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Abstract
Purposes Predicting hemodynamic changes of stenotic mitral valve (MV) lesions with mitral annular calcification (MAC) 
following transcatheter aortic valve implantation (TAVI) may inform clinical decision-making. This study aimed to investi-
gate the association between the MAC severity quantified by computed tomography (CT) and changes in mean transmitral 
gradient (mTMG), mitral valve area (MVA) and stroke volume index (SVi) following TAVI.
Methods and results A total of 708 patients (median age 81, 52% male) with severe aortic stenosis (AS) underwent pre-pro-
cedural CT and pre- and post-TAVI transthoracic echocardiography. According to the classification of MAC severity deter-
mined by CT, 299 (42.2%) patients had no MAC, 229 (32.3%) mild MAC, 102 (14.4%) moderate MAC, and 78 (11.0%) 
severe MAC. After adjusting for age and sex, there was no significant change in mTMG following TAVI (Δ mTMG = 0.07 
mmHg, 95% CI -0.10 to 0.23, P = 0.92) for patients with no MAC. In contrast, patients with mild MAC (Δ mTMG = 0.21 
mmHg, 95% CI 0.01 to 0.40, P = 0.018), moderate MAC (Δ mTMG = 0.31 mmHg, 95% CI 0.02 to 0.60, P = 0.019) and 
severe MAC (Δ mTMG = 0.43 mmHg, 95% CI 0.10 to 0.76, P = 0.0012) had significant increases in mTMG following TAVI, 
with greater changes associated with increasing MAC severity. In contrast, there was no significant change in MVA or SVi 
following TAVI.
Conclusion In patients with severe AS undergoing TAVI, MAC severity was associated with greater increases in post-
procedural mTMG whereas MVA or SVi remained unchanged. MAC severity should be considered for potential subsequent 
MV interventions if TAVI does not improve symptoms.
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Abbreviations
AS  Aortic stenosis
CT  Computed tomography
MAC  Mitral annular calcification
MVA  Mitral valve area
SVi  Stroke volume index
TAVI  Transcatether aortic valve initervention
TMG  Transmitral pressure gradient

Introduction

Multiple valve disease is frequently observed in patients 
undergoing transcatheter aortic valve implantation (TAVI), 
with significant mitral stenosis (defined as a mean trans-
mitral pressure gradient [TMG] ≥ 5 mm Hg) discernible in 
approximately 10% of patients [1, 2]. Predicting alterations 
to the hemodynamic significance of concomitant mitral 
valve lesions following TAVI may inform clinical decision-
making and provide an insight into underlying valvular 
pathophysiology. Indeed, changes in mitral regurgitation 
following TAVI for severe aortic stenosis (AS) have been 
well-described, with studies describing a reduction in regur-
gitation severity in 50–70% of patients [3, 4]. However, 
alterations in valvular hemodynamics following TAVI that 
are associated with mitral stenosis remain poorly under-
stood [5]. For instance, it is unclear whether the mean TMG 
increases or decreases following the procedure, or whether 
there will be a reduction or improvement in the hemody-
namic impact of mitral valve stenosis [5–7]. Furthermore, 
studies which have examined changes in these hemody-
namic indices have compared pre- with early post-proce-
dural echocardiography, a time susceptible to temporary 
hemodynamic derangements due to procedural complica-
tions and the use of inotropes, with delays in the recovery of 
normal loading conditions [6, 8–10].

A method of quantifying mitral annular calcification 
(MAC) utilizing cardiac computed tomography (CT) has 
previously been demonstrated to identify patients at risk of 
poor outcome during follow-up after TAVI [11]. However, 
whether the severity of MAC is associated with alterations 
in mitral valve hemodynamics following TAVI remains 
unclear. Therefore, this study aimed to investigate the asso-
ciation between the severity of MAC quantified by cardiac 
CT and changes in mean TMG, mitral valve area (MVA) 
and stroke volume index (SVi) in the short- to medium- 
term following TAVI.

Materials and methods

Study population

Patients with severe AS who underwent TAVI at the Leiden 
University Medical Centre between November 2007 and 
December 2019 were selected from the departmental 
echocardiographic database. Those who underwent valve-
in-valve TAVI or had previous mitral valve surgery/interven-
tion were excluded. In addition, patients without available 
pre-TAVI cardiac CT images, pre- and/or post-procedural 
echocardiographic images and who had pre- and/or post-
procedural tachycardia (defined as a heart rate > 100 bpm) 
were excluded. Patient demographic and clinical data were 
retrieved from the departmental electronic medical record 
(EPD-vision; Leiden University Medical Centre, Leiden, 
the Netherlands).

Cardiac computed tomography data acquisition and 
mitral annulus calcification assessment

Cardiac CT data were acquired prior to TAVI using a 64-row 
(Aquilion64, Toshiba Medical Systems, Otawara, Japan) or 
a 320-row CT scanner (AquilionOne, Toshiba Medical Sys-
tems, Tochigi-ken, Japan). With a 64-detector scanner, data 
acquisition was performed gated to the ECG to facilitate ret-
rospective gating. In contrast, with a 320-detector scanner, 
the entire cardiac cycle was scanned using prospective ECG 
triggered dose modulation. Data processing was performed 
using offline CT workstations (3mensio version 10.2, Pie 
Medical Imaging, Bilthoven, the Netherlands; Vitrea 2, 
Vital Images, Plymouth, MN, USA). MAC was qualita-
tively and quantitatively assessed by 2 observers (K.H and 
A.R.P). MAC severity was determined visually according 
to the degree of circumferential involvement of the mitral 
annulus on axial slices, as follows: no MAC = no calcifi-
cation of the mitral annulus; mild MAC = calcification less 
than 1/3 of the mitral annulus; moderate MAC = calcifica-
tion between 1/3 and 1/2 of the mitral annulus; and severe 
MAC = calcification of more than 1/2 of the mitral annulus 
(Fig. 1) [11]. Quantitative assessment of MAC was per-
formed using dedicated offline workstation (Vitrea 2, Vital 
Images, Plymouth, MN, USA). The software identified cal-
cification through the detection of pixels ≥ 130 Hounsfield 
Units (HU). The degree of MAC was quantified automati-
cally within region of interest as the Agatston score, as pre-
viously described [12, 13].

Echocardiography

Comprehensive transthoracic echocardiography was per-
formed using a Vivid 7, E9, or E95 ultrasound systems 
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(General Electric Vingmed Ultrasound, Horten, Norway) 
with patients at rest in the left lateral decubitus position. 
Electrocardiogram-triggered echocardiographic data were 
acquired with 3.5 MHz and M5S transducers and stored 
digitally in a cine-loop format for offline analysis with 
dedicated software (EchoPAC Version 203, 204, General 
Electric Vingmed Ultrasound, Horten, Norway). Echocar-
diographic images used for the evaluation of mitral valve 
hemodynamics at follow-up were acquired at approximately 
1 and 6 months after TAVI, as per the institutional proto-
col. AS severity was evaluated according to peak aortic jet 
velocity, mean pressure gradient and aortic valve area [14]. 
Left ventricular (LV) outflow tract diameter was measured 
using a zoomed parasternal long-axis view, immediately 
proximal to the aortic valve. The LV outflow tract veloc-
ity-time integral was measured on pulsed-wave Doppler 
recordings from an apical three- or five-chamber view, and 
was used to calculate stroke volume, which was indexed to 
body surface area. Aortic and mitral regurgitation severity 
were graded according to contemporary guideline recom-
mendations as none, mild, moderate or severe, using a mul-
tiparametric integrative approach [15]. Mean TMG and the 
mitral velocity-time integral were derived from transmitral 
flow recorded with continuous wave Doppler. MVA was 
calculated using the continuity equation, dividing stroke 
volume by the mitral velocity-time integral. LV ejection 
fraction was calculated using the biplane Simpson method, 
while LV mass was quantified using a 2-dimensional linear 
approach [16]. Left atrial volume was measured on apical 
two- and four-chamber views using the Simpson method 
and was indexed for body surface area. All other standard 
measurements were performed according to the American 
Society of Echocardiography and European Association of 
Cardiovascular Imaging guidelines [16].

Statistical analysis

Categorical variables are presented as numbers and percent-
ages, while continuous variables are presented as median 
and interquartile range (IQR). Differences between the four 

groups defined by MAC severity were analyzed using the 
Pearson χ2 test for categorical variables and the Kruskal-
Wallis test for continuous variables. Multiple comparisons 
were tested using Bonferroni’s correction.

Linear mixed models with a random per patient inter-
cept were used to determine the association between MAC 
and changes in mean TMG, MVA and SVi over time, while 
adjusting for age and sex. The interactions between MAC 
severity and time (pre- and post- TAVI echocardiography) 
were reported for each model. Estimated marginal means 
with 95% confidence intervals (CIs) for mean TMG, MVA 
and SVi were estimated using the Kenward-Roger method 
for each mixed model, according to MAC group and at pre- 
and post- TAVI time points. P-values comparing pre- and 
post- TAVI estimated marginal means for each hemody-
namic parameter according to MAC group were estimated 
using t-tests for pairwise comparisons, adjusted for multiple 
comparisons using the Tukey method. In addition, spline 
curves were fitted to investigate the association between 
Agatston score (quantified with cardiac CT) of MAC and 
pre-TAVI and post-TAVI mean TMG. A linear mixed model 
with a random per patient intercept was used to evaluate the 
association between MAC quantified by the Agatston score 
and changes in mean TMG, adjusting for age and sex.

All tests were two-sided, with P-values < 0.05 considered 
statistically significant. Statistical analysis was performed 
using SPSS version 25.0 (IBM Corporation, Armonk, NY, 
USA) and R version 4.0.1 (R Foundation for Statistical 
Computing, Vienna, Austria).

Results

Clinical and echocardiographic characteristics

A total of 708 patients with severe AS who successfully 
underwent TAVI were included (Fig. 2). The median age 
of the population was 81 (IQR, 76 to 85) years and 52% 
were male. A total of 388 (55%) patients reported New York 
Heart Association class III or IV heart failure symptoms. 

Fig. 1 CT Evaluation of MAC. 
MAC severity was quantitively 
determined according to the 
circumferential involvement of 
calcification in mitral annulus
MAC = mitral annular 
calcification
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characteristics of the study population are summarized in 
Table 2. Patients with severe MAC had smaller LV dimen-
sions and larger LA dimensions compared to those with 
less severe MAC. However, LV mass, aortic mean pressure 
gradient and aortic valve area were similar across groups. 
Increasing severity of MAC was associated with higher val-
ues of mean TMG and lower values of MVA. There was 
no significant difference in the prevalence of moderate or 
severe mitral regurgitation between groups.

Association between MAC severity and changes in 
mitral valve hemodynamics following TAVI

In a model adjusted for age and sex, there was no significant 
change in mean TMG following TAVI (Δ mean TMG = 0.07 
mmHg, 95% CI -0.10 to 0.23, P = 0.92) for patients with 
no MAC. In contrast, patients with mild MAC (Δ mean 
TMG = 0.21 mmHg, 95% CI 0.01 to 0.40, P = 0.018), moder-
ate MAC (Δ mean TMG = 0.31 mmHg, 95% CI 0.02 to 0.60, 
P = 0.019) and severe MAC (Δ mean TMG = 0.43 mmHg, 
95% CI 0.10 to 0.76, P = 0.0012) had significant increases 
in mean TMG following TAVI, with greater changes associ-
ated with increasing severity of MAC (Table 3). For values 
of mean TMG, there was a significant interaction between 
time and the severe (P = 0.002) and moderate MAC groups 
(P = 0.02), but not the mild MAC group (P = 0.08) with ref-
erence to the no MAC group (Fig. 3). Spline curve analysis 
demonstrated that increasing Agatston score of MAC quan-
tified with cardiac CT was associated with higher values of 
pre- and post- TAVI mean TMG (Figure S1). In addition, 
for values of mean TMG, there was a significant interaction 
between time and Agatston score of MAC (P = 0.017) in a 
model adjusted for age and sex.

In comparison to the mean TMG, there was no significant 
interaction between the severity of MAC and time for mod-
els evaluating the change in MVA and SVi following TAVI 
(Table S1, S2). In addition, there was no significant change 
in heart rate, MVA or SVi following TAVI, irrespective of 
MAC severity (Table S3, Figures S2, S3).

Discussion

In this study of more than 700 patients with severe AS who 
underwent TAVI, the major findings can be summarized as 
follows: (i) increasing MAC severity (assessed by pre-pro-
cedural cardiac CT) was associated with greater increases in 
mean TMG in the short- to medium- term following TAVI, 
while there was no significant difference in pre- and post- 
procedural mean TMG for patients with no MAC; and (ii) 
there was no significant change in MVA or SVi following 
TAVI.

According to the classification of MAC severity by cardiac 
CT, 299 (42.2%) patients had no MAC, 229 (32.3%) mild 
MAC, 102 (14.4%) moderate MAC, and 78 (11.0%) severe 
MAC. Quantification of Agatston score for MAC with car-
diac CT was feasible in 540 (76%) patients. The median 
Agatston score for MAC was 0 (IQR, 0 to 0) for patients 
with no MAC, 691 (IQR, 379 to 1357) for those with mild 
MAC, 3024 (IQR, 1913 to 3928) for patients with moderate 
MAC and 8296 (IQR, 4973 to 12,968) for those with severe 
MAC. Patients with severe MAC were more likely to be 
female and had a higher prevalence of previous stroke/tran-
sient ischemic attack. The clinical and demographic charac-
teristics of the population are presented in Table 1.

Transthoracic echocardiography was performed at a 
median of 1 (IQR, 1–38) day before TAVI and 35 (IQR, 
31–45) days after TAVI. The baseline echocardiographic 

Fig. 2 Study Flow Chart
CT = computed tomography; TAVI = transcatheter aortic valve 
implantation
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present study, 58% of patients demonstrated MAC when 
evaluated by pre-procedural cardiac CT. In light of this con-
siderable prevalence, it is not surprising that an accurate 
evaluation of MAC may be critical in understanding how 
mitral valve hemodynamics will be altered following TAVI. 
In the current analysis, we observed that increasing MAC 
severity was associated with progressively greater increases 
in mean TMG following TAVI. Mean TMG is primarily 
determined by the LA-LV pressure gradient, influenced by 
atrioventricular compliance, heart rate and stroke volume 
[14]. As a consequence of the alleviation of LV pressure 
overload from TAVI, LV compliance is improved and LV 
end-diastolic pressure reduced, leading to an increase in 
the LA-LV pressure gradient [24, 25]. However, in patients 
without MAC, a simultaneous increase in LA compliance 
following TAVI may reduce LA filling pressures [26], beget-
ting no aggregate change to the LA-LV pressure gradient. In 
juxtaposition, patients with MAC may not have any appre-
ciable improvement in LA operational compliance follow-
ing TAVI, due to irreversible atrial fibrotic changes related 
to increased LA volumes (related to impaired chamber emp-
tying) and associated comorbidities (i.e. hypertension, dia-
betes and coronary artery disease) [18, 27]. This persistent 

Influence of MAC on mitral valve hemodynamics in 
patients with severe AS undergoing TAVI

There is now increasing recognition that hemodynamics 
related to the tubular narrowing of the mitral orifice sec-
ondary to MAC (which typically involves the annulus and 
leaflet bases), vary substantially from those associated with 
the funnel-shaped mitral orifice of rheumatic heart disease, 
which is characterized by commissural fusion [17, 18]. 
Moreover, there is considerable complexity in the evalu-
ation of standard echocardiographic parameters of mitral 
valve hemodynamics in the presence of MAC. Assessment 
with planimetry is unreliable due to calcifications, MVA 
estimations are highly dependent on flow, whilst pressure 
half-time, mean TMG and MVA are influenced by LV dia-
stolic dysfunction, which is frequently comorbid in patients 
with MAC [17, 19]. This complexity is further exacerbated 
in the presence of concomitant severe AS, where there are 
considerable alterations in LV afterload, LV compliance and 
LV end-diastolic pressure [20, 21].

MAC is commonly associated with severe AS in patients 
undergoing TAVI, representing the primary etiology of 
mitral stenosis in this population [11, 22, 23]. Indeed, in the 

Table 1 Patient Characteristics
Variable Overall, N = 708 No MAC, 

N = 299
Mild MAC, 
N = 229

Moderate MAC, 
N = 102

Severe MAC, 
N = 78

P-value

Age, years 81 (76–85) 81 (76–84) 81 (76–85) 82 (77–85) 83 (78–86) 0.25
Male sex, % 371 (52%) 172 (58%) 131 (57%) 49 (48%) 19 (24%)*†§ < 0.001
BMI (kg/m2) 25.9 (23.7–28.7) 25.7 (23.7–28.6) 26.0 (24.1–29.0) 26.0 (23.4–28.9) 25.7 (23.5–28.6) 0.69
Systolic blood pressure (mmHg) 138 (121–150) 136 (119–150) 139 (122–150) 140 (124–151) 139 (125–154) 0.22
Diastolic blood pressure (mmHg) 67 (60–75) 66 (60–75) 65 (59–76) 67 (60–74) 69 (61–75) 0.67
Hypertension, % 527 (75%) 222 (74%) 176 (77%) 72 (71%) 57 (75%) 0.69
Dyslipidemia, % 451 (64%) 192 (64%) 145 (63%) 66 (65%) 48 (62%) 0.98
Diabetes mellitus, % 196 (28%) 78 (26%) 59 (26%) 37 (36%) 22 (28%) 0.21
Previous stroke/TIA, % 115 (19%) 52 (21%) 27 (14%) 17 (20%) 19 (30%)§ 0.049
Coronary artery disease, % 424 (60%) 187 (63%) 134 (59%) 62 (61%) 41 (53%) 0.42
Atrial fibrillation, % 161 (23%) 62 (21%) 64 (28%) 15 (15%) 20 (26%) 0.039
COPD, % 140 (21%) 53 (19%) 50 (23%) 23 (24%) 14 (18%) 0.57
NYHA class III or IV, % 388 (55%) 158 (53%) 131 (58%) 57 (56%) 42 (54%) 0.77
Beta-blocker, % 420 (59%) 182 (61%) 144 (63%) 54 (53%) 40 (51%) 0.15
ACEi or ARB, % 385 (54%) 156 (52%) 135 (59%) 54 (53%) 40 (51%) 0.41
Diuretics, % 388 (55%) 152 (51%) 134 (59%) 57 (56%) 45 (58%) 0.32
Statin, % 458 (65%) 193 (65%) 145 (63%) 73 (72%) 47 (60%) 0.40
P2Y12 inhibitor, % 237 (33%) 101 (34%) 78 (34%) 35 (34%) 23 (29%) 0.89
Oral anticoagulation, % 250 (36%) 98 (33%) 86 (38%) 35 (34%) 31 (41%) 0.53
eGFR (mL/min/1.73m2) 66 (50–83) 67 (51–82) 68 (51–86) 63 (48–75) 62 (48–77) 0.18
Hemoglobin (mmol/L) 7.80 (7.10–8.50) 7.90 (7.20–8.60) 7.85 (7.00–8.50) 7.85 (6.90–8.40) 7.55 

(6.82–8.12)*
0.005

Median (IQR); n (%)
*p < 0.05 vs. Group I;†p < 0.05 vs. Group II;§p < 0.05 vs. Group III
ACEi = Angiotensin converting enzyme inhibitor; ARB = angiotensin receptor blocker; BMI = body mass index; COPD = chronic obstructive 
pulmonary disease; eGFR = estimated glomerular filtration rate; MAC = mitral annular calcification; NYHA = New York Heart Association; 
TIA = transient ischemic attack
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Furthermore, we did not observe any significant changes 
in SVi following TAVI, with results in accordance with the 
post-hoc analyses of the PARTNER 1 and PARTNER 3 tri-
als [8, 28]. Due to the importance of stroke volume in the 
continuity equation, this finding may also clarify why no sig-
nificant change in MVA was observed in the present study, 
yet previous research had reported a substantial increase in 
MVA in many patients following TAVI [6]. However, from a 
pathophysiological perspective, the finding of no change in 
MVA following TAVI is logical, particularly in patients with 
MAC, due to the lack of compliance of the mitral annulus 
and adjacent calcified tissues [18].

Clinical implications

The current study demonstrates that mean TMG typically 
increases following TAVI in patients with MAC, suggest-
ing that unlike mitral regurgitation [3, 4], estimates of the 
hemodynamic severity of degenerative mitral stenosis are 
likely to worsen, rather than improve, following aortic valve 
intervention. Indeed, severe AS may conceal the severity 

reduction in LA compliance may prevent any concomitant 
decrease in LA filling pressures following TAVI, produc-
ing an overall increase in the LA-LV pressure gradient and 
accordingly, the mean TMG. Nonetheless, further research 
is required to elucidate the precise mechanisms responsible 
for this finding.

The findings of our study contrast with those of Kato et 
al [6], who reported a decrease in mean TMG in 58 patients 
(with a pre-procedural mean TMG ≥ 4 mmHg) following 
TAVI. However, they did not stratify by MAC and evalu-
ated hemodynamics very early post-procedure (mean 4 
[IQR 3–5] days), a period susceptible to perturbations in 
loading conditions [10]. In a smaller study of 11 patients 
undergoing TAVI, mean TMG decreased in all patients, with 
the exception of one patient with severe MAC, in whom the 
mean TMG increased [5]. This finding was corroborated by 
the results of the present analysis, where the presence of 
MAC was associated with an elevated mean TMG follow-
ing TAVI, at a time interval conducive to the normalization 
of loading conditions.

Table 2 Echocardiographic characteristics at baseline
Variable Overall, N = 708 No MAC, 

N = 299
Mild MAC, 
N = 229

Moderate 
MAC, N = 102

Severe MAC, 
N = 78

P-value

Heart rate, bpm 69 (61–77) 67 (60–76) 68 (61–74) 71 (63–78) 70 (63–78) 0.044
LV end-diastolic diameter index, 
mm/m2

24.9 (22.3–28.0) 24.6 (22.5–28.1) 25.0 
(21.8–27.5)

25.4 
(22.1–28.5)

24.8 (23.0–26.8) 0.65

LV end-systolic diameter index, 
mm/m2

17.4 (14.1–20.7) 17.6 (14.4–21.0) 17.6 
(14.5–20.9)

17.1 
(14.1–20.7)

15.5 
(12.6–18.5)*†

0.008

LV mass index, g/m2 121 (99–145) 117 (96–143) 124 (102–149) 126 (103–146) 120 (101–145) 0.31
LV end diastolic volume index, ml/m2 48 (38–61) 50 (39–67) 50 (40–62) 48 (37–61) 38 (30–46)*†§ < 0.001
LV end systolic volume index, mm/m2 19 (13–31) 20 (12–32) 22 (14–34) 19 (14–28) 15 (11–21)*†§ < 0.001
LV ejection fraction, % 58 (48–65) 59 (48–66) 57 (46–64) 58 (51–66) 61 (53–67)† 0.025
Left atrial volume index, ml/m2 40 (30–51) 36 (27–46) 41 (31–52)* 42 (32–52)* 48 (40–63)*†§ < 0.001
Stroke volume index, ml/m2 38 (31–47) 39 (32–48) 38 (31–47) 38 (32–45) 39 (31–48) 0.78
Aortic peak velocity, m/s 3.97 (3.44–4.48) 3.96 (3.43–4.41) 3.95 

(3.40–4.47)
4.00 
(3.47–4.38)

4.15 (3.66–4.72) 0.16

Aortic mean pressure gradient, mmHg 41 (31–52) 40 (31–51) 40 (30–51) 40 (29–51) 44 (32–56) 0.29
Aortic valve area, cm 0.78 (0.63–0.94) 0.78 (0.64–0.92) 0.80 

(0.63–0.95)
0.77 
(0.61–0.96)

0.75 (0.62–0.92) 0.82

Moderate or severe aortic regurgitation 120 (17%) 38 (13%) 46 (20%) 23 (23%) 13 (17%) 0.049
Mean mitral pressure gradient, mmHg 2.08 (1.47–3.05) 1.64 (1.23–2.29) 2.10 

(1.49–2.88)*
2.95 
(1.99–3.84)*†

3.55 
(2.53–5.24)*†

< 0.001

Mitral valve area, cm 2.38 (1.88–2.99) 2.71 (2.09–3.21) 2.38 
(1.94–2.88)*

2.16 
(1.73–2.68)*†

1.81 
(1.48–2.28)*†§

< 0.001

Moderate or severe mitral regurgitation 141 (20%) 57 (19%) 49 (21%) 17 (17%) 18 (23%) 0.67
Mitral inflow E wave velocity, cm/s 85 (64–109) 71 (55–92) 88 (69–109)* 95 (70–118)* 121 (97–141)*†§ < 0.001
Mitral inflow E/A ratio 0.77 (0.60–1.13) 0.72 (0.58–1.04) 0.80 

(0.60–1.16)
0.72 
(0.58–0.99)

0.93 
(0.71–1.22)*§

0.001

Tricuspid regurgitation maximal veloc-
ity, m/s

2.62 (2.32–3.00) 2.60 (2.29–3.00) 2.67 
(2.39–3.02)

2.63 
(2.29–2.92)

2.62 (2.38–2.98) 0.48

Median (IQR); n (%)
*p < 0.05 vs. Group I;†p < 0.05 vs. Group II;§p < 0.05 vs. Group III
LV = left ventricle; MAC = mitral annular calcification
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end-diastolic pressure, secondary to increased afterload. 
Fortunately, MAC severity is conveniently assessed on 
standard pre-procedural cardiac CT, providing a method to 
anticipate changes in degenerative mitral stenosis severity 
and mean TMG following TAVI. In addition, quantification 
of the Agatston score of MAC on cardiac CT may offer an 
alternative method for objective quantification, although 
further studies are required.

Limitations

This study is subject to the limitations of its single center, 
observational and retrospective design. In addition, there 
was heterogeneity in the timing of follow-up echocardiog-
raphy (1 to 6 months), although loading conditions have 
usually normalized across this time interval [10]. Further-
more, the Agatston score of MAC could not be quantified 
in approximately one-quarter of patients, who did not have 
a cardiac CT without contrast. In addition, LA fibrosis was 
not assessed with cardiac magnetic resonance, a parameter 
that may influence the results of the present study [29].

Conclusion

In patients with severe AS undergoing TAVI, MAC sever-
ity was associated with greater increases in post-procedural 
mean TMG. In addition, there was no significant difference 
in pre- and post- procedural mean TMG for patients with no of mitral stenosis due to alterations in LV compliance and 

Table 3 Estimated marginal means of mean transmitral pressure gradi-
ent according to MAC severity
Severity of MAC Pre-TAVI 

mean TMG 
(95% CI)*

Post-TAVI 
mean TMG 
(95% CI)*

Δ mean 
TMG 
(95% 
CI)

P-value†

No MAC 1.90 (1.74 
to 2.05)

1.97 (1.81 
to 2.12)

0.07 
(-0.10 to 
0.23)

0.92

Mild MAC 2.40 (2.22 
to 2.58)

2.61 (2.43 
to 2.79)

0.21 
(0.01 to 
0.40)

0.018

Moderate MAC 3.06 (2.79 
to 3.32)

3.36 (3.10 
to 3.63)

0.31 
(0.02 to 
0.60)

0.019

Severe MAC 4.11 (3.80 
to 4.42)

4.54 (4.23 
to 4.85)

0.43 
(0.10 to 
0.76)

0.0012

* Estimated marginal means derived from linear mixed models, 
adjusting for age and sex
† P-values estimated using t-tests for pairwise comparisons, adjusted 
for multiple comparisons using the Tukey method
MAC = mitral annular calcification; TMG = transmitral pressure gra-
dient, mmHg
TTE was performed at a median of 1 [1–38] day before TAVI and 35 
[31–45] days after TAVI.
In addition, in a model adjusting for baseline mean TMG, patients 
with an mean TMG < 5 mm Hg prior to TAVI who had severe MAC 
were more likely to have an mean TMG > 5 mmHg following the 
procedure (OR 6.609, 95% CI 1.876 to 23.288, p = 0.003) than those 
without MAC.

Fig. 3 Changes in mean trans-
mitral pressure gradient follow-
ing TAVI according to MAC 
severity. The predicted means 
for mean TMG and respective 
95% confidence intervals (lightly 
shaded regions) are displayed 
according to MAC group. The 
differences in slopes between 
MAC groups reflect the interac-
tion between MAC group and 
time. The P-values for the inter-
action between time and MAC 
group with reference to the no 
MAC group are displayed above 
the corresponding group
MAC = mitral annular calcifica-
tion; TAVI = transcatheter aortic 
valve implantation; TMG = trans-
mitral pressure gradient
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