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Abstract
Aims: We sought to investigate the relevance of myocardial fibrosis, assessed by mid-wall fibrosis risk
(MFR) score, with respect to left ventricular (LV) reverse remodeling following transcatheter aortic
valve replacement (TAVR).
Methods and Results: Between January 2010 and March 2015, we enrolled 207 patients in whom
baseline MFR, which includes age, sex, high-sensitive cardiac troponin-I, presence of strain pattern on
electrocardiograph, and peak-aortic valve velocity, as well one-year follow-up echocardiography were
available. LV reverse remodeling was defined as a >10 % reduction in LV end-diastolic volume index
(LVEDVi). A higher MFR score (≥52) was associated with increased LVEDVi and with decreased LV
ejection fraction as well as higher baseline-NT-pro-BNP levels (p<0.05 for all). One year after the
TAVR procedure, a higher MFR score was associated with a decreased probability of LV reverse
remodeling (OR 0.33; 95% CI, 0.23-0.87; p=0.03), which was independent of baseline
echocardiographic parameters and comorbidities. In contrast, there was no significant difference in fiveyear mortality between patients with lower and higher MFR score (57.9% vs. 60.5%, p=0.66).
Conclusions: A higher MFR score is associated with reduced LV reverse remodeling at one-year
follow-up, whereas the MFR score does not appear to interfere with long-term mortality after TAVR.

Classifications
Aortic stenosis; Imaging modalities; TAVI; Biochemical markers; Non-invasive imaging.
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Condensed Abstract
Myocardial fibrosis is an important factor for poor prognosis in patients with aortic stenosis. The current
observational study evaluates the impact of myocardial fibrosis, assessed by means of the mid-wall
fibrosis risk (MFR) score, on left ventricular (LV) reverse remodeling and long-term prognosis after
transcatheter aortic valve replacement (TAVR). A higher MFR score was associated with poor
probability of LV reverse remodeling. In contrast, neither a correlation of the MFR score with an
improvement of LV ejection fraction nor with five-year mortality was seen. Our findings suggest a
limited impact of myocardial fibrosis on clinical outcome in patients undergoing TAVR.

Abbreviations:
AS = aortic stenosis
CMR = cardiovascular magnetic resonance
ECG = electrocardiography
LV = left ventricular
LVEDV = left ventricular end-diastolic volume
LVEF = left ventricular ejection fraction
LVM = left ventricular mass
MF = myocardial fibrosis
MFR score = mid-wall fibrosis risk score
NT-pro-BNP = N-terminal pro-B-type natriuretic peptide
ROC = receiver operating characteristic
SAVR = surgical aortic valve replacement
TAVR = transcatheter aortic valve replacement
TTE = trans-thoracic echocardiography
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Introduction
The increase in afterload imposed by aortic stenosis (AS) leads to adaptive left ventricular (LV)
remodeling, resulting in LV hypertrophy and consecutively impaired systolic as well as diastolic LV
function and poor prognosis 1, 2. The histopathological causes of LV remodeling are the loss of viable
myocardium and increased fibrosis, which have been found to correlate with increased adverse events
in patients with AS3-5. Additionally, myocardial fibrosis (MF) appears to be associated with a lack of
improvement in systolic and diastolic LV function after surgical aortic valve replacement (SAVR),
suggesting an impact of MF on LV reverse remodeling

6, 7

. Recently, a clinical risk score has been

introduced allowing for the estimation of myocardial fibrosis in patients with AS. The so-called midwall fibrosis risk (MFR) score has been found to predict adverse outcomes in moderate to severe
asymptomatic AS 8. In the context of TAVR, reduction of afterload has been shown to be linked to
reverse remodeling, including a decrease of LV volume, a regression of LV mass, and an improvement
of LV systolic function9, 10. Despite its clinical relevance, little is known about the impact of myocardial
fibrosis following TAVR, especially on LV reverse remodeling.
In this study, we therefore sought to evaluate the impact of the MFR score on a) LV reverse
remodeling, b) on improvement of LV systolic function, as well as c) on the long-term outcome in
patients undergoing TAVR. Furthermore, we aimed to establish a correlation of potential biomarkers of
MF with the MFR score in a subgroup of patients.

Methods
We performed a retrospective observational cohort study of patients with severe, symptomatic
AS who underwent TAVR from May 2009 to March 2015 at the Heart Center of the University Hospital,
Bonn, Germany. To evaluate the impact of LV remodeling, only those patients who underwent followup echocardiography one year after TAVR were included. Patients with incomplete baseline data, and
those who were not available for assessment of LV function, were excluded. Also, patients in whom the
MFR score could not be adequately calculated, that is, patients that were missing a baseline
electrocardiograph (ECG) or had a pacemaker ECG were excluded. Likewise, patients with post-TAVR
pacemaker dependency at follow-up were excluded to avoid an underestimation or misjudgment of LV
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ejection fraction (LVEF). Clinical endpoints included all-cause mortality as well as complications (as
defined by VARC 2), including minor and major vascular complications as well as paravalvular leakage
11

.
This study was conducted retrospectively from patients enrolled in a local TAVR registry, which

was approved by the institutional ethics committee of the University of Bonn and conducted in
concordance with the Declaration of Helsinki. All patients provided written informed consent to a local
TAVR registry.

Mid-wall fibrosis risk score
To assess the presence of MF, an MFR score was calculated using an app-based calculator
(Calculate, QxMD Medical)4. As previously published, the MFR score includes the following
parameters: age, sex, high-sensitive cardiac troponin I, the presence of strain pattern on the ECG, and
peak aortic valve velocity. To evaluate the presence of an ECG strain pattern, a standard 12-lead ECG
taken before TAVR was analyzed. The presence of ECG strain was defined as a concave down-sloping
ST depression (>1 mm) with asymmetrical T-wave inversion in the lateral leads 12.

Echocardiographic measurement
Standard, two-dimensional echocardiographic assessments were performed at baseline as well
as one year after the procedure, using the GE Vivid E9 system (GE Healthcare, Wisconsin) or Philips
IE33 (Philips Healthcare, The Netherlands). Chamber volume, systolic function, and wall thickness
were assessed according to the current guidelines of the American Society of Echocardiography and the
European Society of Echocardiography13

14

. LV end-diastolic volume (LVEDV), LV end-systolic

volume (LVESV), and LV mass (LVM) were divided by body surface area to calculate the respective
indices (i.e. LVEDVi, LVESVi, LVMi). Based on earlier studies investigating LV reverse remodeling,
we defined LV reverse remodeling as a reduction of the LVEDVi by >10% 9, 15.
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Biomarkers of fibrosis
We measured the levels of galectin-3, growth differentiation factor (GDF)-15, and soluble ST2.
Galectin-3 has been shown to play a role in the development of MF, by stimulating macrophage
migration and fibroblast proliferation. The levels of galectin-3 were assessed using an enzyme-linked
immunosorbent assay (BG Medicine, USA) 16. GDF-15, measured by using an ELISA assay (R&D
Systems, USA), has been found to be associated with a lack of reverse remodeling after TAVR

17

.

Soluble ST2, analyzed by using a high-sensitivity Presage® ST2 assay (Life Biomedical, UK), is a
member of the interleukin-1 receptor family and is thought to be associated with cell proliferation and
inflammatory states18.

Statistical analysis
The study population was divided into two groups according to a cut-off value for the MFR
score by the receiver operating characteristic (ROC) curve for the reduction of LVEDVi by >10%.
Continuous variables with a normal distribution are expressed as the means ± standard deviation. Nonnormally distributed variables are presented as median values with an interquartile range (IQR).
Categorical variables are shown as frequencies and percentages.
Logistic regression analysis was used to examine associations between the MFR score and LV
reverse remodeling. Diabetes, hypertension, atrial fibrillation, coronary artery disease, N-terminal proB-type natriuretic peptide (NT-pro-BNP) level, New York Heart Association (NYHA) functional class
IV, LVEDVi, LVEF, LVMi, aortic valve area at baseline, para-valvular leakage ≥2+, and the MFR score
were introduced into the final multivariate model; this was based on clinical knowledge of LV
remodeling in AS patients7, 9, 15.
To estimate five-year mortality after TAVR, we performed a survival analysis using the KaplanMeier method. Based on previously published data demonstrating the prognostic relevance of the MFR
score in patients with severe AS, we repeated the analysis with another cutoff of the MFR score (i.e.
57)8.
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Two-tailed p values <0.05 were considered to denote statistical significance. All statistical
analyses were performed using EZR version 1.37 (Saitama Medical Center, Japan), which is a graphical
user interface for R (The R Foundation for Statistical Computing, Austria) 19.

Results
Study population
For this study, data from 207 patients who underwent transfemoral TAVR were analyzed.
Overall, the mean age was 81±6 years and 51% of patients were male. The mean STS score and logistic
EuroSCORE were 6.9±5.2 % and 19.6±13.3 %, respectively.
The median MFR for the whole cohort was 53.3, IQR [26.8, 90.2]. With the use of an ROC
analysis, an MFR score of 52 was determined as the cut-off value for predicting LV reverse remodeling.
Using this calculation, 106/207 patients (51.2%) displayed an MFR score ≥52. These patients were more
often male, had more frequently undergone percutaneous coronary intervention, and had higher surgical
risk scores than those with an MFR score <52 (Table 1). Regarding procedural characteristics, patients
with a higher MFR score had significantly larger implanted valve size (p<0.001). There were no
significant differences between groups regarding the type of valve or in VARC-2 defined complications
(Supplemental Table 1).

Association between MFR score and echocardiographic parameters
Overall, the patient cohort presented with a normal range of LVEDVi (68.2±25.0 ml/m2), a
preserved LVEF (53.0±13.4 %), and an increased LVMi (131.3±44.5 g/m2) as well as a certain degree
of diastolic dysfunction (E/A: 1.3±0.8; E/e’: 24.2±12.9). Of note, compared to patients with a lower
MFR score, patients with a higher MFR score had significantly greater LVEDVi (64.6±20.5 ml/m2 vs.
71.6±28.4 ml/m2, p=0.04) and lower LVEF (55.0±11.8 % vs. 51.0±14.6 % p=0.03), while there were no
significant differences in LVMi or markers of diastolic dysfunction (i.e. E/A or E/e’) (Supplemental
Table 2).
At one-year follow-up, a significant reduction in LVEDVi, an increase in LVEF, and a
regression of LVMi were observed in the overall cohort (Supplemental Table 2). Among the cohort,
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101/207 (48.8%) patients showed LV reverse remodeling, defined as a reduction in LVEDVi > 10%.
The relative change in LVEDVi (delta LVEDVi / baseline-LVEDVi ) after one year was significantly
lower in patients with a higher MFR score (median -20.3, IQR [-40.3, 4.3] % vs. median -14.4, IQR
[36.1, 8.1] %, p<0.001) than those with a lower MFR score. Additionally, the MFR score was
significantly lower in patients in whom LV reverse remodeling was observed, compared to those without
remodeling (median 50.2, IQR [26.1, 79.0] vs. median 54.7 IQR [29.5, 94.5], p<0.001; Supplemental
Table 3). After adjusting for baseline characteristics and echocardiographic parameters, a higher MFR
score was associated with a decreased probability of LV reverse remodeling (OR 0.33; 95% CI, 0.230.87; p=0.03; Table 2). The association remained significant in the sensitivity analysis with the MFR
score as a continuous variable (Supplemental Table 4), which demonstrated that higher MFR scores were
significantly associated with less reduction in LVEDVi (p=0.03) and regression in LVMi (p=0.004).
In contrast, no significant difference in the change in LVEF was seen in patients with a lower
or higher MRF scores (2.9±11.4 % vs. 5.7±12.6 %, p=0.10). In this context, also no significant
correlation was seen between the MFR score and the change in LVEF (p=0.44).

Long-term survival beyond one year after TAVR
At one year after TAVR, clinical symptoms as per the NYHA classification were similar
between patients with a lower and higher MFR scores (NYHA III/IV: 13.8% vs. 19.0%, p=0.43). The
median duration of follow-up was 1550, IQR [1101, 2001] days with a yearly mortality rate (beyond
one year after TAVR) of 9.3% per year. Regarding five-year mortality, there was no significant
difference between the patients with a lower and higher MFR scores (57.9% vs. 60.5%, p=0.66: Figure
1). Similarly, an additional analysis using another previously published prognostic cutoff of the MFR
score (i.e. 57) revealed no significant differences in patients with a lower or higher MFR scores (56.0%
vs. 63.1%, p=0.26).

MFR and circulating markers of fibrosis
Several potential biomarkers of MF were available for analysis in a subgroup of 116 patients
(56% of the cohort). There were no significant differences between patients with higher and lower MFR
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score with regard to circulating markers of fibrosis (Supplemental Table 5). Furthermore, no significant
correlation between the MFR score and potential biomarkers of fibrosis could be observed (soluble ST2:
r = -0.08; p=0.31; GDF-15: r = 0.06; p=0.52; Galectin-3: r = 0.03; p=0.71). In contrast, the MFR score
was positively associated with NT-pro-BNP (r = 0.29; p<0.001).

Discussion
In AS, MF is the result of histopathological myocyte death and LV scarring, leading to LV
remodeling and consequently LV dysfunction4, 7. The recently published MFR score allows for an
estimation of MF in patients with aortic stenosis by integrating a number of clinical, echocardiographic
and serological characteristics 8. To the best of our knowledge, this study is the first report to evaluate
the impact of MF (as determined by the MFR score) on LV reverse remodeling and on long-term
outcome after TAVR.

Myocardial fibrosis and LV reverse remodeling
The role of MF is well described in the context of both AS and SAVR. In fact, several studies
have reported an association of MF with LV remodeling in patients with AS 1, 2. Furthermore a negative
impact of MF on LV reverse remodeling has been described in patients undergoing SAVR

4, 5, 9

.

However, little is known about the impact of MF on LV reverse remodeling following TAVR. In line
with a prior study evaluating MF by means of the MFR score in patients with AS 8, in the present study,
there was a correlation of higher MFR scores with increased LVEDVi and LVMi at baseline, which
indicates applicability of the MFR score in patients undergoing TAVR. Also, we found that a higher
MFR score was associated with reduced LV reverse remodeling.
In contrast to prior studies on the impact of MF on the recovery of LV function after SAVR6,
we did not observe a link between the MFR score and improvement of LVEF. A possible explanation
could be related to paravalvular leakage after TAVR20, interfering with LV recovery and the possible
association of the MFR score and improvement of LVEF. A sub-analysis of the NOTION trial has found
a less pronounced degree of LV remodeling in patients undergoing TAVR with a self-expanding
prosthesis as compared to SAVR. Whereas the authors attributed this to the presence of relevant
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paravalvular leakage and the need for permanent pacemakers 21, in the present study, an adjustment to
include paravalvular leakage (≥2+) did not statistically influence our findings. In any case, the lack of
association of the MFR with an improvement of LVEF highlights the difficulty of predicting the course
of LVEF after TAVR 22.

Myocardial fibrosis and circulating biomarkers
Of interest, in the present study, no correlation between the previously reported biomarkers (i.e.
Galectin-3, GDF-15, sST2) and the MFR score was observed. This observation stands in contrast to
prior publications, which show a link between these biomarkers and MF. For example, sST2 has been
shown to be a surrogate marker of LV remodeling as well as diastolic dysfunction in patients with aortic
stenosis18. Furthermore, Kim et al. reported a correlation between levels of GDF-15 and the recovery of
LV function, defined as an increase in global longitudinal strain, in patients undergoing TAVR17.
Whereas a similar association was seen between the MFR score and LV reverse remodeling in our
analysis, no direct correlation of the MFR score and these biomarkers could be established in our study.
One possible explanation could be the extensive degree of MF present in our cohort. In fact, our
cohort exhibited an MFR score which was at the high end of the intermediate score range (7 to 57) in
the original publication by Chin et al8. It is therefore conceivable, that the degree of MF and the already
significantly elevated concentrations of above-mentioned biomarkers in our cohort have prevented the
identification of a correlation.
Still, in line previous studies on MF in the context of AS4, 7, we found a positive correlation
between the MFR score and NT-pro-BNP levels.

Long-term survival after TAVR
Prior cohort studies have reported associations between MF and long-term adverse outcomes in
patients with AS4, 5. Although the original study by Chin et al demonstrated a predictive value of the
MFR score on adverse outcomes in patients with AS4, in the present study, five-year mortality after
TAVR was not influenced by the MFR score. In consequence, it may be speculated that the treatment
of AS in patients undergoing TAVR which leads to reverse LV remodeling and improve LVEF 7, 23, may
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have attenuated the impact of MF on clinical outcomes. Supporting this notion, a more recent cohort
study of 31,199 patients undergoing TAVR reported that one-year mortality was not influenced by the
type and extent of LV remodeling 10. Alternatively, physiological and biological conditions (e.g. old age
or frailty,) in patients undergoing TAVR may have contributed to the long-term clinical outcomes
observed. As a matter of fact, the long-term prognosis after TAVR appears to be evenly depending on
cardiovascular and non-cardiovascular determinants24.
In addition, the fact that the mortality rates in both the lower and higher MFR score groups
compared well to the long-term results from the PARTNER 1 study

25

, which could prompt the

conclusion that patients with severe symptomatic AS benefit from TAVR regardless of the extent of MF.

Limitations
First, the present study was conducted retrospectively, based on a single-center database and a
relatively small cohort. Second, a major limitation of this study is the fact that MF was not detected by
routine CMR imaging but was estimated by the MFR score. Therefore, we cannot directly confirm that
the MFR score was similarly associated with MF. Nevertheless, the MFR score in the present study
demonstrated the same associations with increased LVEDVi, LVMi, and decreased LVEF at baseline,
as observed in the previous CMR studies. We are therefore confident that the MFR score acts as a
specific marker for MF in the patients included in this study. Finally, we did not distinguish the cause
of mortality (cardiovascular or non-cardiovascular).

Conclusion
While a higher MFR score is associated with decreased LV reverse remodeling at one year after
TAVR, the score was not associated with a change in LVEF. Additionally, the MFR score did not seem
to impact long-term mortality in patients in whom one-year follow-up echocardiography was available.
Despite its impact on LV remodeling, our findings suggest that there is a limited impact of MF on the
clinical outcome in patients undergoing TAVR.

Impact on daily practice
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MF, as assessed by MFR score, is associated with decreased LV reverse remodeling at one-year
after TAVR. By contrast, the MFR score is neither associated with a change in LVEF nor five-year
mortality. Our findings may suggest that patients with AS could potentially benefit on from TAVR
regardless of their degree of MFR score.
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Figure legends
Figure 1. Kaplan-Meier analysis for five-year survival in patients with higher or lower MFR
score
At five-year follow-up, there was no significant difference in mortality between patients with lower
(<52) and higher (≥52) MFR score (estimated survival rate: 57.9% vs. 60.5%; p=0.66).

Table legends
Table 1. Baseline characteristics
Compared with patients with higher MFR score, patients with higher MFR score were more likely to be
male, had previous percutaneous coronary intervention, had higher surgical risk scores, and received
significantly a larger size of TAVR device.

Table 2. Logistic regression analysis for LV reverse remodeling
In the multivariable logistic regression analysis, a MFR score ≥52 was associated with a poor LV reverse
remodeling, independent of baseline echocardiographic parameters and comorbidities.
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Table 1. Baseline characteristics
MFR score <52

MFR score ≥52

n =101

n = 106

81 ± 6

81 ± 6

0.80

Sex male, n (%)

29 (28.7)

77 (72.6)

<0.001

Body mass index (kg/m2), mean ± SD

27.2 ± 4.8

26.0 ± 4.9

0.08

Body surface area (m2), mean ± SD

1.84 ± 0.22

1.86 ± 0.22

0.46

Hypertension

85 (84.2)

94 (88.7)

0.45

Diabetes

28 (27.7)

29 (27.4)

0.99

Chronic kidney disease

49 (48.5)

59 (55.7)

0.37

Coronary artery disease

56 (55.4)

66 (62.3)

0.39

Previous myocardial infarction

14 (13.9)

12 (11.3)

0.73

8 (7.9)

16 (15.1)

0.16

Peripheral artery disease

43 (42.6)

53 (50.0)

0.35

Atrial fibrillation

39 (38.6)

40 (37.7)

0.99

Chronic obstructive pulmonary disease

20 (19.8)

30 (28.3)

0.21

Previous percutaneous coronary intervention, n (%)

26 (25.7)

43 (40.6)

0.03

Prior cardiac surgery, n (%)

11 (10.9)

14 (13.2)

0.77

p value
Age (year), mean ± SD

Comorbidities, n (%)

Previous stroke

NYHA functional class, n (%)

0.34

Class III

80 (79.2)

76 (71.7)

Class IV

11 (10.9)

19 (17.9)

17.0 ± 11.2

22.0 ± 14.6

0.006

6.5 ± 4.8

7.3 ± 5.6

0.23

55.9 ± 18.3

54.9 ± 18.7

0.80

10.9 [6.3, 21.3]

26.3 [15.4, 54.8]

<0.001

EuroSCORE, mean ± SD
STS-PROM score, mean ± SD
Laboratory parameters, mean ± SD or [IQR]
eGFR (ml/min/1.73m2)
High-sensitivity troponin I (ng/ml)
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Abbreviations: eGFR, estimated glomerular filtration rate; MFR, mid-wall fibrosis risk; NYHA, New
York Heart Association; STS-PROM, the Society of Thoracic Surgeons-predicted risk of mortality.
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Table 2. Logistic regression analysis for left ventricular reverse remodeling
Multivariate
OR

95 % CI

p value

MFR score ≥ 52

0.33

0.23-0.87

0.03

Hypertension

0.86

0.30-2.47

0.77

Diabetes

0.98

0.48-2.02

0.97

Atrial fibrillation

1.66

0.82-3.34

0.16

Coronary artery disease

1.05

0.54-2.06

0.88

LV ejection fraction

1.02

0.99-1.05

0.21

LV end-diastolic volume index

1.06

1.04-1.09

<0.001

LV mass index

0.99

0.98-0.99

0.001

Aortic valve area

0.17

0.02-1.23

0.08

Paravalvular leakage ≥ 2+

0.49

0.13-1.77

0.28

NYHA functional class IV

1.35

0.49-3.78

0.56

NT-pro-BNP

1.02

0.98-1.07

0.36

Abbreviations: LV, left ventricular; MFR, mid-wall fibrosis risk; NT-pro-BNP, N-terminal pro-B-type
natriuretic peptide; NYHA, New York Heart Association.
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Table legends (Supplemental files)

Supplemental Table 1. Procedural characteristics
Compared with patients with a lower MFR score, patients with a higher MFR score had significantly
larger implanted valve size. There were no significant differences between groups regarding the type of
valve or in VARC-2 defined complications.

Supplemental Table 2. Echocardiographic parameters at baseline and changes after transcatheter
aortic valve replacement
Changes in echocardiography parameters from baseline to one-year follow-up were assessed by using
paired t-tests or a Wilcoxon signed-rank test as appropriate.At baseline, patients with higher MFR score
had significantly greater LV volume and LVMi, and lower LVEF, compared to those with lower MFR
score. At one-year follow-up, a significant reduction in LV volume, a regression of LVMi, and an
improvement of LVEF were observed in the overall cohort. The relative change in LVEDVi was
significantly lower in patients with higher MFR score compared with those with lower MFR score.

Supplemental Table 3. Baseline characteristics stratified by the presence of left ventricular
reverse remodeling
Patients who showed LV reverse remodeling had significantly lower MFR score compared with those
without.

Supplemental Table 4. Multivariable linear regression analyses for change in LV function at
one-year after TAVR
To examine the consistency of the hypothesis, we performed a sensitivity analysis. The multiple linear
regression analysis with the MFR score as a continuous variable was constructed for each change in
LVEDVi, LVEF, and LVMi. In the multivariable linear regression analysis, higher MFR score was
significantly associated with poor reduction in LVEDVi and regression in LVMi. In contrast, there was
no significant association of MFR score with change in LVEF.
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Supplemental Table 5. Circulating markers of fibrosis
There were no significant correlation between the MFR score and potential biomarkers of fibrosis. In
contrast, the MFR score was positively associated with NT-pro-BNP.
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Supplemental Table 1. Procedural characteristics
MFR score <52

MFR score ≥52
p value

n =101

n = 106

Implanted TAVR devices, n (%)

0.58

Balloon-expandable devices

15 (14.9)

19 (17.9)

Self-expandable devices

86 (85.1)

87 (82.1)

26.3 ± 2.3

27.6 ± 2.5

<0.001

6 (5.9)

11 (10.4)

0.31

22 (21.8)

13 (12.3)

0.32

1 (1.0)

3 (2.8)

0.66

0 (0)

1 (0.9)

0.99

Minor vascular complications

32 (31.7)

26 (24.5)

0.32

Major vascular complications

4 (4.0)

2 (1.9)

0.44

Major bleeding

2 (2.0)

6 (5.7)

0.28

Implanted valve size (mm), mean ± SD
Paravalvular leakage ≥ 2+, n (%)
Complications at 30-day, n (%)
Pacemaker implantation
Stroke
Myocardial infarction

Abbreviation: TAVR, transaortic valve replacement.
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Supplemental Table 2. Echocardiographic parameters at baseline and changes after transcatheter aortic valve replacement
All

MFR score <52

MFR score ≥52

Baseline

One year

p
value

Baseline

One year

p value

Baseline

One year

p
value

p value for
the
difference
between
groups at
baseline

4.2 ± 0.7

1.84 ± 0.60

<0.001

4.1 ± 0.7

1.9 ± 0.6

<0.001

4.4 ± 0.7

1.8 ± 0.6

<0.001

<0.001

0.47

40.6 ± 17.0

7.4 ± 5.9

<0.001

37.7 ± 19.5

7.5 ± 5.2

<0.001

43.1 ± 14.2

7.3 ± 4.9

<0.001

0.07

0.71

LVEDVi (ml/m2)

68.2 ± 25.0

55.7 ± 21.4

<0.001

64.6 ± 20.5

51.9 ± 21.7

<0.001

71.6 ± 28.4

59.3 ± 21.7

<0.001

0.04

0.01

Relative change in
LVEDVi (%)

-

-17.0 [-37.8,
6.7]

-

-

-20.3 [-40.3,
4.3]

-

-

-14.4 [-36.1,
8.1]

-

-

<0.001

LVESVi (ml/m2)

35.8 ± 19.2

24.5 ± 13.4

<0.001

33.5 ± 15.6

22.6 ± 12.9

<0.001

37.9 ± 22.0

26.2 ± 13.7

<0.001

0.09

0.049

LVEF (%)

53.0 ± 13.4

57.3 ± 10.3

<0.001

55.0 ± 11.8

58.0 ± 10.3

0.01

51.0 ± 14.6

56.7 ± 10.3

<0.001

0.03

0.39

Relative wall
thickness

0.50 ± 0.13

0.50 ± 0.11

0.79

0.48 ± 0.14

0.50 ± 0.13

0.23

0.52 ± 0.12

0.51 ± 0.10

0.08

0.02

0.81

LVMi (g/m2)

131.3 ± 44.5

116.3 ± 39.1

<0.001

127.0 ± 42.5

108.4 ± 33.0

<0.001

135.2 ± 46.1

123.5 ± 39.1

0.004

0.18

0.002

E/A

1.3 ± 0.8

1.3 ± 0.9

0.33

1.3 ± 0.8

1.3 ± 0.8

0.53

1.3 ± 0.7

1.3 ± 0.9

0.46

0.77

0.85

E/e’

24.2 ± 12.9

21.0 ± 10.5

0.03

24.4 ± 13.5

19.9 ± 9.6

0.006

24.0 ± 12.3

21.9 ± 11.2

0.14

0.86

0.25

DcT (ms)

186.9 ± 61.5

209.0 ± 66.2

<0.001

195.1 ± 59.7

200.7 ± 62.0

0.83

179.0 ± 62.6

216.9 ± 69.5

<0.001

0.07

0.13

Characteristics

Peak AV velocity
(m/s)
Mean AV gradient
(mmHg)

p value for
the
difference
between
groups at
one-year
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Abbreviations: AV, aortic valve; DcT, deceleration time; LVEDVi, left ventricular end-diastolic volume index; LVEF; left ventricular ejection fraction; LVESVi,
left ventricular end-systolic volume index; LVMi, levt ventricular mass index; MFR, mid-wall fibrosis risk.
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Supplemental Table 3. Baseline characteristics stratified by the presence of left ventricular
reverse remodeling
LV reverse

LV reverse

remodeling +

remodeling -

n =106

n = 101

50.2 [26.1, 79.0]

54.7 [29.5, 94.5]

<0.001

81 ± 7

81 ± 5

0.63

Sex male, n (%)

50 (47.2)

56 (55.4)

0.29

Body mass index (kg/m2), mean ± SD

26.1 ± 4.9

27.1 ± 4.8

0.14

Body surface area (m2), mean ± SD

1.82 ± 0.24

1.88 ± 0.20

0.04

Hypertension

90 (84.9)

89 (88.1)

0.64

Diabetes

29 (27.4)

28 (27.7)

0.99

Chronic kidney disease

53 (50.0)

55 (54.5)

0.62

Coronary artery disease

63 (59.4)

59 (58.4)

0.99

Previous myocardial infarction

12 (11.3)

14 (13.9)

0.73

Previous stroke

10 (9.4)

14 (13.9)

0.44

Peripheral artery disease

52 (49.1)

44 (43.6)

0.51

Atrial fibrillation

41 (38.7)

38 (37.6)

0.99

Chronic obstructive pulmonary disease

22 (20.8)

28 (27.7)

0.31

Previous PCI, n (%)

48 (35.8)

31 (30.7)

0.52

Prior cardiac surgery, n (%)

10 (9.4)

15 (14.9)

0.33

Characteristics

MFR score, median [IQR]
Age (year), mean ± SD

p value

Comorbidities, n (%)

NYHA functional class, n (%)

0.21

Class III

82 (77.4)

74 (73.3)

Class IV

17 (16.0)

13 (12.9)

18.1 ± 11.5

21.0 ± 14.8

0.12

6.6 ± 4.6

7.3 ± 5.8

0.34

EuroSCORE, mean ± SD
STS-PROM score, mean ± SD
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Laboratory parameters, mean ± SD or
[IQR]
eGFR (ml/min/1.73m2)
High-sensitivity troponin I (ng/ml)

55.9 ± 15.0

54.7 ± 20.2

0.65

31.1 [8.0, 30.0]

101.5 [9.0, 38.3]

<0.001

Abbreviations: eGFR, estimated glomerular filtration rate; LV, left ventricular; MFR, mid-wall fibrosis
risk; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; STS-PROM, the
Society of Thoracic Surgeons-predicted risk of mortality; TAVR, transaortic valve replacement; TTE,
trans-thoracic echocardiography.
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Supplemental Table 4. Multivariate linear regression analyses for change in LVDEVi, LVEF and LVMi function at one-year after TAVR

Change in LVEDVi

Change in LVEF

Change in LVMi

β coefficient

95% CI

p value

β coefficient

95% CI

p value

β coefficient

95% CI

p value

MFR score

0.10

0.01 to 0.20

0.03

0.02

-0.03 to 0.06

0.44

0.24

0.08 to 0.40

0.004

Diabetes

3.70

-2.33 to 9.74

0.23

-2.24

-4.94 to 0.46

0.10

-0.29

-10.71 to 10.1

0.96

Hypertension

-3.48

-11.40 to 4.43

0.39

-3.56

-7.11 to -0.01

0.049

-1.11

-15.1 to 12.9

0.87

CAD

-3.30

-8.85 to 2.24

0.24

0.47

-2.01 to 2.96

0.71

1.04

-8.5 to 10.6

0.83

Atrial fibrillation

-5.82

-11.4 to -0.22

0.041

-2.29

-4.80 to 0.21

0.07

-3.73

-13.39 to 5.92

0.45

LVEF (%)

-0.19

-0.42 to 0.05

0.12

-0.63

-0.74 to -0.53

<0.001

-0.59

-1.00 to -0.19

0.004

LVEDVi (ml/m2)

-0.80

-0.92 to -0.68

<0.001

-0.09

-0.15 to -0.04

<0.001

-0.10

-0.31 to 0.10

0.31

LVMi (g/m2)

0.08

0.02 to 0.14

0.01

0.01

-0.02 to 0.04

0.41

-0.61

-0.73 to -0.50

<0.001

AVA (cm2)

5.97

-9.78 to 21.72

0.46

-4.06

-11.11 to 3.00

0.26

18.48

-8.75 to 45.71

0.18

PVL ≥2+

4.57

-5.62 to 14.76

0.38

-0.79

-5.37 to 3.78

0.73

2.68

-14.77 to 20.14

0.76

NYHA class IV

-7.04

-15.3 to 1.19

0.09

3.00

-0.69 to 6.69

0.11

-2.07

-16.31 to 12.14

-0.77

NT-pro-BNP (pg/L)

0.02

-0.25 to 0.30

0.85

0.01

-0.12 to 0.13

0.94

0.09

-0.39 to 0.57

0.73
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Abbreviations: AVA, aortic valve area; CAD, coronary artery disease; LVEDVi, left ventricular end-diastolic volume index; LVESVi, left
ventricular end-systolic volume index; LVMi, levt ventricular mass index; MFR, mid-wall fibrosis risk; NT-pro-BNP, N-terminal pro-B-type
natriuretic peptide; NYHA, New York Heart Association; PVL, para-valvular leakage.
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Supplemental Table 5. Circulating markers of fibrosis
All

MFR score <52

MFR score ≥52

n = 207

n =101

n = 106

21.9 ± 9.6

21.7 ± 9.9

22.0 ± 9.4

0.82

GDF-15 (pg/ml)

3779 ± 2530

3607 ± 2654

3970 ± 2392

0.41

sST2 (ng/ml)

22.3 ± 12.8

23.3 ± 14.0

21.0 ± 11.0

0.20

2147 [753, 5749]

1537 [596, 3562]

3623 [1112, 7559]

0.001

p value
Galectin-3 (ng/ml)

NT-pro-BNP (pg/ml)

Abbreviations: GDF, growth differentiation factor, MFR, mid-wall fibrosis risk; NT-pro-BNP, Nterminal pro-B-type natriuretic peptide.
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