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Introduction

Transcatheter aortic valve replacement (TAVR) is an established 
treatment for severe aortic stenosis (AS); however, the transcath-
eter heart valve (THV) implantation depth (ID) is associated 
with conduction disturbances and paravalvular leakage (PVL).1,2 

The THV ID is typically determined by invasive angiography in 
a plane perpendicular to the native valve in which the 3 cusps are 
aligned and the (virtual) aortic annulus can be identified as 
a reference. However, there is no universal consensus on ID 
measurement, and angiography-based techniques have been 
proposed to optimize final THV ID.1 The aim of this study 
was to correlate ID measurements by invasive angiography 
with multidetector computed tomography (MDCT).

Methods

All patients with a computed tomography (CT) scan post 
TAVR were included in this retrospective study. A dedicated 
database captured relevant baseline characteristics and proce-
dure data. The study was conducted in accordance with the 
declaration of Helsinki and did not fall under the scope of the 
Medical Research Involving Human Subjects Act per 
Institutional Review Board’s review. Due to the retrospective 
nature of the study, informed consent was not required.

Measurement of the ID

ID was measured by invasive angiography after final THV 
release in the catheterization laboratory. The optimal plane for 
angiography was determined prior to the THV implantation and 
required alignment of the noncoronary (bottom), right (middle), 
and left (upper) cusps. CAAS software (Pie Medical, Maastricht, 
the Netherlands) was used to measure by angiography the ID 
from the THV inflow portion in the left ventricular outflow to 
the noncoronary cusp (NCC) and left coronary cusp (LCC), 
respectively. Similarly the ID was measured by MDCT using 
the double oblique view in 3Mensio (Pie Medical, Maastricht, 
the Netherlands). An integrated approach using the baseline 

MDCT prior to TAVR was used to help identify the virtual 
annulus when this was obscured by the THV on the follow-up 
CT. A measurement variability of 0.5 mm difference in ID length 
between the 2 methods was established as an acceptable accuracy 
in terms of clinical relevance.

Statistical analysis

Distributions of continuous variables were tested for normality 
with the Shapiro–Wilk test. Continuous variables were reported as 
mean ± standard deviation if normally distributed or as median 
(25th–75th percentile) if nonnormally distributed. Categorical 
variables were reported as number and percentage. A Bland– 
Altman plot was used to assess agreement between the 2 mod-
alities, and the intraclass correlation coefficient (ICC) was calcu-
lated for the 2 modalities. All statistics were performed with SPSS 
software version 25.0 (SPSS, Chicago, IL).

Results

In total, 105 patients underwent a CT scan before and after 
TAVR. Mean age was 76.7 (±7.2) years and 50.5% were male. 
Of these patients, 28.6% had a bicuspid aortic valve (BAV). 
Indications for CT scan post TAVR were study related 
(32.4%), regular follow-up (53.3%), and suspected endocardi-
tis (8.6%).

Overall, 13.3% of the ID measurements by invasive angiogra-
phy and MDCT were within the accepted variability of 0.5 mm. 
The invasive angiography and MDCT Bland–Altman plot and 
correlation are represented in Figure 1. The Bland–Altman plot 
showed a mean difference (±SD) of 0.62 mm (±3.47) and the 
ICC ranged between 0.46 [95% confidence interval (CI) 0.30– 
0.60] and 0.63 [95%CI 0.48–0.74]. The correlation coefficient for 
tricuspid aortic valves varied from 0.40 [95%CI 0.20–0.58] to 
0.63 [95%CI 0.46–0.75] and for BAV from 0.58[95%CI 0.29– 
0.78] to 0.61[95%CI0.30–0.80].

All measurements of the ID with MDCT were determined 
by one experienced imager. The intraobserver variability was 
0.96 ([95%CI 0.92–0.99], p < 0.001). Two imagers determined 
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the invasive angiography ID measurements. The interobserver 
variability between the two imagers was 0.74 ([95%CI 0.20– 
0.91], p = 0.005).

Discussion

Our results highlight the poor correlation between ID mea-
surements by invasive angiography and MDCT.

Optimal THV ID is important to mitigate inadequate sealing 
around the annulus that may result in paravalvular leak (PVL) or 
profound interaction with the interventricular membranous sep-
tum and atrioventricular conduction system that may result in 
high-degree block and need for permanent pacemakers.2,3 Our 
study demonstrates fundamental limitations of ID assessment by 
invasive angiography, compared to MDCT as reference, in 

tricuspid and bicuspid aortic valve stenosis and underscores the 
unmet clinical need for accurate per procedural ID interpretation. 
MDCT was considered to be the reference for ID measurement 
because of the ability to produce multiplanar reconstructions and 
create three-dimensional anatomical representations that allow 
determination of implantation depth without foreshortening. 
The commonly used “optimal projection” method with commis-
sural alignment may be an oversimplification because it is static 
and ignores device–host interactions that may modify the anato-
mical reality during TAVR. Furthermore, invasive angiography is 
restricted to “lumenography” and lacks additional anatomical 
information that is available with MDCT. Rotational angiography 
could overcome intrinsic limitations of conventional angiography, 
such as foreshortening, and resulted in more accurate ID measure-
ments but requires additional (diluted) contrast and radiation and 

Figure 1. Central illustration.
A: Numerous differences between ID length measured on angiogram and CT scan. B: Bland–Altman plot with mean difference. C: scatter plot of the ID length with 
the mean differences and interclass correlation coefficients. ID = implantation depth, NCC = noncoronary cusp, LCC = left coronary cusp, CT = comuted tomography, 
SD = standard deviation, ICC = interclass correlation coefficients. 
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was not available in this study.4 Novel invasive angiography con-
cepts with the likes of cusp overlay and double-S-curve techniques 
and dynamic image fusion (overlay of echocardiography or 
MDCT imaging on real-time fluoroscopy imaging) claim superior 
ID appreciation due to mitigating possible displacement by avoid-
ing foreshortening of the annular anatomy and delivery catheter. 
However, these theoretical concepts still require confirmation in 
prospective studies with MDCT as reference.

Study limitations

Our study is a single-center retrospective analysis. The post- 
TAVR MDCT scans are not part of routine clinical practice 
and were only performed in a selected set of patients. We also 
included both tricuspid and bicuspid aortic valve anatomies. 
We believe optimal projection algorithms are similar because 
most patients with bicuspid AS who are TAVR candidates 
now have a tricommissural phenotype.5

Conclusion

Current invasive angiography-derived THV ID assessment is 
inaccurate and new concepts should focus on superior ID 
appreciation, moving forward with TAVR to find the optimal 
ID for patient-specific anatomy.
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