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Abstract

Background: Obtaining commissural alignment in transcatheter aor-
tic valve replacement (TAVR) is important for ensuring coronary ac-
cess and coronary artery filling, reducing the risk of central leaks, 
and minimizing leaflet stress. The Evolut FX system has the gold 
markers placed at the neo-commissures and has demonstrated favora-
ble outcomes. We investigated whether evaluating the orientation of 
the gold markers in a three-cusp coplanar view (3-CV) after Evolut 
FX implantation was useful for assessing commissural misalignment 
(CMA).

Methods: Between April 2023 and December 2024, we included 25 
patients who underwent transfemoral TAVR using the Evolut FX for 
symptomatic severe aortic stenosis. All patients underwent multide-
tector computed tomography (CT) after TAVR. The native-prosthetic 
gap (NPG) was defined as the distance between the center of the 
transcatheter heart valve stent frame and the central gold marker in 
a 3-CV. We evaluated the association between the NPG and CMA, 
which was derived from the average misalignment deviation on post-
TAVR CT.

Results: The median age was 84 years, 36% were male, and 8% had 
coronary artery disease. The implanting view was the cusp overlap 
view (COV) in 11 patients, the near-COV in 11 patients, and the left 
anterior oblique view in three patients. Of the 22 patients implanted 
using the COV or near-COV, the gold markers were positioned at 
“2 left-1 right” in 17 patients. The average misalignment deviation 

was 18.0° (commissural alignment: eight patients, mild CMA: 13 pa-
tients, moderate CMA: two patients, and severe CMA: two patients) 
and the median NPG was 0.11. In cases with commissural alignment 
and mild CMA, NPG showed a significant positive correlation with 
the average misalignment deviation (r = 0.68, P < 0.01), whereas in 
cases with moderate and severe CMA, the relationship was inverse 
(r = -0.38, P = 0.62). Further, in cases with commissural alignment 
and mild CMA, a clockwise misalignment occurred when the central 
marker was positioned closer to the non-coronary cusp side, while a 
counterclockwise misalignment was observed when positioned closer 
to the left-coronary cusp side.

Conclusions: Evaluating the orientation of the gold markers in a 
3-CV after Evolut FX implantation is useful for assessing CMA.
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Introduction

Transcatheter aortic valve replacement (TAVR) is a less inva-
sive alternative to surgical aortic valve replacement (SAVR) 
[1]. Since recent studies have shown that TAVR is effective in 
patients of all risk categories, TAVR has become the dominant 
therapy for patients with severe aortic stenosis (AS) [2-4]. As 
TAVR indications expand to all-risk and younger patients with 
longer life expectancy, concerns about the valve durability and 
coronary access for coronary angiography (CAG) and percu-
taneous coronary intervention (PCI) after TAVR have been 
raised [5, 6]. Coronary artery disease (CAD) is often coexist-
ent with AS, the prevalence of which ranges from 30% to 45% 
in patients with AS undergoing TAVR in Japan [7, 8].

Commissural alignment describes the relationship be-
tween transcatheter heart valve (THV) neo-commissures and 
native aortic valve commissures. The geometric interaction be-
tween the neo-commissures and the coronary ostia, including 
the commissural posts of the THV facing the coronary ostia, 
makes coronary access challenging [5]. In addition, commis-
sural misalignment (CMA) is associated with central biopros-
thetic aortic regurgitation and increased relative aortic valve 
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mean gradient, resulting in structural valve deterioration [9, 
10]. Considering these issues after TAVR, avoiding CMA is 
important for not only ensuring coronary access or coronary 
artery filling but also THV performance.

The latest Evolut FX system (Medtronic, Dublin, Ireland) 
has the gold markers placed at the neo-commissures and has 
demonstrated favorable outcomes, including improved com-
missural alignment and more symmetrical implantation by 
adding the hat marker orientation or cusp overlap technique 
[11]. RE-ACCESS 2 (Reobtain Coronary Ostia Cannulation 
Beyond Transcatheter Aortic Valve Stent 2) reported that the 
main cause of unsuccessful coronary cannulations was CMA, 
with an incidence of approximately 5.5% [12], and the Evolut 
FX TAVR system achieved more than 95% commissure align-
ment [11].

A three-cusp coplanar view (3-CV) is determined when 
the nadirs of the three aortic valve cusps are aligned in the 
same straight two-dimensional (2D) projected plane on pre-
TAVR computed tomography (CT). Aortography in a 3-CV 
visualizes the orientation of the native aortic valve cusps in-
cluding each commissure. We investigated whether evaluating 
the orientation of the gold markers in a 3-CV after Evolut FX 
implantation was useful for assessing CMA.

Materials and Methods

Study population

This study is an observational cohort study of severe AS pa-
tients undergoing TAVR at our institution, between April 2023 
and December 2024. The Evolut FX system became commer-
cially available for use from April 2023 in Japan. We included 
symptomatic severe AS patients who underwent transfemoral 
TAVR using the Evolut FX system and had undergone multi-
detector CT both before and after TAVR. Exclusion criteria 
included previous SAVR, alternative access, and bicuspid aor-
tic valve (BAV). This study was performed according to the 
Declaration of Helsinki regarding investigations in humans 
and approved by the ethics committee of Fukuoka University 
Hospital (EC/IRB: U24-11-006).

TAVR procedure

All TAVR procedures were performed via a transfemoral ap-
proach, with general anesthesia and transesophageal echocar-
diographic monitoring. Initially, aortography was performed 
in the 3-CV derived from pre-TAVR CT. The 3-CV and cusp 
overlap view (COV) were identified on 3mensio (Pie Medical 
Imaging, Maastricht, the Netherlands). The COV is defined 
on pre-TAVR CT as the projection in which the left coronary 
cusp (LCC) and right coronary cusp (RCC) are overlapped, 
thereby isolating the non-coronary cusp (NCC). The Evolut 
FX delivery system was introduced through the femoral ar-
tery, positioning the flush port at the 3 o’clock orientation, 
and advanced to the descending aorta. The orientation of the 
hat marker was confirmed using fluoroscopy in a left anterior 

oblique (LAO) view, and it should ideally be positioned on the 
outer curve (OC). If the hat marker was not located on the OC, 
a gentle counter-clockwise rotation of the delivery catheter 
was applied to adjust the hat marker to the OC. Before releas-
ing the THV at annulus, we confirmed that the hat marker was 
positioned at the center front (CF) in the COV. If extreme an-
gulations of more than 30° right anterior oblique (RAO) and/
or 30° caudal were required for the COV, the near-COV with 
less extreme angulation was used. To eliminate inflow paral-
lax, implant depth at the NCC was verified in the COV, while 
implant depth at the LCC was verified in the LAO view. We 
confirmed whether the orientation of the gold markers in the 
COV was “2 left-1 right” or not; however, if the orientation 
was not 2 left-1 right, we did not attempt to reorient them. Fi-
nally, the THV orientation images were obtained at the 3-CV 
on fluoroscopy after the THV deployment. We confirmed the 
orientation of both the C-tab (inner curve (IC), CF, OC, and 
center back (CB)) and the gold markers [6, 13].

Fluoroscopy and CT analysis after TAVR

On fluoroscopy, positions of the THV neo-commissures were 
identified using the orientation of the gold markers in the same 
coplanar view as the initial aortography. First, in a 3-CV, the 
distance from the edge of the THV stent frame inflow to the 
central gold marker was measured and defined as “x”. Next, 
the distance from edge to edge of the THV stent frame inflow 
was measured and defined as “y”. If the central gold marker 
was not located on the line extending between the edges of the 
THV stent frame, its position was determined by projecting it 
perpendicularly onto this line. The center of the stent frame 
lies at a distance of y/2 from the end of the THV stent frame. 
The native-prosthetic gap (NPG) was calculated as |x-y/2|/y, 
representing the proportion of the distance between the center 
of the THV stent frame and the central gold marker relative to 
the total length of the THV stent frame (Fig. 1).

The commissural orientation was evaluated for each pa-
tient in the native aortic valve on pre-TAVR CT and in the 
prosthetic aortic valve on post-TAVR CT during the end-
diastolic phase of the cardiac cycle. Commissural alignment 
was analyzed as previously described [9]. Briefly, first, the 
right coronary artery (RCA) ostium was identified in a cross-
sectional view perpendicular to the axis of the annulus. Next, 
three angles were measured: from the RCA to the RCC/LCC 
commissure, from the RCA to the LCC/NCC commissure, and 
from the RCA to the NCC/RCC commissure. A Δ angle de-
viation between the pre-TAVR and post-TAVR CT was meas-
ured for each of the three angles. The average misalignment 
deviation was defined as the mean of the absolute values of 
these three Δ angle deviations, quantifying the overall extent 
of commissural shift after TAVR. Commissural alignment 
was categorized into four groups based on the differences in 
commissural orientation between the native and neo-commis-
sures: commissural alignment (0° to 15.0°), mild CMA (15.1° 
to 30.0°), moderate CMA (30.1° to 45.0°), and severe CMA 
(45.1° to 60.0°). We evaluated the association between NPG 
and CMA.
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Statistical analysis

Continuous data are reported as median (interquartile range) 
and categorical data are presented as percentages. To deter-
mine the association between NPG and CMA, we conducted 
both a linear regression analysis with CMA as a continuous 
variable and a logistic regression analysis with CMA as a 
categorical variable. At a logistic regression, receiver operat-
ing characteristic (ROC) analysis was used to determine the 
cut-off value for predicting CMA. A two tailed P < 0.05 was 
considered statistically significant. NPG measurement was 
conducted by two experienced physicians who were blinded 
to the patient characteristics. Inter-observer reliability was 
assessed using concordance correlation coefficient (CCC) 
and Bland-Altman analysis. All statistical analyses were per-
formed with JMP 16 (SAS Institute, Inc., Cary, NC, USA) 
and EZR ver. 1.68 (Saitama Medical Center, Jichi Medical 
University, Saitama, Japan), which is a graphical user inter-
face for R (The R Foundation for Statistical Computing, Vi-
enna, Austria).

Results

Patient characteristics

During the study period, a total of 68 TAVR procedures were 
performed, of which 31 patients underwent TAVR using Evolut 

FX system. After excluding six patients who met the exclusion 
criteria, 25 patients were included in this study. Table 1 sum-
marizes the clinical characteristics of this study. The median 
age was 84 years, 36% were male, 44% were New York Heart 
Association functional classification III or IV, the median So-
ciety of Thoracic Surgeons score was 5.3, and 8% had CAD 
(including both treated and untreated). Pre-TAVR CT showed 
that the median annulus area was 386 mm2 and the perimeter 
was 72 mm. On postprocedural transthoracic echocardiogra-
phy (TTE), left ventricular ejection fraction was 68 %, peak 
aortic velocity was 1.7 m/s, mean aortic pressure gradient was 
6 mm Hg, and effective orifice area was 1.7 cm2. Additionally, 
postprocedural aortic regurgitation was none/trivial in 48%, 
mild in 44%, and moderate in 8%, all of which were identified 
as perivalvular leaks. Postprocedural TTE and TAVR CT were 
performed on the same day, with a median duration of 6 days 
from TAVR procedure to TTE/CT.

TAVR procedure and CT analysis

Implanted THV sizes were as follows: 23 mm in 20%, 26 mm 
in 36%, 29 mm in 40%, and 34 mm in 4%, respectively (Table 
2). The implanting view was the COV in 11 cases (44%), the 
near-COV in 11 cases (44%), and the LAO view in three cases 
(12%). Of the 22 cases implanted using the COV or near-COV, 
the gold markers were positioned at 2 left-1 right in 17 cases. 
The final C-tab positions on the 3-CV were IC in 20 cases 
(80%), CF in one case (4%), OC in four cases (16%), and CB 

Figure 1. Native-prosthetic gap (NPG). The method for calculating the NPG is as follows. (a) Initial aortography in the three-cusp 
coplanar view (3-CV) is shown, with yellow, green, and red points indicating the virtual native commissures. (b) The orientation of 
the gold markers in the 3-CV after transcatheter heart valve (THV) deployment. Orange, light blue, and purple points represent 
the three gold markers (i.e., THV neo-commissures). (c) The measurement of NPG. The yellow arrow indicates the distance 
between the end of the THV stent frame and the central gold marker (x), while the black arrow indicates the total length of the 
THV stent frame (y). The black triangle represents the center of the stent frame, with a distance of y/2 from the end of the THV 
stent frame. The NPG was calculated as |x-y/2|/y, representing the proportion of the distance between the center of the THV stent 
frame and the central gold marker relative to the total length of the THV stent frame. 3-CV: three-cusp coplanar view.
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in none (0%). The median NPG in all patients was 0.11. Inter-
observer reliability in measuring NPG was good as indicated 
by CCC (95% confidence interval) and limits of agreement 
from Bland-Altman analyses (Supplemental Material 1, cr.
elmerpub.com). On post-TAVR CT, the average misalignment 
deviation was 18.0° (Table 3). Commissural alignment was 
achieved in eight cases (32%), mild CMA was observed in 13 
cases (52%), moderate CMA was observed in two cases (8%), 
and severe CMA was present in two cases (8%).

Among the 17 cases in which the gold markers were po-
sitioned at 2 left-1 right in the COV or near-COV, the final 
C-tab positions on the 3-CV were IC in 16 cases (94%), OC 
in one case (6%), and CF/CB in none (0%). Median NPG was 
0.11, with an average misalignment deviation of 16.0°. Com-
missural alignment was observed in eight cases (47%), mild 
CMA in eight cases (47%), moderate CMA in one case (6%), 
and no cases of severe CMA (Supplemental Material 2, cr.elm-
erpub.com).

Association between C-tab and NPG with CMA

The association between the final C-tab positions and CMA 
was as follows: IC, all cases with alignment or mild CMA; 
CF, severe CMA; and OC, one case with alignment or mild 
CMA, two cases with moderate CMA, and one case with se-
vere CMA. Among the 17 cases in which the gold markers 
were positioned at 2 left-1 right in the COV or near-COV, all 
cases with the C-tab located at IC showed alignment or mild 
CMA, whereas the single case with the C-tab located at OC 
showed moderate CMA.

Linear regression analysis for CMA demonstrated that 
NPG was not correlated with the average misalignment devia-
tion in all cases (r = 0.37, P = 0.07) (Fig. 2a). However, in cases 
with commissural alignment and mild CMA, NPG showed a 
significant positive correlation with the average misalignment 
deviation (r = 0.68, P < 0.01), whereas in cases with moderate 
and severe CMA, the relationship was inverse (r = -0.38, P 
= 0.62) (Fig. 2b, c). Figure 2d shows the predictive abilities 
for CMA as assessed by logistic regression analysis and ROC 
analysis in cases with commissural alignment and mild CMA. 
NPG demonstrated high predictive value for CMA, with an 
area under the curve (AUC) of 0.83 (P < 0.01). The optimal 
cut-off value for NPG was 0.17, with a sensitivity of 0.62 and a 
specificity of 1.0. Among the 17 cases in which the gold mark-
ers were positioned at 2-left 1-right in the COV or near-COV, 
NPG showed a strong correlation with the average misalign-
ment deviation (r = 0.86, P < 0.01) (Supplemental Material 
3A, cr.elmerpub.com). Furthermore, NPG demonstrated an 
even higher predictive value for CMA, with an AUC of 0.97 (P 
< 0.01), and the optimal cut-off value for NPG remained 0.17, 
with a sensitivity of 0.78 and a specificity of 1.0 (Supplemen-
tal Material 3B, cr.elmerpub.com).

Additionally, among patients with commissural alignment 
and mild CMA, a clockwise misalignment occurred when the 
central marker was positioned closer to the NCC side. Con-
versely, a counterclockwise misalignment was observed when 
the central marker was positioned closer to the LCC side (Fig. 
3). In the case of moderate or severe CMA, this finding was 
not observed.

Discussion

This is a preliminary report to investigate the usefulness of 
the orientation of the gold marker in a 3-CV after Evolut FX 
implantation for assessing CMA. The main findings from 
our study are as follows: 1) The current method for delivery 
and deployment of the Evolut FX system achieved improved 
commissural alignment; 2) Fluoroscopy-derived NPG was 
strongly correlated with CMA in cases with commissural 
alignment and mild CMA. However, unlike the existing 
methods, our approach is not intended to improve CMA but 
rather to assess the degree of CMA under fluoroscopy fol-
lowing valve deployment. Our method is an alternative to 
post-TAVR CT for evaluating CMA, particularly in patients 
with advanced chronic kidney disease who should avoid con-
trast exposure.

Table 1.  Baseline Clinical Characteristics

All patients 
(n = 25)

Age, years 84 (80 - 89)
Male, n (%) 9 (36%)
NYHA ≥ III, n (%) 11 (44%)
STS score 5.3 (3.3 - 9.6)
Coronary artery disease, n (%) 2 (8%)
Preprocedural TTE
    LVEF, % 67 (62 - 72)
    Peak aortic velocity, m/s 4.5 (4.3 - 5.5)
    Mean aortic pressure gradient, mm Hg 48 (42 - 72)
    AVA, cm2 0.51 (0.35 - 0.78)
    Aortic regurgitation
    Non or trivial, n (%) 6 (24%)
    Mild, n (%) 14 (56%)
    Moderate, n (%) 5 (20%)
Postprocedural TTE
    LVEF, % 68 (57 - 73)
    Peak aortic velocity, m/s 1.7 (1.2 - 2.2)
    Mean aortic pressure gradient, mm Hg 6 (3 - 10)
    EOA, cm2 1.7 (1.4 - 2.4)
    Aortic regurgitation
    None or trivial, n (%) 12 (48%)
    Mild, n (%) 11 (44%)
    Moderate, n (%) 2 (8%)

Data are presented as the median (interquartile range) for continuous 
variables or the number (percent) of patients for categorical variables. 
NYHA: New York Heart Association functional classification; STS: Soci-
ety of Thoracic Surgeons; TTE: transthoracic echocardiography; LVEF: 
left ventricular ejection fraction; AVA: aortic valve area; EOA: effective 
orifice area.
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ALIGN TAVR has validated a fluoroscopic-CT coreg-
istration technique using pre-TAVR CT and intraprocedural 
fluoroscopy to determine commissural alignment [13]. They 
described that positioning the hat marker orientation at the 
OC or the CF of the annulus in a COV improved commissural 
alignment and resulted in a lower incidence of coronary artery 

overlap, compared to positioning the hat marker orientation at 
the IC or the CB. Positioning the hat marker orientation at the 
OC or the CF of the annulus in a COV resulted in the C-tab 
being located at the IC of the aortic root in a 3-CV, leading to 
better commissural alignment. In the present study as well, 
all cases in which the C-tab was positioned at the IC obtained 
favorable commissural alignment. Further, they suggested the 
usefulness of assessing CMA using two commissural tabs on 
the COV. However, the accuracy of their technique depends 
on whether the initial 3-CV is truly coplanar, and it cannot be 
applied in cases requiring extreme angulations for the COV. 
In contrast, our method is able to assess both the degree and 
direction (clockwise or counterclockwise) of CMA using the 
spatial orientation of the three gold markers. However, our 
method also has major limitations. First, compared to their 
approach, our method does not improve CMA, but only al-
lows assessment after TAVR. Second, NPG was significantly 
correlated with CMA in cases with commissural alignment 
and mild CMA; however, this correlation was not observed 
in all cases, particularly in those with moderate and severe 
CMA. In cases with moderate and severe CMA, the relation-
ship between NPG and CMA was inverse. As the degree of 
CMA progresses to mild, the central marker tends to move 
away from the center of the THV stent frame; however, when 
it reaches moderate and severe, the central marker paradoxi-
cally shifts closer to the center of the THV stent frame (Fig. 
4). The correlation between NPG and CMA is considered pos-
itive as CMA progresses from alignment to mild; however, it 
becomes inversely correlated as CMA advances to moderate 
and severe. Therefore, our method alone was limited to mild 
CMA. When the C-tab was located at the IC, commissural 
alignment was favorable and positively correlated with NPG, 
indicating the usefulness of NPG through the assessment of 
C-tab position. In contrast, when the C-tab was located at po-

Table 2.  Procedure and Fluoroscopic Analysis

THV size
    23 mm, n (%) 5 (20%)
    26 mm, n (%) 9 (36%)
    29 mm, n (%) 10 (40%)
    34 mm, n (%) 1 (4%)
Implanting view
    Cusp overlap view, n (%) 11 (44%)
    Near-cusp overlap view, n (%) 11 (44%)
    LAO view, n (%) 3 (12%)
2 left-1 right in cusp overlap or near-cusp overlap view, n (%) 17 (77%)
Final C-tab orientation
    Inner curve 20 (80%)
    Center front 1 (4%)
    Outer curve 4 (16%)
    Center back 0 (0%)
    NPG 0.11 (0.06 - 0.21)

THV: transcatheter heart valve; LAO: left anterior oblique; NPG: native-prosthetic gap.

Table 3.  CT Analysis

Native annulus area, mm2 386 (316 - 462)
Native annulus perimeter, mm 72 (65 - 77)
Pre RCA to RCC/LCC, ° 75.0 (69.0 - 80.0)
Pre RCA to LCC/NCC, ° 194.0 (181.0 - 203.0)
Pre RCA to NCC/RCC, ° 317.0 (310.0 - 324.0)
Post RCA to RCC/LCC, ° 87.0 (83.0 - 99.0)
Post RCA to LCC/NCC, ° 210.0 (194.0 - 219.0)
Post RCA to NCC/RCC, ° 327.0 (315.0 - 344.0)
Δ RCA to RCC/LCC, ° 21.0 (9.0 - 31.0)
Δ RCA to LCC/NCC, ° 17.0 (8.0 - 24.0)
Δ RCA to NCC/RCC, ° 20.0 (9.0 - 28.0)
Average misalignment deviation, ° 18.0 (10.0 - 24.0)
Commissural alignment category
    Commissural alignment, n (%) 8 (32%)
    Mild CMA, n (%) 13 (52%)
    Moderate CMA, n (%) 2 (8%)
    Severe CMA, n (%) 2 (8%)

CT: computed tomography; RCA: right coronary artery; RCC: right cor-
onary cusp; LCC: left coronary cusp; NCC: non-coronary cusp; CMA: 
commissural misalignment.
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sitions other than the IC, the severity of CMA could not be 
determined, and the association between NPG and CMA re-
mained unclear. In cases with moderate and severe CMA, the 
orientation of the gold markers in the COV was not 2 left-1 
right. We propose that the utility of our method will be en-
hanced by incorporating the assessment of the orientation of 
the C-tab in the 3-CV and the gold markers in the COV. In an-
other study, an intraprocedural method to evaluate CMA using 
the en-face (deep RAO cranial) view was reported [14]. This 
approach can improve CMA before valve deployment; how-
ever, obtaining a true en-face view is technically challenging 
and often requires aortography to evaluate native commissure 
orientation and coronary ostia.

Previous studies have reported that CMA is associated 
with central bioprosthetic aortic regurgitation and increased 

relative aortic valve mean gradient [9, 10]. In this study, most 
cases were aligned or mild CMA. Therefore, while we cannot 
assess the impact of CMA on THV performance, Evolut FX 
demonstrated the favorable outcomes. Incidentally, two cases 
of postprocedural moderate aortic regurgitation were observed 
in cases with commissural alignment and mild CMA. As TAVR 
indications expand to younger patients with longer life expec-
tancy, concerns about THV performance or durability have led 
to the consideration of redo-TAVR. While coronary alignment 
and commissural alignment are important for redo-TAVR [6, 
13], visualizing the orientation of the neo-commissures with 
the gold markers may facilitate the BASILICA procedure dur-
ing redo-TAVR. In these patients, ensuring THV durability and 
coronary access through commissural alignment is a priority 
for redo-TAVR and lifetime management.

Figure 2. Association between native-prosthetic gap and commissural misalignment (CMA). Linear regression analysis for CMA 
in all cases (a), in cases with commissural alignment and mild CMA (b), and in cases with moderate and severe CMA (c). Logistic 
regression and receiver operating characteristic analysis for CMA in cases with commissural alignment and mild CMA (d). AUC: 
area under the curve.
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Limitation

This study has several limitations that warrant discussion. First, 
our study is a retrospective analysis performed at a single ter-
tiary referral center with a limited number of study patients. The 
small sample size limits both the statistical power and the gen-
eralizability of the findings. Our study did not include patients 
with BAV or those who have not undergone postprocedural CT 
due to renal failure among those implanted with the Evolut FX, 
which may result in selection bias. Second, our method is limited 
to evaluating misalignment up to mild severity. Our results sug-
gest that moderate or severe misalignment may have an inverse 
relationship with NPG; however, due to the limited number of 
those cases, this relationship could not be adequately assessed. 
Third, a 3-CV indicates that the nadirs of the three aortic valve 
cusps are aligned in the same straight 2D projected plane on 
pre-TAVR CT. However, this does not necessarily imply that the 
native commissures are also aligned in the same plane during 
TAVR procedure. If discrepancies between the 3-CV derived on 
pre-TAVR CT and the actual angiographic perpendicular view 
during TAVR were present, we did not attempt to reorient them, 
which may have influenced the results of this study. Fourth, the 
NPG (including x and y) may vary depending on expansion 
completeness (i.e., circular or elliptical THV) or implantation 
coaxiality. These potential geometric distortions could have in-
fluenced the accuracy of our measurements. Finally, our method 
relies on assessment after THV deployment without improving 
CMA. A novel technique or approach that enables evaluation 
before the final release of the THV would be beneficial for im-
proving CMA and enhancing clinical outcomes in the future.

Conclusions

The latest Evolut FX system has the gold markers placed at 
the neo-commissures and has shown promising outcomes. In 

Figure 3. Association between the direction of central marker shift in 
fluoroscopy and the direction of commissural misalignment in comput-
ed tomography (CT). (a, b) The transcatheter heart valve (THV) orien-
tation images obtained in the three-cusp coplanar view on fluoroscopy 
after THV deployment. Orange, light blue, and purple points represent 
the three gold markers (i.e., THV neo-commissures). The green point 
represents the virtual native commissure, located at the center of the 
THV stent frame. (c, d) Preprocedural and postprocedural CT. The red 
arrow indicates the direction of the RCA. Yellow dashed lines mark the 
native commissures, while orange, light blue, and purple dotted lines 
denote the neo-commissures of the THV. Clockwise misalignment oc-
curred when the central marker was positioned closer to the NCC side 
(orange arrow, (b, d)). NCC: non-coronary cusp; LCC: left coronary 
cusp; RCA: right coronary artery.

Figure 4. Association between the orientation of the three gold markers and commissural misalignment (CMA). The relationship 
between CMA, as assessed by computed tomography, and the orientation of the gold markers (red circles) in fluoroscopy. As the 
degree of CMA progresses to mild, the central marker tends to move away from the center of the transcatheter heart valve (THV) 
stent frame (blue square). However, as it progresses to moderate and severe, the central marker paradoxically shifts closer to 
the center of the THV stent frame.
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TAVR using Evolut FX system, our method appears to be con-
venient and less invasive compared to CT and may be useful 
for the evaluation of CMA. While our method is limited to 
evaluating CMA only up to mild severity, a new method that 
can assess all severities before the final THV deployment is 
expected to be needed in the future.

Supplementary Material

Suppl 1. Inter-observer reliability in measuring native-pros-
thetic gap.
Suppl 2. Procedure and fluoroscopic analysis on 2 left-1 right 
in cusp overlap or near-cusp overlap view.
Suppl 3. Association between native-prosthetic gap and com-
missural misalignment in cases where the gold markers were 
positioned as 2 left-1 right in the cusp overlap or near-cusp 
overlap views.
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