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ABBREVIATIONS LIST

CA, Coronary artery

CAD, Coronary artery disease

CAS, Coronary artery stenosis

CI, Confidence interval

DBT, Died before treatment

NPV, Negative predictive value

PPV, Positive predictive value

SD, Standard deviation

TAVI, Transcatheter aortic valve implantation

TAVI-CT, Pre transcatheter aortic valve implantation CT
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TABLE AND FIGURES

Table 1 - Baseline characteristics of 206 patients included in the study.

CrCl indicates creatinine clearance.

Qualitative variables are expressed as raw numbers; numbers in parentheses are proportions

followed by percentages.

Quantitative variables are expressed as means § standard deviations; numbers in brackets

are ranges.

Figure 1 - Flow chart of the study population.

CAG indicates coronary angiography; CAS indicates coronary artery stenosis; DBT: Died

before treatment

Figure 2 - Figures show examples of pre transcatheter aortic valve implantation CT image

quality assessment for coronary artery interpretation.

A: Insufficient quality (grade 1) for coronary artery analysis (heavy circumflex artery

calcification with blooming artifact).

B: Moderate quality (grade 2) hindering interpretation (anterior descending artery

calcification with blooming artifacts).

C: Good quality (grade 3) with easy interpretation (severe ostial stenosis of the right coronary

artery).
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MAIN POINT

In the study, almost half of XA can be avoided safely by interpreting CA in the usual analysis

of TAVI-CT, for the benefit of the patient and at a lower cost for society.

Recent CT technological developments are helpful to improve image quality and therefore

the identification of TAVI patients not requiring CA revascularization.
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I. INTRODUCTION :

Transcatheter aortic valve implantation (TAVI) is the standard treatment in patients

with severe aortic stenosis, at high and intermediate surgical risk [1−4]. Patients treated with

TAVI are commonly in the elderly and have a high prevalence of comorbidities including atrial

fibrillation and extensive coronary artery calcifications [1−4].

Currently, before TAVI procedure, all patients undergo pre-TAVI computed

tomography examination (TAVI-CT) and an invasive coronary angiography [1−4]. Indeed,

coronary angiography is performed to identify patients with significant coronary artery (CA)

stenosis (CAS) which require revascularization before or during TAVI. CT is performed to

characterize the aortic root anatomy and the vascular access root, to identify vascular

contraindication to TAVI including ongoing diseases such as neoplasia [5−7].

In a recent meta-analysis, Gatti et al. evaluated the diagnostic accuracy of TAVI-CT for

the evaluation of CAS and found that routine TAVI-CT assessment of CAS as part of the

pre-TAVI workup could avoid the performance of coronary angiography in more than 40% of

patients, with potentially a greater specificity for one heartbeat CT [8]. Since these published

data, several important technological innovations including new tubes, deep learning image

reconstruction algorithms to lower image noise and automated coronary artery motion

correction algorithms have been developed and applied to clinical practice [9−11]. To our

knowledge, these innovations have not been evaluated for the diagnosis of CAS on TAVI-CT.

The purpose of this study was therefore to evaluate the percentage of coronary angiography

that could be securely avoided by the interpretation of CA on TAVI-CT, using a new

generation single heartbeat CT combined with the latest reconstruction algorithms.
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II. METHODS :

A) Study population :

This retrospective study was conducted in compliance with the Declaration of

Helsinki of the World Medical Association revised in 2013 for experiments involving humans.

All patients were part of the France-TAVI registry and agreed to have their data used for

research purposes. All consecutive patients who underwent TAVI-CT and coronary

angiography before TAVI in our institution (whether TAVI was performed or not) from

December 2021 to July 2022 were screened for inclusion the study. Patients who had

coronary stents or coronary bypass graft on TAVI-CT examinations, or those who did not

undergo TAVI, were excluded.

B) Image data acquisition and post-processing :

Cardiac CT acquisition was performed with a new generation 256- row detector CT

(Revolution Apex, GE Healthcare), which includes a 1300 W tube (Quantix tube, GE

Healthcare). Images were acquired either at 100 kVp or 80 kVp based on automatic kVp

selection based on scout images. A total of 60 mL of iodinated contrast material (Iobitridol,

Xenetix 350, Guerbet, or Iomeprol, Iomeron 350, Bracco Imaging) at a rate of 3.5 mL/sec. A

prospective cardiac gated acquisition on the thorax (positioned between 30 and 40% and at

75% of the RR interval) with two 16 cm volumes immediately followed by a

non-electrocardiogram-gated helical scanning on the abdomen and pelvis was obtained.

Image acquisition was obtained during the arterial phase following intravenous

administration of contrast material. No premedication with beta-blockers or nitrates was

given to the patients before CT acquisition. Cardiac images were reconstructed with a field of

view of 25 cm using deep-learning reconstruction algorithm (TrueFidelity TM, GE Healthcare)

and motion correction algorithm that freezed coronary arteries (SnapShot Freeze2, GE

Healthcare) at 30% for aortic valve interpretation, 40% and 75% of the RR interval for CA

analysis. CT images were analyzed using the display console of the picture archiving and
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communication system of our institution (Carestream, version 12.1.6.1005). When needed,

curvilinear reconstructions of CA were obtained using the Advantage Workstation 4.7 (GE

Healthcare).

C) Image Quality assessment :

CAs on TAVI-CT were analyzed retrospectively by a junior radiologist (A.L., with six

months of experience in cardiac imaging) who was blinded to the coronary angiography

report. Image quality was assessed using a semi-quantitative score as follows: 1 indicating

insufficient quality for CA analysis (residual motion artifacts, calcifications of CA with

blooming artifacts, insufficient arterial enhancement); 2 indicating moderate quality

hindering interpretation; and 3 indicating good image quality, easy interpretation (Fig. 2). A

score ≥ 2 was considered as acceptable for interpretation.
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Figure 2 - Figures show examples of pre transcatheter aortic valve implantation CT image
quality assessment for coronary artery interpretation.
A: Insufficient quality (grade 1) for coronary artery analysis (heavy circumflex artery
calcification with blooming artifact).
B: Moderate quality (grade 2) hindering interpretation (anterior descending artery
calcification with blooming artifacts).
C: Good quality (grade 3) with easy interpretation (severe ostial stenosis of the right coronary
artery).
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D) Interpretation of CA on TAVI-CT :

For TAVI-CT for which image quality was rated acceptable for interpretation,

significant CAS was defined as a stenosis of ≥ 50% on the left main CA and ≥ 70% on other CA

segments with a diameter larger than 2.5 mm [12]. The analysis of the CA was made on a

patient basis. One significant CAS was defined as enough to require coronary angiography.

Analysis was performed on either the 40% or 75% motion correction algorithm

reconstructions. Reading time for CA interpretation on CT was recorded on 20 consecutive

patients.

Based on the outcomes and/or image quality of TAVI-CT examination and in the

absence of the knowledge of the results of coronary angiography, patients were classified

into two groups. Patients who did not need an additional coronary angiography (no

significant CAS or no CAD) were assigned to group A. Patient who needed an additional

coronary angiography to decide for revascularization (significant CAS on TAVI-CT or

insufficient quality for CA analysis) were assigned to group B. In addition, in case of doubt

(even minimal) patients were assigned to group B in order to obtain a high negative

predictive value (NPV) to diagnose significant CAS on TAVI-CT.

E) Interpretation of CA on coronary angiography :

Coronary angiography was conducted and interpreted directly at the end of the

procedure by experienced cardiologists (T.M., V. L. with 10 and 15 years of experience in

coronary angiography, respectively). They reported patients with significant CAS (≥ 50% on

the left main CA and ≥ 70% on other CA segments with a diameter > 2.5 mm) in need of

potential revascularization according to recent guidelines [13]. Identification of significant

CAS on coronary angiography was considered the standard of reference for further analysis.
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II. STATISTICAL ANALYSIS :

Statistical analyses were performed using R version 4.3.0. Categorical variables were

expressed as raw numbers, proportions and percentages. Continuous variables were

expressed as means § standard deviations (SD) and ranges [14]. The performance of TAVI-CT

to identify patients with at least one significant CAS in a proximal CA (i.e., CAS >2.5 mm

diameter) was estimated using sensitivity, specificity, positive predictive value (PPV), NPV

and accuracy using the decision of the interventional cardiologist to select patients who may

benefit from CA recanalization before TAVI as the gold standard. Sensitivity, specificity, PPV,

NPV, and accuracy of CA analysis on TAVI-CT to avoid coronary angiography were reported

with their exact binomial 95% confidence intervals (CI).

To assess the intra-reader variability, the junior radiologist (A. L.) randomly reread 20

TAVI-CT examinations two months after his initial read. To assess inter-reader variability, the

subset of 20 consecutive TAVI-CT examinations was rated by another junior radiologist (SA

with six months of experience in cardiac imaging) and an experienced cardiac radiologist

(J.-M. S. with 25 years of experience in cardiac imaging,). TAVI-CT readers were blinded to

coronary angiography outcomes and of other readers’ results. Inter- and intra-observer

agreements for image quality was assessed regarding grade 1 (CT analysis not possible) vs.

grades 2 or 3 (CT analysis possible).

Intra- and inter-observer agreement regarding group A (coronary angiography

needed) and group B (coronary angiography not needed) was also performed. Intra- and

inter-observer agreements were estimated using Cohen Kappa test with kappa value of

0.01−0.20, indicating slight agreement; 0.21−0.40 fair agreement; 0.41−0.60 moderate

agreement; 0.61−0.80 substantial agreement; 0.81−1.00 almost perfect.
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III. RESULTS :

A) Study population

Over the period, before each TAVI procedure, 329 patients underwent TAVI-CT and

coronary angiography within one month of each other. By applying the exclusion criteria

mentioned above, 206 patients were included in the study. A total of 123 patients were

excluded, including 70 patients with either a coronary stent or a coronary bypass graft, 26

patients who were redirected to conventional surgery, 24 patients who did not undergo

either TAVI or surgery based on the conclusion of the heart team, and three patients who

died before the TAVI procedure. Fig. 1 shows the study flowchart. Patient baseline

characteristics are summarized in Table 1.

According to the results of coronary angiography, the prevalence of CAS requiring

revascularization was 13% (27 out of 206 patients). Of these 27 patients, based on the

decision of the heart team, only 13 (6.3%) were treated with coronary stenting while 14

other patients were not treated with coronary stenting. This decision took into account all

the clinical and paraclinical elements requested to decide for CA revascularization in addition

to the data provided by TAVI-CT (other than CA analysis) and coronary angiography. Looking

at the post-procedure follow-up of these 14 patients, three months later, only one patient

had a cardiac event due to advanced dilated cardiomyopathy that led to death. In the other

patients, no cardiac events were reported.
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Figure 1 - Flowchart of the study population
CAG indicates coronary angiography; CAS indicates coronary artery stenosis; DBT: Died
before treatment
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Table 1 - Baseline characteristics of 206 patients included in the study
CrCl indicates creatinine clearance.
Qualitative variables are expressed as raw numbers; numbers in parentheses are proportions
followed by percentages.
Quantitative variables are expressed as means § standard deviations; numbers in brackets
are ranges.

B) Image quality

Image quality for CA interpretation was rated grade 1 for 51/206 patients (25%),

grade 2 for 76/206 patients (37%), and grade 3 for 79/ 206 patients (38%).

Intra-observer agreement for image quality was almost perfect (kappa, 0.81; 95% CI:

0.76−0.87) and inter-observer agreement (junior1-junior2 and junior1-senior) showed

substantial agreement (kappa, 0.68; 95% CI: 0.60−0.76 and kappa, 0.74; 95% CI: 0.63−0.82),

respectively.
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C) Interpretation of CA

For grade 1 patients, coronary angiography was systematically recommended for 51/51

patients (100%). For grade 2 and 3 patients, TAVI-CT ruled out coronary angiography for

97/155 patients (63%) and recommended additional coronary angiography for 58/155

patients (37%). In this group of patients, no indication for CA revascularization was

considered during coronary angiography (Fig. 2). Based on TAVI-CT, coronary angiography

would have been recommended for 109/206 patients (53%), including 51/51 (100%) grade 1

quality patients by protocol, 33/76 (43%) grade 2 and 25/79 (32%) grade 3.

Sensitivity of TAVI-CT for identifying patients with at least one significant CAS in a

proximal CA was 100% (95% CI: 87.2−100) and NPV was 100% (95% CI: 96.3−100%). The

specificity of TAVI-CT was 54% (95% CI: 46.6−61.6), PPV was 25% (95% CI: 17.0−34.0%) and

accuracy was 60% (95% CI: 53.1−66.9%). Searching for at least one significant CAS on TAVI-CT

needed a mean interpretation time of 2 min (1.2 SD; range: 1−5 min).

Inter-observer agreement for classification of patients in group A (coronary

angiography not needed) or group B (coronary angiography needed) showed substantial

agreement (Kappa, 0.79; 95% CI: 0.69−0.84) for junior1-junior2 and substantial agreement

(Kappa, 0.72; 95% CI: 0.63−0.81) for junior1-senior. Intra-observer agreement was almost

perfect (Kappa, 0.83; 95% CI: 0.75−0.86).
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IV. DISCUSSION :

The main result of this study is that analysis of CA on TAVI-CT might potentially avoid

47% of coronary angiographies by using a new generation CT and latest reconstruction

algorithms (i.e., deep learning image reconstruction and automated motion correction

algorithm). This can be done thanks to the high NPV (100%) of TAVICT to exclude patients

requiring CA revascularization. The identification of significant CAS requiring

revascularization before TAVI is important as aortic valve calcification and atherosclerosis

convey similar risk factors. This overlap increases the risk of severe CAD, which has to be

treated before TAVI according to current guidelines [1,6].

A recent meta-analysis assessed the ability of TAVI-CT to identify significant CAS

before every TAVI procedure [8]. Despite heterogeneity in inclusion criteria and CT

equipment, the authors found that owing to a high NPV (90% to 100%) for the diagnosis of

significant CAS, TAVI-CT allowed avoiding up to 49% coronary angiographies [8]. The results

of our study are in line with those of this meta-analysis, with 100% NPV and obviating the

need for further invasive coronary angiography in 47% of patients. Indeed, reaching 100%

NPV should be the main goal in the elderly population at risk of severe ischemic myocardial

complications. Our results as well as those from Strong et al. reached this goal with no false

negative results [15].

Regarding false-positive findings, based on TAVI-CT we would have incorrectly

oriented 79/203 (39%) patients towards CA, including the 51 patients with inconclusive CA

interpretations on TAVI-CT (group 1 patients would have been sent directly to coronary

angiography), within the range of prior results (7 to 38%) [8,15]. Searching for a high NPV led

to a high number of false positives and a low PPV (25% in our study), and use of the latest

technology was not sufficient to significantly lower false-positive findings.

Indeed, the inclusion of elderly patients with aortic stenosis, who are known to be

more difficult to scan compared to younger patients with chest pain, due to extensive

coronary calcifications, limited breath-hold capabilities, and arrhythmias provided a number
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of inconclusive CA interpretations on TAVI-CT [1,16]. In this study, inconclusive

interpretations were due to motion artifacts (respiratory and cardiac) and blooming artifacts

(coronary calcification), which in most patients were difficult to separate. Despite significant

improvements related deep-learning reconstruction and motion correction algorithms,

development of higher temporal resolution and spatial resolution in the future should be

useful [17,18].

Marked improvements in CT image quality over recent years have been obtained

owing to the use of larger detectors, shorter rotation time, deep learning image

reconstruction and more effective automated motion correction algorithm [19]. Larger

detectors offer a perfect homogeneity of contrast media in the heart and CAs, which

facilitates interpretation. Deep learning image reconstruction lowers the level of noise on CT

images, especially when reconstructed with a small field of view (25 cm in our protocol with

a 512 £ 512 matrix), which has a better spatial resolution but more noise [9,20-21]. This is

important to lower blooming artifacts. Finally, motion correction algorithm that freezes CAs

lowers motion artifacts yielding improved image quality [10-11,22]. Indeed, improving image

quality is essential to enhance the performance of TAVI-CT to identify CAS, as demonstrated

in our study by the better specificity to diagnose significant CAS in group 3 (good image

quality) as compared to group 2 (moderate image quality).

An additional explanation to the low PPV in this study is our choice to recommend

coronary angiography at the slightest doubt of significant CAS in order to obtain a high NPV

and to lower the CT interpretation time of CA. Instead of the time consuming search for all

CAS on CT as done in previous studies (segment by segment analysis), we believe that the

role of CT is primarily to determine whether patients need an additional coronary

angiography, and therefore to search for at least one proximal significant CAS [8]. This

approach can be easily integrated into clinical practice as demonstrated by our 2 min mean

CT interpretation time to detect CAS. Moreover, the agreement between junior radiologists

and junior and senior radiologists to identify patients with no significant CAS was good in our

study, demonstrating that a non-exhaustive and limited interpretation of CA during the

interpretation of a TAVI-CT (needing of an additional coronary angiography or not) is

sufficient and effective, even for less experienced radiologists.
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From a public health perspective, limiting the use of diagnostic coronary angiography

before each TAVI should reduce costs and above all potential complications of coronary

angiography [23−24]. It should also improve patient’s experience within the TAVI care

pathway. These points highlight the need for the use of high performance CT machines in the

future for the interpretation of CA.

This study has some limitations too. First, we did not include patients with coronary

stenting or coronary bypass graft because these patients already benefit from a close follow

up for their CAD, with often recent coronary angiography having been performed. In

addition, coronary stents are more difficult to interpret due to blooming artifacts which

might lower PPV. However, using the same interpretation technique (coronary angiography

at the slightest doubt), we should be able to reach a high NPV as well and avoid additional

coronary angiography, as suggested by previous studies [1,8]. Second, we did not include

patients who did not undergo TAVI because of death, surgical intervention, indication of TAVI

not retained, in order to homogenize our population.

Although we believe that the diagnostic performance of TAVI-CT would have been

similar in this population, these non-inclusion criteria might be a source of bias. Third, the

study was retrospective and was performed in a single expert cardiology center with

radiologists trained in TAVI-CT reading. Fourth, the low prevalence of patients for whom

percutaneous intervention was recommended might artificially have increased the NPV.
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V. CONCLUSION :

The analysis of CA on TAVI-CT with a simple analysis protocol using most recent

acquisition and reconstruction techniques may safely avoid 47% of coronary angiography, for

the benefit of the patient and potential health cost savings. Future developments of CT

might improve even further these results.
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SURNAME : LECOMTE FIRSTNAME : Adrien

Coronary artery assessment on pre transcatheter aortic valve implantation
computed tomography may avoid the need for additional coronary
angiography

ABSTRACT

Purpose - The purpose of this study was to evaluate the percentage of coronary angiography
that can be securely avoided by the interpretation of coronary arteries on pre transcatheter
aortic valve implantation CT (TAVI-CT), using CT images obtained with deep-learning
reconstruction and motion correction algorithms.

Material and method - All consecutive patients who underwent TAVI-CT and coronary
angiography, from December 2021 to July 2022 were screened for inclusion in the study.
Patients who had previous coronary artery revascularization or who did not undergo TAVI
were excluded. All TAVI-CT examinations were obtained using deep-learning reconstruction
and motion correction algorithms. On TAVI-CT examinations, quality and stenosis of coronary
artery were analyzed retrospectively. When insufficient image quality and/ or when diagnosis
or doubt of one significant coronary artery stenosis, patients were considered as having
possible coronary artery stenosis. The results of coronary angiography were used as the
standard of reference for significant CAS.

Results - A total of 206 patients (92 men; mean age, 80.6 years) were included; of these
27/206 (13%) had significant coronary artery stenosis on coronary angiography and were
referred for potential revascularization. Sensitivity, specificity, negative predictive value,
positive predictive value, and accuracy of TAVI-CT to identify patients requiring coronary
artery revascularization was 100% (95% confidence interval [CI]: 87.2−100%), 100% (95% CI:
96.3−100%), 54% (95% CI: 46.6−61.6), 25% (95% CI: 17.0−34.0%) and 60% (95% CI:
53.1−66.9%) respectively. Intra- and inter observer variability was substantial agreement for
quality and decision to recommend coronary angiography. Mean reading time was 2 +/- 1.2
(standard deviation) min (range: 1−5 min). Overall, TAVI-CT could potentially rule out
indication for revascularization for 97 patients (47%).

Conclusion - Analysis of coronary artery on TAVI-CT using deep-learning reconstruction and
motion correction algorithms can potentially safely avoid coronary angiography in 47% of
patients.

Keywords : Computed tomography ; Computed tomography angiography ; Coronary artery
disease ; Transcatheter aortic valve implantation (TAVI) ; Transcatheter aortic valve
replacement (TAVR)
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L’évaluation des artères coronaires sur le scanner TAVI pourrait éviter le 

recours à la coronarographie diagnostique 

 

RÉSUMÉ 
 
Objectif - L’objectif de l’étude est d’évaluer le pourcentage de coronarographie diagnostique 
pouvant être évité, en analysant les artères coronaires sur le scanner TAVI, avec des images 
post-traitées par une reconstruction itérative en deep-learning et par un algorithme de 
correction de mouvement.  
 
Matériels et méthodes - Tous les patients qui avaient eu un scanner TAVI et une 
coronarographie diagnostique, entre décembre 2021 et juillet 2022, étaient screenés 
consécutivement pour être inclus dans l’étude. Les patients qui avaient déjà subi une 
revascularisation coronarienne (percutané ou pontage) ou qui n'avaient pas eu un TAVI 
posé, étaient exclus. Toutes les images du scanners TAVI étaient obtenues par 
reconstruction itérative en deep-learning et par un algorithme de correction de mouvement. 
Sur ces images, la qualité de celle-ci et les artères coronaires étaient analysées 
rétrospectivement. Quand la qualité de l’image était insuffisante et/ou quand il y avait une 
sténose coronarienne significative ou au moindre doute, le patient était considéré comme 
ayant possiblement une sténose coronarienne significative. La coronarographie diagnostique 
était utilisée comme référence pour déterminer une sténose coronarienne significative. 
  
Résultats -  Un total de 206 patients (92 hommes ; moyenne d'âge : 80.6 ans) avait été 
inclus. Sur ces 206 patients, 27 (13%) avaient une sténose coronarienne significative sur la 
coronarographie diagnostique et étaient adressés pour un possible geste de 
revascularisation. La sensibilité, la spécificité, la valeur prédictive négative, la valeur 
prédictive positive et l’accuracy du scanner TAVI pour identifier les patients nécessitant un 
geste de revascularisation coronarienne étaient de 100% (95% intervalle de confiance [IC]: 
87.2−100%), 100% (95% IC: 96.3−100%), 54% (95% IC: 46.6−61.6), 25% (95% IC: 17.0−34.0%) 
and 60% (95% IC: 53.1−66.9%), respecFvement. Les analyses intra et inter-observateur 
montraient une bonne concordance pour la qualité de l’image et l’interprétation des artères 
coronaires. Le  temps moyen d’interprétation des coronaires étaient de 2 minutes +/- 1.2 
minutes (intervalle : 1-5 minutes). Enfin, le scanner TAVI pouvait potentiellement exclure 
l'indication de revascularisation pour 97 patients (47 %). 
 
Conclusion - L’analyse des artères coronaires sur le scanner TAVI en utilisant une 
reconstruction itérative par deep-learning et un algorithme de correction de mouvement 
pourrait éviter le recours à la coronarographie diagnostique chez 47% des patients. 
 
 
 

Mots-clés : Tomodensitométrie ; Maladie coronarienne ; Transcatheter aortic valve 
implantation (TAVI) 
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