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ABSTRACT

Computed tomography is a noninvasive imaging technique with high spatial resolution, providing excellent definition of calcium 
and intravascular space through the use of contrast media. This imaging modality allows both highly accurate measurements and 
virtual simulations for preprocedural planning in coronary and structural heart disease interventions. Computed tomography is 
currently the gold standard technique for patient selection and preprocedural planning in numerous scenarios, such as transcatheter 
aortic valve implantation, left atrial appendage occlusion, transcatheter mitral valve repair, and transcatheter tricuspid valve repair. 
This article reviews the role of computed tomography in transcatheter coronary and structural heart disease interventions.

REC Interv Cardiol. 2024;6(3):201-212
https://doi.org/10.24875/RECICE.M24000458

Keywords: Computed tomography. Structural heart disease interventions. TAVR. LAAO. TMVR.

Abbreviations
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Papel de la tomografía computarizada en los procedimientos de cardiología 
intervencionista coronaria y estructural

RESUMEN

La tomografía computarizada es una técnica no invasiva, de gran resolución espacial, con excelente definición del calcio y del 
espacio intravascular al emplear medios de contraste, que brinda la posibilidad de realizar tanto mediciones como simulaciones 
virtuales de intervencionismo coronario y estructural. Se ha establecido como la técnica de referencia en la selección de pacientes 
y la planificación de procedimientos de intervencionismo transcatéter coronario y estructural en diferentes escenarios (implante 
percutáneo de válvula aórtica, cierre percutáneo de orejuela izquierda, reemplazo de válvula mitral transcatéter y reemplazo de 
válvula tricúspide transcatéter). El presente trabajo revisa el papel de la tomografía computarizada en el intervencionismo cardiaco 
coronario y estructural. 

Palabras clave: Tomografía computarizada. Intervencionismo estructural. TAVI. LAAO. TMVR.
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INTRODUCTION

Coronary and structural heart disease interventions have tradition-
ally relied on fluoroscopy and transesophageal echocardiography as 
the imaging modalities of choice, especially for intraprocedural 
monitoring. Imaging-based patient selection has also usually relied 
on echocardiography. However, the technological and knowledge 
advancements made in recent years have led to the incorporation 
of new imaging modalities—particularly computed tomography (CT) 
and, to a lesser extent, magnetic resonance—into the field of struc-
tural heart interventions.

Currently, CT is the imaging modality of choice before structural 
heart interventions in a wide range of procedures, as well as the 
screening technique for coronary artery disease, and even for plan-
ning coronary interventions. 

This review examines the applications and indications of cardiac 
CT in transcatheter coronary and structural heart disease 
interventions.

GENERAL FEATURES OF CARDIAC COMPUTED 
TOMOGRAPHY

Cardiac CT is an optimal technique for evaluating patients prior to 
a structural heart intervention. This modality offers contrast-en-
hanced noninvasive imaging with excellent definition of calcium 
and intravascular space, submillimeter isotropic spatial resolution, 
and acceptable temporal resolution.

Like invasive coronary angiography, cardiac CT uses an X-ray 
source to create the image. Modern machines feature an O-shaped 
gantry ring with the X-ray tube positioned opposite a ring of detec-
tors. The emitted radiation beam is attenuated and absorbed 
depending on tissue densities, with the captured energy recon-
structed to form a medical image.

When acquiring tomographic images of heart structures and coro-
nary arteries, it is important to consider their small-caliber, with 
each structure moving independently in all 3 spatial axes. There-
fore, the equipment must be technically capable of producing 
conclusive studies. Table 1 outlines key technical parameters of CT 
generated images.

A cardiac CT scan should employ the ECG-gated technique to 
compensate for cardiac motion, with the study conducted during 
breath-holding to minimize respiratory movements. Acquisitions 
can cover the entire cardiac cycle or a preselected phase. Acquisi-
tion of the entire cardiac cycle (called “retrospective” in scanners 
with < 16 cm z-axis coverage) offers the advantage of allowing 
reconstruction of all phases, as well as functional assessments 
(volumes, ejection fraction, leaflet motion) and 4D reconstructions. 
However, this method requires higher radiation doses. This can be 
partially mitigated through retrospective acquisitions with dose 
modulation, acquiring high-quality images in 1 or more predefined 
phases while capturing the rest at lower quality, thereby reducing 
radiation exposure.1

Technological advances and the wider availability of CT scanners 
with cardiac acquisition software have allowed this imaging 
modality to be established as a standard in various structural inter-
ventional procedures. While it is widely acknowledged that the 
minimum equipment required includes an ECG-gated 64-slice CT 
scanner, the latest models offer superior image quality, decreased 
radiation exposure, and reduced contrast use. The latest generation 
of CT scanners follow various development paths: a) wide-detector 
CT scanners increase the scanned distance per heartbeat by 

incorporating more detectors; some scanners have more than 300 
detectors, enabling cardiac coverage in a single heartbeat; b) high-
pitch dual-source CT scanners use 2 radiation sources at a 90° offset 
and a high speed table to markedly enhance temporal resolution); 
c) spectral CT scanners use detectors with differing sensitivities or 
various energy levels from the emitter to capture images at different 
energy spectra, allowing a certain degree of tissue characterization; 
and d) photon-counting CT scanners eliminate the need for inter-
mediate photoluminescent detectors, thus enhancing spatial resolu-
tion to 0.2 mm.

In addition to the CT scanner, an at least dual-phase injector is 
required to allow high flow (4-7 mL/s), a contrast agent with an 
iodine concentration around 350 mg/mL (ideally iso-osmolar), and 
a digital processing and image storage system in DICOM format 
(Digital Imaging and Communication in Medicine).

Preparing patients for a cardiac CT is essential to ensure high-
quality diagnostic tests. Prior to the procedure, patients must 
provide informed consent and undergo an assessment to rule out 
any contraindications. A peripheral venous line is usually estab-
lished in the right antecubital fossa (18-20 G). Patients are usually 
placed in the supine position with their arms raised above their 
heads. ECG electrodes are applied, ensuring excellent trace quality. 
It is important to explain and practice the breath-holding technique 
required during the scan with the patient, as well as to monitor 
ECG-quality during the breath-hold. 

Depending on the indication of the study, if the patient’s heart rate 
is high or the rhythm is irregular, premedication may be necessary, 
with the most common choice being IV beta-blockers. In studies 
that require assessing the coronary lumen, sublingual nitroglycerin 
is usually also administered. When performing a cardiac CT prior 
to structural intervention, it is important to remember that severe 
symptomatic aortic or mitral stenosis is a contraindication for 
nitroglycerin use. Beta-blockers should be administered with 
caution, under the supervision of qualified personnel, ensuring 
that advanced cardiopulmonary resuscitation can be performed if 
necessary.

APPLICATION TO STRUCTURAL HEART INTERVENTIONS

Coronary computed tomography angiography (CCTA) provides a 
detailed anatomical assessment of the coronary tree, including its 
origin and course, detects the presence of atherosclerotic lesions, 
quantifies affected segments, and determines the severity of stenosis 
and atherosclerotic burden. CCTA is the standard imaging modality 
to assess symptomatic patients and can be considered in selected 
high-risk asymptomatic patients. It has a sensitivity of 97% and a 
specificity of 78% when taking invasive coronary angiography in a 
population with a pretest probability of 56% as a reference. While 

Table 1. Main basic concepts of computed tomography

Concept Definition

Spatial resolution The ability to visualize 2 separate points that are very 
close together. Depends on the size of the detectors;  
in modern CT scanners, it is < 1 mm.

Isotropism Image composed of voxels with a similar size in all  
3 spatial planes. Allows for image reformatting while 
minimizing the loss of resolution.

Temporal resolution The shortest time required by the CT scanner to 
acquire an image. Depends on the gantry rotation 
speed and the acquisition method.
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CCTA has the highest sensitivity compared with other invasive 
imaging modalities, functional imaging techniques such as stress 
magnetic resonance (80%), stress echocardiography (82%), and 
positron emission tomography (85%) have superior specificity.2 
Despite its lower specificity, the CT-based anatomical strategy has 
been proven to be noninferior in terms of prognosis compared with 
the ischemia test-based functional strategy (PROMISE trial).3

Due to its high negative predictive value, CT is recommended by 
clinical practice guidelines as a first-line imaging modality to rule 
out obstructive coronary artery disease in low-to-intermediate risk 
symptomatic patients.4 Table 2 outlines the main indications for 
CCTA in various clinical scenarios.

Technological advances and the incorporation of new imaging 
modalities, such as stress CT perfusion and fractional flow reserve 
CT (FFRCT) have increased specificity rates to 85% to 87%.12 This 
enhances the positive predictive value of the imaging modality 
and allows meticulous evaluation of intermediate-to-high risk 
patients. 

Landmark studies have been published on the prognosis of patients 
evaluated using CT. The SCOT-HEART trial13 demonstrated a 
reduction in cardiovascular deaths and nonfatal myocardial infarc-
tions at the 5-year follow-up with a CT-guided strategy with 
outcome-based treatment adjustment compared with a conventional 
management strategy. On the other hand, the DISCHARGE trial14 
showed a similar risk of major cardiovascular events during 
follow-up in patients with intermediate probability and stable chest 
pain randomized to CT vs invasive coronary angiography, with a 
lower rate of complications in the noninvasive imaging modality 
group. These studies support CT as a first-line imaging modality to 
rule out coronary artery disease, establish preventive treatment in 
patients with nonobstructive coronary artery disease, stratify 
patients with obstructive coronary artery disease, and offer an 
alternative to invasive coronary angiography in a wide range of 
patients.

In patients with a history of coronary artery disease, CCTA can be 
used to assess coronary artery bypass graft surgery, verify the 
patency of coronary stents in specific cases (proximal segments and 

Table 2. Current indications for computed tomography of coronary arteries and measurement of coronary artery calcium based on the European Society of 
Cardiology clinical practice guidelines

Acute symptoms Degree of recommendation Level of evidence Year Ref.

Suspected acute coronary syndrome, normal or uncertain range troponins, normal 
electrocardiogram, and no recurrence of pain; may be considered as part of the initial 
diagnostic evaluation

IIA A 2023 5

Systematic use in patients with suspected acute coronary syndrome III B 2023 5

Stable symptoms Degree of recommendation Level of evidence Year Ref.

Symptomatic patient with suspected coronary artery disease that cannot be clinically ruled 
out

I B 2019 4

Risk stratification in patients with suspected or newly diagnosed coronary artery disease I B 2019 4

Patients with suspected vasospastic angina to study underlying coronary artery disease I C 2019 4

Screening for coronary artery disease in hemodynamically stable patients with aortic 
vegetations requiring cardiac surgery

I B 2023 6

Patients with a low-to-intermediate probability of coronary artery disease and a previous 
equivocal noninvasive stress test

IIA C 2021 7

Alternative to invasive coronary angiography prior to valvular cardiac surgery in patients  
with a low probability of coronary artery disease

IIA C 2021 8

Patients with suspected cardiomyopathy for screening of coronary artery disease, or coronary 
anomalies that may be causing the cardiomyopathy 

IIA C 2023 9

Intermediate-to-high risk patients with prior nonemergency, noncardiac surgery: a) low-to-
intermediate probability of coronary artery disease and suspected chronic or acute coronary 
syndrome without enzyme mobilization; b) patients ineligible for noninvasive functional tests

IIA C 2022 10

Coronary computed tomography angiography is not recommended for the routine follow-up  
of patients with established coronary artery disease

III C 2019 4

Asymptomatic Degree of recommendation Level of evidence Year Ref.

Calcium scoring as a risk modifier in asymptomatic patients with moderate cardiovascular risk IIB B 2019 4

Selected individuals with no history of coronary artery disease, high cardiovascular risk 
(SCORE > 10%, strong family history, familial hypercholesterolemia) and desire to start  
an intensive exercise program

IIB B 2021 11

High cardiovascular risk (diabetes mellitus, family history, or previous test suggesting coronary 
artery disease)

IIB C 2019 4

Asymptomatic adults (> 40 years) with diabetes mellitus IIB B 2019 4

Asymptomatic nondiabetic low-risk adults III C 2019 4



204 M. Barreiro-Pérez et al. REC Interv Cardiol. 2024;6(3):201-212

stents > 3.0 mm), and assess chronic total occlusions prior to 
percutaneous coronary revascularization. In the BYPASS-CTCA 
trial,15 which randomized patients with prior surgical coronary 
revascularization to undergo CT-based anatomical assessment and 
invasive coronary angiography, or isolated invasive coronary angi-
ography, shorter procedures and fewer episodes of contrast-induced 
nephropathy were observed in patients with noninvasive assess-
ment of coronary artery bypass grafts.

CCTA should adhere to the recommendations established by the 
Society of Cardiovascular Computed Tomography.16 There are 
different image representation formats (axial, multiplanar reformat-
ting, maximum intensity projection, curved multiplanar reformat-
ting, or volumetric reconstruction), each with complementary uses. 
CCTA reading begins by assessing its quality, identifying potential 
artifacts, and visualizing the origin, course, and coronary domi-
nance. The following are general principles for interpretation: a) 
cross-sectional systematic review of each coronary segment from 
multiple planes; b) vigilance for possible artifacts; c) evaluation of 
lesion morphology and composition; and d) grading lesion severity 
using high-resolution images in longitudinal and cross-sectional 
views of the vessel lumen. Following the modified distribution of 
the American Heart Association, coronary arteries are divided into 
18 coronary segments. Identified lesions are listed based on the 
affected segment, the nature of the lesion (noncalcified, partially 
calcified, or calcified), and degree of resulting stenosis: normal (no 
lesion or stenosis), minimal (< 25% lumen reduction), mild (25%-
49%), moderate (50%-69%), severe (70%-99%), or occlusion (> 99%).

Detailed analysis of the CT image enables the selection of a plan 
for transcatheter intervention and the materials to be used, and 
potentially reduces procedural length and complexity. This can be 
particularly useful when optimizing the fluoroscopy angle based on 
CT analysis in complex or bifurcated coronary artery lesions, as 
well as when performing complex cardiac catheterizations in 
patients with percutaneous aortic valve prostheses.17

The overall complexity of coronary artery disease can be repre-
sented by indices such as the coronary calcium score, or the number 

of segments with some degree of coronary artery disease, but 
several specific scales are available. Among these, the most widely 
used are the CAD-RADSTM (Coronary Artery Disease Reporting 
and Data System)18 and its updated version, the CAD-RADSTM 
2.0,19 which incorporates parameters of perfusion and plaque 
complexity. Other more specific scales include the CT-SYNTAX20 
scale, which combines CT-based anatomical information with clin-
ical data from the SYNTAX scale, and the Functional CT-SYNTAX21 
and Functional FFRCT

22 scales, which add incorporate FFRCT-based 
functional information. These scales help refine the decision 
between surgical and percutaneous revascularization strategies, 
with promising initial results.23 Their prognostic validation in 
different scenarios, and their implementation in clinical practice, 
may represent a paradigm shift in the performance of invasive 
diagnostic imaging studies in stable patients. 

In patients with chronic total coronary occlusions, preprocedural 
CT analysis allows estimation of the probability of success of percu-
taneous coronary revascularization; several prognostic scales have 
been developed for this purpose, such as the J-CTO,24 the 
CT-RECTOR,25 and the KCCT26 (table 3). The parameters analyzed 
include the extent of calcification, vascular tortuosity, the 
morphology of the occlusion stump, the presence of multiple occlu-
sions, and the length of the lesion.

APPLICATION TO STRUCTURAL HEART INTERVENTIONS 

Transcatheter aortic valve implantation

After echocardiographic diagnosis of severe aortic stenosis, CT is the 
imaging modality of choice for a comprehensive assessment of patients 
eligible for transcatheter aortic valve implantation (TAVI).27 In a single 
scan, CT can evaluate vascular access, verify the degree of aortic 
stenosis and valve morphology, measure the aortic annulus, assess 
the risk of coronary occlusion, and determine the optimal fluoros-
copy angles, among other aspects. In addition, in a high percentage 
of cases, CT facilitates the screening of proximal obstructive coronary 
artery disease and assessment of extracardiac findings.28

Figure 1. Computed tomography allows the study of coronary arteries to rule out the presence of coronary artery disease (A, normal coronary arteries), or to 
establish the severity and location of obstructive coronary disease (B, severe lesion in the proximal left anterior descending coronary artery [LAD] and chronic 
total occlusion in the mid and distal regions of the right coronary artery [RCA]). The functionality of the lesions can be assessed using computer simulation 
(C, fractional flow reserve computed tomography [FFRCT], severe lesion in the mid LAD and distal left circumflex artery [LCx]).

A

B

C
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Preprocedural assessment for TAVI includes: a) an optional noncon-
trast acquisition to quantify aortic valve calcium; b) ECG-gated 
acquisition in the systolic phase, at least in the region of the aortic 
valve complex; and c) depending on the speed and coverage of the 
equipment used, 1 or more acquisitions for iliofemoral access, 
without the need for ECG-gated synchronization in this region. The 
study requires the injection of contrast medium (50-90 mL, with a 
flow rate of 3-5 mL/s, subject to variations based on the equipment 
used and the patient’s body surface area).28

The main aspects that should appear in the CT report prior to 
performing TAVI are listed in table 4.

Currently, there are 2 general designs of transcatheter aortic valve 
prostheses: balloon-expandable and self-expanding. Balloon-expand-
able TAVIs use radial force along with balloon inflation to fit their 
circular design to the oval shape of the aortic annulus. In contrast, 
self-expanding TAVIs expand on their own, due to nitinol memory, 
to fit over the annulus. In addition to technical and design differ-
ences, it is important to note that the sizing algorithms for these 

devices are not interchangeable. Sizing of balloon-expandable pros-
theses is based on the area of the aortic annulus, while that of 
self-expandig valves is based on the perimeter.

All the assessments necessary before TAVI are illustrated in  
Figure 2.

It is important to understand and analyze the anatomy of the aortic 
valve complex, which comprises the left ventricular outflow tract 
(LVOT), the Valsalva sinuses, the fibrous triangles between the 
aortic leaflets, and the leaflets themselves. A key measurement is 
the correct assessment of the plane of the aortic annulus, defined 
as the virtual plane aligned with the lowest insertion point of each 
aortic cusp or nadir. This involves determining the major and minor 
diameters, area, and perimeter of the aortic annulus. These 
measurements guide the selection of TAVI size. The aortic annulus 
undergoes changes in size and shape throughout the cardiac cycle, 
with mesosystole (30-35% R-R) often being the optimal time for 
measurement (larger size and reduced ellipticity).29 Specialized 
software is available to automate these measurements and simulate 
the implant procedure, streamlining workflow and reducing inter- 
and intra-observer variability.

The landing zone for the prosthesis includes the aortic cusps, the 
aortic annulus, and the LVOT. Severe calcification in the LVOT 
and aortic valve increases the risk of subsequent periprosthetic 
regurgitation, while large nodular calcifications may pose a higher 

Table 3. Prediction scales for the success and complications associated with 
the revascularization of chronic total occlusions by computed tomography

Score Variables (points) Classification

J-CTO Tapered (0) vs blunt end (1) Easy (0)
Intermediate (1)
Difficult (2)
Very difficult (≥ 3)

No calcification (0) vs some calcification (1)

Occlusion angle ≤ 45° (0) vs > 45° (1)

Occlusion length < 20 mm (0) vs ≥ 20 mm (1)

No previous failed revascularization 
attempts (0) vs with previous attempts (1)

CT-RECTOR < 2 occlusions (0) vs ≥ 2 complete interrup-
tions (1)

Easy (0)
Intermediate (1)
Difficult (2)
Very difficult (≥ 3)Tapered (0) vs blunt end (1)

< 50% calcification of vessel perimeter on 
short axis (0) vs ≥ 50% calcification at some 
point of the occlusion (1)

Occlusion angle ≤ 45° (0) vs > 45° (1)

No previous failed revascularization 
attempts (0) vs with previous attempts (1)

Duration of chronic total coronary occlusion 
< 12 months (0) vs ≥ 12 months (1)

KCCT Tapered (0) vs blunt end (1) Easy (0)
Intermediate (1)
Difficult (2)
Very difficult (3)
Extremely difficult 
(≥ 4)

No adjacent collateral branches (0) vs with 
collateral branches (1)

Occlusion length < 15 mm (0) vs ≥ 15 mm (1)

Occlusion angle ≤ 45° (0) vs > 45° (1)

Vessel calcification on the short axis < 180° 
of perimeter or < 50% of area (0) vs ≥ 180° of 
perimeter and ≥ 50% of area (1) vs complete 
central calcification of 360° of perimeter and 
100% of area (2)

No previous failed revascularization 
attempts (0) vs with previous attempts (1)

Duration of chronic total coronary occlusion 
< 12 months (0) vs ≥ 12 months (1)

Table 4. Main features that need to be included in the computed tomography 
report prior to transcatheter aortic valve implantation or percutaneous left 
atrial appendage occlusion

Transcatheter aortic valve implantation

Aortic annulus Measurement in systolic phase

Area and perimeter

Major and minor diameters,

Optimal fluoroscopy view

Calcium and 
valve

Presence, morphology, and extent of calcium

Valvular morphology

Aorta and 
accesses

Height of the origin of coronary arteries

Minimum luminal diameter of each vascular segment

Description of calcifications and vascular disease

Others Coronary anatomy

Extracardiac findings

Percutaneous left atrial appendage occlusion

Thrombus Screening for arterial/venous filling defect

Morphology  
and landing zone

Describe the morphology and presence of proximal lobes

Measure the landing zone, maximum diameter

Measure the depth and length of the appendage

Optimal fluoroscopy view

Others Anatomy of the interatrial septum

Anatomy of the pulmonary veins

Describe if there is pericardial effusion
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risk of aortic annulus rupture, especially with balloon-expandable 
prostheses.30 It is essential to describe the location and extent of 
calcification in the aortic valve and the first 5 to 7 mm of the LVOT, 
as this area serves as the sealing zone for most available TAVIs. 
The morphology and degree of calcification of the aortic valve 
should be systematically reported, with particular attention to the 
presence of bulky calcification or partial fusion of the aortic 
commissures.28

The perpendicular height from the plane of the aortic annulus to 
the origin of the coronary arteries must be evaluated. Although 
absolute cutoff values have not been established, a coronary artery 
origin height of < 12 mm and sinuses of Valsalva < 30 mm are 
associated with a higher risk of TAVI-related coronary 
occlusion.31

The report should also include the optimal CT projections for valve 
deployment. Identifying these projections reduces radiation dose, 
contrast, and procedure duration.29 Angulation should be reported 
to obtain a coplanar projection (3 cusps), aligning the cusps, and 
the angulation for obtaining an overlapping projection (cusp-
overlap), with the left and right cusps overlapped. This plane 
deploys the LVOT and allows better control of implant depth during 
valve deployment, especially with self-expanding valves.32

CT allows assessment of vascular access in a single study, providing 
excellent resolution and detailed delineation of the presence and 
extent of calcifications. Vascular complications increase the 
morbidity and mortality associated with TAVI. Factors associated 
with the occurrence of vascular complications include the sheath-
to-femoral artery ratio, the presence of moderate to severe calcifi-
cation, and vascular tortuosity.33 The report should include details 
on the minimum luminal diameters, the extent, distribution, and 
severity of calcification, as well as the presence or absence of 
vascular disease in all vascular segments between the aortic valve 
and the left and right common femoral arteries at the level of the 
femoral head.28 If femoral accesses are deemed unsuitable, alterna-
tive accesses can be considered, with the most common being 
axillary/subclavian, carotid, transcaval, and transapical accesses.

Special attention should be paid to the bicuspid aortic valve, given 
its lower success rate in procedures and higher rates of peripros-
thetic regurgitation, albeit with similar clinical outcomes.34 It is 
essential to determine the type of bicuspid valve (whether sinus 
fusion, 2 sinuses, or forme fruste),35 presence of a raphe, calcium 

distribution, annulus size and eccentricity, as well as the origin and 
height of the coronary arteries. Measuring the aortic annulus can 
be particularly complex in 2-sinus bicuspid valves, requiring 
specific methodology.28 The aortic annulus is defined as the virtual 
plane aligned with the lowest insertion point of the anterior/lateral 
cusp. Starting from this point, counterclockwise rotation to the 
lowest insertion point of the posterior/medial cusp is performed. 
Measurements should be taken at the line perpendicular to these 
2 points, centered at the point where the smallest cross-sectional 
area is reached (as improper angulation can lead to inaccurate size 
estimation). The major and minor diameters, area, and perimeter 
of the aortic annulus are then determined. Algorithms have been 
developed for prosthesis size selection based on aortic annulus size, 
considering raphe length, calcium volume, and distribution 
(CASPER, calcium algorithm sizing for bicuspid evaluation with 
raphe).36 Additionally, a method (LIRA, level of implantation at the 
raphe) has been proposed by delineating the perimeter of the 
bicuspid valve opening,37 although its superiority over conventional 
measurements remains unclear.38

A variant of TAVI is the valve-in-valve implant, in which a percu-
taneous prosthesis is placed over a dysfunctional bioprosthesis. CT 
plays a key role in prosthesis size selection, especially when the 
model or size of the implanted prosthesis is unknown, but also in 
stratifying the risk of coronary occlusion. Among the main param-
eters for determining the risk of coronary obstruction are the level 
reached by the prosthesis cusps relative to the origin of the coro-
nary arteries and the sinotubular junction, risk associated with the 
proximity of the valve to the sinotubular junction, < 2 mm distance 
from the virtual TAVI to the sinotubular junction, < 4 mm distance 
from the virtual TAVI to the origin of the coronary arteries, a prior 
supra-annular or supracoronary prosthesis, a surgical prosthesis 
with leaflets implanted outside the annulus (Mitroflow or Trifecta 
type), a prior implant in a high position, and the presence of 
moderate or severe commissural misalignment.39,40

After the TAVI procedure, CT allows assessment of the position 
and geometry of the prosthesis, as well as the thickness and 
mobility of the prosthetic leaflets. Following TAVI, a CT scan may 
be performed if prosthetic dysfunction or degeneration is identified 
by echocardiography, suspected thrombosis, infectious endocar-
ditis, or periprosthetic regurgitation requiring anatomical assess-
ment. The phenomenon of thickening with hypoattenuation and 
reduced mobility in the prosthetic leaflets has been described, 
which is associated with subclinical thrombosis and resolves with 

Figure 2. Preassessment for transcatheter aortic valve implantation using computed tomography and 3mensio CT analysis software: aortic annulus (A), aortic 
valvular calcium (B), left ventricular outflow tract (C), diameters of the Valsalva sinuses (D), height of the right coronary artery origin (E), height of the sinotubular 
junction (F), 3-cusp coplanar view (G), cusp-overlap view (H), and transfemoral accesses (I).
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anticoagulation therapy. This finding has been associated with a 
higher but nonsignificant tendency for embolic events, and conse-
quently there is no consensus or established indication for system-
atic performance of CT after TAVI. Its occurrence is more common 
in valve-in-valve, balloon-expandable prostheses, and larger pros-
theses, as well as those with eccentric expansion due to bicuspid 
valves, for example.41

Lastly, there is the option of using CT scans to resolve diagnostic 
uncertainties regarding the severity of aortic stenosis. Assessing 
aortic valve calcium can be especially helpful in patients with 
low-flow, low-gradient aortic stenosis and preserved ejection frac-
tion. Agatston scores ≥ 2000 in men and ≥ 1200 in women indicate 
severe degenerative aortic stenosis, while scores < 1600 in men 
and < 800 in women suggest the absence of severe degenerative 
stenosis.8

Percutaneous left atrial appendage occlusion 

Percutaneous closure of the left atrial appendage (LAAO) is an 
alternative to oral anticoagulation in patients with atrial fibrillation 
and a contraindication to oral anticoagulation. The traditional tech-
nique used for patient selection is transesophageal echocardiog-
raphy (TEE) to rule out the presence of thrombus in the appendage 
and to take measurements for device selection. Three-dimensional 
measurements (3D-TEE, CT) have consistently been shown to be 
more accurate in selecting device size than 2D-TEE. Therefore, CT 
is an alternative technique in patient selection, as it allows visual-
ization of the presence of thrombus and evaluation of the anatomy 
and size of the appendage, as well as the interatrial septum.42

CT evaluation of LAAO should be performed with ECG-gated 
acquisition, ideally in the telesystolic phase (when the left atrial 
appendage is maximally expanded), and a second acquisition should 
be performed in the venous phase, 60 to 90 seconds after contrast 
administration, to assess the presence or absence of thrombus in 
the left atrial appendage.43 The main features that should be 
included in a CT report for LAAO are listed in table 4. If the quality 
allows, it is advisable to perform an assessment of coronary 
anatomy.

The morphology of the left atrial appendage is highly variable and 
complex. Several devices for LAAO have been marketed, with the 
most commonly used being lobe and disc devices. Measurement of 
the landing zone is performed using multiplanar reformatting from 
2-chamber and coronal planes. In the case of lobe devices, the 
landing zone extends from the circumflex artery to a point located 
10 to 20 mm inside the ligament of Marshall. 

The morphology of the left atrial appendage is highly variable and 
complex. Different devices for LAAO have been commercialized, 
with the most commonly used being lobe and disc devices. 
Measurement of the deployment zone is performed using multi-
planar reformatting from two-chamber and coronal planes. In the 
case of lobe devices, the deployment zone extends from the circum-
flex artery to a point located 10-20 mm inside the ligament of 
Marshall. The depth is determined from the landing zone to the 
most distal end of the appendage. With disc devices, the landing 
zone is located 10 to 12 mm inside the ostium of the appendage, 
covering the course of the circumflex artery at its lower end. The 
depth in this type of device is defined from the ostium to the 
opposite wall of the appendage.43 It is also important to assess the 
anatomy of adjacent structures, especially the ligament of Marshall, 
to assess the feasibility of fully covering it with a disc device and 
to avoid thrombus formation during follow-up,44 as well as the 
anatomical characteristics of the pulmonary artery in relation to the 
left atrial appendage.45

Specific software has been designed to automate these measure-
ments and simulate the implantation process (figure 3). Utilizing 
simulation software through computing enhances device selection 
and procedural outcomes.46

After LAAO, it is recommended to perform an imaging test 45 to 
60 days postimplantation to verify the stability and positioning of 
the device, to search for residual leaks, and to rule out the presence 
of device-related thrombus. The most commonly used techniques 
are TEE and CT. CT allows better visualization of the position and 
deployment of the device, has equal thrombus detection capability, 
and has higher sensitivity in detecting residual contrast passage. 
The latter may be due to device malapposition, the presence of a 
peridevice leak, or the patency of the covering tissue.47 The clinical 
relevance of residual leaks, as well as the importance of their size, 
are not entirely clear.48

Transcatheter mitral valve replacement

Within transcatheter mitral valve intervention, there are options 
for repair and replacement. Edge-to-edge repair techniques are 
clinically established, with patient selection and procedural moni-
toring conducted via TEE. In contrast, for various valve replace-
ment techniques, CT is indispensable. CT with ECG-gated acquisi-
tion is required to cover and reconstruct the entire cardiac cycle 
after contrast administration with adequate opacification of at least 
the left chambers, and ideally the right chambers, as well as to 
enhance visualization of the anatomy and its relationships. Detailed 
recommendations for acquisition and optimization have been 
published.49 CT allows evaluation of mitral annulus size and shape, 
selection of prosthesis type and size for implantation, virtual simu-
lation of implantation, assessment of resulting neo-TSVI, selection 
of optimal fluoroscopy angles, and planning of vascular access 
(transseptal or transapical).49 (figure 4). Specific measurements for 
each device are determined by the manufacturer.

Transcatheter mitral valve replacement (TMVR) has been described 
for native valve, prior surgical annuloplasty (valve-in-ring), dysfunc-
tional bioprosthetic valve (valve-in-valve), and severely calcified 
native mitral annulus (valve-in-MAC).50 CT is particularly useful to 
select prosthesis size and assess embolic risk in valve-in-MAC 
procedures by evaluating the thickness of the mitral annular 
calcium, its extension around the posterior perimeter or mitral 
trigones, and the damage to the mitral leaflets.51

The main complication to avoid during TMVR planning is LVOT 
obstruction after the procedure. The neo-LVOT refers to the 
distance or area between the lower edge of the virtual implant and 
the interventricular septum. The main predictors of neo-LVOT 
obstruction are detailed in table 5.52 The neo-LVOT area should be 
assessed in meso-telesystole (40%-50% R-R; the smallest area during 
the cardiac cycle), with obstruction risk increasing as the neo-LVOT 
area decreases: < 170 mm² indicates very high risk, 170 to 190 
mm² indicates high risk, 190 to 220 mm² indicates acceptable risk, 
and > 220 mm² indicates low risk. In selected high-risk cases, 
techniques such as laceration of the anterior mitral leaflet 
(LAMPOON) or interventricular septal ablation (alcohol septal 
ablation) can be employed to enlarge the neo-LVOT area.53

Transcatheter tricuspid valve replacement

Transcatheter procedures for the tricuspid valve mainly include 
edge-to-edge repair, annuloplasty, and both orthotopic and hetero-
topic valve replacement (valve prostheses in the venae cavae).

The acquisition process is similar to that of pre-TMVR CT 
(ECG-gated covering and reconstructing the entire cardiac cycle 



208 M. Barreiro-Pérez et al. REC Interv Cardiol. 2024;6(3):201-212

following contrast administration). However, it is optimized for 
contrast in the right heart chambers using triphasic injection proto-
cols (a mixture of contrast and saline at different concentrations). 
Detailed recommendations for acquisition and optimization have 
been published.49 CT imaging allows assessment of the tricuspid 
annulus geometry and size throughout the cardiac cycle, the 
morphology and mobility of the tricuspid leaflets, the position and 

relationship of the right coronary artery to the tricuspid annulus, 
right ventricular volume and ejection fraction, the optimal fluoros-
copy angle, and vascular access54 (figure 5). 

CT imaging can also aid in assessing the position and relationship 
of pacing leads with the tricuspid leaflets in selected cases of edge-
to-edge repair. However, its main role lies in patient selection and 

Figure 3. Planning for percutaneous left atrial appendage occlusion using computed tomography and 3mensio CT analysis software: identification of the left 
atrial appendage ostium (A and B), left atrial appendage morphology (C), measurement of the landing zone (D, longitudinal and cross-sectional views), 
simulation of the occluder device (E, longitudinal and cross-sectional views), simulation of the fluoroscopy view and position of the transseptal puncture (F), 
and simulation of the occluder device in fluoroscopy (G).

A B C F

G

D

E

Figure 4. Several steps in the planning of transcatheter mitral valve replacement using computed tomography and 3mensio CT analysis software in 2 patients 
with valve-in-MAC (A-C) and native valve (D-F): delineation and measurement of the mitral annulus (A and D), evaluation of the distance from the virtual valve 
to the interventricular septum (D and E), and measurement of the neo-left ventricular outflow tract (C and F).

A B C

D E F
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planning of annuloplasty and valve replacement procedures, in 
which it is the imaging modality of choice. In annuloplasty, CT 
imaging facilitates device sizing, allows certain possibilities to be 
ruled out via simulation of the interaction of anchoring systems and 
the course of the right coronary artery, and evaluates tricuspid 
leaflet tenting to assess potential residual regurgitation postproce-
dure.54 In heterotopic replacement, CT enables sizing of the supe-
rior and inferior vena cava at different levels, assesses the anatomy 
and location of the suprahepatic veins, and determines the size of 
the right atrium, all of which determine the type and size of the 
device to be implanted.55 Finally, in orthotopic replacement, the 
selection criteria largely depend on the chosen device; however, it 
is generally necessary to evaluate the annulus size, distance to the 
anterior papillary muscle or free wall of the right ventricle, the 
confluence position of the vena cavae, and the angles between these 
and the tricuspid annulus, as well as the access route.56

Other procedures 

Paravalvular leak closure

CT has shown good diagnostic performance in detecting aortic and 
mitral paravalvular leaks, allowing definition of the number, loca-
tion, shape, and size of the defects.57 CT is especially useful in 
assessing infective endocarditis-related complications,58 as well as 
for planning and supporting the closure of paravalvular leaks in the 
aortic position.59 In addition, CT-based simulation prior to proce-
dures can predict the occurrence of paravalvular leaks.60

Congenital heart diseases 

Magnetic resonance imaging is the technique of choice in the 
diagnosis, evaluation, and follow-up of congenital heart diseases 
due to its ability to acquire any imaging geometry and perform 
anatomical and functional assessment, tissue characterization, and 
flow analysis, as well as the absence of radiation in a generally 
young population. CT is reserved for selected patients and cases.

Either CT or magnetic resonance can be used for patient selection, 
device choice, and sizing prior to intervention in congenital heart 
diseases. CT offers higher spatial resolution, enabling more precise 
delineation of calcification areas and proper sizing of prostheses. 
The use of CT or magnetic resonance is essential before transcath-
eter pulmonary valve replacement and percutaneous treatment of 

aortic coarctation. CT may also prove useful in cases of patent 
ductus arteriosus and complex fistulas. However, CT has lower 
added value in the closure of septal defects, such as atrial or 
ventricular septal defects.61 Nevertheless, in postmyocardial infarc-
tion ventricular septal defects, CT can be highly useful for sizing 
the defect and assessing their morphology, extent, and borders, 
given the often intricate and complex nature of these defects, which 
hampers accurate evaluation by echocardiography.62

CT-fluoroscopy image fusion during structural heart 
interventions

The anatomical information and preprocedural planning can be 
integrated into procedural monitoring. Using specific software and 
a workstation, cardiac structures are semiautomatically segmented 
and coregistered with the patient’s anatomy on the cath lab treat-
ment table from 2 fluoroscopy projections. After coregistration, all 
CT information can be integrated into the procedure, allowing for 
expanded visibility, improved understanding of anatomical relation-
ships, placement of markers or trajectories, and planning of optimal 
fluoroscopy angles.63 However, these are static non-ECG- or respi-
ratory-gated images (figure 6).

CT-fluoroscopy image fusion has been shown to reduce procedural 
length, contrast volume, and radiation exposure in TAVI and LAAO 
procedures, as well as a decreased need for intraprocedural device 
size adjustments in LAAO. The application and utility of CT- fluo-
roscopy image fusion have been reported in various procedures and 
have been shown to be particularly advantageous in complex 
interventions such as TMVR, transcatheter tricuspid valve replace-
ment, transcaval TAVI, and paravalvular leak closure.64

CONCLUSIONS 

CT is a high spatial resolution noninvasive imaging modality, 
providing excellent delineation of calcium and intravascular space 
using contrast media. The technique offers the possibility of 
performing measurements and virtual simulations for both coro-
nary and structural interventions. CT has been established as the 
gold standard for patient selection and procedural planning in 
various scenarios of transcatheter coronary and structural interven-
tions (such as TAVI, LAAO, TMVR, and transcatheter tricuspid 
valve replacement).
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