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PRIMERS IN CARDIO-ONCOLOGY
Cardiac Computed Tomography in
Cardio-Oncology
JACC: CardioOncology Primer
Juan C. Lopez-Mattei, MD,a Eric H. Yang, MD,b Maros Ferencik, MD,c Lauren A. Baldassarre, MD,d Susan Dent, MD,e

Matthew J. Budoff, MDf
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Cancer patients and survivors have elevated cardiovascular risk when compared with noncancer patients. Cardio-

oncology has emerged as a new subspecialty to comanage and address cardiovascular complications in cancer patients

such as heart failure, atherosclerotic cardiovascular disease (ASCVD), valvular heart disease, pericardial disease, and

arrhythmias. Cardiac computed tomography (CT) can be helpful in identifying both clinical and subclinical ASCVD in

cancer patients and survivors. Radiation therapy treatment planning CT scans and cancer staging/re-staging imaging

studies can quantify calcium scores which can identify pre-existing subclinical ASCVD. Cardiac CT can be helpful in the

evaluation of cardiac tumors and pericardial diseases, especially in patients who cannot tolerate or have a contraindi-

cation to cardiac magnetic resonance. In this review, we describe the optimal utilization of cardiac CT in cancer patients,

including risk assessment for ASCVD and identification of cancer treatment-related cardiovascular toxicity. (J Am Coll

Cardiol CardioOnc 2021;3:635–649) © 2021 The Authors. Published by Elsevier on behalf of the American College

of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).
C ardiac computed tomography (CT) is a tech-
nique that allows acquisition of noncontrast
and contrast images of the heart and

vascular structures in a CT scanner, accounting for
heart motion, with submillimetric (w0.5 millimeter)
spatial resolution (1). CT scanner technology has
evolved to provide sharper and detailed images of
coronary vessels and other heart structures, allowing
cardiac CT to have broad indications, from chest pain
evaluation to structural procedure assessment (2,3).
Cardiac CT has an established role in contemporary
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practice in excluding coronary artery disease in
intermediate-risk patients with symptoms (4). One
strength that cardiac CT has in comparison to other
modalities is the ability to characterize coronary le-
sions not only into obstructive or nonobstructive,
but atherosclerotic plaque characteristics such as
calcified, noncalcified, and high risk (5). The high-
risk atherosclerotic plaque characteristics may pre-
dict future coronary events and have been defined
as presence of positive remodeling, low-attenuation
plaque, spotty calcification, and presence of
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HIGHLIGHTS

� Cardiac CT can assess for subclinical
atherosclerosis, allowing for better risk
stratification.

� Cardiac CT has high accuracy to evaluate
for obstructive coronary artery disease.

� CAC scanning may be useful after radia-
tion therapy to assess the extent of
vascular calcifications.

ABBR EV I A T I ON S

AND ACRONYMS

ASCVD = atherosclerotic

cardiovascular disease

CT = computed tomography

PET = positron emission

tomography

RT = radiation therapy

TEE = transesophageal

echocardiography

TTE = transthoracic

echocardiography
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“napkin-ring” sign (6,7). Moreover, with
recent data from the SCOT-HEART (Scottish
Computed Tomography of the Heart) (8)
and ISCHEMIA (International Study of
Comparative Health Effectiveness with Med-
ical and Invasive Approaches (9) trials, car-
diac CT may be incorporated into future
U.S. guidelines as an initial test for chest
pain evaluation, as is currently established
in the NICE guidelines in the United Kingdom
(10) and European Society of Cardiology
guidelines (11).
 � Cardiac CT can accurately depict cardiac

tumors, pericardial effusions, and cardiac
function.
Cardiac CT is used in the diagnosis and treatment
of numerous cardiac conditions; however, utilization
has led to increased exposure to ionizing radiation
(12). Cancer is certainly the most concerning late (10-
20 years) complication of diagnostic ionizing radia-
tion, and the lifetime attributable risk of having
cancer is significantly higher with childhood radiation
exposure (13). Current guidelines advocate for a
principle of “as low as reasonably achievable” while
maintaining the diagnostic image quality (12). Current
doses of coronary artery calcium (CAC) scoring have
fallen significantly, and are now well below 1 milli-
sievert (mSv), in the range of diagnostic mammog-
raphy or abdominal x-rays (14). Similarly, radiation
exposure with computed tomography angiography
(CTA) has been reduced 10-fold over the last decade
caused by better acquisition techniques, use of CT
scanners with more detectors (ie, 256- or 320-slice),
and new radiation reduction software, where mean
doses are below 2 mSv (similar to annual background
radiation) (15).

Cancer patients and survivors have elevated car-
diovascular risk when compared with noncancer pa-
tients (16). Certain cancer therapeutics, such as
vascular endothelial growth factor receptor in-
hibitors, several chemotherapies (17,18), immune
checkpoint inhibitors (19), and radiation therapy
(RT), are associated with increased risk of athero-
sclerotic cardiovascular disease (ASCVD). Shared risk
factors, such as obesity, diabetes, tobacco use, hy-
pertension, and physical inactivity, are associated
with increased risk of developing both ASCVD and
cancer (20). Early identification of atherosclerosis,
aggressive risk factor modification, and aggressive
preventive strategies for cancer patients and survi-
vors are crucial to prevent morbidity and mortality
from cardiovascular disease (CVD) in these pop-
ulations (21). Cardio-oncology has emerged to
comanage and address cardiovascular complications
in cancer patients such as heart failure, ASCVD,
valvular heart disease, and arrhythmias. In this
primer, we review the current and emerging role of
cardiac CT in cardio-oncology, including risk assess-
ment for ASCVD and identification of cancer treat-
ment related cardiovascular toxicity.

ROLE OF CARDIAC CT IN THE ASSESSMENT OF

CORONARY ARTERY DISEASE IN CANCER

PATIENTS AND SURVIVORS

KEY POINTS.

� Cardiac CT has an established role in contemporary
practice in excluding coronary artery disease in
intermediate-risk patients with symptoms.

� Cardiac CT may identify subclinical ASCVD in
cancer patients and survivors.

� Quantifying CAC from a noncontrast CT from the
RT treatment plans or cancer staging imaging
studies can help identify pre-existing subclinical
ASCVD

CASE 1: 52-YEAR-OLD WOMAN WHO UNDERWENT

RADIATION THERAPY (RT) FOR LEFT BREAST CANCER

AFTER 1-YEAR POST RT, PATIENT UNDERWENT A

CARDIAC CT BECAUSE OF AN EPISODE OF CHEST PAIN

(FIGURE 1).

ASCVD RISK AND CORONARY CALCIFICATION IN CAN-

CER PATIENTS AND SURVIVORS. To attenuate poten-
tially accelerated risks of ASCVD in these patients,
cardio-oncologists must have a robust and current
understanding of preventive cardiology. CAC is a
quantifiable imaging biomarker that describes the
extent and burden of coronary calcification caused by
atherosclerosis derived from a noncontrast cardiac CT
(22). The presence of CAC is an independent risk
factor for CV events, which can help prognosticate 10-
year CV risk in addition to traditional ASCVD risk



FIGURE 1 Coronary Calcifications After Radiation Therapy

A 52-year-old woman who underwent radiation therapy (RT) for left breast cancer. In a nongated noncontrast computed tomography (CT) for

RT planning, no coronary calcifications were noted (A). After 1 year post-RT, patient underwent a cardiac CT because of an episode of chest

pain. Patient had a coronary calcium score of 47 (B), and nonobstructive calcified plaque was seen involving the proximal left anterior

descending coronary artery and first diagonal in postcontrast images (C).
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factors in the general population (23,24). In a MESA
(Multi-Ethnic Study of Atherosclerosis) substudy, the
incidence of new CAC was independently associated
with cancer history, with an increased relative risk of
about 1.3 for men and women (25).

Cardiac CT may identify subclinical ASCVD in
cancer patients and survivors. There are solid data
supporting the prognostic value and potential role of
CAC score assessment in nongated CT studies (26).
Implementing baseline CAC screening in cancer pa-
tients by utilizing nongated CT from cancer imaging,
such as staging chest CTs or the CT component of
positron emission tomography (PET) scans, may help
in risk stratification and prompt diagnosis of ASCVD
(27). Cancer patients with favorable prognoses and
survivors with at least 1 risk factor for ASCVD should
be appropriately screened for dyslipidemia, hyper-
tension, and obesity for recommendations regarding
lifestyle modifications as part of initial cardiovascu-
lar risk assessment (21). Discussion of initiation of
aspirin and statins should include input from
oncologists so as to avoid drug–drug interactions and
increased bleeding complications in those at risk
(Central Illustration). There may be an important role
for cardiac CT in cancer patients with thrombocyto-
penia and anemia in low-intermediate acute coro-
nary syndrome presentations, given that there is a
higher risk of vascular complications and bleeding in
some cancer patients from invasive procedures
(28,29).

As clinical outcomes for cancer patients continue
to improve with more effective therapies, the popu-
lation of cancer survivors will continue to grow. In
2019, there were an estimated 2 million new cancer
diagnoses and 600,000 cancer deaths, along with
millions of survivors (30). Because CVD is the second
leading cause of death among cancer survivors (after
cancer recurrence), screening for ASCVD should
become part of survivorship care (31). Given the large
overlap of ASCVD and cancer risk, dual screening for
cancer and CVD has been recommended (32).
Assessment of CAC on nongated noncontrast chest



CENTRAL ILLUSTRATION Proposed Uses of Cardiac Computed Tomography Along Spectrum of
Cancer Treatment

Lopez-Mattei, J.C. et al. J Am Coll Cardiol CardioOnc. 2021;3(5):635–649.

Applications of cardiac CT across the spectrum of cancer treatment in the cancer patient, with cardiovascular disease states that can be pre-

existing and/or acquired from cancer treatments. FU ¼ fluorouracil; ASCVD ¼ atherosclerotic cardiovascular disease; CAD ¼ coronary artery

disease; CAR-T ¼ chimeric antigen receptor T-cell; CTRCD ¼ cancer treatment-related cardiac dysfunction; TAVR ¼ transcatheter aortic valve

replacement; TKI ¼ tyrosine kinase inhibitor; TMVR ¼ transcatheter mitral valve repair.

Lopez-Mattei et al J A C C : C A R D I O O N C O L O G Y , V O L . 3 , N O . 5 , 2 0 2 1

Cardiac Computed Tomography in Cardio-Oncology D E C E M B E R 2 0 2 1 : 6 3 5 – 6 4 9

638
CTs allows for dual detection of lung cancer and CVD
(33). Furthermore, emerging data suggest that breast
arterial calcification on mammography correlates
with CAC, allowing for identification of atheroscle-
rosis and subsequent ASCVD risk (34). Recently, the
BRAGATSTON clinical trial evaluated if automated
quantification of CAC on RT planning chest CTs was
useful for CVD risk prediction (35,36). The in-
vestigators found that automated CAC scoring
results might be used as a fast and low-cost tool to
identify patients with breast cancer at increased CVD
risk (36).

Given the high CVD risk and overlap of risk factors,
it is prudent to consider cardiovascular risk assess-
ment while screening for or managing patients during
and following cancer treatment. In 2019, the ACC/
AHA prevention guidelines (37) recommended CAC
testing in the general population to help with shared



FIGURE 2 Atherosclerosis From Radiation Therapy

A 46-year-old woman with history of RT for non-Hodgkin lymphoma in 1991. She had incidental finding of atherosclerosis in left anterior

descending coronary artery and right coronary artery (arrows) in a nongated chest CT for an evaluation of a new malignancy. She did not have

traditional risk factors for atherosclerotic cardiovascular disease other than her prior history of RT. Abbreviations as in Figure 1.
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decision-making for use of preventive therapies (eg,
statins, aspirin, blood pressure targets). The ability to
identify subclinical atherosclerosis and redirect
therapies in cancer survivors could reduce the burden
of CVD risk in this population. In cancer survivorship,
the focus should not solely be on the early detection
of cancer recurrence, but also the assessment of
ASCVD risk and use of CVD preventive therapies
(lifestyle modifications and medications) to improve
CVD outcomes. Identification of individuals with CAC
>100 or even higher (ie, >400) in cancer patients
would lead to recommendations of preventive ther-
apies, including aspirin, statins, and more aggressive
blood pressure targets, among others. Higher CAC
scores are also associated with increased adherence
to these therapies, including “heart smart” diet, ex-
ercise, and weight reduction (38). Incorporating CAC
into pooled cohort equations or routinely incorpo-
rating CAC assessment in individuals with a history of
adult or childhood cancer should be considered part
of routine care in preventive cardio-oncology.
Role of card iac CT in understanding card iotox-
i c i ty with rad iat ion therapy . RT is an important
treatment modality for several cancers; however,
there are several consequences of radiation when the
heart is in the treatment field, such as ASCVD,
valvular heart disease, pericardial diseases, and
myocardial fibrosis (39). It is well known that radia-
tion has direct toxic effects on the vascular endo-
thelium (40). RT has been directly associated with the
development of accelerated atherosclerosis and
development of future coronary events, dependent
on the heart dose received (41). Quantifying CAC from
a noncontrast CT from the RT treatment plans or
cancer staging imaging studies can help identify pre-
existing subclinical ASCVD (27,42). Coronary artery
dose volume parameters are strongly correlated with
subsequent segmental coronary calcification, and
may occur soon after RT and in individuals with
diabetes and other conventional risk factors for
ASCVD (43) (Figure 1). RT dose to the heart is
currently measured as mean heart dose without
considering which specific cardiac anatomical struc-
tures received the highest radiation doses. Because
anatomical information is very important in ASCVD
progression, monitoring doses to specific coronary
territories and vascular beds might be of importance.
There are important mitigation strategies to lower
radiation dose to the heart in contemporary practice,
such as deep inspiration breath holding and intensity
modulation RT (44); these should be considered in
every patient receiving RT in which the heart might
be exposed in the treatment field. Several small
single-center studies suggest that baseline CAC might
help identify subclinical ASCVD and predict CV
events in these patients (45-47). Although there are
limited data, there may be a role for CAC surveillance
in these patients as it may demonstrate ASCVD dis-
ease progression related to RT (43,48) (Figure 2).
Cardiac CT has the ability to characterize atheroscle-
rotic plaques and show features related to vulnera-
bility; however, there are no data yet regarding the
relationship of baseline plaque vulnerability, RT
exposure, and outcomes. Currently, it is not known



FIGURE 3 CHIP and Cardiac CT Findings

A 63-year-old Hispanic woman with hypertension, dyslipidemia, and myelodysplastic syndrome post–bone marrow transplantation with

persistent DNMT3A and TP53 CHIP mutations. cardiac CT was performed for a presentation of exertional chest pain, demonstrating heavily

calcified, at least moderate stenoses (>50%) of the LAD (A) and LCX (B), and mild stenosis in RCA (C) with a coronary artery calcium score of

642 (99th percentile for age, sex, and race). FFRCT noninvasive analysis (Heartflow) of each vessel was also performed, demonstrating FFR

values of >0.8 throughout the LAD (D), but showing borderline significant FFR values <0.8 in the mid to distal segments of the LCx (E) and

RCA (F). The patient had Canadian Cardiovascular Society Class II symptoms which were stable, and improved on medical therapy. The

decision was made to treat medically with referral to cardiac rehabilitation. CHIP¼ clonal hematopoiesis of indeterminate potential;

CT ¼ computed tomography; FFR ¼ fractional flow reserve; LAD ¼ left anterior descending coronary artery; LCX ¼ left circumflex coronary

artery; RCA ¼ right coronary artery.
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how efficacious preventive measures for ASCVD, such
as statin and aspirin, are in patients with a history of
RT. Identification of ASCVD and early treatment
might improve outcomes, but this is an evolving area
of research that needs further exploration.
Funct iona l vs anatomic imag ing in pat ients
treated with RT. The debate between functional vs
anatomical imaging might not be settled anytime
soon. However, it is clear that in patients who have
received RT, ASCVD occurs in the coronary distribu-
tion that was affected by the radiation dose
administered and the risk of coronary event is dose-
dependent (41). Functional imaging with single-
photon emission CT has been used to evaluate CV
risk in patients undergoing radiation therapy. In a
single-center study that enrolled 114 patients
following RT to undergo rest single-photon emission
CT before and after RT, it was found that 40% of pa-
tients developed new perfusion abnormalities (49).
There have been several single-center studies noting
a higher likelihood of abnormal myocardial perfusion
imaging findings in these patients, but these findings
do not predict clinical outcomes (50,51). It is impor-
tant to note, however, that these studies did not
correlate perfusion defects with coronary anatomy
assessment, whether by invasive angiography or
cardiac CT. The American Society of Echocardiogra-
phy Expert Consensus for Multi-Modality Imaging
Evaluation of Cardiovascular Complications of
Radiotherapy in Adults recommends functional stress



TABLE 1 Proposed Uses of Cardiac CT Along Spectrum of Cancer Treatment

Chemotherapy/Targeted
Therapy Type

Examples of
Specific Medications Cardiovascular Side Effects Role of Cardiac CT

Fluoropyrimidines 5-FU
Capecitabine

Anginal chest pain (incidence up to
18%) (55,56,105-108) more

common with infusion of 5-FU
Coronary vasospasm
Myocardial infarction

� Coronary CTA to rule out acute coronary syndrome
� Coronary CTA to evaluate coronary atherosclerosis before therapy
� CAC assessment on noncardiac CT scans to assess for subclinical

ASCVD

Taxanes Paclitaxel
Docetaxel

Myocardial ischemia (55,56)
Coronary vasospasm (109)

� Coronary CTA to rule out acute coronary syndrome

Alkylating agents Cyclophosphamide Hemorrhagic myopericarditis � Cardiac CT to evaluate pericardial effusion
� Coronary CTA to rule out obstructive CAD when myocarditis is sus-

pected (eg, elevated troponin)

Immune checkpoint
inhibitors

Pembrolizumab
Nivolumab
Ipilimumab

Atezolizumab

Myocarditis (incidence 1%-2%)
(84,110-116)

Increased risk of coronary
atherosclerosis (117)

� Coronary CTA to rule out obstructive CAD when myocarditis is sus-
pected (eg, elevated troponin)

� Coronary CTA to evaluate coronary atherosclerosis before therapy
� CAC assessment on noncardiac CT scans

Vascular endothelial growth
factor inhibitors

Bevacizumab
Sunitinib
Sorafenib
Pozapanib

Arterial hypertension
Acute thromboembolic events

(118-122)

� Coronary CTA to rule out acute coronary syndrome

Anthracyclines Doxorubicin
Daunorubicin
Idarubicin

Mitoxantrone

Cardiomyopathy
Arrhythmia

Pericardial effusion

� Coronary CTA to rule out obstructive CAD as an etiology of or
contributor to decreased left ventricular systolic function

HER2/neu receptor
inhibitors

Trastuzumab Cardiomyopathy � Coronary CTA to rule out obstructive CAD as the etiology of or
contributor to decreased left ventricular systolic function

ACS ¼ acute coronary syndrome; ASCVD ¼ atherosclerotic cardiovascular disease; CAC ¼ coronary artery calcium scoring; CT ¼ computed tomography; CTA ¼ computed tomography angiography;
FU ¼ fluorouracil.
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imaging 5-10 years after RT exposure in high risk
patients (52).

Cardiac CT now has capabilities to assess ischemic
burden as well by estimating fractional flow reserve
(FFRct). FFRct has emerged as a powerful tool to
provide important prognostic information and further
inform treatment strategies (anatomic plus hemody-
namic significance of stenosis) (Figure 3). FFRct af-
fords significant improved discrimination of ischemia
beyond other noninvasive tests, including myocardial
perfusion imaging and PET (53). This new technique
allows for evaluation of functional significance of
intermediate lesions from cardiac CT images by
computer modelling, which may have not been
otherwise evaluable in patients with intermediate
stenosis plaque or calcified plaque. This technique
may avoid additional downstream testing in some
cases.
Role of cardiac CT in understanding cardiotoxicity and
vascular toxicity from chemotherapies and targeted
therapies. Cardiotoxicity is an important and con-
cerning complication of systemic cancer therapies. It
may manifest clinically as arrhythmias, hypertension,
coronary vasospasm, myocardial infarction, or ven-
tricular dysfunction. Cancer treatment-related car-
diac dysfunction is defined by the American Society
of Echocardiography as a decrease in left ventricular
ejection fraction of >10% to a value <53% (54-56).
Vascular toxicities have emerged as the second most
common group of toxicities associated with anti-
cancer therapies (57). Arterial toxicities can present as
acute vasospasm, acute thrombosis, and accelerated
atherosclerosis.

Cardiac CT, specifically coronary CTA, provides ac-
curate assessment of coronary arteries with excellent
sensitivity and specificity (58-62). In particular, the
negative predictive value for the exclusion of signifi-
cant coronary stenosis is very high. Coronary CTA can
identify and characterize coronary atherosclerotic
plaque (63-66). The most common causes of cardio-
vascular toxicities and the role of cardiac CT in their
evaluation are summarized in Table 1.

ROLE OF CARDIAC CT IN THE EVALUATION

OF CARDIAC TUMORS

KEY POINTS.

� Cardiac CT can play an important role in identifi-
cation of the location of a cardiac tumor, including
its relationship to and potential involvement of
surrounding cardiac structures as well as further
tissue characterization.

� Cardiac CT may also help differentiate intra-
cavitary tumor from thrombus, and benign from



FIGURE 4 Cardiac Metastatic Disease

A 41-year-old woman with melanoma and an episode of unexplained ventricular tachycardia. Cardiac CT was done to assess for coronary anomalies and evaluate for

obstructive coronary disease caused by an episode of ventricular tachycardia (A). Cardiac CT showed an area of attenuation at the mid anterior segment of the left

ventricle (B), which can be seen hypoperfused in perfusion analysis (C). There was no evidence of obstructive coronary artery disease, and this area of attenuation

represented intramyocardial metastasis from melanoma and the culprit for ventricular tachycardia. CT ¼ computed tomography.
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malignant cardiac tumors in some instances with
the addition of fluorodeoxyglucose PET.

CASE 2: 41-YEAR-OLD WOMAN WITH MELANOMA

AND AN EPISODE OF VENTRICULAR TACHYCARDIA

CARDIAC CT WAS DONE TO ASSESS FOR CORONARY

ANOMALIES AND EVALUATE FOR OBSTRUCTIVE

CORONARY DISEASE CAUSED BY AN EPISODE

OF VENTRICULAR TACHYCARDIA (SEE FIGURE 4).

Tumor vs Thrombus . Cardiac tumors may be benign
or malignant, and the latter may be primary or, more
commonly, secondary (ie, metastases). Cardiac tu-
mors may be found incidentally on imaging studies or
may present symptomatically, such as with consti-
tutional symptoms, mass effect, or embolic phenom-
enon. Only 5%-6% of primary tumors are malignant,
most commonly sarcomas, lymphomas, and meso-
theliomas (67). Cardiac metastases are up to 40 times
more common than primary cardiac tumors (68).
Upon autopsy, early data showed that about 12% of
cancer patients had cardiac metastases, whereas
more recent data suggest this occurs in 7% of cases
(69). The most commonly reported metastases are
from melanoma, breast, lung, and esophageal cancers
(70,71) (Figure 4).

Multimodality cardiac imaging plays a significant
role in the characterization of cardiac tumors,
including precise location of the tumor in relation to
cardiac structures (72). Due to its wide availability,
transthoracic echocardiography (TTE) may often be
the first imaging modality used for evaluation of a tu-
mor, and because of its high temporal resolution, it can
be especially ideal for evaluation of small mobile
masses as well as valvular masses. Transesophageal
echocardiography (TEE) can further evaluate valvular
masses that are not well seen on TTE. Cardiacmagnetic
resonance (CMR) imaging is often the initial modality
for further assessment of nonvalvular cardiac tumors,
because of its excellent tissue characterization and
multiplanar evaluation of cardiac structure. However,
because of its longer acquisition time, for which some
patients cannot hold their breath, and contraindica-
tion in patients with claustrophobia and certain
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implanted devices, CMR may not be an option in some
patients. In such scenarios, because of its short acqui-
sition time and high spatial resolution, cardiac CT can
also provide further information about the tumor as
well as information about extracardiac structures.
Cardiac CT can play an important role in identification
of the location of a cardiac tumor, including its rela-
tionship to and potential involvement of surrounding
cardiac structures as well as further tissue character-
ization. Cardiac CT may also help differentiate intra-
cavitary tumor from thrombus (73) and benign from
malignant cardiac tumors in some instances with the
addition of fluorodeoxyglucose PET (74,75). Specif-
ically, for the detection of left atrial or left atrial
appendage thrombus, the sensitivity and specificity of
cardiac CT with delayed images postcontrast have
been shown to be as high as 100% and 99%, respec-
tively (76). For identification of LV thrombus, cardiac
CT has been shown to have superior detection
compared with 2-dimensional TTE (77), with LV
thrombus demonstrating significantly lower attenua-
tion than adjacent myocardium (73). Cardiac CT is also
the optimal imaging modality for calcified masses,
which are not well tissue characterized by CMR.

Card iac CT in surg ica l p lann ing for card iac tumor
resect ion . Resection of a cardiac tumor is usually
not indicated; however, surgery may be pursued
when the tumor is causing hemodynamic compro-
mise or in the case of a primary cardiac tumor with
good prognosis (78). Multiplanar imaging of a
3-dimensional acquisition data set with cardiac CT
nicely allows for reconstruction of images into dedi-
cated views for presurgical planning. Additionally,
coronary CTA can be simultaneously obtained for a
noninvasive evaluation of atherosclerotic coronary
disease before surgery. This can provide a less-
invasive, low-risk assessment for a patient with a
low pretest probability of coronary artery disease,
because patients—particularly with left sided
masses—may be at risk for embolic events with inva-
sive coronary angiography.

PERICARDIAL DISEASES

KEY POINTS.

� Imaging with cardiac CT, as well as with CMR, al-
lows for full imaging of the pericardium.

� Cardiac CT also allows for better visualization of
pericardial calcification, which can be seen with
constriction.

� CT attenuation measurements can characterize the
pericardial fluid, with values close to water likely
representative of simple fluid and those above
water possibly representing malignant or hemor-
rhagic fluid.

CASE 3: 63-YEAR-OLD WOMAN WITH HISTORY

INCLUDING STAGE IIIA HODGKIN LYMPHOMA, STATUS

POSTCHEMOTHERAPY, AND MANTLE RADIATION THER-

APY COMPLETED 10 YEARS BEFORE EVALUATION PRE-

SENTS WITH DYSPNEA ON EXERTION. Cancer may
directly affect the pericardium via metastases, direct
external invasion, or, less commonly, in the setting
of a primary cardiac or pericardial tumor. Malignant
effusions can occur as well as subsequent pericar-
ditis, tamponade, and constrictive physiology.
Additionally, many cancer therapies are associated
with cardiotoxic effects on the pericardium, such as
RT, chemotherapy, and immunotherapy. Radiation-
associated pericarditis is more likely to occur with
left-sided breast tumors vs right-sided (79) when
there is greater involvement of the heart in the
treatment field, and with increasing doses of radia-
tion (80). One study revealed that the 2-year event
rates for cardiotoxicity were 4%, 7%, and 21% in
nonsmall cell lung cancer patients receiving a heart
mean dose of <10, 10-20, and 20 Gy, respectively
(81). Subsequent sequela can include pericardial
fibrosis and constrictive cardiomyopathy. Certain
chemotherapy agents (eg, cyclophosphamide) may
lead to pericardial effusion, often necessitating per-
icardiocentesis or pericardial window, and 5%-15%
of cancer patients have been reported to have a
pericardial effusion (82). Immunotherapy, such as
immune checkpoint inhibitors, may lead to a peri-
carditis or myopericarditis (83), which, given the
significant associated morbidity and mortality with
this disease state (84), requires prompt and accurate
diagnosis with cardiac imaging techniques.

TTE is often the initial modality used in the
assessment of pericardial disease, because it allows
for evaluation of hemodynamics in addition to
structure and function. However, limitations in
acoustic windows do not allow for imaging of the
entire pericardium, and imaging of loculated effu-
sions (85) and detection of pericardial thickening can
be challenging with this modality. Pericardial thick-
ness by TEE has been shown to correlate well with CT
(86), but this modality is limited by acoustic windows
and more invasive approach. Imaging with cardiac
CT, as well as with CMR, allows for full imaging of the
pericardium. Cardiac CT holds the advantage of a
more rapid test compared with CMR, which may be
better tolerated in some patients with difficulties
performing the repeated breath holds and prolonged



FIGURE 5 Carcinoid Valve Disease

A 57-year-old man with a neuroendocrine tumor in small intestine and carcinoid syndrome underwent a cardiac CT for valve replacement

planning. Cardiac CT showed immobile tricuspid valve leaflets widely open in ventricular systole (A). Pulmonic valve was evaluated as well

and showed mild malcoaptation in diastole and mild thickening (B). CT ¼ computed tomography.
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supine positioning required with CMR. Cardiac CT
also allows for better visualization of pericardial
calcification, which can be seen with constriction.
Thickened pericardium, when associated with heart
failure symptoms, has been shown to correlate with
constrictive pericarditis, and enhancement of the
pericardium on contrast-enhanced CT may signal
inflammation (87). Additionally, contemporary car-
diac CT acquisitions provide 3-dimensional imaging
that allows for complete visualization of the entire
pericardium, and its multiplanar reformatted images
can also be utilized to assist with presurgical plan-
ning, should pericardiectomy be pursued. For iso-
lated or associated pericardial effusions, CT
attenuation measurements can characterize pericar-
dial fluid, with values close to water likely repre-
sentative of simple fluid and those above water
possibly representing malignant or hemorrhagic
fluid (87).

CARDIAC CT AND CANCER-RELATED VALVULAR

HEART DISEASE

KEY POINTS.

� In regard to assessment of valvular disease,
cardiac CT can provide anatomic planning
for either potential percutaneous or surgical
approaches for valve replacement/repair if clini-
cally indicated.

CASE 4: 57-YEAR-OLD MAN WITH A NEUROENDOCRINE

TUMOR IN SMALL INTESTINE AND CARCINOID

SYNDROME, WITH SEVERE TRICUSPID INSUFFICIENCY

CAUSED BY CARCINOID VALVE DISEASE. He underwent
a cardiac CT for valve replacement plan-
ning (Figure 5).
Radiat ion- induced va lve d isease and structura l
imag ing with card iac CT. As noted in the previous
text, radiation induced cardiovascular disease re-
mains a well-known sequalae of thoracic radiation
that can manifest as both short- and long-term car-
diovascular sequelae. Depending on dosing and ra-
diation techniques, a whole spectrum of anatomic
abnormalities may be present, including valvular
disease, coronary lesions, myocardial/conduction
disease, and extracardiac disease. In regard to
assessment of valvular disease, cardiac CT can pro-
vide precise imaging in evaluating valvular disease
and concomitant coronary artery disease, and
providing anatomic planning for either potential
percutaneous or surgical approaches for valve
replacement/repair if clinically indicated.

Although many modifications have been made to
modern radiation techniques, survivors of high-risk
disease states such as Hodgkin’s disease or breast
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cancer remain, with many asymptomatic with sub-
clinical cardiac disease. RT was used in up to 40% of
breast cancer patients as adjuvant treatment in the
Surveillance, Epidemiology, and End Results registry
(88). A retrospective analysis of over 2,500 Dutch
Hodgkin’s survivors who underwent mediastinal RT
between 1965 and 1995 reported a cumulative inci-
dence of cardiovascular disease of approximately
50% at 40 years, with a majority of patients experi-
encing multiple cardiovascular events (89). Another
retrospective single institution study of 415 cancer
survivors treated with RT from 1962 to 1998 demon-
strated that among other sequelae, 6.2% developed
clinically significant valvular dysfunction at a median
of 22 years, with the most common lesion being aortic
stenosis (90). More modern era studies have demon-
strated associated severe cardiovascular events in
patients who have received RT, with newer tech-
niques (intensity modulated RT, proton beam ther-
apy) (91).

Cardiac CT is already indicated in the structural
intervention arena, particularly in transcatheter
aortic valve replacement for aortic annulus sizing,
measuring coronary artery heights, and peripheral
vascular measurements (92). In cancer patients with
prior radiation treatments, CT imaging can visualize
the whole spectrum of sequelae from radiation
treatment, with minimal modifications of imaging
protocols. These findings, potentially unique to the
cancer population with a history of RT, include radi-
ation induced aortic, coronary artery, myocardial,
and pericardial disease, along with pulmonary
fibrosis and/or peripheral vascular disease. For pa-
tients with prohibitive anatomy for transfemoral ap-
proaches, providing anatomic information for
transapical/aortic/carotid approaches for minimally
invasive valve repair/replacement techniques by
cardiac CT can also provide invaluable noninvasive
information to weigh risks and benefits of each
approach.

Although transcatheter techniques for mitral valve
replacement are still being developed and investi-
gated, multiphase electrocardiography (ECG)-gated
cardiac CTA can also provide anatomic assessment of
mitral annular and leaflet dimensions, and prediction
of LV outflow tract outflow tract obstruction post–
mitral valve replacement deployment (93,94). Pri-
mary mitral valve disease can inherently develop
from RT or from functional/secondary causes from
cardiomyopathic states from chemoradiation
treatments.
Carc ino id heart d isease . Neuroendocrine tumors
(NETs) arising from the midgut or bronchial system
can secrete vasoactive substances such as serotonin.
Metastatic disease of the liver can lead to cardiac
involvement, which is the initial presentation of up to
20% of patients with carcinoid syndrome, and can
affect over one-half of those with carcinoid syndrome
(95). Fibrous deposition from vasoactive substances
can occur predominantly in the right-sided valves (ie,
tricuspid and pulmonic) leading to right-sided failure.
Although these substances are typically metabolized
in the pulmonary circulation, left-sided involvement
can occur if there is intracardiac shunting present (ie,
patent foramen ovale, atrial septal defect, bronchial
location of carcinoid, or significant carcinoid tumor
burden).

Cardiac CT can provide preoperative planning
for patients requiring valvular surgery including
coronary artery assessment, right ventricular di-
mensions, as well as for myocardial (carcinoid me-
tastases) and valvular involvement (carcinoid
syndrome) (Figure 5). Even though such patients
can undergo surgical replacement to restore cardiac
function, prosthetic valve function can potentially
deteriorate with persistent carcinoid disease; car-
diac CT can be used to assess mechanisms of valve
dysfunction (thrombosis, carcinoid deposits) in
addition to planning for percutaneous valve-in-
valve approaches. Finally, somatostatin analogues
labelled with radioactive substances such as
Gallium-68 are avidly taken up by NETs; thus, car-
diac metastases from NET can be identified by
PET (96), which can be used in combination with
cardiac CT.
Card iac CT for endocard i t i s assessment in can-
cer pat ients ( infect ious and nonbacter ia l
thrombot ic ) . Endocarditis can be a complication of
cancer and cancer-related treatments. These patients
may be more prone to nosocomial infective endo-
carditis (IE) (97), and a diagnosis of IE has been
noted at a higher incidence in colorectal cancer pa-
tients compared with those with lung, breast, and
prostate cancers, and is associated with shorter
survival (98). In addition, there is a nonbacterial,
marantic thrombotic phenotype of endocarditis
thought to originate from the hypercoagulable state
of certain malignancies; it can be associated with
embolic events including cerebrovascular strokes
and can contribute significantly to morbidity (99).
Although TEE is considered the standard noninva-
sive diagnostic imaging modality, there is increasing
evidence that cardiac CTA can provide complemen-
tary imaging information—aside from coronary
anatomy assessment that may be required
before surgery (100). In comparing the 2 imaging
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modalities, TEE provides higher sensitivity in
detecting valvular vegetations—particularly those of
smaller size—valve perforation, and intracardiac fis-
tula compared with cardiac CTA. However, cardiac
CTA may detect pseudoaneurysm and perivalvular
lesions/abscesses with higher accuracy (101,102). The
ESC 2015 Guidelines for the Management of Infective
Endocarditis have integrated cardiac CTA into their
modified criteria for the diagnosis of IE, including
cardiac CTA detection of definite paravalvular le-
sions as a major imaging criteria for IE (103). In
addition, cardiac CTA findings of pseudoaneurysm or
abscess in patients undergoing surgery for IE may be
independent predictors of increased mortality in
long-term follow-up (104).

In summary, cardiac CT, even in its current appli-
cations in assessment of cardiac function and use in
preplanning for percutaneous structural approaches,
can yield important anatomic information of the
cardiac sequalae of cancer treatment, NET-associated
valvular disease, or visualizing complex cardiac in-
fections; in addition to this, it can visualize both
cardiac and extracardiac-related findings that can
help determine a patient’s suitability for either sur-
gical or percutaneous approaches. Future avenues to
investigate our understanding of radiation-induced
valvular disease could involve evaluating RT tech-
niques in the modern era with serial imaging com-
bined with ECG gated protocols—either for radiation
treatment or for cancer staging/surveillance pur-
poses—to evaluate the progression of valvular
remodeling from radiation treatments and carcinoid
disease to better understand of the historical time
course of such effects.

CONCLUSIONS

KEY POINTS.

� Cardiac CT has diverse roles and many potential
applications for the clinical care of cancer patients
and survivors.

� Evaluating for presence of CAC in nongated chest
CT imaging from cancer staging may allow us to
better risk stratify these patients.
Cardiac CT has diverse roles and many potential
applications for the clinical care of cancer patients
and survivors. Evaluating for presence of CAC in
nongated chest CT imaging from cancer staging may
allow us to better risk stratify this growing population
of patients. This is a low-cost strategy that can iden-
tify patients with ASCVD, which is an important risk
factor that can affect clinical outcomes in cancer pa-
tients. Many cardiovascular toxicities from cancer
therapies can be differentiated from ACS by using
cardiac CT. It also can be helpful in the evaluation of
cardiac tumors and pericardial diseases in patients
that cannot tolerate or have a contraindication to
CMR. For radiation-induced valvular heart disease,
cardiac CT aids in planning of structural in-
terventions. As highlighted in this primer, there are
many opportunities where cardiac CT can be used to
enhance the care of cancer patients (Central
Illustration). Unlike other cardiac imaging modal-
ities, it has the unique potential to be integrated into
standard serial oncology imaging. For instance, CT
imaging is already frequently performed in the cancer
population for staging purposes in a variety of ma-
lignancies. Refined hybrid protocols (ie, integration
of ECG gating, contrast timing to involve cardiovas-
cular specific areas of interest) may provide an un-
precedented view into the cardiovascular toxicities
associated with cancer biology and its treatments
over time. In cancer patients with favorable progno-
ses and/or those requiring long-term treatments, se-
rial imaging could be used to improve our
understanding of progression of ASCVD in specific
cancer populations, allowing for potentially more
aggressive cardioprotective and preventative strate-
gies to reduce short- and long-term cardiovascular
events.

ADDRESS FOR CORRESPONDENCE: Dr Matthew J.
Budoff, Division of Cardiology, Department of Internal
Medicine, The Lundquist Institute at Harbor-UCLA
Medical Center, 1124 West Carson Street, Torrance,
California 90502, USA. E-mail: mbudoff@lundquist.org.
Twitter: @BudoffMD, @onco_cardiology, @datsunian,
@sdent_duke, @CardioOnc_MR_CT, @CardiacCTGuy.
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