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Abstract

A) Purpose of Review: Accurate imaging of the aortic root during valve implantation 

is crucial for proper prosthesis positioning during TAVR. The purpose of this review was to 

determine if routine use of the cusp-overlap view should be adopted for self-expanding valves.

B) Recent Findings: Use of the cusp-overlap view with the Evolut, Portico, ACURATE neo/

neo2, and JenaValve systems is associated with lower post-procedural new permanent pacemaker 

implantation rates when compared to the standard 3-cusp view, presumably due to more precise 

valve implantation relative to the conduction system by the non-coronary cusp.

C) Summary: By elongating the left ventricular outflow tract and accentuating the right-non 

commissure in the center of the fluoroscopic view, the cusp-overlap technique allows operators 

to more precisely control the prosthesis implant depth during self-expanding valve deployment. 

While the early experience with this approach in Evolut TAVR has been promising, the results of 

larger studies with longer follow-up across multiple self-expanding systems are warranted.
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Introduction

Transcatheter aortic valve replacement (TAVR) has now been approved for patients with 

native severe symptomatic aortic stenosis across the entire surgical risk spectrum [1], 

and recently surpassed surgical aortic valve replacement (SAVR) in annual volume of 

cases in the United States [2]. Over the years, technological advancements have produced 

transcatheter heart valve (THV) systems that continue to push the boundaries of technical 

performance and efficiency. The procedural conduct of TAVR has concurrently evolved 

and has undergone various refinements to maximize patient safety, minimize risk and 

complications, and achieve optimal clinical efficacy [3, 4]. Despite these advancements, 

paravalvular leak (PVL) and the need for new permanent pacemaker (PPM) implantation 

remain among the most frequent limitations. While THV type and implantation depth have 

historically been the most common procedural factors associated with PVL and conduction 

disturbances post-TAVR, device positioning has now also emerged as an important 

determinant of these adverse outcomes. This is especially true for self-expanding valves, 

with higher device implantation resulting in lower rates of post-procedural conduction 

abnormalities [5, 6]. Since a few millimeters in implantation depth can make a big difference 

in PPM rates, accurate imaging of the aortic root during valve implantation is imperative 

for proper THV positioning. However, this is often limited by parallax of the valve frame 

during deployment. Recently, a “cusp-overlap” approach for deployment of self-expanding 

valves was suggested that is based on overlapping the right (RCC) and left coronary cusps 

(LCC), thus isolating the non-coronary cusp (NCC) [7]. Given its numerous advantages over 

the standard coplanar 3-cusp view and its successful application in Evolut R and PRO(+) 

(Medtronic, Minneapolis, MN), Portico (Abbott Structural Heart, Santa Clara, CA), and 

ACURATE neo/neo2 (Boston Scientific, Marlborough, MA) deployment, the cusp-overlap 

technique should become the standard implantation strategy for self-expanding THVs.

Optimal Fluoroscopic Projection for Self-Expanding TAVR

While the procedural steps of balloon-expandable THV deployment have remained similar 

for years, the deployment of self-expanding THV systems continues to evolve. A crucial 

step in self-expanding TAVR is the identification of the ideal fluoroscopic projection that 

allows operators to achieve accurate prosthesis deployment precisely at a depth beneath the 

annular plane. In this angiographic view, there is ideally no foreshortening of the patient’s 

anatomy or of the delivery system. This has important consequences for peri-procedural 

complications since implanting the valve too high or too low, within a margin of millimeters, 

can lead to significant PVL and atrioventricular conduction abnormalities, respectively [8].

Over the last two decades, various strategies for determining the optimal selection of 

fluoroscopic projections of the aortic valve for self-expanding TAVR have been proposed, 

including use of various imaging modalities such as multidetector computed tomography 
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(MDCT), repeated aortic root angiograms from different angles, and three-dimensional 

angiographic reconstructions (3DA) of the aortic root captured from rotational C-arm 

fluoroscopic images [9–12]. Many centers rely on pre-procedural MDCT to predict optimal 

fluoroscopic projections that achieve a perspective orthogonal to the plane of the aortic 

annulus. However, this commits the operator to numerous intraprocedural adjustments to 

correct for parallax of the THV prosthesis as it is positioned across the annulus [13]. Thus, 

a fluoroscopic view that eliminates the parallax of the THV system and simultaneously 

maintains the true aortic annular plane is essential for accurate device placement [14].

A potential solution was first proposed by Piazza and colleagues [15]. They showed that the 

aortic annulus remained in-plane in a range of views with different relative cusp positions, 

described by an S-curve, and that the device plane could similarly be imaged from different 

angiographic angles, described by a second S-curve. These two S-curves intersect in a right 

anterior oblique/caudal (RAO/CAU) view in most cases. This view represents the unique 

projection in which both the prosthesis and annulus are in-plane, and allows the true device 

depth below the annulus to be assessed [16]. Dedicated computed tomography (CT) imaging 

software, such as 3mensio (Pie Medical Imaging BV, Bilthoven, NL) is used to determine 

the S-curve of the annulus at the time of pre-procedural planning. However, determining 

the S-curve of the device requires intraprocedural image analysis. As expected, this is not 

always routinely available, and the S-curve technique has consequently not been widely 

adopted [17].

In 2018, Tang et al. introduced the “cusp-overlap” approach to simplify fluoroscopy-guided 

implantation of the CoreValve/Evolut THV system [7]. This contemporary method for 

achieving the optimal projection for deployment is based on the fact that self-expanding 

THVs engage the aortic valve from the outer aortic curve and are deployed from the 

NCC towards the LCC. In contrast, balloon-expandable valves are commonly centered and 

deployed in a perpendicular view of the aortic valve annulus, with the RCC projected 

between the NCC and LCC. In the cusp-overlap technique, preprocedural MDCT is first 

used to determine the plane of the aortic annulus and the cusp-overlap fluoroscopic angle. 

Multiplanar reconstructions along the S-curve of the aortic valve are then used to generate 

a view in which the designated LCC and RCC hinge points appear overlapped, thereby 

isolating the NCC on the opposite side. The corresponding fluoroscopic angulation is 

defined as the cusp-overlap angulation [17].

The cusp-overlap approach offers several advantages over the standard coplanar projection 

with three cusps (Figure 1). First, use of a caudal/cranial view eliminates parallax of the 

delivery catheter. Furthermore, the delivery catheter is naturally positioned towards the 

outer curve of the aortic root and is therefore more centered across the aortic valve. 

The cusp-overlap technique also allows THV deployment in the true coplanar view and 

eliminates parallax of the delivery system across the annulus, thereby simplifying the 

deployment process. When using the Evolut THV system, annular contact occurs from the 

NCC to the LCC, which visually occurs over a shorter distance during valve flowering and 

deployment. In addition, the en-face view of the NCC enables the prosthesis implantation at 

a higher depth with little concern for device “pop-out” upon release. This is especially true 

when dealing with large annuli with minimal oversizing (or undersizing) [7]. Finally, the 
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cusp-overlap approach allows the operator to visually elongate the left ventricular outflow 

tract (LVOT) and localize the membranous septum just beneath the RCC-NCC (R-N) 

commissure. On fluoroscopy, the R-N commissure is generally isolated to the leftward-

most portion of the aortic annulus. As mentioned before, the NCC is usually engaged 

first when deploying self-expanding valves, and thus, the cusp-overlap view is particularly 

advantageous in estimating the depth of prosthesis implantation [8].

In the majority of cases, the cusp-overlap view occurs in a RAO/CAU projection, which 

usually represents a three-chamber view and allows operators to visualize the left atrium, left 

ventricle, and LVOT and aortic root with perpendicular separation of the aortic and mitral 

valves [18]. This is sometimes more desirable than the left anterior oblique (LAO)-cranial 

projections of the left heart provided by the standard 3-cusp view [15]. Whereas the latter 

images the heart in a four-chamber view with a drastically foreshortened LVOT, the former 

has several theoretical advantages. For one, in the cusp-overlap view, the NCC marks the 

annular border at the most inferior hinge point on two-dimensional fluoroscopy. This is 

generally not true for LAO views. In addition, RAO/CAU projections display the minor axis 

of the aortic annulus, which allows TAVR operators to confirm the earliest contact between 

the THV prosthesis and annulus during deployment. Depiction of the short axis of the aortic 

annulus also permits more complete evaluation of valve expansion when compared to LAO 

views that typically represent the long axis of the aortic annulus. Furthermore, RAO/CAU 

projections expose operators to lower radiation doses [8, 19].

Technique of Valve Implantation Using the Cusp-Overlap View

The technical principles of valve implantation using the cusp-overlap approach are generally 

similar across the various self-expanding platforms. During preprocedural planning, a 

coplanar view is identified that isolates the NCC and fully overlaps the LCC/RCC. As 

mentioned previously, this is a RAO/CAU view in most patients that elongates the LVOT 

and extends the visual distance from the base of the non-coronary cusp to the conduction 

system in the muscular septum. In the case of the Evolut system, a stiff, double-curved 

Lunderquist wire (Cook Medical, Bloomington, IN) is recommended to maintain wire 

position in the R-N commissure and also to begin valve deployment in the posterior 

aspect of the annular plane. The stiffer wire results in more symmetrical deployment and is 

especially useful when deploying larger-sized THVs. THV deployment is also begun with 

the ring marker in the mid-portion of the pigtail to obtain a final implantation depth of 

approximately 3–5 mm below the NCC. Note that using the cusp-overlap view to maintain 

a reference to the plane of the aortic annulus may lead to the marker band on the THV 

delivery catheter losing parallax when approaching the annular plane. This is often a result 

of the delivery catheter following the stiff left ventricular wire that is generally positioned 

in the R-N commissure. Adequate pacing during the deployment is employed to minimize 

cardiac output and the occurrence of premature ventricular contractions. When the prosthesis 

has been 80% deployed, parallax is removed from the THV in a LAO view that allows 

for depth assessment at the level of the LCC. Finally, after verifying that the inflow is not 

supra-annular, the valve is released from the delivery system [20].
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Contemporary Outcomes

Limited data are available on the outcomes of self-expanding THV deployment with 

the cusp-overlap approach given its relatively recent introduction to the TAVR arsenal. 

Nevertheless, several of the more commonly utilized THV systems are discussed below.

Evolut R & Evolut PRO(+)

The vast majority of the cusp-overlap experience with self-expanding valves has been 

with CoreValve THVs. For instance, Fraser and colleagues reported their cusp-overlap 

experience with 93 CoreValve cases (Evolut R, n = 50; Evolut PRO, n = 43) from 2013–

2019. The optimal annular plane projection was routinely predicted from MDCT images. 

An implant depth of 3–5 mm below the annulus was achieved for all patients. At 30 

days post-procedure, 4 of 87 CoreValve recipients (4.6%, 3 Evolut R, 1 Evolut PRO) 

required a PPM. Two CoreValve recipients (2.3%) had moderate aortic regurgitation (AR) 

on echocardiography, and there were no cases of valve embolization [21].

In one of the largest single-center experiences, Gada et al. reported on 169 consecutive 

patients undergoing 34-mm Evolut R TAVR between 2016 and 2019. The cusp-overlap 

technique was successfully performed in 88% of patients, with the remainder having near-

complete overlap or no overlap due to steep gantry angles. 134 patients had no prior 

PPM, with a 30-day PPM rate of 5.2%. The in-hospital rate of new left bundle branch 

block (LBBB) post-TAVR was 10.9%. The implant depth below the NCC was 3.8 ± 2.6 

mm in patients requiring a new PPM versus 2.4 mm in those who did not (p = 0.23). A 

pre-existing right bundle branch block (RBBB) was the only independent predictor of new 

PPM implantation (OR 10.6; 95% CI, 1.7–66.2, p = 0.01). The authors concluded that the 

rates of PPM implantation and new LBBB following 34-mm Evolut R TAVR were lower 

with the cusp-overlap approach due to shallower implant depths relative to the conduction 

system [22].

Given that the cusp-overlap approach is a relatively new technique, the authors of the 

previous study initiated a focused didactic experience involving several low-intermediate 

volume centers in Latin America and Europe, and retrospectively compared 257 consecutive 

patients undergoing TAVR with self-expandable valves using either the conventional 3-cusp 

view (n = 101) or the cusp-overlap view (n = 156). The 30-day incidence of new-onset 

LBBB (12.9% vs. 5.8%; p = 0.05) and PPM implantation rate (17.8% vs. 6.4%; p = 0.004) 

was significantly lower when using the cusp-overlap approach. There were no differences 

between the two groups with regards to 30-day incidence of death (4.9% vs. 2.6%), any 

stroke (0% vs. 0.6%), and the need for surgical aortic valve replacement (0% for both 

groups). The authors concluded that the cusp-overlap view can be used to significantly 

reduce the incidence of post-procedural conduction abnormalities in comparison with the 

traditional 3-cusp view, without compromising TAVR outcomes, when using self-expandable 

prostheses. This study also validated the successful adoption of this approach with formal 

didactics and limited case observation [23].

Several comparisons of the cusp-overlap approach with other standard techniques have 

also been made. As an example, Aljabbary et al. retrospectively compared the rates of 
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postprocedure PPM implantation among 127 patients who underwent Evolut TAVR using 

the standard 3-cusp view (2016–2017) with 393 patients who received Evolut THVs using 

the cusp-overlap view (2018–2020). The authors found that 16.5% of the standard 3-cusp 

view patients required a new PPM at 30 days, compared to 7.2% of the cusp-overlap patients 

(p = 0.002) [24]. Similarly, Mendiz et al. analyzed their experience with self-expanding 

TAVR and compared the conventional 3-cusp view (n = 382) to the cusp-overlap technique 

(n = 61). Pre-procedure, 16.7% vs. 26.2% (p = non-significant, or NS) of patients had 

atrial fibrillation, and 4.1% vs. 6.5% (p = NS) had RBBB. 93.1% and 86.9% of patients 

in the standard 3-cusp view and cusp-overlap view groups, respectively, received Evolut 

R/Evolut PRO THVs. Major adverse cardiac events at 30 days included death (3.1% vs. 

4.9%, p = NS), acute myocardial infarction (0.3% vs. 0%, p = NS), major stroke (0.78% 

vs. 0%, p = NS), minor stroke (0.3% vs. 0%, p = NS), SAVR (0.3% vs. 0%, p = NS), 

and new PPM implantation (30.9% vs. 6.5%, p = 0.0001). The authors inferred that the 

cusp-overlap technique decreases the 30-day PPM implantation rate without any significant 

differences in major adverse cardiac events when compared to the standard 3-cusp view for 

self-expanding TAVR [25]. Finally, in their comparison of 50 conventional implant patients 

with 15 cusp-overlap patients (all Evolut R/Evolut PRO between 2017 and 2019), Sztejfman 

et al. reported that the 30-day rate of PPM implantation was 24.9% versus 0% (p = 0.041). 

The cusp-overlap cohort also had a reduced risk of major complications (6.67% vs. 42%, p = 

0.011). There were no significant differences in the time of fluoroscopy, volume of contrast 

used, renal outcomes, or mortality [26].

The cusp-overlap technique may also be applied to valve-in-valve TAVR in degenerated 

surgical bioprostheses. In their experience with the cusp-overlap view in 13 consecutive 

valve-in-valve procedures using the Evolut THV, Kitamura et al. reported optimal 

commissural alignment (using post-procedural CT) in 37 of 39 commissures (95%). 

Furthermore, severe overlap between the coronary ostium and neocommissure (defined as 

<20°) was observed in one right coronary artery (7.7%) and in no left coronary artery (0%) 

[27].

The Optimize PRO study (NCT04091048), a prospective, non-randomized study of the 

safety and efficacy of Evolut PRO and Evolut PRO+ (Medtronic, Minneapolis, MN) TAVR 

using the cusp-overlap approach, is currently underway. Preliminary data from an interim 

analysis of 71 roll-in and 100 main cohort patients showed excellent 30-day outcomes with 

no deaths or disabling strokes, and an 8.8% PPM implantation rate [28].

Portico, ACURATE neo/neo2, & JenaValve

In the aforementioned study by Mendiz et al., among 382 patients who underwent self-

expanding TAVR using the standard 3-cusp view, THVs implanted included the following 

systems: ACURATE neo 4.7%, Portico 1.3%, and JenaValve (JenaValve Technology, Inc., 

Irvine, CA) 0.8%. The corresponding numbers for the cusp-overlap cohort were: Portico 

8.2% and ACURATE neo 4.9%. In this series, which was comprised largely of Evolut 

patients, the risk of PPM implantation at 30 days was significantly higher with the 3-cusp 

view technique as compared to the cusp-overlap view approach (30.9% vs. 6.5%, p = 

0.0001) [25].
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Recently, Wong et al. demonstrated that the cusp-overlap view can be successfully used to 

implant the ACURATE neo2 valve. The authors further noted that with the cusp-overlap 

projection, optimal neocommissural alignment can be achieved if the commissural posts 

are properly aligned in relation to the aortic cusps [29]. This finding has been confirmed 

by the Denmark group with post-TAVR CT evaluation (personal communication, Lars 

Sondargaard, 2021).

Tagliari et al. have also reported the use of the cusp-overlap technique to optimize 

commissural alignment with the Portico THV system (Abbott Structural Heart, Santa Clara, 

CA) on a bench model [30]. Given the growing need for coronary reaccess after TAVR 

and utility of commissural alignment in facilitating this, the cusp-overlap technique and its 

ability to identify the commissural tabs during valve deployment may prove advantageous 

over the conventional fluoroscopic view.

Limitations of the Cusp-Overlap Technique

There are a few important drawbacks of the cusp-overlap approach. Perhaps most 

importantly, shallow implantation of THVs may lead to a higher rate of valve embolism, 

or “pop-outs”. However, this has not been commonly seen in reported series thus far. In 

practice, the cusp-overlap technique facilitates a more thorough understanding of the true 

depth of the prosthesis relative to the NCC. Since the LVOT is elongated in the cusp-overlap 

view, depth assessment is likely to be more accurate than if the 3-cusp view is used. A 

target 3–5 mm implantation depth with respect to the NCC is recommended for use across 

the various self-expanding platforms. This implantation depth also provides a buffer for 

potentiation shortening of the prosthesis during post-dilatation, when indicated [31].

Higher implantation of THVs could also impede future coronary artery catheterizations. 

This has important implications for younger patients who have an increased lifetime risk of 

complications of coronary artery disease. Coronary reaccess is complicated not just by the 

obstructive prosthesis stent frame, but also by an in situ barrier formed by the native aortic 

leaflets. In such cases, preprocedural CT planning is crucial in evaluating the anatomy of 

the aortic root in relation to the valve stent frame [32, 33]. When using the Evolut THV, 

commissural alignment to promote easier coronary reaccess can also be enhanced by starting 

with the flush port at 3 o’clock during insertion of the delivery catheter into the femoral 

artery. This approach has been validated in the ALIGN-TAVR [34] study and the Evolut 

Low Risk LTI sub-study [35].

The cusp-overlap technique is also limited by the disadvantages of the RAO/CAU view. 

Here, the amount of tension on the delivery catheter and its position along the inner or 

outer curve of the aorta cannot be easily assessed. To circumvent this, an LAO projection on 

the S-curve can be used to determine the position of the delivery catheter following depth 

assessment in the cusp-overlap view and valve deployment prior to the point of no re-capture 

[36]. A combination of two orthogonal views may also be utilized to better control the 

implant depth and the tension observed in the catheter before final release, and is actually 

preferred by some operators as it provides a more complete evaluation of the position of 

the prosthesis across the annulus and within the aortic root [8]. The RAO/CAU view may 
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also reduce fluoroscopic image quality in obese patients. Here, the standard 3-cusp view or a 

LAO/cranial view that overlaps the right and non-coronary cusps may be advantageous [7].

Conclusions

The cusp-overlap technique, performed by overlapping the right and left coronary cusps 

along the basal annular plane, and simultaneously isolating the non-coronary cusp, facilitates 

precise valve positioning during self-expanding TAVR. This is of paramount importance 

since the depth at which a prosthesis is implanted in the LVOT has consistently been 

associated with the requirement for a new permanent pacemaker. The cusp-overlap approach 

elongates the LVOT and accentuates the right-non commissure in the center of the 

fluoroscopic view, thus allowing operators more precise control of the prosthesis implant 

depth. While the early experience with this technique in Evolut TAVR has been promising, 

the results of larger studies with longer follow-up across multiple self-expanding valve 

systems are eagerly awaited.
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Figure 1. Deployment of the Evolut PRO+ Transcatheter Aortic Valve System Using the Cusp-
Overlap Technique with Commissural Alignment: Step-by-Step.
A) A 3-cusp coplanar fluoroscopic view, followed by the RAO-CAU cusp-overlap view, is 

obtained. This can be achieved using the CT-derived fluoroscopic view or by placing a wire 

and pigtail respectively at the right- and left-coronary cusps and superimposing the two to 

get the cusp-overlap view. The Evolut PRO+ delivery system, once positioned across the 

aortic annulus, can be seen with the “Hat” marker facing center front (light blue circle) 

without parallax, thus simplifying the deployment process. At 80% deployment, if there is 

no parallax seen at the same cusp-overlap view, one does not need to rotate the C-arm to a 

more LAO projection to visualize the implant depth (solid white arrows) relative to the left 

cusp.

B) As in this case, to avoid new conduction abnormalities, recapture and repositioning of 

the Evolut PRO+ valve higher relative to the non-coronary cusp (solid white arrows) may 

be required. Again, given that no parallax is seen at the inflow of the valve, there is no 

need to rotate the C-arm to a more LAO projection to visualize the implant depth relative to 

the left cusp. After release, the Evolut PRO+ valve is seen positioned at the optimal depth 

(solid white arrows). A cine image without contrast injection is obtained of the valve using 

both the 3-cusp and cusp-overlap views, thus confirming that the C-tab (orange circle) is 
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at the inner curve of the ascending aorta. Using the fluoro-CT co-registration technique, 

good commissural alignment of the Evolut PRO+ valve with the native commissures can be 

visualized, potentially facilitating post-TAVR coronary reaccess.

CAU = caudal, CRA = cranial, CT = computed tomography, L = left, LAO = left anterior 

oblique, L-R = left-right, LM = left main, N = non, N-L = non-left, N-R = non-right, R = 

right, RAO = right anterior oblique, RCA = right coronary artery.
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