radia-
tion.” The most common reason to pursue incidental
findings is to differentiate benign from potentially seri-
ous (including malignant) lesions.” Additional imaging is
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often the next step in the evaluation of an unexpected IF.
Other interventions include primary care office visits,
subspecialist referrals, diagnostic and therapeutic pro-
cedures, surgical procedures, and hospitalizations related
to these procedures with considerable costs involved.'”
Although there are several publications in the literature
addressing costs associated with IFs.*'" The reverse
calculations estimating health care cost savings related to
future morbidity and mortality had these findings gone
undiscovered, cannot be quantified and remain unclear.
IF-related costs have also raised concerns with the gov-
ernment and third-party payers as medical imaging
utilization have risen. For example, the noncoverage
decision for screening computed tomography colonog-
raphy for colorectal cancer by CMS noted concern for the
costs of evaluating extracolonic findings that are diag-
nostically indeterminate."’

A recently published study concluded that routine
follow-up of incidentally detected pulmonary nodules in
stable symptomatic patients undergoing CCTA resulted in
a small reduction in lung cancer mortality (8% at 3 years)
at the cost of significant downstream testing, leading to a
high cost per quality-adjusted life-year ($154,700), espe-
cially in nonsmokers. Follow-up strategy was less
expensive and more efficient in smokers ($129,800) per
quality-adjusted life-year.'> The authors argue that this
cost is greater than the generally accepted threshold
($100,000 per quality-adjusted life-year) for approval or
payment of medical interventions. The concept of cost
effectiveness although pragmatic and a must discussion in
the era of ever increasing health care expenses is also very
challenging and nebulous to say the least. This concept has
been very well characterized by an apt remark ‘‘Cost
effectiveness in medicine often depends on whose life is
being saved, mine or somebody else’s”. 3

In addition to costs, downstream testing and inter-
ventions for IFs are also likely to provoke anxiety in
patients and their family members and may cause mor-
bidity from adverse effects of the tests or treatments.'*

Other related challenges include what findings to
report, how to report, and how best to follow-up with the
physician or patient on these findings. There exists guid-
ance from the Fleischner Society position papers on
management of subsolid and solid pulmonary nodules
detected at CT and pulmonary embolism in the era of CT
angiography.'>"'” However, the significance and manage-
ment of various other extracardiac IFs remain unclear and
indeterminate. Also even when the guidelines exist,
reporting practices are variable. Several radiologists con-
form to the guidelines, but many do not. When there are no
guidelines, the variability is likely even greater.”'®'
Comparison with prior imaging when available, to estab-
lish stability and/or resolution vs growth is an elementary
technique very useful in characterizing lesion/disease
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biology and prudent resource utilization. According to
the American College of Radiology practice parameter
for communication of diagnostic imaging findings, com-
parison with relevant examinations and reports should be
part of the radiologic consultation and report when appro-
priate and available.”” In the context of 2-year stability of
pulmonary nodules, Yankelevitz and Henschke concluded
that lack of growth implies a long doubling time, which
generally yields abenign histology. Even in those cases that
are malignant, the lung cancers with longer doubling times
tend to have a better prognosis.”’

Depending on the clinical indication, three types of
cardiovascular CT protocols have been described: an
unenhanced, nongated, free tidal breathing CT scan (5-mm
slice thickness) for attenuation correction; an unenhanced,
gated, breath-hold CT scan (2- to 3-mm slice thickness) for
coronary artery calcium scoring; and a contrast-enhanced,
gated, breath-hold CT scan (0.5- to 0.75-mm slice thick-
ness) for coronary CTA." The above protocols differ not
only in technique but are also notable for increasing ion-
izing radiation exposure.*” Collaborative guideline by the
Society of Nuclear Medicine and Molecular Imaging,
American Society of Nuclear Cardiology and Society of
Cardiovascular Computed Tomography recommends CT
scanning for attenuation correction with shallow tidal
breathing, tube current and voltage of approximately 10-
20 mA and 80-140 kVp, gantry rotation speed of 1 s or
slower, relatively high pitch (e.g., 1:1), and reconstructed
slice thickness of 4-7 mm approximating SPECT or PET.
In comparing standard-dose (120 kVp, 40-100 mA) vs
low-dose (120 kVp, 20-60 mA) CTAC on image quality
and PET attenuation correction, Krishnasetty et al have
demonstrated that the low-dose CTAC significantly
reduced the radiation effective dose (by 60.6%) while
providing optimal PET attenuation correction. However,
because of decreased image quality in both anatomic def-
inition and noise, low-dose CTAC was not acceptable for
diagnostic interpretation.”> Compared to standard-dose
CT, the inferior image quality of the low-dose CTAC as
shown in Figure 1 is probably related to a combination of
lower tube current-time product expressed in units of mil-
liampere seconds (mAs), free tidal breathing and related
artifacts, and lack of administered contrast. An example
demonstrating the differences in image quality between
low-dose CTAC vs noncontrast-enhanced standard-dose
CT is shown in Figure 1.

For diagnostic radiologists, evaluation of all tissues in
the x-ray path has long been the standard of care.”* Car-
diologists interpreting cardiovascular CT examinations
may not have the requisite training and/or experience to
report extracardiac findings. Available strategies to deal
with extracardiac tissues include acquiring additional
training to allow confident handling of such findings or
separate evaluation by a radiologist for interpretation of
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Low Dose CTAC

KVp 120
mA 20
Gantry Rotation 0.8 sec
Breathing Free
Slice Thickness 5mm
Pitch 0.938

Standard Dose CT

120
150

0.8 sec
Hold
5mm
0.98

Figure 1. Note the haziness/blurring in the bilateral lung bases from the inferior image quality of
the low-dose CTAC when compared to standard-dose CT.

extracardiac tissues. The latter approach requires addi-
tional time and effort that may not be fully reimbursed.
Also some practices may not have radiology expertise
available.>* Another strategy of digital subtraction of
extracardiac tissues is mired not only with medical and
ethical concerns but is also technically challenging as
some lung tissue invariably remains in the field of view.
Onuma et al showed that a number of clinically significant
noncardiac findings might have been missed with the
small field of view (tightly confined around the heart)
cardiac multi-detector CT scans. Of the 201 symptomatic
patients in whom CAD was ruled out, 32 patients were
diagnosed with noncardiac findings on large field of view
images that included the entire chest, which could cause
anginal symptoms in addition to the 3 cases of malig-
nancies in surgically treatable stages.”> A group of South
Korean investigators also demonstrate fewer patients with
incidental noncoronary findings (1.6%) with the small
field of view CCTA as compared to 20.4% of patients with
extracardiac IFs with a bigger field of view low-dose
whole thoracic scan.”®

Given the needed knowledge of anatomy, the com-
plexity of imaging devices, protocols, and evolving clinical
applications of this modality the American College of
Cardiology (ACC) has proposed training and competency
requirements for physicians participating in cardiovascular
CT which includes identification of significant noncardiac

imaging findings. The ACC with representation and
endorsement from the American Society of Nuclear Car-
diology (ASNC), Society for Cardiovascular Angiography
and Interventions (SCAI), Society of Atherosclerosis
Imaging and Prevention (SAIP), and Society of Cardio-
vascular Computed Tomography (SCCT) has published
training requirements for fellows-in-training and physi-
cians in practice in Cardiovascular CT.?’® The American
College of Radiology also has practice guideline for the
performance and interpretation of cardiac CT.*

In the current issue of the journal, Qureshi et al
discuss the prevalence, prognosis, and resource utiliza-
tion of extracardiac IFs on CTAC SPECT myocardial
perfusion imaging.’® They note that IFs are common
(12% prevalence in their cohort) and were associated
with higher all-cause and cancer-specific mortality in
univariate analysis but only the latter remained statisti-
cally significant after multivariable adjustment. Another
study involving CCTA did not identify extracardiac IFs
as a predictor of noncardiac or cancer death.* In the
study by Qureshi et al the observed higher cancer-
specific mortality may be due to patient selection, as
almost 1/3 of their study population was African
American.* An additional reason for the differences in
IFs prevalence (12% vs 41.5%) and mortality outcomes
may be related to the differences in CT parameters and
resulting image quality between studies. The parameters
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of the 120 kVp, 20-40 mA, free breathing, and non-
contrast-enhanced CTAC used by Qureshi et al’” are
quite different from the 120 kVp, 400-800 mA, gantry
rotation time of 350 ms, individualized pitch, breath
hold, and contrast-enhanced CCTA described by
MacHaalany et al.* As noted previously, the low-dose
CTAC images are not of diagnostic quality when com-
pared to standard-dose CT.?® Simply put the limitations
from the lower image quality CTAC would be able to
identify the more obvious, larger and advanced extrac-
ardiac tumors/disease findings and potentially miss the
smaller, earlier stage and possibly innocuous findings
resulting in the lower prevalence and higher cancer-
specific mortality as observed by Qureshi et al.*°
Additional studies are needed to confirm their observa-
tions and further understand the prognostic implications
of the identification of extracardiac IFs.

In summary, with all the uncertainties of incidental
findings, the challenge we face as imaging physicians is
to balance on one hand the good that a majority of them
are benign with the bads of their prevalence, downstream
interventions, related costs, patient anxiety, morbidity,
potential diagnosis of malignancy, and the ugly possi-
bility of poor patient outcomes (i.e., higher cancer-
specific mortality as observed by Qureshi et al’®) when
making recommendations for further testing or treatment.

Our overriding responsibility is always to do right
by our patients and profession. This includes but is not
limited to keeping up to date with existing and evolving
scientific information, proficiency with current and new
technologies, comparison with prior imaging to establish
stability, and hence probable benignity and/or better
prognosis, educating our referral colleagues on appro-
priate use testing, reporting ‘all’ findings (incidental and
nonincidental) seen in the image, and using evidence-
based recommendations where available in our reporting
to assist not only the referring physician, but ultimately
the patient.
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