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Abstract
Background: Given the anatomical proximity of the cardiac conduction system, aort-
omitral continuity calcification (AMCC) may contribute to conduction disturbances 
(CD) during transcatheter aortic valve implantation (TAVI) due to radial force on the 
AMCC. This study aimed to investigate the impact of AMCC on new-onset CD in pa-
tients undergoing TAVI with the balloon-expandable Myval valve.
Methods: This retrospective study included 160 patients who underwent TAVI. 
AMCC was assessed using Agatston and calcium volume scores from preprocedural 
computed tomography (CT). Multivariable logistic regression was used to identify in-
dependent predictors of CD.
Results: High-grade atrioventricular block (HAVB) occurred in 13.1% of patients, and 
17.5% required permanent pacemaker implantation (PPM). Patients with HAVB and 
PPM exhibited a higher prevalence of AMCC and significantly higher AMCC scores. 
An AMCC score >180 was an independent predictor of HAVB (OR, 5.58; 95% CI, 
1.43–21.70; p = .013) and PPM (OR, 5.39; 95% CI, 1.75–16.55; p = .002). When classi-
fied by AMCC proximity type, right fibrous trigone (RFT)-dominant calcification was 
a strong independent predictor of HAVB (OR, 9.22; 95% CI, 1.63–51.99; p = .012) 
and PPM (OR, 7.62; 95% CI, 1.91–30.38; p = .004). Prolonged QRS duration, greater 
implantation depth, and shorter membranous septum length were also independent 
predictors.
Conclusion: AMCC is a strong independent predictor of HAVB and PPM following 
TAVI, particularly with scores >180 or when AMCC is anatomically close to the RFT. 
Preprocedural CT-based assessment of AMCC burden and proximity may improve risk 
stratification and procedural planning.
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1  |  INTRODUC TION

Transcatheter aortic valve implantation (TAVI) has become a widely 
utilized treatment option for patients with severe symptomatic 
aortic stenosis who are at an intermediate to high operative risk 
for surgery.1,2 While TAVI has proven to be a life-saving proce-
dure, improving hemodynamics and symptoms in these patients, it 
is not without complications. One of the most common and clini-
cally significant postprocedural complications is the development of 
conduction disturbances (CD), which can manifest as high-degree 
atrioventricular block (HAVB) requiring permanent pacemaker (PPM) 
implantation.3,4

The aortomitral continuity (AMC) is located between the an-
teromedial aspects of the mitral annulus and the aortic valve, and 
has a direct anatomical relationship with the aortic valve apparatus. 
Moreover, the AMC is linked to the right fibrous trigone (RFT) via 
the membranous septum (MS).5 Aortomitral continuity calcification 
(AMCC) may interfere with the atrioventricular (AV) conduction axis, 
increasing the risk of arrhythmias and CD including HAVB following 
the procedure. This phenomenon can be attributed to the consid-
erable radial forces exerted by the expanding prosthesis on the AV 
node and its bundle fibers, situated within the MS and the central 
fibrous body, which are in close proximity to the aortic annulus.6,7 
However, the exact mechanisms and clinical significance of this rela-
tionship remain incompletely understood. Only a limited number of 
studies have investigated the impact of AMC on its alterations fol-
lowing TAVI with early generation transcatheter heart valve (THV) 
devices.8–10 Myval (Meril Life Sciences Private Ltd., Gujarat, India) is 
a next-generation balloon-expandable THV with novel features to 
improve safety and efficacy, but its interaction with left ventricular 
outflow tract (LVOT) anatomy, specifically AMCC, has not been ex-
amined to date.

The present study aimed to investigate whether imaging of 
the AMCC by computed tomography (CT) can be used to identify 
patient-specific anatomic risk of HAVB and PPM before TAVI with 
balloon-expandable Myval valve.

2  |  METHODS

2.1  |  Study population and design

We retrospectively reviewed the CT scans of 171 consecutive pa-
tients who underwent TAVI at our institution between February 
2021 and September 2024. All patients had severe symptomatic 
aortic stenosis with an initial aortic valve area (AVA) of ≤1.0 cm2 and 
an indexed AVA (AVA/body surface area) of <0.6 cm2/m2. Exclusion 
criteria included previous PPM implantation (n = 4), the presence of 

valve replacement or repair: aortic (n = 2) and/or mitral (n = 3), pa-
tients without preprocedural noncontrast CT (n = 1), and intraproce-
dural death (n = 1). The final data analysis of the study included 160 
patients. We report the 30-day outcomes of all subjects enrolled 
in this study, which focused on the relationship between CD and 
AMCC in patients undergoing TAVI with the Myval THV. The pri-
mary endpoint was defined as the occurrence of HAVB or the need 
for PPM implantation for new-onset CD. Baseline clinical, electro-
cardiographic, procedural, and postprocedural characteristics were 
obtained from our institutional database. The study was conducted 
according to the Helsinki Declaration and was approved by the hos-
pital's Institutional Review Board.

2.2  |  CT acquisition and image analysis

2.2.1  |  CT acquisition

All examinations were performed on a 320-detector-row CT scan-
ner (Aquilion ONE, Toshiba Medical Systems, Otawara, Japan) with 
a gantry rotation time of 350 ms. As previously described, the TAVI 
protocol includes a prospective electrocardiogram (ECG)-gated non-
contrast scan, a prospective ECG-gated (20%–70% of R–R interval) 
axial one-beat acquisition of the aortic root and heart, and a non-
ECG-gated thoracic-abdominal-pelvic CT angiography for evalua-
tion of peripheral vascular access with a single bolus of contrast.7 
Imaging data were acquired during the intravenous injection of 60–
100 mL of contrast (Iohexol, Omnipaque 350 mg/mL; GE Healthcare, 
Milwaukee, WI) at a flow rate of 5.0 mL/s, followed by a 40–60 mL 
saline chaser at the same flow rate. The scan delay was determined 
using a bolus tracking technique with the region of interest placed in 
the descending aorta and the trigger threshold set at 180 Hounsfield 
units (HU). Tube voltage and current were adjusted for body mass 
index (BMI). The tube voltage was set to 100 kV (BMI ≤30 kg/m2) 
or 120 kV (BMI >30 kg/m2), and the tube current was set to 320–
480 mA. CT images were reconstructed to a thickness of 0.5 mm 
using an iterative reconstruction algorithm.

2.2.2  |  CT image analysis

CT images were reviewed independently by two experienced radiol-
ogists who were blinded to the patients' clinical and procedural data. 
A dedicated postprocessing workstation (Aquarius iNtuition version 
4.4.11, Terarecon Inc., Foster City, CA) was used to generate multi-
planar reconstructions for precise localization and quantification of 
calcifications. Quantitative assessment of aortic valve calcification 
(AVC), mitral annular calcification (MAC), and AMCC was performed 
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on noncontrast ECG-gated CT images using both the Agatston score 
and calcium volume score. CT attenuation values >130 HU were 
used to define calcification. The Agatston score is a cumulative value 
of all calcified lesions based on both total area and maximum den-
sity of calcification. CT attenuation greater than 130 HU is used to 
identify calcium in contiguous 1 mm2 voxels, which are then counted 
as discrete calcified lesions.11 To calculate the calcium volume score, 
the volume of each voxel, as determined by area and slice thickness, 
is multiplied by the number of voxels showing calcification. This is 
achieved by using a threshold of >130 HU for attenuation of the HU. 
As previously stated, the Agatston score is a composite of area mul-
tiplied by a density factor, whereas the volume score is the volume 
of calcium, independent of calcium density.

AMCC was defined as the presence of calcification between 
the anteromedial aspects of the mitral annulus and the aortic valve, 
the posterior aspect of the LVOT (Figure 1). The contrast-enhanced 
CT images were used to identify the AMC region in the LVOT view. 
The AMC region was defined as above the mitral annulus plane and 
below the aortic annulus plane. LVOT calcification was defined as 
the presence of calcification in the anterior aspect of the LVOT. 
AMCC lesions showing continuity with AVC or MAC were isolated 
from AVC or MAC by circling the region of interest. To enable ana-
tomical stratification, the spatial distribution of AMCC was catego-
rized based on its proximity to the fibrous trigones: RFT-dominant 
(closer to the RFT), left fibrous trigone (LFT)-dominant (closer to the 
LFT), or bilateral (involving both trigonal regions). This proximity-
based classification was independently assessed by both radiolo-
gists, with discordances resolved by consensus. MAC was defined as 
the presence of calcification at the base of the mitral leaflets at the 
level of the mitral annulus.

The eccentricity of the aortic annulus was calculated using the 
following formula: It is calculated by subtracting the minimum di-
ameter from the maximum diameter. MS length was determined 
by measuring the distance between the plane of the aortic annulus 

and the crest of the muscular interventricular septum in the coronal 
view.12

2.3  |  Technical aspects of TAVI

All patients underwent TAVI after a comprehensive evaluation and 
discussion by the cardiac team. All TAVI procedures were performed 
utilizing a balloon-expandable Myval THV, which is available in a 
range of sizes (traditional, 20, 23, 26, and 29 mm; intermediate, 21.5, 
24.5, and 27.5 mm; and extra-large, 30.5 and 32 mm) via a transfem-
oral approach. The THV size was selected based on CT measure-
ments of the aortic valve annulus according to the manufacturer's 
recommendations. The decision to perform predilatation and/or 
postdilatation was at the discretion of the operator. In the majority 
of cases, predilatation was performed in cases where more than mild 
calcifications were present to ensure full valve expansion. In cases 
of residual moderate to severe paravalvular leak and/or valve under-
expansion, postdilatation was considered. As previously described, 
implantation depth (ID) was measured angiographically and defined 
as the distance from the deepest part of the noncoronary cusp to 
the distal end of the prosthetic valve.13

2.4  |  Electrocardiography

A 12-lead surface ECG was recorded from each patient at baseline 
(within 24 hours prior to procedure) and was obtained as a daily 12-
lead ECG during the time of hospitalization.14 All patients underwent 
cardiac rhythm monitoring for a minimum of 24 hours following the 
procedure. All ECGs were reviewed for pre- and postoperative 
conduction abnormalities such as left bundle branch block (LBBB), 
right bundle branch block (RBBB), prolonged PR interval, new-onset 
atrial fibrillation, and HAVB, as defined by the American Heart 

F I G U R E  1 Example of severe aortomitral continuity calcification (AMCC) on computed tomography (CT). A 79-year-old male patient 
with conduction disturbance. Noncontrast (A) and contrast-enhanced (B) CT images of the left ventricular outflow tract show aortic valve 
calcification (AVC) and AMCC. The AMCC score was calculated as 268 using the Agatston score method and 234 mm3 using the volume 
score method.
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Association/American College of Cardiology recommendations for 
ECG standardization and interpretation.15 HAVB was defined as 
the presence of either Mobitz type II second-degree AV block or 
third-degree AV block. Patients with persistent HAVB at 24–48 h 
post-TAVI underwent PPM implantation in accordance with current 
European guidelines.16 The final decision for PPM is at the discretion 
of the electrophysiologist, considering in-hospital ECG evolution 
and clinical data.

2.5  |  Statistical analysis

Analyses were performed using the Statistical Package for the 
Social Sciences (SPSS) version 24 software package (SPSS Inc., 
Chicago, Illinois, USA). Continuous variables were tested for nor-
mality of distribution using both graphical (histograms) and nu-
merical methods (Kolmogorov–Smirnov and Shapiro–Wilk tests). 
Results were presented as mean ± SD or median and interquartile 
range. These variables were compared using a two-tailed Student's 
t-test or Mann–Whitney test, as appropriate. Categorical data 
were presented as numbers and percentages and compared using 
the Pearson chi-squared test or Fisher's exact test. For statistical 
analysis, AMCC burden was stratified into three categories based 
on its distribution: score = 0 (median score), 1–180 (interquar-
tile range), and >180 (above 75th percentile). The first category 
consisted of scores equal to zero, which represented the median 
score. The next category included scores between one and 180, 
representing a value between the 50th and 75th percentiles. The 
final category included scores greater than 180, indicating a value 
greater than the 75th percentile. These thresholds were used in 
multivariable regression models. The anatomical AMCC proximity 
types (RFT-dominant, LFT-dominant, and bilateral) were analyzed 
separately as categorical predictors in a dedicated multivariable 
model. The multivariable models were constructed by selecting 
variables that met the entry criterion of p < .1 in a univariable CD 
analysis. Results were interpreted in terms of confidence intervals 
(CI) for the odds ratio (OR). A two-tailed p-value of less than .05 
was considered statistically significant.

3  |  RESULTS

3.1  |  Baseline characteristics

Of the 160 included patients, HAVB developed in 21 (13.1%) after 
TAVI. The majority of HAVBs occurred immediately after valve 
implantation (18/21). HAVB occurred in the early postoperative 
period in three patients (2 within 24 h and 1 within 24–48 h after 
surgery), all of whom developed in the intensive care unit (ICU). 
Of the three patients, two had pre-existing RBBB, while the re-
maining patient developed complete LBBB with a prolonged PR 
interval following the procedure. Twenty-eight patients (17.5%) 

received PPM implantation. The median time to PPM implantation 
was 6 days (interquartile range, 3–8 days). The indications for PPM 
included third-degree AV block (n = 17), second-degree AV block 
Mobitz type II (n = 4), complete LBBB with a prolonged PR inter-
val (n = 4), alternating bundle branch block (n = 1), symptomatic sick 
sinus syndrome with documented bradycardia (n = 1), and atrial 
fibrillation with low ventricular response resulting in hemody-
namic instability (n = 1). The baseline characteristics of the study 
population are summarized in Table  1. The mean age of the pa-
tients was 79.3 ± 7.0 years, with 73 individuals (45.6%) being male. 
The most prevalent comorbidities were coronary artery disease 
(83.1%), hypertension (73.8%), and diabetes mellitus (40.6%). The 
primary baseline characteristics exhibited no notable differences 
between the two subgroups except for QRS duration and RBBB. 
Patients with QRS prolongation were more likely to have HAVB 
(108.8 ± 24.4 vs. 93.7 ± 15.5, p < .001) and PPM (105.2 ± 22.3 vs. 
93.7 ± 15.8, p = .001). RBBB was significantly associated with both 
HAVB (p = .017) and PPM implantation (p = .038).

3.2  |  CT Characteristics

Table 2 shows the CT characteristics. 45.0% of patients exhibited 
AMCC. Patients with HAVB (71.4% vs. 41.0%; p = .009) or PPM 
(71.4% vs. 39.4%; p = .002) had a significantly higher prevalence and 
burden of AMCC. Median AMCC Agatston score was markedly el-
evated in these patients (182 vs. 0, p = .038 for HAVB; 172 vs. 0, 
p = .009 for PPM). Stratification into three AMCC categories (score 
0, 1–180, >180) revealed a stepwise increase in HAVB and PPM in-
cidence with increasing AMCC severity (p = .006 and p = .002, re-
spectively) (Figure 2). In summary, patients in the highest category 
(AMCC >180) exhibited a significantly higher incidence of HAVB 
(27.5% vs. 6.8%, p = .001) and PPM implantation (35.0% versus 9.1%, 
p < .001) compared to those in the lowest category.

A significant association was observed between AMCC proximity 
type and new-onset CD. Patients with RFT-dominant AMCC had the 
highest incidence of HAVB (26.9% for RFT-dominant; 14.3% for LFT-
dominant; 18.8% for bilateral, p = .040) and PPM (34.6% for RFT-
dominant; 14.3% for LFT-dominant; 28.1% for bilateral, p = .007), 
followed by bilateral involvement (Table 2). MAC and AVC did not 
differ significantly, but MS length was shorter in patients with HAVB 
(5.4 ± 0.9 mm vs. 6.3 ± 1.0 mm; p < .001) and PPM (5.6 ± 1.1 mm vs. 
6.4 ± 1.0 mm; p = .001).

3.3  |  Procedural Characteristics

Procedural characteristics are summarized in Table  3. Patients 
with HAVB exhibited a larger valve size compared to patients with-
out HAVB (p = .038). In contrast, patients in the PPM group had 
a larger valve size, although this difference was not statistically 
significant (p = .074). The ID was significantly higher for patients 
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with new-onset HAVB (8.0 ± 1.4 mm vs. 6.4 ± 2.0 mm, respectively; 
p = .002) and PPM (7.8 ± 1.5 mm vs. 6.4 ± 2.0 mm, respectively; 
p = .001) when compared to those without. Predilatation was as-
sociated with increased HAVB risk (p = .046). A trend toward a 
higher incidence of PPM was observed in patients with predilata-
tion, although this did not reach statistical significance (p = .053). 
Longer ICU stays and hospitalization durations were observed in 
patients with HAVB (4 vs. 2; p = .037) and PPM (4 vs. 2; p = .021). 
The prolonged ICU stay in these groups was due to continuous 
electrocardiographic monitoring and complete bed rest until a 
PPM was implanted.

3.4  |  Predictors of HAVB and PPM

Tables  4 and 5 present the logistic regression analyses for HAVB 
and PPM, respectively. Univariable predictors for both outcomes 
included prolonged QRS duration, shorter MS length, greater ID, 
and the presence and extent of AMCC. In multivariable models, 
AMCC emerged as a consistent independent predictor, regardless of 
its classification as a categorical variable (>180 score), binary pres-
ence/absence, or anatomical proximity. Specifically, patients with 
AMCC scores >180 had a 5.58-fold increased risk of HAVB (OR, 
5.58; 95% CI, 1.43–21.70; p = .013) and a 5.39-fold increased risk of 

TA B L E  1 Baseline patient characteristics.

All patients 
(N = 160)

High-degree AV block

p-Value

PPM implantation

p-ValueNo (N = 139) Yes (N = 21) No (N = 132) Yes (N = 28)

Clinical variables

Age (years) 79.3 ± 7.0 79.1 ± 7.3 81.1 ± 4.3 .228 79.2 ± 6.7 79.8 ± 8.1 .665

Sex (male) 73 (45.6) 62 (44.6) 11 (52.4) .505 58 (43.9) 15 (53.6) .353

Hypertension 118 (73.8) 101 (72.7) 17 (81.0) .421 96 (72.7) 22 (78.6) .523

Diabetes mellitus 65 (40.6) 57 (41.0) 8 (38.1) .800 55 (41.7) 10 (35.7) .560

Coronary artery disease 133 (83.1) 115 (82.7) 18 (85.7) 1.0 109 (82.6) 24 (85.7) .789

Previous CABG 26 (16.3) 25 (18.0) 1 (4.8) .203 23 (17.4) 3 (10.7) .573

Peripheral artery disease 11 (6.9) 10 (7.2) 1 (4.8) 1.0 10 (7.6) 1 (3.6) .691

Chronic lung disease 29 (18.1) 25 (18.0) 4 (19.0) 1.0 25 (18.9) 4 (14.3) .562

Chronic kidney disease 33 (20.6) 32 (23.0) 1 (4.8) .079 30 (22.7) 3 (10.7) .154

Previous Stroke/TIA 8 (5.0) 8 (5.8) 0 (0.0) .598 8 (6.1) 0 (0.0) .352

Paroxysmal or persistent atrial 
fibrillation

42 (26.3) 38 (27.3) 4 (19.0) .421 37 (28.0) 5 (17.9) .266

STS score: mortality (%) 5.0 (3.3–6.0) 4.9 (3.3–6.0) 5.0 (3.3–5.9) .997 5 (3.6–6.0) 4.1 (3.0–5.6) .371

Preprocedural echocardiography

LVEF (%) 51.9 ± 12.5 51.3 ± 13.0 55.4 ± 7.9 .170 51.4 ± 13.1 54.2 ± 9.3 .288

Aortic valve area (cm2) 0.73 
(0.63–0.80)

0.72 
(0.63–0.81)

0.77 
(0.65–0.80)

.821 0.73 
(0.63–0.81)

0.68 
(0.61–0.80)

.599

Maximum aortic gradient 
(mmHg)

76.4 ± 23.2 76.1 ± 23.3 78.3 ± 22.8 .691 75.7 ± 23.4 79.5 ± 22.4 .445

Mean aortic gradient (mmHg) 46.8 ± 14.4 46.5 ± 14.3 49.2 ± 15.3 .425 46.2 ± 14.4 49.7 ± 14.5 .244

Aortic peak systolic velocity 
(m/s)

4.33 ± 0.70 4.32 ± 0.70 4.40 ± 0.68 .623 4.31 ± 0.71 4.43 ± 0.64 .405

Baseline electrocardiogram

Sinus rhythm 124 (77.5) 107 (77.0) 17 (81.0) .787 101 (76.5) 23 (82.1) .517

Atrial fibrillation 36 (22.5) 32 (23.0) 4 (19.0) .787 31 (23.5) 5 (17.9) .517

Heart rate (beats/min) 74.5 ± 14.9 75.0 ± 14.7 71.1 ± 15.8 .275 74.8 ± 15.0 72.9 ± 14.8 .546

PR interval (ms) 172.9 ± 39.8 172.3 ± 34.9 176.8 ± 62.8 .653 171.6 ± 35.1 178.3 ± 56.2 .464

QRS duration (ms) 95.7 ± 17.6 93.7 ± 15.5 108.8 ± 24.4 <.001 93.7 ± 15.8 105.2 ± 22.3 .001

RBBB 5 (3.1) 2 (1.4) 3 (14.3) .017 2 (1.5) 3 (10.7) .038

LBBB 8 (5.0) 5 (3.6) 3 (14.3) .071 5 (3.8) 3 (10.7) .146

Note: Values represent mean ± SD, n (%), or median (interquartile range).
Abbreviations: AV, atrioventricular; CABG, coronary artery bypass grafting; LBBB, left bundle branch block; LVEF, left ventricular ejection fraction; 
PPM, permanent pacemaker; RBBB, right bundle branch block; STS, Society of Thoracic Surgeons; TIA, transient ischemic attack.
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PPM implantation (OR, 5.39; CI, 1.75–16.55; p = .002). The presence 
of AMCC alone conferred respective increases in risk of 4.20- and 
4.44-fold (OR: 4.20, 95% CI: 1.19–14.87, p = .026 for HAVB; OR: 
4.44, 95% CI: 1.56–12.60, p = .004 for PPM).

The most striking results were observed in Model 3, which cat-
egorized AMCC by proximity type. In this model, RFT-dominant 
AMCC was a strong independent predictor, associated with a 9.22-
fold increase in the risk of HAVB (OR, 9.22; 95% CI, 1.63–51.99; 
p = .012) and a 7.62-fold increase in the risk of PPM (OR, 7.62; 95% 
CI, 1.91–30.38; p = .004). Bilateral AMCC also significantly increased 
the risk (OR, 7.46; 95% CI, 1.39–39.85; p = .019 for HAVB and OR, 
7.07; 95% CI, 1.86–26.77; p = .005 for PPM). These findings under-
score the importance of not only the quantity but also the anatom-
ical location of AMCC. Across all models, QRS duration, MS length, 
and ID were robust and consistent predictors of CD.

4 | DISCUSSION

This study provides new insights into the relationship between 
AMCC and CD in patients undergoing TAVI with the Myval THV. To 
our knowledge, this is the first study to evaluate this relationship 
using the Myval valve and incorporate AMCC distribution into risk 
assessment. The key findings are as follows: (1) An AMCC score > 180 
independently predicted HAVB (5.58-fold) and PPM (5.39-fold); (2) 

AMCC distribution, particularly proximity to the RFT, was associated 
with a higher risk of CD, highlighting the anatomical relevance of cal-
cification location. (III) Greater ID, shorter MS length, and prolonged 
QRS duration were also independent predictors of CD. These results 
highlight AMCC as a powerful anatomical risk factor and support 
the integration of both the extent and location of calcification into 
pre-TAVI evaluations.

4.1  |  Mechanisms linking AMCC to CD

The AMC constitutes a fibrous structure extending from the LFT at 
the posterior left coronary leaflet to the RFT between the right and 
noncoronary leaflets. It plays a crucial role in maintaining the struc-
tural integrity of the left heart.5,6 Anatomically, the AMC is closely 
associated with the central fibrous body, forming a structural bridge 
between the LFT and the left ventricular myocardium, and connect-
ing to the MS via the RFT. The AV node is in direct contact with the 
central fibrous body and gives rise to the bundle of His, which trav-
erses the fibrous body on the left side before penetrating the MS. 
Given the proximity of the conduction system to the AMC, radial 
forces applied to the AMC in the presence of extensive calcifica-
tion may result in conduction abnormalities, such as HAVB requiring 
PPM. The relationship between AMCC and CD can be explained by 
two primary mechanisms. First, AMCC may exacerbate mechanical 

TA B L E  2 Computed tomography characteristics.

All patients 
(N = 160)

High-degree AV block

p-Value

PPM implantation
p-
ValueNo (N = 139) Yes (N = 21) No (N = 132) Yes (N = 28)

Annulus eccentricity 
(%)

0.24 
(0.20–0.28)

0.25 
(0.20–0.28)

0.24 (0.20–0.29) .604 0.25 (0.20–0.27) 0.24 (0.29–0.29) .522

Membranous septum 
length (mm)

6.2 ± 1.1 6.3 ± 1.0 5.4 ± 0.9 <.001 6.4 ± 1.0 5.6 ± 1.1 .001

MAC Agatston score 271 (0–1478) 257 (0–1686) 314 (135–645) .264 282 (0–1699) 234 (16–645) .215

MAC volume (mm3) 223 (0–1152) 208 
(0–1403)

274 (113–505) .292 285 (0–1454) 212 (13–505) .243

Presence of AMCC 72 (45.0) 57 (41.0) 15 (71.4) .009 52 (39.4) 20 (71.4) .002

AMCC proximity 
type

.040 .007

RFT-dominant 26 (36.1) 19 (73.1) 7 (26.9) 17 (65.4) 9 (34.6)

LFT-dominant 14 (19.4) 12 (85.7) 2 (14.3) 12 (85.7) 2 (14.3)

Bilateral 32 (44.4) 26 (81.3) 6 (18.8) 23 (71.9) 9 (28.1)

AMCC Agatston 
score

0 (0–180) 0 (0–142) 182 (0–292) .038 0 (0–118) 172 (2–302) .009

AMCC volume (mm3) 0 (0–146) 0 (0–117) 146 (4–235) .045 0 (0–96) 131 (2–249) .010

AVC Agatston score 2167 
(1457–3280)

2157 
(1365–3280)

2488 (2016–3274) .162 2153 (1345–3265) 2433 (2006–3400) .125

AVC volume (mm3) 1761 
(1191–2688)

1753 
(1141–2688)

2050 (1617–2741) .169 1751 (1121–2687) 2034 (1597–2885) .115

Note: Values represent mean ± SD, n (%), or median (interquartile range).
Abbreviations: AMCC, aorto-mitral continuity calcification; AV, atrioventricular; AVC, aortic valve calcification; CT, computed tomography; LFT, left 
fibrous trigone MAC, mitral annular calcification; PPM, permanent pacemaker; OR, odds ratio; RFT, right fibrous trigone.
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stress on the AV node and its fibers during valve deployment, in-
creasing susceptibility to conduction injury. Second, AMCC may re-
flect pre-existing degeneration of the conduction system, making 
it more vulnerable to procedural trauma. Consistent with these 
pathophysiological mechanisms, the present study demonstrated 
that AMCC was significantly associated with HAVB and PPM, with 
affected patients showing higher prevalence, scores, and volumes 
of AMCC. Notably, stratifying patients by AMCC score revealed a 
stepwise increase in the risk of developing CD, supporting its value 
as a predictive tool in preprocedural assessment.

4.2  |  Comparison with previous studies

Previous studies have investigated the relationship between ex-
tensive aortic valve and root calcification and conduction abnor-
malities, including the need for PPM following TAVI.17–20 However, 
these studies have often focused on the calcification of the aor-
tic valve leaflets themselves. The present study expands on this 
knowledge by highlighting the role of AMCC as an independent 
predictor of CD, which might not have been fully appreciated in 
earlier studies. The prevalence of AMCC in this study (45.0%) aligns 
with prior research reporting a range of 41.9%–48.9% among TAVI 
candidates.8,9 Previous research has demonstrated a consistent as-
sociation between AMCC and CD after TAVI. For instance, Katchi 
et al. observed that patients requiring PPM had a higher prevalence 
of AMCC (69% vs. 32%; p < .0001) and significantly higher AMCC 

scores compared to those without PPM. They also reported that 
AMCC scores greater than 300 were associated with a fivefold 
increased OR for PPMI (OR, 5.7; p = .0016).8 Despite the robust 
findings of these studies, they were limited by heterogeneity in 
valve types and generations and variable procedural techniques. 
Additionally, MS length and ID are now regarded as significant risk 
factors and independent predictors of damage to the AV conduc-
tion axis.21,22 In the aforementioned study, the multivariate analy-
sis did not include MS or ID, which may have affected the results. 
Finally, endpoints often focused on PPM rather than comprehen-
sive CD outcomes, limiting their scope.

This study is distinguished by several novel contributions, most 
notably its detailed evaluation of AMCC distribution—a factor not 
previously incorporated into multivariate analyses in earlier re-
search. By categorizing the anatomical proximity of AMCC to the 
LFT and RFT, this study introduces a novel approach to understand-
ing how the specific localization of calcification may influence the 
risk of CD. Notably, AMCC involvement near the RFT—an area adja-
cent to the penetrating His bundle—was found to confer a higher risk 
of HAVB and PPM. This distributional analysis provides a more re-
fined anatomical risk assessment than the total AMCC burden alone. 
It also underscores the importance of quantifying and anatomically 
localizing calcification in preprocedural evaluations.

In contrast to previous studies that primarily evaluated the im-
pact of AMCC with early-generation valves, all patients in our cohort 
were treated exclusively with the newer-generation Myval THV. 
More recently, the LANDMARK trial provided high-level evidence 

F I G U R E  2 Incidence of high-degree atrioventricular block (HAVB) and permanent pacemaker (PPM) implantation according to the 
severity of aortomitral continuity calcification (AMCC).
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to support the use of the Myval valve series in patients indicated 
for TAVI.23 This randomized controlled trial demonstrated noninfe-
riority of the Myval valve compared to FDA-approved, commercially 
available valves (either the SAPIEN THV or Evolut THV series) in 
terms of clinical outcomes (one-sided upper 95% CI 3.8, p < .0001 
[noninferiority]). This ensures that the observed results are at-
tributable to AMCC and eliminates confounding related to device 
heterogeneity seen in prior studies, which included multiple valve 
platforms of different generations.

In the present study, we have included key anatomical and 
procedural predictors, such as MS length and ID, which were not 
analyzed in the multivariable models of prior AMCC studies. Our 
findings underscore the importance of ID as a modifiable procedural 
factor influencing the risk of post-TAVI CD. A significantly greater ID 
was observed in patients who developed HAVB and required PPM. 
This finding suggests that deeper valve positioning may result in in-
creased mechanical stress on the AV conduction axis, particularly in 
patients with shorter MS lengths where the conduction tissue is in 
close proximity to the device. Given these findings, it may be advis-
able to avoid deep implantation of the Myval valve to minimize the 
risk of conduction damage. Tailoring the ID, especially in patients 
identified pre-procedurally as having a short MS length or a high 
AMCC burden, could be a critical step in reducing postprocedural 
CD and the subsequent need for PPM. Unlike previous studies that 
have focused primarily on the need for PPM, we analyzed a com-
posite endpoint of CD (HAVB and PPM), providing a broader and 
more clinically meaningful assessment of CD after TAVI. Another 

important finding of our study is that prolonged QRS duration was 
independently associated with an increased risk of HAVB and PPM. 
This finding supports prior evidence that baseline QRS widening 
may reflect underlying conduction system vulnerability, increasing 
susceptibility to procedural injury.24,25

4.3  |  Future directions

Future research should focus on a more granular analysis of the 
relationship between AMCC and specific types of CD. The precise 
anatomical location and degree of calcification in relation to the 
conduction system could provide valuable insights into the patho-
physiological mechanisms underlying these disturbances. The role 
of preoperative imaging in predicting CD should also be further ex-
plored. Advanced imaging techniques such as high-resolution CT 
scans or cardiac magnetic resonance imaging may allow for better 
preoperative assessment of AMCC and its potential impact on con-
duction pathways. Integration of these imaging modalities into rou-
tine pre-TAVI evaluation could help improve risk stratification and 
guide decision making.

4.4  |  Limitations of the study

While our study demonstrates a strong association between AMCC 
and CD, it is important to acknowledge certain limitations. First, this 

TA B L E  3 Procedural characteristics.

All patients 
(N = 160)

High-degree AV block

p-Value

PPM implantation

p-Value
No 
(N = 139) Yes (N = 21)

No 
(N = 132) Yes (N = 28)

Procedural characteristics

Conscious sedation 133 (83.1) 118 (84.9) 15 (71.4) .129 112 (84.8) 21 (75.0) .264

Procedure time,a min 83.1 ± 29.4 82.6 ± 28.6 86.0 ± 34.9 .627 82.4 ± 27.7 86.1 ± 36.5 .551

Total contrast used (mL) 150 (107–200) 150 
(100–200)

155 (135–230) .379 150 
(100–200)

180 (130–230) .238

ICU stay, days 2.0 (1.0–4.0) 2.0 
(1.0–4.0)

4.0 (3.0–7.0) .037 2.0 
(1.0–4.0)

4.0 (3.0–7.0) .021

Discharge time, days 9.0 (5.0–15.0) 9.0 
(5.0–13.5)

13.0 (7.0–23.5) .026 8.0 
(5.0–13.0)

13.0 (8.2–24.7) .006

Valve size, mm 27.5 (24.5–29) 26.0 
(24.5–27.5)

29.0 (25.2–29.0) .038 26.0 
(24.5–27.5)

28.2 (24.5–29.0) .074

Predilatation 60 (37.5) 48 (34.5) 12 (57.1) .046 45 (34.1) 15 (53.6) .053

Postdilatation 62 (38.8) 53 (38.1) 9 (42.9) .679 49 (37.1) 13 (46.4) .359

Pre- and postdilatation 26 (16.3) 21 (15.1) 5 (23.8) .342 19 (14.4) 7 (25.0) .169

Implantation depth (mm) 6.6 ± 2.0 6.4 ± 2.0 8.0 ± 1.4 .002 6.4 ± 2.0 7.8 ± 1.5 .001

Postprocedural aortic valve 
mean gradient (mmHg)

7.6 ± 4.0 7.6 ± 3.7 7.6 ± 5.8 .967 7.6 ± 3.7 7.5 ± 5.1 .825

Note: Values represent mean ± SD, n (%), or median (interquartile range).
Abbreviations: AV, atrioventricular; ICU, intensive care unit; PPM, permanent pacemaker.
aProcedure time was defined as the time from arterial puncture until vascular closure.
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TA B L E  4 Predictors of HAVB.

Variable OR (95% CI) p-Value

Univariable analysis

Age 1.04 (0.97–1.13) .226

Sex (male) 1.36 (0.54–3.42) .506

Preoperative PR interval 1.00 (0.99–1.01) .650

Preoperative QRS duration 1.04 (1.01–1.06) .001

Atrial fibrillation 0.62 (0.19–1.97) .424

Membranous septum length 0.37 (0.21–0.65) <.001

MAC score 1.0 (0.99–1.0) .233

AVC score 1.0 (1.0–1.0) .168

Presence of AMCCa 3.59 (1.31–9.82) .013

AMCC proximity type .059

No AMCC 1.0 (reference)

RFT-dominant 5.03 (1.51–16.70) .008

LFT-dominant 2.27 (0.41–12.60) .346

Bilateral 3.15 (0.93–10.62) .064

AMCC score, categorical .010

AMCC score 0 1.0 (reference)

AMCC score 1–180 1.95 (0.51–7.42) .326

AMCC score > 180 5.18 (1.75–15.28) .003

Annulus eccentricity 0.57 (0.42–7.97) .681

Valve size 1.20 (1.00–1.43) .042

Balloon predilatation 2.52 (0.99–6.42) .051

Balloon postdilatation 1.21 (0.48–3.08) .679

Implantation depth 1.51 (1.15–1.99) .003

Variable

Model 1 for categorical AMCC Model 2 for binary AMCC Model 3 for AMCC proximityb

OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value

Multivariable analysis

Preoperative QRS duration 1.03 (1.00–1.06) .010 1.03 (1.00–1.06) .009 1.04 (1.01–1.07) .004

Membranous septum length 0.43 (0.22–0.81) .009 0.43 (0.23–0.81) .008 0.35 (0.17–0.72) .004

Valve size 1.13 (0.92–1.38) .231 1.13 (0.94–1.39) .212 1.15 (0.92–1.48) .186

Balloon predilatation 1.42 (0.46–4.42) .538 1.39 (0.45–4.30) .561 1.44 (0.46–4.44) .516

Implantation depth 1.64 (1.13–2.38) .009 1.62 (1.13–2.34) .010 1.73 (1.16–2.58) .007

AMCC Score, categorical .045

AMCC score 0 1.0 (reference)

AMCC score 1–180 2.37 (0.45–12.43) .306

AMCC score > 180 5.58 (1.43–21.70) .013

Presence of AMCCa 4.20 (1.19–14.87) .026

AMCC proximity type .014

No AMCC 1.0 (reference)

RFT-dominant 9.22 (1.63–51.99) .012

LFT-dominant 0.48 (0.05–4.46) .522

Bilateral 7.46 (1.39–39.85) .019

Abbreviations: AMCC, aortomitral continuity calcification; AVC, aortic valve calcification; CI, confidence interval; LFT, left fibrous trigone; MAC, 
mitral annular calcification; OR, odds ratio; RFT, right fibrous trigone.
aPresence of AMCC was analyzed as a binary variable.
bModel 3 includes AMCC localization categorized by proximity to the left fibrous trigone, right fibrous trigone, or both.
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TA B L E  5 Predictors of PPM implantation.

Variable OR (95% CI) p-Value

Univariable analysis

Age 1.0 (0.97–1.10) .286

Sex (male) 1.47 (0.64–3.33) .354

Preoperative PR interval 1.0 (0.99–1.01) .464

Preoperative QRS duration 1.03 (1.01–1.05) .003

Atrial fibrillation 0.55 (0.19–1.57) .271

Membranous septum length 0.50 (0.32–0.78) .002

MAC score 1.0 (0.99–1.0) .192

AVC score 1.0 (1.0–1.0) .131

Presence of AMCCa 3.84 (1.57–9.37) .003

AMCC proximity type .012

No AMCC 1.0 (reference)

RFT-dominant 5.29 (1.78–15.69) .003

LFT-dominant 1.66 (0.31–8.80) .547

Bilateral 3.91 (1.35–11.28) .012

AMCC Score, categorical .003

AMCC score 0 1.0 (reference)

AMCC score 1–180 2.30 (0.73–7.26) .153

AMCC score > 180 5.38 (2.03–14.27) .001

Annulus eccentricity 0.49 (0.02–11.06) .655

Valve size 1.14 (0.98–1.33) .077

Balloon predilatation 2.23 (0.97–5.09) .057

Balloon postdilatation 1.46 (0.64–3.34) .360

Implantation depth 1.44 (1.13–1.82) .002

Variable

Model 1 for categorical AMCC Model 2 for binary AMCC Model 3 for AMCC proximityb

OR (95% CI) p-Value OR (95% CI) p-Value OR (95% CI) p-Value

Multivariable analysis

Preoperative QRS duration 1.02 (0.99–1.05) .037 1.02 (1.00–1.05) .033 1.03 (1.00–1.06) .013

Membranous septum length 0.58 (0.35–0.97) .042 0.59 (0.35–0.98) .041 0.52 (0.30–0.94) .018

Valve size 1.09 (0.91–1.29) .304 1.09 (0.92–1.30) .281 1.12 (0.92–1.34) .242

Balloon predilatation 1.12 (0.41–2.98) .808 1.13 (0.42–2.98) .803 1.16 (0.40–2.99) .783

Implantation depth 1.51 (1.13–2.02) .005 1.52 (1.13–2.02) .004 1.52 (1.13–2.02) .004

AMCC Score, categorical .013

AMCC score 0 1.0 (reference)

AMCC score 1–180 3.06 (0.80–11.69) .101

AMCC score > 180 5.39 (1.75–16.55) .002

Presence of AMCCa 4.44 (1.56–12.60) .004

AMCC proximity type .002

No AMCC 1.0 (reference)

RFT-dominant 7.62 (1.91–30.38) .004

LFT-dominant 0.46 (0.06–3.42) .450

Bilateral 7.07 (1.86–26.77) .005

Abbreviations: AMCC, aortomitral continuity calcification; AVC, aortic valve calcification; CI, confidence interval; LFT, left fibrous trigone; MAC, 
mitral annular calcification; OR, odds ratio; RFT, right fibrous trigone.
aPresence of AMCC was analyzed as a binary variable.
bModel 3 includes AMCC localization categorized by proximity to the left fibrous trigone, right fibrous trigone, or both.
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single-center retrospective analysis is limited by its relatively small 
sample size. The sample size, although sufficient to detect significant 
associations, may limit the generalizability of our findings to broader 
patient populations. Additionally, the number of patients with RBBB 
in our study was small, which limited our ability to include RBBB in 
the multivariable regression analysis. As a result, potential associa-
tions between RBBB and CD could not be fully evaluated. Future 
multicenter, prospective studies with larger cohorts are needed to 
validate our results and further elucidate the underlying mecha-
nisms. Second, the impact of AMCC on long-term outcomes, such 
as survival and quality of life, was not assessed in this study. Further 
research should aim to evaluate whether AMCC as a predictor of CD 
translates into clinically significant differences in these long-term 
outcomes, particularly in high-risk patients who may require more 
intensive post-TAVI management. Finally, there may be some sub-
jectivity in our AMCC scoring method, especially when faced with 
the adjacent structure of annular and subannular calcification; both 
intra- and inter-observer reproducibility of CT measurements were 
good.

5  |  CONCLUSION

This study establishes the significance of AMCC as a key predictor of 
CD following TAVI with the Myval THV. Higher AMCC scores, par-
ticularly those exceeding 180, were independently associated with a 
heightened risk of new-onset CD, including HAVB and PPM implan-
tation. Importantly, not only the burden but also the anatomical dis-
tribution of AMCC influenced risk, with RFT-dominant calcification 
emerging as a significant predictor. Shorter MS length and greater ID 
were also independently associated with CD. These findings support 
the routine preprocedural assessment of both AMCC burden and 
proximity type to improve risk stratification and optimize procedural 
planning in TAVI patients.
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