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Introduction

When performing transcatheter aortic valve implantation (TAVI), the
fluoroscopic projection view is important for accurate valve implantation
depth. An optimal C-arm projection to implant a transcatheter aortic
valve (TAV) removes the parallax of TAV delivery system and tilts in the
aortic annulus plane. This projection has been defined as the double S-
curve crossing point1 and can be determined from the preprocedural
computed tomography (CT) and applying a real-time intraprocedural
determination of two fluoroscopic views in which there is no TAV
parallax. However, this requires additional CT software, which is not
routinely available to most physicians.

The use of right-left (R-L) cusp overlap view, which is typically
obtained in a right anterior oblique (RAO) and caudal (CAU) fluo-
roscopic projection, has been suggested as an alternative to the
double S-curve crossing projection. The advantages of the RAO-CAU
Abbreviations: CAU, caudal; CRA, cranial; CT, computed tomography; LAO, left
anterior oblique; RCC, right coronary cusp; TAV, transcatheter aortic valve; TAVI, tr
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fluoroscopic projection include that the TAV and the aortic annulus
are more likely to be aligned with the imaging, as well as important
foreshortening of the left ventricular outflow tract can be avoided
(Figure 1a). As the R-L cusp overlap view can be easily determined
preprocedurally by standard CT analysis and is often close to the
double S-curve crossing point,1 it has been a pragmatic choice to
use the R-L cusp overlap view as the optimal fluoroscopic projection
for implantation of the Evolut TAV (Medtronic, USA). This has been
supported by recent studies indicating that this projection mitigates
the risk of new conduction abnormalities when using the
self-expanding Evolut TAV.2

The same rationale may be applicable for deployment of the self-
expanding Navitor TAV (Abbott, USA). However, the Navitor delivery
system (FlexNav) is more flexible than the Evolut delivery system
(EnVeo), which may impact the location of the double S-curve crossing
point. Therefore, the aim of this study was to compare the difference
between the R-L cusp overlap view and double S-curve crossing point for
both self-expanding TAV platforms.
Methods

This study includes 100 consecutive patients who underwent trans-
femoral TAVI using Evolut R/PROþ (N¼ 50) or Navitor (N¼ 50) devices
at Rigshospitalet, Copenhagen, Denmark. Patients with bicuspid aortic
valve or prior surgical aortic bioprosthesis were excluded. For every
single TAVI case, the R-L cusp overlap view and double S-curve crossing
point were determined. The fluoroscopic projection corresponding with
the R-L cusp overlap view was determined at preprocedural cardiac CT
analysis. The double S-curve crossing point was determined by using
anterior oblique; LCC, left coronary cusp; NCC, noncoronary cusp; RAO, right
anscatheter aortic valve implantation.
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Figure 1. R-L cusp overlap view and double S-curve crossing point. (a) The R-L cusp overlap view is solely defined by the native aortic valve anatomy. The double
S-curve crossing point is defined by both the aortic annulus and TAV delivery system S-curves and, hence, is device-specific. (b) The upper scatter plots show the R-L
cusp overlap view and double S-curve crossing point as determined for all TAVI cases. (c) The lower scatter plots show the fluoroscopic angular difference (Δ in
degrees) between the R-L cusp overlap view and double S-curve crossing point for every single TAVI case performed with either the Evolut (left plots) or Navitor (right
plots) TAV.
Abbreviations: CAU, caudal; CRA, cranial; CT, computed tomography; LAO, left anterior oblique; LCC, left coronary cusp; NCC, noncoronary cusp; RAO, right anterior
oblique; RCC, right coronary cusp; TAV, transcatheter aortic valve; TAVI, transcatheter aortic valve implantation.
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intraprocedural fluoroscopy. After advancing the TAV delivery catheter
across the aortic annulus, two different fluoroscopic views of the TAV
delivery catheter without parallax (i.e., aligned ring marker) were
determined in a left anterior oblique and RAO projection at least 30�

apart. These two fluoroscopic projections were collected and retrospec-
tively combined with the native aortic annulus S-curve to define the
double S-curve crossing point using Fluoro-CT software 3.2 (Circle CVI,
Canada) (Figure 2). Based on these data, scatter plots showing the spatial
distribution of both fluoroscopic views were composed for all cases
performed with either the Evolut or Navitor TAV.
Figure 2. Case example with Navitor TAV.
Abbreviations: CAU, caudal; CRA, cranial; LAO, left anterior oblique; RAO, right an
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Results

In the Evolut group, the R-L cusp overlap view and double S-curve
crossing point were located in the RAO-CAU quadrant in 92% and 90% of
cases, respectively. In Navitor cases, these same fluoroscopic views were
located in the RAO-CAU quadrant in 90% and 90% of cases, respectively
(Figure 1b). The angular difference between the R-L cusp overlap view
and the double S-curve crossing point was�10� in 76% and�20� in 90%
of TAVI cases in the Evolut group. In comparison, the C-arm angular
deviation between both fluoroscopic views was�10� in 72% and�20� in
terior oblique; TAV, transcatheter aortic valve.
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94% of Navitor cases (Figure 1c). Hence, there was no significant dif-
ference between the Evolut and Navitor groups in terms of the spatial
angular difference between both fluoroscopic views (�10�, p ¼ 0.820;
�20�, p ¼ 0.712).

Discussion

Use of the R-L cusp overlap view has become the gold standard for
implantation of the Evolut valve, as it can result in a more accurate
assessment of the implant depth and consequently mitigate the risk of
conduction disturbances.3,4 In addition, use of this fluoroscopic view can
facilitate the assessment of neo-commissural alignment.5

This is the first study to describe the spatial relationship and
concordance of the R-L cusp overlap view and double S-curve crossing
point when using the self-expanding Navitor valve. The results in this
study are in line with a previous study reporting on the close spatial
proximity of both fluoroscopic views when using the Evolut platform, as
well as providing additional explanatory data supporting the use of the R-
L cusp overlap view for implantation of the Navitor valve.4

Limitations

Important limitations of this study are its single-center design and
lack of generalizability to other TAV platforms. The study does not ac-
count for the impact of delivery system stiffness on the fluoroscopy
projection of the S-curve for the aortic annulus plane, as determined from
the preprocedural CT.

Conclusions

The study findings suggest that the R-L cusp overlap view may be a
proper surrogate for the double S-curve crossing point—theoretically, an
optimized fluoroscopic view for the deployment of self-expanding
TAVs—and this for both the Evolut and Navitor platforms, circum-
venting the need for intraprocedural image processing using dedicated
software.
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