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Aims Secondary mitral regurgitation (MR) drives adverse remodelling towards late heart failure stages. Little is known
about the evolution of MR under guideline-directed therapy (GDT) and its relation to cardiac remodelling and out-
come. We therefore aimed to assess incidence, impact, and predictors of progressive secondary MR in patients
under GDT.

...................................................................................................................................................................................................
Methods
and results

We prospectively enrolled 249 patients with chronic heart failure and reduced ejection fraction receiving GDT in
this long-term observational study. Of patients with non-severe MR at baseline 81% remained stable whereas 19%
had progressive MR. Those patients were more symptomatic (P < 0.001), had higher neurohumoral activation
(encompassing various neurohumoral pathways in heart failure, all P < 0.05), larger left atrial size (P = 0.004) and
more tricuspid regurgitation (TR, P = 0.02). During a median follow-up of 61 months (IQR 50–72), 61 patients died.
Progression of MR conveyed an increased risk of mortality—univariately (HR 2.33; 95% CI 1.34–4.08; P = 0.003),
that persisted after multivariate adjustment using a bootstrap-selected confounder model (adjusted HR 2.48; 95%
CI 1.40–4.39; P = 0.002). In contrast, regression of MR was not associated with a beneficiary effect on outcome
(crude HR 0.84; 95% CI 0.30–2.30; P = 0.73).

...................................................................................................................................................................................................
Conclusions Every fifth patient with chronic heart failure suffers from MR progression. This entity is associated with a more

than two-fold increased risk of death even after careful multivariable adjustment. Symptomatic status, left atrial
size, TR, and neurohumoral pathways help to identify patients at risk for progressive secondary MR in an early dis-
ease process and open the possibility for closer follow-up and timely intervention.
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Introduction

Secondary mitral regurgitation (MR) is a common finding in patients
with congestive heart failure with significant impact on mortality
despite guideline directed therapy GDT.1 Patients with severe MR
have a profoundly increased risk of death—but only convey a minor-
ity of the spectrum of roughly 20% of the patients.2–7 A significant
proportion of those patients already developed a full-grown failure
phenotype with severe symptoms, markedly elevated neurohor-
mones, profoundly dilated left ventricular (LV) cavities and severely

reduced LV function indicating an exhausted compensatory reserve
and the window for timely intervention might already been
closed.1,8,9 In contrast, non-severe MR affects the majority of patients
with systolic heart failure—roughly 80%—still independently increas-
ing mortality.2,3,7 Furthermore, MR is well known to have a strong
dynamic component, not only during the cardiac cycle at rest10 and
with exercise11 but also over time progressing in severity and contri-
buting to a transition towards late heart failure stages.12 Therefore,
progressive MR has been highlighted by the recent guidelines as a dis-
tinct entity.13,14 However, in contrast to primary MR prior research
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regarding the evolution of MR is limited and restricted to post-infarct
ischaemic MR.4–6

Whether chronic MR progression occurs despite GDT and
whether those patients are at increased risk is currently unknown.
We therefore sought to assess the independent prognostic impact of
progressive MR on long-term mortality in patients with chronic heart
failure under guideline-directed heart failure therapy. Furthermore,
we aimed to describe morphological and functional changes
related to progressive secondary MR and identify neurohumoral,
morphological, and functional factors associated with progressive
secondary MR.

Methods

Study population
From February 2001 to November 2006, patients with chronic heart fail-
ure with reduced ejection fraction (HFrEF) at the heart failure clinic of
the Vienna General Hospital, a university-affiliated tertiary centre, were
included in this observational, non-interventional study. HFrEF was
defined as a history of left ventricular ejection fraction below 40% as well
as history of heart failure signs in line with the heart failure guidelines.15

All patients underwent a comprehensive echocardiographic exam at our
institution at baseline and yearly thereafter within 3 years after study
inclusion. In an attempt to define a clinically relevant increase of non-
severe MR, we defined MR progression as advance of at least one grade
in severity with transition to at least moderate MR during 3 years of
follow-up. Analogously, regression of severe secondary MR was defined
as decrease of at least one grade. Patients with more than mild aortic or
mitral stenosis or >_moderate primary MR were excluded. The study was
approved by the Ethics Committee of the Medical University of Vienna.
Please see Supplementary material online for clinical measures and
follow-up as well as laboratory measurements.

Echocardiographic assessment
Baseline and follow-up echocardiograms were performed using commer-
cially available equipment (Vivid5 and Vivid7, GE Healthcare, and Acuson
Sequoia, Siemens). Cardiac morphology was assessed using diameters in
standard four- and two chamber views. Ejection fraction was calculated
using the biplane Simpson method and semi-quantitative assessment of
right heart function was performed by experienced readers using multiple
acoustic windows and graded as normal, mild, mild-to-moderate, moder-
ate, moderate-to-severe, and severe. Mitral regurgitation was quantified
by an integrated approach comprising mitral valve morphology, width of
the proximal regurgitant jet, proximal flow convergence, and pulmonary
venous flow pattern.16 Valvular stenosis and regurgitation were quantified
using an integrated approach and graded as none, mild, mild-to-
moderate, moderate, moderate-to-severe, and severe according to the
respective guidelines.16–18 Systolic pulmonary artery pressures (sPAP)
were calculated by adding the peak tricuspid regurgitation (TR) systolic
gradient to the estimated central venous pressure.

Statistical analysis
Continuous data were presented as median and interquartile range (IQR)
and compared by using the Kruskal–Wallis test. Discrete data were pre-
sented as count and percentage and analysed by using a v2 test. Univariable
logistic regression analysis was used to estimate odds ratios associated with
MR progression. Additionally, areas under the receiver-operating charac-
teristic curve (ROC) were used to assess model discrimination of different
baseline characteristics with respect to MR progression. Cox proportional

hazard regression analysis was applied to assess the effect of MR progres-
sion on survival. In order to account for potential confounding effects, we
first formed clinical clusters1 as follows: a clinical confounder cluster
(encompassing: age, sex, ischaemic aetiology of heart failure, serum creati-
nine), an echocardiographic confounder cluster (encompassing: LV end-dia-
stolic diameter, left atrial diameter, LV function, TR), an echocardiographic
progression cluster (encompassing: change in LV end-diastolic diameter,
change left atrial diameter and, change in LV function), a medical therapy
cluster (encompassing: percent of maximal guideline recommended dose
of RAS antagonist and beta-blocker, mineralocorticoid antagonist therapy,
and implanted cardioverter defibrillator) and a neurohumoral cluster
(encompassing: NT-proBNP, MR-proANP, MR-proADM, CT-proET-1,
and Copeptin). All continuous variables in the aforementioned clusters
were log-transformed and a stepwise regression analysis including the origi-
nal and log-transformed variable was performed. The variable selected by
this procedure was used for further analysis. Then a stepwise bootstrap
resampling procedure including all variables from the aforementioned clini-
cal clusters was used to identify best-fitting variables for the final multivari-
able Cox regression model. Five-hundred repeats with a P-value of 0.05 for
selection were performed and variables selected in 50% of all repeats were
included in the final confounder model (i.e. age, change in LV end-diastolic
diameter, and change in LV function from baseline to follow-up; Figure 1). In
order to test for interactions between MR progression and all variables in
the final model, we used Cox proportional hazard regression models with
MR progression, a variable in question and the interaction between both
variables. We tested for collinearity in the multivariable model using
the variance inflation factor. The proportional hazards assumption was
tested and satisfied in all cases using Schoenfeld residuals. Interactions
between MR progression and all variables included in the multivariable
model were tested by entering interaction terms in the Cox proportional
hazard regression models. The Kaplan–Meier analysis (log-rank test)
was applied to assess the time-dependent discriminative power of MR
progression. Two-sided P-values <0.05 were used to indicate statistical
significance. The STATA11 software package (StataCorp, College Station,
TX, USA) and SPSS 24.0 (IBM Corp, New York, NY, USA) were used for
all analyses.

Results

Baseline characteristics
We enrolled 249 patients with chronic heart failure with a history of
reduced ejection fraction (HFrEF). Median age was 58 years (IQR 51–
63) and 208 patients (84%) were male. The median Nt-proBNP was
2453 pg/mL (IQR 989–4981) and left ventricular function was still sig-
nificantly reduced (>_moderate) in 86% of patients at index time.
Forty-five percent of patients were in NYHA Class III and 20% in
NYHA Class IV. Ninety-seven percent of patients (n = 242) received
RAS antagonists up-titrated to a median dose of 100% of the maximal
guideline recommended dosages, 189 patients (76%) received beta-
blockers up-titrated to a median dose of 50% of the maximal guide-
line recommended dosages and 90 patients (36%) were treated with
a mineralocorticoid receptor antagonist and 194 patients (78%) were
under diuretic therapy. Among 249 patients, 58 had severe secon-
dary MR at baseline. Forty-three patients (17%) underwent cardiac
resynchronization therapy. Detailed baseline characteristics of the
entire study population are displayed in Supplementary material
online, Table S1.
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Evolution of secondary mitral
regurgitation
Of 191 patients with non-severe MR at baseline 157 (82%) remained
stable, whereas 34 (18%) showed progressive MR within 3 years after
study enrolment. Mean time from baseline echo to the echo showing
progression of FMR was 2.2 ± 0.8 years. Detailed baseline characteris-
tics according to MR progression are presented in the
Supplementary material online, Table S1. Briefly, patients experienc-
ing progression of MR were more symptomatic at baseline (NYHA
Class IV 35% vs. 10%; P < 0.001). Furthermore, patients with subse-
quent progression of MR had higher levels of MR-proADM
(P = 0.004), MR-proANP (P = 0.009), CT-proET1 (P = 0.01), and
NT-proBNP (P = 0.03) compared to the non-progressing patients
reflecting a more pronounced neurohumoral activation. Patients
with progressive MR also had larger left atrial size at baseline
(P = 0.004) and more often concomitant TR (P = 0.02). There were
no differences in medical and device therapies between patients with
subsequently progressive MR and those with stable MR.

Baseline parameters associated with
progressive secondary mitral
regurgitation
NYHA functional class at baseline was significantly associated with
progression of MR (OR 2.22, 95% CI 1.32–3.71; P = 0.002) in the
logistic regression analysis. Furthermore, higher levels of MR-
proADM (OR 1.71, 95% CI 1.21–2.40; P = 0.002), MR-proANP (OR
1.48, 95% CI 1.07–2.04; P = 0.017), Copeptin (OR 1.41, 95% CI 1.03–
1.93; P = 0.03) and CT-pro-ET1 (OR 1.52, 95% CI 1.08–2.14;
P = 0.016) at baseline were significantly associated with MR progres-
sion. Regarding echocardiographic characteristics, the left atrial diam-
eter (OR 1.70, 95% CI 1.16–2.50; P = 0.006) and the degree of
concomitant TR (OR 2.24, 95% CI 1.46–3.42; P < 0.001) were signifi-
cant risk factors for MR progression. In contrast, no significant effect

of RAS antagonists (P = 0.21), beta-blocker therapy (P = 0.39), or
mineralocorticoid antagonists (P = 0.32) could be observed. Detailed
results of the logistic regression analysis are presented in Table 1.

Progressive secondary mitral
regurgitation: associated morphological
and functional maladaptation
Detailed echocardiographic baseline and follow-up characteristics
according to MR progression are presented in Table 2. Patients with
subsequent MR progression and those with stable MR presented with
similar morphology and function at baseline except for left atrial diam-
eter and TR (Table 2). At baseline, the median left atrial diameter was
61 mm (55–69) in patients with stable MR vs. 65 mm (62–73) in pro-
gressive MR (P = 0.004). Fourteen (9%) patients with subsequently sta-
ble MR had >_moderate TR vs. 8 (24%) patients with subsequent MR
progression (P = 0.02). There was no significant difference in LV size
[median left ventricular end-diastolic diameter 61 mm (IQR 55–68) in
patients with stable MR vs. 65 mm (IQR 60–70) in patients with pro-
gressive MR; P = 0.09]. The number of patients with moderately
reduced left ventricular function (34% vs. 26%, P = 0.37) and with
severely reduced left ventricular function (45% vs. 62% P = 0.08) was
similar at baseline among patients with subsequent MR progression
and stable MR.

Echocardiographic follow-up within three years after the baseline
exam is displayed in Table 2. At follow-up, patients with MR progres-
sion had larger left- and right-ventricular size (left ventricular end-
diastolic diameter of 59 mm vs. 64 mm, P = 0.02; right ventricular
end-diastolic diameter of 35 mm vs. 39 mm; P = 0.002), more dilated
atria (left atrial diameter of 60 mm vs. 67 mm, P < 0.001; right atrial
diameter of 57 mm vs. 64 mm P = 0.001) and a higher estimated sPAP
(45 mmHg vs. 56 mmHg, P = 0.003) at follow-up. There were more
patients with severely reduced LV function at follow-up (54% vs.
79%, P = 0.001) and significantly more patients with more than mild-
moderate secondary TR (14% vs. 53% P < 0.001, Table 2).

Evolution of secondary mitral
regurgitation and outcome
During a median follow up of 61 months (IQR 50–72 months), 61
patients with non-severe MR died. Progression of MR severity within
3 years of study enrolment was associated with significant long-term
mortality in the crude Cox regression analysis with an HR of 2.33
(95% CI 1.34–4.08; P = 0.003). The results remained virtually
unchanged after multivariate adjustment using a bootstrap-selected
confounder model with an adjusted HR of 2.48 (95% CI 1.40–4.39;
P = 0.002). Furthermore, we did not observe any significant interac-
tion between MR progression and ischaemic or non-ischaemic MR
(P-for-interaction = 0.88). Additionally, we did not observe any signifi-
cant interactions between severe MR and any other variables
included in the multivariable model, and we did not detect a signifi-
cant collinearity in our multivariable models. The Kaplan–Meier anal-
ysis demonstrated a significant increase of long-term mortality in
patients with progressive MR compared to patients with stable MR
comparable to patients with severe MR at study enrolment (logrank
P < 0.001, Figure 2). Furthermore, the Kaplan–Meier curves illustrate
similar time to event-rates in the first 2 to 3 years in patients with sub-
sequent progression and stable MR and a diverge of the curves

Figure 1 Variable selection by a bootstrap resampling procedure
based on stepwise Cox regression analysis. Variables selected in
50% of all repeats (black bars) were included in the final multivari-
able model.
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thereafter, indicating a potential window to modify the disease
course. Interestingly, among patients with severe MR at baseline, we
observed a regression of MR in 13 patients (22%), which was not
associated with a beneficiary effect on outcome (crude HR 0.84; 95%
CI 0.30–2.30; P = 0.73).

Discussion

The present data shows that every fifth patient with non-severe sec-
ondary MR experiences a progression of MR during the first 3 years
of follow-up despite GDT. Patients that subsequently developed pro-
gressive MR had more symptoms, stronger neurohumoral activation,
more dilated left atria, and more TR at baseline. Progressive MR con-
veys an adverse prognosis even after careful adjustment for clinical,
echocardiographic, and neurohumoral confounders, as well as GDT.
At follow-up, progressive MR was associated with more severe bi-
ventricular and bi-atrial dilatation, higher estimated sPAP and more
severely reduced LV function. Progressive MR remained a strong pre-
dictor of outcome even after adjustment for echocardiographic
change in morphology and function. Factors associated with

progressive MR were more severely impaired functional status,
higher neurohumoral activation—except for NT-pro BNP, and more
dilated left atrial size as well as more TR. Interestingly, regression of
severe MR was not associated with improved long-term prognosis.

Current clinical practice in progressive
MR
According to current heart valve guidelines, secondary MR Grade B
corresponds to progressive MR but this entity has not yet been sys-
tematically defined. Motivated by recent findings from the CTSN
trial19,20 the guidelines on valvular heart disease updated their recom-
mendations regarding MV repair in patients with Grade B MR who
are undergoing other cardiac surgery (Class IIb, Level B-R) due to the
lack of benefit and increased risk of post-operative complications.13,15

The current data adds a new perspective being that this non-severe
MR patient group includes individuals who will progress within
3 years to severe MR associated with poor outcome but also patients
with subsequent stable disease under GDT. In agreement with the
guidelines, it seems unnecessary to expose a patient to the risk of an
additional procedure if the patient does not meet any features for

....................................................................................................................................................................................................................

Table 1 Univariable logistic regression analysis assessing risk factors at baseline for MR progression

SD OR 95% CI P-value ROC

Baseline characteristics

Age 11 1.03 0.71–1.49 0.89 0.50

Male sex — 0.70 0.27–1.78 0.45 0.53

BMI 4 0.75 0.50–1.10 0.14 0.58

Ischaemic aetiology of HF — 0.75 0.34–1.65 0.48 0.53

Hypertension — 0.77 0.37–1.62 0.50 0.53

Diabetes — 0.46 0.17–1.26 0.13 0.56

Atrial fibrillation — 0.87 0.31–2.45 0.79 0.51

NYHA functional class — 2.22 1.32–3.71 0.002 0.65

Estimated GFR, mL/min/1.73 m2 (IQR) 28 0.74 0.49–1.10 0.13 0.61

Neurohormones

NT-proBNP 281 1.12 0.80–1.55 0.52 0.62

MR-proANP 0.5 1.48 1.07–2.04 0.017 0.64

MR-proADM 17 1.71 1.21–2.40 0.002 0.66

Copeptin 17 1.41 1.03–1.93 0.034 0.55

CT-pro-ET1 57 1.52 1.08–2.14 0.016 0.64

Echocardiographic characteristics

Left ventricular end-diastolic diameter 9 1.44 0.98–2.11 0.07 0.59

Left ventricular function — 1.38 0.84–2.26 0.20 0.55

Left atrial diameter 9 1.70 1.16–2.50 0.006 0.66

Right atrial diameter 9 1.26 0.87–1.82 0.22 0.56

Right ventricular end-diastolic diameter 7 1.37 0.95–1.99 0.10 0.60

Systolic pulmonary artery pressure 12 1.30 0.84–2.02 0.24 0.57

Tricuspid regurgitation — 2.24 1.46–3.42 <0.001 0.70

Medication

RAS antagonist — 0.31 0.05–1.94 0.21 0.52

Beta-blockers — 1.63 0.53–4.99 0.39 0.53

Mineralocorticoidantagonist — 1.46 0.69–3.12 0.32 0.55

Odds ratios (OR) refer to a 1-SD increase in continuous variables.
Bold values indicate statistical significance.

Evolution of secondary MR 625



....................................................................................................................................................................................................................

Table 2 Echocardiographic characteristics at baseline and follow-up

MR stable (n 5 157) MR progression (n 5 34) P-value

Baseline exam

Left ventricular end-diastolic diameter, mm (IQR) 61 (55–68) 65 (60–70) 0.09

Left ventricular function

Moderately reduced (EF 30–40%), n (%) 54 (34) 9 (26) 0.37

Severely reduced (EF <30%), n (%) 71 (45) 21 (62) 0.08

Left atrial diameter, mm (IQR) 61 (55–69) 65 (62–73) 0.004

Right atrial diameter, mm (IQR) 56 (51–64) 58 (52–68) 0.30

Right ventricular end-diastolic diameter, mm (IQR) 35 (31–38) 37 (33–41) 0.07

Systolic pulmonary artery pressure, mmHg (IQR) 43 (36–50) 47 (37–57) 0.31

Tricuspid regurgitation (>_moderate), n (%) 14 (9) 8 (24) 0.02

Follow-up exam

Left ventricular end-diastolic diameter, mm (IQR) 59 (54–66) 64 (58–69) 0.02

Left ventricular function

Moderately reduced (EF 30–40%), n (%) 45 (29) 5 (15) 0.15

Severely reduced (EF <30%), n (%) 85 (54) 27 (79) 0.001

Left atrial diameter, mm (IQR) 60 (55–68) 67 (65–74) <0.001

Right atrial diameter, mm (IQR) 57 (51–64) 64 (59–68) 0.001

Right ventricular end-diastolic diameter, mm (IQR) 35 (30–39) 39 (36–43) 0.002

Systolic pulmonary artery pressure, mmHg (IQR) 45 (38–56) 56 (46–65) 0.003

Tricuspid regurgitation (>_moderate), n (%) 22 (14) 18 (53) <0.001

Figure 2 Kaplan Meier estimates of long-term mortality comparing patients with stable MR to patients with progressive MR and severe MR at
baseline (overall: P < 0.001; stable vs. progressive MR P = 0.002; stable vs. severe MR at baseline: P < 0.001; progressive vs. severe MR at baseline:
P = 0.81).

626 P.E. Bartko et al.
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progressive MR (e.g. only mild symptoms, merely mild neurohumoral
activation, mildly dilated left atria and no significant secondary TR) as
the present data shows that those patients do not show MR progres-
sion during an extended follow-up period and therefore might bene-
fit most from GDT and close follow up. It has to be noted that this
account to 80% of patients with non-severe MR hindering a general
recommendation to intervene this population. In contrast, for those
20% of patients at risk for progressive MR which apparently can be
defined by a bundle of clinical, neurohumoral, and echocardiographic
variables, it might still be reasonable to add MV reconstruction during
another cardiac procedure in an attempt to reduce associated
adverse remodelling or perform trans-catheter MV repair, which
needs to be elucidated by future studies.

Associated factors with progressive
secondary mitral regurgitation
The present study, for the first time, defines factors associated with
progressive secondary MR: more symptoms, higher neurohumoral
activation—except for NT-pro BNP, larger left atrial size and more
TR. These factors define a high-risk population among patients with
heart failure, in need of closer follow-up. The combination of clinical,
neurohumoral and morphological parameters sets the foundation for
a complementary clinical workup to identify these patients before
they develop a late heart failure stage. Importantly, NT-pro BNP—
usually referred to as the gold standard biomarker in heart failure, is
not useful to predict progressive MR in the present analysis. The
exact mechanism behind this finding is not entirely clear, but might be
related to the decreased afterload in the presence of MR—leading to
a volume shift directed towards the left atrium. In fact 88% NT-pro
BNP is being produced by LV myocardium and only a minority from
the left atrium,21 which could lead to a paradoxically relative-low lev-
els of the neurohormone that might not reflect the severity of the
left ventricular failure. Our data indicates a possible advantage of MR-
proANP, MR-proADM and CT-pro-ET1 to predict subsequent pro-
gressive MR. MR-proANP might well reflect the dynamic component
with exercise as the differential excretion comes from the left atrium
in response to stretch—and the fragments half-life is long enough to
cover the dynamic range of the regurgitant lesion. Our data indicates
that late outcome in patients with progressive MR is at least equiva-
lent if not worse compared to patients with severe MR (Figure 2)
with the clinically important disparity that they did not yet reach a
late heart failure stage. Identifying those patients at significant risk
early opens the intriguing possibility to alter the clinical course, either
by an early switch to newer heart failure treatment regimens such as
Sacubitril/Valsartan or allocation to new, low-risk, trans-catheter
mitral valve repair techniques in an attempt, to not only reduce symp-
toms—but also to disrupt the vicious cycle of progressive MR.

Progressive secondary mitral
regurgitation: associated morphological
and secondary maladaptation
The present study lends evidence to the concept of secondary MR as
a driving force for morphological and functional maladaptation:
Interestingly, patients with subsequent MR progression had larger left
atrial size, more symptoms and stronger neurohumoral activation at
baseline. These observations indicate a possible role of a dynamic

orifice as a predecessor of- or a regurgitant lesion in transition to pro-
gression. While the regurgitant jet at rest might be similar, patients
with subsequent transition to progressive MR might already increase
in regurgitant volume during exercise or even during daily life moder-
ate activity and therefore display increased left atrial size at rest, and
have more symptoms corresponding to the elevated pressures of the
pulmonary circulation during exercise.11 These repetitively volume
overloading states during exercise ultimately might be a driving force
for eccentric left ventricular remodelling and heart failure, leading to
the observed increased LV dilatation during the 3 years of follow-up
with consecutively MR progression—then apparent at rest, with all
the consequences: increased pulmonary artery pressures, increased
TR, dilatation of the right heart, more systolic heart failure, and worse
outcome.

Secondary MR in HFrEF occurs mainly due to left ventricular
remodelling with associated papillary muscle displacement resulting
in leaflet tethering that restricts valve closure. Atrial secondary MR
might also be a contributing factor developing on top of the above
mentioned mechanism due to the LV unloading backwards toward
the left atrium with associated increase in LA pressure, complemen-
tary increase in LA size, and resulting pressure effects towards the
pulmonary vasculature and the right heart. This chain of consecutive
or concomitant events might add an additional driving force acting in
concert with LV remodelling to induce mitral annular shape altera-
tions augmenting progressive MR.

Progressive secondary mitral
regurgitation and outcome
The present data indicates the significance of progressive MR—a 2.3-
to 2.5-fold increased risk of death—even after careful adjustment for
clinical and echocardiographic confounders, as well as adjustment for
different pathways of neurohumoral activation and optimal medical
therapy. The impact of long-term-progressive secondary MR has not
been investigated before. Current data, comes exclusively from acute
post-infarct studies on ischaemic MR and mainly from sub-studies of
the VALIANT cohort. Amigoni et al. showed that there is a dynamic
component after MI within 1 month associated with a three-fold
increased risk of heart failure hospitalization and death.6 Meris et al.5

expanded this observation towards more chronic progression of
IMR within the same cohort. They showed that 26% of patients have
IMR progression within a timeframe of twenty month, also including
the acute post-infarct phase, but did not relate this to outcome.
Recently, Kwon et al.4 described progressive ischaemic MR within
7-month follow-up in 29% of patients, also acutely after myocardial
infarction, with and without revascularization. Post-infarct progres-
sive IMR was associated with a 1.2 times increased risk for death or
need for heart transplantation. All three studies are distinctly differ-
ent from the present one with regards to patient cohorts—the acute
post-infarct phase vs. the chronic heart failure patient—and observa-
tion time, and therefore differ in the biological processes reflected:
post-infarct IMR is likely a biphasic process with the acute event lead-
ing to changes in LV geometry and associated distortion of the MV
apparatus resulting in restricted leaflet closure and acute ischaemic
MR,22 followed by competing processes of LV remodelling23 and
adaptive changes of the MV.24–26 During the chronic phase of ischae-
mic post-infarct remodelling as well as in chronic heart failure, the
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.
MV apparatus has more time to adapt and therefore the incidence of
MR progression is likely lower—corresponding to the 19% observed
in the present data. Another possible mechanism of less progressive
MR within the present cohort may be the impact of GDT therapy
on LV remodelling and consequently a tightened coaptational seal of
the MV.

Regression of severe secondary mitral
regurgitation
The present data indicates that a proportion of patients with severe
MR show regression of mitral valve regurgitation under guideline-
directed therapy. However, the regression of mitral valve regurgita-
tion fails to relieve the associated hazard of mortality. This lends evi-
dence to the concept that once the diagnosis of severe MR has been
established little can be achieved regarding prognosis in this patient
cohort. Several reasons for this observation apply: backed up by basic
scientific studies on the timing of volume overload relieve in ischae-
mic MR,8,9 recent findings in HFrEF suggest an intermediate failure
phenotype as a possible window of opportunity for timely interven-
tion. Long-standing severe MR, even if regressing to a moderate
degree during GDT, might already fueled LV remodelling towards
late heart failure with irreversibly impact on cardiac remodelling and
molecular changes. Furthermore basic science23 as well as clinical
studies1 emphasize the impact of MR even if moderate. Indeed, the
decrease in MR did not have the momentum to reduce MR beyond
moderate MR suggesting the need of treatment strategies on top of
GDT such as trans-catheter mitral valve repair. This hypothesis is
reinforced by recent data on residual MR after trans-catheter MV
repair (TMVR).27,28 Procedural failure including residual moderate
MR—the main challenge of TMVR techniques—is consistently asso-
ciated with poor short- and long-term outcomes and the degree of
MR reduction beyond moderate is consistently associated with
reverse LV and left atrial remodelling.27 Further studies such as
RESHAPE-HF and COAPT will likely elucidate the potential of TMVR
on top of GDT to reduce the burden of severe MR.

Limitations
The study reflects the experience of a single tertiary care-center.
However, this ensures the inclusion of a homogenous patient popula-
tion and a consistent quality of imaging procedures as well as the
adherence to a consistent clinical routine. Further, it has to be men-
tioned that our data are only hypothesis generating in regard to early
intervention of progressive MR and this hypothesis specifically the
bundle for prediction has to be confirmed by large randomized trials.
The sample size for regression of MR under guideline directed ther-
apy during follow-up is too small to draw conclusions for the general
population and is rather hypothesis generating. Nevertheless, to the
best of our knowledge, these data contain the most comprehensive
information on MR and prognosis at present. We did not systemati-
cally perform bioimpedance measurements to determine fluid status
at time of follow-up. However, all included patients were recruited at
the heart failure outpatient clinic and therefore clinically significant
decompensation at time of follow-up can be excluded. Moreover, we
can exclude that any patient underwent interventional mitral valve
repair during study enrolment or follow-up. However, data regarding

surgical mitral valve interventions at other hospitals were not
available.

Conclusion

The majority of chronic heart-failure patients is suffering from non-
severe MR and a significant proportion of these develop progressive
secondary MR—an important clinical entity with significant impact on
adverse remodelling and outcome despite GDT. Symptomatic status,
left atrial size, TR, and neurohumoral pathways help to identify
patients at risk for progressive secondary MR in an early disease proc-
ess and open the possibility for closer follow-up and timely interven-
tion. Whether the dismal clinical course can be altered either as an
add-on procedure during cardiac surgery or as a low-risk standalone
catheter based procedure remains to be demonstrated.

Supplementary data

Supplementary data are available at European Heart Journal - Cardiovascular
Imaging online.
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