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Abstract
Purpose of Review The purpose of this paper was to review the role of cardiac computed tomography (CCT) in both the
diagnostic and management pathways of heart failure.
Recent Findings CT has an essential role in non-invasively excluding coronary artery disease but also can provide additional
information that can aid the investigation of the patient presenting with heart failure. CT images provide high-quality information
about cardiac structure and pericardium. Cardiac anatomical information, such as the location and size of coronary sinuses, can
assist in lead placement in cardiac resynchronisation therapy. Cardiac CTwith fractional flow reserve calculation can also provide
functional information on the severity of coronary stenosis. Cardiac CTwith delayed contrast enhancement also has an emerging
role in myocardial tissue characterisation which can contribute to risk stratification in cardiomyopathy patients. CT also may fit
better into pathways of screening and monitoring of potential adverse cardiac events in the short-term and long-term assessment
of cancer patients who may already be getting a CT for other reasons.
Summary CT has an evolving role in both the diagnosis and management of heart failure and future research could examine the
potential risks, benefits, efficiency and costs of clinical pathways where cardiac CT is more central to the diagnosis and
management of patients with heart failure and possible cardiomyopathy.

Keywords Computed tomography . Heart failure . Delayed enhancement . Coronary artery disease . Coronary artery calcium
score . Ventricular systolic dysfunction . Ventricular diastolic dysfunction . Cardiomyopathy

Introduction

Heart failure (HF) affects approximately 26 million worldwide
[1, 2], with estimated total costs in the United States (US) alone
predicted to reach $69.7 billion by 2030 [3]. The estimated

prevalence of symptomatic HF in the US and Europe ranges
from 0.4 to 2% [4], whereas prevalence estimates in Asia are
significantly higher, ranging from 1.3 to 6.7% [5].

Currently, the main roles of cardiac computed tomography
(CCT) are in calcium scoring in cardiovascular risk stratifica-
tion and use of computed tomography coronary angiography
(CTCA) in diagnostic evaluation of patients presenting with
low or intermediate risk of coronary artery disease (CAD) [6].
However, CCT is being increasingly employed among patients
with heart failure to ascertain the absence or presence of CAD
with additional information obtained in the same acquisition on
cardiac structure, pericardium and myocardium.

In investigating what is often a complex clinical picture,
non-invasive cardiac imaging can be utilised for both deter-
mining aetiology of HF and in risk assessment. Currently,
transthoracic echocardiogram is utilised early in the diagnostic
pathway to categorise HF based on left ventricular ejection
fraction (LVEF) (refer to Fig. 1) [7], whilst cardiac CT is
especially appropriate in investigating for an ischaemic
aetiology of HF.With the underlying aetiology of heart failure
in our populations changing away from the common ischae-
mic pathologies, cardiac CT may have a role in determining

This article is part of the Topical Collection on Cardiac Computed
Tomography

* Clara K Chow
clara.chow@sydney.edu.au

Joshua G Kovoor
joshuakovoor@gmail.com

Aravinda Thiagalingam
aravinda.thiagalingam@sydney.edu.au

1 Adelaide Medical School, Faculty of Health and Medical Sciences,
The University of Adelaide, Adelaide, SA, Australia

2 Department of Cardiology, Westmead Hospital, Westmead, NSW,
Australia

3 Westmead Applied Research Centre, Faculty of Medicine and
Health, University of Sydney, Westmead, NSW 2145, Australia

Current Cardiovascular Imaging Reports (2019) 12: 36
https://doi.org/10.1007/s12410-019-9512-6

http://crossmark.crossref.org/dialog/?doi=10.1007/s12410-019-9512-6&domain=pdf
mailto:clara.chow@sydney.edu.au


 

Signs and symptoms of 
CHF

Relevant blood tests, 
ECG, CXR

Transthoracic 
echocardiogram

Assessment of LVEF:  
HFrEF (LVEF <40%) 

HFmEF (LVEF 40-49%)  
HFpEF (LVEF ≥ 50%)

Cardiac CT

Assessment of the 
pericardium in patients 

with suspected CP
CT coronary angiogram

Moderate/severe coronary 
artery stenosis

Invasive coronary 
angiogram +/- PCI/CABG

No/minor coronary artery 
stenosis

Consider cardiac MRI

Quantification of 
myocardial scarring to 
determine role of ICD

Suspected infiltrative 
cardiomyopathy

Endomyocardial biopsy

Genetic screening in 
hypertrophic or dilated 

cardiomyopathy or ARVC

Fig. 1 Stepwise approach to management of heart failure (as described in
[7]). CHF, congestive heart failure; ECG, electrocardiogram; CXR, chest
X-ray; LVEF, left ventricular ejection fraction; HFrEF, heart failure with
reduced ejection fraction; HFmEF, heart failure with mid-range ejection
fraction; HFpEF, heart failure with preserved ejection fraction; CP,

constrictive pericarditis; PCI, percutaneous coronary intervention;
CABG, coronary artery bypass graft; CT, computed tomography; MRI,
magnetic resonance imaging; ICD, implantable cardioverter defibrillator;
ARVC, arrhythmogenic right ventricular cardiomyopathy
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aetiology of other types of heart failure, such as in cardio-
oncology, that is screening and assessment of cancer survivors
that may subsequently develop cardiomyopathy and HF relat-
ed to other cardiotoxic agents. CTCA screening in these pa-
tients may be a component of chest CT screening, and able to
exclude coronary artery disease as well as screen for
cardiomyopathy.

Cardiac CT in the Diagnostic Workup of Heart Failure

Cardiac CT has become the investigation of choice for ruling
out CAD in patients presenting for the first time with HF, and
without a history of known CAD. Its popularity is driven by
virtue of its less-invasive nature compared with coronary an-
giography as well as its very high sensitivity (95–100% in
most series) and strong negative predictive value. It also has
moderately high specificity for determining the presence of
significant CAD. In the same acquisition, CTCA can also
provide high-quality information on cardiac structure and de-
pending on acquisition sequencing chosen, ventricular wall
function and viability. Hence, whilst echocardiography is
undisputedly first line in the initial evaluation of HF, cardiac
CT is viewed as having an important role in the overall diag-
nostic evaluation of a HF patient.

CT Evaluation of Coronary Artery Disease in Heart
Failure Patients

Accuracy of CT Coronary Angiography

There is increasing reliance on CTCA in place of invasive cor-
onary angiography for the exclusion of significant CAD (Fig.
1); it is important to consider its negative predictive value for
exclusion of an ischaemic aetiology for heart failure. A number
of authors have demonstrated the accuracy of CTCA in com-
parison with invasive coronary angiogram, with or without
fractional flow reserve measurement [8–10] (refer to Table 1).
Further, differences in the number of slices of data captured for

every gantry rotation do not appear to affect the accuracy of
CTCA on modern scanners [11–14]. Overall, a high level of
accuracy was found for CTCA, with notably excellent sensitiv-
ity and negative predictive value (NPV) findings.

As shown in Fig. 1, both CTand cardiac magnetic resonance
imaging (CMR) can be used synergistically within a heart fail-
ure evaluation pathway. In excluding ischaemia for patients
with newly diagnosed systolic HF, one prospective study com-
pared invasive catheter angiography and echocardiography to a
novel non-invasive strategy combining CTCA and CMR. The
per-patient sensitivity and specificity of CTCAwas 100% and
90%, respectively, NPV 100%, positive predictive value (PPV)
78%. Interestingly, combining CTCA with CMR conferred
100% specificity, 100% sensitivity, 100% PPV and 100%
NPV for detection or exclusion of CAD [15].

Recent literature also demonstrates that in patients without
significant CAD, combining CTCA with CMR improves the
overall diagnostic accuracy for detecting CAD. Groothuis
et al. found that combining these modalities significantly im-
proved overall accuracy and specificity (91% and 94% respec-
tively) in comparison with the use of either test alone: CTCA
(57% and 39% respectively, p < 0.0001) and CMR (83% and
82% respectively, p = 0.016) [16]. A future approach that
synthesises the modalities can be considered, although the
advantageous increase in accuracymust be weighed alongside
the disadvantageous increase in cost and time.

CT Coronary Angiography and the Assessment of Fractional
Flow Reserve

It is well established that CTCA is accurate in providing ana-
tomical information regarding coronary artery stenosis.
However, there have been doubts regarding its ability to pro-
vide functional assessment of coronary artery stenosis. CT-
derived fractional flow reserve has been proposed as a viable
alternative to invasive fractional flow reserve for detecting cor-
onary ischaemic lesions. A systematic review of 3 significant
studies showed high diagnostic accuracy of CT-derived

Table 1 Analysis of CTCA on a
per-patient basis First

author
Year of
publication

Gold standard
used

Sensitivity Specificity NPV PPV Accuracy

Zhang 2016 ICA 100% 40% 100% 93% 93%

Ramos 2015 ICA + FFR 100% 61% 100% 67% –

Stehli 2014 ICA 100% 74% 100% 77% 86%

Madhok 2014 ICA 95% 95% 98% 88%

Petcherski 2013 ICA 100% 69% 100% 87% 90%

Uehara 2013 ICA 69% 98% 97% 78% –

Sajjadieh 2013 ICA 98% 29% 90% 67% –

ICA, invasive coronary angiography; FFR, fractional flow reserve; CTCA, computed tomography coronary
angiography; NPV, negative predictive value; PPV, positive predictive value
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fractional flow reserve [17]. At per-patient analysis for 609
combined data, CT-derived fractional flow reserve had identical
sensitivity (both 0.89) but improved specificity (0.71 vs 0.35),
PPV (0.70 vs 0.52) and NPV (0.90 vs 0.81) compared with
CTCA, but at per-vessel analysis had slightly lower sensitivity
(0.83 vs 0.86), identical NPV (both 0.92), but improved spec-
ificity (0.78 vs 0.56) and PPV (0.61 vs 0.38). Hence, it is pos-
sible that CT-derived fractional flow reserve could provide an
adequate assessment of the functional status of the coronary
arteries, without the need for invasive procedure.

CT Calcium Scoring in Screening for Ischaemic Heart Failure

The determination of calcium score utilising non-contrast CT
potentially provides a non-invasive and low-dose radiation
screening technique for coronary atherosclerosis. The quanti-
fication of coronary artery calcium score (CAC) using CT is a
non-invasive imaging technique requiring minimal radiation
exposure without need for contrast or beta blockade [18]. It is
reliable in providing a depiction of overall plaque burden [19]
in coronary atherosclerosis, by extension playing a role in
identifying HF secondary to ischaemic cardiomyopathy.
Further, CAC progression has been shown to predict incident
HF even independent of cardiovascular risk factors, baseline
CAC and clinically overt heart disease [20]. Whilst a calcium
score of zero does not completely exclude CAD, it does have a
high negative predictive value. Also, as demonstrated by a
study of 1308 consecutive symptomatic patients who
underwent 64-slice CTCA with a zero calcium score that
found obstructive non-calcified plaques (diameter stenosis >
50%) in 7% of patients [21], the yield is dependent on the pre-
test probability that it is likely higher in symptomatic com-
pared with asymptomatic patients. In asymptomatic individ-
uals without chest pain, CAC score of zero identified patients
to be at low risk of future cardiac events when compared with
a score > 0 [22, 23]. Correspondingly, in a review of the liter-
ature, a pooled analysis of 10,355 patients found the NPVof a
CAC of zero to be high (93%) for CAD [24].

In a notable study, TenKate et al. prospectively included 93
symptomatic patients with newly diagnosed HF of unknown
aetiology and LVEF < 45% [25]. In all patients, the CAC was
determined, and CTCAwas performed if CTCS > 0. Invasive
coronary angiography was used as the gold standard for
distinguishing between patients with HF of CAD-associated
aetiology, and those of non-CAD origin, and follow-up data of
20 ± 16 months found that a lack of coronary artery calcifica-
tion ruled out HF of CAD-associated aetiology in 46% of
patients. A CT-based algorithm utilising CAC in all patients
and CTCA in those with abnormal CAC had 100% sensitivity,
95% specificity, 67% PPVand 100%NPV for detecting HF of
CAD-associated aetiology.

Further, Mylonas et al. demonstrated that quantification of
CAC from a single contrast-enhanced CTCA scan was

feasible and correlated well with CAC without contrast; a
development on the traditional non-contrast CT quantification
of CAC [26]. Hence, one can hypothesise that if CAC and
CTCA are both done in the same scan with prominent effica-
cy, then the synergistic use of the two could potentially be
used in future evaluation of the coronary arteries, and by ex-
tension in ruling out ischaemic aetiology of HF.

A Cardio-Oncological Perspective

Cancer and Atherosclerosis

The development of subclinical atherosclerosis, as determined
by CAC, has shown association with a diagnosis of cancer.
Interestingly, Whitlock et al. followed up 3,122 subjects over
a 10-year period and found the incidence of CAC to be inde-
pendently associated with cancer even after accounting for ath-
erosclerotic risk factors. However, they failed to establish
whether the presence of cancer accelerated CAC over time [27].

Heart Failure Secondary to Cancer Chemotherapy

Cardiac monitoring is having a more defined role in the short-
term as well as long-term monitoring of cancer patients and
survivors. This is due to the recognition that there are both
short- and long-term adverse effects of a variety of cancer
chemotherapeutic agents [28–40]. The highest incidence has
been reported by the anthracycline doxorubicin and the most
common cardiac adverse event is left ventricular (LV) systolic
dysfunction and resultant HF. Early detection of cardiac dys-
function and prompt initiation of heart failure treatment could
potentially mitigate the cardiotoxic effects of anthracyclines
[41], though further studies are needed.

CT in the Assessment of Ventricular Function

Currently, cardiac CT is not first line in the assessment of
ventricular function, and is only indicated for LV assessment
following inadequate image procurement from other non-
invasive methods, and for right ventricular (RV) assessment
in both quantitative evaluation and morphological inspection
in suspected arrhythmogenic RV cardiomyopathy [6]. The use
of cardiac CT for LV function assessment is hence not com-
monplace in the investigative pathway of HF. In the context of
a good-quality echo, the degree of usefulness of CT needs to
be balanced against the greater radiation load, as to acquire LV
function assessment on CT, the acquisition needs to comprise
retrospective ECG helical gating. Retrospective ECG-gated
CTCA are now rarely required to obtain good-quality images
of the coronary arteries, particularly in the optimised patient
with controlled regular heart rate. Arsanjani et al. demonstrat-
ed that CTCA does have the capability to measure LV dys-
function and volumes [42].
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Echocardiography is currently the imaging modality of
choice for the assessment of ventricular function, despite no-
table underestimation of LV volumes when compared with the
gold standard of CMR [43]. By extension, LV volumes from
multi-detector CT are not significantly different to those ob-
tained from cardiac MRI [43]. It is important to note that
despite echocardiography’s accessibility and lack of radiation,
its resolution is limited in situations such as obesity and the
hyperinflated air-trapping of emphysema. In such cases, CMR
or cardiac CT scanning may be effectively utilised to assess
ventricular function in patients with suspected HF.

Systolic Assessment

HF patients with reduced LVEF have impaired systolic func-
tion, and by extension, it is crucial to evaluate the ventricles
during systole. Despite being first line for this purpose, echo-
cardiography is known to have inferior accuracy compared
with CT and CMR, with the latter modalities being further
down the diagnostic pathway mainly due to their accompany-
ing radiation (CTCA) or cost (CMR). Whilst it is possible to
assess the ventricles in systole with significant accuracy in CT,
CMR is still the superior modality. This was highlighted by
Schlosser et al., who found higher LV volumes with lower
LVEF and cardiac output findings in multi-detector CT when
it was compared with CMR; the discrepancy hypothesised to
come from the use of beta-blockers prior to CT scanning [44].
However, with a non-contrast cardiac CT, Nasir et al. did find
it possible in a single scan to both gauge CAC and estimate LV
size with comparable accuracy to CMR [45]. This added util-
ity provided by CT highlights future promise, despite it being
secondary within the investigative hierarchy for systolic ven-
tricular assessment.

Diastolic Assessment

Diastolic LV assessment is a necessity in HF patients with
preserved LVEF, and although echocardiography is classically
used for this evaluation, cardiac CT does provide a degree of
usefulness. Boogers et al. compared cardiac CT (via
transmitral velocity and mitral septal tissue velocity) with 2-
dimensional echocardiography and demonstrated a 79% diag-
nostic accuracy in the former for detecting diastolic dysfunc-
tion [46]. Whilst CT is rarely used in practice for this purpose,
a notable implementation can be seen in the morphological
assessment of the pericardium in constrictive pericarditis [47],
a cause of diastolic HF with preserved LVEF.

The Role of CT in Myocardial Characterisation

Whilst CMR is currently the gold standard for visualisation of
the myocardium [6], in certain situations, cardiac CT’s ability
to characterise tissue with a high spatial resolution in short

acquisition times may be of use. CMR is not possible in pa-
tients with claustrophobia, most patients with cardiac devices,
and requires relatively long times for acquisition. In compar-
ison with CTCA, less patient preparation is required for myo-
cardial CTwithmore freedom in target heart rates, creating the
possibility of a more accessible modality despite sharing other
limiting factors. However, the beam-hardening artefact of CT
creates a problem specific to the myocardium, with contrast in
the ventricles resulting in ‘shadowing’ over the myocardium
that can compromise adequate evaluation [48].

A relatively novel advancement in cardiac CT imaging is
use of delayed enhancement to detect myocardial scar within a
viability assessment. The practice uses the similar kinetic
properties shared by iodinated contrast agents in CT and the
gadolinium agents of CMR (where delayed enhancement is
classically employed), resulting in comparable myocardial
characterisation between modalities [49]. For CMR, quantita-
tive late gadolinium enhancement is established as a potent
tool to risk-stratify hypertrophic cardiomyopathy patients,
given its prognostic value in predicting sudden cardiac death
[50]. The presence of late gadolinium enhancement on CMR
predicts all-cause mortality, ventricular arrhythmia, sudden
cardiac death, cardiovascular mortality and major adverse car-
diovascular events, independent of LVEF in both ischaemic
and non-ischaemic cardiomyopathy [51, 52]. In the evaluation
of the myocardium post-infarction, animal studies have shown
that CT utilising delayed enhancement is a valid imaging mo-
dality [53, 54]. Whilst delayed enhancement in CT has some
promise, the equivalent phenomenon in CMR is known to
have superior resolution and less difficulties in patients with
respiratory pathology [49]. In addition, > 18 g of myocardial
fibrosis (as assessed by CT) is associated with increased risk
of spontaneous ventricular arrhythmias resulting in ICD acti-
vation for patients with hypertrophic cardiomyopathy [55].
This opens the possibility of risk-stratifying HF patients who
would benefit from implantable defibrillator. Hence, whilst
delayed enhancement in CMR is currently (and rightfully
so) used over CT, the current promise shown by the latter
warrants its consideration in the context of CMR being con-
tra-indicated, as well as supports the notion that future re-
search is needed in the area.

CT in Assessing the Pericardium

CT allows visualisation of the entire pericardium, a feature
that can be necessary in diagnosing constrictive pericarditis,
which presents classically as mainly right-sided HF. CT is also
essential in the preoperative workup of some patients with
constrictive pericarditis, especially to depict the extension of
calcifications and for those with a history of prior cardiotho-
racic surgery [56].

However, the CTattenuation of pericardium is similar to that
of the myocardium, and hence, the pericardium can be most
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clearly visualised where it is surrounded by fat and not imme-
diately adjacent to the myocardium [57]. A cardiac CTscan can
detect even small amounts of calcification, pericardial thick-
ness > 4 mm, RV narrowing and tubular deformation, normal
or small ventricular size and straightening of the inter-
ventricular septum. If there is clinical evidence of impaired
filling, pericardial thickening is virtually diagnostic of CP [58].

Given its accessibility, echocardiography is currently first
line in imaging for pericardial pathology but this at times
comes at a cost of limited visualisation of the entire pericardi-
um due to restricted acoustic windows, with lesions in the
anterior pericardium particularly affected [59]. Alternatively,
whilst being a less accessible imagingmodality with the added
negative of radiation exposure [60], a 2017 systematic review
(40 studies and total of 1,244 patients) recognised that CT is
an excellent tool to determine pericardial thickness and the
most sensitive technique to identify pericardial calcification,
but that echocardiography, followed by CMR, is preferred in
the contemporary diagnosis of constrictive pericarditis [61]. In
somewhat of a compromise, Alter et al. found that CT provid-
ed a modality that can be used in conjunction with echocardi-
ography for substantiation of a diagnosis of constrictive peri-
carditis [62]. CT is particularly sensitive for identifying peri-
cardial calcification [57]. CT density measurements may pro-
vide superior characterisation of pericardial fluid than echo-
cardiography, with pericardial inflammation displaying con-
trast enhancement [63].

CT in Cardiac Resynchronisation Therapy for Heart Failure

Cardiac resynchronisation therapy (CRT) is well established
in management of congestive heart failure refractory to med-
ical therapy [64–66]. However, it has been shown that the
CRT procedure can be unsuccessful in at least 5 to 12% of
patients [67]. Failure of LV lead placement has been attributed
to the inability to insert catheters in the coronary sinus and the
lack of suitable side branches [68]. The 256-slice CT per-
formed prior to consideration of CRT implantation provides
excellent non-invasive visualisation of the cardiac venous
anatomy, which may facilitate left ventricular lead positioning
for the procedure [69].

A potential solution to the issue of CRT clinical non-
responders might be avoiding left ventricular lead placement
adjacent to scarred myocardium. Multi-modality imaging
utilising imaging-guided LV lead placement using cardiac CT
venography, 99 m technetium myocardial perfusion imaging
and speckle-tracking echocardiography radial strain has been
used to target the optimal coronary sinus branch closest to the
non-scarred myocardial segment with latest mechanical activa-
tion. Sommer et al. assessed this in comparison with traditional
X-ray-guided LV lead implantation in a posterolateral region
with late electrical activation, finding more optimal placement
in the multi-modality group (83% vs 65%, P = 0.01) [70].

Cardiac CT: an Inter-Play Between Benefits and Risks

Justifying the use of cardiac CT is a product of the play-off
between the risks associated with radiation and contrast expo-
sure against the benefits, relative accuracy and convenience of
a non-invasive imaging modality that can rapidly exclude a
variety of heart disease pathologies including coronary artery
disease cardiac structural abnormalities, pericardial abnormal-
ities and potentially myocardial abnormalities. Unlike CMR
where the presence of a magnetic field precludes its use in
patients with implanted devices or prostheses, CT’s use of
radiation instead offers an avenue of imaging in such situa-
tions. Notably, as CTCA has some radiation exposure whilst
CMR has none, the latter can safely be used during pregnancy
where the former is contraindicated.

It is important to limit radiation exposure to patients from
diagnostic or interventional medical procedures to minimise
their long-term risk of cancer secondary to radiation exposure.
CTCA requires radiation exposure, and hence an understand-
ing of the magnitude of the radiation exposure involved is
mandatory, with an explanation of the innate risks of the mo-
dality being a necessity for optimal patient care. A multicentre
2019 study by Alhailiy et al. found that the effective dose for
CTCA is 5.2 mSv [71], which is lower than that expected from
invasive coronary angiogram [10]. Further, this radiation dose
associated with CTCA is higher in those with greater BMI and
higher heart rate [72], or atrial fibrillation [73]. However, with
recent improvements in CTCA technology, use of a third-
generation dual-source scanner has demonstrated that an ef-
fective dose of 0.63 mSv can produce a very good image
quality even in overweight or obese patients [74]. This was
echoed by Stocker et al., who conducted a study in 2018 of
4502 patients from 61 hospitals in 32 countries who
underwent CTCA reported a 78% decrease in total radiation
dose per patient when compared with a similar survey from
2007, hence demonstrating considerable reduction of radia-
tion exposure over the last decade [75].

The technique of prospectively triggered CTCA can signif-
icantly reduce radiation when compared with retrospectively
gated CTCA [76]). Optimising heart rate using beta blockers
or calcium channel blockers prior to the procedure also im-
proves image quality and reduces radiation.

CTCA is generally contraindicated in patients with sig-
nificant renal impairment because of the high risk of acute-
on-chronic renal failure secondary to contrast-induced
nephrotoxicity. It can be minimised by adequate hydration
pre and post CTCA. Davenport et al. performed a large-
scale propensity score-matched study and found that intra-
venous contrast media administration was a risk factor for
contrast-induced nephrotoxicity only in patients with an
eGFR of less than 30 mL/min/1.73 m2 [77]. Diabetes asso-
ciated with chronic kidney disease is an additional risk fac-
tor for contrast-induced nephrotoxicity [78].
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If a patient is known to be allergic to contrast, the prophy-
lactic corticosteroid treatment can potentially avoid an allergic
reaction. However, Jung et al. found that despite corticosteroid
prophylaxis, 3.4% of high-risk patients still experienced mod-
erate to severe reactions, and 14.3% of patients with a severe
index reaction again had a severe reaction [79].

Additionally, image acquisition in CT is possible in a few
minutes unlike CMR where patients are exposed to the possi-
bility of claustrophobia with enclosure in the CMR tunnel for
30–60 min. Being non-invasive, CTCA also does not require
hospital admission unlike invasive coronary angiogram where
monitoring post-procedure is usually crucial. Invasive coronary
angiogram would potentially be associated with less than 1%
possibility of complications such as vascular complications,
stroke, acute myocardial infarction, coronary artery dissection
and significantly greater radiation exposure than CT coronary
angiogram as mentioned previously. Finally, CT has greater
accessibility than CMR, but less than echocardiography.

Financially responsible healthcare requires an assessment
of prospective cost-efficiency prior to selecting any potential
investigation tool. Cardiac CT is no different, with economic
consideration being crucial to correct implementation within
functional healthcare infrastructure. In a 2015 study compar-
ing the cost of non-invasive CTCAwith conventional invasive
conventional coronary angiography for the detection of sig-
nificant CAD, it was found that the average cost of CTCA
(based on the use of a 64-slice CT scanner active for 10 h
per day) was approximately 13% of that required for invasive
coronary angiography [80]. Whilst it makes sense for a non-
invasive procedure to be significantly cheaper than its inva-
sive counterpart, it is also important to consider potential
intraprocedural modifications that can be made to further re-
duce costs in the CTCA. Igarashi et al. found that administer-
ing the β-blocker landiolol to appropriately reduce heart rate
during cardiac CTCA reduced expected costs by approximate-
ly 4% per patient when compared with placebo, demonstrat-
ing cost-saving efficacy for CTCA diagnosis in CAD patients
with tachycardia [81].

Conclusion

CTCA plays an important role in the exclusion of coronary
artery disease in patients with heart failure. Calcium scoring
may be a reasonable initial test to reduce the number of pa-
tients that require full CTCA with contrast. Cardiac CT also
has an evolving role in obtaining non-coronary cardiac infor-
mation and functional information for coronary stenosis and
ventricular function. Cardiac CT may hence provide a reason-
able alternative if CMR and/or echocardiography are relative-
ly contra-indicated, or perhaps in the context of improving
efficiency, minimising numbers of tests and associated costs
in the investigation of this patient cohort. Future research

should compare the accuracy, benefits and cost-effectiveness
of different clinical pathways involving multi-modality testing
for the evaluation of patients with heart failure in the future.
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