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Abstract

Recent developments in the novel imaging technology of cardiac computed tomography (CT) not only permit detailed 
assessment of cardiac anatomy but also provide insight into cardiovascular physiology. Foremost, coronary CT angi-
ography (CCTA) enables direct noninvasive examination of both coronary artery stenoses and atherosclerotic plaque 
characteristics. Calculation of computational fl uid dynamics by cardiac CT allows the noninvasive estimation of frac-
tional fl ow reserve, which increases the diagnostic accuracy for detection of hemodynamically signifi cant coronary 
artery disease. In addition, a combination of myocardial CT perfusion and CCTA can provide simultaneous anatomical 
and functional assessment of coronary artery disease. Finally, detailed anatomical evaluation of atrial, ventricular, and 
valvular anatomy provides diagnostic information and guidance for procedural planning, such as for transcatheter 
aortic valve replacement. The clinical applications of cardiac CT will be extended with the development of these novel 
modalities. 
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Introduction

Recent developments in cardiac computed tomog-
raphy (CT) have enabled reliable visualization of 
the coronary artery and noninvasive detection of 
coronary artery disease (CAD). Prior studies have 
focused on technology assessment for coronary 

artery stenosis evaluation, demonstrating a high 
diagnostic accuracy for obstructive CAD, and the 
safety of coronary CT angiography (CCTA) as an 
alternative noninvasive evaluation compared with 
stress testing [1–4]. Current guidelines recommend 
CCTA be performed for evaluation of CAD, espe-
cially for those patients who have a low-to-inter-
mediate pretest likelihood of CAD [5, 6]. However, 
clinical use of CCTA to date has focused on evalua-
tion of luminal stenosis, which is of limited value for 
identifying hemodynamically signifi cant CAD [7]. 
In an effort to overcome these drawbacks, research-
ers have recently developed novel approaches to 
CCTA to estimate the hemodynamic signifi cance 
of CAD and to evaluate extraluminal plaque for 
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prognostication of adverse cardiac outcomes. 
Additionally, cardiac CT images contain noncoro-
nary, 3D structural information of the whole heart 
at high spatial resolution. We review here novel 
approaches of cardiac CT for evaluation of cardio-
vascular disease.

CCTA for Detection of Atheroscle-
rotic Plaque Characteristics 

Beyond the detection of coronary stenosis, CCTA 
has also been used to evaluate extraluminal athero-
sclerotic plaque characteristics. Calcifi cation and 
its absence are easily visualized in CCTA images. 
Early studies of plaque characteristics were limited 
to classifi cation of calcifi ed, noncalcifi ed, or mixed 
plaque (Figure 1, panels A–C). The accuracy of this 
simple qualitative plaque measurement approach 
showed that the corrected rate of categorization of 
calcifi ed, noncalcifi ed, and mixed plaque by CCTA 
was 83, 94, and 95% respectively, with use of intra-
vascular ultrasonography (IVUS) as the gold stand-
ard [9, 10].

Vulnerable plaque characteristics that predict 
downstream events are diffi cult to examine in 
vivo except by invasive techniques [11]. Recently, 
increased spatial and temporal resolution of CCTA 
has allowed the assessment of vulnerable plaque 
characteristics by the CT attenuation pattern 
(Figure 1, panels D–F) [12–14]. First, lipid-rich 
plaques may be identifi ed on CCTA as low-atten-
uation plaques (LAP). Choi et al. [15] reported that 
plaques with more than 10% necrotic core on IVUS 
had a signifi cantly lower CT density as compared 
with plaques with less than 10% necrotic core (41.3 
HU vs. 93.1 HU). Previous studies have attempted 
to determine a distinct HU cutoff for LAP. A CT 
density of less than 30 HU has typically been used 
as a cut off for identifi cation of LAP [16]. Second, 
positive remodeling, which represents the tendency 
of the coronary artery to undergo a compensatory 
enlargement with development of atherosclerosis, 
can also be identifi ed by CCTA. Achenbach et al. 
[17] demonstrated that measurements of the remod-
eling index (RI) by CCTA were verifi ed by IVUS, 
revealing a signifi cantly high correlation (r2 =0.82). 
The degree of positive remodeling is typically over-
estimated by CCTA. When RIs were compared for 

thresholds of 1.05 and 1.1, RI of 1.1 in CCTA bet-
ter identifi ed positively remodeled plaque in IVUS 
with a sensitivity of 83% and a specifi city of 78% 
as compared with the standard cutoff of RI of 1.05 
(sensitivity 83% vs. 100% respectively; specifi city 
78% vs. 45% respectively) [18]. Third, the napkin-
ring sign is a specifi c attenuation pattern of athero-
sclerotic plaques on CCTA images characterized by 
a plaque core with low CT attenuation surrounded 
by a rim-like area of higher CT attenuation (Figure 
1, panel F), which may potentially represent thin-cap 
fi broatheroma. Kashiwagi et al. [19] demonstrated 
that the sensitivity, specifi city, positive predictive 
value, and negative predictive value of the napkin-
ring sign for detection of thin-cap fi broatheroma 
on optical coherence tomography are 44, 96, 79, 
and 85% respectively. Lastly, spotty calcifi cation, 
which has been defi ned as distinct calcifi cations 
3 mm or less in length and circumscribing an arc 
of 90° or less in CCTA cross section, potentially 
represents microcalcifi cation in histology studies. 
Spotty calcifi cation has signifi cant association with 
vulnerable plaque characteristics defi ned by virtual 
histology–IVUS [20]. However, “spotty calcifi ca-
tion” on CCTA is actually macrocalcifi cation due 
to the limitation of the spatial resolution of current-
generation CT scanners. There are also confl icting 
results among previous studies about the relation-
ship between spotty calcifi cation and plaque rupture 
[21]. 

Vulnerable CCTA plaque characteristics are not 
only correlated to invasive imaging but also con-
tribute an independent prognostic value for future 
adverse events. Motoyama et al. [22] reported that 
signifi cantly higher rates of acute coronary syn-
drome occurred in patients with one-feature- and 
two-feature-positive plaque (i.e., positive remod-
eling and LAP) when compared with patients with 
no high-risk plaque characteristics (49 vs. 3.7 vs. 
22.2% respectively, P<0.001). A positive remod-
eled segment with LAP on CCTA was at a higher 
risk of future acute coronary syndrome (hazard ratio 
22.8, 95% confi dence interval [CI] 6.9–75.2) [22]. 
In the latter study, only 0.5% of patients without 
either feature had an acute coronary event, provid-
ing a strong negative predictive value. In addition 
to positive remodeling and LAP, Otsuka et al. [23] 
reported that the napkin-ring sign demonstrated on 
CCTA was strongly associated with future acute 
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coronary syndrome events (hazard ratio 5.55, 95% 
CI 2.10–14.70), independent of other high-risk 
coronary CCTA features (e.g., positive remodeling 
and LAP). Furthermore, the Rule Out Myocardial 
Infarction/Ischemia Using Computer Assisted 
Tomography (ROMICAT) trial also demonstrated 
that high-risk plaque characteristics, including 
positive remodeling, LAP, napkin-ring sign, and 
spotty calcifi cation, were signifi cant predictors of 
myocardial infarction and unstable angina (odds 
ratio 8.9, 95% CI 1.8–43.3) [24]. A more recent 
study by Park et al. [25] reported that CT plaque 
characteristics were also associated with ischemic 
lesions as identifi ed by invasive fractional fl ow 
reserve (FFR). In that study, the presence of posi-
tive remodeling and LAP displayed a fi vefold and 
twofold increase respectively in the likelihood of 
signifi cant ischemia.

Despite the potential applications of CCTA for 
identifying plaque characteristics, several studies 
using conventional single-energy CT have shown 
limited value for classifi cation of the coronary 
artery plaque due to substantial density overlap 
between fi brous-rich and lipid-rich components 

[26, 27]. To resolve this limitation, dual-energy 
CT could potentially be applied to detect lipid-
rich plaque, including necrotic core. The con-
cept of dual-energy CT is simultaneous imaging 
with two energy spectra to differentiate between 
two materials with regard to their energy-specifi c 
attenuation profi le [28, 29]. In a prospective study 
using 1,088 plaque areas co-registered by virtual 
histology–IVUS, Obaid et al. [30] showed a higher 
sensitivity (64%) and specifi city (98%) for differ-
entiation of necrotic core and fi brous plaque in ex 
vivo postmortem hearts in comparison with sin-
gle-energy CT (sensitivity 50%, specifi city 94%). 
Consideration of the application of dual-energy 
CT for identifi cation of high-risk plaque charac-
teristics is still in its infancy, and further studies of 
this concept are needed. 

FFR Derived from CT

In the recent past, revascularization based on 
invasive FFR, the gold standard for determining 
the hemodynamic signifi cance of coronary artery 

Figure 1 Traditional and Attenuation Pattern–Based Plaque Classifi cation Schemes in Coronary Computed Tomography 
Angiography (CCTA).
The center panel shows a volume-rendered CCTA image of a cadaver heart. The traditional plaque classifi cation scheme (left) 
differentiates between noncalcifi ed plaques (A), calcifi ed plaques (B), and partially calcifi ed (mixed) plaques (C). The attenu-
ation pattern–based classifi cation scheme (right) differentiates between homogeneous plaques (D), heterogeneous plaques (E), 
and napkin-ring plaques (F). The corresponding histology slides show pathological intimal thickening (A), fi brous plaque with 
sheet calcifi cation (B), pathological intimal thickening with spotty calcifi cation (C), a fi brous plaque (D), early fi broatheroma 
with intraplaque hemorrhage (arrow) (E), and a late fi broatheroma with large necrotic core (E). Ca, calcium; L, lumen. Repro-
duced from Maurovich-Horvat et al. [8] with permission from Elsevier.
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lesions [31], has improved clinical outcomes [32]. 
FFR is defi ned as the ratio of the maximal fl ow in a 
stenotic artery to the hypothetical maximal fl ow in 
the same artery without stenosis [31]. Despite the 
clinical utility of invasive FFR, it is used in less than 
10% of revascularization decisions, likely owing 
to the invasive nature, time-consuming approach, 
which is confi ned to the catheter laboratory, and the 
need for vasodilator medication [33]. The combina-
tion of CCTA with precise 3D anatomical imaging 
of the coronary artery anatomy, computational fl uid 
dynamics, and image-based modeling allows estima-
tion of FFR derived from CT (FFR-CT) to evaluate 
the hemodynamic signifi cance of coronary lesions 
without additional radiation exposure and vasodi-
lator injection [34, 35] (Figure 2). To date, several 
prospective, international multicenter studies have 
validated the diagnostic accuracy of FFR-CT as 
compared with invasive FFR as the reference stand-
ard. The Diagnosis of Ischemia-Causing Stenosis 
Obtained via Noninvasive Fractional Flow Reserve 
(DISCOVER-FLOW) study assessed the diagnos-
tic performance of FFR-CT in 159 vessels in 103 
patients using invasive FFR as the reference stand-
ard. In that investigation, the diagnostic accuracy of 
FFR-CT on a per-vessel basis was 84.3% (95% CI 
77.7–90.0%) compared with 58.5% (95% CI 50.4–
66.2%) for CCTA alone. Furthermore, a higher area 
under the curve was observed for FFR-CT when 
compared with CCTA on both a per-vessel basis 
(0.90 vs. 0.75, P=0.001) and a per-patient basis 
(0.92 vs. 0.70, P=0.0001) [36]. The Determination 
of Fractional Flow Reserve by Anatomic Computed 
Tomographic Angiography (DeFACTO) trial stud-
ied 252 patients, including 407 vessels, to determine 
the accuracy of FFR-CT compared with invasive 
FFR. In that study, a higher diagnostic accuracy 
was observed for FFR-CT for ischemia detection 
when compared with CCTA alone (73% [95% CI 
67–78%] vs. 64% [95% CI 58–70%] respectively). 
Although the DeFACTO trial did not meet the 
prespecifi ed primary end point for noninferiority, 
FFR-CT demonstrated an improved discriminatory 
power for ischemia as compared with CCTA alone 
in both a per-vessel basis (0.81 vs. 0.75, P<0.001) 
and a per-patient basis (0.81 vs. 0.68, P<0.001) 
[37]. The Analysis of Coronary Blood Flow Using 
CT Angiography: Next Steps (NXT) trial evalu-
ated the diagnostic performance of FFR-CT in 254 

patients, including 484 vessels, using invasive FFR 
as the reference standard. On a per-patient basis, the 
diagnostic accuracy (81%) and specifi city (79%) 
for FFR-CT were markedly higher than the diag-
nostic accuracy (51%, P<0.0001) and specifi city 
(32%, P<0.0001) for CCTA alone. The improved 
diagnostic accuracy compared with the diagnostic 
accuracy in DISCOVER-FLOW and DeFACTO 
is likely due to substantial refi nement in FFR-CT 
technology, coronary modeling, and improved CT 
image quality [38].

In prior trials, FFR-CT calculation required off-
site processing of CT datasets, which required 
hours of supercomputer calculations [34]. 
Improved software and hardware allows the avail-
ability of on-site workstation-based rapid post-
processing of CCTA images. Several retrospective 
single-center trials have validated on-site methods 
in comparison with invasive FFR [39–41]. Among 
those studies, Coenen et al. [40] evaluated the diag-
nostic performance of on-site FFR-CT compared 
with CCTA using invasive FFR as the reference 
standard. On-site FFR-CT provided an incremen-
tal value over CCTA for detection of hemodynami-
cally signifi cant CAD (area under the curve 0.83 
vs. 0.64). To evaluate the clinical outcomes of 
FFR-CT, the multicenter Prospective Longitudinal 
Trial of FFR-CT: Outcome and Resource Impacts 
(PLATFORM) [42] enrolled 584 patients with an 
intermediate likelihood of obstructive CAD and 
used two diagnostic strategies: usual care testing 
(n=287) or FFR-CT (n=297). The rate of inva-
sive coronary angiography (ICA) displaying no 
obstructive CAD within 90 days as the primary 
end point was 73.3% in the planned ICA stratum 
versus 12.4% in the FFR-CT stratum (P<0.001). 
The authors concluded that FFR-CT signifi -
cantly decreases the rate of unnecessary ICA as 
an invasive decision-making diagnostic tool [42]. 
Consequently, investigators evaluated the same 
cohort for 1-year outcomes of major adverse car-
diac events, total medical costs, and quality of life 
[43]. A rare incidence of major adverse cardiac 
events was observed, including two events in the 
FFR-CT group and two events in the usual care 
group. The FFR-CT group demonstrated a sig-
nifi cant lower medical cost as compared with the 
usual care group ($8,127 vs. $12,145; P<0.0001). 
In addition, the FFR-CT group had signifi cantly 
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increased quality-of-life scores versus the usual 
care group (mean change 0.12 vs. 0.07; P=0.02) 
[43]. 

The utility of FFR-CT for predicting poststent-
ing outcomes using virtual stenting is a new and 

potentially useful application of this modality. Kim 
et al. [44] compared FFR-CT (before and after 
virtual stenting) with invasive FFR (before and 
after actual stenting) in 44 patients. The diagnos-
tic accuracy of FFR-CT for forecasting ischemia 

LAD LCx RCAA

B

FFRCT unavailable
FFRCT

Occlusion 0.00 0.60

May be functionally significant May not be significant

0.70 0.80 0.90 1.00

Figure 2 A 65-year-old White Man with Atypical Chest Pain.
(A) Multiplanar reformat of a computed tomography (CT) angiogram demonstrating a diffuse calcifi cation in the proximal part of 
the left anterior descending coronary artery (LAD), a focal calcifi cation in the middle part of the LAD, a focal calcifi cation in the 
middle part of the left circumfl ex artery (LCx), and a diffuse calcifi cation in the proximal part of the right coronary artery (RCA). 
(B) The fractional fl ow reserve derived from CT (FFRct) of the LAD, LCx, and RCA is 0.86, 0.82, and 0.73; the value for the 
RCA indicated signifi cant ischemia. Lesions with diffuse and focal calcifi cation in (A) are indicated by asterisks and stars.
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after stenting was 96% (sensitivity 100%, speci-
fi city 96%). Ongoing multicenter prospective tri-
als such as the Computed Tomographic Evaluation 
of Atherosclerotic Determinants of Myocardial 
Ischemia (CREDENCE) [45], Dual Energy CT 
for Ischemia Determination Compared to “Gold 
Standard” Non-Invasive and Invasive Techniques 
(DECIDE-Gold) [46], and Computed Tomography 
Angiography in the Evaluation of Suspected 
Coronary Artery Disease (PERFECTION) [47] tri-
als are comparing the diagnostic performance of 
FFR-CT versus other myocardial perfusion tests 
to determine which test is most applicable for use 
in the clinical setting. As further advancements are 
being made in CT technology with the goal of opti-
mizing image quality and enhancing postprocessing 
software, FFR-CT is emerging as a safe, accurate, 
and cost-effective gatekeeper for ICA for the nonin-
vasive evaluation of myocardial ischemia. 

Myocardial CT Perfusion Analysis

Despite the high negative predictive value of CCTA 
for diagnosis of CAD, current applications of CCTA 
mainly provide only anatomical information on coro-
nary artery stenosis [7, 48–50]. In addition, CCTA 
has limited accuracy to detect stenosis in vessels with 
dense calcifi cation and in-stent restenosis [51, 52]. 
To overcome these shortcomings, increases in CCTA 
temporal resolution and increased detector row width 
have allowed the evaluation of myocardial CT perfu-
sion (CTP) with CCTA for simultaneous anatomical 
and functional assessment of CAD in a single exami-
nation [53]. Moreover, the increased spatial resolu-
tion along with the shorter acquisition time makes it 
an appropriate choice compared with other conven-
tional myocardial perfusion imaging methods, such 
as single photon emission CT [54, 55].

Numerous studies have assessed the diagnos-
tic performance of myocardial CTP technologies. 
Bettencourt et al. [56] evaluated the diagnostic accu-
racy of CCTA and a myocardial stress-rest CTP com-
bination using static single energy in patients with 
intermediate-to-high pretest probability of CAD as 
compared with quantitative coronary angiography. 
In a patient-based model, the accuracy of combined 
CCTA and CTP for detection of 50 and 70% steno-
sis was 84 and 93% respectively. They also reported 

a lower radiation dose required for the complete 
protocol as compared with other similar studies. 
In the Coronary Artery Evaluation Using 320-Row 
Multidetector Computed Tomography Angiography 
and Myocardial Perfusion (CORE320) study [57], 
a combination of stress-rest myocardial CTP and 
CCTA using a static CT scan decreased sensitivity, 
but substantially increased specifi city and diagnos-
tic accuracy of CCTA for identifi cation of obstruc-
tive CAD. In a recent meta-analysis of myocardial 
CTP, the vessel-based sensitivity and specifi city of 
combined CT angiography and single-phase stress 
CT for detection of 50% stenosis based on ICA 
were estimated to be 84 and 93% respectively [58]. 

Some inherent limitations of myocardial CTP 
include artifacts and radiation dose (Table 1). The 
main artifacts of CTP include beam hardening and 
motion artifacts. Use of prospectively ECG-triggered 
dual-energy CT along with some additional improve-
ments in beam-hardening correction algorithms has, 
in part, solved these issues [59, 60]. Motion artifacts 
mostly occur as a consequence of elevated heart rate, 
and can be distinguished from true perfusion defects 
by use of some simple rules during image interpreta-
tion [61]. High radiation dose associated with CTP 
is still a major drawback, particularly in dynamic 
CT within a range of 5–13 mSv. The radiation dose 
range for static CT has been reported to be between 
2 and 9 mSv in various studies [58]. A reduction in 
tube voltage and current together with use of iterative 
algorithms to enhance the image reconstructions can 
help decrease the radiation dose [62]. Kim et al. [63] 
demonstrated a reduction in radiation dose with pre-
served image quality using dynamic CT with 80 kV 
and a high-concentration iodine contrast agent. 
Nonetheless, to overcome some of the existing draw-
backs of myocardial CTP, further studies are needed 
to determine the optimal protocol in tandem with 
advances in technology and postprocessing software 
to establish the lowest radiation dose.

Although the feasibility and high diagnostic per-
formance of myocardial CTP are apparent, to date, 
there is no universal agreement for its indications, 
placement, and prognostic value in the prevention 
and treatment of cardiovascular diseases. Further 
still, it has remained a challenge to determine the 
optimal technology and protocol. Clearly, addi-
tional well-designed multicenter studies with suf-
fi cient power are required to determine the most 
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appropriate protocol, indications, and associated 
cost-benefi t of this modality.

Other Applications of Noncoronary 
Cardiac CT

Cardiac Chamber Assessment

Given the high spatial resolution, anatomical assess-
ment of extracoronary fi ndings by means of cardiac 
CT can provide precise measurements of left ven-
tricular morphology, such as chamber dimensions 
and volumes as well as left ventricular ejection 
fraction (LVEF). In a meta-analysis, the accuracy 
of cardiac CT scanning for LVEF measurement 
was compared with that of transthoracic echocar-
diography (TTE) and magnetic resonance imaging 
(MRI). Cardiac CT presented an accurate LVEF 
estimation when compared with MRI and TTE: 
the results of a meta-analysis showed that there 
are no signifi cant differences in LVEF estimation 
between CT versus MRI and TTE (weighted mean 
difference between CT and MRI − 0.11 [95% CI 
− 1.48 to 1.26]; weighted mean difference between 
CT and TTE 0.19 [95% CI − 1.13 to 1.50]) [64]. 
However, because of the complex geometry, endo-
cardial trabeculae, and enhancement problems, the 
associated accuracy of cardiac CT for volumetric 
assessment of the right side of the heart appears to 

be limited [65]. Moreover, in terms of limitations, 
premedication with beta-blockers before cardiac 
CT can diminish myocardial tone, which may lead 
to alterations in actual volumes and ejection frac-
tion measurements. In addition, the assessment of 
cardiac chambers requires a retrospective protocol 
covering both systolic and diastolic phases, as com-
pared with other procedures. Thus it is not feasible 
to apply a radiation dose–reducing strategy such as 
low-dose step and shoot protocols. 

Assessment for Congenital Heart Disease 

The rapid acquisition ability of CCTA enables pre-
cise evaluation of patients with congenital heart 
diseases (CHD), especially in children with fast 
cardiac rhythm [66]. While echocardiography is the 
primary diagnostic method for CHD for all ages, 
cardiac CT is used as a complementary tool espe-
cially for the assessment of extracardiac vessels 
and coronary arteries [67]. In addition, cardiac CT 
can be used for preoperative assessment as well as 
postoperative evaluation [68]. Current guidelines 
have several recommendations for the applications 
of cardiac CT in patients with CHD [69]. Coronary 
anomalies may affect the surgical plan in patients 
with CHD, and accurate anatomical assessment of 
coronary arteries by cardiac CT is recommended 
before surgery [70]. Additionally, the ability of 
cardiac CT to evaluate systemic and pulmonary 

Table 1 Advantages and Disadvantages of Computed Tomography Perfusion Analysis.

 Advantages  Disadvantages

Resting CT 
perfusion

 No need for additional radiation 
and drug administration

 Low diagnostic accuracy to detect myocardial 
ischemia that is induced only in the stress phase
Unable to distinguish reversible myocardial 
ischemia from irreversible myocardial ischemia

Stress CT perfusion  More accurate evaluation of 
reversible perfusion defect

 Additional radiation dose
Administration of medication to induce stress

Static CT  Lower radiation dose  Peak contrast attenuation may be missed
More artifacts
Low accuracy in multivessel defects

Dynamic CT  High temporal resolution
Direct measurement of 
myocardial perfusion using 
fully quantitative assessment 
to measure absolute blood fl ow 
values

 High radiation dose
Respiratory motion artifacts due to long breath-
hold (>30s)
Spatial misalignment
Cannot be used for assessment of coronary artery 
morphologic features

CT, computed tomography.
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vessels as well as ventricular size and function 
allows preprocedural and postprocedural assess-
ment in patients with aortic coarctation, pulmonary 
venous anomaly, tetralogy of Fallot, and transposi-
tion of great arteries [71–74]. Although cardiac CT 
is an excellent diagnostic method for CHD, it has 
limitations compared with echocardiography such 
as the need for sedation in young children, intrave-
nous access for contrast agent injection, and risk of 
radiation exposure [69].

Periprocedural Assessment 

Transcatheter aortic valve replacement (TAVR) 
is a newly developed procedure to treat patients 
with severe aortic stenosis with moderate to high 
surgical risk. Recent randomized controlled trials 
have reported that patients who underwent TAVR 
displayed improved long-term outcomes as com-
pared with patients with inoperable aortic stenosis 
because of high surgical risk who received stand-
ard treatment [75, 76]. Before TAVR, evaluation of 
aortic valve and adjacent structure is essential to 
estimate the feasibility of TAVR and periprocedural 
complication risk. The aortic annulus is a complex 
noncircular and dynamic structure with continu-
ous morphological changes throughout the cardiac 
cycle. Traditionally, echocardiography and invasive 
cardiac catheterization were used for preprocedural 
evaluation of TAVR; however, they provided lim-
ited data because of the nature of the 2D imaging 
technique and shadowing by calcifi cation. Cardiac 
CT can overcome these limitations and improve 
patient and valve selection [77].

The sizing of the TAVR valve is an important 
step in procedural planning for TAVR. Cardiac CT 
has many advantages in addition to superior results 
with respect to TAVR valve sizing. Paravalvular 
aortic regurgitation (PAR) is a potentially important 
complication, and is closely related to TAVR valve 
size. More than mild PAR after TAVR is associ-
ated with a 2.5-fold increased risk of all-cause death 
when compared with no PAR [78]. When compared 
with transesophageal echocardiography (TEE) 
and invasive angiography-based TAVR valve siz-
ing, CT-based aortic annular evaluation for TAVR 
valve sizing is associated with a 7–14% signifi cant 
reduction in the incidence of post-TAVR PAR that 
is more than mild [79, 80]. Preevaluation of valve 

sizing using cardiac CT measurement has been 
shown to have higher reproducibility when com-
pared with use of TEE [81]. 

Cardiac CT provides comprehensive informa-
tion about the distance to coronary ostia and the 
presence of calcifi c nodules for appropriate patient 
selection. Measurement of the adequate height of 
the coronary ostia is an important prerequisite for 
the TAVR procedure. In a multicenter study from 81 
centers, 44 of 6,688 patients had acute symptomatic 
coronary obstruction following the procedure [82]. 
Lower-lying coronary ostium (<12 mm) and shallow 
sinuses of Valsalva (<30 mm) were the strongest ana-
tomical factors associated with coronary obstruction. 
Generally, ostia heights more than 12 mm from the 
annulus are considered safe for avoidance of coro-
nary ostial obstruction. Aortic root injury or rupture 
is the other serious complication of the TAVR pro-
cedure. Cumulative left ventricular outfl ow tract 
(LVOT) and annulus rupture rates of 1.1 and 0.9% 
respectively have been reported [83, 84]. An advan-
tage of cardiac CT for the prevention of aortic root 
injury is that the severity and location of calcifi ca-
tion in the LVOT can be determined. In a multicenter 
registry, Hansson et al. [85] reported that the median 
calcium volume within the LVOT in patients found 
to have aortic root injury was 74 mm3 compared with 
3 mm3 in patients without observed root injury. 

Radiofrequency catheter ablation (RFCA) of the 
pulmonary veins (PV) has become a frequent inter-
ventional therapy for refractory atrial fi brillation. 
Cardiac CT can be useful to demonstrate individual 
3D anatomical geometry of the left atrium (LA), 
left atrial appendage (LAA), and PV for procedural 
planning in atrial fi brillation before ablation. Three-
dimensional electroanatomical mapping by cardiac 
CT can support the catheter ablation procedure for 
successful RFCA [86, 87]. Not only is it informative 
in defi ning anatomical characteristics, cardiac CT 
also enables the ruling out of the presence of LAA 
and LA thrombus in patients before they undergo 
electric cardioversion or ablation procedures. In car-
diac CT images, LAA thrombus will appear as areas 
with hypoattenuation or haziness, but slow blood 
fl ow in the LAA could be a common cause of false 
positive results especially in early-phase images. For 
exclusion of “pseudothrombus,” the addition of a 
noncontrast delayed image is useful in reducing the 
false positive rate. In a meta-analysis, the diagnostic 
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accuracy, sensitivity, specifi city, positive predictive 
value, and negative predictive value of cardiac CT 
for detection of LA/LAA thrombi were 94, 96, 92, 
41, and 99% respectively when compared with TEE 
as a reference standard [88]. Furthermore, a clinical 
integration of cardiac CT to assess the LAA before 
RFCA markedly reduced the number of TEE proce-
dures and an showed excellent safety profi le [89]. 

Cardiac CT is also important for other procedural 
planning and device evaluation. Although tran-
scatheter mitral valve replacement is not yet widely 
clinically available, cardiac CT is promising for 
valve sizing and prevention of complications [90]. 
Lastly, 3D printing is expected to have a wide use in 
structural heart interventions soon. Given the high 
spatial resolution and 3D multiplanar reformat-
ting capabilities, it is anticipated that cardiac CT 
will likely play a pivotal role in 3D printing device 
development and interventional planning [91]. 

Conclusion

At present, cardiac/coronary CT is commonly per-
formed for obstructive CAD evaluation. Recent 

developments in CT technology, however, now 
enable us to extend the application of cardiac CT 
to the evaluation of coronary plaque characteristics 
that previously were considered assessable only 
by the use of invasive imaging modalities. In addi-
tion, myocardial CTP analysis and FFR-CT allow 
the evaluation of not only anatomical but also func-
tional assessment of CAD by a single modality. The 
use of cardiac CT to evaluate extracoronary fi nd-
ings has resulted in this procedure being progres-
sively used as an essential noninvasive imaging tool 
for the evaluation of cardiac structure and function 
and preprocedural evaluation. Future anticipated 
technical improvements related to CCTA, includ-
ing dual-energy CT and 3D printing, may allow the 
development of new tools for improving patient 
care in cardiovascular disease.
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