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Aims To determine the prevalence of mitral regurgitation (MR) in a large cohort of consecutive patients undergoing clini-
cally indicated echocardiography and to examine the distribution of primary and secondary MR.

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

All patients undergoing an echocardiographic study in 19 European centres within a 3-month period were prospec-
tively included. MR assessment was performed as recommended by the European Association of Cardiovascular
Imaging (EACVI). MR was classified according to mechanism as primary or secondary and aetiologies were
reported. A total of 63 463 consecutive echocardiographic studies were reviewed. Any degree of MR was
described in 15 501 patients. Concomitant valve disease of at least moderate grade was present in 28.5% of
patients, being tricuspid regurgitation the most prevalent. In the subgroup of moderate and severe MR (n = 3309),
55% of patients had primary MR and 30% secondary MR. Both mechanisms were described in 14% of the studies.
According to Carpentier’s classification, 26.7% of MR were classified as I, 19.9% of MR as II, 22.4% of MR as IIIa,
and 31.1% of MR as IIIb.

...................................................................................................................................................................................................
Conclusion To date, this is the largest echocardiography-based study to analyse the prevalence and aetiology distribution of

MR in Europe. The burden of secondary MR was higher than previously described, representing 30% of patients
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with significant MR. In our environment, degenerative disease is the most common aetiology of primary MR (60%),
whereas ischaemic is the most common aetiology of secondary MR (51%). Up to 70% of patients with severe pri-
mary MR may have a Class I indication for surgery. However, the optimal therapeutic approach for secondary MR
remains uncertain.
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Introduction

Mitral regurgitation (MR) is one of the most common valve disease in
our environment. Its frequency and severity increase with age, and its
presence is associated with a worse prognosis.1 The most commonly
used classification divides MR, according to its mechanism, in primary
and secondary forms.2

Few studies have addressed the aetiologies and mechanisms
behind MR and most of them are based on surgical specimen exami-
nation to determine the aetiology. Prevalence of mitral valve pro-
lapse, as defined by echocardiographic criteria, has been assessed in a
population-based series. Freed et al.3 found a prevalence of mitral
valve prolapse of 2.4%, though in most cases the regurgitation was
classified as trace or mild. In the Euro Heart Survey on Valvular Heart
Disease, aetiologies of MR were classified following surgical and echo-
cardiographic findings along with clinical context. MR degenerative
aetiology was the most common followed by rheumatic disease and
ischaemic.4 However, primary and secondary MR were not consid-
ered separately, despite the fact that they are managed differently.

In secondary MR, valve components are structurally normal and
MR results from left ventricle (LV) dysfunction, due to dilated cardio-
myopathy or coronary artery disease. Increasing severity of secon-
dary MR is associated with higher mortality.5,6 However, in contrast
with primary MR, outcomes of mitral valve surgery in secondary MR
are poor and there are no clinical trials evaluating the benefits of sur-
gical treatment against medical therapy in terms of survival. This lack
of evidence is reflected in the guidelines. In patients with severe MR,
left ventricular ejection fraction (LVEF) >30%, who remain sympto-
matic despite optimal management and have low comorbidity, iso-
lated surgical correction of secondary MR is considered a Class IIb
recommendation.2 Furthermore, patients with secondary MR usually
have a high surgical risk, due to left ventricular dysfunction and other
comorbidities.

The purpose of this study is: (i) To determine the prevalence of
MR in a large cohort of consecutive patients undergoing clinically indi-
cated echocardiography. (ii) To determine the distribution of primary
and secondary MR.

Methods

Study population
Nineteen European centres participated in this study. All patients under-
going an echocardiographic study in the participant hospitals were pro-
spectively included. All studies with at least mild MR were selected for
analysis and were included in the case report form. The Local Ethics
Committee approved the study.

Echocardiography
The evaluation was conducted according to the usual practice of the lab-
oratory. MR assessment was performed as recommended by the
European Association of Cardiovascular Imaging.7 2D transthoracic echo-
cardiography (TTE) was used as first-line imaging modality. 2D and 3D
transoesophageal echocardiography were indicated when TTE resulted
insufficient or in patients with complex valve lesions. The decision to indi-
cate TTE was left to the performing echocardiographist.

After the assessment of valve morphology, MR was classified according
to aetiology as primary, when structural abnormalities were described or
secondary otherwise. In patients with both LV remodelling and resulting
tethering of the mitral valve and structural lesions of the valve, MR was
classified as mixed. Causes of primary and secondary MR were reported.

A careful assessment of the regurgitant jet in multiple views by colour
Doppler was performed to diagnose mild regurgitation, with no further
quantification. In cases with significant regurgitation, vena contracta and
proximal isovelocity surface area were, when feasible, performed to eval-
uate the severity. Concomitant valvular heart disease was also reported.
Pulmonary systolic arterial pressure (PSAP) was determined as tricuspid
regurgitation gradient plus right atrial pressure.

Regarding left atrial (LA) and LV measurements, they were performed
complying with 2015 EACVI/ASE Recommendations Cardiac Chamber
Quantification by Echocardiography in Adults.8

Statistical analysis
Baseline characteristics are expressed as mean and standard deviation
(SD) for continuous variables, and frequencies and percentages for cate-
gorical ones. Equality of variances between groups was tested using
Levene’s robust test statistic. Student t-test was used for comparison
between two groups for quantitative variables. The v2 tests were used to
identify significant variation in proportions across subgroups. Bonferroni–
Holm adjustment was used for multiple comparisons. P-value < 0.05 was
considered significant. Statistical analysis was performed with Stata statis-
tical analysis software, version 14.1 (Stata Corporation, College Station,
TX, USA).

Results

Study population
A total of 63 463 consecutive echocardiographic studies were per-
formed in the participant hospitals during the recruitment period.
Any degree of MR was described in 15 501 patients. Mild MR was
detected in 12 192 (78.7%) studies. In 2397 (15.5%) studies MR
severity was moderate and in 912 (5.9%) was severe. At the time of
the study 19.8% of patients had symptoms. Mean age was 70.6
(SD = 13.8) and 49.8% were women. Moreover 28.5% of patients
had concomitant valve disease of at least moderate grade, being
tricuspid regurgitation the most prevalent (19.0%), followed by
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..aortic stenosis (8.2%), aortic regurgitation (4.8%), and mitral
stenosis (1.7%).

Primary and secondary MR
In the subgroup of moderate and severe MR (n = 3309), there were
1806 (55.1%) patients with primary MR and 1010 (30.1%) patients
with secondary MR. The concomitant presence of both mechanisms
of MR was described in 14.1% of the studies. In most of these, the
predominant component was the functional one. TEE was performed
in 150 cases (4.5%). Symptoms were present in 31.6% of patients
with primary MR and 46.8% of patients with secondary MR Figure 1.

According to Carpentier classification, 26.7% had normal leaflet
motion, 19.9% had leaflet prolapse, 22.4% had restricted leaflet
motion during diastole and systole, and 31.1% only during systole.

Degenerative disease was the most common aetiology of primary
MR (59.8%), followed by Barlow disease (14.4%), rheumatic disease
(10.1%), endocarditis (1.6%), and congenital disease (1.5%).

Additionally, ischaemic was the most common aetiology of secon-
dary MR, present in 51.4% of cases while about 31.9% of patients had
dilated cardiomyopathy.

Gender differences
In the group of patients with significant MR both sexes were similarly
represented, 53% being men and 47% women. However, mecha-
nisms seem to differ between genders. Women were, on average,
3.1 years older than men (72.8 vs. 69.7, P < 0.001).Severe LV dysfunc-
tion (ejection fraction <30%) was significantly more common in men
(17.3 vs. 8.7%, P < 0.001) whereas severe calcification of the mitral
valve was more common in women (13.5 vs. 6.1%, P < 0.001). This
translates into a different distribution of MR regurgitation forms and
aetiologies in men and women as shown in Figure 2 and Table 1.

Applicability of current guidelines
Over 70% of patients with severe primary MR had a Class I indication
for surgery. According to current European guidelines,2 Class I indica-
tions for surgery in severe primary MR are:

• Symptomatic patients with LVEF >30% and left ventricular end-
systolic diameter (LVESD) <55 mm.

• Asymptomatic patients with LV dysfunction (LVESD >_45 mm and/
or LVEF <_60%).

Several IIa and IIb indications for surgery are considered in the
guidelines. However only a minor proportion of our sample (7%)
met any of them.

As previously mentioned there is no Class I indication for isolated
valve surgery in chronic secondary MR. In patients with severe MR,
LVEF >30%, who remain symptomatic despite optimal management
and have low comorbidity, isolated surgical correction of secondary
MR is considered a Class IIb recommendation. In this study, popula-
tion only 13.1% of patients with significant secondary MR met this indi-
cation. Severe left ventricular dysfunction (LVEF <30%) was found in
38.8% of patients with significant secondary MR. Furthermore, the
proportion of patients aged over 80 in this group stood at 25.7%.

Discussion

The participant hospitals comprise a diverse group of secondary and
tertiary, urban and rural, and public and private centres. They serve a
population of several millions Europeans. Thus, we believe this large
cohort is a reliable sample of the European population referred for
an echocardiography. Considering that, nowadays, the diagnose of
MR without an echocardiography study is inconceivable, we can con-
clude that the vast majority of clinically significant MR are included in
the cohort. Moreover, though a consensual protocol for MR

55.1%
30.8%

14.1%
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Mixed

Figure 1 Mitral regurgitation forms.
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Figure 2 Mitral regurgitation forms by gender.

Overview of MR in Europe 505
D

ow
nloaded from

 https://academ
ic.oup.com

/ehjcim
aging/article/19/5/503/4907934 by U

.S. D
epartm

ent of Justice user on 16 August 2022



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.

evaluation and general measurements was established, in other
respects, the studies were performed according to the usual practice
of the participant laboratories and therefore, they represent real life
conditions.

According to our results, significant MR may be present in up to
5% of the echocardiography studies. Giving its prognostic implica-
tions, we are confronted with a major health problem. An appropri-
ate assessment is paramount and determining the aetiology and
underlying mechanism is an essential part of this evaluation, as these
features dictate the appropriate management.

As previously mentioned, distinguishing between primary and sec-
ondary MR is a first step toward ascertaining these mechanisms. In
the Euro Heart Survey,4 over 85% of MR were primary forms, a
higher proportion than that found in our study. This is probably due
to surgical cases, and so, primary MR, being over-represented in the
Euro Heart Survey. Mitral valve surgery in primary MR is associated
with low risk and an improved long-term event rate9 and it is consid-
ered the treatment of choice. Our results show that up to 70% of
patients with severe primary MR may have a Class I indication for sur-
gery according to current European guidelines.2

Additionally, secondary MR has emerged as a leading cause of MR.
In this large cohort, the predominant mechanism of MR was func-
tional in over half of the patients (Carpentier Type I or IIIb).

Carpentier’s classification delves into the mechanism of valvular dys-
function. It is based on the opening and closing motions of the mitral
leaflets. Four types are described. Patients with Type I dysfunction
have normal leaflet motion and MR is usually caused by annular dilata-
tion or leaflet perforation. In Type II dysfunction there is an increased
leaflet motion, and MR is usually due to chordae or papillary muscle
elongation or rupture. Patients with Type IIIa dysfunction have
restricted leaflet motion during both systole and diastole and MR is
most commonly caused by rheumatic changes in the valve apparatus
(thickening, calcification, retraction. . .). In Type IIIb dysfunction there
is restricted leaflet motion during systole and is due to LV dilation.

Optimal therapeutic approach for secondary MR remains one of
the most important unmet clinical need in the field of structural heart
disease. Secondary MR is often symptomatic (46.8% of patients) and
therefore results in worse quality of life. It is also associated with
excess mortality. Despite these facts, the majority of these patients
are denied any mitral valve intervention due to advanced age or
comorbidities. In the Euro Heart Survey, up to half of patients with
severe symptomatic MR did not undergo surgery. Non-ischaemic
aetiology, decreased LVEF, advanced age and comorbidity were com-
mon characteristics of patients who did not undergo surgery.10

In our study population only 13.1% of patients had indication for
isolated surgical correction of secondary MR. Patients aged over 80
accounted for 25.7% of the group of patients with significant secon-
dary MR and severe left ventricular dysfunction (LVEF <30%) was
found in 39% of these patients. Furthermore, there is no solid evi-
dence to support that surgery improves survival or clinical
outcomes.11

Thus, there is a significant need for improved therapies in secon-
dary MR. In the last decade, several percutaneous devices to treat
MR have been developed. The most widely applied percutaneous
approach is the MitraClip procedure. Although initial MitraClip trials
included patients with low to medium surgical risk, in real life experi-
ence, the majority of patients who underwent MitraClip implant
were high-risk, elderly patients, mainly affected by secondary MR.12

Careful patient selection, with special attention to MR mechanisms is
critical for the success of the procedure. It has been often stated that
the applicability of MitraClip is limited because precise anatomical cri-
teria have to be fulfilled. However, according to our result, up to 70%
of patients with significant secondary MR may have a suitable mitral
valve morphology for MitraClip if the recommendations of the
German Society of Cardiology are employed.13

The complexity of the mitral valve has hindered the design of an
optimal device. That said, even an optimal device would not necessa-
rily be a generalizable solution for secondary MR. Secondary MR is a
consequence of a left ventricular myocardial affection and though the
loss of mitral valve function is involved in the pathological process, its
restitution is not curative per se. Therefore, the development of
more effective criteria beyond LV size and ejection fraction to assess
potential improvement in LV function and prognosis is imperative.
This could translate into an improve patient selection for transcath-
eter intervention, but also for medical treatment, mitral surgery, ven-
tricular assistance device, transplantation, or palliative care.14

Limitations
This work is not a population-based epidemiological study and it
doesn’t reflect the prevalence of MR in the general population.

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

Table 1 Clinical and echocardiographic characteris-
tics by gender

Female

(n 5 1547)

Male

(n 5 1740)

Age (years), mean (SD) 72.5 (14.2) 69.6 (13.1)

BMI (kg/m2), mean (SD) 26.6 (6.7) 26.5 (4.3)

BSA (m2), mean (SD) 1.68 (0.18) 1.90 (0.18)

Atrial fibrillation (%) 32.8 30.3

Symptoms (%) 37.1 39.1

Mechanism (%)

Primary 65.4 45.4

Secondary 21.8 39.2

Mixed 12.8 15.4

MR aetiology (%)

Degenerative 38.9 32.4

Rheumatic 11.0 3.7

Barlow 7.8 13.0

Annular calcification 11.0 5.7

Secondary 19.6 34.5

Other 11.7 10.8

Indexed LAV (mL/m2), mean (SD) 53.5 (25.3) 55.6 (26.1)

Indexed LVEDV (mL/m2), mean (SD) 63.7 (30.0) 81.0 (32.2)

Indexed LVESV (mL/m2), mean (SD) 34.0 (26.1) 47.4 (30.2)

Ejection fraction (%) 53.0 46.9

PSAP (mmHg), mean (SD) 43.6 (15.4) 43.1 (15.3)

Severe calcification (%) 13.5 6.1

Indexed valve area (cm2/m2), mean (SD) 2.2 (1.0) 2.3 (1.0)

BMI, body mass index; BSA, body surface area; LAV, left atrial volume; LVEDV,
left ventricle end-diastolic volume; LVESV, left ventricle end-systolic volume;
PSAP, pulmonary systolic arterial pressure.
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..However, we believe that this cohort is a good sample of the clinical
population and that it encompasses clinically significant MR. All echo-
cardiographic studies were conducted according to the usual practice
of the participant laboratories and a common protocol for the evalu-
ation of MR. Though they were not audited in a core laboratory, they
represent real-life conditions.

Conclusions

To date, this is the largest echocardiography-based study to analyse
the prevalence and aetiology distribution of MR in Europe. Significant
MR may be present in up to 5% of the echocardiographic studies.
Primary MR was described in 55% of the studies. The burden of sec-
ondary MR has increased compared to previous studies, representing
30% of patients with significant MR and 1.6% of all echocardiograms.
In the remaining 15%, both mechanisms were reported, though the
functional component was predominant in most of these cases.
In our environment, degenerative disease is the most common aetiol-
ogy of primary MR (60%), whereas ischaemic is the most common
aetiology of secondary MR (51%). According to Carpentier’s classifi-
cation, 26.7% of MR were classified as I, 19.9% of MR as II, 22.4% of
MR as IIIa, and 31.1% of MR as IIIb.

Up to 70% of patients with severe primary MR may have a Class I
indication for surgery according to current guidelines. However, the
optimal therapeutic approach for secondary MR remains one of the
most important most important unmet clinical need in cardiology,
even though secondary MR has emerged as a leading cause of MR
and is associated with excess mortality.
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