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Introduction:Calcific aortic valve stenosis (CAVS) is a serious clinical problem. The strongest predictor of CAVS

progression is the amount of calcium in the aortic valve. The pathogenesis of CAVS is largely consistent with

the pathogenesis of atherosclerosis; however, about 50% of patients with CAVS do not exhibit significant athero-

sclerosis. Cardiovascular calcification is currently considered an actively regulated process, in which the impor-

tant role is attributed to the RANKL/RANK/OPG (receptor activator of nuclear factorκB ligand/RANK/

osteoprotegerin) axis. We measured OPG levels in the tissue of calcified, stenotic aortic valves in relation to

the presence or absence of coronary artery disease (CAD).

Materials and methods:Aortic valve samples were collected from 105 patients with calcified, mainly severe aortic

stenosis, who were divided into two groups according to the presence of CAD. In Group A (n=44), there were

normal coronary arteryfindings, while in Group B (n=61), there was angiographically demonstratedN50% ste-
nosis of at least one coronary artery. The control Group C (n=21) consisted of patients without aortic stenosis

and with normal angiographicfindings on coronary arteries.

Results:The highest tissue concentrations of OPG [median (pmol/L), 25th–75th percentile] were found in Group

A [6.95, 3.96–18.37], which was significantly different compared to the other two groups (P=.026 and .001, re-

spectively). The levels of OPG in Group B [4.15, 2.47–9.16] and in Group C [2.25, 1.01–5.08] did not differ signif-

icantly (P=.078); however, the lowest concentrations of OPG were found in Group C. Neither age nor gender in

our study had effect on tissue levels of OPG (P=.994 for gender;P=.848 for age).

Conclusion:Calcified and narrowed aortic valves, compared to the normal valves, were accompanied by a

change in tissue concentrations of OPG, which is, in addition, dependent on the presence or absence of CAD.

The highest tissue concentrations of OPG in our work were found in patients with significant aortic stenosis with-

out concomitant CAD.

© 2016 Elsevier Inc. All rights reserved.
1. Introduction

Calcific aortic valve stenosis (CAVS) is a serious clinical problem. Of

those over 65 years, some degree of aortic stenosis can be found in

2–3% of individuals and up to 25%, in the same age group, who present

with nonobstructive aortic valve disease[1–4]. The strongest predictor
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of CAVS progression is the amount of calcium in the aortic valve[5].Cal-

cification of the aortic valve is only one form of cardiovascular calcifica-

tion, which also includes calcification of the intimal layer of arteries in

the case of classical atherosclerosis or calcification of the medial layer

of arteries in Mönckeberg arteriosclerosis[6]. The pathogenesis of

CAVS is largely consistent with the pathogenesis of atherosclerosis;

however, about 50% of patients with CAVS do not exhibit significant ath-

erosclerosis[7,8]. Cardiovascular calcification is currently considered an

actively regulated process, which resembles bone tissue remodeling

and involves a wide range of cells, cytokines, and signal molecules

[9,10]. Among them, the important role is now being attributed to

RANKL/RANK/OPG (receptor activator of nuclear factorκBligand/

RANK/osteoprotegerin) axis, which wasfirst described in the process
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of bone remodeling. Measuring serum levels of RANKL and OPG were

the subject of our previous work dealing with calcium deposition in ste-

notic aortic valves in relation to the presence or absence of coronary ar-

tery disease (CAD)[11]. Based on previous results, this work is devoted

to measuring OPG levels in the tissue of calcified stenotic aortic valves in

relation to the presence or absence of CAD.
2. Materials and methods

2.1. Patient groups

Aortic valve samples were collected during cardiac surgery from 105

patients with calcified, mainly severe aortic stenosis. The patients were

divided into two groups according to the presence of CAD. In Group A

(n=44), there were normal coronary arteryfindings, while in Group

B(n=61), there was angiographically demonstratedN50% stenosis of

at least one coronary artery. The control Group C (n=21) consisted of

patients without aortic stenosis and with normal angiographic coronary

arteryfindings who were heart transplant candidates (mainly due to di-

lated cardiomyopathy). Patients with bicuspid aortic valve and chronic

kidney disease were excluded. Moreover, each patient was tested for

renal function and glomerularfiltration rateb60 ml/min/1.73 m2was

also an exclusion criterion. All patients provided a signed informed con-

sent and the study was approved by the ethics committee.
Table 1

Baseline patient characteristics (Group A, Group B, and Group C)

Group A

(n=44)

Group B

(n=61)

Group C

(n=21)

P

(A vs. B)

Age (years) 67.3±10.7 71.4±8.4 48.0±13.6 .04

Sex (%, female) 43.2 36.1 19.0 n.s.

BMI (kg/m2) 27.6 30.0 .02

Cardiovascular risk factors (%)

Hyperlipidemia 50.0 34.4 n.s.

Hypertension 54.5 77.0 .02

Diabetes mellitus 25.0 45.9 .03

Cardiovascular conditions (%)

Peripheral vascular disease 4.5 13.1 n.s.

Previous stroke/TIA 6.8 14.8 n.s.

Aortic stenosis severity

Severe AS (%) 93.2 85.2 n.s.
2.2. Tissue samples processing

Aortic valve samples were collected in the operating room immedi-

ately after surgical removal. The tissue samples were excised from aortic

valve leaflets and deep frozen (−80°C) immediately after withdrawal.

The frozen tissue was cut into small pieces and powdered by grinding

with a prechilled abrasive material, with the occasional addition of liq-

uid N2to prevent thawing. Once the tissue was ground into afine pow-

der, the extraction solution (1% TRITON-X 100, 1% IGEPAL, 0.03%

aminocaproic acid, and 100 mM Tris pH 7.4) was added and the mixture

was incubated at room temperature for 1 h. The mixture was then cen-

trifuged at 10,000gand 4°C for 10 min and supernatant was immediate-

ly analyzed. The concentration of total protein was measured using the

BCA method (Sigma-Aldrich) and the concentration of OPG was related

to the concentration of total protein in the extract of homogenized tis-

sue. OPG was determined by a commercial Human Osteoprotegerin

ELISA kit from Biovendor— Laboratorni Medicina (Brno, Czech

Republic)[12,13]. The kit has been validated and consequently used in

more than 70 scientific publications. The assay measures total OPG (ei-

ther free or bound to sRANKL) concentration. The antibodies used in this

ELISA are specific for human OPG with no detectable cross-reactivities

to human sRANKL and TRAIL (tumor necrosis factor-related apoptosis

inducing ligand) at 120 pmol/L. Approximately 1% cross-reactivity

with recombinant mouse OPG and less than 0.06% with recombinant

human CD40 and recombinant human sTNF RI and sTNF RII have been

observed. Determination of OPG does not interfere with hemoglobin

(1.0 mg/ml), bilirubin (170μmol/L), and triglycerides (5.0 mmol/L).
AS peak velocity

(m/s)

4.4±0.8 3.8±0.8 b.01

AS PGmax/mean (mmHg) 77.3±32.7/

51.3±19.7

60.5±23.6/

37.5 ±15.4

b.01

CAD (%)

Normal angiogram 45.5

Nonobstructive CAD 54.5

1-Vessel disease 31.2

2-Vessel disease 34.4

3-Vessel disease 26.2

Left main disease 8.2

BMI, body mass index; TIA, transient ischemic attack; AS, aortic stenosis; PGmax/mean,

peak pressure gradient/mean pressure gradient.
2.3. Statistical analysis

Data are expressed as mean ± standard deviation for continuous

variables and as a percentage for categorical variables. OPG values are

expressed as median with interquartile range (25th and 75th percen-

tile). The Kruskal–Wallis test was used to compare the values of OPG be-

tween all groups (A, B, and control Group C) and the Mann–Whitney

test was used to compare Group A and Group B. The analysis of variance

applied to logarithmic data of OPG was used when comparing the

values of OPG adjusted for other variables (age and gender).
3. Results

3.1. Baseline characteristics

Baseline characteristics of both groups (A and B) including distribu-

tion of age and gender in control Group C are summarized inTable 1.

From the table, it is apparent that patients in Group B were significantly

older with a higher incidence of hypertension and diabetes mellitus.

Group A had a conversely higher proportion of patients with severe aor-

tic stenosis (although the difference was not statistically significant),

which corresponds to higherflow rates and pressure gradients on aortic

valves. It should be noted that all patients in Group A and Group B had at

least moderately severe aortic stenosis. In control Group C, patients

were significantly younger with a higher proportion of men.

3.2. OPG levels

Levels of OPG in each group are shown inFig. 1. The highest tissue

concentrations of OPG [median (pmol/L), 25th–75th percentile] were

found in Group A (6.95, 3.96–18.37). When using the Mann–Whitney

test, the levels of OPG in Group B were significantly lower (4.15,

2.47–9.16,P=.026), even after adjustment for age and sex (P=.025).

The lowest tissue concentrations of OPG were achieved in control

Group C (2.25, 1.01–5.08), which according to the Kruskal–Wallis test

was significantly different from Group A (P= .001); however, when

compared to Group B, the difference did not reach statistical significance

(P= .078). The tissue concentrations of OPG in the respective groups

with regard to gender and age of the studied individuals are document-

ed inFigs. 2 and 3. In our study, neither age nor gender had effect on tis-

sue levels of OPG (P=.994 for gender;P=.848 for age).

4. Discussion

OPG is a member of the superfamily of tumor necrosis factors and is

produced by various cells (endothelial cells, vascular smooth muscle

cells, osteoblasts, etc.) and in different organs[14–16]. OPG acts as a

decoy receptor for RANKL, thus inhibiting its interaction with RANK, a

transmembrane receptor on the cell surface of cells in the monocyte–



Fig. 1.Osteoprotegerin (OPG) levels in studied groups. Group A—patients with aortic ste-

nosis and normal coronary arteryfindings; Group B—patients with aortic stenosis and

concomitant CAD; Group C—patients without aortic stenosis and with normal coronary

arteryfindings. The data are displayed by box-and-whisker plots. The bottom and top of

the box are 25th and 75th percentiles, and the band inside the box is the median. Thus,

50% of observations lie inside the box. The“whiskers”go to the maximum/minimum

with the exception of situations when outliers are present. Then the outlying points are

displayed individually by the circles. Outliers are defined as the observations that are larg-

er than 75th percentile by at least 1.5 times the interquartile range (IQR) or smaller than

25th percentile by at least 1.5 times the IQR. IQR is defined as 75th percentile minus 25th

percentile.

Fig. 3.Osteoprotegerin (OPG) levels in studied groups (A, B, and C) with respect to age.

N.S., nonsignificant (P=.994).
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macrophage system (e.g., dendritic cells, osteoclasts, and precursors).

This affects their differentiation, function, and survival. In addition,

OPG exhibits antiapoptotic effects through blockade of TRAIL[17].

OPG is a major regulator of bone remodeling, and more recently, it has

been associated with cardiovascular calcification and atherosclerosis

[18–22]. Its role in cardiovascular disease is controversial. Experimental

data in animal models suggest that OPG is a vascular protective factor,

which is capable of reducing atherosclerosis progression and calcium

deposition[23,24]. In humans, there are two conflicting interpretations.

Several studies have demonstrated a positive correlation between

serum OPG levels and other variables such as age, hypertension, diabe-

tes, renal insufficiency, the severity of CAD, and cardiovascular mortality

[25–30]. The rise of OPG in the serum may be either causative for cardio-

vascular disease or it may be an adaptive response to reverse the harm-

ful effects of RANKL, TRAIL, and other known ligands. The relationship

between serum OPG levels and the severity of aortic stenosis is less ob-

vious and is most likely influenced by the presence of atherosclerosis. In
Fig. 2.Osteoprotegerin (OPG) levels in studied groups (A, B, and C) with respect to gender.

The data are displayed by box-and-whisker plots. N.S., nonsignificant (P=.848).
our previous study, we observed significantly higher serum OPG levels

in patients with aortic stenosis and concomitant coronary atherosclero-

sis[11]. A different situation arises regarding OPG expression in the tis-

sue of narrowed, calcified aortic valve. OPG expression is common in

normal, unaltered valves; however, the observations of authors dealing

with this issue in the case of calcified, stenotic valves differ. Most au-

thors observed decreased or even absent OPG production in calcified

aortic valves[31,32], while Pohjolainen showed an increased produc-

tion of OPG in connection with increased severity of aortic stenosis

[33]. In our study, we demonstrated that the highest tissue concentra-

tions of OPG were in the group of patients with significant aortic steno-

sis without concomitant CAD. This group consisted of patients with the

most severe degrees of aortic stenosis and the highest load of calcium in

aortic valves. Ourfindings support the hypothesis that worsening of

CAVS is accompanied by inhibition of osteoclastogenesis. OPG is upreg-

ulated early in disease progression in valve tissue and favors inhibition

of osteoclast resorptive activities so mineral is not removed from calci-

fied lesions[34,35]. The question remains whether the rise in tissue con-

centration of OPG is not an adaptive response and OPG is actually a

protective factor. When measuring the tissue levels of OPG, it has to

be understood that, besides local production, the circulation is another

source from which it can be extracted[36]. The involvement of the

same molecules (OPG, RANKL, RANK, and other cytokines) and their ex-

traction from circulation could partially explain the link between CAD

and CAVS. It appears that the RANKL/OPG ratio is more important

than the level of OPG[17,20]. RANKL and RANK are often not expressed

in healthy tissue, but their production increases in valves and blood ves-

sels affected by calcification; thus, the RANKL/OPG ratio increases

[31,37–41]. The situation is even more complicated because tissue levels

of RANKL do not correlate with serum levels[20]. Thus, in the case of

cardiovascular calcification, the rise in serum OPG levels is not accompa-

nied by simultaneous rise in serum RANKL levels.

5. Conclusion

The RANKL/RANK/OPG axis plays an important role in bone remod-

eling and pathological cardiovascular calcification. CAVS, as the epitome

of valvular calcification, is accompanied by a change in the production of

individual members of this axis. Besides valvular disease, many other

factors, especially the simultaneous presence of atherosclerosis, age,

gender, and various comorbidities, can play a significant role. In our

study, we demonstrated that the highest tissue concentrations of OPG

were in patients with significant aortic stenosis, but without concomi-

tant CAD. These patients showed the most severe degrees of aortic ste-

nosis and the highest load of calcium in aortic valves.
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aThird Medical Faculty Charles University and University Hospital Kralovske Vinohrady, Prague, Czech Republic
bNational Institute of Public Health, Prague, Czech Republic

A R T I C L E I N F O

Article history:

Received 29 September 2015

Received in revised form 10 January 2016

Accepted 5 February 2016

Available online xxx

Keywords:

Aortic

Stenosis

Mitral

Regurgitation

Replacement

A B S T R A C T

Background: Significant aortic stenosis (AS) is frequently associated with mitral regurgitation (MR) of

varying degrees. We sought to assess the change in MR grade after the aortic valve procedure, to find

predictors of MR improvement and finally to determine the prognostic impact of persistent MR.

Methods: We retrospectively analyzed a group of 101 AS patients who underwent aortic valve

replacement (AVR) or transcatheter aortic valve implantation (TAVI) at our institution between January

2007 and March 2014 and who presented with MR grade 2 or higher on preoperative echocardiogram –

35 patients underwent an isolated AVR, 18 underwent TAVI, and the rest underwent a combined

procedure, which included coronary artery bypass grafting. The mean follow-up was 28.5  21 months.

Results: MR improved significantly after the procedures (2.4  0.5 vs. 1.9  0.9, p < 0.001) and a decline in

the severity of MR was observed regardless of etiology (degenerative/post-rheumatic, functional/ischemic,

combined) without significant changes between groups (p = 0.667). Downgrading of MR severity was

associated with improvement in ejection fraction (p = 0.021) and reduction in the size of cardiac chambers,

especially the left atrium (left atrial diameter, p < 0.001). None of the preoperatively evaluated factors

(severity of AS, MR etiology, ejection fraction, cardiac chamber dimensions, coronary artery disease, and New

York Heart Association functional class) was a significant predictor of MR improvement. Persistence of higher

degrees of MR was associated with a more frequent need for cardiovascular hospitalization, while the

survival rate 3 years after procedure was not affected (p = 0.146).

Conclusions: In the majority of AS patients, an aortic valve procedure leads to reduction in coexistent MR.

A significant decrease in the severity of MR in our study was observed regardless of etiology and

preoperative grade of MR. Persistence of higher degrees of MR was associated with increased patient

morbidity.

 2016 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Introduction

Significant aortic stenosis (AS) is frequently associated with

mitral regurgitation (MR) of varying degrees. The prevalence of MR

is reported in up to 75% of patients undergoing aortic valve

replacement (AVR) [1]. Similarly, coexisting moderate to severe

MR is frequent in patients undergoing transcatheter aortic valve
*Corresponding author at: Cardiocentre, University Hospital Kralovske Vinoh-

rady, Šrobárova 50, Prague 100 34, Czech Republic. Tel.: +420 267 163 760;

fax: +420 267 163 763.
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transcatheter aortic valve replacement for aortic stenosis. J Cardiol 
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implantation (TAVI) and the occurrence is reported in 22–48% of

patients [2–4]. Severe MR usually requires surgical intervention at

the time of AVR; however, in the setting of either moderate degree

of MR or excessively high risk of double valve surgery, the mitral

valve is often left untreated. A number of factors have to be taken

into account when making a decision regarding the extent of

surgery. The persistence of moderate to severe MR after an aortic

valve procedure is associated with a worse outcome and higher

morbidity [5–7]. Double valve surgery is burdened by higher

operating and in-hospital mortality compared to isolated AVR

[8,9]. Most studies have demonstrated a significant improvement

in MR after isolated AVR or TAVI, although only the functional

etiology of MR was examined in most of them [10–13]. However,
nd change of concomitant mitral regurgitation after surgical or

(2016), http://dx.doi.org/10.1016/j.jjcc.2016.02.001
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not all patients experience a reduction in MR severity and the

degree of reduction is not exactly known. For these reasons, we

decided to retrospectively analyze group of AS patients that

preoperatively presented with MR grade 2 or higher and

underwent aortic valve surgery or intervention without mitral

valve procedure. Our aims were to (1) assess the change in MR

grade after aortic valve procedures, (2) to identify predictors of MR

improvement, and (3) finally to determine the prognostic impact of

persistent MR with respect to survival and morbidity.

Methods

We retrospectively reviewed 101 AS patients who underwent

an aortic valve procedure between January 2007 and March

2014 in our Cardiocenter. All of these patients presented with MR

grade 2 or higher on preoperative echocardiogram. In all cases, the

indications for surgery or intervention as well as the extent of

surgery were discussed during the heart team session. The decision

not to intervene on the mitral valve was based either on the degree

of MR or unacceptably high risk of double valve surgery. Thirty-five

patients underwent isolated AVR, 18 underwent TAVI, and the rest

underwent a combined procedure, which included surgical

myocardial revascularization (Fig. 1). The mean follow-up was

28.5  21 months and the median follow-up was 24 months. All

patients underwent a standard preoperative examination including

transthoracic echocardiography and selective coronarography. Most

patients also had preoperative transesophageal echocardiography

with a more accurate assessment of the etiology and severity of MR.

The severity of MR was determined according to current guidelines

integrating structural, Doppler, and quantitative parameters (regur-

gitation jet evaluation in color flow mapping, pulse wave, and

continuous wave Doppler examination, width of vena contracta, and

regurgitant orifice area measurement – PISA method). MR severity

was graded as follows: 0 = none, 1 = mild, 2 = mild to moderate,

2.5 = moderate, 3 = moderate to severe, and 4 = severe. The etiology

of MR was based on the presence of morphological changes of the

mitral valve apparatus considered typical for degenerative or post-

rheumatic disease. The determination of a functional or ischemic

etiology of MR was based on the absence of structural changes. The

combined etiology of MR was considered in the case of coexistence of

functional and morphological changes. Linear dimensions of cardiac
Fig. 1. Procedures. Thirty-five patients underwent isolated aortic valve replacement

(AVR), 18 transcatheter aortic valve implantation (TAVI), and the rest (48)

combined procedure – AVR + coronary artery bypass grafting (AVR + CABG).

Please cite this article in press as: Fojt R, et al. Prognostic impact a

transcatheter aortic valve replacement for aortic stenosis. J Cardiol 
chambers (internal dimension of the left ventricle and anteroposter-

ior dimension of the left atrium) were measured in the parasternal

long-axis view using two-dimensional echocardiography. Left ven-

tricle ejection fraction (EF) was assessed using the biplane method of

disks (modified Simpson’s rule) where feasible. In rare cases with a

poorly visible endocardium, the EF was estimated. In patients with

AVR, a bioprosthesis or mechanical prosthesis was inserted at the

discretion of the surgeon and patient preference. The subgroup of

patients, whose operative risk was too high, underwent TAVI with a

CoreValve ReValving (Medtronic, Dublin, Ireland) system implanta-

tion. After surgery or intervention, all patient follow-ups were

monitored by our institution’s specialized ambulatory department.

Post-procedure echocardiography examination was performed in 94%

of patients (5 patients died before examination, 1 patient was a no-

show) during the first year after procedure, not earlier than one

month after the procedure (the median was 2 months). We also

monitored all post-procedure hospitalizations at our institution.

Mortality data were obtained from a database maintained by the

Institute of Health Information and Statistics of the Czech Republic.

The research was carried out according to the principles of the

Declaration of Helsinki. Patients gave informed consent and the

ethics committee of University Hospital Kralovske Vinohrady in

Prague (Czech Rep.) approved the study.

Statistical analysis

Data are expressed as mean  standard deviation for continuous

variables and as a percentage for categorical variables. Continuous

variables (EF, cardiac chamber dimensions) were compared using the

paired t-test with a significance level (p-value) < 0.05. The change in

MR grade was tested using Bowker and Wilcoxon paired tests.

Relationships between changes in the degree of MR and changes in

specific parameters (EF, cardiac chamber dimensions) as well as the

influence of preoperative factors on changes in MR grade were tested

using a robust variant of linear regression and multiple linear

regression. The prognostic value of procedural-related MR changes

was tested using logistic regression; survival rates were estimated,

and graphed, using the Kaplan–Meier method. Survival rates were

compared using the log-rank test.

Results

Baseline characteristics, including echocardiographic data, are

summarized in Table 1. As shown, the predominance of patients in

our cohort had mild to moderate (grade 2) MR pre-procedurally

and the most frequent etiology was degenerative followed by

combined etiology. The majority of patients with degenerative

etiology of MR had various extent of annular calcification with

leaflet thickening and only the minority (8 patients) had anterior or

posterior leaflet prolapse. Table 2 summarizes the echocardio-

graphic variables that were compared before and after procedures.

This comparison was made only in those patients (n = 95) whose

echocardiographic data were available both before and after

procedure. As shown, EF, left ventricular end-diastolic diameter

(LVEDD), and left atrial diameter (LAD) did not differ significantly,

although there was a trend toward reduced size, particularly, in left

atrial dimensions (p = 0.052 for indexed value).

Change in MR

Quantitative changes in MR are shown graphically in Fig. 2. The

majority of patients (59%) experienced an improvement in MR

post-procedure. MR remained unchanged in 24% of patients,

worsened in 12% of patients, and 5% of patients died before their

scheduled postoperative echocardiographic examination. Overall,

there was a statistically significant reduction in the degree of MR
nd change of concomitant mitral regurgitation after surgical or

(2016), http://dx.doi.org/10.1016/j.jjcc.2016.02.001
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Table 1

Baseline patient characteristics.

Age (y) (n = 101) 76.1  8.2

Sex – male, n (%) 60 (59.4)

BSA (m2) (n = 101) 1.9  0.2

BMI (kg/m2) (n = 101) 28.1  5.3

Cardiovascular risk factors, n (%)

Hyperlipidemia 39 (38.6)

Hypertension 76 (75.2)

Diabetes mellitus 35 (34.7)

Cardiovascular conditions, n (%)

Previous MI 24 (23.8)

Previous PCI 5 (5.0)

Previous CABG 6 (5.9)

Peripheral vascular disease 10 (9.9)

Previous stroke/TIA 5 (5.0)

NYHA class I 14 (13.9)

NYHA class II 24 (23.7)

NYHA class III 49 (48.5)

NYHA class IV 14 (13.9)

Noncardiac conditions, n (%)

Renal insufficiency 15 (14.9)

Echocardiographic parameters

Peak AV velocity (m/s) (n = 101) 4.0  0.8

Peak AV gradient (mmHg) (n = 101) 66.5  25.5

Mean AV gradient (mmHg) (n = 101) 42.4  17.2

MR grade 2, n (%) 55 (54.4)

MR grade >2, n (%) 46 (45.6)

MR degenerative, n (%) 47 (46.5)

MR ischemic/functional, n (%) 20 (19.8)

MR post-rheumatic, n (%) 3 (3.0)

MR combined, n (%) 31 (30.7)

BSA, body surface area; BMI, body mass index; MI,

myocardial infarction; PCI, percutaneous coronary interven-

tion; CABG, coronary artery bypass grafting; TIA, transient

ischemic attack; NYHA, New York Heart Association; AV,

aortic valve; MR, mitral regurgitation.

Table 2

Comparison of echocardiographic parameters.

Echocardiographic

parameter

Pre-

procedure

Post-

procedure

Difference P value

EF (%) (n = 95) 51.3  13.4 52.6  10.7 1.4  8.6 0.126

LVEDD (mm) (n = 95) 51.9  7.3 51.0  6.6 0.9  5.4 0.115

LVEDDi (mm/m2) (n = 95) 27.4  3.5 27.0  3.7 0.4  3.0 0.195

LAD (mm) (n = 95) 46.6  6.0 45.7  5.5 0.9  5.4 0.107

LADi (mm/m2) (n = 95) 24.8  4.0 24.2  3.2 0.6  2.8 0.052

MR grade (n = 95) 2.4  0.5 1.9  0.9 0.5  0.8 <0.001

EF, ejection fraction; LVEDD, left ventricular end-diastolic diameter; LVEDDi,

left ventricular end-diastolic diameter – indexed value; LAD, left atrial

diameter; LADi, left atrial diameter – indexed value, MR, mitral regurgitation.

Fig. 2. Change of mitral regurgitation (MR) in patients undergoing aortic valve

procedure. The pre-procedural and post-procedural grades of MR for individual

patients undergoing aortic valve procedure were plotted.

Table 3

Change in MR according to etiology.

Etiology of MR n MR grade

pre-procedure

MR grade

post-procedure

Difference P value

Degenerative/

post-rheumatic

48 2.36 1.88 0.48 <0.001

Ischemic/

functional

19 2.29 1.66 0.63 0.001

Combined 28 2.36 1.91 0.45 <0.05

MR, mitral regurgitation.
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post-procedure (2.4  0.5 vs. 1.9  0.9, p < 0.001). Preoperatively,

45.6% of patients had an MR grade >2, while after the procedure, the

value had fallen to 27% of patients. When we focused on patients (a

total of 14 patients) with higher degrees of MR (  3), we found that

8 patients experienced improvement in MR, no change was observed

in 5 patients, and MR worsened in 1 case. This shows that even in

those with more severe MR, there was significant improvement after

aortic valve procedures (3.3  0.4 vs. 2.6  0.9, p = 0.020). With

regard to the etiology of MR, we observed a significant decrease in the

degree of MR across all etiologies without significant changes

between groups (p = 0.667) (Table 3). It can be assumed that a

change in MR severity, after an aortic valve procedure, will be

accompanied by a change in EF and dimensions of the heart cavities.

Using a linear regression method, we observed a significant

association between the reduction of MR and improvement in EF

(p = 0.021) as well as a reduction in the size of the cardiac chambers
Please cite this article in press as: Fojt R, et al. Prognostic impact a

transcatheter aortic valve replacement for aortic stenosis. J Cardiol 
(LVEDD, p = 0.014; LVEDD indexed, p = 0.019; LAD, p < 0.001; LAD

indexed, p = 0.001). The most significant association was found in the

size of the left atrium, which alone remained significant when

multiple regression analysis was used (LAD, p = 0.006; LAD indexed,

p = 0.008).

Predictors of improvement in MR

The aim was also to identify factors that predict improvement

in MR after an aortic valve procedure. We studied quantitative

indicators of AS severity (peak aortic velocity and pressure

gradients), the etiology of MR, heart chamber dimensions, EF,

pre-procedural New York Heart Association functional class, and

the extent of coronary artery disease. Our analysis was unable to

confirm that any of these variables could be used as predictors of

improvement in MR after aortic valve procedures. The association

between the average change in MR, the number of affected

coronary arteries, and the type of procedure is shown in Table 4. As

shown, three-vessel disease and the TAVI procedure were

associated with lesser degrees of MR change, but it was not

statistically significant.

Prognostic impact of MR

We reviewed all cardiovascular hospitalizations at our institu-

tion and particularly hospitalizations for heart failure in our cohort

of patients. As shown in Table 5, we found higher morbidity (more

hospital admissions) for patients, whose MR did not improve after

their aortic valve procedure. From the table, it is obvious that in the

group of patients who were hospitalized after the procedure,

virtually no improvement in MR had occurred compared to
nd change of concomitant mitral regurgitation after surgical or

(2016), http://dx.doi.org/10.1016/j.jjcc.2016.02.001
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Table 4

Predictors of Improvement in MR.

Predictor Change in MR per patient (n = 95) P value

Number of diseased coronary arteries

0 0.53 0.409

1 0.60

2 0.73

3 0.25

Procedure

AVR 0.56 0.557

AVR + CABG 0.55

TAVI 0.26

MR, mitral regurgitation; AVR, aortic valve replacement; CABG, coronary artery

bypass grafting; TAVI, transcatheter aortic valve implantation.

Table 5

Prognostic Impact of MR.

Change in MR per patient (n = 95) P value

Cardiovascular hospitalization

+ 0.05 0.007

 0.62

Heart failure hospitalization

+ +0.29 0.001

 0.61

MR, mitral regurgitation.

Fig. 4. Kaplan–Meier curves for survival in patients according to the change in

mitral regurgitation (MR).
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hospitalization-free patients, who had MR reduced by 0.6 degrees,

on average. Additionally, in patients hospitalized for congestive

heart failure, MR was seen to have worsened, with an average

change of 0.3 degrees per patient. In summary, compared to

patients with MR improvement, those with worse MR had a higher

hospitalization rate. Three-year survival rates are shown in

Fig. 3. Thirty-day all-cause mortality in our cohort was 6.93%,

and one-year mortality was 14.61%. When survival of patients

based on improved MR vs. not improved MR was compared,

statistically significant differences during the 3 years were not

achieved (p = 0.146) (Fig. 4). It can be concluded that persistent MR

had a negative effect on morbidity but its effect on mortality was

not significant.
Fig. 3. Kaplan–Meier curve for survival in patients after aortic valve procedure.
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Discussion

Our study confirmed, like previous studies, a significant

reduction in MR grade after aortic valve procedures. MR was

improved in 59% of patients, and the average decrease in MR

severity was 0.5 degrees. Kaczorowski et al. [14] found virtually the

same reduction in MR severity after AVR (0.54 degrees). Barbanti

et al. [15] observed improvement in MR after AVR in 69.4% of

patients and after TAVI in 57.7% of patients. Waisbren et al. [16]

found improvement in MR after AVR in 66% of patients. Clearly to

the contrary, Wyler et al. [17] found improvement in MR, after AVR,

in only 23% of patients. Most of the studies dealing with this issue

included only patients with functional MR, in which the severity of

regurgitation is more affected by hemodynamic situation. In

everyday clinical practice, the combination of degenerative and

functional changes of mitral valve is more frequent, but the

recommendation how to manage these patients is lacking. In our

study with the predominance of degenerative MR, the improve-

ment in MR severity was observed regardless of etiology. This

could be particularly important in polymorbid elderly patients

with degenerative AS and MR, where double valve surgery can be

burdened by an unacceptably high risk. On the other hand, it

should be anticipated that the decrease in MR after isolated AVR

will be only slight. Our results could also be helpful in deciding

whether to address moderate degrees of MR in the presence of

significant AS. Of course, many factors (age, coronary artery

disease, comorbidities, patient’s preference, etc.) all contribute to

the final decision; however, our opinion based on the presented

results, is to not intervene in MR grade 2/4 cases. It should be

mentioned that only a minority of our patients had mitral valve

prolapse; therefore, the results are not applicable to all types of

degenerative mitral valve disease.

Several studies have identified factors that appear to predict

improvement or worsening of MR after an aortic valve procedure.

Ruel et al. [6] identified preoperative variables (larger size of the

left atrium, the presence of permanent atrial fibrillation, and lower

aortic valve pressure gradients) that were often associated with

higher grades of MR postoperatively and which, in combination

with MR, contributed to a worse prognosis. Many other works

dealing with this issue have identified other factors, which in turn

predicted MR improvement after surgery. These were mainly the

absence of pulmonary hypertension [10,13], functional or ischemic

etiology of MR [13,18], the absence of atrial fibrillation [13,19], the

absence of calcification of the mitral valve [10], and a higher mean
nd change of concomitant mitral regurgitation after surgical or

(2016), http://dx.doi.org/10.1016/j.jjcc.2016.02.001
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aortic valve pressure gradient [13]. In our setting, we tested

quantitative parameters of aortic stenosis severity, MR etiology,

preoperative heart chamber dimensions, EF, preoperative New

York Heart Association functional class, and the extent of coronary

artery disease, but none of these factors was found to be a

statistically significant predictor of changes in the degree of MR

post-procedure. The fact that we failed to identify factors that

predict a change in the degree of MR is one of the major limitations

of our study. Although we know that, on average, there was a

decline in the degree of MR, we were not able to identify patients in

whom this change would occur. Generally, previous studies on this

subject have agreed that the presence of moderate or higher MR in

AS patients before an aortic valve procedure carries a worse

prognosis during the postoperative period, which manifested as

either higher mortality [5,7,15,19–21] or higher morbidity

[6]. Khawaja et al. [7] observed lower mortality rates in patients

who experienced improvement in MR compared to those, who did

not. In our group of patients, we observed a higher frequency of

cardiovascular hospitalization and particularly, hospitalization for

heart failure, in patients in whom higher degrees of MR persisted

post-procedure. We also compared survival rates relative to

procedure-related changes in MR; however, statistically significant

differences were not found.

Conclusions

Surgical or transcatheter aortic valve procedures in AS

patients lead, in most cases, to a reduction in coexistent MR.

Based on our results, one can expect a reduction in the severity

of MR of about one-half of a degree, on average. In contrast

with other studies, we included patients not only with

functional but also with other etiologies of MR (degenerative,

combined, and post-rheumatic) and found significant decrease

in the severity of MR regardless of etiology. Factors that can

preoperatively identify patients who will experience an im-

provement in MR remain elusive and certainly need to be the

subject of future research. Persistence of higher degrees of MR

post-procedure is associated with increased morbidity, which

was seen in our study as a higher frequency of cardiovascular

hospitalizations.
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